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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, 
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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. 
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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. 
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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. 

Selected References 

1. 	 World Health Organization, International Agency  for Research on Cancer. Non-ionizing  

radiation, Part 1: Static and extremely low-frequency  (ELF) electric and magnetic  fields  

. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans  2002; 80:1

395.  

2.	  Lagroye  I, Percherancier  Y, Juutilainen J, De Gannes FP, Veyret B. ELF magnetic fields:  

Animal studies, mechanisms of action. Progress in Biophysics and Molecular Biology  

2011; 107(3):369-373.  

[PubMed Abstract] 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045849&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044120&version=Patient&language=English
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r21
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r23
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044079&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044362&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045866&version=Patient&language=English
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r24
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000673817&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000257225&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000444971&version=Patient&language=English
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r25
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r28
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r29
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r30
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045343&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000387264&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000387264&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000445046&version=Patient&language=English
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r1
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r29
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r31
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-fields#r35
http://www.niehs.nih.gov/health/topics/agents/emf/index.cfm
http://monographs.iarc.fr/ENG/Monographs/vol80/mono80.pdf
http://monographs.iarc.fr/ENG/Monographs/vol80/mono80.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21914452
http://www.cancer.gov/global/web/policies/exit


 

 

 

 

 

 

 

 

3. 	 Ahlbom IC, Cardis E, Green A, et al. Review of the epidemiologic literature on EMF and 

Health. Environmental Health Perspectives  2001; 109 Suppl 6:911-933.  

[PubMed Abstract] 

4. 	 Schüz  J. Exposure to extremely low-frequency magnetic  fields and the risk of childhood 

cancer: Update of the epidemiological evidence. Progress in Biophysics and Molecular 

Biology  2011; 107(3):339-342.  

[PubMed Abstract] 

5. 	 Wertheimer N, Leeper E. Electrical wiring  configurations and childhood cancer. 

American Journal of Epidemiology  1979; 109(3):273-284.  

[PubMed Abstract] 

6. 	 Kleinerman RA, Kaune  WT, Hatch EE, et al. Are children living near high-voltage power 

lines at increased risk of  acute lymphoblastic leukemia?  American Journal of 

Epidemiology  2000; 151(5):512-515.  

[PubMed Abstract] 

7. 	 Kroll ME, Swanson J, Vincent TJ, Draper GJ. Childhood cancer and magnetic fields 

from high-voltage power lines in England and Wales: A case–control study. British 

Journal of Cancer  2010; 103(7):1122-1127.  

[PubMed Abstract] 

8. 	 Wünsch-Filho V, Pelissari DM, Barbieri FE, et al. Exposure to magnetic fields and 

childhood acute lymphocytic leukemia in São Paulo, Brazil. Cancer Epidemiology  2011; 

35(6):534-539.  

[PubMed Abstract] 

9. 	 Sermage-Faure C, Demoury C, Rudant J, et al. Childhood leukaemia close to high-

voltage power lines--the Geocap study, 2002-2007. British Journal of Cancer  2013; 

108(9):1899-1906.  

[PubMed Abstract] 

10.  Kabuto M, Nitta H, Yamamoto S, et al. Childhood leukemia and magnetic fields in 

Japan: A case–control study of childhood leukemia and residential power-frequency  

magnetic fields in Japan. International Journal of Cancer  2006; 119(3):643-650.  

[PubMed Abstract] 

http://www.ncbi.nlm.nih.gov/pubmed/11744509
http://www.ncbi.nlm.nih.gov/pubmed/21946043
http://www.ncbi.nlm.nih.gov/pubmed/453167
http://www.ncbi.nlm.nih.gov/pubmed/10707920
http://www.ncbi.nlm.nih.gov/pubmed/20877338
http://www.ncbi.nlm.nih.gov/pubmed/21840286
http://www.ncbi.nlm.nih.gov/pubmed/23558899
http://www.ncbi.nlm.nih.gov/pubmed/16496405


 

 

 

 

 

 

 

 

11.  Linet MS,  Hatch EE, Kleinerman RA, et al. Residential exposure to magnetic fields and 

acute lymphoblastic leukemia in children. New England Journal of Medicine  1997; 

337(1):1-7.  

