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Abstract
A cross-sectional study was conducted to determine if
long-term exposure to static magnetic fields could be
related to findings of medical examination. Health data
was obtained for 20 workers who spent a major period of
their working time in the magnetic field produced by direct
current through large electric cells. The data was
compared to that of control group of 21 workers. Intensity
of magnetic flux density was measured in the Chloralkali
plant and the TWA exposure to magnetic field was
determined for each job classification. Maximum and
minimum intensities were found to be 16.99 and 0.49 mT,
respectively, which were well below the recommended
level. Maximum TWA exposure to magnetic field was
equal to 47.59 mT that was less than the acceptable level.
The results of clinical examinations and blood tests
revealed that there was no significant difference between
the two groups. The only effects which were found to be
related to exposure to the magnetic field were
nervousness and fatigue. Studying a larger sample size
may contribute to detect any health effects of occupational
exposure to static magnetic field in industrial settings.
Key words: Chloralkali plant, Occupational exposure,
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INTRODUCTION
Static magnetic fields are naturally present everywhere as
the earth is surrounded by fields varying between 0.03 and
0.070 mT.[1] Superimposed on the earth’s magnetic field, there
may also be man-made static magnetic fields. Certain
industry processes use strong static magnetic fields usually
created by rectified altering currents. Thus the workers, for
instance, in aluminum production industries and at
Chloralkali plants are exposed to static magnetic fields
ranging from 4 to 50 mT.[2]
Although past research has shown that externally applied
magnetic fields interact with biological systems to produce
detectable changes, there are apparent inconsistencies and
uncertainties in the findings.[3] Studies on workers involved
in the manufacture of permanent magnets in the former USSR
indicated various subjective symptoms and functional

disturbances including irritability,
fatigue, headache, loss of appetite,
bradycardia, tachycardia, decreased
blood pressure, altered EEG, itching,
burning, and numbness.[4] However
lack of any statistical analysis or
assessment of the impact of physical
or chemical hazards in the working
environment significantly reduces the
value
of
these
reports.
Epidemiological surveys in the USA
have failed to reveal any significant
health effects associated with longterm exposure to static magnetic
fields. A study of the health data on
320 workers in mechanical plants
using large electrolytic cells for
chemical separation processes, where
the average static field level in the
work environment was 7.6 mT and
the maximum field was 14.6 mT,
indicated slight changes in white
blood cell picture in the exposed group
compared to the controls. None of the
observed changes in blood parameters
considered indicative of a significant
adverse effect associated with
magnetic field exposure.[3] Barregard
et al. studied a worker cohort at a
Chloralkali plant with exposure level
of 4–29 mT and found that the
obser ved and expected cancer
incidence rates over 25 years were
not significantly different.[5]
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The amount of data available for use
in health risk assessment associated
with static magnetic field exposure is
limited[6] and the available evidence
from epidemiological studies is not
sufficient to draw any conclusion
about potential health effects of static
magnetic field exposure.[2] Therefore,
conducting more epidemiological
studies on exposed workers and
investigating possible long-term
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health effects of exposure to static magnetic fields is needed.
Regarding this, the present study was conducted to assess
further the health effects of occupational exposure to strong
static magnetic field in a Chloralkali plant, in which highintensity direct current (DC) electrical current (110 kA) was
used in industrial electrolytic processes. The main objectives
of the study were:
· Determination of the magnetic flux density in the plant.
· Determination of time-weighted average exposure of the
workers to the magnetic flux.
· Investigation of the health effects of static magnetic field
exposure among the workers.

