
* Corresponding author: Ravindra Tiwari 

Global Institute of Engineering & Technology, Moinabad, Hyderabad. Telangana State, India. 

Copyright © 2022 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

An array of occupationally exposure to extremely low frequency electromagnetic 
fields and light at night on melatonin and related oxidative stress in human subjects 

Vemula Surender 1, Ravindra Babu Potti 2 and Ravindra Tiwari 3, * 

1 University Grants Commission (UGC) Research Unit, Bhavan’s New Science College, Hyderabad, Telangana, India.  
2 Department of Biotechnology, Sreenidhi Institute of Science and Technology, Hyderabad, Telangana, India. 
3 Global Institute of Engineering & Technology, Moinabad, Hyderabad. Telangana, India. 

World Journal of Biology Pharmacy and Health Sciences, 2022, 12(03), 291–301 

Publication history: Received on 11 November 2022; revised on 21 December 2022; accepted on 24 December 2022 

Article DOI: https://doi.org/10.30574/wjbphs.2022.12.3.0273 

Abstract 

During one decade, an increasing percentage of world population has to be attributed to an array of environmental, 
health and lifestyle factors. The potential effect of extremely low frequency electromagnetic fields (ELF-EMFs) emitted 
from electrical and various electrical devices in the occupational environment and light at night (LAN) to elicit biological 
response are a major concern for the public and scientists. Controversial genetic and oxidative stress effects have been 
reported by these polluted environments. Hence this study was undertaken with a purpose to evaluate melatonin 
hormone and oxidative stress markers in exposure workers along with cumulative effects of smoking and drinking. The 
study subjects (n=342) included night shift workers for more than 2 years with age, gender, socioeconomic status 
matched non-exposure controls (n=150). Self-reported symptoms were sought using questionnaire. Plasma Melatonin 
was evaluated using radioimmuno assay. Oxidative stress was estimated by measuring plasma malondialdehyde (MDA), 
serum nitric oxide (NO) and erythrocyte catalase levels. When the data of exposed subjects was analyzed, a significant 
decrease in melatonin levels was observed. Plasma MDA levels demonstrated a significant increase in one sub-group. 
The serum NO levels and erythrocyte catalase levels shows a significant increase. The cumulative effect of a chemical 
agent or environmental pollutant could be a possible contributor in enhancing the adverse effect of extremely low 
frequency electromagnetic fields. Certain caution is necessary. 
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1. Introduction

The generation, distribution, and use of electric power is a hallmark of modern life. Most of us are depending on the 
wireless communications like cell phones, internet, satellite devices, Wi-Fi, personal systems etc. Due to this humans as 
well as other living beings are continuously exposed to the EMFs day and night in an extreme way [1, 2]. The extensive 
use of technology generates Electro-Magnetic Fields (EMFs). EMFs are supposed to increase temperature of live tissue 
and have thermal effect on bio-organisms. These effects can change membrane electric potential and ion distribution 
and finally can disrupt biochemical reactions in cells. However, a few experiments have shown thermal cellular effects 
of EMFs [3].  

These EMFs are supposed to have effect on endocrine system, particularly pineal hormone-melatonin. Several studies 
have also reported an association between exposure to ELF-EMFs and neurodegenerative disorders [4,5]. Electric 
power resulting in exposure to light at night (LAN) and anthropogenic electromagnetic fields is likely to decrease the 
melatonin levels. The role of melatonin in circadian regulation and prevention of cancer is well established. There is 
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mounting evidence of an association between night shift work and breast cancer risk which is of increasing concern 
[6,7]. Some studies have evaluated the evidence linking women’s occupation and workplace exposures to breast cancer. 
Overall, the data do not suggest that occupational exposures to EMF increases the risk of breast cancer [8]. 

 

Figure 1 Synthesis of Melatonin 

Melatonin is a neuroendocrine hormone (Figure 1 & 2), an indoleamine (N-acetyl-5 methoxytryptamine) secreted by 
the pinealocytes of the pineal gland situated in the hypothalamic region of the brain. It transduces the body’s circadian 
rhythms and controls the sleep-wake cycle, an internal 24 hour time keeping system (biological clock). Melatonin’s 
hypothermic, antioxidant and free radical scavenging properties attribute it to an immune modulator and an oncostatic 
agent. According to the ‘melatonin hypothesis’ of cancer, the exposure to light at night (LAN) and anthropogenic electric 
and magnetic fields (EMFs) is related to the increased incidence of breast cancer due to melatonin disruption. It is 
important to understand that night shift workers are more likely to be obese and to have unhealthy life style which may 
also contribute to risk of breast cancer [9]. Controversial reports addressing health effects like neurodegenerative 
disorders and brain tumors due to RF electromagnetic field exposure has been mounting [10]. 

