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1 Measurement and Evaluation of Health Effects due to lonizing Radiation
2 from High Tension Lines on around Kaduna Metropolis, North West, Nigeria.
3
4 ABSTRACT
5 Gamma radiation dose rate was measured at the base of 11KV, 33KV, 132KV and 330KV high tension
6 lines (power lines) from different locations in Kaduna including Mando transmission sub-station using
7 Radex 1503+ model. A total of about 187 measurements were taken and calculated. Radiation dose rate
8 was also measured from a control site, an area that has no power line for comparison. Results show that
9 the highest radiation dose rate from power lines within the city and the control site were about 1.46mSv
10 and 1.52mSv respectively, which are greater than the ICRP guideline of 1mSv for public exposure by
11 about 46% and 52% respectively. The results also show inconsistent relationship between the radiation
12 dose rate and distance from the base of the power line. Results from the power sub-station was a little
13 above that from the control site, about 0.84mSv which comparing to ICRP guideline of 20mSv for
14 occupational exposure, the measured data is about 4.2% of ICRP guideline. Though the power lines show
15 no significant evidence of emitting ionizing radiation, the high radiation dose rate (above the guidance
16 level for the public), including the control site may probably result from beta radiation from*K, a known
17 beta radiation emitter constituent of fertilizer use in farming that is very common in the area, since
18 Radex radiation meter also measures beta radiation.
19
20 INTRODUCTION
21 Electric power is, transmitted and distributed through high voltage cables. These high voltage cablesalso
22 known as high tension cables or power lines are the cheapest means of transmitting and distributing
23 electric power. Transmission lines carry 3-phase electric current from one point to another in an electric
24 power system. The voltages vary from 11 KV to 330 KV in Nigeria. These are transported over long
25 distance via high tension grid.
26 When current goes through a wire, it generates magnetic field, and the field travels far from the line
27 compared to the electric field produced. The field virtually passes through all materials and affects us
28 more compared to electric field (Hal, 1997, lbrahim, M. 2011). Transmission lines are therefore the
29 dominant source of magnetic field in our environment. It has been confirmed that life is not safe under
30 this high HV power lines (Siaka, 2010, Ibrahim, M.2011).
31 Apart from the consequence of electric shock that can happen, the magnetic field created around the
32 wire by the flowing current can have adverse biological effects on human like neurological, cardiovascular
33 disorders and low sperm count in the workers who regularly service the line (Siaka, 2010, Ibrahim,
34 M.2011).
35 The danger associated with living near high-voltage power lines was first raised in 1979 in a study by
36 Wertheimer and Leeper, which associated increased risk of childhood leukemia with residential proximity
37 to power lines. More recent studies by Draper and his group confirmed a reported association between
38 elevated risks of childhood leukemia and proximity to residential power lines.
39 Some scientists have argued the physical impossibility of any health effects due to weak ambient levels of
40 electromagnetic fields, while others maintained that the potential health risks should not be dismissed
41 even though the evidence remains equivocal and contradictory.
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While these arguments about health effects of emission from electromagnetic fields go on, in 2001 and
2011 the World Health Organization (WHO) entered extremely low frequency (ELF), which is the
frequency range of electric and magnetic fields; and radio frequency (RF) respectively into the list of
possible carcinogenic in human (Draper 2014). It has also been suggested on the internet and in
transmission line hearings that corona_discharge produce by high voltage (HV) power lines emit ionizing
radiation, and that this could explain the association between power line and cancer (John, M.2006).
Others argue that corona discharge produce heat, light (in form of sparks), audible noise, radio
interference and a small amount of ozone, and that there is no evident that these discharges produce
ionizing radiation (John, M.2006). If power line emits ionizing radiation, it may be gamma radiation.

Although there are no known health risks that has been conclusively demonstrated to be caused by living
near high-voltage power line, however science is unable to prove that the low-level magnetic and electric
fields are completely risk free. The research on safety or otherwise in living near power lines is
continuous.

A Magnetic field exerts a force on a charge particle, such as electrons, accelerated in it which causes the
particle to emit radiation that is in the gamma ray region of the electromagnetic spectrum (Alan et al
2014). This radiation can also be bremsstrahlung x-ray if the electron is accelerated in the electrostatic
field around a nucleus (Alan et al 2014).