MATERIALS AND METHODS
A cross-sectional study was conducted to determine if there
were statistically significant differences in physiological and
subjective parameters for groups of workers exposed to static
magnetic field as compared to groups not so exposed. Health
data were gathered during regularly scheduled physical
examination done by the plant physician. Magnetic field
density and time-weighted average exposures were measured
by a Tesla-meter. The data was then statistically analyzed to
determine if a relationship could be established between the
medical data and the magnetic field exposure.
Health data
Health data was obtained for different medical parameters
for each participant. This was furnished in the form of a
medical questionnaire completed by the physician while
performing the annually scheduled physical examination
given to each employee. These examinations were performed
over a period of 5 months. The medical questionnaire used
in this study contained four types of data. The first type was
related to demographic details of the participants. The second
type of data was the objective determinations made by the
physician (i.e., blood pressure, pulse rates, and cardiac
irregular rhythm). The third type was the subjective response
to questions asked by the physician including headache,
nervousness, chest pain, fatigue, loss of appetite, dizziness,
irritability, visual disturbances, anxiety, and sleeplessness.
The fourth type of data was the results of laboratory studies
including a complete blood count, electrocardiogram, and
electroencephalogram.

electrolysis of NaCl in large mercury cells. In the electrolytic
cells, high-intensity DC was used which created strong
magnetic fields. The control group consisted of 21 males who
were involved in the production of perchlorin. The control
group was matched with the exposed group for age, job
experience, weight, stature, smoking, daily working hours,
and shift working. Personal characteristics of the participants
are presented in [Table 1].
Magnetic field measurements
Spot magnetic flux density and time-weighted average
exposure to the magnetic field were measured using the Tesla
meter HI-3350 manufactured by Hollady factory, USA. Spot
measurements were made in different locations of the
Chloralkali plant, around the cells and in the control room at
three heights (i.e., 30 cm for legs, 110 cm for abdomen and
160 cm for head) above the floor. Magnetic flux dosimetry
was done through the whole shift for five different job tittles
in the Chloralkali plant. Magnetic flux density was measured
in the perchlorin plant as well.

RESULTS
Medical questionnaire
[Table 2] presents the results of clinical and paraclinincal
examinations in the exposed and the control groups.
Statistical analyses showed no significant difference between
the two groups (P > 0.05).
[Tables 3 and 4] show the results of cardiac factors extracted
from electrocardiograms in the two groups. No significant
difference was observed between the two groups (P > 0.05).
The results of EEG revealed that four workers had abnormal
electroencephalogram, two from the Chloralkali and two from
the perchlorine plants. This shows that no difference exists
from EEG point of view between the two groups.
[Table 5] demonstrates the frequency of reported subjective
symptoms among the exposed and the control groups.
Statistical analyses revealed that in spite of higher frequency
rate of subjective symptoms reported by the exposed workers,
Table 1: Personal details of the exposed (n = 20) and the
control (n = 21) groups studied
Details

Study population
The study population came from two different plants in a
petrochemical company. The exposed group was workers
from Chloralkali plant who spent a major portion of their
working shift in static magnetic fields. The control group
consisted of workers from perchlorin plant with no
occupational exposure to magnetic field in their work. The
exposed group consisted of 20 males from five diverse jobs.
They were involved in the production of chlorine by
77

Age (years)
Weight (kg)
Job experience in the current plant (years)
Stature
Smoking (%)

Group
Exposed

Control

M = 32
SD = 4.8
M = 66
SD = 9.6
M = 6.25
SD = 1.4
M = 168.9
SD = 12.8
Yes = 20%
No = 80%

M = 31.2
SD = 5.1
M = 66.52
SD = 8.9
M = 5.9
SD = 1.3
M = 170.3
SD = 5.7
Yes = 24%
No = 76%
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Table 2: Mean and standard deviation values of medical
variables studied in the exposed (n = 20) and the control
(n = 21) groups
Group
Medical variables

Exposed

Pulse rate (beats/min)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Hematocrit (%)
E.S.R. (mm)
Hemoglobin
Platelet count *
White blood cell count *
Monocyte (%)
Lymphocyte (%)
Basophile
Eosinophil
Neutrophil

