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Abstract
There is public health concern raised by epidemiological studies indicating that extremely low fre-

quency electric and magnetic fields generated by electric power distribution systems in the environment 
may be hazardous. Possible carcinogenic effects of magnetic field in combination with suggested onco-
static action of melatonin lead to the hypothesis that the primary effects of electric and magnetic fields 
exposure is a reduction of melatonin synthesis which, in turn, may promote cancer growth.

In this review the data on the influence of magnetic fields on melatonin synthesis, both in the animals 
and humans, are briefly presented and discussed.
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Introduction
Extremely low frequency electric (ELF-EF) and 

magnetic fields (ELF-MF), e.g. generated by high-
voltage transmission lines and household appli-
ances, are present worldwide and receive increasing 
attention because of their potential consequences 
for human health [1-3], especially associated with 
increased risk for cancer and childhood leukemia 
[2]. Additionally some attention has also been paid 
to other possible health hazards, such as interfer-
ence with cardiac pacemakers [4], Alzheimer’s 
disease [5], and adverse pregnancy outcome [6]. 
Working Group organized by National Institute of 
Environmental Health Services concluded in the 
report published in 1998, on the basis of almost 
900 publications, that “ELF-EMF are possibly 
carcinogenic to humans”. This conclusion is based 
on limited evidence that residential exposure to 
ELF-MF is carcinogenic to children it terms of 
childhood leukemia, and occupational exposure 
to ELF-MF is carcinogenic to humans in terms of 

chronic lymphocytic leukemia [4]. It has been also 
concluded that there is inadequate evidence for 
an association between occupational exposure to 
EFL-MF and risk for other cancer [4]. Moreover, 
the same report states: “None of the evidence for 
adverse health effects seen after exposure to ELF 
EMF achieved a degree of evidence exceeding ‘inad-
equate’ (for humans) or ‘weak” (for experimental 
animals)” [3]. In humans it concerns adverse birth 
outcomes, reproductive effects, Alzheimer’s disease, 
amyotrophic lateral sclerosis, suicide or depression, 
cardiovascular disease [3].

Possible carcinogenic effects of EMF in combina-
tion with suggested oncostatic action of melatonin 
[see 7, 8] lead to the hypothesis that the primary 
effects of EMF exposure is a reduction of melatonin 
synthesis which, in turn, may promote cancer 
growth [9].

In this review the data on the influence of EMF 
on melatonin synthesis, both in the animals and 
humans, are briefly presented and discussed.
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Animal studies
There is substantial evidence 

that exposure to ELF-MF may alter 
melatonin secretion in animals. The 
results of the studies on the influence 
of ELF-MF on melatonin concentra-
tions in the animals are presented in 
Table 1. 

It can be seen that in majority of 
studies ELF-MF decreased melatonin 
secretion, especially  in rats and ham-
sters.  However, large variations exist 
when studies are repeated [34, 35, 39]. 
Among other explanations [48], one 
reason may be the age of the animals 
since young rats seem to be more sen-
sitive against magnetic fields than old 
ones [49]. Recently, an investigation 
on isolated hamster pineal organs 
has shown variable results when the 
experiments were repeated under 
identical conditions at 16 2/3 and 50 
Hz. However, exposure was found to 
suppress melatonin synthesis highly 
significantly when the results were 
pooled [42].

Human studies
In contrast to animal studies, the 

data on the influence of magnetic 
fields on human melatonin concentra-
tions are scarce and contradictory. Con-
versely to the animal studies, although 
ELF-MF-induced suppression on noc-
turnal melatonin secretion in humans 
has been reported in occupational and 
residential studies [50-55] in the major-
ity of laboratory-based exposure stud-
ies ELF-MF no change in melatonin or 
6-hydroxymelatonin concentrations 
has been observed (Table 2). 

It should be stressed that various 
parameters of magnetic fields have 
been employed in the experiments. 
Therefore, discrepancies in the results 
may depend on different experimental 
paradigms, including differences in 
certain characteristics of the applied 
magnetic fields, such as field intensity, 
frequency, duration of exposure, tim-
ing of exposure, applied vector, etc. 
The results of our studies seem to sup-
port the hypothesis that the response 
of the human pineal to magnetic fields 
may depend on the field parameters 
because chronic exposure to 2.9 mT, 
40 Hz magnetic field caused a signifi-
cant decrease in nocturnal melatonin 
concentrations [63], whereas chronic 
exposure to 25-80 µT, 200 Hz mag-

Table 1. Effects of magnetic fields on melatonin concentrations in the animals 
 Exposure parameters Exposure duration Effect  [Ref.]
Rat

 52–123 µT
 15 min È (p) ⊗ (p) 

[10]  5 h  È (p) È (s)
  24 h ⊗ (p)  
 50 µT 2 h  È (p)  [11] 
 

