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Abstract
In 1992 Anthony Hopwood introduced a hypothesis that electric and magnetic fields close

to power lines might focus electrically charged particles in cosmic radiation so that

people living close by would be exposed to higher doses of ionizing radiation than if the

power line was not present. This hypothesis has been tested using thermoluminescent

dosemeters as detectors, which are free from electric noise artifacts that might influence

Geiger-Miiller detectors. Detectors were placed on snow covered cultivated land at low

altitudes as well as on an ice covered lake in a mountain area to reduce background

radiation from the ground. In neither case could a focusing effect be demonstrated.

1. Introduction
In 1979 Wertheimer and Leeper (1979) claimed that children who grow up in houses

close to power lines have an increased risk of leukemia. Since then, more epidemiologi-

cal studies have been carried out in several countries. Most of these studies find an

increased risk of leukemia or brain tumor among the children. Since the normal risk of

leukemia is low and few children live close to power lines, and the relative risk is

«only» about 2, the number of children in the epidemiological studies are small, leaving a

high degree of uncertainty in the results. Only a few of the studies show statistically

significant results at the 95% confidence level (for a review, see e.g. Heath, 1996).

However, since most of the studies show relative risk higher than 1 rather than lower than

1, many believe that there really is some kind of exposure to carcinogens close to a

power line that leads to a higher leukemia risk among children.

One crucial question is, then, which factors coupled to a power line might influence

cancer risk? Several factors have been mentioned: higher traffic density along power

lines, increased low frequency electric or magnetic fields, precipitation of contamination

in the air due to changes in air ion concentrations, and more. However, we do not at

present know of any detailed mechanism for how traffic, low frequency electromagnetic

field, or air contamination can increase leukemia risk. In this situation Anthony Hopwood

(1992) presented an interesting new hypothesis, namely that increased leukemia risk

might be due to an increased exposure to ionizing radiation. He claimed that the electric

and/or magnetic field close to power lines might deflect cosmic radiation and «focus» the

radiation on a zone on each side of the power line. Hopwood presented experimental

evidence for the focusing effect, using a more or less home-built Geiger Miiller counter.

Hopwood's idea of increased ionizing radiation close to a power line can offer a qualita-

tively satisfactory mechanism for how power lines might lead to increased incidence of

leukemia. A quantitative analysis also indicates that the hypothesis might be of interest. A

crude calculation of risk could be done as follows: According to UNSCEAR the world



average effective dose from cosmic radiation is 0.38 mSv per year (UNSCEAR, 1993). If

we try to explain Wertheimer and Leeper's results, for children in Denver, Colorado, they

live at an elevation of about 1600 m above sea level. At that height the intensity of the

cosmic radiation is roughly twice the value at sea level; the dose in Denver is roughly

0.57 mSv per year (UNSCEAR, 1993). According to Hopwood the focusing effect close

to power lines could lead to a doubling of the background level, where both radiation

from the ground and cosmic radiation contribute. Since the dose due to ionizing radiation

from the ground in lowland areas is roughly of the same order as the level of cosmic

radiation, Hopwood's results might indicate that the dose due to cosmic radiation alone

had increased to about three times the normal level. If we try to use this number in our

estimate for the Denver area, one could expect that children close to power lines re-

ceived an extra dose of about 1.1 mSv per year. If we then use ICRP's estimate that the

risk of cancer due to ionizing radiation is about 5 10~5 per mSv (ICRP, 1990), we would

end up with an increased risk of cancer of about 5.5 10s. The estimate of increased risk

of leukemia for children growing up close to power lines is roughly 4 10"5 according to

the results from epidemiological studies. Accordingly, the two numbers are in reasonably

good agreement.

As we can see from this rough estimate, the increased risk due to a suggested focusing

effect might possess the right order of magnitude. However, when finer details are taken

into account, there probably will be a mismatch between the actually received dose and

the dose needed to explain the increased risk estimated from epidemiological studies.

