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Request to Intervene in PUC Docket No. 55067 

The following information must be submitted by the person requesting to intervene in this proceeding. This 
completed form will be provided to all paities in this docket. If you DO NOT want to be an intervenor, but 
still want to file comments, please complete the "Comments" page. 

For USPS, send one copy to: For all other delivery or courier services, send one copy to: 

Public Utility Commission of Texas Public Utility Commission of Texas 
Central Records Central Records 
P.O. Box 13326 1701 N. Congress Ave. 
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I am requesting to intervene in this proceeding. As an INTERVENOR, I understand the following: 

• I am a party to the case; 
• I am required to respond to all discovery requests from other parties in the case; 
• If I file testimony, I may be cross-examined in the hearing; 
• If I file any documents in the case, I will have to provide a copy of that document to every other party in the 

case; and 
• I acknowledge that I am bound by the Procedural Rules o f the Public Utility Commission of Texas (PUC) 

and the State Office of Administrative Hearings (SOAH). 

Please check one of the following: 

[vflwn property with a habitable structure located near one or more ofthe utility's proposed routes for a 
transmission line. 

E] One or more of the utility's proposed routes would cross my property. 

m Other. Please describe and provide comments. You may attach a separate page, if necessary. 
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Signature of person requesting intervention: 
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July 18, 2023 
RE: Request to Intervene in PUC Docket No. 55067 

To Whom It May Concern: 

Our home is within the 520ft boundary of a proposed route. 

We are in a new build and had no prior knowledge of this proposal until July 2023. Perrin 
Elementary School, which is currently under construction, runs along the same line and would also 
be affected. 

According to the City of Justin, Texas, there are sixty alternate routes for Oncor to choose from. We 
implore you to choose a route that: 

• Neither runs through downtown Justin 
• Nor runs along the train tracks at Wildflower Ranch neighborhood 
• Is the least populated option. 

I have attached multiple medical and scientific studies which show consistent exposure to power 
lines is unsafe for humans. 

I would call your attention, specifically, to the attached study from the British Medical Journal 
published June 2,2005, in which their conclusion states: 

Conclusions There is an association between childhood leukaemia and proximity of home 
address at birth to high voltage power lines, and the apparent risk extends to a greater distance 
than would have been expected from previous studies. 

This particular study expanded the area of research past the 500 feet commonly used in the U.S. 
The BMJ study reveals that negative side effects are still seen in humans past the distance marked 
as "safe" on a meter. The distance should be closer to 600 meters, not 500 feet. 

In addition, this finding gives context to why U.S. results are lower and appear harmless. A U.S. 
control group is often still within 600m of the transmission lines in question, and therefore the 
children studied are still within the range of exposure. They are not a true control group who 
should be beyond 600m distance. This information combined with multiple other scientific 
published studies proves that power lines are NOT safe for residential areas. 

WE MUST KEEP POWER LINES OUT OF WILDFLOWER RANCH AND THE SURROUNDING AREAS. 

James Allen and Christen Powers 
1244 Western Yarrow Avenue, Justin TX 76247 
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Want to learn more about other factors that 
can negatively impact the value of a home? 
These are 11 factors that can impact your 
home appraisal. 

Orchard gives a 
guaranteed cash offer -
and so much more 

-.--.i-a- We provide peace of mind 
that your home will sell, plus 

i list your home on the market 
to maximize your earnings. 

Jacqueline 
DeMarco 
Contributing Writer at 
Orchard 

Based in the Bay 
Area, Jacqueline has 

over eight years of 
experience covering 
real estate, personal 
finances, and money 
management. Her 

writing has been 
featured in 
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safe or how much exposure leads to health 
issues. 

If you have your heart set on a property near 

power lines and are concerned about potential 
health effects, you can contact your local 
electric utility company to request an on-site 
reading to better understand what the 
properties EMF levels are like before you buy. 

Even if there aren't power lines directly over 

your property, if you are concerned about 
potential health effects, you may want to know 
just how much of a distance you want to keep 
between you and the power lines. Once you 
know what type of power lines are nearby, you 
can determine just how far your property 
needs to be from them to avoid potential EMF 

effects. 

. 133 kV Power lines: 100 feet distance 

. 230 kV Power lines: 150 feet distance 

· 345 kV Power lines: 250 feet distance 

· 550 kV Power: 350 feet distance 

Once you're 500 feet away, it's no longer 
possible to measure the EMF effect of power 
lines, so you should be able to rest a little 
easier knowing you're a good distance from 
them. 

Even though power lines negatively impact the 

value of a property, they don't necessarily 
make or break your ability to sell a home. 

https://orchard.com/blog/posts/power-lines-and-property-value?fbclid=IwAROHwe-i.BobW37nP!CqXc2JniKH6qtUUQwX9GuhPCQQ2Q_pCij31J2deXVg 8/12 
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Closing $23,125 v 

Fees ® 
Get iny free 

valuation 

Other $5,000 v 
Costs to 
Consider 

Orchard is 30% more 
accurate than 

leading estimates. 

Orchard can help 
you avoid 
overpaying 
additional selling 
and moving costs 

What are the health effects 
of living near power lines? 
There is widespread concern about the health 

effects of the electromagnetic fields (EMFs) 
that are generated by power lines. 
Unfortunately, studies have not been able to 
disprove these concerns. On the flip side, no 
research has indicated that these concerns 
are valid either. The World Health Organization 
(WHO) and other major agencies have looked 

into this issue and have yet to confirm adverse 
health consequences caused by the EMFs 

associated with power lines. 

There are rumors that EMFs cause cancer, 

miscarriages, birth defects, heart 
abnormalities, and other health issues, but 
there is no conclusive evidence to support 

https://orchard.com/blog/posts/power-lines-and-property-value?fbclid=IwAROHwe-z.BobW37nPl CqXc2JnIKH6qtUUQwX9GuhPCQQ2Q_pCU31J2deX Vg 7/12 
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property values. 
. They're not aesthetically pleasing. Power 

lines aren't super attractive and block 
nice views. 

. People have health concerns. There are 
widespread concerns that the 
electromagnetic radiation generated by 
power lines causes cancer. Even though 
scientific research has yet to strongly 
confirm these claims, these fears are very 
damaging to property values. 

. There are restrictions. You need to plan 
landscaping and certain construction 
projects around power lines. If a power 

line goes directly over your property, you 
may run into a lot of annoying property 
restrictions to accommodate them. 

