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Abstract:

EMF (or Electro Magnetic Field) is a broad term which includes electric fields generated by charged particles, magnetic fields generated by charged particles in motion, and radiated fields such as TV, radio, and microwaves. Despite the many wonderful conveniences of electrical technology, the effects of EMF on biological tissue remains the most controversial aspect of the EMF issue with virtually all scientists agreeing that more research is necessary to determine safe or dangerous levels. Some occupations were found to be exposed  to high magnetic fields. Some work places, such as the transformer substation , generally had a uniform and high magnetic field measurement. Objectives: The present study aimed at investigating whether or not  Extremely Low Frequency Electromagnetic Field (ELF EMF) emitted in electric power stations affect some immunologic and haematologic parameters of the exposed workers in addition to verification of the hypothesis that (ELF EMF) induces the process of phagocytosis which then enhances the release of reactive oxygen species leading to DNA damage with subsequent carcinogenesis. Methods: 31 male workers engaged in 2 high power stations running at 66/11 and 220 kilovolts were taken as an exposed group with 31male  matched individuals taken as a control group. Every subject was subjected to complete blood count, flow cytometric assessment of CD3, CD4, CD8 and CD56 cells in addition to estimation of serum malondialdehyde (MDA) and phagocytic parameters. Results: Significant increase in both RBCs and WBCs counts were found among the exposed groups. A significant depression of percentage of lymphocytes and CD3  positive cell receptors were detected among the exposed group and this depression was negatively correlated with the duration of work. Remarkable increase in the lipid peroxidation product (MDA) was detected in the exposed group in addition to marked depression of phagocytic parameters which was negatively correlated with the duration of work. Conclusion: Occupational exposure to ELF EMF may carry the risk of immunological disturbances which were identified in disturbed ratios of different lymphocytes subsets. The increased level of serum  MDA may explain the increased cancer risk reported before by many research studies.
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Introduction


X-rays, ultraviolet (UV) light, visible light, infrared light (IR), microwaves (MW), radio-frequency (RF) energy, and magnetic fields from electric power systems are all parts of the electromagnetic (EM) spectrum. The parts of the electromagnetic spectrum are characterized by their frequency and wavelength have. The term "power frequency" refers to both the 50 and 60-Hz alternating current (AC) frequencies used in electric power systems with a wavelength of 5,000 km, and the term "power frequency field" to refer to the sinusoidal electric and magnetic fields produced by 50- and 60-Hz lines and devices (1) .

The electric fields associated with the power-frequency sources exist whenever voltage is present, and regardless of whether current is flowing. These electric fields have very little ability to penetrate buildings or even skin. The magnetic fields associated with power-frequency sources exist only when current is flowing. These magnetic fields are difficult to shield, and easily penetrate buildings and people. Because power-frequency electric fields do not penetrate the body, it is generally assumed that any biologic effect from residential exposure to power-frequency fields must be due to the magnetic component of the field, or to the electric fields and currents that these magnetic fields induce in the body (2) .

At the very high frequencies characteristic of "vacuum" UV and X-rays (less than 100 nanometers), electromagnetic particles (photons) have sufficient energy to break chemical bonds leading to biological effects. This breaking of bonds is termed ionization, and therefore, this part of the electromagnetic spectrum is termed ionizing. In contrast, at power frequencies, the photon energy is a factor of 10^10 smaller than that needed to break even the weakest chemical bond. There are, however, well-established mechanisms by which power-frequency electric and magnetic fields could produce biological effects without breaking chemical bonds (3) . However, biological effects of such exposures have been noted frequently, although the implication for specific health effects is not that clear. Therefore, interactions of low-frequency magnetic fields with biological systems especially, at power-line frequencies of 50 to 60 Hz,  have been a subject of intense scientific inquiry and public concern. Numerous hypotheses have been suggested, although none is convincingly supported by experimental data (4) . Power-frequency electric fields can exert forces on charged and uncharged molecules or cellular structures within a tissue. These forces can cause movement of charged particles, orient or deform cellular structures, orient dipolar molecules, or induce voltages across cell membranes (1).
The unit for the magnetic field strength (H vector) is Ampere per meter (A/m) but , the related quantity, the magnetic flux denisty (B vector) , with unit of Tesla (T) or Gauss (G) is more often used. 1 Tesla = 10,000 gauss (5).
Aim Of The Work : 

The aim of the present study is to investigate whether or not  Extremely Low Frequency Electromagnetic Field (ELF EMF) emitted in electric power stations affect some immunologic and haematologic parameters of the exposed workers.

Verification of the hypothesis that (ELF EMF) induces the process of phagocytosis which then enhances the release of reactive oxygen species leading to DNA damage with subsequent carcinogenesis.

Subjects & Methods :

I) Subjects: 

The present study was conducted in an electric high power transformer station in Cairo (Ain El Seera) . The target population was composed  of (31) male subjects who represented all the available workers engaged in the  station. The station was dealing with distribution systems running at 66/11 and 220 KV. The exposed population was further subdivided into linesmen group (n=13) who repair and maintain overhead power lines, and engineer and clerk group(n=18) . The role of engineers was mainly supervisory (office based) and included the inspection of lines. Clerks’ offices were very close to the area of transformers and the high power cables were passing through windows in their rooms.