One important point is that the focusing will only effect charged particles, mainly elec-

trons and muons (and to a lesser degree protons because of their mass), and these parti-

cles will not penetrate the walls in the buildings near power lines. They will also have

problems in penetrating bone marrow and other susceptible tissue in the body. Another

serious problem with this kind of calculation is also the fact that the risk estimate from

ICRP is based on relatively high doses given at high dose rates, and one should be careful

in applying these numbers for small doses given at low dose rates.

Hopwood's hypothesis could be tested in two ways, either by more measurements, or by

theory. Both tests have been performed. Crude theoretical estimates seem not to indicate

any focusing effect, and many investigators have claimed that there cannot be any effect

since the electric and magnetic fields vary sinusoidally, such that the average effect must

be zero. We have carried out a detailed study based on Monte Carlo calculations (Vistnes

1993). In this study we found a focusing effect that can be most easily explained by the

fact that the fields close to power lines can deflect some particles so that they hit the

ground outside the area beneath the power line, while the opposite never takes place.

However, the extra intensity of cosmic radiation in a band on each side of the power line

does not seem to be much higher than the background level. A more detailed theoretical

analysis is in progress (see Discussion).



Experimental studies have been carried out in several places in the world. The Swedish

radiation protection authorities took some measurements (Lars Erik Paulsson, personal

communication), but could not verify Hopwood's findings. Also, The National Radiation

Protection Board in England have repeated the experiments and found no effect (Burgess

and Clark, 1994). They even conducted their experiments in collaboration with

Hopwood, but even so, the result was negative. In both the Swedish and British studies,

measurements were performed at low altitude, so that ionizing radiation from the ground

contributed considerably to the measurements. In the British study there might be an

indication of a focusing effect, but only roughly on a 1% level, and far too small an effect

to be statistically significant.

In 1996 another experimental work was presented (Martinson et al, 1996). The authors

used thermoluminiscence detectors which are not affected by magnetic fields. They also

used a smart design where they took measurements on two different days, one with the

line energized and one de-energized. Unfortunately, their description of what they mean

by de-energized is not sufficient, since it is not clear whether the line had full electric

potential (voltage) or even if the current was very much reduced. The authors seem to be

concerned with the magnetic field alone, while theoretical calculations indicate that it is

the electric field that is most important for the deflection of particles. Whatever voltage

was applied to the de-energized line, Martinson and his co-workers could not point out

any "focusing effect" of the order claimed by Hopwood. However, the spread in the data

is considerable and depends on the position along the ground, so a focusing effect of the

order of a few percent would be impossible to detect using their experimental method.

If the focusing effect really leads to increased intensity of cosmic rays, the effect would

be easier to detect if the measurements were carried out under conditions where cosmic

radiation dominates the radiation from the ground. We wanted to test Hopwood's hypoth-

esis under such conditions and chose to take measurements at a high altitude, and on the

top of the frozen surface of a mountain lake. The high altitude makes the cosmic radiation

more intense, and the water and ice in the lake will absorb much of the radiation from the

ground.

Hopwood used a Geiger Miiller tube in his initial measurements. This instrument may be

influenced by the excess RF noise that is common close to power lines. In order to avoid

instrumental artifacts, we chose to use thermoluminescent dosemeters (TLD) in our

measurements, as was done by Martinson and his co-workers (1996). The dosemeters we

chose were not sensitive to neutrons. In contrast to Martinson and co-workers, we left the

dosemeters on the site near the power line for several weeks in order to increase the

precision of the measurements.



2. Materials and methods

Measurements of external radiation were carried out using thermoluminescent dosemeters

(TLDs). A more detailed description of the dosemeter construction and calibration is

given by \V0hni (1993). Each dosemeter holder contains four chips of CaF2:Dy (Harshaw

TLD-200) with dimension 3.2 x 3.2 x 0.9 mm; two of them were placed between two 2

mm cylindrical discs of brass, and the other two surrounded by 4 mm polythene

("Perspex"). The brass filter is introduced to compensate for the higher response of low

energy gamma radiation owing to the higher effective atomic number than the tissue of the

TLD material. The TLDs behind the brass filter therefore serve as the main dosemeter for

the dose assessment. The other TLDs surrounded by polythene provide additional infor-

mation concerning the gamma energy spectrum, and the signal ratio can be used for esti-

mation of effective energy. The TLDs are sensitive both to gamma-radiation of terrestrial

origin and to the direct ionizing component of cosmic radiation (mainly muons and elec-

trons), but the responses are somewhat different. Studies by \V0hni (1993) and Strand and

Stranden (1985) show that there is an under-response of 14% for the direct ionizing

component of cosmic radiation for CaF2:Dy.