[PubMed Abstract] 

12.  Kheifets L, Ahlbom A, Crespi CM, et al. A pooled analysis of extremely low-frequency  

magnetic fields and childhood brain tumors. American Journal of Epidemiology  2010; 

172(7):752-761.  

[PubMed Abstract] 

13.  Mezei G, Gadallah M, Kheifets L. Residential magnetic  field exposure and childhood 

brain cancer: A meta-analysis. Epidemiology  2008; 19(3):424-430.  

[PubMed Abstract] 

14.  Does M, Scélo G, Metayer C, et al.  Exposure to electrical contact currents and the risk of 

childhood leukemia. Radiation Research  2011; 175(3):390-396.  

[PubMed Abstract] 

15.  Ahlbom A, Day N, Feychting M, et al. A pooled analysis of magnetic fields and 

childhood leukaemia. British Journal of Cancer  2000; 83(5):692-698.  

[PubMed Abstract] 

16.  Greenland S, Sheppard AR, Kaune WT, Poole C, Kelsh MA. A pooled analysis of 

magnetic fields,  wire  codes, and childhood leukemia. Childhood Leukemia-EMF Study  

Group. Epidemiology  2000; 11(6):624-634.  

[PubMed Abstract] 

17.  Kheifets L, Ahlbom A, Crespi CM, et al. Pooled analysis of recent studies on magnetic  

fields and childhood leukaemia. British Journal of Cancer  2010; 103(7):1128-1135.  

[PubMed Abstract] 

18.  Hatch EE, Linet MS, Kleinerman RA, et al. Association between childhood acute 

lymphoblastic leukemia  and use of electrical appliances during pregnancy  and childhood. 

Epidemiology  1998; 9(3):234-245.  

[PubMed Abstract] 

http://www.ncbi.nlm.nih.gov/pubmed/9203424
http://www.ncbi.nlm.nih.gov/pubmed/20696650
http://www.ncbi.nlm.nih.gov/pubmed/18379430
http://www.ncbi.nlm.nih.gov/pubmed/21388283
http://www.ncbi.nlm.nih.gov/pubmed/10944614
http://www.ncbi.nlm.nih.gov/pubmed/11055621
http://www.ncbi.nlm.nih.gov/pubmed/20877339
http://www.ncbi.nlm.nih.gov/pubmed/9583414


 

 

 

 

 

 

 

 

19.  Infante-Rivard C, Deadman JE. Maternal occupational exposure  to extremely low 

frequency magnetic  fields during pregnancy and childhood leukemia. Epidemiology  

2003; 14(4):437-441.  

[PubMed Abstract] 

20.  Hug K, Grize  L, Seidler A, Kaatsch P, Schüz J. Parental occupational exposure to 

extremely low frequency magnetic fields and childhood cancer: A German case–control 

study. American Journal  of Epidemiology  2010; 171(1):27-35.  

[PubMed Abstract] 

21.  Svendsen AL, Weihkopf T, Kaatsch P, Schüz J. Exposure to magnetic fields and survival 

after diagnosis of childhood leukemia: A German cohort study. Cancer Epidemiology, 

Biomarkers &  Prevention  2007; 16(6):1167-1171.  

[PubMed Abstract] 

22.  Foliart DE, Pollock BH, Mezei G, et al. Magnetic  field exposure and long-term survival 

among  children with leukaemia. British Journal of Cancer  2006; 94(1):161-164.  

[PubMed Abstract] 

23.  Foliart DE, Mezei G, Iriye R, et al. Magnetic field exposure and prognostic factors in 

childhood leukemia. Bioelectromagnetics  2007; 28(1):69-71.  

[PubMed Abstract] 

24.  Schüz  J, Grell  K, Kinsey  S, et al. Extremely low-frequency magnetic fields and survival 

from childhood acute lymphoblastic leukemia: An international follow-up study. Blood 

Cancer Journal  2012; 2:e98.  

[PubMed Abstract] 

25.  Schoenfeld ER, O'Leary  ES, Henderson K, et al. Electromagnetic  fields and breast cancer 

on Long  Island: A case–control study. American Journal of Epidemiology  2003; 

158(1):47-58.  

[PubMed Abstract] 

26.  London SJ, Pogoda JM, Hwang KL, et al. Residential magnetic  field exposure and breast 

cancer risk: A nested case–control study  from a multiethnic cohort in Los Angeles 

County, California. American Journal of Epidemiology  2003; 158(10):969-980.  

