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In this study, levels of extremely low-frequency electric and magnetic fields originated from overhead power lines were investi-
gated in the outdoor environment in Ramallah city, Palestine. Spot measurements were applied to record fields intensities
over 6-min period. The Spectrum Analyzer NF-5035 was used to perform measurements at 1 m above ground level and dir-
ectly underneath 40 randomly selected power lines distributed fairly within the city. Levels of electric fields varied depending
on the line’s category (power line, transformer or distributor), a minimum mean electric field of 3.9 V/m was found under a
distributor line, and a maximum of 769.4 V/m under a high-voltage power line (66 kV). However, results of electric fields
showed a log-normal distribution with the geometric mean and the geometric standard deviation of 35.9 and 2.8 V/m, respect-
ively. Magnetic fields measured at power lines, on contrast, were not log-normally distributed; the minimum and maximum
mean magnetic fields under power lines were 0.89 and 3.5 pT, respectively. As a result, none of the measured fields exceeded

the ICNIRP’s guidelines recommended for general public exposures to extremely low-frequency fields.

INTRODUCTION

Wherever electricity exists, there exist, as well, electric
and magnetic fields. Electric fields arise from electric
charges (i.e. potential difference) and are shielded b
most common materials, even the human body".
Magnetic fields, on the other hand, originate from the
motion of electric charges (i.e. currents) and can easily
penetrate most materials'”. Electric power operates at
a frequency of 50 or 60 Hz? (50 Hz in Palestine),
this frequency belongs to the range (3—3000 Hz) usu-
ally named as extremely low frequency (ELF). Both
electric and magnetic fields originated from power fre-
quency are called extremely low frequency electric
and magnetic fields (ELF EMF)®.

Transmission lines, high-voltage (HV) power lines
and transformers, and distributors are major sources
of ELF EMF®. The huge demand for electricity in
the modern life, resulted in extending HV power
lines in rural, sub-urban, urban areas and sometimes
in close vicinity to populated areas, and substantially
increasing the public exposure to ELF EMF
However, electric and magnetic fields underneath a
power line vary dependin§ on the voltage and the
current carried by the line®.

Over time, there have been much concerns about
ELF magnetic fields and its potential to assist health
risks as childhood leukemia, breast cancer and other

symptoms that might be attributed to long term
exposure to this field®!?,

The public concern regarding the possible health
implications of exposure to ELF fields in Palestine
has underlined the importance of having accessible
and easy to recognize information about ambient
levels of ELF EMF in our environment. And here
the results obtained by a study on levels of ELF
fields from power lines in Ramallah city.

MATERIALS AND METHODS
Study area

Ramallah City, where the study measurements were
carried, is a Palestinian city in the center of the west
bank to the north of Jerusalem, with an average eleva-
tion of 880 m above sea level'®. The study was mainly
focused on ELF fields from overhead power lines in the
environment of Ramallah, a group of 40 randomly
selected power lines in different areas inside the city
were under investigations of ELF EMF levels. The lines
were categorized into HV power lines and HV transfor-
mers with voltage of 66 or 33 KV, along with some typ-
ical low-voltage distribution lines. The 40 power lines,
under which measurements were carried out during
autumn of 2016 (September through November) were
fairly distributed in the city environmental locations:
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Al-Irsal, Al-Balo’, Al-Masayef, Al-Tirah, Bitonia,
Sateh-Marhaba, Al-Birah, Al-Masyoun, Ein-Menjed
and Ein-Mesbah (Figure 1).

Data collecting

Fields measurements were performed with the
Spectrum Analyzer NF-5035 from Aaronia with an
accuracy of 3%. Comprising a three-dimensional
antenna for magnetic field measurements is one
important feature of this spectran®. A laser dis-
tance meter (HILTIT)'> was used to adjust distances
and a GPS devise (hp iPAQ)!'® to record the coordi-
nates of power lines. Measurements were taken dir-
ectly underneath the line and at one meter!'” above
the ground level. Variations of ELF fields were
recorded over 6-min period for both electric and
magnetic fields separately.