The dose rate from cosmic and terrestrial radiation is given by:

where D is the absorbed dose rate from the direct ionizing component in cosmic radiation

and external terrestrial gamma-radiation, k is a factor that compensates for a difference in

the TLD response for cosmic radiation relative to external gamma, and is determined to

be 1.16. Finally, p is a factor that relates gamma-radiation to an absorbed dose in gray

(Gy).

For distances more than 50 m, the extra contribution from the focusing effect, ATL., is

supposed to be zero. For each experiment, the dosemeters were placed at a constant

elevation above sea level, and we assume relatively homogeneous geological conditions.

Thus, TLc and TL are assumed to be constants and are estimated from the measurements

furthest from the hypocentre (> 50 m).

For the measurements in the highland area it is assumed that TL is negligible compared

to the TL .
c

The dosemeter holder was surrounded by a waterproof container of plastic to protect it

from snow and rain. On the top of the container an additional TLD was placed in a very

thin (20-30 mg/cm2) waterproof black polythene envelope.



The time from when the TLD material was annealed until it was placed near a power

line, plus the time from when the TLD was removed from the power line to it was ana-

lysed, was about 60 h from a total exposure time of 1780 and 1296 h for the lowland

experiments, and about 120 h out of 2160 h for the highland experiment. The exposure

during the pre- and post-experiment exposure was low (about 45 nGy/hr for the lowland

experiments, and about 60 nGy/hr for the highland experiment).

The measurements were made in three experiments during the 1993-94 winter season,

two experiments in the lowland and one in the highland area. During the measurements,

there was a snow cover of between 25 and 70 cm on the ground for the second of the two

lowland experiments.

Detectors were set up in a lowland location close to a 300 kV transmission line. The

direction of the power line was 70° (grad) East of North, and the row of detectors lo-

cated perpendicular to this direction. The detectors were placed on top of wooden poles

about 1 m above ground and at a distance of 40 m on the north side to 50 m on the south

side from just beneath the centre conductor. A somewhat larger distance interval was used

in the second experiment. The landscape was relatively flat. The mean electric current in

the power line was 426 A during the first lowland experiment and 664 A in the second.

The power line has a horizontal duplex configuration, and the distance between adjacent

phases is 9.4 m, and the height above ground is about 12 m. The detectors were left for

the accumulation of damage for 74 days (from Sep. 30 to Dec. 13, 1993) for the first

experiment and for 54 days (from Feb. 18 to April 13, 1994) for the next.

For the high altitude measurements a lake about 10 km West of Finse (a station on the

railroad between Oslo and Bergen) was chosen. The lake is located 1294 m above sea

level. At the location where measurements were carried out, the largest angle between the

horizon and a horizontal plane was about 8 degrees (toward NE). The lake is crossed by

a 420 kV transmission line located along 65° East of North. The detectors were placed

on 4 m long wooden poles along a line roughly perpendicular to the power line. A total of

30 poles with one detector on the top of each was placed every five meters from 75 m SE

of power line to 65 m NW. Two detectors were placed directly under the centre conduc-

tor. The box with the detectors was kept in place by three iron clamps. The wooden poles

were put into holes bored in the ice, and at the start of the experiment the detectors were

about 3 m above the ice. At the end of the experiment the distance detector/ice was a little

less than 2 m.At the end of the measurements (May 29, 1994) the ice was 3.90 m thick,

and the distance from top of ice to the bottom of the lake varied from 12.3 to 15.8 meters

along the line of poles, which means that the water layer between ice and bottom was

roughly 10 m thick. The detectors were exposed over a period of 90 days (from Feb. 28

to May 29, 1994).