At low frequency waves, EMFs have the effect on the nervous system due to their intensive sensitivity. Not only the 
nervous system they also affect the psychological conditions. Due to the heat released by them the temperature of the 
body also raises [11,12]. 

The aim of our study is to understand the association between melatonin levels and the increase incidences of breast 
cancer in urbanized cities. It is reported that working at night shifts could be responsible for the depletion of melatonin 
and disruption of circadian rhythm. Such sleep disturbances are supposed to suppress immune system by suppressing 
melatonin production. Breast cancer is the leading cause of cancer death in women in industrialized countries [13,14]. 
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Figure 2 Free-radical scavenging activity of melatonin 

1.1. Light Effects on Melatonin  

The effect of light on pineal function in humans has been extensively studied [15]. The effect is qualitatively similar to 
the effect in other mammals where the intensity of nocturnal illumination suppresses melatonin production to daytime 
levels [16,17]. The normal melatonin rhythm in humans has characteristics that may be relevant to breast cancer risk 
[18]. In animals, very brief light exposure (minutes or even seconds) at night can suppress melatonin production [19]. 
The exposure to light at night (LAN) and anthropogenic electric and magnetic fields is related to the increased incidence 
of breast cancer due to melatonin disruption [20]. In recent years a large number of studies are held on this topic but 
the results are controversial and largely unanswered. However ELF-EMFs and LAN are hypothesized to be responsible 
for the changes in hormonal configurations leading to development of cancer in women, particularly night shift workers 
[21]. The mechanism where ELF-EMFs and LAN exposure could increase cancer risk lie in the possible oncostatic 
property of melatonin and its circulating levels [22]. 

1.2. Effects of Electric and Magnetic Fields on Melatonin 

The first reports that the pineal body might respond to an artificial EMF appeared in the early 1980s. The electrical 
activity of pineal cells in anesthetized male guinea pigs was studied [23]. The exposure of rats to a 60-Hz electric field 
suppressed the normal nocturnal rise in pineal melatonin production in male Sprague-Dawley-derived rats was 
reported [24]. In humans an association between use of wireless phones and brain tumors was also indicated [25]. 

We propose the role of melatonin as an antioxidant to explain the biological effects of EMFs. The rationale behind our 
study is that the increased free radical production in response to magnetic field exposure might result in suppressed 
circulating melatonin levels. The suppression of melatonin with extended free radical lifetime may also enhance DNA 
damage [26,27]. In female workers exposed to magnetic fields, Nocturnal 6-hydroxy melatonin sulfate levels were 
suppressed [28]. This hypothesis could have an important implication for the possible health effects associated with 
exposure to ELF magnetic fields in the public and occupational environments. Based on the epidemiological association 
between residential exposure to ELF-EMFs and childhood leukemia, the International Agency for Research on Cancer 
(IARC) classified ELF-EMFs as a “possible human carcinogen” [29]. However, the literature survey indicates a 
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controversy on whether the ELF-EMFs can induce adverse biological effects particularly cancer. Several meta-analyses 
showed a statistical association between childhood leukemia and a range of exposure 0.1–2.36 µT MF intensity [30,31]. 
Hence, to rule out the controversy, the subjects exposed to EMFs from occupational environments i.e., Light at Night are 
included in this study. Although it is generally accepted that EMFs can exert biological effects, in general, epidemiological 
studies show a weak and sometimes inconsistent association between exposure to power frequency fields (PFF) and 
cancer. In most cases, the studies fail to show a dose-response relationship [32,33]. 

2. Material and method 

The women workers (n=342) working in the night shifts from different hospitals and BPO centers situated in various 
locations in Hyderabad, India, were considered for the study. Age, diet and recent infection if any were used as criteria 
for the selection of both exposed and control population (n=150) who are not night shift workers. Detailed 
questionnaire on subjective symptoms related to EMFs exposure, included self-assessment of non-specific symptoms 
such as headache, dizziness, tinnitus, visual impairments and sleep disturbances. 

2.1. Sampling 

After receiving informed consent, 5 ml peripheral blood was collected at the late night times between 12 am to 4 am 
from each volunteer by venepuncture into a sterilized disposable syringe. 1ml of whole blood was allowed to clot to 
collect the serum. The remaining 4 ml of blood was heparinized and both the samples placed in ice to prevent exogenous 
damage. The samples were processed in the laboratory for estimating Melatonin by RIA and oxidative stress by LPO. 