The data recorded from different measurements
carried under power lines were tested with Minitab
17 software!® to carry out the ranges, arithmetic
means and standard deviations (SD) of ELF fields.
For fields distributions, the probability density func-
tions, geometric means and geometric standard
deviations were also calculated® 2%,

RESULTS

Ranges of ELF fields measured at power lines loca-
tions, arithmetic means (AM) and SD are summar-
ized in Table 1.

The analysis of data showed a log-normal distri-
bution for ELF electric fields from power lines with
geometric mean, geometric SD and median of 35.9,
2.8 and 34.8 V/m, respectively (Figures 2 and 3).
While, on the other hand, magnetic fields were not
log-normally distributed.
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Figure 1. A map of Palestine showing the city of Ramallah
in the west bank (left), and a magnified map of the study
area showing locations of the 40 power lines (right).

DISCUSSION AND CONCLUSIONS
ELF magnetic fields from power lines

No significant divergence was noticed in the ELF
magnetic field intensities measured at power lines.
The highest and lowest means 3.5 and 0.9 pT were
found at power lines P1 and P13, respectively. Electric
current and electricity load at the instance of meas-
urement might be two possible justifications for the

Table 1. Ranges, arithmetic means and standard deviations
of ELF fields measured at power lines.

E-field (V/m) B-field (uT)
Power Range® AM SD Range® AM SD
line

P1 5.8-45.1 20.5 11.8 3.3-3.6 3.5 0.11
P2 1.5-2.9 2.6 0.7 2529 28 0.16
P3 15.3-60.6  40.7 11.6 1.7-3.1 2.5 0.5
P4 21.3-35.2 27.7 45 2830 29 0.05
P5 26.7-43.5 393 46 2334 28 04
P6 51.0-71.0 65 57 2032 28 04
P7 20.9-27.1 25.0 1.9 27-29 29 0.08
P8 29.3-44.6 38.8 6.2 29-3.0 29 0.03
P9 32.8-47.1 379 40 29-3.0 29 0.03
P10 4.5-8.6 6.6 1.3 2229 2.7 0.2
P11 37-56.7  45.6 53 1832 26 04
P12 61-110.8 753 169 2.6-3.0 2.8 0.1
P13 12.3-17.8 15.0 1.6 0.8-09 0.9 0.06
P14 33.4-39 36.3 2.0 22-30 29 0.22
P15 115.5-136.9 130.5 62 1.7-3.0 2.8 04
P16 21.1-28.9 25.6 2.5 2830 29 0.07
P17 41.1-584 527 45 28-3.0 29 0.05
P18 49.2-57.9 52.7 23 2830 29 0.09
P19 400-873.3 769.4 140.5 2.8-3.0 29 0.03
P20 21.2-25.9 23.4 1.7 2.7-3.0 2.9 0.06
P21 17.6-25.8  20.5 23 283.0 29 0.1
P22 12.1-17.9 14.9 1.8 2.8-3.0 2.9 0.06
P23 20.5-24.7 229 14 2633 28 0.18
P24 85.3-110.7 104.1 69 2.7-3.0 29 0.1
P25 25-31.5 277 1.9 2829 29 0.06
P26 22-27.2 24.4 1.7 28-3.0 29 0.06
P27 7.6-10.9 9.4 1.2 23-3.0 2.7 0.24
P28 24.3-28.5 26.6 14 2729 28 0.1
P29 58.8-654  61.7 2.0 2830 29 0.08
P30 186.3-222.1 202.8 99 2430 28 0.15
P31 48.2-107 65.7 203 27291 2.8 0.1
P32 21.1-23.7 22.5 0.8 34-37 35 0.1
P33 3.6-54 44 0.5 34-37 35 0.09
P34 18.7-24 20.7 1.7 27-3.0 29 0.1
P35 23.8-343 282 32 2830 29 0.05
P36 51-66.8 58.4 4.0 2830 29 0.06
P37 5.9-12.2 94 20 2630 29 0.13
P38 37.9-54.6 46.4 59 1.7-24 22 02
P39 11.99-19.7 16.7 23 2729 28 0.1
P40 0.7-5.8 39 1.5 27-3.0 29 0.1

“The range shows the minimum and maximum recorded
fields.
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Figure 2. A histogram of ELF electric fields (left) and In of ELF electric fields (right) based on maximum recorded inten-
sities at the 40 power lines.
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Figure 3. The log-normal distribution of maximum recorded ELF electric fields from the 40 power lines (based on the
values of parameters is ¢ = 358 V/m and ¢ = 1.03 V/m).