. Noise can be an issue. If you buy a home 
very close to power lines, you may be 
stuck listening to humming noises on an 
ongoing basis. 

How much can I make selling my 
home? 

Use our home sale calculator to estimate 
your net proceeds. 

Expected Home Sale 

Price ® Estimated Net Proceeds 

$250,000 

https://orchard.com/blog/posts/power-lines-and-property-value?fbclid=IwAROHwe-z.BobW37nP1CqXc2JnIKH6qtUUQwX9GuhPCQQ2Q_pCij3132deXVg 6/12 
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ignore, in some cases the benefits that come 
along with living near them may truly be worth 
it to a homebuyer. 

Pros 
. They make a property more affordable. 

Those that struggle to afford a home in an 
expensive area may find buying in 
neighborhoods with power lines more 
attainable. While your resale value may be 
worth less than other homes in the area, 
you'Il also spend less when it comes time 
to buy the home. Plus, the less your house 
costs, the less your property taxes 
are. That said, Orchard may be able to 
help you to afford a more expensive home 
by turning you into a cash buyer. 

· You'Il have less competition. In a 
competitive housing market, buyers may 
find that homes near power lines are 
easier to place a successful offer on. 
Some unsightly power lines may be worth 
not getting caught up in a bidding war. 

· Avoid high HOA fees. Power lines tend to be 
a fixture in older neighborhoods, which 
usually have lower HOA fees than newer 

neighborhoods, if they have them at all. If 
you want to save on housing costs, you 
may appreciate not paying HOA fees in 
perpetuity. 

Cons 

https://orchard.com/blog/posts/power-lines-and-property-value?fbclid=IwAROHwe-,BobW37nPl CqXc2JnIKHBqtUUQwX9GuhPCQQ2Q_pCij31J2deXVg 5/12 
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sell your home 
before buying a 
new one. There's 
an easier way, and 
our FREE guide 
breaks down how it 
can work for you. 

How Much Do Power Lines Decrease My Property Value? 

Orchard 

By clicking "Get the 
guide," I agree to 
Orchard's Terms of Use 
and Privacv Policy. 
Orchard does not sell 
customer data. 

How much do power lines 
decrease value? 
How much power lines decrease the value of a 

home varies, but many studies have been done 
on this issue and can give you a ballpark idea 
of what to expect. 

A 2018 study from the Journal of Real Estate 

Research found that vacant lots near high-

voltage power lines sell for 44.9% less than 
equivalent lots that aren't located near power 
lines. If you take a step back, a lot that is 

located within 1,000 feet of transmission lines 
tends to sell for 17.9% less. 

Other studies confirm similar numbers, but of 
course a home value is determined by many 
factors. 

Pros and cons of living near 
power lines 

https://orchard.com/blog/posts/power-lines-and-property-value?fbclid=[wAROHwe-i.BobW37nP1CqXc2JnIKH6qtUUQwX9GuhPCQQ2Q_pCij3 l J2deXVg 4/12 
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The main reason why power lines make your 
property worth less is simply because most 
people don't like how they look. Not only are 

power lines not super aesthetically pleasing, 
but they tend to block views. Sound plays just 
as big of a factor as sight. If a property is too 
close to a power line, the residents have to 
listen to the humming sound they produce 
when trying to relax in their own backyard. 

While these concerns may be easy to overlook 
for some, one aspect of power lines that many 
can't ignore is the rumored health concerns. 
We'Il break these health concerns down 
shortly, but for now it's worth noting that no 
research has proven any solid links between 
the proximity to power lines and medical 
issues. 

One of the biggest hurdles when you live near 
power lines is quite burdensome. If a home sits 
right under power lines, there will be 
restrictions regarding how the homeowner can 
utilize their property. Landscaping especially 

causes complications, because trees can 
become tangled with power lines. 

Buy a new 
home 
knowing 
you've sold 
your 
current 

Free ~ First Name 
download: 
Your 

Email Address guide to 
buying 

one 
Orchard 
guarantees 
your home 
will sell, so 
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· How mucn ao power Iines aecrease 

value? 

. Pros and cons of living near power lines 

. What are the health effects of living near 
power lines? 

There are certain real estate "rules" we tend to 

take at face value without looking into the 
issue on our own. One of these rules is that you 
don't want to buy a house near power lines. 
You may have heard warnings all your life about 
how power lines decrease the value of a 
property and in this case, the rumors are true. 
You should expect property that is located by 
power lines to sell for significantly less than 
similar homes not near property lines. 

The effects of power lines on property values 

may be enough to scare some potential buyers 
off, so let's look at why power lines damage 
property values, how much value one should 
expect to lose, and if health issues truly are a 
concern. 

Do power lines decrease 
property value? 
The short answer? Yes, power lines decrease 

property value. Whether or not that fact is truly 

as bad as it seems is something we'Il examine 

https://orchard.com/blog/posts/power-lines-and-property-value?fbclid=IwAROHwe-zBobW37nPI CqXc2JnIKH6qtUUQwX9GuhPCQQEQ_pCij3132deXVg 2/12 
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Selling a Home Preparing to Sell 

Power lines and property 
value: What you need to 
know 
Written By: Jacqueline DeMarco 
Updated December 14, 2022 

. 
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In this article: 
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studies that explains these findings. It also found that the epidemiologic studies on 
radiofrequency exposure do not show an increased risk of brain tumors or other cancers of the 
head and neck region, although the possibility of an association with acoustic neuroma 
remains open (59). 

Where can people find additional information on EMFs? 

The National Institute of Environmental Health Sciences (NIEHS) website has information about 
EMFs and cancer. 

The Occupational Safety and Health Administration website has information about workplace 
exposures to ELF-EMF. 

The US Environmental Protection Agency website has information on power lines and other 
sources of EMF. 

The European Commission also has general information on EMF. 

