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Abstract

The objective of this paper is to measure magnetic flux density and electric field intensity due to selected power substations in the
city of Tehran to evaluate the difference between the measured parameters and threshold levels specified in relevant standards.
Hence, three types of power substations of 63, 230 and 400 kV were randomly selected. Based on confidence level of 95% (a
=0.05), 250 measurements were made at various distances from power substations. It is found that the results of data analysis were
well below the recommendations in ICNIRP (2010) while, a previous study by Nassiri et al. (2012) with regard to electromagnetic
field due to power substations in the city of Tehran revealed that most of the studied population (64.8%) was suspected to have
mental disorders. Therefore, to study electromagnetic field due to power substation in urban environment, the adverse effect of
electromagnetic field on human beings must be investigated rather than just environmental measurement of electromagnetic field.
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1. Introduction

The electricity plays an important role in
people’s life. Both electric and magnetic fields exist
close to the lines and appliances which transport
electricity. Since the late 1970s, the questions with
regard to the negative effects of exposure to these
extremely low frequency (ELF) electric and magnetic
fields (EMF) on health have been raised. Since then,
many researchers have successfully resolved the
important issues and narrowed the focus of future
study. Biological effects due to exposure to high levels
of electromagnetic fields (above 100 uT) have been
reported. External ELF magnetic fields can induce

electric fields and currents in our body. Also, high
levels of ELF magnetic fields cause nerve and muscle
stimulation and changes in nerve cell excitability in
the central nervous system (WHO, 2007).

With regard to long-term effect of ELF
magnetic field, many scientific studies have focused
on leukemia in children (WHO, 2007). Furthermore, a
number of other negative health effects have been
investigated for possible relationship with ELF
magnetic  field exposure. These consist of
physiological and psychological disorders such as:
cancers among children and adult, depression illness,
suicide disease, cardiovascular diseases, reproductive
dysfunction  disorder, developmental diseases,
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immunological modifications illness, neurobehavioral
effects and neurodegenerative disorders (Gontarz and
Szulim, 2016; WHO, 2007).

Lindgren et al. (2001) studied the ELF
magnetic fields in an urban environment. Despite
outdoor environments are often considered as low
level areas with regard to ELF magnetic fields, they
found that outdoor exposures to ELF magnetic fields
should be included in exposure assessments and risk
evaluations. Dlugosz et al. (1989) investigated
magnetic flux density in an urban environment and
concluded that ““ambient power line magnetic field
levels at wurban residences can be reliably
characterized on a one-time site inspection using a
hand-held magnetic field meter and a simple wiring
classification system”. Nassiri et al. (2011) measured
ELF magnetic flux density near hospitals and found
that the mean, minimum, and maximum values of ELF
magnetic flux density were 0.165 + 0.08, 0.018 and
0.52 uT, respectively. Sharifi Fard et al. (2011)
measured magnetic field due to 230 kV power
substations and concluded that all the measured values
were below the ACGIH standard. Barsam et al. (2012)
studied the effect of ELF electromagnetic field
exposure on sleep quality in high voltage substations
in a city environment and found a positive correlation
coefficient between occupational exposures to ELF
electromagnetic field and sleep quality.

Despite outdoor environments are often
considered as low level areas with regard to
electromagnetic fields, the objective of this study is to
measure magnetic flux density and electric field
intensity due to selected power substations in the city
of Tehran to find the difference between the measured
parameters and threshold levels specified in relevant
standards.

2. Material and methods

In this study power substations of same type
but with different capacities including 63 kV (4
samples), 230 kV (4 samples) and 400 kV (2 samples)
were randomly selected from different parts of Tehran
city (Figs. 1-3). The number of samples
(measurements) was determined based on statistical
point of view. It means that based on confident level
of 95% (o = 0.05), 250 measurements were made at
the sources and at the horizontal distances of 1, 10, 20,
30, 40 and 50 m from the vertical projection of power
substations’ fences on ground surface. Meanwhile,
there were no remarkable objects that can intensify or
attenuate electromagnetic field in measurement area.
In addition, all measurements were made in sunny
weather.