To mitigate the effect of electromagnetic (EM) radiation from power line on human beings living/working
close to the lines, the authority, Power Holding Company of Nigeria (PHCN) makes it clear that any
building constructed along the HV lines must give a right-of-way (RoW) of 10m, 15 m and 25 m for 11KV
and 33KV, 132 KV and 330KV lines respectively (NEPA news, 2000).

Based on these guide lines, an attempt was made in this research, to measure ionizing radiation (gamma
rays) from high tension cables around houses, schools, work places that are close to the lines, around
Kaduna metropolis to determine emission levels of this radiation and the consequences on those living
around the areas.

3.0 Area of the Research

The area of the research is Kaduna metropolis, which consists of many communities. It is located at
latitude 10.52° North and longitude 7.44° East, with elevation of 614m, covering an area of 3,080 square
kilometer. It has a population of about 6million (www. Kaduna state.gov.ng). Kaduna is also close to the
Nigerian capital Abuja, as such attract a lot of settlers all the time. The map of Kaduna metropolis is
shown in figure3.1.
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Fig. 3. 1: Topographic Map of Kaduna Metropolis

(Kaduna SE sheet 123 SE and Kakuri NE sheet 144NE)
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78 3.1 Measurement of Gamma Radiation

79 Radex radiation monitor was used for measuring gamma radiation dose rate. The meter was held at 1m
80 above the ground, switched on and pSv/h unit was selected. The stop clock was switched on to time 40
81 seconds and the value on the screen at the end of 40 seconds was recorded as the gamma radiation for the
82 particular distance from the power line base. The gamma radiation was measured at the base of each
83 power line and at 10m distances from the base up to about 100m. Each measurement was taken twice and
84 the average calculated. .The Radex radiation meter measures gamma radiation in pSv/ h. The measured
85 values were each multiplied by 16 hours in a day (because of average 8 working hours in a day) by 365 days
86 in a year to obtain the annual gamma radiation dose in mSv for public exposure. For occupational
87 exposure, the measured values were each multiplied by 9 hours in a day by 6 days in a week by 52 weeks in
88 a year to obtain the annual dose for the workers in mSv.The capacities of the power lines from which
89 measurements were made in this research were 11KV, 33KV, 132KV and 330KV power lines.
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4.0 Results and Discussion

Measured data are presented for the locations in Tables 1and 2

Table 1 : Measured Data from Afaka, Kabala West, Kigo Road and Mando Community

Distance (m)

Gamma Radiation (uSv/h)

Afaka Kabala West | Kigo Road Mando Comm
(33KV) (132KV) (33KV) (330KV)

0 (Base) 0.25 +0.03 0.21+0.03 0.21+0.03 0.25+0.03
10 0.22 +0.03 0.19+40.03 0.18+0.03 0.23+0.03
20 0.24 +0.03 0.18+0.03 0.22+0.03 0.20+ 0.03
30 0.22 +0.03 0.22+0.03 0.23+£0.03 0.21+0.03
40 0.21 +0.03 0.20+ 0.03 0.20+ 0.03 0.23+0.03
50 0.18 +0.03 0.20+ 0.03 0.16+ 0.03 0.22+0.03
60 0.17 £0.03 0.22+0.03 0.21+0.03 0.21+0.03
70 0.19 +0.03 0.18+0.03 0.20+ 0.03 0.19+4 0.03
80 0.20+0.03 0.20+ 0.03 0.18+4 0.03 0.17+0.03
90 0.18 +0.03 0.18+0.03 0.18+4 0.03 0.20+ 0.03
100 0.16 +0.03 0.18+0.03 0.15+ 0.03 0.18+0.03
Table 2: Measured data from Badiko and Mando sub-station

Distance (m) Gamma Radiation (uSv/h)

Badiko Mando SS Mando SS Mando SS
(11KV) (330KV) (132KV) (33KV)