The subjects of the control group (n=31) were chosen as to be matched for age, smoking index and the socioeconomic status with the subjects of the exposed group. None of the control subjects had been occupationally exposed to electricity.

II )   Methods :

               A-Environmental Part:

The exposure to electromagnetic field (EMF) in different work departments of the 66/11 kilovolts power station were determined using mobile sampling and monitoring equipment (Gaussimeter) Gauss / TESLA METER Model 5080. Measurements were repeated 4 times in every department then, the mean results in (m Tesla)  unit were tabulated . Unfortunately, measurements were not feasible in the220 kilovolt power station.

B- Biological Part:

All subjects were subjected to 

a) A comprehensive personal and occupational history taking .

b) Laboratory procedures that included.  

1)  Assessment of phagocytic function of neutrophils

Principle: The method used for measuring phagocytosis relies on the uptake of heat killed yeast (candida albicans) by the neutrophils over a brief period of time. Scoring of the result : 100-200 neutrophils are examined and the number of ingested candida associated with each cell uptake was counted(6) . 
2) complete blood count (coulter –STKS)

    3)  Peripheral Blood T lymphocytes subsets Analysis:

Labeling of peripheral blood T lymphocytes was done by directly conjugated reagents to permit the specific binding of   CD3, CD4, CD8 and CD56 (natural killer cells) to the surface of cells. This was done by mouse antihuman CD3, CD4, CD8, CD56 PE Serotech. England and Coulter immunoprep. EPICS, leucocyte preparation system (coulter, France) (7) 
4) Malondialdehyde (MDA) in the serum .

Serum MDA was assayed using the standard technique described by (8) .

Statistical analysis:

Results were evaluated for each group. Data were compared using Student t test. Pearson correlation test was used to correlate between different variables among the exposed groups. The statistical significance was defined as P-value <0.05 . Computer based statistical package for social sciences (SPSS) for windows 9.1 program was used.

Results:

Table (1) shows the mean± SD of EMF measurements in the 66/11 kilovolts power station departments. The highest measurements were found to be in the area of transformers with the range (9.5—18.3 ) and mean of 14.825± 3.785 m Tesla. The lowest measurements were found to be in the entrance area with rang the (1.5—3.5) and mean of 2.375± 0.838 m Tesla. Inside the rooms of clerks and engineers, there were large power cables passing along the walls giving rather high measurements of EMF  with the range (10.4—14.6) and mean of 12.625±1.738 m Tesla.

The study population consisted of 62 male individual   divided into two groups, electric utility workers (n=31) working in a high power electric transformer station exposed to extremely low frequency electromagnetic field (ELF EMF) and non exposed control subjects (n=31). All the study population was matched as regards age, smoking habits and socioeconomic standard. Table (2).

Complete blood count (CBC)
was done for every participant in this study (table 3) . Although the mean values of the measured parameters were within the normal levels, there was an increased mean levels of red blood cell count (RBCs) (normal range in males is 5.5±1x106/ml blood), heamoglobin (HB) (normal range in males is 15.5±2.5g/dl), Haematocrite (HC) (normal range in males is 47±0.07) among the exposed groups with highly significant statistical difference compared to the control subjects (P<0.001). The mean corpuscular haemglobin (MCH), mean corpuscular volume (MCV) and platelets count showed no statistical difference of significance between the two groups (P>0.05). As regards white blood cell count (WBCs) (normal value 7.5±3.5x103/ ml blood) ,there was highly statistically significant elevation (P<0.001) of its mean value in the exposed group (9054.84±249.65) versus the control subjects (5916±795.02). Differential white blood cell count (table 3) showed significant statistical elevation of percentages of basophils, esinophils, segmented, and staff Neutrophils  and monocytes among the exposed group compared to the controls (P<0.001, <0.05). while absolute lymphocyte number was significantly elevated among the exposed group( 3028.13 ±1307.06) (P<0.05), a marked depression of its percentage(33.48±10.12) was detected compared to the controls (P<0.001)( no=2469.03 ±351.6 , %= 41.77 ±3.63)(table 4) 

The mean values of the percentage of lymphocyte subsets namely (CD4, CD8 and CD56) revealed no significant differences between the two groups (P>0.05) . For CD3 where there was a marked decrease in its percent among the exposed group (68.18 ±8.18) versus ( 74.55 ±3.30 ) in the controls (table 4).

A marked statistically significant elevation of serum level of malondialdehyde (MDA) (a lipid peroxidation indicator )  (P<0.001) was found among the exposed subjects (3.426±1.601) compared to (0.840±4.304) in the controls (table 5) . Both phagocytic index (normal value 1-1.5)   and phagocytic percent (normal value 60-80%)   were found to be markedly depressed  in the exposed group (0.989±0.25, 56.129±8.43 respectively) whereas their levels in the control subjects were (1.203±0.215, 75.58±6.38 respectively) (P<0.001) (table 5).

