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Abstract: In almost 90% of the cases of childhood leukemia, the etiology is unclear. A wide range of factors, including 

environmental, sociological, lifestyle influences are implicated as well as genetic susceptibility. The evidence is mixed as to 

whether (Electromagnetic Fields) EMFs can be responsible for direct DNA damage. DNA damage could arise as a result of 

persistently elevated free radical concentrations, caused by long-term EMF exposure. Some experiments have shown that 

EMFs affect these functions, though they have been difficult to reproduce and therefore remain controversial. The overall 

evidence is that magnetic fields induce changes in apoptosis (cell death). Changes in B lymphocytes can also change cellular 

division rates. A series of studies demonstrated EMF effects that made cells more likely to become cancerous. These findings 

may prove particularly important with regard to B-lineage (Acute Lymphocytic Leukemia) ALL. However, the original results 

have not yet been replicated, perhaps pointing to the need to tighten experimental protocols. In body, tissue free radicals are 

dangerous high-energy particles that damage cells and can both cause and accelerate the progression of cancer. Exposure to 

EMFs can increase the yield of free radicals by more than 60%, which could explain the diverse and often inconsistent nature 

of observed effects of EMFs, free radicals being intermediates in many natural processes. The hormone, melatonin is thought 

to protect the body from cancer by (a) neutralizing free radicals, (b) inhibiting the uptake of growth factors by cancer cells, (c) 

by increasing the likelihood of cancer cells undergoing apoptosis (cell death), and (d) by inhibiting the growth of blood vessels 

in tumors. The production of melatonin at night (when the majority of melatonin is produced by the body’s pineal gland) was 

reduced significantly by light at night and magnetic fields associated with the electricity supply. It was found that melatonin 

protects cells from genetic damage. 
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1. Introduction 

Just as certain chemical toxicants may induce expression 

of abnormal genes [1], recent research is exploring potential 

epigenetic influence of (Electromagnetic Radiation) EMR, by 

its impact on genetic expression [2] adverse(Electromagnetic 

Fields) EMFs, may serve as a trigger for the expression of 

pathological and disease causing genes. 

Direct damage to the DNA of human lymphocytes [3] and 

alterations of the phagocytic activity in animal macrophages 

[4] has been confirmed recently and may account for changes 

in immunological parameters and for the immune system 

dysfunction attributed to EMF exposure. With alterations of 
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cellular structures and impairment of cellular functions by 

these different mechanisms, it is not surprising that tissue 

disorders, organ dysfunction and clinical illness may ensue. 

Attenuation of insulin secretion characteristically found in 

diabetes, for example, can be induced or accentuated by 

exposure to adverse EMF through distortion of calcium 

influx in the cells [5]. Some investigations have explored 

potential EMF disturbance of blood-brain barrier with 

increased susceptibility to CNS toxicants [6]. Particular 

attention, however has recently been devoted to researching 

the impact of EMF on pineal gland physiology [7]. The 

pineal gland secretes the neuroendocrine hormone melatonin 

that is synthesized from the neurotransmitter serotonin. 

Melatonin is involved with regulation of myriad of 

physiological processes including sleep pattern [8], free radical 

metabolism [9] blood pressure control [10] nitric oxide physiology 

[11], lipid metabolism [12] immune system functioning [13] and 

activity of sex hormones as estrogen [14]. 

2. Materials and Methods 

2.1. Experimental Protocol 

(1) A sample of 150 males residents near high power 

electrical line in Riyadh area, Saudi Arabia. We selected one 

gender to avoid the gender variability of melatonin hormone 

secretion levels, age range between (20-70 years old) (the 

mean age 38years old), volunteers are living near a 725-kV 

power line at distances (0-99metes, 100-199 meters ) and 

( 200-299 meters ) respectively, were compared with 145 

males the same age group living away from any power lines. 

Participants provided morning urine samples on 2 

consecutive days and wore a magnetic dosimeter for 36 

consecutive hours to measure personal magnetic exposure. 

The indoor electric field was assessed by spot measurements. 