The World Health Organization website also has information on EMF. 
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Workplace exposures to radiofrequency radiation. A limited number of studies have 
evaluated risks of cancer in workers exposed to radiofrequency radiation. A large study of U.S. 
Navy personnel found no excess of brain tumors among those with a high probability of 
exposure to radar (including electronics technicians, aviation technicians, and fire control 
technicians); however, nonlymphocytic Ieukemia, particularly acute myeloid Ieukemia, was 
increased in electronics technicians in aviation squadrons, but not in Navy personnel in the 
other job categories (52). A case-control study among U.S. Air Force personnel found the 
suggestion of an increased risk of brain cancer among personnel who maintained or repaired 
radiofrequency or microwave-emitting equipment (53). A case-control study found the 
suggestion of an increased risk of death from brain cancer among men occupationally exposed 
to microwave and/or radiofrequency radiation, with all of the excess risk among workers in 
electrical and electronics jobs involving design, manufacture, repair, or installation of elearical 
or electronics equipment (54). There was no evidence that electrical utility workers who were 
exposed to pulsed electromagnetic fields produced by power lines were more likely to develop 
brain tumors or Ieukemia than the general population (55). Employees of a large manufacturer 
of wireless communication products were not more likely to die from brain tumors or cancers 
of the hematopoietic or Iymphatic system than the general population (56). A 
large prospective study among police officers in Great Britain found no evidence for an 
association between radiofrequency EMF exposure from personal radio use and the risk of all 
cancers combined (57). A large multinational population-based case-control study found no 
clear evidence that occupational exposures to radiofrequency radiation are associated with 
increased risks of glioma or meningioma (58). 

What do expert organizations conclude about the cancer 
risk from EMFs? 

In 2002, the International Agency for Research on Cancer (IARC), a component of the World 
Health Organization, appointed an expert Working Group to review all available evidence on 
static and extremely low frequency electric and magnetic fields (13). The Working Group 
classified ELF-EMFs as "possibly carcinogenic to humans," based on limited evidence from 
human studies in relation to childhood Ieukemia. Static electric and magnetic fields and 
extremely low frequency electric fields were determined "not classifiable as to their 
carcinogenicity to humans" (13). 

In 2015, the European Commission Scientific Committee on Emerging and Newly Identified 
Health Risks reviewed electromagnetic fields in general, as well as cell phones in particular. It 
found that, overall, epidemiologic studies of extremely low frequency fields show an increased 
risk of childhood Ieukemia with estimated daily average exposures above 0.3 to 0.4 pT, 
although no mechanisms have been identified and there is no support from experimental 

https://www.cancer.gov/about-cancer/causes-prevention/risldradiation/electromagnetic-fields-fact-sheet 8/t4 



7/13/23,1:13 PM Electromagnetic Fields and Cancer - NCI 

Exposure from cell phone base stations. Few studies have examined cancer risk in children 
living close to cell phone base stations or radio or television transmitters. Mobile phone base 
stations transmit and receive radiofrequency signals to and from mobile phones near the 
station. None of the studies that estimated exposures on an individual level found an increased 
risk of pediatric tumors (33-35). 

Parental exposure and risk in offspring. Several studies have examined possible 
associations between maternal or paternal exposure to high levels of magnetic fields 
before conception and/or during pregnancy and the risk of cancer in their future children. The 
results to date have been inconsistent (36,37). This question requires further evaluation. 

Exposure and cancer survival. A few studies have investigated whether magnetic field 
exposure is associated with prognosis or survival of children with Ieukemia. Several 
small retrospective studies of this question have yielded inconsistent results (38-40). An 
analysis that combined prospective data for more than 3,000 children with acute Iymphoid 
Ieukemia from eight countries showed that ELF magnetic field exposure was not associated 
with their survival or risk of relapse (41). 

What have studies shown about possible associations 
between non-ionizing EMFs and cancer in adults? 

Many studies have examined the association between non-ionizing EMF exposure and cancer 
in adults, of which few studies have reported evidence of increased risk (1). 

Residential exposures. The majority of epidemiologic studies have shown no relationship 
between breast cancer in women and exposure to extremely low frequency EMFs (ELF-EMFs) in 
the home (42-45), although a few individual studies have suggested an association; only one 
reported results that were statistically significant (46). 

Workplace exposures to ELF radiation. Several studies conducted in the 1980s and early 
1990s reported that people who worked in some electrical occupations that exposed them to 
ELF radiation (such as power station operators and telephone line workers) had higher-than-
expected rates of some types of cancer, particularly Ieukemia, brain tumors, and male breast 
cancer (13). Most of the results were based on participants' job titles and not on actual 
measurements of their exposures. More recent studies, including some that considered 
exposure measurements as well as job titles, have generally not shown an increasing risk of 
Ieukemia, brain tumors, or female breast cancer with increasing exposure to magnetic fields at 
work (46-51). 
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Several studies have analyzed the combined data from multiple studies of power line exposure 
and childhood Ieukemia: 

· A pooled analysis of nine studies reported a twofold increase in risk of childhood Ieukemia 
among children with exposures of 0.4 pT or higher. Less than 1% of the children in the 
studies experienced this level of exposure (26). 

· A meta-analysis of 15 studies observed a 1.7-fold increase in childhood Ieukemia among 
children with exposures of 0.3 pT or higher. A little more than 3% of children in the studies 
experienced this level of exposure (27). 

· More recently, a pooled analysis of seven studies published after 2000 reported a 1.4-fold 
increase in childhood Ieukemia among children with exposures of 0.3 pT or higher. 
However, less than one half of 1 % of the children in the studies experienced this level of 
exposure (28). 

For the two pooled studies and the meta-analysis, the number of highly exposed children was 
too small to provide stable estimates of the dose-response relationship. This means that the 
findings could be interpreted to reflect linear increases in risk, a threshold effect at 0.3 or 0.4 
pT, or no significant increase. 

The interpretation of the finding of increased childhood Ieukemia risk among children with the 
highest exposures (at least 0.3 pT) is unclear. 

Exposure from electrical appliances. Another way that children can be exposed to magnetic 
fields is from household electrical appliances. Although magnetic fields near many electrical 
appliances are higher than those near power lines, appliances contribute less to a person's 
total exposure to magnetic fields because most appliances are used for only short periods of 
time. And moving even a short distance from most electrical appliances reduces exposure 
dramatically. Again, studies have not found consistent evidence for an association between the 
use of household elearical appliances and risk of childhood Ieukemia (29). 

Exposure to Wi-Fi. In view of the widespread use of Wi-Fi in schools, the UK Health Protection 
Agency (now part of Public Health England) has conducted the largest and most comprehensive 
measurement studies to assess exposures of children to radiofrequency electromagnetic fields 
from wireless computer networks (30,31). This agency concluded that radiofrequency 
exposures were well below recommended maximum levels and that there was "no reason why 
Wi-Fi should not continue to be used in schools and in other places" (32). 