The exposed group was further subdivided into a linesmen group (n=13) and engineer group (n=18). As shown in table (6), there was statistically significant difference between the two groups as regard age and duration of work (P<0.001) with no statistical difference of significance as regards smoking habits (P>0.05).

Comparison between the two exposed groups as regards RBCs count, HB and WBCs count , revealed no statistical difference of significance (P>0.05) (table 7).

The mean value of both absolute lymphothtic count  were significantly higher(P<0.05) among the linesmen group(3590.31±1465.98, 40.31±7.25 respectively) compared to the engineer group( 2622.11±1039.99, 28.56±9.06 respectively) . Both CD4 and CD4/CD8 ratio showed no difference between the two exposed groups (P>0.05). The mean values of CD3 % and CD8 % were significantly lower in the engineer group  (P<0.05) while the mean value of CD56 % was significantly higher among the linesmen group (P<0.001) (table 8).

There was no statistically significant difference between the two exposed groups as regards the serum level of MDA or the phagocytic %(P>0.05). In contrast, the phagocytic index was significantly higher among the linesmen (P<0.05) (table 9). 

Correlation between the work duration and the different measured parameters revealed statistically significant negative correlation with % of each of total lymphocytes, CD3, CD8  CD56 and phagocytic activity (P<0.05) (table 10). The correlation between the work duration with RBCs, WBCs (table 10)and serum MDA(table 11) was positive but not statistically significant (P>0.05). 

Serum MDA was found to be negatively correlated with CD3 and CD8 (P<0.001) and CD56 (P>0.05) (table 11). On the other hand, Serum MDA revealed insignificant correlation with both phagocytic index and percent (P>0.05) (table 11).

Table (1): Environmental measurements of EMF emitted in the 66/11 kilovolt power station in m Tesla unit

	Site
	Number of measurements
	range
	mean± SD

	At entrance
	4
	1.5—3.5
	2.38±0.84*

	Area of switches
	4
	5.2—8.4
	6.8±1.316*

	Area of transfomers
	4
	9.5---18.3
	14.83±3.76*

	**Inside the rooms
	4
	10.4—14.6
	12.625±1.738*


* Exceeding the occupational permissible levels stated by the ICNIRP (0.5 m Tesla) 

** There were cables passing along walls of the rooms of the clerks and engineers.

Table (2): Mean ±SD of age, work duration and smoking index(S.I) (pack / year) of the exposed and the control subjects.

	
	Exposed

N=31
	Control

N=31
	t value
	P

	Age
	43.03±

6.59
	44.65±

8.26
	0.850
	N.S

	Work duration

In years 
	20.13±

6.26
	------
	------
	-----

	S.I

Pack/year
	21.55±

21.67
	20.19±

21.45
	0.247
	N.S


S.I = Smoking index

Table (3): Mean± SD of blood indices and differential white blood cell count among the exposed and control subjects.

	  
	Exposed

N=31
	Control

N=31
	t value
	P

	RBCs

 x106 /ml blood
	5.314±0.31
	4.918±0.46
	7.799
	<0.01

	Hb

 gm/dl
	15.53±0.97
	14.08±1.14
	14.736
	<0.001

	HC %
	45.74±2.19
	42.71±2.34
	13.120
	<0.001**

	MCH 

 Pg/dl
	33.23±13.69
	28.62±1.19
	2.895
	>0.05

	MCV
	83.69±13.14
	86.86±5.41
	1.591
	>0.05

	Platelets
	286.69±45.32
	279.55±51.22
	.237
	>0.05

	WBCs 

 /ml blood
	9054.84±249.65
	5916.13±795.02
	22.385
	<0.001**

	Differential
count (%)

Basophils

Eosinophils

Segmented 

Staph

Monocytes

Lymphocytes %


	      0.19±.40

4.03±1.44

51.30±9.13

3.53±2.06

7.09±3.40

33.48±10.12


	.0000±000

2.12±1.77

50.68±3.83

1.71±0.90

3.48±1.43

41.77±3.63


	3.783

11.312

12.279

9.478

17.171

25.667


	<0.05*

<0.001**

N.S

<0.001**

<0.001**

<0.001**




*statistically significant : P <0.05

** statistically highly significant: P<0.001

Table (4): Mean ±SD of lymphocytes percentage, absolute lymphocyte number, percentage of lymphocytes subsets( CD3, CD4, CD8, CD4/CD8 and CD56) among exposed workers and control subjects.

	
	Exposed

N=31
	Control

N=31
	t value
	P

	Absolute Lymphocytic

Count
	3028.13±

1307.06
	2469.032±

351.46
	7.345
	<0.05*

	Lymphocytes %
	33.48±10.12
	41.77±3.63
	25.667
	<0.001**

	CD3%
	68.18±8.18
	74.55±3.30
	4.017
	<0.001**

	CD4%
	44.79±2.84
	46.45±4.42
	1.753
	N.S

	CD8%
	29.56±7.17
	29.39±3.58
	3.940
	N.S

	CD4/CD8
	1.85±.323
	1.62±0.34
	.423
	N.S

	CD56%
	8.38±4.57
	6.80±2.28
	1.717
	N.S


*statistically significant : P <0.05  

   ** statistically highly significant: P<0.001

Table (5): Mean ± SD of serum malondialdehyde (MDA)  in (μ mol/L), phagocytic index and phagocytic percentage in exposed workers and control subjects.