After adjustment for other factors associated with low 

melatonin secretion, such as medication use or light exposure, 

nighttime concentration of 6-hydroxymelatonin was similar 

in the two groups. When either 24-hour or sleep-time 

exposure to magnetic field or electric field measurements 

was used, no exposure-effect relation was evident. However, 

the trend of decreasing 6-hydroxymelatonin concentration 

with age was more pronounced for males living near the lines, 

as was a lower 6-hydroxymelatonin concentration in males 

with high body mass index. Chronic residential exposure to 

magnetic fields from high-power electrical lines may 

accentuate the decrease in melatonin secretion observed in 

some vulnerable subgroups of the population. A written 

consent was taken from all participants and none invasive 

tests where carried out. 

6-hydroxy melatonine sulfate concentrations in urine were 

assayed using a commercially available RIA kit (Stockgrand 

Ltd., Guildford, UK), which is based on a method described 

by Arendt and co-workers (15). 

(2) Reviewing the files in local hospital near major sources 

of EMF for major health effects in the past year (recorded 

cases of leukemia). 

(3) Determining the least and safest distance from high 

power electrical lines based on number of cases of leukemia 

and whether the birth residence of cases of leukemia was 

near or far from high power electrical lines 

2.2. Stastical Analysis 

Data are expressed as Mean ± S. E. M. Statistical 

Evaluation was performed by One-Way Analysis of Variance 

(ANOVA), followed by Turkey Test for Multiple 

Comparisons. All analyses were performed with SPSS 

Software Package (Version 18). P ˂ 0.05 was selected as the 

Criterion for Statistical Significance 

3. Result Analysis 

The results are shown in the following table and figures.  

 

Figure 1. Effects of chronic (>1year) EMF exposure at home on the urinary excretion of Creatinine - adjusted 6-hydroxyxymelatonin sulfate concentration. 
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Table 1. (Effects of chronic (>1year) EMF exposure at home on the urinary excretion of Creatinine - adjusted6-hydroxymelatonin sulfate concentration). 

Magnetic Field Exposure distance 

Control (Residents 

away from high power 

electrical line) 

( Residents 0-99 

meters from high 

power electrical line ) 

(Residents 100-199 

meters meters from high 

power electrical line) 

(Residents 200-299meters 

meters from high power 

electrical line)  

Effect on urinary excretion o Creatinine 

–adjusted 6- hydroxyl melatonin sulfate 

22. ng/day 

(18.3-26.1)ng/day 

16.66  

(13.15, 21.10)ng/day 

18.02   

(14.41, 22.53)ng/day 
18.24 (14.53, 22.89)ng/day 

 

1. Birth address (less than, < 100 meters distance from high 

power electric line), Urinary excretion of 6- 

hydroxymelatonin sulfate /24 hours urine, is significantly 

decreased(16.66 ng) (P<0.05) compared to control (22.8 ng) 

2. Birth address ( from 100-199 meters distance from high 

power electric line), Urinary excretion of 6 hydroxymelatonin 

sulfate /24 hours urine, is significantly decreased(18.02 ng) 

(P<0.05) compared to control (22.8 ng) 

3. Birth address (equal or more than ≥200 meters distance 

from high power electric line), Urinary excretion of 6 

hydroxymelatonin sulfate/24 hours urine, is significantly 

decreased (18.24 ng) (P<0.05) compared to control (22.8 ng) 

There is significant decrease in 6- hydroxyl melatonin sulfate 

excretion in urine (P<0.05) in birth residents (0-99 meters from 

high power electrical line) compared to other birth residents, the 

decrease in 6- hydroxyl melatonin sulfate excretion in urine is 

not significant between birth residents 100-199 meters and 

200-299 meters from high power electrical lines) 

 

Figure 2. Distance (d) from the nearest line that the risk depends on the distance for leukaemia, the results were significant (P < 0.051). 

Distance (d) from the nearest high power electric line that 

the risk depends on the distance, for leukemia the number of 

cases increase with distance<200 meters, compared with 

higher distances>200 meters, the results were significant (P < 

0.05). 

The distribution of Leukemia cases based on their residence 

at birth from the nearest high power electrical lines, The 

relative risk is an estimate of the incidence compared with the 

distance, at distances, at each distance category < 200 m the 

relative risks are greater, there is some evidence that the risk 

varies according to distance from the line, though there is no 

smooth trend. 