2.2. Melatonin Assay (Direct Radio Immuno Assay) 

Plasma Melatonin was quantitatively measured by Direct Radio Immuno Assay (RIA) described by Fraser et al.[34]. The 
amount of 125I-labelled antigen bound to the antibody is inversely proportional to the analyte concentration of the 
sample. Standard melatonin from the Melatonin Direct RIA Kit (BA R 3300, LDN Labor Diagnostika Nord GmbH & Co. 
KG, Nordhorn, Germany) used in this assay, represents the principle where during equilibrium the antibody bound 
radioactivity gets precipitated with a second antibody in the presence of polyethylene glycol. The precipitate was 
counted in a gamma counter from Automatic Gamma Counter (Model No: 1480-11 Wizard 3), Perkin Elmer, USA. 
Quantification of unknown samples was achieved by comparing their activity with a reference curve prepared with 
known calibrators. 

2.3. Lipid Peroxidation - Thiobarbituric Acid Reactive Substances (TBARS) Assay  

Malondialdehyde (MDA) is the stable end product of lipid peroxidation and an efficient parameter for lipid oxidative 
damage [35,36]. Formation of MDA is assessed by quantification of thiobarbituric acid reactive substrate (TBARS).  

Thiobarbituric acid reactive Substances (TBARS), Malondialdehyde (MDA), an end product of lipid peroxidation, reacts 
with TBA to form a 1:2 adduct with thiobarbituric acid which can be measured by spectrophotometry. 

In the process, one ml of protein free plasma obtained after centrifugation was treated with thiobarbituric acid (0.33%) 
in boiling water bath for 30 min to form an 1:2 adduct which is measured at 535 nm with spectrophotometer 
(Schimadzu UV-160A, Cat No:204-04550-01, Made in Japan). Mean and + SD or SE was calculated for the samples. The 
concentration of MDA equivalents in nmol/ml in samples were interpolated from the standard curve. 

2.4. Estimation of Serum Nitric Oxide  

As NO is an unstable compound, it is rapidly converted to nitrates and nitrites in the body; hence their concentration is 
parallel to NO levels. Total production of Nitric Oxide (NO) was determined by assaying for nitrite and nitrate [37]. 
Nitrate and nitrite concentrations were then estimated by the Griess method. In this method nitrate is first reduced to 
nitrite which is treated with sulfanilamide and N1-napthyl-ethylene diamine. The coloured compound is formed after 
which its characteristic absorption spectrum was determined on spectrophotometry.  

500 µl of sulfosalicylic acid was added to 500 µl of serum in a centrifuge tube. The reaction was allowed for 5 minutes 
with mild stirring carried out for every 30 sec followed by centrifugation at 3000 rpm for 20 min. After centrifugation, 
to 200 µl of supernatant, 30 µl of 10% NaOH and 300µl of Tris HCl buffer (pH 9.0) were added, 500 µl of freshly prepared 
Griess reagent was added to the above mentioned reaction mixture. The reaction was allowed in dark for 10 min and 
later read at 540 nm against double distilled water as blank. The lower limit detection of the assay was 5 µmoles/L. The 
optical densities of the samples were then obtained on a spectrophotometer (Schimadzu UV-160A, Cat No: 204-04550-
01, Made in Japan) at 540 nm.  
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2.5. Enzymatic Determination of Catalase 

The catalase assay [38] was performed in Red cell concentrate samples of 500 µl, added onto 2 ml of cold distilled water 
(1:5 v/v), vortexed and left to stand at 4 ˚C for 15 min for hypotonic lysis. A further 1:1000 dilution was prepared in 
5fold diluted stock hemolysate using 50 mM-phosphate buffer. A portion of the diluted lysate (1 ml) was transferred to 
a quartz cuvette and allowed to react with either 0.5 ml phosphate buffer (reference) or 0.5 ml freshly prepared 30 mM-
H2O2 as the test. The decomposition of the substrate (H2O2) was recorded spectrophotometrically (Schimadzu UV340) 
at 240 nm for 60s at 30s time interval. Catalase activity was expressed as K/g hemoglobin. 