	
	Exposed

N=31
	Control

N=31
	t value
	P

	MDA

μ mol/L
	3.426±

1.601
	.8401±

4.304
	8.991
	<0.001*

	Phagocytic index
	0.989±

.250
	1.203±

.215
	10.183
	<0.001*

	Phagocytic %
	56.129±

8.429
	75.580±

6.38
	58.130
	<0.001*


* Statistically highly significant: P<0.001.

table (6): Mean± SD of age, smoking index (S.I) ( pack/ year) and duration of work (in years)  among the linesmen and engineer groups

	Variables
	Linesmen

N=13
	Engineers

N=18
	t value
	P

	Age
	38.31±6.76
	46.44±3.87
	4.248
	<0.001*

	S.I 

 Pack/year
	18.54±17.05
	23.72±24.73
	0.651
	N.S

	Duration 

  years
	14.85±5.91
	23.94±2.78
	5.737
	<0.001*


* Statistically highly significant: P<0.001

Table (7): Mean ± SD of RBCs count, HB, and WBCs count in the linesmen and engineer subjects.

	
	Linesmen

N=13
	Engineer

N=18
	t value
	P 



	RBCs 

x106 /ml blood
	    5.283±.432
	5.337±.187
	0.468
	N.S

	HB 

gm/dl
	15.715±1.114
	15.4±.853
	0.893
	N.S 

	WBCs

/ml blood
	8746.13±2966.65
	9277.78±2162.12
	0.578
	N.S


Table (8): Mean ±SD of lymphocytes percentage, absolute lymphocyte number, percentage of lymphocytes subsets( CD3, CD4, CD8, CD4/CD8 and

CD56) among the linesmen and engineer subjects.

	variables
	Linesmen

N=13
	Engineer

N=18
	t value
	P 



	Absolute Lymphocytic

Count
	3590.31±

1465.98
	2622.11±

1039.99
	2.155
	<0.05*

	Lymphocytes  %
	40.31±7.25
	28.56±9.06
	3.862
	<0.001**

	CD3%
	69.43±9.04
	67.24±1.79
	0.715
	N.S

	CD4%
	45.0±3.11
	44.65±2.72
	0.333
	N.S

	CD8%
	32.75±9.54
	27.27±3.62
	2.235
	<0.05*

	CD56%
	11.32±5.06
	6.26±2.71
	3.601
	<0.001**


*statistically significant : P <0.05        

 ** statistically highly significant: P<0.001
Table (9): Mean ± SD of serum malondialdehyde (MDA)  in (μ mol/L), phagocytic index and phagocytic percentage in linesmen and engineer groups.

	Variables
	Linesmen

N=13
	Engineer

N=18
	t value
	P 



	MDA 

μ mol/L
	3.23±1.69
	3.57±1.56
	0.572
	N.S

	Phagocytic 

index
	1.11±0.19
	0.90±0.25
	2.404
	<0.05*

	Phagocytic %
	59.46±3.95
	53.72±9.99
	1.957
	N.S


* statistically significant.

Table(10): Correlation between lymphocytes percentage and duration of work with RBCs, WBCs, and percentages of CD3, CD4, CD8, CD56 in linesmen, engineer, and control subjects.

	
	
	RBCs
	WBCs
	Lymphocytes
	CD3
	CD4
	CD8
	CD56
	Phagocytic

%

	WBCs
	R 

P 
	----
	----
	-.015

N.S
	-0.17

N.S
	-0.25

<0.05
	0.088

N.S
	-0.25

N.S
	-----

	Lymphocytes % 
	R

P 
	------
	-0.015

N.S
	------
	0.202

N.S
	0.053

N.S
	0.172

N.S
	0.555

<0.001
	------

	Duration of work
	R 

P 
	0.141

N.S
	0.243

N.S
	-0.464

<0.001
	-0.41

<0.05
	0.1

N.S
	-0.42

<0.05
	-0.69

<0.05
	-.418

<0.05


Table (11): correlation between serum (MDA) with lymphocytes subsets , duration of work and both phagocytic index and percentages in the linesmen, engineer groups.

	  
	
	CD3
	CD4
	CD8
	CD56
	Phagocytic index
	Duration of work

	Serum MDA
	P     

R
	-0.62

<0.01*
	-0.13

N.S
	-0.51

<0.01*
	-0.146

N.S
	-0.108

N.S
	0.348

N.S


*Statistically significant
Discussion


Electricity is used for the benefit of people all over the world. Wherever electricity is generated, transmitted or used, electric fields and magnetic fields are created. These fields are a direct consequence of the presence and/or motion of electric charges. It is impossible to generate and use electrical energy without creating these fields; hence they are an inevitable consequence of our reliance on this form of energy (9) .There is presently an intense discussion if electromagnetic field (EMF) exposure has consequences for human health. This include exposure to structures and appliances that emit in the extremely low frequency (ELF) range of the electromagnetic spectrum, as well as emission coming from communication devices, using the radio frequency part of the spectrum (10) .

