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The health effects of environmental and occupational exposure to steady magnetic fields is a matter of concern.

The aim of this study was to evaluate the hematologic effects of exposure to steady magnetic fields at the

electrolysis unit of a Copper complex. The population under study was the workers of the electrolysis unit of

the copper refinery. The average steady magnetic field in the exposure group was 2.5 mT. The blood indices of

workers exposure to steady magnetic fields after adjusting for confounders showed decreased white blood cells

(except neutrophils) and increase in the number and volume of platelets. Red blood cells did not show any

significant difference. Exposure to steady magnetic fields even in proposed safe limits may have hematologic

effects on humans. There is a necessity for more research about the safe doses of exposure to magnetic fields.
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1. Introduction

Environmental and occupational exposure to electro-

magnetic fields is increasing due to increased use of

electrical equipment in industry and medical procedures

[1]. There are studies considering mapping and deter-

mining the pollution of electromagnetic fields [2, 3].

Steady magnetic fields are time independent and with

steady intensity. It is hard to protect against these fields as

they can easily penetrate biological tissues. Environmental

exposure to steady magnetic fields from the earth’s

natural magnetic field depends on location and is between

0.03 to 0.07 mT [4]. The most important sources for

steady magnetic fields include the electrolysis process,

welding equipment, medical imaging procedures, and

direct current generators and etc [5]. Nowadays most

people’s exposure to steady magnetic fields happens when

they use medical imaging techniques such as Magnetic

Resonance Imaging (MRI) [1]. Limited epidemiological

studies have been performed about the effects of steady

magnetic fields on people’s health. The effects of expo-

sure to magnetic fields with intensities more than 2 T are

headache, metal taste, dizziness and vomiting [2]. These

effects have not been reported with magnetic fields with

less intensity, but in other studies there have been reports

about the effects of chronic exposure to steady magnetic

fields on the reproductive system and increased cancer

incidence in the aluminum electrolysis industry, welding

industry and medical imaging centers. Generally using

steady magnetic fields in industry and medicine has led to

increased exposure to these fields and therefore it seems

necessary to do more studies about their effect on human

health [6]. Many scientific guidelines have been develop-

ed by international organizations including the World

Health Organization (WHO) and the International Com-

mission on Non-Ionizing Radiation Protection (ICNIRP)

about the non-ionic radiations related to steady magnetic

fields [1, 4]. These standards show the importance of
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controlling exposure to these magnetic fields. 

In the past, epidemiologic studies were mainly done on

workers that were exposed to steady magnetic fields

produced from direct current electrical equipment. Most

workers in the aluminum production industry, welding

industry and industries that use electrolyte cells for

separating chemicals are in exposure with magnetic fields

that are 10 mT in average. The outcomes under study in

previous studies were cancer, hematologic parameters,

chromosome aberration frequency, reproductive outcomes

and musculoskeletal disorders [1].

The American Conference of the Governmental Industrial

Hygienists (ACGIH) has suggested that the maximum

permissible dose for exposure to steady magnetic fields

for the whole body is 60 mT and for the limbs is 600 mT

for 8 h working, and the maximum threshold is respec-

tively 2 and 20 T for the whole body and limbs. This

threshold has also been accepted as the maximum national

threshold in Iran [7]. Also the International Commission

on Non-ionizing Radiation Protection has suggested that

the maximum permissible amount of exposure to steady

magnetic fields is 0.2 T. However these values have to be

used as a guide for controlling exposure to steady mag-

netic fields and should not be regarded as the certain cut

off point for their side-effects [1].

Considering the fact that there is still debate about the

adverse effects of these steady magnetic fields, this study

was conducted to evaluate the probable effects of these

fields on the blood indices of workers who had worked 7

h a day and at least 3 years in places exposed to these

magnetic fields.

2. Materials and Methods

This was an analytical cross-sectional study performed

at the Kerman, Sarcheshmeh Copper Complex. This

complex is one of the big copper mines in the southeast

of Iran. Every year several tons of copper with high purity

are exported to other countries. In the copper electrolysis

section, the convector and intensifier stations are among

the places that workers are exposed to steady magnetic

fields for long time intervals. 

The workers in electrolysis salons are also exposed to

chemicals such as sulfuric acid mists which are lower

than the permissible limits for this chemical. The Threshold

Limit Value) TLV (for sulfuric acid is 0.1 mg/m3 for an 8

- hours time weighted average [7].