A review of the published literature concluded that the few high-quality studies to date provide 
no evidence of biological effects from Wi-Fi exposures (7). 
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Power lines and electrical appliances that emit non-ionizing EMFs are present everywhere in 
homes and workplaces. For example, wireless local networks are nearly always "on" and are 
increasingly commonplace in homes, schools, and many public places. 

No mechanism by which ELF-EMFs or radiofrequency radiation could cause cancer has been 
identified. Unlike high-energy (ionizing) radiation, EMFs in the non-ionizing part of the 
electromagnetic spectrum cannot damage DNA or cells directly. Some scientists have 
speculated that ELF-EMFs could cause cancer through other mechanisms, such as by reducing 
levels of the hormone melatonin. There is some evidence that melatonin may suppress the 
development of certain tumors. 

Studies of animals have not provided any indications that exposure to ELF-EMFs is associated 
with cancer (10-13). The few high-quality studies in animals have provided no evidence that Wi-
Fi is harmful to health (8). 

Although there is no known mechanism by which non-ionizing EMFs could damage DNA and 
cause cancer, even a small increase in risk would be of clinical importance given how 
widespread exposure to these fields is. 

What have studies shown about possible associations 
between non-ionizing EMFs and cancer in children? 

Numerous epidemiologic studies and comprehensive reviews of the scientific literature have 
evaluated possible associations between exposure to non-ionizing EMFs and risk of cancer in 
children (13-15). (Magnetic fields are the component of non-ionizing EMFs that are usually 
studied in relation to their possible health effects.) Most of the research has focused 
on Ieukemia and brain tumors, the two most common cancers in children. Studies have 
examined associations of these cancers with living near power lines, with magnetic fields in the 
home, and with exposure of parents to high levels of magnetic fields in the workplace. No 
consistent evidence for an association between any source of non-ionizing EMF and cancer has 
been found. 

Exposure from power lines. Although a study in 1979 pointed to a possible association 
between living near electric power lines and childhood Ieukemia (16), more recent studies have 
had mixed findings (17-25). Most of these studies did not find an association or found one only 
for those children who lived in homes with very high levels of magnetic fields, which are 
present in few residences. 
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day or the day of the week (lower exposures on the weekends or at night) (1). A study that 
used using personal portable exposure meters to assess exposures to different sources of 
radiofrequency EMFs among children in Europe found that the single largest contributor to 
the total radiofrequency EMF exposure was the proximity to base stations (5). 

In general, exposures decrease with increasing distance from the source (6). Exposures 
among maintenance workers have been found to vary depending on their tasks, the type of 
antenna, and the location of the worker in relation to the source (1). Cumulative exposures 
of such workers are very difficult to estimate. 

· Televisions and computer screens produce electric and magnetic fields at various 
frequencies, as well as static electric fields. The liquid crystal displays found in some laptop 
and desktop computers do not produce substantial electric or magnetic fields. Modern 
computers have conductive screens that reduce static fields produced by the screen to 
normal background levels. 

· Wireless local area networks, commonly known as Wi-Fi. These are specific types of 
wireless networking systems and an increasingly common source of radiofrequency 
radiation. Wireless networks use radio waves to connect Wi-Fi-enabled devices to an access 
point that is connected to the internet, either physically or through some form of data 
connection. Most Wi-Fi devices operate at radiofrequencies that are broadly similar to cell 
phones, typically 2.4 to 2.5 GHz, although in recent years Wi-Fi devices that operate at 
somewhat higher frequencies (5,5.3, or 5.8 GHz) have appeared (7). Radiofrequency 
radiation exposure from Wi-Fi devices is considerably lower than that from cell phones (8). 
Both sources emit levels of radiofrequency radiation that are far below the guideline of 10 
W/mzas specified by the International Commission on Non-Ionizing Radiation Protection 
(3). 

· Digital electric and gas meters, also known as"smart meters." These devices, which 
operate at about the same radiofrequencies as cell phones, transmit information on 
consumption of electricity or gas to utility companies. Smart meters produce very low level 
fields that sometimes cannot be distinguished from the total background radiofrequency 
radiation levels inside a home (9). 

For household appliances and other devices used in the home that require electricity, magnetic 
field levels are highest near the source of the field and decrease rapidly the farther away the 
user is from the source. Magnetic fields drop precipitously at a distance of about 1 foot from 
most appliances. For computer screens, at a distance of 12-20 inches from the screen that 
most persons using computers sit, magnetic fields are similarly dramatically lower. 

Why are non-ionizing EMFs studied in relation to cancer? 
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Extremely low frequency EMFs (ELF-EMFs). Sources of ELF-EMFs include power lines, 
electrical wiring, and electrical appliances such as shavers, hair dryers, and electric blankets. 

Radiofrequency radiation. The most common sources of radiofrequency radiation are 
wireless telecommunication devices and equipment, including cell phones, smart meters, and 
portable wireless devices, such as tablets and laptop computers (1). In the United States, cell 
phones currently operate in a frequency range of about 1.8 to 2.2 GHz (2). (For more 
information about cell phones, see the NCI fact sheet Cell Phones and Cancer Risk.) 

Other common sources of radiofrequency radiation include: 

· Radio and television signals. AM/FM radios and older VHF/UHF televisions operate at 
lower radiofrequencies than cell phones. Radio signals are AM (amplitude-modulated) or 
FM (frequency-modulated). AM radio is used for broadcasting over very long distances, 
whereas FM radio covers more localized areas. AM signals are transmitted from large 
arrays of antennas that are placed at high elevation on sites that are off limits to the 
general public because exposures close to the source can be high. Maintenance workers 
could receive substantial radiofrequency exposures from AM radio antennas, but the 
general public would not. FM radio antennas and TV broadcasting antennas, which are 
much smaller than AM antennas, are generally mounted at the top of high towers. 
Radiofrequency exposures near the base of these towers are below guideline limits (3), so 
exposure of the general population is very low. Sometimes small local radio and TV 
antennas are mounted on the top of a building; access to the roof of such buildings is 
usually controlled. 

· Radar, satellite stations, magnetic resonance imaging (MRI) devices, and industrial 
equipment.These operate at somewhat higher radiofrequencies than cell phones (1). 