The measurements of electromagnetic field
were made using HI-3604 ELF Meter according to
IEEE standard (1994). The frequency response of the
instrument ranges from 30-2000 Hz. The sensitivity of
the instrument for magnetic field ranges from 0.01 to
2000 uT and for electric field from 1 V/m to 199
kV/m. In order to guarantee the accuracy of magnetic
field measurement, a magnetic field was produced by
a Helmholtz nuclear spiral. In the spiral part of the
instrument a sinus wave was produced (based on the
nuclear spiral dimensions) and then measured in uT.
Moreover, in order to guarantee the accuracy of
electric field measurement two aluminum square
plates with the dimension of 30 cm were used. A sinus
voltage was transmitted along the plates and then the
measurement was made based on dividing the used
voltage to the distance between the plates (VV/m). SPSS
software was used for data analysis.
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Fig. 1. Location of 63 kV power substations in the city of Tehran
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Fig. 2. Location of 230 kV power substations in the city of Tehran

Fig. 3. Location of 400 kV power substations in the city of Tehran

3. Results and discussion

The measured magnetic flux density due to 63
kV power substations ranges from 0.0221 to 7.27 uT
and the measured electric field intensity due to 63 kV
power substations ranges from 0.780 to 1521 V/m (see
Table 1).

As shown in Table 2 the measured magnetic
flux density due to 230 kV power substations ranges
from 0.033 to 18.6 uT and the measured electric field
intensity due to 230 kV power substations ranges from
1.150 to 1647 V/m. In Table 3 the measured magnetic
flux density due to 400 kV power substations ranges
from 0.222 to 27.5 uT and the measured electric field

intensity due to 400 kV power substations ranges from
5.8 to 3610 V/m. In addition, magnetic flux density
measured at various distances from power substations
is shown in Figs. 4-6. Also, electric field intensity
measured at various distances from power substations
is shown in Figs. 7-9.

According to ICNIRP (2010), the reference
values of the electric field intensity and magnetic flux
density at 50 Hz (rms values) for public exposure are
5 kV/m and 200 puT respectively. Tables 1-3 show that
all the magnetic flux density and electric field
intensity values are well below the recommended
values by ICNIRP (2010). In contrast, Straume et al.
(2008) measured ELF-magnetic flux density in a city
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environment and reported that the average levels for
summer, cold weather and snowy weather were 0.13,

0.85, and 0.90 uT respectively.

Table 1. Measured magnetic flux density and electric field
intensity due to 63 kV power substations

; Number of .
Field Type Samples Min Max
Magnetic  flux
density (uT) 100 0.0221 7.27
Electric ~ field
intensity (V/m) | *%° 0.780 1521

Table 2. Measured magnetic flux density and electric field
intensity due to 230 kV power substations

Field Type NSuz;?nb;flre:f Min Max
Magnetic flux

density (uT) 100 0.033 18.6
Electric field

intensity (V/m) 100 1150 | 1647

Table 3. Measured magnetic flux density and electric field
intensity due to 400 kV power substations

; Number of .
Field Type Samples Min Max
Magnetic  flux
density (uT) 50 0222 | 275
Electric field
intensity (V/m) 50 5.8 3610
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Fig. 4. Magnetic flux density measured at the source and at
the distances of 1, 10,20,30,40 and 50 m from 63 kV power
substations

Moreover, the exposure of the general public
due to distribution substations of 11/0.22-0.4 kV was
investigated by Joseph et al. (2008). They found that
the measured momentary magnetic field values ranged
from 0.025 to 47.39 uT. Als o, they reported that the
measured electric fields ranged from 0.1 t0 536 VV m (-
1). Furthermore, Paniagua et al. (2004) reported that
the measured median power frequency field levels
ranged from 0.04 to 0.11 uT in urban environments in
Spain. In addition, Al-Badi (2012) measured the low
frequency magnetic and electric fields due to
conductors carrying current in the Oman electric
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power system and concluded that all the values were
below the recommended values by ICNIRP (2010).
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Fig. 5. Magnetic flux density measured at the source and at

the distances of 1, 10,20,30,40 and 50 m from 230 kV
power substations
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Fig. 6. Magnetic flux density measured at the source and at
the distances of 1, 10,20,30,40 and 50 m from 400 kV
power substations
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Fig. 7. Electric field intensity measured at the source and at
the distances of 1, 10,20,30,40 and 50 m from 63 kV power
substations

The results of one-sided variance analysis are
summarized in Table 4. Table 4 indicates that there is
a statistical relationship between the logarithm of
magnetic flux density due to 63, 230 and 400 kV
power substations (P<0.05). Also, Table 4 shows a
statistical relationship between the logarithm of
electric field intensity due to 63, 230 and 400 kV
power substations (P<0.05). Table 5 shows statistical
relationships between the logarithmic mean of
magnetic flux density due to 63, 230 and 400 kV
power substations (P<0.05).
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Fig. 8. Electric field intensity measured at the source and at
the distances of 1, 10,20,30,40 and 50 m from 230 kV
power substations
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Fig. 9. Electric field intensity measured at the source and at
the distances of 1, 10,20,30,40 and 50 m from 400 kV
power substations