In this section there are a sum of 960 electrolysis cells,

in which 50 cells are used for production of the primary

cathode and the rest of the cells are used for production of

the commercial cathode. Electricity enters the cathode

and anode with an intensity of 210 A/m2, and a voltage of

0.25 V DC and produces copper with a purity of 99.99 %.

In this study in order to measure the intensity of steady

magnetic fields, a personal Magnetic Field Monitor (Model

HI-3550 made by Holaday Industries Inc, Eden Prairie,

MN, 55344, US) was used. Before starting the measure-

ments, the device was calibrated according to instructions.

Measuring magnetic fields was performed according to

the IEEE C95.6 method and with the aim of measuring

environmental magnetic field intensity (the instant peaks)

by using the described device. 

The populations under study were workers working at

the electrolysis saloon of the Sarcheshmeh copper complex.

One hundred workers that were exposed to steady magnetic

fields were chosen as the exposed group and 100 workers

whom were not exposed to this field were chosen from

the workers of the concentrating unit which had similar

working conditions (expect exposure to steady magnetic

fields). 

In the concentration unit mine dust with 1 % copper

enters the unit and after getting crushed in a wet environ-

ment enters the flotation units. Eventually copper concent-

ration increases to 25-30 % when exiting the concent-

ration unit. 

Workers in this complex were also exposed to copper

dust including chemicals such as lime, copper and silica

(as silicate) which were below the threshold. According

to studies these mists do not affect blood indices [7].

Eventually 90 people participated in each group. These

workers were exposed to steady magnetic fields except

during lunch and prayer hours for about 7 h a day and at

least for 2 to 3 years. 

After the workers consented to participate in the study

and with the cooperation of the industry’s health center, a

demographic questionnaire was completed for each person

and 1.5 mL blood was taken and transferred to tubes

including the K2EDTA anticoagulant. Then after coding

and blinding, the samples were transferred to the laboratory

and were analyzed by a certain technician for blood

indices. For statistical analysis the SPSS19 software

(SPSS Inc, Chicago, IL) was used and the Mann Whitney

U test, one way ANOVA, chi-square and logistic regression

was performed.

The study was approved by the Kerman University of

Medical Sciences, Standing Committee on Ethics in Research.

3. Results and Discussion

The average intensity of steady magnetic fields in the

refinery electrolysis saloon of the Sarcheshmeh copper

complex was 2.5 ± 0.78 mT that was significantly less
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than the permissible international level that was 60 mT

(p < 0.001). The mean and standard deviation of age in

the exposed and unexposed (control) group was respec-

tively 29.4 ± 4.5 and 38.8 ± 6.8 years. The age variable

was not normally distributed and therefore the Mann

Whitney U Test was used for comparing age between the

two groups. The median of age between the two groups

was statistically significant (p < 0.001). For comparing

the other demographic variables the chi-square test was

used and the differences between some variables were

significant. These variables were considered as confounders

in the multivariable analysis. The demographic characteri-

stic of the workers have been shown in Table 1.

The blood index variables did not have a normal

distribution and the Kolmogorov-Smirnov test was signi-

ficant. Therefore, in order to study the relationship

between the exposed and unexposed groups, the Mann

Whitney U Test was used. This test showed that there was

a significant difference between the count of neutrophils,

lymphocytes, monocytes, eosinophils, basophils, the per-

centage of neutrophils, monocytes, eosinophils, basophils,

platelets, PCT, MPV, PDWSD and PDWCV between the

two groups. These results have been shown in Table 2.

It seems like exposure to magnetic fields leads to

decrease in some types of white blood cells, and increases

the count and volume of platelets but does not have any

effect on red blood cells.

According to the univariate and multivariate analysis

performed for the blood indices even after adjustment,

workers with normal leukocytes were less likely to come

from the exposed groups. No significant difference in

erythrocyte indices was seen between the two groups.

Also even after adjustment workers with higher platelet

indices were more likely to come from the exposed

group. These results have been shown in Table 3.

Steady magnetic fields are one of the important risk

factors threatening the health of workers exposed to these

fields. Magnetic and electric fields with different fre-

Table 1. The demographic characteristic of the workers evaluated in this study.