The transmission line in the highland area had a horizontal line configuration and was a

simplex line, but with a large diameter (45 mm) in order to withstand the rough weather

conditions at this location. The distance between phases was 9.8 m, and the distance

between conductors and the ice cover of the lake were 14.4 m measured at the end of

experiment. The magnetic field measured 1 m above the ice was 1.5 U.T at May 16 1994.

3. Results

The results from the lowland experiments are shown in Figure 1. Dose rates are given vs.

distance to a vertical plane running along the centre of the power line. The mean dose rate

was 109 and 62 nGy/hr for the two experiments, with the lower dose rate during the

period when the ground was covered by snow.

The results from the highland experiment are shown in Figure 2 and 3. In Figure 2 the

relative reading from three different sets of TLDs are shown. The three sets differed by

the encapsulation of the TLDs: On top of each wooden pole a plastic box was mounted,

containing one TLD encapsulated in brass and one TLD in Perspex inside the box and one

TLD on the top of the lid, encapsulated by a relatively thin, black plastic bag.

There is a substantial shift in the reading of the TLD depending on the encapsulation. This

could be explained by the difference in density of the surrounding material. The interac-

tion of muons and electrons is independent of the atomic number Z, but depends strongly

on the density of the surrounding material. The density of the TLD and Perspex is similar,

leading to electron equilibrium. The density of brass, however, is considerably higher

(8.56 g cm3) which implies that secondary particles produced in brass will result in

additional exposure of the TLDs.

The reading for TLDs encapsulated in Perspex are most suitable for conversion of the

readings to dose rate, and after such a conversion the results are as given in Figure 3.

This procedure is assumed to be valid when the contribution from external gamma radia-

tion is low, as for the highland measurements. For the lowland experiments, however, the

TLDs encapsulated in brass have been found to be most suitable for conversion to dose

rates (Wehni, 1993).

The reduced readings in plastic could be explained by insufficient build-up because of

the thinness of the plastic in front of the TLD combined with the low density of air com-

pared to the TLD material.

There are some variations in the dose rate from dosemeter to dosemeter, but the standard

deviations are relatively small (between 3.7 and 4.4 nGy/hr, or between 3.8 and 7.1
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percent). The standard error for the TLD in general is about 4.2% (\V0hni, 1993). There

is no clear pattern in the variations of the dose rate and the distance to the centre of the

power line.

Figure 2 reveals some complementary behaviour between the results from the lid (thin

plastic encapsulation) and the TLDs in Perspex. Some peaks in one of these series corre-

spond to a minimum in the other. We have no explanation for this, and it is not consistent

throughout the material. There is no correspondence between this interrelationship and

the results from the brass-encapsulated TLDs.

4. Discussion

The results from this study do not support Hopwood's hypothesis that electromagnetic

fields near power lines focus cosmic radiation to a considerable degree. This is in agree-

ment with measurements carried out in Sweden, Great Britain and in the US.

Small variations in dose rates with the distance from the power lines were observed.

However, there is no symmetrical pattern for the two sides of the power line and no

consistency between the highland and lowland results. The variations are of the same

order as the standard error for the dosemeters. All these factors in concert indicate that if

a "focusing" effect due to the electromagnetic fields close to the power line exists, it has

to be very weak. In fact, it can maximally be of the order of a few percent deviation from

the rate without the power line. Thus, the effect must have a completely negligeable health

effect.

The small variations in the dose rate as a function of position might have several explana-

tions. As mentioned, there is some uncertainty connected with the individual TLDs and

the reading of the thermoluminescense during reheating. For the lowland experiments,

there might also be some variation in the radiation from different parts of the ground.

Three sets of TLDs were used in the experiments. One of these was placed in a thin

plastic bag on top of the lid of the plastic boxes used for the other sets of TLDs. The

plastic had an estimated thickness of 25-30 mg/cm2 which is only moderately greater than

our skin. The reason for including such a set was to be able to detect electrons and posi-

trons with relatively low energy. We assume electrons with energy > 200 keV could be

detected with these dosemeters. From theoretical considerations, these low energy parti-

cles might be the ones that most likely would demonstrate a "focusing effect". However,

the results show a larger variation for this set of dosemeters, but no convincing focusing

effect was demonstrated. Even measurements in the highland area under conditions where



one should expect the focusing effect to be most easily demonstrated did not give any

clear indication of such an effect.