 Some occupations were found to be exposed  to high magnetic fields. Some work places, such as the transformer substation , generally had a uniform and high magnetic field measurement although the employees were exposed to a lower intensity (11) . 

Various different effects of ELF magnetic fields have been reported to occur at the cellular, tissue and animal levels. Many research studies estimated a significant increase in degree of neurovegetative disorders (i.e., physical fatigue, physical athenia, decreased lipido, depressive tendency and irritability) in populations exposed occupationally to environmental electromagnetic fields(12). A significantly increased overall mortality rate from amyotrophic lateral sclerosis with an increasing trend with duration of employment with EMF  exposure was reported among Danish electric utility industry (13). Certain effects, such as the induction of magentophosphenes in the visual system, have been established in several laboratories (14). 


Concerns have arisen regarding a possible ELF-EMF exposure and cancer incidence (e.g. childhood acute leukaemia, cancer of the nervous system, and lymphomas). Subsequently, a large number of epidemiological studies investigated the possible association between residential or occupational exposure to ELF-EMF and cancer. In 1998, following an analysis of the results retrieved in the literature, the U.S. National Institute of Environmental Health Sciences proposed to apply a "possible human carcinogen" category (Group 2B) to ELF-EMF. More recently, in 2002, the same classification for ELF-MF was proposed by the International Agency for Research on Cancer (IARC) (15) . 

Therefore, the discussions on regulation of exposure are based entirely on cancer reports.  According to  American Conference of Governmental Industrial Hygienists (ACGIH) , continuous occupational exposure during the working day should be limited to magnetic flux densities not greater than 1,000 microT( 1 m Tesla) at 60 Hz, while according to International Commission on Non-Ionizing Radiation Protection (ICNIRP) , accepted levels were restricted to 500 microT (0.5 m Tesla) at 50 Hz and 417 microT (0.41 m Tesla )at 60 Hz (5). In this study, all environmental measurements of ELF EMF in the 66/11 kilovolt power station have exceeded the permissible levels stated by both ACGIH & ICNIRP which carries high risk of the possible hazardous biological effects caused by ELF EMF ( table 1). 


Haemopoiesis is a continuous process, where mature blood cells are replaced by the proliferation and differentiation of more primitive progenitor and stem cells. Blood formation is tightly regulated by the stromal micro-environment (16) . The mean values of  red blood cell count (RBCs), haemoglobin (HB) and haematocrite (HC) were statistically significantly higher among the exposed group (P<0.01) compared to the control subjects (table 3). This significant elevation was reported before among a group of electric arc welding workers who are known to be considerably exposed to ELF EMF and the differences observed were not clinically significant (17) . Previously, another study done by Emara et al.,(18), reported a significant increase of RBCs and HB in the group of workers employed in a high power station. Correlating this elevation of RBCs, HB, and HC with the duration of exposure, revealed positive but statistically insignificant P value (R=0.141 P>0.05) ( table 10). On reviewing the literature, we did not find similar correlations between the increase of these parameters with the duration of work. However, a study on the state of erythrocyte after long term exposure to magnetic fields revealed that, during and after exposure to a constant magnetic fields of 1.6 T , there was variation in the size of red blood  cells with their shape remaining unchanged. These changes were not correlated to the reticulocyte and erythrocyte count or the HB content which were in the normal range suggesting that, constant exposure to magnetic fields produces insignificant lesions in the red blood cell membrane(19) .  Recently, Fadel et al., (20), stated that exposure of Albino rats to 50-60 Hz,0.2mT magnetic fields resulted in decrease of RBCs membrane elasticity and permeability and changes in the molecular structure of haemoglobin leading to loss of some physiological functions of the RBCs. Accordingly, one may expect the failure in the metabolic function of the RBCs to be reflected on the bone marrow itself to generate blood. Unfortunately, reticulocytic count was not done in this study.


 Experimentally, exposure of murine bone marrow cells, from male and female mice, to 80 microT (50 Hz) magnetic fields showed a reduction in the proliferation and differentiation of the granulocyte-macrophage progenitor(CFU-GM) compared to non-exposed bone marrow cells(21) . Contrarily, the acute effects of power frequency magnetic fields on haemopoiesis in CBA/H mice known to be susceptible to the induction of leukaemia after exposure to ionizing radiation was investigated. Up to 19 days after exposure to 50 HZ fields, no significant effects on the peripheral blood characteristics were observed (22) .