0 (Base) 0.21+0.03 0.30+0.03 0.28+0.03 0.26+ 0.03

10 0.22 +0.03 0.26+ 0.03 0.28+0.03 0.24+40.03

20 0.22 +0.03 0.24+40.03 0.26+ 0.03 0.20+4 0.03

30 0.21+0.03 0.23+0.03 0.23+0.03 0.18+0.03

40 0.20+0.03 0.24+40.03 0.25+0.03 0.20+4 0.03

50 0.18 +0.03 0.26+ 0.03 0.22+0.03 0.2240.03

60 0.17 £0.03 0.23+0.03 0.22+0.03 0.20+ 0.03

70 0.16 £ 0.03 0.21+0.03 0.23+£0.03 0.2240.03

80 0.18 +0.03 0.20+ 0.03 0.21+0.03 0.18+0.03

90 0.20+0.03 0.20+ 0.03 0.18+0.03 0.14+4 0.03

100 0.18 +0.03 0.18+0.03 0.14+0.03 0.14+0.03

Results in the tables above show that gamma radiation dose rate has no consistent relationship with

distance from the base of the power line.
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113 Figure 1: Variation of Gamma Rad. from different locations for 11KVPower line
114 From figure 1, the highest value of gamma radiation for 11KV power line is from Goningora with
115 0.22uSv/h, followed closely by Badiko, Kakuri and Afaka with 0.21uSv/h each and the lowest is
116 0.20uSv/h fromSabo.
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118 Figure 2: Variation of Gamma Rad. from different locations for 33KV Power line
119 The highest value of gamma for 33KVpower line, as shown in figure 2 is from Afaka with 0.25uSv/h and
120 the lowest are Kigo Road and Mando with 0.21uSv/h each.



UNDER PEER REVI EV

121

122

123
124
125
126
127
128

129

130

131
132

133

134

0.3

0.25

©
[N}

0.15

Gamma Rad. (uSv/h)
©
[y

0.05

Kabala W. Afaka Mando

Figure 3: Variation of Gamma Rad. from different locations for 132 and 330KV Power line

From figure 3, the highest value of gamma is from 330KV at Mando with 0.25uSv/h followed by the
132KV of Afaka with 0.23uSv/hand the least is from the 132KV of Kabala West with 0.22uSv/h.The
higher values of gamma radiation from lower capacity power lines compared to higher capacity power
linessuggests that gamma radiation does not depend on the power line capacity. It can result from
other sources of the radiation such as communication masks and environmental cosmic rays or even
beta radiation from fertilizersin farm lands since Radex meter also measures beta radiation.
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Figure 4: Gamma Rad. from different Units of Mando Sub- station

From figure 4, the highest and lowest values for gamma radiation from Mando sub-station are from
330KV and 33KV units with 0.30uSv/h and0.26uSv/h respectively.
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4.2 Comparison of Measured Data with ICRP Data

4.2.1 Public exposure

Table 3: Comparison of measured data with ICRP data

Distance (m) Gamma Radiation (mSv)
Measured Data ICRP
330KV 132KV 33KV 11KV

Base 1.46 1.28 1.46 1.23 1
10 1.34 1.17 1.28 1.28 1
20 1.17 1.34 1.40 1.28 1
30 1.23 1.28 1.28 1.23 1
40 1.34 1.17 1.23 1.16 1
50 1.28 1.05 1.05 1.05 1
60 1.23 1.05 0.99 0.99 1
70 1.11 0.99 1.11 0.93 1
80 0.99 1.11 1.17 1.05 1
90 1.17 0.99 1.05 1.16 1
100 1.05 1.17 0.93 1.05 1

The results of Table 3 shows that the highest measuredgamma radiation from 330KV, 132KV, 33KV
and 11KV are greater than ICRP data by about 46% at the base of the power line, 34%, 46% and 28%
respectivelywith various percentages that fluctuate up to the 100m distance, thus the 330KV power
line poses radiological hazard to the public at various distances from the base of the power line. The
measured gamma radiation is greater than the ICRP data at other distances except at 80m from
330KV, 70m and 90m for 132KV.60m and 100m for 33KV and 60m and 70m distances for 11KV
power lines. Results from the Table above shows that gamma radiation does not depend on the

capacity of the power line.