2.6. Statistical analysis 

For statistical evaluation, observations on each parameter for each group were pooled and mean ± SD (Standard 
Deviation) was calculated. Student’s t-test (paired and unpaired comparisons) and one way ANOVA were performed to 
evaluate various differences. One-way ANOVA was used to compare the sub-groups based on exposure and non-
exposure subjects. Multiple regression analysis was done to study the effects of confounding factors, and correlation 
analysis was carried out to adjudge the sensitivity of parameters used. Chi-square test was used to study the relationship 
between prevalence of self reported symptoms and mobile phone use. Statistical software SPSS 19 (IBM, Bangalore, 
India) was used to carry out statistical analysis.  

3. Results and discussion 

The advent of electricity has brought about far greater and increasing ELF-EMFs exposures over the last 120 years, from 
the generation, transmission, and use of electricity [39,40]. The hypothesis that chronic exposure to residential and/or 
occupational ELF-EMFs may cause adverse health hazards has led to a great deal of research. Epidemiological reports 
particularly on increased risk of childhood leukaemia, breast cancer and neurological disorders had been a subject of 
National and International reviews [41,42]. However, very few epidemiological studies have directly evaluated the 
cause of such bioeffects. As studies on genotoxicity are highly relevant in evaluation of carcinogenicity, the present study 
focused on such an issue in occupational settings of ELF exposure. Some occupational epidemiological studies have 
demonstrated an increased incidence of breast cancer among mainly male electrical workers [43]. Moreover, in India 
no studies are conducted in evaluating genotoxicity and stress effects of magnetic fields on such occupational exposure. 

3.1. Relevance of Electromagnetic field Exposure Indices  

The exposure indices such as magnetic field strength, duration on night shift in nights, number of hours exposure at 
night, age intensity and diet were considered. The inclusion of duration and intensity of exposure in evaluating personal 
exposure level can be of prime importance. For the duration estimates, we systematically used the number of nights of 
exposure, which are expected to provide better estimates of the duration of long-term exposure. When occupationally 
exposed subjects were categorized based on duration in nights, evaluation of melatonin and oxidative stress levels 
showed a significant report. 

3.2.  Results of Magnetic field Effect on Neuroendocrine Hormones  

Table 1 General characteristics of the study group and controls  

Serial Number Variables Controls Exposed 

subjects 

Category of Exposed Subjects 

Symptomatic Non-symptomatic 

1 Number(n) 150 342 100 242 

2 Age (Range)  19-45 19-45 19-45 19-45 

(Mean ± SD) 22.9 ± 4.5 25.1 ± 4.1 26.7 ± 4.2 24.2 ± 3.7 

 

3 

Dietary Habits 

Vegetarían 50 (33.33%) 100 (29.23%) 42 (42%) 142 (58.67%) 

Non-vegetarían 100 (66.66%) 242 (70.8%) 58 (58%) 100 (41.32%) 

Few studies were carried out on melatonin secretion in occupationally ELF-EMFs exposed subjects. The effect of ELF-
EMFs occupational exposure on production of pineal gland hormone, melatonin was evaluated in our study. The mean 
melatonin concentration (Table 2 & Figure 3) of the exposed was significantly different from those of healthy 
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individuals. The exposed night shift workers have suppressed melatonin levels against the control group. In some 
studies occupational study of a group of female garment industry workers of night shifts, showed no significance in 
melatonin with reduced 6-OHMS [44].  

Table 2 Mean ± SD values of melatonin and oxidative stress levels in exposed and non-exposed subjects   

 

Parameters 

Exposed subjects Control 
 

T value 

 

p value N Mean ± SD N Mean ± SD 

Melatonin (pg/ml) 342 37.92 ± 2.72 150 98.00 ± 140.59 1.326 < 0.0001 

MDA (nm/ml) 342 2.58 ± 0.82 150 1.87 ± 1.47 1.055 < 0.0001 

Nitric oxide (nmoles/ml) 342 2.58 ± 0.09 150 1.98 ± 0.07 2.151 < 0.776 

Catalase (K/Hb) 342 135.7 ± 26.8 150 140.4 ± 28.6 1.223 0.222  

 

 

Figure 3 Box plot of Melatonin concentration levels 

 

 

Figure 4 Melatonin Assay by RIA counted in a gamma counter from Automatic Gamma Counter (Perkin Elmer=Tri-
Carb 2910 TR), Perkin Elmer, USA 
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We propose the role of melatonin to explain the biological effects of EMFs. The rationale behind our study is that, the 
increased DNA damage in response to magnetic field exposure, resulting in suppressed circulating melatonin is due to 
the scavenging property of melatonin. The suppression of melatonin synthesis with extended lifetime, may also enhance 
DNA damage [45,46].  