The results of this study showed that there was a significant  increase in the white blood cell count among both exposed groups compared to the control subjects.  Subsequently, the increase of leucocytic count was associated with significant increase of the percentage of the  staph-neutrophils, eosinophils, basophils and monocytes, with a statistically significant decrease in lymphocytes percentage among both exposed groups compared to the control group (table 3). As shown in table (6), despite the shorter duration of work among the group of linesmen, the increase in the leucocytic count was not statistically different from that of the engineer group who have significantly longer duration(table 7). This can be explained by the higher level of EMF they are exposed to during their work in the transformers and switches areas.  On the other hand, there was positive but statistically insignificant correlation between duration of work and the leucocytic count (P>0.05) (table 10). In (1995) Marino(23) obtained a statistically significant increase in white blood cell count (neutrophils,  basophils and segmented eosinophils), after chronic exposure to ELF EMF. The increase was positively correlated to average daily exposure, months of exposure, and total duration of exposure to electromagnetic fields although these changes in cell count were within the normal range.

The impact of ELF EMF on the lymphocyte percentage was confirmed by a statistically significant negative correlation with duration of work(P<0.01). On the other hand, the lymphocyte percentage was negatively correlated with the increased leucocytic count but with no statistical significance (table 10).


On experimental basis, the effect of 50 Hz electromagnetic fields on the immune system was assessed by measuring the cytokine production of the peripheral blood mononuclear cells (h-PBMCs) of a healthy individual. The h-PBMCs were exposed in vitro to varying magnetic fluxes. Changes in cytokine production of IL-1 beta, IL-2, IL-6, IL-10, interferon gamma (IFN-gamma), and tumor necrosis factor alpha (TNF-alpha) were studied using the ELISA method. Significant reduction in TNF-alpha production and (IFN-gamma) by the EMF-exposed h-PBMCs, in comparison with the non-exposed cells, was detected at all exposure levels (p < 0.05, p < 0.01).Other authors found significant increase in IL 1 production and unchanged levels of the other cytokines were found (24). Contrarily, in a similar study, the same previous parameters were assessed in addition to measuring the activity of natural killer cells(NK), the obtained results showed no statistically significant effects of ELF MFs on the cytotoxic activities and the cytokines production of human PBMCs (25).


In this work,  we carried out flow cytometric analysis for multi-parametric evaluation of cell surface markers related to cellular functions. Specifically, we studied expression of CD3, CD4, CD8 and CD56. The results revealed  statistically significant decrease in the percentage of CD3 receptors, which is considered a pan T cell marker, in the exposed group (P<0.001) (table 4). The decrease in CD3 cells was more prominent among the engineer group compared to the linesmen group but the difference was not of statistical significance (P>0.05) (table 8). The marked depression of CD3 count implies that, the decrease in the total lymphocyte count is mainly attributed to the decrease of the T cell count. These results were supported with the negative statistically significant correlation between  CD3 and CD8 cell surface receptors with the duration of work (P<0.05) (table 10).


 CD4 cell surface receptors which  is expressed by helper T cells, were insignificantly lower among the exposed workers (P>0.05) (table 4) versus the control subjects. Similar results were obtained in a study on 6 individuals who had been exposed occupationally to environmental electromagnetic fields. The authors found statistically significant decrease in the percentage of total lymphocyte, CD4, and CD3 (26). The same results were obtained in a previous similar study conducted on a group of workers in premises located above transformers and high tension cables (12).


Other studies investigated the effects of ELF-EMF on the expression of CD4+ cell surface receptors of human peripheral blood mononuclear cells (PBMC) using fluorescence-activated cell sorter (FACScan). It was found that, ELF-EMF can affect CD4+ expression in PBMC through affecting CD4+ transcription and translation protein (27). There are some evidences that ELF EMF has a slight effect on CD4, CD14 (monocytes) and CD16 (macrophages and neutrophils) receptor expression  while the  other CD receptors are not affected(28)  . However, the difference in response  of lymphocyte subsets in the exposed individuals indicating that susceptibility to magnetic fields differed among activated T cell subtypes (29).


CD56 cell surface receptors point to the natural killer (NK)  lymphocyte cells. These cells produce a chemotherapy molecule TNF to eliminate cancer cells that may develop in normal individuals(30) . In the current work, there was a statistically insignificant elevation in the percentage of CD56 surface receptors among the exposed group versus the control groups (P>0.05) (table 4). In spite of shorter duration of work, it was found that comparison between the engineer and the linesmen group, revealed a remarkable elevation of the CD56 cells among the linesmen group(P<0.001) (table 8). However,  the increase of CD56 cells was obtained in previous studies due to occupational exposure to ELF EMF(12,26). One of these studies reported 26% decrease in CD3 count six months after exposure had ceased. On the other hand, the effects of a 60-Hz magnetic field (MF) exposure on white blood cell ornithine decarboxylase (ODC) activity, natural killer (NK) cell activity, were studied among 60 electric utility workers. MF exposure intensity was associated with decreased ODC activity (P<0.01) and lower NK cell counts (CD56)(31). 


However, in contrast to the increase in the NK percent among the exposed workers, there was  an associated significant  negative correlation with both duration of work and lymphocyte percentage (P<0.01) (table 10).There was also a negative but insignificant correlation with total leucocytic count. This can be explained by the general depression of the lymphocyte percentage especially among the engineer group.(table 7).