50–100 µT
 30 min È (p) – sighted  

[12]  30 min ⊗  (p) – blind   
 35 µT 30 min È (p)  [13] 
 2.5 µT 30 min ⊗ (p)  [14] 
 30 µT 30 min È (p)  [15] 
 40 µT 60 min ⊗ (p, s)  [16] 
 80 µT (inter, auto) 

60 min
 È (p)  

[17] 80 µT (inter, man)  ⊗ (p)   
 44 µT, 33.7 Hz 2.5 h (in vitro) È (p, m) [18] 
 5.2 mT, 50 Hz 30 min for 15 days È (s) [19] 
 44 µT (inter) 60 min (in vitro) È (p) ⊗ (m) [20] 
 1, 5, 50, 250 µT, 50 Hz (CP) 6 weeks È (p, pl) [21] 
 44 µT (inter, man, not inverted) 30 min, 60 min  ⊗ (p)  [22] 44 µT (inter, man, inverted) 30 min, 60 min  È (p)  
 0.03 mT, 10 Hz 10–30 min ⊗ (s, night) È (s, day) [23] 
 

25 µT (pulsed, static)
 45 min È (p) – nighttime exposure  [24]   ⊗ (p) – daytime exposure   

 1 µT, 50 Hz (CP) 6 weeks È (p) [25] 
 1 µT, 50 Hz (HP) 6 weeks

 ⊗ (p, pl)  [26] 1 µT, 50 Hz (VP)  ⊗ (p, pl)  
 0.3–1 µT, 50 Hz 8–9 weeks È (s) [27] 
 100 µT, 50 Hz 12 h 

È (s) [28] 10–100 µT, 50 Hz 18 h for 30 days  
 5, 500 µT, 50 Hz 24 h ⊗ (u) [29] 
 50 µT, 50 Hz 9 or 12 weeks ⊗ (s) [30] 
 10 µT, 50 Hz 91 days ⊗ (p) È (s) [31] 
 1, 100 µT, 50 Hz 24 h Ç (u) [32] 
 900 MHz (continuous or pulsed  15 to 60 min

 ⊗ (s)
 

[33] with 217 Hz) 
 100 µT, 50 Hz 1 day to 13 weeks inconsistent [34] 
 50 to 500 µT  15 to 120 min 

inconsistent
 

[35] (majority 100 µT) (15 experiments)  
 0.06 µT, 0.05 mT 12 h (in vitro) È (46%) [36] 
 1 mT, 60 Hz (inter) 1 h ⊗ (u) 

[37] 1 mT, 60 Hz  20 h for 10 or 42 days ⊗ (u)
Golden hamster    
 35 µT 30 min ⊗ (p) [13] 
Djungarian hamster    
 100 µT, 60 Hz 15 min È (p, s) [38] 
 100 µT, 60 Hz Exp. 1–15 min for 9 days (lp) È (p, s)
  Exp. 1–15 min for 9 days (sp) Ç (p) È (s) [39]
  Exp. 2–15 min for 9 days (lp) ⊗ (p, s)
  Exp. 2–15 min for 9 days (sp) ⊗ (p, s)
 10, 100 µT, 60 Hz 15 min, 60 min ⊗ (p, s) [40] 10, 100 µT, 60 Hz (inter)  
 900 MHz (continuous or pulsed  15 min to 60 min ⊗ (s) [33]
 with 217 Hz) 
 300 µT, 50 Hz 24 h for 56 days ⊗ (s) [41] 
 86 µT, 162/3 Hz or 50 Hz 8 h (in vitro) È (m) [42] 
Gerbil    
 30 µT 30 min ⊗ (p) – pigmented [15]
   È (p, female) ⊗ (p, male) – albino
Mouse    
 0.5–77 (average 2.75) µT, 50 Hz 2 to 4 months  (pl) [43]  (from conception)      
Sheep    
 4 µT, 60 Hz 24 h for 8 months ⊗ (s) [44] 
 3.77 µT, 60 Hz 24 h for 8 months ⊗ (s) [45] 
Baboon    
 50, 100 µT, 60 Hz 12 h for 6 weeks ⊗ (s) [46] (irregular, slow onset/offset)  
 50, 100 µT, 60 Hz 9 or 21 days È (p) [47] (irregular, rapid onset/offset)  

 È– inhibition;  Ç– stimulation;  ⊗ – no effect; p – pineal, s – serum, pl – plasma, 
u – urinary 6–hydroxymelatonin sulfate, m – culture medium; inter – intermittent exposure, auto – 
automatic switching, man – manual switching; CP – circular polarity, HP – horizontal polarity, VP – 

vertical polarity; Exp. – experiment; lp – long photoperiod, sp – short photoperiod.
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netic field did not influence 
melatonin levels [64].

Concluding remarks
Summarizing, it seems 

that there is substantial 
evidence that exposure to 
ELF-MF decreases melatonin 
secretion in some animals. 
However, presently there are 
no convincing data showing 
a distinct effect of magnetic 
fields on melatonin secretion 
in humans, and more stud-
ies are needed to identify the 
specific circumstances under 
which such effects may occur.
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