Variable
Exposed

No (%)

Un exposed

No (%)
P-value

Marital status
Single

Married

25 (27.8%)

65 (72.2%)

6 (6.7%)

84 (93.3%)
< 0.001

Education status

Under diploma

Diploma

Graduate certificate

Bachelor

9 (10%)

69 (76.7%)

9 (10%)

3 (3.3%)

18 (20%)

49 (54.4%)

11 (12.2%)

12 (13.3%)

0.655

Job satisfaction status

Very high

High

Moderate

Low

Very low

8 (8.9%)

10 (11.1%)

53 (58.9%)

5 (5.6%)

11 (12.2%)

11 (12.2%)

20 (22.2%)

49 (54.4%)

9 (10%)

1 (1.1%)

0.065

Residential status

Rafsenjan

Shahrebabak

Sirjan

ShahrakeSarcheshme

54 (60%)

12 (13.3%)

13 (14.4%)

12 (12.2%)

40 (44.4%)

23 (25.6%)

9 (10%)

18 (20%)

0.070

Shift work status
2 shifts

4 shifts

45 (50.0%)

45 (50.0%)

35 (40.0%)

52 (57.8%)
0.193

Smoking status
Smoker

Non-smoker

9 (10%)

81 (90%)

37 (41.1%)

53 (58.9%)
< 0.001

Working history status

< 5 years

5-10 years

10-15 years

> 15years

61 (67.8%)

25 (27.8%)

2 (2.2%)

2 (2.2%)

6 (6.7%)

21 (23.3%)

29 (32.2%)

34 (37.8%)

< 0.001

Age status

< 28 years

28-32 years

32-39 years

> 39 years

33 (36.3%)

29 (32.2%)

21 (23.3%)

3 (3.3%)

2 (2.2%)

12 (13.2%)

34 (37.4%)

42 (46.7%)

< 0.001
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Table 2. The results of blood parameter measurements in the exposed and unexposed groups.

Variable Groups Mean ± Sd
25th 

percentile
Median

75th 
percentile

Max Min P-value

White Blood Cells 
(WBC)

Non-exposured 1.5 ± 6.33 5.37 6.09 7.08 10.97 3.41
0.599

Exposured 1.74 ± 6.08 5.17 6.14 7.13 11.16 0.01

Neutrophils
Non-exposured 0.68 ± 1.26 0.73 1.18 1.8 3.19 0.05

0.03
Exposured 1.29 ± 1.79 0.52 1.84 2.61 5.03 0

Lymphocytes
Non-exposured 1.04 ± 4.34 3.63 4.19 4.87 7.88 2.43

0.01
Exposured 1.4 ± 3.9 3.14 3.78 4.63 7.61 0

Monocyte
Non-exposured 0.21 ± 0.56 0.41 0.53 0.7 1.29 0.23

< 0.001
Exposured 0.16 ± 0.25 0.13 0.24 0.35 0.88 0

Eosinophils
Non-exposured 1.09 ± 0.194 0.13 0.17 0.25 0.65 0.05

< 0.001
Exposured 0.08 ± 0.11 0.06 0.1 0.15 0.38 0

Basophils
Non-exposured 0.03 ± 0.7 0.05 0.06 0.08 0.21 0.01

< 0.001
Exposured 0.02 ± 0.03 0.01 0.02 0.04 0.15 0

%Neutrophils
Non-exposured 8.06 ± 18.88 11.9 18.2 25.6 37.3 1.1

0.003
Exposured 17.13 ± 28.24 11.57 28.95 42.65 67.3 1.9

%Lymphocytes
Non-exposured 7.63 ± 67.92 62.5 67.4 73.2 85.5 49.7

0.361
Exposured 17.76 ± 64.9 48.97 64.55 81.45 91.9 27.2

%Monocytes
Non-exposured 3.32 ± 9.02 6.7 8.4 10.5 19.2 3.5

< 0.001
Exposured 2.37 ± 4.34 2.4 4 6.22 10.5 1

%Eosinophils
Non-exposured 1.43 ± 3.01 1.9 2.7 4.1 6.6 1

< 0.001
Exposured 1.33 ± 1.91 0.9 1.6 2.65 6.4 0

%Basophils
Non-exposured 0.52 ± 1.1 0.8 1 1.3 2.8 0.1

< 0.001
Exposured 0.58 ± 0.54 0.2 0.4 0.7 3.3 0

Red Blood Cells
(RBC)

Non-exposured 0.5 ± 5.51 5.16 5.44 5.81 7.68 4.69
0.99

Exposured 0.67 ± 5.39 5.22 5.49 5.7 6.09 0.01

Hemoglobin Glow Bin
(HGB)