· Microwave ovens used in homes, which also operate at somewhat higher 
radiofrequencies than cell phones (1). Microwave ovens are manufactured with effective 
shielding that has reduced the Ieakage of radiofrequency radiation from these appliances 
to barely detectable levels. 

· Cordless telephones, which can operate on analogue or DECT (Digital Enhanced Cordless 
Telecommunications) technology and typically emit radiofrequencies similar to those of cell 
phones. However, because cordless phones have a limited range and require a nearby 
base, their signal strengths are generally much lower than those of cell phones (1). 

· Cell phone base stations. Antenna towers or base stations, including those for mobile 
phone networks and for broadcasting for radio and for television, emit various types of 
radiofrequency energy. Because the majority of individuals in the general population are 
exposed only intermittently to base stations and broadcast antennas, it is difficult to 
estimate exposures for a population (4). The strength of these exposures varies based on 
the population density of the region, the average distance from the source, and the time of 
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(Hz), and radiofrequency EMFs range from 3 kilohertz (3 kHz, or 3,000 Hz) to 300 gigahertz 
(300 GHz, or 300 billion Hz). Radiofrequency radiation is measured in watts per meter 
squared (W/rn2) 
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The electromagnetic spectrum represents all of the possible frequencies of electromagnetic 
energy. It ranges from extremely long wavelengths (extremely low frequency exposures such as 
those from power lines) to extremely short wavelengths (x-rays and gamma rays) and includes 
both non-ionizing and ionizing radiation. 

What are common sources of non-ionizing EMFs? 

There are both natural and human-made sources of non-ionizing EMFs. The earth's magnetic 
field, which causes the needle on a compass to point North, is one example of a naturally 
occurring EMF. 

Human-made EMFs fall into both the ELF and radiofrequency categories of non-ionizing part of 
the electromagnetic spectrum. These EMFs can come from a number of sources. 
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What are electric and magnetic fields? 

Electric and magnetic fields are invisible areas of energy (also called radiation) that are 
produced by electricity, which is the movement of electrons, or current, through a wire. 

An electric field is produced by voltage, which is the pressure used to push the electrons 
through the wire, much like water being pushed through a pipe. As the voltage increases, the 
electric field increases in strength. Electric fields are measured in volts per meter (V/m). 

A magnetic field results from the flow of current through wires or electrical devices and 
increases in strength as the current increases. The strength of a magnetic field decreases 
rapidly with increasing distance from its source. Magnetic fields are measured in microteslas 
(pT, or millionths of a tesla). 

Electric fields are produced whether or not a device is turned on, whereas magnetic fields are 
produced only when current is flowing, which usually requires a device to be turned on. Power 
lines produce magnetic fields continuously because current is always flowing through them. 
Electric fields are easily shielded or weakened by walls and other objects, whereas magnetic 
fields can pass through buildings, living things, and most other materials. 

Electric and magnetic fields together are referred to as electromagnetic fields, or EMFs. The 
electric and magnetic forces in EMFs are caused by electromagnetic radiation. There are two 
main categories of EMFs: 

· Higher-frequency EMFs, which include x-rays and gamma rays. These EMFs are in the 
ionizing radiation part of the electromagnetic spectrum and can damage DNA or cells 
directly. 

· Low- to mid-frequency EMFs, which include static fields (electric or magnetic fields that do 
not vary with time), magnetic fields from electric power lines and appliances, radio waves, 
microwaves, infrared radiation, and visible light. These EMFs are in the non-ionizing 
radiation part of the electromagnetic spectrum and are not known to damage DNA or cells 
directly. Low- to mid-frequency EMFs include extremely low frequency EMFs (ELF-EMFs) and 
radiofrequency EMFs. ELF-EMFs have frequencies of up to 300 cycles per second, or hertz 
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electric fields (OR = o.g) under high power use conditions were 

related to total cancers. Wire codes associated with higher 
magnetic fields were more common among case than control 
homes. The odds ratio to contrast very high and high to very low, 

low, and buried wire codes was 1.5 (95% Cl = 1.O-2.3) for total 
cases, with consistency across cancer subgroups except for brain 
cancer (OR = 2.o) and lymphomas (OR = o.8). Contrasts of very 
high to buried wire code homes produced larger, less precise 
odds ratios of 2.3 for total cases, 2.g for leukemias, and 3.3 for 
lymphomas. Adjusted estimates for measured fields and wire 
codes did not differ from crude results, indicating an absence of 
confounding. Limitations to the study are nonresponse 
(especially for field measurements), differential mobility of 
cases and controls, and a presumably nondifferential exposure 
misclassification from the use of imperfect surrogates for long-
term magnetic field exposure history. In spite of these concerns, 
the results encourage further examination of the carcinogenic 
potential from this form of nonionizing radiation. 
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Abstract 

Concern with health effects of extremely low frequency 
magnetic fields has been raised by epidemiologic studies of 
childhood cancer in relation to proximity to electric power 
distribution lines. This case-control study was designed to 

assess the relation between residential exposure to magnetic 
fields and the development of childhood cancer. Eligible cases 
consisted of all 356 residents of the five-county 1970 Denver, 
Colorado Standard Metropolitan Statistical Area aged o-14 years 
who were diagnosed with any form of cancer between 1976 and 
1983. Controls were selected by random digit dialing to 
approximate the case distribution by age, sex, and telephone 
exchange area. Exposure was characterized through in-home 

electric and magnetic field measurements under low and high 
power use conditions and wire configuration codes, a surrogate 
measure of long-term magnetic field levels. Measured magnetic 
fields under low power use conditions had a modest association 
with cancer incidence: a cutoff score of 2.0 millieauss resulted in 
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• incorporate the research results into WHO's Environmental Health Criteria monographs 
where formal health risk assessments will be made on exposure to EMF, 

• facilitate the development of internationally acceptable standards for EMF exposure, 
• provide information on the management of EMF protection programmes for national and 

other authorities, including monographs on EMF risk perception, communication and 
management, and 

• provide advice to national authorities, other institutions, the general public and workers, 
about any hazards resulting from EMF exposure and any needed mitigation measures. 