The effect of the snow cover shown in Figure 1 is in agreement with calculations by

Sievert and Hultquist (1952). They claim that a snow cover of 50 cm will reduce the dose

rate to between 20 % (high density snow) and 50 % (low density) of the terrestrial dose

rate without a snow cover. During our second set of measurements in the lowland area,

there was a snow cover that varied between 25 and 70 cm during exposure. The effect of

snow was also noted by Martinson (1996).

Even if the dose rates for the snow covered ground in the lowland area came out very

close to the dose rate on the frozen lake in the highland area, the relative contribution

from cosmic radiation compared to terrestrial radiation is assumed to be higher in the

highland than in the lowland experiments.

According to detailed theoretical calculations (A. Skedsrno andA.I.Vistnes, in prepara-

tion), deflection of electric charged particles will occur to some degree, even if we are

not able to prove it experimentally. The lightest particles (electrons, positrons) at a

reasonably low energy level (e.g. less then 10 MeV) will be deflected close to high

power transmission lines, mainly by the electric field. Heavy particles and particles with

very high energy, however, will not be deflected to any considerable degree. However,

the effect is a rather delicate balance between energy and the range of the particles. High

energy particles have sufficient range in air, but will not be deflected enough for focusing.

Low energy particles will be deflected enough, but have too short a range to reach the

ground after having been deflected. Thus, focusing depend on the energy distribution of

the particles and the composition of type of particles to the overall cosmic radiation dose.

We are still working with theoretical predictions, but it is difficult to obtain all the infor-

mation we need regarding the energy spectra and also the angular distribution of particles

in the low energy part of the spectrum.

It should be pointed out that since the theoretically predicted focusing effect seems to be

mainly due to low energy particles, their depth of penetration into the human body will be

short. Thus, their chance of inducing leukemia or other kinds of cancer will also be small.

The intensity of cosmic radiation and the composition among different particle types are

not constant in time. During the period of time when Hopwood carried out his measure-

ments, solar activity was probably higher than while our measurements took place. Thus,

in principle, we might have missed some effect that could have been detected during high

solar activity. However, since we do not see any focusing effect at all in our material, it
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is unlikely that the effect, even with another composition of particles and energies, would

be of any importance.

The increased counting activity by Hopwood's Geiger Miiller tube near a power line is

now assumed to be a result of pick-up of RF noise. It has been known for a long time that

there is an increased level of RF noise close to power lines, and it is assumed that corona

activity is responsible for this RF noise. After having carried out theoretical calculations

of electric particles near power lines, one wonder whether some of this RF noise also

can be produced by the acceleration of cosmic radiation particles. The particles can be

accelerated by an electric field of up to hundreds of thousands of V/m, so in principle the

energy of the radiation from these accelerated particles might be quite high (up to the x-

ray band?). The intensity of such radiation will probably be so small that it holds little or

no interest for human health, but the effect could be worth pursuing from a more funda-

mental point of view.
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Figure legends:

Figure 1. Dose rates measured in the lowland experiments using TL dosemeters during

several months on top of wooden poles about 1 m above the ground. The poles were

placed along a straight line perpendicular to a 300 kV power line. The results from two

experiments are given, with and without snow cover of the ground. The values for the

Perspex encapsulated TLDs were used. Negative distances correspond to detectors on the

north side of the power line.

Figure 2. Relative reading of three different sets of the dosemeters in the highland experi-

ments. The three sets differ in the encapsulation of the TLDs. See text for details. The TL

dosemeters were exposed during several months on top of wooden poles about 2.5 m

above the ice cover on a mountain lake. The poles were placed along a straight line

perpendicular to a 420 kV power line. For explanation of negative distances see Figure 1.

Figure 3. Dose rates measured in the highland experiments using TL dosemeters. The

values for the Perspex encapsulated TLDs were used. Mean value is used for the two

TLD readings immediately under the centre of the power line. For further details see

Figure 2.
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Figure 2
Vistnes et al., Focusing
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Figure 3
Vistnes et al., Focusing
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