3.3. Results of Oxidative Stress 

The MDA levels in samples of ELF-EMFs occupationally exposed subjects suggest a statistical significance in LPO activity 
(Figure 5) wing to the great number of biological actions of free radicals, the LPO activity could have an important 
implication in the comprehension of the biological stress response to ELF-EMFs. Oxidative DNA damage and LPO activity 
in exposure to ELF-EMFs was reported in certain in vivo experimentations and animal models. A time-dependent 
significant higher TBARS levels (p<0.001) and induced DNA damage (p<0.05) in the exposure group (50Hz, 0.97 mT) 
was observed [47]. EMF is known to impact on biological systems by increasing reactive oxygen species, which causes 
oxidative stress by altering or increasing the catalase activity levels of tissues [48]. 

It is also observed that nitric oxide synthase is stimulated by the EMF exposure [49,50]. This compound can be involved 
in the stimulation of lipid peroxidation indirectly. This hypothesis could also explain the increased TBARS production 
in our exposed group as well. Similarly, the influence of ELF-EMFs on oxidative anti-oxidative balance in cells was 
demonstrated [51]. In recent studies observed that chronic EMF exposure is an environmental factor affecting blood 
serum parameters and could impair oxidant-antioxidant function, increase lipid peroxidation and oxidative stress 
depending on the continuity of ELF-MF exposure [52]. 

The result of TBARS assay showing plasma MDA as end product of lipid peroxidation are shown in Figure-5, the mean 
MDA concentration (nmoles/ml) of the universal analysis of variance showed significant p value between groups (Table 
2). the ELF-EMFs showed significant increase in MDA levels in exposed group when compared with controls. While 
significant increase in MDA level was demonstrated in ELF-EMFs exposed groups. 

 

Figure 5 Box plot of MDA concentration levels 

In both control and study groups, the serum nitric oxide levels are demonstrates as nitrites or nitrates. in this complete 
data disclose an increased levels of serum NO in the exposed groups (Figure 6). 
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Figure 6 Box plot of serum nitric oxide concentration levels 

The anti-oxidative enzyme erythrocyte catalase activity was analyzed in controls and exposed groups. Statistical 
analysis showed there is a significant alteration between the exposed groups. 

The overall findings of oxidative stress parameters in ELF-EMFs exposed had significant difference with non-exposed 
groups. However, the sub groups based on duration of exposure showed higher significance in the mean concentration 
of MDA, NO and erythrocyte catalase levels. The effect of duration of work in the exposed night shift workers were 
significantly high in MDA, NO and catalase levels among the sub groups (Table 3). 

Table 3 Oxidative stress in relation to period of exposure (years) to extremely low frequency electromagnetic fields 
and light at night of exposed subjects 

Group Period (years) Subjects (n) Parameter Mean ± SD 95% CI for mean 

A 2-4 

121 MEL 38.1 ± 2.5 36.2 – 2.7 

121 MDA 2.34 ± 0.14 2.2 – 2.9 

121 NO 2.34 ± 0.21 2.0 – 2.7 

121 Catalase 137.60 ± 7.1 127.0 – 148.2 

B 5-7 

114 MEL 36.4 ± 2.1 34.2 – 2.9 

114 MDA 2.30 ± 0.10  2.0 – 2.5 

114 NO 2.32 ± 0.21 2.0 – 3.0 

114 Catalase 140.22 ± 6.15  129.4 – 151.1 

C 8-10 

107 MEL 37.92 ± 2.72 36.2 – 2.9 

107 MDA 2.40 ± 0.20  2.0 – 2.8 

107 NO 2.57 ± 0.43  1.9 – 3.3 

107 Catalase 129.04 ± 7.9 116.1 – 142.0 

* Different literals indicate statistically significant difference between mean values at p=0.05 
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4. Conclusion 

Although the effect of EMF on melatonin release was extensively studied, the site and mechanism of action of magnetic 
field on the pineal gland that leads to changes in melatonin synthesis is unclear. The effect of magnetic field on melatonin 
synthesis can result from changes in neural input. Magnetic fields are perceived and interpreted by photoreceptors in 
eye as ‘light’, resulting in the suppression of melatonin. This hypothesis could have an important implication for the 
possible health effects associated with exposure to ELF magnetic fields in the public and occupational environments 
particularly at night. 

Our results show a significant effect associated with longer duration of intense night shifts and relatively lesser effect 
for few night shifts. Our results warrant more epidemiological studies considering the confounding factors. 
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