Non-exposured 1.69 ± 15.55 14.7 15.4 16.12 25.4 12.2
0.93

Exposured 2.21 ± 15.15 14.67 15.4 16.1 25.4 12.2

Hematocrit
(Hct)

Non-exposured 3.49 ± 45.98 43.35 45.5 48.15 58.6 38.2
0.49

Exposured 5.41 ± 44.96 43.4 45.6 47.6 51.1 0

Mean Corpuscular Volume
(MCV)

Non-exposured 5 ± 83.9 80.3 84.7 87.2 95.5 63.9
0.058

Exposured 9.49 ± 82.35 80.55 83.4 85.2 93.7 0

Mean Corpuscular 
Hemoglobin (MCH)

Non-exposured 7.38 ± 28.79 26.87 28.25 29.22 95.5 20
0.98

Exposured 3.94 ± 27.73 26.87 28.3 29.22 33.2 0

Mean Corpuscular 
Hemoglobin Concentration

(MCHC)

Non-exposured 2.3 ± 33.25 33.2 33.95 34.5 36.2 0
0.2

Exposured 4.41 ± 33.29 33.2 33.95 34.5 36.2 0

Red Cell Distribution 
Width-standard deviation

(RDWsd)

Non-exposured 3.75 ± 33.1 31 32.95 35.2 47.1 23.8
0.19

Exposured 11.5 ± 33.25 30.6 32.05 34.05 132 0

Red Cell Distribution 
Width-coefficient variation 

(RDWcv)

Non-exposured 3.33 ± 13.62 12.8 13.2 13.7 44 11.8
0.79

Exposured 1.54 ± 13.04 12.87 13.15 13.5 15.6 0

Platelet
Non-exposured 53.41 ± 219.28 185 215 253 395 100

< 0.001
Exposured 85.74 ± 267.61 223 262.5 299.75 740 7

Platelet Crit
(PCT)

Non-exposured 0.04 ± 0.19 0.17 0.2 0.22 0.37 0.08
< 0.001

Exposured 0.1 ± 0.27 0.23 0.27 0.31 1.01 0

Mean Platelet Volume
(MPV)

Non-exposured 1.36 ± 9.16 8.25 9.2 10.2 12.4 6.1
< 0.001

Exposured 1.82 ± 10.34 9.27 10.55 11.4 14.9 0

Platelet Distribution Width
(PDW)

Non-exposured 2.58 ± 22.46 20.9 22.15 24.05 33.9 18
0.003

Exposured 23.35 ± 3.43 21.57 23.5 25.22 29.5 0
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quencies and intensities cause different complications.

These complications also vary based on the workers'

exposed dose, the usage of personal safety equipment,

duration of exposure and distance from source [8]. Also

tissues where cells divide more quickly are more sus-

ceptible than others [8]. In humans whites cells are

produced more frequently and have a shorter life span in

comparison to red blood cells [9] and are probably more

sensitive to the effects of electromagnetic fields. 

The occupational exposure of workers in the electrolysis

unit evaluated in this study was less than the permissible

national limit. However, it still seems like exposure to this

field has led to decrease in the count of leukocytes and

increase in the number and volume of platelets.

A study done by Marsh et al confirms our results. In

this study the mean intensity of steady magnetic fields

that the workers were exposed to was 7.6 to 14.6 mT. The

results of their study showed that people exposed to

steady magnetic fields have lower white cell counts in

comparison to the control group, but they did not see an

effect on hemoglobin, red blood cells and hematocrit [10].

In Vyalov et al.’s study in the Moscow Scientific Research

Institute of Hygiene, exposure to steady magnetic fields

with the intensity of 15 to 25 mT was associated with

decrease in the count of white blood cells [10, 11]. Also

in a study done by Choobineh et al. in the chlorine

producing units the percentage of monocytes, eosinophils

and neutrophils in the group exposed to steady magnetic

fields was less than the unexposed group, and the average

count of platelets was significantly higher [12]. However,

in a study by Fani et al. in an aluminum electrolysis

workshop, in which workers were exposed to magnetic

fields from 25 to 32 mT, the average blood indices after

two years exposure in different classes of white blood

cells, neutrophils, red blood cells, and also the hematocrit,

and mean corpuscular volume (MCV), was higher in the

exposed than the unexposed group. But the average count

of monocytes, erythrocytes, hemoglobin and hematocrit

did not have a significant difference [13].