Table 2. Reference levels for exposure to time-varying EMF
for frequencies up to 800 Hz.

Frequency range E-field (V/m) B-field (uT)
1-8 Hz 10000 4 x 1042
8-25Hz 10 000 5000/f
0.025-0.8 kHz 250/ SIf

4f'is the frequency as indicated in the frequency range.

gap between these two readings. However, the rest of
power lines experienced approaching means of mag-
netic fields within the range 2.2-3.5 pT.

ELF electric fields from power lines

For ELF electric fields, on contrast, an obvious vari-
ation of field’s intensities was noticed amongst differ-
ent power lines. The lowest means 3.9, 4.4, 9.3, 9.4,
14.9, 16.7 and 22.5 V/m belonging to the power lines
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categorized as distributors, where low-voltage electri-
city is carried.

Likewise, the highest means 769.4, 202.8, 130.5

and 104.1 V/m are compatible with the lines cat-
egory, under which these fields were measured as
HYV power lines.

Both magnetic and electric field strengths from

power lines distributed in the environmental areas of

the Cit

Ramallah were well below the ICNIRP’s

limits®" (Table 2).

REFERENCES

1.

Carpenter, D. O. and Ayrapetyan, S. Biological Effects of
Electric and Magnetic Fields: Sources and Mechanisms,
first edn. (California: Academic press) pp. 13-14 (1994.

. Nair, 1., Granger Morgan, M. and Keith Florig, H.

Biological Effects of Power Frequency Electric and
Magnetic Fields, Background paper (1989).

. Palestine Travel Adaptor. http://www.electricalsafetyfirst.

org.uk/guides-and-advice/for-travelling/travel-adaptor-for-
palestine/ (January 2017).

. Riadh, W. Y. Electromagnetic Fields and Radiation:

Human Bioeffects and Safety. 151 (New York, Basel:
Marcel Dekker, Inc) pp. 45-46 (2002).

. World Health Organization (WHO). Evaluation of

Carcinogenic Risks to Humans. 80 (Lyon, France:
IARC Press) (2002).

. Davis, S., Mirick, D. K. and Stevens, R. G. Residential

magnetic fields and the risk of breast cancer. Am. J.
Epidemiol. 155(5), 446-454 (2002).

. Schiiz, J., Grigat, J. P, Brinkmann, K. and Michaelis,

). Residential magnetic fields as a risk factor for child-
hood acute leukaemia: results from a German
population-based  case—control  study. 1JC  91(5),
728-735 (2001).

. Friedman, D. R., Hatch, E. E., Tarone, R., Kaune, W.

T., Kleinerman, R. A., Wacholder, S., Boice, J. D. and
Linet, M. S. Childhood exposure to magnetic fields: resi-
dential area measurements compared to personal dosim-
etry. Epidemiology 7(2), 151-155 (1996).

. Feychting, M., Kaune, W., Savitz, D. and Ahlbom, A.

Estimating exposure in studies of residential magnetic

4

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

fields and cancer: importance of short-term variability,
time interval between diagnosis and measurement, and dis-
tance to power line. Epidemiology 7(3), 220-224 (1996).
Pedersen, C., Johansen, C., Schiiz, J., Olsen, J. H. and
Raaschou-Nielsen, O. Residential exposure  to
extremely low-frequency magnetic fields and risk of
childhood leukaemia, CNS tumour and lymphoma in
Denmark. Br. J. Cancer 113(9), 1370-1374 (2015).
Schiiz, J. Exposure to extremely low-frequency magnetic
fields and the risk of childhood cancer: update of the epi-
demiological evidence. Prog. Biophys. Mol. Biol. 107
(3), 339-342 (2011) Elsevier.