Project activities 

The mandate of the the International EMF Project is to assess the health and environmental effects 
of exposure to static and time varying electric and magnetic fields in the frequency range 0 - 300 
GHz. For the purposes of the EMF Project, this range is divided into: static (0 Hz), extremely low 
frequency (ELF, >0-300 kHz), intermediate frequencies (IF, >300Hz to 10MHz), and radiofrequency 
(RF, 10 MHz-300 GHz) fields. 

The EMF Project is located at the World Health Organization (WHO) headquarters in Geneva, 
Switzerland, since this is the only United Nations organization with a clear mandate to investigate 
detrimental health effects from exposure of people to non-ionizing radiation. The project is part of the 
Department of Environment, Climate Change and Health (EHC) in the Healthier Populations (UHC) 
cluster. 
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7/13/23,1:20 PM The International EMF Project 

Concerns have been expressed that exposure to extremely low frequency (ELF) magnetic fields at 
power frequencies (50/60 Hz) could lead to an increased incidence of cancer in children and other 
adverse health effects. The evidence comes primarily from residential epidemiological studies. 
These studies suggest that children exposed to ELF magnetic fields have an associated increased 
risk of Ieukaemia. 

Radio frequency (RF) fields are used to great benefits in many facets of everyday life, such as radio 
and TV transmission, telecommunications (eg mobile telephones), diagnosis and treatments of 
disease and in industry for heating and sealing materials. With the rapid introduction of mobile 
telecommunications devices, especially among the general public, there has been a focus on the 
problems associated with near field RF exposure to the head from the small radiating antenna of 
mobile phones. In addition, concerns persist that exposure to pulsed and amplitude modulated RF 
fields may cause specific health effects. 

As societies develop, greater use of certain technologies leads to increasing exposure to static 
electric and magnetic fields. This is especially the case in industry, transport, power transmission, 
research and medicine. Possible health effects from static fields have never been properly 
assessed. Given the rapid expansion of medical devices and imminent introduction, potentially on a 
large scale, of magnetic levitation transport systems that use strong static magnetic fields, any 
health impacts need to be properly assessed. 

As part of its charter to protect public health and in response to public concern over health effects of 
EMF exposure, the World Health Organization (WHO) established the International EMF Project in 
1996 to assess the scientific evidence of possible health effects of EMF in the frequency range from 
0 to 300 GHz. The EMF Project encourages focused research to fill important gaps in knowledge 
and to facilitate the development of internationally acceptable standards limiting EMF exposure 

Project objectives 

Key objectives of the Project are to: 

© provide a coordinated international response to concerns about possible health effects of 
exposure to EMF, 

® assess the scientific literature and make a status report on health effects, 
• identify gaps in knowledge needing further research to make better health risk 

assessments, 
o encourage a focused research programme in conjunction with funding agencies, 

https :// www . who . int / initiattves / the - international - emf - project ll5 
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#2~?0 World Health 
4230 Organization 

The International EMF Project has been 
established to assess health and 
environmental effects of exposure to static 
and time varying electric and magnetic fields 
in the frequency range 0-300 GHz. 

Background 

Potential health effects of exposure to static and time varying electric and magnetic fields need 
scientific clarification. Electromagnetic fields of all frequencies represent one of the most common 
and fastest growing environmental influences, about which there is anxiety and speculation are 
spreading. EMF exposure now occurs to varying degrees to all populations of the world, and the 
levels will continue to increase with advancing technology. Thus, even a small health consequence 
from EMF exposure could have a major public health impact. 

https://www.who.inUinitiatives/the-international-emf-project 1/5 
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Transco other than JS in his capacity as author and does not necessarily represent National Grid Transco's 
views 

• Ethical approval The Childhood Cancer Research Group has local ethics committee approval and, through 
membership of the UK Association of Cancer Registries, has approval from the Patient Information Advisory 
Group with respect to cancer registration function. 
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estimate), at birth about 80 000 would have lived within 199 m of a line and 320 000 between 200 and 599 m. Thus, 
of the 400-420 cases of childhood Ieukaemia occurring annually, about five would be associated with high voltage 
power lines, though this estimate is imprecise. We emphasise again the uncertainty about whether this statistical 
association represents a causal relation. 

WhaOis alreadO knoO n on [his [bpic 

Power frequency magnetic fields, produced by the electric power system, are "possibly carcinogenic" 

A pooled analysis of case-control studies found that children living in homes with high magnetic fields (> 0.4 
pT) had twice the risk of childhood Ieukaemia 

High voltage power lines are one source of these fields 

Wha0[his s[[¤0 adds 

A UK study of 29 000 cases of childhood cancer, including 9700 cases of Ieukaemia, found a raised risk of 
childhood Ieukaemia in children who lived within 200 m of high voltage lines at birth compared with those who 
lived beyond 600m (relative risk 1.7) 

There was also a slightly increased risk for those living 200-600 m from the lines at birth (relative risk 1.2, P for 
trend < 0.01); as this is further than can readily be explained by magnetic fields it may be due to other 
aetiological factors associated with power lines 
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The results are highly significant but could nevertheless be due to chance-for example, if the Ieukaemia controls 
are not sufficiently representative of the relevant population. Some support for this explanation can be derived from 
the different distance distributions observed for the Ieukaemia and non-Ieukaemia controls in [hble 1. Comparison 
of the Ieukaemia cases with the latter still suggests that there is an increased risk for Ieukaemia but it is much lower 
than that found using the matched controls. We emphasise, however, that the use of the matched controls is the 
most appropriate approach. 

Six of the studies included in the pooled analysis referred to above2 contain, or have been extended to include, 
analyses of proximity to power lines.7 10 14 Of these, one, a previous UK study,10 with 1582 cases of Ieukaemia 
diagnosed during 1992-6 (most of which will be contained within our 9700), found a relative risk of 1.42 (0.85 to 
2.37) for acute Iymphocytic Ieukaemia within 400 m for 275 and 400 kV lines; this supports our results. Studies in 
Canadall and Sweden7 also found increased risks for childhood Ieukaemia (Canada: relative risk 1.8 (0.7 to 4.7) for 
residence within 100 m of transmission lines of 50 kV or more, and 1.3 within 50 m; Sweden: 2.9 (1.0 to 7.3) for 
residence £ 50 m versus 101-300 m from 220 and 400 kV power lines, with no increase for other childhood 
cancers). Studies from Denmark,12 Norway,13 and the United Statesl 4 found relative risks below 1.0 but were 
based on smaller numbers. None of these estimates relates to distances as great as ours; some used a reference 
category that is within the distance where we found an increased risk. 