[PubMed Abstract] 

http://www.ncbi.nlm.nih.gov/pubmed/12843769
http://www.ncbi.nlm.nih.gov/pubmed/19942577
http://www.ncbi.nlm.nih.gov/pubmed/17548680
http://www.ncbi.nlm.nih.gov/pubmed/16404370
http://www.ncbi.nlm.nih.gov/pubmed/16988997
http://www.ncbi.nlm.nih.gov/pubmed/23262804
http://www.ncbi.nlm.nih.gov/pubmed/12835286
http://www.ncbi.nlm.nih.gov/pubmed/14607805


 

 

 

 

 

 

 

 

27.  Davis S, Mirick DK, Stevens RG. Residential magnetic  fields and the risk of breast 

cancer. American Journal of Epidemiology  2002; 155(5):446-454.  

[PubMed Abstract] 

28.  Kabat GC, O'Leary ES, Schoenfeld ER, et al. Electric blanket use and breast cancer on 

Long  Island. Epidemiology  2003; 14(5):514-520.  

[PubMed Abstract] 

29.  Kliukiene J, Tynes T, Andersen A. Residential and occupational exposures to 50-Hz  

magnetic fields and breast cancer in women: A population-based study. American 

Journal of Epidemiology  2004; 159(9):852-861.  

[PubMed Abstract] 

30.  Zhu K, Hunter S, Payne-Wilks K, Roland CL, Forbes DS. Use of electric bedding  

devices and  risk of breast cancer in African-American women. American Journal of 

Epidemiology  2003; 158(8):798-806.  

[PubMed Abstract] 

31.  Tynes T, Haldorsen T. Residential and occupational exposure to 50 Hz magnetic  fields 

and hematological cancers in Norway. Cancer Causes & Control  2003; 14(8):715-720.  

[PubMed Abstract] 

32.  Labrèche  F, Goldberg MS, Valois MF, et al. Occupational exposures to extremely low 

frequency magnetic  fields and postmenopausal breast cancer. American Journal of 

Industrial Medicine  2003; 44(6):643-652.  

[PubMed Abstract] 

33.  Willett EV, McKinney PA, Fear NT, Cartwright RA, Roman E. Occupational exposure to 

electromagnetic fields and acute leukaemia: Analysis of a case-control study.  

Occupational and Environmental Medicine  2003; 60(8):577-583.  

[PubMed Abstract] 

34.  Coble JB, Dosemeci M, Stewart PA, et al. Occupational exposure to magnetic fields and 

the risk of brain tumors. Neuro-Oncology  2009; 11(3):242-249.  

[PubMed Abstract] 

http://www.ncbi.nlm.nih.gov/pubmed/11867356
http://www.ncbi.nlm.nih.gov/pubmed/14501265
http://www.ncbi.nlm.nih.gov/pubmed/15105178
http://www.ncbi.nlm.nih.gov/pubmed/14561670
http://www.ncbi.nlm.nih.gov/pubmed/14674735
http://www.ncbi.nlm.nih.gov/pubmed/14635241
http://www.ncbi.nlm.nih.gov/pubmed/12883018
http://www.ncbi.nlm.nih.gov/pubmed/19234232


 

 

  

 

   

 

 

35.  Li W, Ray RM, Thomas DB, et al. Occupational exposure to magnetic fields and breast 

cancer among women textile workers in Shanghai, China. American Journal of  

Epidemiology  2013; 178(7):1038-1045.  

[PubMed Abstract] 

Related Resources 

 Cell Phones and Cancer Risk 

This text may be reproduced or reused freely. Please credit the National Cancer Institute as the 

source. Any graphics may be owned by the artist or publisher who created them, and permission 

may be needed for their reuse. 

http://www.ncbi.nlm.nih.gov/pubmed/24043439
http://www.cancer.gov/cancertopics/factsheet/Risk/cellphones
http://www.cancer.gov/global/web/policies/copyright

	Magnetic Field Exposure and Cancer 
	Key Points 
	Exposure from power lines 
	Exposure in homes 
	Parental exposure and risk in children 
	Exposure and cancer survival 
	Related Resources 