Table 2. Number of cases recorded having leukemia in the past year with 

records in local hospital with birth residence and there distance from nearest 

high power electrical lines 

Birth residence distance from high power electrical 

line (meters)( d) 

Number of 

Cases 

0-99(<100meters) 38 

100-199 meters 26 

200-299(≥200and <300 meters) 4 

4. Discussion 

In this work, it was found that the relative risk of leukemia 

was higher for children whose home address at birth was 

within 200 m of a high voltage power line compared with 

those more than 200 m from the nearest line. For 200-300 m 

the relative risk was relatively less. The finding that the 

increased leukemia risk apparently extends so far from the line 

is surprising in view of the very low level of magnetic field 

that could be produced by power lines at these distances. 

There is no obvious source of bias in the choice of cases or 

controls. The study is based on records of childhood cancer in 

Riyadh. Registration for childhood cancer is related to 

proximity of birth address to high power electric transmission 

lines. 

Controls were selected from registers compiled through the 

legally required process of birth registration. No participation 

by cases or controls was required except for urine analysis for 

end metabolite of melatonin hormone secretion in urine 
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6-hydroxy melatonin sulfate  

Populations near power lines may have different 

characteristics from the rest of the population. In control data 

there is a slight tendency in urban areas for greater affluence 

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 leukemia. However, adjustment for 

socioeconomic status of the census ward of birth address did 

not explain these findings. Population mixing has been 

associated with childhood leukemia, [8] but in studied 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 

leukemia [9] may vary with proximity to power lines. 

The results are highly significant but could nevertheless be 

due to chance—for example, if the leukemia 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 leukemia and 

non-leukemia residents 

Studies included in the pooled analysis referred to above 

contain, or have been extended to include, analysis of 

proximity to power lines [10]. Of these, one, a previous UK 

study, with 1582 cases of leukemia diagnosed during 1992, in 

this study it was found that a relative risk of 1.42 (0.85 to 2.37) 

for acute lymphocytic leukemia within 400 m for 275 and 400 

kV lines; this supports the current results. Studies in Canada 

[11] and Sweden [7] also found increased risks for childhood 

leukemia (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 States [14] found relative 

risks below 1.0 but were based on smaller numbers. The 

current study estimates also relates to individuals residents 

distance from high power electric lines, some used a reference 

category that is within the distance where current study found 

an increased risk. 

This study concerned home address at birth, whereas much 

previous magnetic field epidemiology has concerned address 

at other times. Half of the children with leukemia in this study 

had the same address at diagnosis as at birth; but 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 consequence of 

exposure to magnetic fields. The increased risk seemed to 

extend to at least 200 m, and at that distance typical calculated 

fields from power lines are < 0.1 µT, and often < 0.01 

µT—that is, less than the average fields in homes from other 

sources.  

The significant decrease in the melatonin hormone 

excretory product 6- hydroxymelatonin in urine, in males 

living near high power electrical lines, and this decreased 

secretion is proportionate with the decrease in distance may 

indicated a link between the higher risk of developing 

malignancies in these persons more than the other population 

as the potential link between disordered melatonin 

physiology and the development of malignancy has emerged 

as a priority area of investigation particularly in breast and 

prostate cancer, melanoma, colon cancer, lung cancer and 

leukemia [15]. Also a variety of bone marrow cells have been 

shown to produce melatonin. Whilst the specific function of 

melatonin in these cells remains unknown, its suppression 

could have clear implications for leukemia initiation and / or 

progression. A reduction in melatonin in the leukocyte 

precursor cells would be expected to enhance free 

radical-mediated DNA damage. 

5. Conclusion 

An association between leukemia and power lines has been 

reported in several studies, but it is nevertheless surprising to 

find the effect extending so far from the lines. There is no 

satisfactory explanation for the results in terms of causation by 

magnetic fields or association with other factors. No previous 

findings relating to level of exposure to magnetic fields are 

supported by convincing laboratory data or any accepted 

biological mechanism. The potential link between disordered 

melatonin physiology, with decreased its excretory metabolic 

end product in urine (6 hydroxymelatonin sulfate) and the 

development of malignancy has emerged as a priority area of 

investigation particularly in breast and prostate cancer, 

melanoma, colon cancer, lung cancer and leukemia. 

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 leukemia 

in Riyadh area. Power frequency magnetic fields, produced by 

the high power electric system, are “possibly carcinogenic”.  
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