Our study concerned home address at birth, whereas much previous magnetic field epidemiology has concerned 
address at other times. Half of the children with Ieukaemia in this study had the same address at diagnosis as at 
birth; we have no corresponding information for the control group. 

The most obvious explanation of the association with distance from a line is that it is indeed a c 
1. h 61'...I).. exposure to magnetic fields. For magnetic fields in the home the pooled analysis by Ahlbom el 

risk of 2.00 (1.27 to 3.13) for exposures 20.4 pT versus<0.1 pT; the risks for fields < 0.4 pT we 
level.2 Another pooled analysis, including additional studies, found a similar result with a thresh~ jr 
the power lines we investigated, the magnetic field falls to 0.4 pT at an average of about 60 m from -sed 
on calculations using one year of recorded loads for a sample of 42 lines). Our increased risk seems to extend to at 
least 200 m, and at that distance typical calculated fields from power lines are < 0.1 pT, and often < 0.01 pT-that 
is, less than the average fields in homes from other sources. Thus our results do not seem to be compatible with the 
existing data on the relation between magnetic fields and risk. The estimated relative risk was more closely related 
to the reciprocal of the distance from the line than to the square of the reciprocal of the distance. 
ConcIOsions 
While few children in England and Wales live close to high voltage power lines at birth, there is a slight tendency for 
the birth addresses of children with Ieukaemia to be closer to these lines than those of matched controls. An 
association between childhood Ieukaemia and power lines has been reported in several studies, but it is 
nevertheless surprising to find the effect extending so far from the lines. We have no satisfactory explanation for our 
results in terms of causation by magnetic fields or association with other factors. Neither the association reported 
here nor previous findings relating to level of exposure to magnetic fields are supported by convincing laboratory 
data or any accepted biological mechanism. 

Assuming that the higher risk in the vicinity of high voltage lines is indeed a consequence of proximity to the lines 
we can estimate the attributable annual number of cases of childhood Ieukaemia in England and Wales. The annual 
incidence of childhood Ieukaemia in England and Wales is about 42 per million; the excess relative risks at 
distances of 0-199 m and 200-599 m are about 0.69 and 0.23, respectively, giving excess rates of 28 and 10 per 
million. (These two estimates allow for the fact that the incidence for England and Wales is itself partly based on 
cases occurring in the vicinity of power lines.) We estimate that of the 9.7 million children in the population (2003 

https://www.bmj.com/content/330/7503/1290 
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• View inline 

We examined the possibility that the relation between distance and risk of Ieukaemia is a consequence of a relation 
between distance and socioeconomic status. We used the Carstairs deprivation index to allocate a measure of 
socioeconomic status to the census ward in which each child was living at birth.4 The results in [1]ble 4 confirm the 
previously reported association between affluence and risk of childhood Ieukaemia (P for trend < 0.01).5 Adjustment 

for socioeconomic status had no effect on the relative risks for distance ([~ble 3) 

Table 4 
Relative risks for categories of socioeconomic status 

View this table: 

• View QQIZUP-
• View inline 

Power lines produce small air ions through a process known as "corona." Fews et al suggest that this could lead to 
health effects when winds blow the ions away from the line.6 We have made an initial test of this hypothesis using a 
simple model suggested by Preece et at (personal communication), assuming the prevailing wind is from the south 
west. The case-control ratio was no greater downwind than upwind of power lines, so, using this admittedly 
oversimplified approach, we have no evidence to support this hypothesis. 

DiscOssion 
To date this is the largest study of childhood cancer and power lines, with roughly twice the nurr' 
living close to power lines than in the next largest study.7 We found that the relative risk of Ieuk 
(95% confidence interval 1.13 to 2.53) for children whose home address at birth was within 20 
power line compared with those more than 600 m from the nearest line. For 200-600 m the rela 
(1.02 to 1.49). The finding that the increased Ieukaemia risk apparently extends so far from the lin. .1 , 

view of the very low level of magnetic field that could be produced by power lines at these distances. 

Possible eOplana[ions for Ondings 
There is no obvious source of bias in the choice of cases or controls. The study is based on records of childhood 
cancer in England and Wales over most of the period that the National Grid has existed. Registration for childhood 
cancer is nearly complete, and it seems improbable that the likelihood of registration is related to proximity of birth 
address to transmission lines. Controls were selected from registers compiled through the legally required process 
of birth registration. No participation by cases or controls was required. We calculated distances without knowing 
case-control status, and we were able to include 88% of the eligible cases, each with a matched control. 

Populations near power lines may have different characteristics from the rest of the population. In our control data 
there is a slight tendency in urban areas for greater affluence (measured by the Carstairs index) closer to lines, 
though in rural areas there is no clear trend. There is known to be a positive association between affluence and rates 
of childhood Ieukaemia. However, adjustment for socioeconomic status of the census ward of birth address did not 
explain our finding. Population mixing has been associated with childhood Ieukaemia,8 but in our cases individual 
mobility, measured by changes of postcode between birth and diagnosis, was no more common for those whose 
home at birth was closer to the lines. Other characteristics of the population (for instance parity, which has 
sometimes been found to be associated with childhood Ieukaemia9) may vary with proximity to power lines, but we 
do not have the data to determine whether these explain our result. 

https //www bmj.com/content/330/7503/1290 4/11 
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and furthest points of the building from the line, using large scale maps. We aimed to obtain a complete set of 
accurate distances for all subjects within 600 m of a line, a distance chosen to be well beyond that at which the 
magnetic field from the line is thought to be important. 
S[b[Is[tai anaIOsis 

2 
We used conditional logistic regression on the matched case-control pairs to calculate relative risks and X values. 

ResO I[s 
Table 1 shows the distribution of distances from the nearest line for cases, subdivided into Ieukaemia, central 
nervous system/brain, and "other," and for matched controls. Most (97%) of these distances were 2600 m. The 
relative risk is an estimate of the incidence compared with that at distances k 600 m. For Ieukaemia, at each 
distance category < 600 m the relative risks are greater than 1.0; there is some evidence that the risk varies 
according to distance from the line, though there is no smooth trend. For the other diagnoses, our data suggest no 
increased risk. 