Investigating the possible mechanisms by which EMFs can affect the cytotoxic activity of immune cells, was the aim of recent research. Low-frequency magnetic fields (MF) can increase the cytosolic calcium concentration ([Ca2+]i) in lymphocytes in the same manner as a physiological stimulus such as antibodies directed towards the CD3 complex. On the basis of the characteristic calcium pattern resulting from an applied MF, it is suggested that MF influence molecular events in regular signal transduction pathways of T cells(32) .


The question whether extremely low frequency magnetic fields (ELFMFs) may contribute to mutagenesis or carcinogenesis is of current interest. Therefore, during the years 1990-2003, a large number of investigations were conducted using animals, cultured rodent and human cells as well as freshly collected human blood lymphocytes to determine the genotoxic potential of exposure to non-ionizing radiation emitted from extremely low frequency electromagnetic fields (EMF) (33) .  Among the 63 peer reviewed scientific reports, the conclusions from 29 studies (46%) did not indicate increased damage to the genetic material, as assessed from DNA strand breaks, incidence of chromosomal aberrations (CA), micronuclei (MN), and sister chromatid exchanges (SCE), in EMF exposed cells as compared with unexposed cells, while those from 14 investigations (22%) have suggested an increase in such damage in EMF exposed cells (34).


 However, since it is unlikely that EMF can induce DNA damage directly, it is possible that certain cellular processes altered by exposure to EMF can indirectly affect the structure of DNA causing strand breaks and other chromosomal aberrations(35) . Based on an extensive literature review, It is suggested that ELF EMF exposure is able to perform such alterations by means of increasing levels of free radicals causing diverse nature of observed effects (36).


Since lipid peroxides are unstable compounds and decompose to form a complex series of compounds including reactive carbonyl compounds that generate malondialdehyde (MDA) and 4-hydroxyalkenals (HAE) upon decomposition,  measurement of MDA and HAE has been used as indicator of lipid peroxidation(37) . As shown in table (5), There is remarkable statistically significant increase in the serum level of MDA among the exposed group compared to the control subjects (p <0.001) indicating a high degree of oxidative stress among the exposed individuals . Additionally, there was no statistical difference of significance between serum MDA in both exposed group (P>0.05) (table 9) in spite of the significant difference in the duration of work. This oxidative stress may be implicated in aging, carcinogenesis and other degenerative diseases (38). Our findings were supported with the study of (39) who found a significant increase of free radical production after exposure to 50 Hz electromagnetic fields at a flux density of 1 mT to mouse bone marrow-derived (MBM) pro-monocytes and macrophages, indicating the cell-activating capacity of extremely low frequency magnetic fields (ELF-MF). Other studies confirmed the hypothesis that, ELF EMF affect oxidative processes which occur in living biological cells and that this effect can be explained by the radical pair mechanism (40).


This study revealed that there is statistically significant negative correlation between the serum MDA with some of the cell surface receptors such as,CD3 and CD8 (table  11 ) (P<0.01). This suggests that the state of lipid peroxidation caused by the EMF exposure may contribute to a state of immune disturbances in the form of reduction of T lymphocytes (CD3) and cytotoxic T cells (CD8). In addition, it was found that, long-term EMF exposure leads to a chronically increased level of free radicals with subsequent inhibition of the effects of the pineal gland hormone melatonin(41) . Ichinose et al.,(31) reported reduction of immune markers among a group of EMF exposed workers and this reduction was strongest among workers with reduced melatonin production.


However, since 
free radicals are intermediates in natural processes like mitochondrial metabolism and are also a key feature of phagocytosis, both phagocytic index and phagocytic percentage were estimated in the participating individuals. Surprisingly, there was statistically significant decrease in both parameters in the exposed subjects compared to the controls (<0.001) ( table 5). The estimated levels of phagocytic percentage were below the normal range ( 60 – 80%) in linesmen group (59.461±3.950) and engineer group (53.722±9.987) (table 9) with insignificant statistical difference (P>0.05).The reduction of phagocytic index was the highest among the engineer group (0.903±0.254) versus (1.107±0.197) and (1.203±0.215) in the linesmen and controls respectively (tables 5 , 9). Additionally there was a statistically  significant negative correlation between duration of work with both phagocytic index and percentage (P<0.01) (table 11). Similarly, these phagocytic tests showed lower ingestion and bactericidal activity among a group of stainless steel welders who are significantly exposed to EMF (42). 

A growing body of evidence indicates that cell membranes play a key role in the transduction and amplification of ELF field signals. Elucidation of the physical and biochemical pathways that mediate these transmembrane signaling events will represent a major advance in our understanding of the molecular basis of magnetic field effects of biological systems(14) . Loscher and Liburdy(43) reported that, the most evident effects induced by magnetic waves are the mobilization of intracellular Ca with occasional morphological changes, although cell signals when present are extremely variable leading to interference with dynamic cell conditions such as division, differentiation, and membrane voltage fluctuation as well as changes in intracellular Ca concentrations.  Recently, the influence of ELF EMF on the transport of Ca (2+) was studied in a biological system consisting of highly purified plasma membrane vesicles. The study revealed a suitable combinations between magnetic fields and Ca(2+) channel protein in the plasma membrane (44).  This affection of the plasma membrane may explain the remarkable decrease in both phagocytic  functions obtained in this study as the process of phagocytosis is a form of an energy depedent localized endocytosis in which plasma membrane envelops the ingested particles.