Table 4. Statistical analysis of logarithm of magnetic flux density and logarithm of electric field intensity due
to 63, 230 and 400 kV power substations

Sum of Degree of Average of = P value
squares freedom squares
Between power
Logarithm of substations 11.249 2 5.625
magnetic flux Among power 82.710 247 0.335 16.797 0.00
density substations : :
Total 93.960 249
Between power
Logarithm of substations 24.257 2 12.128
_electrl_c field Among _ 188.120 247 0.762 15.924 0.00
intensity power substations
Total 212.377 249

In addition according to Table 6 there are
statistical relationships between the logarithmic mean
of electric field intensity due to 63, 230 and 400 kV
power substations (P<0.05). The results revealed that
there are statistical relationships between the
logarithmic mean of magnetic flux density at the
source and at the distances of 1 and 10 m from power
substations (P<0.05). Furthermore, according to Figs.
4-6 there are considerable differences between the
magnetic flux density values at the sources and at the
distances of 1 and 10 m from power substations.

Moreover, the results indicated the statistical
relationships between the mean of electric field
intensity at the distances of 1, 10, 20, 30, 40 and 50 m
from the power substations (P<0.05). Also, as can be
seen in Figs. 7-9 there are considerable differences
between the electric field intensity values at the
distances of 1, 10, 20, 30, 40 and 50 m from power
substations.

Two regressive models were obtained based on
the measured magnetic flux density and electric field
intensity as follows (see Egs.1 and 2):

B = 0.1(100.885+0.002T—0.023X) (1)

where B is the magnetic flux density (uT), T is the type
of power substation (kV) and X is the distance from
source (m).

E = 102.153+0.002T—0.038X (2)

where E is the electric field intensity (V/m), T is the
type of power substation (kV) and X is the distance
from source (m).

Table 5. Comparison between logarithmic mean of
magnetic flux density due to 63, 230 and 400 kV power
substations

Confident Level of
Power Substation P_value 95% '

kv) Low level High

level

63 230 0.015 -0.3619 -0.0395
400 0.000 -0.7783 -0.3834

230 63 0.015 0.0395 0.3619
400 0.000 -0.1827 -0.5776

400 63 0.000 0.3834 0.7783

230 0.000 0.1827 0.5776

Table 6. Comparison between logarithmic mean of electric
field intensity due to 63, 230 and 400 kV power substations

Confident Level of
Power Substation P_value 95% _

k) Low level High

level
63 230 0.000 -0.6961 -0.2100
400 0.000 -1.1157 -0.5203

230 63 0.000 0.2100 0.6961
400 0.016 -0.6627 -0.0672

400 63 0.000 0.5203 1.1157
230 0.016 0.0672 0.6627
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Based on Tables 1-3 and Egs.(1) and (2), the
minimum safe distances from power substations were
determined. With regard to magnetic flux density the
minimum safe distances from 63, 230 and 400 kV
power substations were 63 m, 71 m and 75 m
respectively. In addition, with regard to electric field
intensity the minimum safe distances from 63, 230 and
400 kV power substations were 73 m, 87 mand 102 m
respectively. Meanwhile, the low levels of magnetic
flux density and electric field intensity (see Tables 1-
3) were considered for calculation of the minimum
safe distances from power substations. In contrast,
Joseph et al. (2008) obtained the minimum distance of
54 m for daily exposure to 04 uT ELF
electromagnetic field. Also, Qin et al. (2012)
measured electromagnetic radiation due to high-
voltage lines. Their results revealed that the
electromagnetic radiation decreases proportionally to
the distance from the lines.

Furthermore, the epidemiological
investigations have demonstrated the relationship
between exposures to ELF magnetic fields above 0.4
puT and leukemia among children (HPA, 2004). In
contrast, the results of the present paper revealed that,
in some cases, the magnetic flux density values
exceeded 0.4 uT. Nevertheless, the specialized
International Agency for Research on Cancer of WHO
has classified power frequency magnetic field under
conditions of prolonged exposure as “the possible
carcinogenic to humans”(Group 2B). It means that 2B
is not a real health risk (IARC, 2011).

4. Conclusion

It is found that the measured electric field
intensity and magnetic flux density due to power
substations were well below the recommendations in
ICNIRP (2010) while, Nassiri et al. (2012) measured
electric and magnetic field due to 400 kV power
substations in the city of Tehran and found that most
of the studied population (64.8%) was suspected to
have mental disorders.

Therefore, to study electromagnetic field due to
power substation in urban environment, the adverse
effect of electromagnetic field on human beings must
be investigated rather than just environmental
measurement of electromagnetic field.
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