4.2.2 Occupational exposure

Table 4: Comparison of measured data with ICRP data

Distance(m)
Measured Data (mSv) ICRP (mSv)
330KV 132KV | 33KV

Base 0.84 0.79 0.73 20
10 0.73 0.79 0.67 20
20 0.67 0.73 0.56 20
30 0.65 0.65 0.51 20
40 0.67 0.70 0.56 20
50 0.73 0.62 0.62 20
60 0.67 0.62 0.56 20
70 0.59 0.65 0.62 20
80 0.56 0.59 0.51 20
90 0.56 0.59 0.39 20
100 0.51 0.39 0.39 20

From Table 4, the measured gamma radiation at the base and 100m are about 95.8% and 97.4%
respectively less than the ICRP data for the 330KV, about96% at the base and 98% at 100mless than

7
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ICRP data for 132KV and between 96.3% and 98% less than ICRP data for 33KV.This means that
ionizing radiations atthe sub-station are by far less than the guidance levels and so pose no
occupational hazard even at the base of the power lines. Again the comparisons from the tables for
occupational exposure shows inconsistent relationship between gamma radiation and distance from
the base of the power lines.

4.5 Comparison of measured gamma radiation from Power lines with radiation from Control Site

Base on the fact that measured gamma radiation from the power lines were greater than the ICRP
data for public exposure, and also show no consistent relationship with distance from the base of the
power lines, further measurements of gamma radiation from control site were made. This was done at
Juji, a new settlement at the out sketch of Kaduna metropolis.The placehas no electricity and so power
linesare not available there, with very scanty buildings and majorly farm lands. The results are
presented in the tables below:

Table 5: Comparison of Measured Gamma radiation with Control Site

Gamma Radiation (uSv/h)
Distance (m) | Control Site | 330KV 132KV | 33KV | 11KV
0 0.18 0.25 0.22 0.25 0.21
10 0.20 0.23 0.20 0.22 0.22
20 0.20 0.20 0.23 0.24 0.22
30 0.17 0.21 0.22 0.22 0.21
40 0.19 0.23 0.20 0.21 0.20
50 0.25 0.22 0.18 0.18 0.18
60 0.19 0.21 0.18 0.17 0.17
70 0.26 0.19 0.17 0.19 0.16
80 0.22 0.17 0.19 0.20 0.18
90 0.21 0.20 0.17 0.18 0.20
100 0.24 0.18 0.20 0.16 0.18

From Table 5, the highest measured gamma radiation from power line is 0.25uSv/h from 33KV and
330KV and the lowest is 0.16uSv/h from 11KV and 33KV power lines while the highest measured
gamma radiation from control site is 0.26uSv and the lowest is 0.17uSv/h. Also the table shows there
is no consistency in the relationship between gamma radiation values and distance for both from the
power lines and the control site. This suggests that the power lines may not have reasonable effect on
gamma radiation values.

Table 6: Comparison of Measured Gamma radiation from Mando
Sub- Station with Control Site

Gamma Radiation (uSv/h)

Distance (m) | Control Site 330KV | 132KV 33KV
0 0.18 0.30 0.28 0.26
10 0.20 0.26 0.28 0.24
20 0.20 0.24 0.26 0.20
30 0.17 0.23 0.23 0.18
40 0.19 0.24 0.25 0.20
50 0.25 0.26 0.22 0.22
60 0.19 0.24 0.22 0.20
70 0.26 0.21 0.23 0.22
80 0.22 0.20 0.21 0.18
90 0.21 0.20 0.18 0.14
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Examining Table 6 shows that the highest gamma values from the 330KV, 132KV and 33KV units are
30uSv/h, 28uSv/h and 26uSv/h respectively. The values for the 330 and 132KV are a little above the
radiation from the control site whose highest value is 0.26uSv/h. Also the gamma radiation values
from the power lines shows decrease with increasing distance between the base of the power lines
and 30m distances after which the relationship shows inconsistency up to 100m distance. This
suggests that the increase gamma radiation at the base of the power line units may be due to corona
discharge which was evidently present at the power line base with its audible noise. But the radiation
dies down within 30m distance.

Conclusion

Comparison of the measured data for gamma radiation (ionizing radiation) showed that the highest
measured values from power lines and control site are about 46% and 52% respectively greater than
the ICRP data for the general public showing radiological hazard for the public even in the absence of
power lines. For occupational exposure, the measured gamma dose rate from the power line units of
the power sub-station are by far less than (about 95.8%) the ICRP data, showing no radiological hazard
for occupational exposure. The high ionizing radiation dose rate could be as a result of other sources
of radiation like beta radiation from potassium - 40 constituent of the fertilizer use in farming in the
area rather than from power lines. Also the power lines outside the power sub-station show no
significant evidence of producing ionizing radiation.
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