McBrride, M. L., Gallagher, R. P, Theriault, G.,
Armstrong, B. G., Tamaro, S., Spinelli, J. J., Deadman,
J. E., Fincham, S., Robson, D. and Choi, W. Power fre-
quency electric and magnetic fields and risk of childhood
leukemia in Canada. Am. J. Epidemiol. 149(9),
831-842 (1999).

. Ramallah. In Wikipedia. https://en.wikipedia.org/wiki/

Ramallah (December 2016).

Aaronia. EMC Spectrum Analyzer Datasheet. http://
www.aaronia.com/Datasheets/Spectrum_Analyzer/Spectran-
NF-Series.pdf (January 2017).

Hilti. Measuring Systems. https://www.hilti.com/medias/
sys_master/h05/h77/9123508944926.pdf (January 2017).
Hp.. User’s Guide Hp iPAQ Navigation System. http://
h10032.www1.hp.com/ctg/Manual/c00044146 (October
2016).

The Institute of Electrical and Electronics Engineers
(IEEE). IEEE Standard Procedures for Measurement
of Power Frequency Electric and Magnetic Fields
From AC Power Lines (USA: IEEE) (1995).

Minitab 17. Getting Started With Minitab 17. http://
pdf.directindustry.com/pdf/minitab-ltd/minitab-17-getting-
started/13108-515383.html (November 2016).

Hennessy, J. L. and Patterson, D. A. Computer
Architecture: A Quantitative Approach, 4th edn. (San
Francisco:ELSEVIER) pp. 35-37 (2007).

Millard, S. P. and Neerchal, N. K. Environmental
Statistics with S-Plus (Boca Raton, London, New
York, Washington D.C.:CRC Press)175 (2000).
International Commission for Non-lonizing Radiation
Protection (ICNIRP). Guidelines for limiting exposure to
time-varying electric, magnetic, and electromagnetic fields
(up to 300GHz). Health Phys. 74(4), 494-522 (1998).

Downl oaded from https://academni c. oup. conl r pd/ advance-articl e-abstract/doi/10. 1093/ r pd/ ncx259/ 4639618

by guest
on 18 Novenber,. oz


http://www.electricalsafetyfirst.org.uk/guides-and-advice/for-travelling/travel-adaptor-for-palestine/
http://www.electricalsafetyfirst.org.uk/guides-and-advice/for-travelling/travel-adaptor-for-palestine/
http://www.electricalsafetyfirst.org.uk/guides-and-advice/for-travelling/travel-adaptor-for-palestine/
https://en.wikipedia.org/wiki/Ramallah
https://en.wikipedia.org/wiki/Ramallah
http://www.aaronia.com/Datasheets/Spectrum_Analyzer/Spectran-NF-Series.pdf
http://www.aaronia.com/Datasheets/Spectrum_Analyzer/Spectran-NF-Series.pdf
http://www.aaronia.com/Datasheets/Spectrum_Analyzer/Spectran-NF-Series.pdf
https://www.hilti.com/medias/sys_master/h05/h77/9123508944926.pdf
https://www.hilti.com/medias/sys_master/h05/h77/9123508944926.pdf
http://h10032.www1.hp.com/ctg/Manual/c00044146
http://h10032.www1.hp.com/ctg/Manual/c00044146
http://pdf.directindustry.com/pdf/minitab-ltd/minitab-17-getting-started/13108-515383.html
http://pdf.directindustry.com/pdf/minitab-ltd/minitab-17-getting-started/13108-515383.html
http://pdf.directindustry.com/pdf/minitab-ltd/minitab-17-getting-started/13108-515383.html
https://www.researchgate.net/publication/321252659

	LEVELS OF EXTREMELY LOW-FREQUENCY ELECTRIC AND MAGNETIC FIELDS FROM OVERHEAD POWER LINES IN THE OUTDOOR ENVIRONMENT OF RAMA...
	INTRODUCTION
	MATERIALS AND METHODS
	Study area
	Data collecting

	RESULTS
	DISCUSSION AND CONCLUSIONS
	ELF magnetic fields from power lines
	ELF electric fields from power lines

	REFERENCES


