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Magnetic Field Exposure and Cancer

Key Points

· Electric and magnetic fields (EMF) are a form of non-ionizing radiation. EMFs are invisible areas of energy produced by the movement of electrons. Extremely low frequency (ELF) EMFs are produced by power lines, wiring, and electrical appliances. 

· Several early epidemiologic studies raised the possibility of an association between certain cancers, especially childhood cancers, and ELF-EMFs. Most subsequent studies have not shown such an association, but scientists continue to investigate the possibility that one exists.

· Studies of animals exposed to ELF-EMFs have not provided any indications that ELF-EMF exposure is associated with cancer, and no mechanism has been identified by which such fields could cause cancer.

1. What are electric and magnetic fields?

Electric and magnetic fields are invisible areas of energy 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.

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 increased distance from its source.

Electric fields are produced whether or not a device is turned on, but 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 and magnetic fields together are referred to as electromagnetic fields, or EMFs. There are both natural and human-made sources of EMFs. The earth’s magnetic field, which causes a compass to point North, is an example of a naturally occurring EMF. Power lines, wiring, and electrical appliances, such as electric shavers, hair dryers, computers, televisions, and electric blankets produce what are called extremely low frequency (ELF) EMFs. ELF-EMFs have frequencies of up to 300 cycles per second, or Hertz (Hz); for example, the frequency of alternating current in power lines is 50 or 60 Hz. Cell phones produce radiofrequency EMFs above the ELF range. For more information about cell phones, see the NCI Fact Sheet Cell Phones and Cancer Risk.

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. Consequently, magnetic fields are the component of ELF-EMFs that are usually studied in relation to their possible health effects.

2. Why are ELF-EMFs studied in relation to cancer?

Any possible health effects of ELF-EMFs would be of concern because power lines and electrical appliances are present everywhere in modern life, and people are constantly encountering these fields, both in their homes and in certain workplaces. Also, the presence of ELF-EMFs in homes means that children are exposed. Even if ELF-EMFs were to increase an individual’s risk of disease only slightly, widespread exposure to ELF-EMFs could translate to meaningful increased risks at the population level.

Several early epidemiologic studies raised the possibility of an association between certain cancers, especially childhood cancers, and ELF-EMFs. Most subsequent studies have not shown such an association, but scientists have continued to investigate the possibility that one exists.

No mechanism by which ELF-EMFs could cause cancer has been identified. Unlike high-energy (ionizing) radiation, ELF-EMFs are low energy and non-ionizing and 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.) However, studies of animals exposed to ELF-EMFs have not provided any indications that ELF-EMF exposure is associated with cancer (1, 2).

3. What is the evidence for an association between magnetic field exposure and cancer in children? 

Numerous epidemiologic studies and comprehensive reviews of the scientific literature have evaluated possible associations between exposure to ELF magnetic fields and risk of cancer in children (1, 3, 4). Most of the research has focused on leukemia 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.

Exposure from power lines
Although a study in 1979 pointed to a possible association between living near electric power lines and childhood leukemia (5), more recent studies have had mixed findings. Currently, researchers conclude that there is little evidence that exposure to ELF-EMFs from power lines causes leukemia, brain tumors, or any other cancers in children (1, 6–10).

Exposure in homes
Many studies have also looked for possible associations between magnetic fields measured in homes and residences and the risk of childhood cancers, especially leukemia. Individual studies have had varying results, but most have not found an association or have found it only for those children who lived in homes with very high levels of magnetic fields, which are present in few residences (11–14).

To develop the most accurate estimates of the risks of leukemia in children from magnetic fields in the home, researchers have analyzed the combined data from many studies. In one such analysis that combined data from nine studies done in several countries, leukemia risk was increased only in those children with the highest exposure (a category that included less than 1 percent of the children); these children had a twofold excess risk of childhood leukemia (15). In another analysis that combined data from 15 individual studies, a similar increase in risk was seen in children with the highest exposure level (16). A more recent  analysis of seven studies published after 2000 found a similar trend, but the increase was not statistically significant (17).

Overall, these analyses suggest that if there is any increase in leukemia risk from magnetic fields, it is restricted to children with the very highest exposure levels. But it is possible that this increase is not real, because if magnetic fields caused childhood leukemia, certain patterns would have been found, such as increasing risk with increasing levels of magnetic field exposure. Such patterns were not seen.

Another way that people can be exposed to magnetic fields in the home 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 only for short periods of time. Again, studies have not found consistent evidence for an association between the use of household electrical appliances and risk of childhood leukemia (18).

Parental exposure and risk in children
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 (19, 20). Studies are ongoing to evaluate this question.

Exposure and cancer survival
A few studies have investigated whether magnetic field exposure is associated with prognosis or survival of children with leukemia. Several small retrospective studies of this question have yielded inconsistent results (21–23). An analysis that combined prospective data for more than 3000 children with acute lymphoid leukemia from eight countries showed that ELF magnetic field exposure was not associated with their survival or risk of relapse (24).

4. What is the evidence that magnetic field exposure is linked to cancer in adults?

Although some studies have reported associations between ELF-EMF exposure and cancer in adults, other studies have not found evidence for such associations.

The majority of epidemiologic studies have shown no relationship between breast cancer in women and exposure to ELF-EMFs in the home (25–28), although several individual studies have shown hints of an association (29, 30).