Furthermore, correlating the serum level of MDA with phagocytic activity of neutrophils, showed statistical insignificance (P>0.05) (table 10). This is against the hypothesis suggesting that EMF might be a stimulus to induce an "activated state" of the cell such as phagocytosis, which then enhances the release of free radicals, in turn leading to genotoxic events(45) . Based on the result of the current work  and the fact postulated by Yokus et al.,(38), that EMF is thought to prolong the half life of free radicals and can act as a promoter or co-promoter of cancer, we can suggest that the high oxidative stress may be not attributed to increased rate of phagocytosis. 


The biological significance or long-term health consequences associated with these changes are not known (31). However, the issue of adverse health effects of extremely low-frequency electromagnetic fields (ELF-EMFs) is highly controversial supporting the hypothesis that the state of physiological equilibrium of a biological system is crucial to its response to ELF-EMFs (46) . Positive and negative results, was usually interpreted to indicate the absence of real effects(47) . It is suggested that these inconsistencies resulted from use of linear methods and models to study inherently nonlinear input-output relationships(48) . However, if the biological effects of EMFs were governed by nonlinear laws, deterministic responses to fields could occur so that were both real and inconsistent, thereby leading to both types of results (47).

We can conclude that, there is a clear need for additional epidemiological research to clarify whether occupational exposure to ELF magnetic fields is, in fact, causally linked to immunological disorders and what is the relation of this type of disturbances with cancer risk.  In addition, more studies of both a theoretical and experimental nature are needed to elucidate the molecular and cellular mechanisms through which low-intensity magnetic fields can influence living systems.
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الملخص العربى

تأثير الموجات الكهرومغناطيسية ذات التردد المنخفض على المقاييس المناعية للعاملين المعرضين مهنيا في محطات الكهرباء

*سحر فرحات-** هدايات سالم- **فخري إبراهيم – **آمال عزيز

*قسم طب الصناعات و الأمراض المهنية - ** قسم الباثولوجيا الإكلينيكية

كلية الطب – جامعة القاهرة

يشمل المجال الكهرومعناطيسى المجالين الكهربي الذي يتولد بالجزئيات المشحونة والمجال المغناطيسي الذي يتولد فى الجزئيات المشحونة المتحركة والمجلات المشعة مثل التليفزيون والراديو والميكرويف وبالرغم من التيسيرات التي قدمت بالتكنولوجي الكهربية إلا أن تأثير المجال الكهرومعناطيسى على الأنسجة الطبيعية يظل اكثر الأوجه المحيرة في هذا المجال حيث يوافق الباحثون على ان هذا المجال لا يزال في حاجة إلي تحديد ما إذا كان آمن أو خطر . ووجد أن هناك بعض المهن التي يزداد التعرض فيها للمجال المغناطيسي مثل محطات المحولات الكهربائية

الهدف من هذه الدراسة : هدفت هذه الدراسة إلي فحص تأثير المجال المغناطيسي الذى يتولد من المحطات الكهربائية على بعض خواص الجهاز المناعي والدموي في العمال المعرضين بالإضافة إلي ذلك تعرض البحث إلي افتراض ان هذا المجال يحفز خلايا الدم البيضاء التي لها خاصية ابتلاع الأجسام الغريبة مثل الميكروبات والجراثيم مما ينتج عن زيادة في نسبة الأكسجين النشط في الدم الذي يؤدى بدوره إلي إتلاف الحامض النووي مما يؤدى إلي حدوث سرطان .

الطريقة : تم فحص 31 عامل في محطة للكهرباء يعملون عند 66/11 ، 220 كيلو قولت وأخذت عينة مطابقة من أشخاص غير معرضين ،وتم فحص صورة دم كاملة ، وتدفق خلوي للخلايا CD3 , CD4,CD8 ,CD56 بالإضافة إلي تقييم حالة الخلايا الأكولة والملون داى الدهيد (MDA)
النتائج : وجد ان هناك زيادة في كرات الدم الحمراء والبيضاء بين المجموعات المتعرضة مع انخفاض في نسبة الخلايا الليمفاوية وخلايا أل CD3 بين المجموعات المتعرضة عن المجموعات الضابطة وكان هذا النقص متناسب سلبيا مع فترة التعرض كما وجدت زيادة في MDA وانخفاض في الخلايا الأكولة بين المجموعات المتعرضة وتناسب هذا سلبيا مع فترة التعرض .

الخلاصة: إن التعرض المهني للمجال الكهرومعناطيسى يؤدى إلي مخاطر الاضطرابات المناعية ويؤدى إلى زيادة في الشوادر الحرة قد يفسر زيادة احتمالية حدوث السرطان 
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