Control

Mean

SD

Mean

SD

64.8
112.25
71.5
49.05
2.58
15.55
242100
8442
0.75
42
0.1
3.2
52

9.8
12.9
7.3
4.1
1.7
0.9
92170
2630
–
11
–
2.33
10.9

61
112.38
73.8
48.43
3.14
15.2
191904
7261
0.76
41.05
0.0
3.86
54.57

7.1
10.9
8.8
4.1
2.1
0.9
61936
2192
–
11.5
–
2.97
12.25

* Statistical analysis was performed on the natural logarithmic value

Table 3: Mean and standard deviation values of PR, QRS, and
QS factors in the exposed (n = 20) and the control (n = 2 1 )
groups
Cardiac factors

Group
Exposed

PR (ms)
QRS (ms)
QT (ms)

Control

Mean

SD

Mean

SD

178.9
71.1
367.2

25.2
10.23
47.9

206.2
68.15
318.5

28.8
12
23.7

Table 4: Frequency of abnormality in ST and T-wave among
the exposed and the control groups
Cardiac variables

Group
Exposed

Normal
ST
T-wave

14
16

Control

Abnormal Total
4
5

Normal

18
21

8
8

18
21

Table 5: Frequency rate of subjective symptoms reported by
the exposed (n = 20) and the control (n = 21) groups

Headache
Nervousness
Chest pain
Fatigue
Loss of appetite
Dizziness
Irritability
Visual disturbances
Numbness
Sleeplessness

Magnetic flux density was founded to be very close to zero in
the perchlorine plant from where the control workers came.
Time-weighted average exposure level to static magnetic field
for the five job titles studied in the Chloralkali plant is
presented in Table 6. As shown in Table 6, the cell coordinator
has the highest level of exposure.

DISCUSSION
The results demonstrated that the frequency rate of
nervousness and physical fatigue were higher among the
exposed group (P < 0.01). It is in agreement with the results
reported.[3] These two subjective symptoms could, therefore,
be related to static magnetic field exposure.
The results of clinical examinations and blood tests revealed
that there was no significant difference between the two
groups. Cardiac and mental activity followed the same pattern
in the both the groups and no significant difference was
observed.

Abnormal Total

10
13

Subjective symptom

Magnetic field measurements and dosimetry
The minimum and the maximum magnetic flux density in the
cell room area were found to be 0.42 and 16.99 mT,
respectively. In all cases, magnetic field at 30 cm above the
floor had the highest value as compared to the heights of 110
and 160 cm. In general, measurements indicated that
magnetic flux density in the southern part of the Chloralkali
plant where the transformer and the rectifier were located,
was greater than in the northern side of the plant. In the
control room, the minimum and the maximum magnetic flux
density were 0.34 and 3.71 mT, respectively.

Group
Exposed (%)

Control (%)

40
75
10
65
20
35
15
30
50
35

19
29
14
33
14
14
5
10
29
19

no significant difference was observed for most variables.
Statistical analyses demonstrated that only frequency rates
of nervousness and fatigue were higher in the exposed group
as compared to the control group (P < 0.01).

Fields measurements indicated that static magnetic flux
density, in all locations of the Chloralkali plant was well below
the ceiling value (2T) recommended by ACGIH.[7] On the basis
of the measurements, the flux density lowered with the
increase of height from the floor. This was because of the
distance from the sources (cells), which were located on the
floor. The difference between the magnetic flux density at 30
and 160 cm was found to be 20% of the value measured at
30 cm height. This could result in the reduction of the effects
of static magnetic flux on the heart and brain known as
sensitive organs to magnetic fields.
Table 6: Time-weighted average exposure level to magnetic field and
measurement time for the five job titles studied
Occupational title
Shift supervisor
Board man
Cell room operator
Cells coordinator
Cell room worker
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Measuring time

Magnetic flux density

(h/min/s)

(mT)

8/11/18
7/55/30
7/58/18
8/05/14
8/15/29

21.25
17.56
26.26
47.59
42.78
78
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Dosimetry performed, demonstrated that 8-hour TWA
exposures of the workers in the Chloralkali plant did not
exceed the TLV-TWA value recommended by ACGIH for the
whole body (60 mT).[7] The highest TWA exposure occurred
for the cells coordinator, who spent most of his working time
near the cells. The board man who worked in the control room
had the lowest TWA exposure level.

must have a large sample size in order to detect them.
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