Several studies conducted in the 1980s and early 1990s reported that people who worked in some electrical occupations (such as power station operators and phone line workers) had higher-than-expected rates of some types of cancer, particularly leukemia, brain tumors, and male breast cancer (1). Some occupational studies showed very small increases in the risks of leukemia and brain cancer, but these results were based on participants’ job titles and not on actual measurements of their exposures. More recent studies, including some that considered the participant’s job title as well as measurements of their exposures, have not shown consistent findings of an increasing risk of leukemia, brain tumors, or female breast cancer with increasing exposure to magnetic fields at work (29, 31–35).

5. Where can people find additional information on EMFs? 

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

http://www.medicalnewstoday.com

No childhood leukemia risk from power lines

Last updated: 7 February 2014 at 8am PST 

Children who spend their early years living near overhead power lines are not at greater risk of developing childhood leukemia, according to researchers at the University of Oxford in the UK, who report their findings in the British Journal of Cancer.

In the UK, as in the US, leukemia accounts for around a third of all cancers diagnosed in children.

Previous research that had included childhood leukemia cases diagnosed between 1962 and 1995 had concluded children living within 600 meters of overhead power lines at the time they were born were at higher risk of developing leukemia.

But in this new study, researchers at Oxford's Childhood Cancer Research Group found no increased risk of leukemia in children born since the 1990s whose mothers lived no more than a kilometer away from overhead power lines when the children were born.

The new study includes nearly 16,500 children diagnosed with leukemia in Britain between 1962 and 2008.

The data came from 53,515 cases in the National Registry of Childhood Tumours, which includes nearly all children diagnosed since 1962 and is estimated to be more than 99% complete for leukemia.

From birth records, the researchers found children born in Britain and matched them to healthy controls, and in each case calculated the distance from the registered mother's address to power lines in England, Wales and Scotland.

No direct biological effect from power lines on risk of childhood leukemia

The authors say this new analysis - which extends the previous study by including 132 kilovolts (kV) as well as 275 and 400 kV power lines, and looks at greater distances from power lines - strongly suggests there is no direct biological effect from power lines and risk of developing childhood leukemia.

Changes in the population characteristics among those living near power lines, or problems with study design, or chance, could explain the previous findings, they say.

"It's very encouraging to see that in recent decades there has been no increased risk of leukemia among children born near overhead power lines," says lead author Kathryn Bunch.

Although more research is needed to find out exactly why the previous study suggested there was a risk before 1980, she says that "parents can be reassured that overhead power lines don't increase their child's risk of leukemia."
Dr. Julie Sharp, who is head of health information at Cancer Research UK, says there has been much concern that living near overhead power lines can raise the risk of cancer - and leukemia in particular - in children, and adds:

"This study is reassuring for anxious parents, as it indicates that overhead power lines don't cause leukemia or other cancers in children."

Medical News Today recently reported on a study by another group of UK researchers, who found childhood leukemia may arise from an infection-fighting process. They proposed that the loss of what they call "fusion genes," combined with a loss of genes required for normal immune cell development, cause leukemia.

Written by Catharine Paddock PhD
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Power lines and cancer

Everything that uses or carries electricity, from household appliances to power lines, produces an electromagnetic field (EMF). 

Although very high level exposure to magnetic fields can be harmful to people, there's no good evidence that being exposed to levels within the guidelines has effects on the body that could damage people's health. This guideline level is very conservative and is set far below the level at which any potentially harmful health effects have been seen, even assuming a worst-case scenario.

There is little strong evidence to link power lines to adult cancers, or to most types of childhood cancer. But some studies have suggested a statistical link between exposure to magnetic fields and a higher risk of childhood leukaemia. At the moment, we don't have enough convincing evidence to be sure whether the link is real, but if it were, the impact would be small - only around one per cent of childhood leukaemias.

Power lines and childhood leukaemia - the evidence isn't clear

It is difficult to carry out research into exposure to magnetic fields and risk of childhood leukaemia, and there is no clear indication of what should be measured and when. So research that puts together results from a number of different studies is useful to help get a clearer overview.

Two studies like this found that the very small number of children who were exposed to the highest magnetic fields had a higher risk of leukaemia (around one and a half times to twice the risk) than the children exposed to the lowest levels. But because the studies they were based on had very variable results, it wasn't possible to be sure that power lines or magnetic fields caused the higher risk, especially because there's no good explanation for how this might happen. However, the researchers said that problems with the studies were unlikely to be the whole explanation. Another study found a similar increased risk, but the result could have been a chance finding because the results weren't 'statistically significant'.

The International Agency for Research on Cancer evaluated the evidence and concluded it was 'limited'. They rated low frequency magnetic fields as a 'possible' cause of childhood leukaemia - which means that we can't rule a risk out. This conclusion was supported by a separate World Health Organisation review of the evidence.

Overall, at the moment it isn't possible to say with certainty whether or not being exposed to the highest levels of magnetic fields from power lines increases the chance of developing childhood leukaemia. There isn't a good suggestion for how magnetic fields could cause leukaemia, laboratory studies don't support a link and the results from individual studies are variable. But the studies combining several results together do seem to show a raised risk. This is likely to remain a difficult area to finally resolve.

However, even if the link seen in these studies is a real effect, the impact would be small as only around one to four per cent of children have the highest levels of exposure. And the evidence shows that there is no noticeable increase in risk for the lower levels of magnetic fields that most people are exposed to.

For more information about power lines, EMFs and cancer, visit the Health Protection Agency’s website.