In different laboratory studies performed on animals,

controversial results were reported about the effect of

steady magnetic fields on blood factors. The results of

some studies shows increases in different classes of white

blood cells, red blood cells and hemoglobin concentration

which is not in line with the results of this study [14]. But

the results of some studies showed decreases in the count

of lymphocytes and increases in the count and average

volume of platelets, which are in line with our results [15,

16]. In some other lab-based studies the parameters

related to red cell counts did not change either [2, 3] and

this was in line with the results of this study. Controver-

Table 3. Univariate and multivariate logistic regression analysis
adjusted for demographic variables. 

Variable
Crude OR 

(95% CI)
p-value

Adjusted OR 

(95% CI)
p-value

WBC
Abnormal <4.4
Normal 4.4-11

1
0.37 (0.12-0.96)

0.04
1

0.20 (0.04-0.83)
0.02

Neutrophil
Abnormal <1.8
Normal 1.8-7.8

1
3.03 (6.28-1.46)

0.003 1
2.24 (13.44-1.34)

0.01

Lymphocyte
Abnormal <1
Normal 1-4.8

1
0.785 (1.72-0.35)

0.54 1
0.55 (1.83-0.16)

0.33

Monocyte
Abnormal <0.8
Normal 0.8-1

1
0.06 (0.55-0.009)

0.01 1
0.04 (0.84-0.002)

0.03

Eosinophil
Abnormal <0.1

Normal 0.1-0.45
1

0.22 (0.51-0.1)
<0.001 1

0.39 (1.27-0.11)
0.11

Basophil
Abnormal <0.1
Normal 0.1-0.2

1
0.33 (0.88-0.12)

0.02 1
0.025 (0.94-0.06)

0.04

RBC
 Abnormal >5.9
 Normal 5.9-4.5

1
0.22 (0.61-0.07)

<0.001 1
0.36 (1.53-0.08)

0.16

HGB
 Abnormal <14

 Normal 14-17.5
1

1.28 (3.41-0.48)
0.62 1

0.44 (1.77-0.11)
0.24

HCT
 Abnormal <14.5

 Normal 14.5-50.4
1

1.22 (4.18-0.36)
0.74 1

0.17 (1.01-0.03)
0.06

MCV
Abnormal <80
Normal 80-96

1
0.68 (1.47-0.32)

0.337 1
0.65 (1.9-0.22)

0.43

MCH
 Abnormal <27.5

 Normal 27.5-33.2
1

1.35 (2.54-0.72)
0.33 1

1.14 (2.76-0.47)
0.77

MCHC
Abnormal <33.4

 Normal 33.4-35.5
1

1.57 (2.91-0.85)
0.14 1

2.01 (4.91-0.82)
0.12

RDWsd
Abnormal <37
Normal 37-54

1
0.78 (2.07-0.29)

0.62 1
2.21 (8.75-0.56)

0.25

RDWcv
 Abnormal >14.5
 Normal 14.5-11.5

1
0.82 (2.8-0.24)

0.75 1
3.31 (18.97-0.57)

0.17

Platelet
 Abnormal <150
 Normal 150-450

1
4.29 (20.8-0.88)

0.07 1
1.91 (15.01-0.24)

0.53

PCT
 Abnormal <0.17

 Normal 0.17-0.35
1

5.75 (17.68-1.87)
0.002 1

2.32 (9.5-0.57)
0.23

MPV
 Abnormal <9
 Normal 9-13

1
2.92 (5.68-1.5)

0.002 1
5.39 (14.55-2)

0.001
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sial results are seen in regard to the other parameters

related to red blood cells and there are few similar human

studies to compare with. It seems like these dissimilarities

between studies maybe due to different intensities and

durations of exposure to magnetic fields.

4. Conclusion

It seems like exposure to steady magnetic fields even in

permissible levels may lead to adverse effects on workers’

blood indices. Occupational exposure to magnetic fields

may lead to decrease in some types of white blood cells,

and increase the count and volume of platelets. Therefore,

more research is needed in order to further improve the

working conditions of these workers.

Due to the controversial results, there is still no con-

clusive evidence for denying or proving the negative

health effects of steady magnetic fields. In reports about

the adverse health effects of magnetic fields, the relative

risks were mainly not high and the effect of confounding

factors such as nutritional status makes decision making

difficult. Therefore, still more research should be per-

formed.
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