Table 1 
Distance of address at birth from nearest National Grid line for cases and controls in each diagnostic 
group, and estimated relative risk (RR) 

View this table: 

• Miew-QQQUQ 
• View inline 

In general, emanations from a line source are expected to reduce in strength as the reciprocal o' 
magnetic field from a power line generally falls as the inverse square of distance, or sometimef 
For each diagnostic group, we tested whether the risk is some function of distance (d) from thi 
2), using three models: that the risk depends on the rank of the distance band, the reciprocal of 

2 
or the inverse square (1/d ). There were no significant results for central nervous system/brain tumo. other 
tumours." For Ieukaemia, the results of two of the trend analyses were significant (P < O.Ol); these analyses suggest 
the risk might depend either on the rank of the distance category or on the reciprocal of distance. The latter seems 
more plausible. We therefore retabulated the results for Ieukaemia at intervals corresponding to roughly equal 
intervals of 1/d ([hble 3). This change in the grouping of the data does not change the pattern of relative risk 
estimates shown in [hble 1 or the significance of the test for trend with 1 /d. For simplicity we also analysed risk of 
Ieukaemia in bands 0-199 m and 200-599 m. The risks relative to k 600 m were 1.69 and 1.23; the trend with 1/d 
was significant (P < 0.01). 

Table 2 
Tests of hypotheses relating trends in relative risks to alternative measures of proximity to nearest line 

2 
(based on the eight distance categories* in table 1). Figures are X for trend (with 1 df) and P value 

View this table: 

• Miew-QQI®12 
• View inline 

Table 3 
Relative risk (RR) estimates for Ieukaemia using revised distance categories (see text) 

View this table: 

. MieyLQQQUQ 
https://www.bmj.com/content/330/7503/1290 
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previous studies. About 4% of children in England and Wales live within 600 m of high voltage lines at birth. If the 
association is causal, about 1 % of childhood Ieukaemia in England and Wales would be attributable to these lines, 
thou8h this estimate has constderable Jstatistical uncertainty. There is no accepted biological mechanism to explain 
the epidemiological results; indeed, the relation may be due to chance or confounding. 

ln[kodOcOon 
The electric power system produces extremely low frequency electric and magnetic fields. Since 1979 there has 
been concern that these fields may be associated with cancer.1 Concern has concentrated on magnetic rather than 
electric fields and on childhood Ieukaemia in particular. A pooled analysis of nine studies that met specified quality 
criteria found that children living in homes with 24 hour average fields of 20.4 pT have twice the risk of Ieukaemia.2 
In 2001 the International Agency for Research on Cancer classified extremely low frequency magnetic fields as 
"possibly carcinogenic" on the basis of "limited" epidemiological evidence and "inadequate" evidence from animals. 

Magnetic fields in homes arise mainly from low voltage distribution wiring, house wiring, and domestic appliances. 
Only a small fraction of homes are close to high voltage overhead power lines (transmission lines), but in these 
homes the power line is likely to be the main source of magnetic field. 

We investigated whether proximity of home address at birth to transmission lines in England and Wales is 
associated with increased risks of childhood cancer. It is not known which period of life, if any, is relevant to 
induction of cancer by magnetic fields. Previous research has considered address at diagnosis or throughout some 
specified period. Over half (55%) of cases of childhood Ieukaemia and 43% of other cancers in childh - -' -cur by 
the age of 5 years. 

Me[hods 
Cases and con[Fols 
Children aged 0-14 years with cancer (malignant neoplasms and tumours of the central nervous s, ain) 
in England, Scotland, and Wales, ascertained through several sources including the National Cancer Registration 
System and the UK Children's Cancer Study Group, are included in the National Registry of Childhood Tumours at 
the Childhood Cancer Research Group. 

We identified nearly 33 000 cases of childhood cancer in children born in England and Wales, 1962-95, and 
diagnosed in England, Wales, or Scotland over the same period. We obtained birth information for just over 31 000 
cases, 1700 having been excluded because the child was adopted or the birth record could not be traced. For each 
case we selected from birth registers a control matched for sex, date of birth (within six months), and birth 
registration district. Registration districts vary greatly in size and are frequently redefined; there are currently about 
400. We attempted to find the postcode and approximate grid reference of the address at birth for all cases and 
controls, but this was not always possible. The final dataset comprised 29 081 matched case-control pairs (9700 for 
Ieukaemia) that we could map with respect to transmission lines. 

CalcOIaOon of dis[hnce from poO er lines 
We looked at overhead power lines forming the National Grid in England and Wales-that is, all 275 and 400 kV 
overhead lines (the highest voltages used) plus a small fraction of 132 kV lines, about 7000 km altogether. We 
obtained the grid references of all 21 800 pylons concerned from the records of National Grid Transco. Using the 
postcode at birth we identified subjects living within 1 km of a transmission line. For 93% of these addresses we 
obtained, from the Ordnance Survey product AddressPoint, a 0.1 m grid reference and hence calculated the 
shortest distance to any of the transmission lines that had existed in the year of birth, re-creating previous locations 
of lines when necessary and possible. For calculated distances less than 50 m, we took the average of the nearest 

https·//www.bmj.com/content/330/7503/1290 2/11 
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AbsOracO 
Objec[10e To determine whether there is an association between distance of home address at birth from high 
voltage power lines and the incidence of Ieukaemia and other cancers in children in England and Wales. 

Design Case-control study. 
t 

Se[Ijng Cancer registry and National Grid records. 

SO bjec[b Records of 29 081 children with cancer, including 9700 with Ieukaemia. Children were aged 0-14 years 
and born in England and Wales, 1962-95. Controls were individually matched for sex, approximate date of birth, and 
birth registration district. No active participation was required. 

Main 000come measOresDistance from home address at birth to the nearest high voltage overhead power line in 
existence at the time. 

ResOI~ Compared with those who lived > 600 m from a line at birth, children who lived within 200 m had a relative 
risk of Ieukaemia of 1.69 (95% confidence interval 1.13 to 2.53); those born between 200 and 600 m had a relative 
risk of 1.23 (1.02 to 1.49). There was a significant (P < 0.01) trend in risk in relation to the reciprocal of distance from 
the line. No excess risk in relation to proximity to lines was found for other childhood cancers. 

ConcIOsions There is an association between childhood Ieukaemia and proximity of home address at birth to high 
voltage power lines, and the apparent risk extends to a greater distance than would have been expected from 

https://www.bmj.com/content/330/7503/1290 
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