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PREFACE 

The debate over the suspected link between Extremely Low Frequency magnetic 
fields and cancer is entering its second decade, but the end is not in sight. 
The epidemiological evidence is now somewhat stronger, mainly due to the 
Savitz study of residential exposure and childhood cancer, but far from 
overwhelming. The results of in-vitro studies are fragmentary, sometimes 
contradictory and, overall, confusing. Well designed animal studies are 
virtually non-existent. A plausible biological model has not yet been 
established. 

Yet, although scant, the present body of knowledge is very complex, 
encompassing several disciplines. The workshop whose proceedings are the 
subject of this publication brought together researchers of vastly different 
backgrounds and offered an opportunity to bridge the gaps between their 
professions. 

It is generally agreed that no significant progress in this area can be made 
until the results of a new generation of epidemiological studies become 
available and that closer examination of the existing evidence is of limited 
value. However, a clear understanding of what this evidence tells us is 
invaluable in planning furtner research. In this regard, many of the 
participants felt that the workshop was successful. 

Vincent Delplzzo 

January 1989 
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ELF FIELDS AND CANCER : AN OVERVIEW 

Michael H Repacholi 
Chief Scientist, Royai Adelaide Hospital 

Adelaide, South Australia 

INTRODUCTION 

Before electricity was in widespread use, human exposure to external electric 
and magnetic fields was limited to those fields arising naturally. However, 
within the past 50-60 years, there has been a very significant increase in the 
use of electric power, resulting in the need for greater power generation and 
expansion of distribution systems to satisfy this demand. 

As with any physical or chemical agent In widespread use in the working and 
living environment, questions are raised about its consequences to health. Of 
particular concern recently have been reports suggesting exposure to extremely 
low frequency (ELF) fields (at the power frequencies of 50 or 60 Hz) may be 
associated with an Increased incidence of cancer. 

The mutagenic and carcinogenic potential of the ionizing radiations such as 
X-rays, gamma rays, alpha and beta particles are well known and their 
mechanisms of Interaction with living organisms are well characterised. Aside 
from ultraviolet light producing various skin cancers, tne carcinogenic 
ability of other non-ionizing radiations (visible, infrared, microwaves, 
radlofrequency, extremely low frequency, static electric and -nagnetic fields) 
had, until recently, been dismissed. 

This paper will briefly review experimental lata as well as cancer registry 
and epidemiological studies that report that exposures to 50 or 60 Hz fields 
may be associated with an increased incidence of leukaemia, brain tumours, or 
other forms of cancer. 

Laboratory Studies 

An in-depth review of the Interaction mechanisms, biological effects and 
health risk assessment of ELF electric and magnetic fields has been published 
(WHO, 1984, 1987). Readers are referred to these documents for more details. 
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Studies on Drosophila and animals have indicated that exposure to 50/60 Hz 
fields do not produce mutagenesis (Krueger et al, 1975; Bender, 1976; Phillips 
et al 1979; Frazier et al 1982). More recently, well controlled studies under 
the New York State Power Lines Project revealed that exposure of human T and B 
lymphocytes to 60 Hz fields (up to 0.2 mT) did not cause chromosome breaks, 
sister chromatid exchanges (SCt) or changes to mitotic rate or cell cycle 
kinetics (Cohen, 1987). Benz et al (1987) exposed mice to 60 Hz fields (up to 
1 mT, 50 kV/m) for up to 7 days/week, 20hr/day for up to 11 weeks and did not 
find any effect on SCE's, dominant lethal mutations or cell cycle kinetics. 

It is generally believed that 50/60 Hz fields are not primary inducers of 
cancer, however, studies are continuing to determine if these fields act as 
cancer promoters (Adey, 1986). 

Adey (1986) and co-workers hypothesise that non-ionizing electromagnetic 
fields produce some effect on the cell membrane; a latent event that could 
render the cell to be carcinogenic but this is not expressed. Subsequent 
exposure to a cancer promoting agent could cause this initial event to be 
expressed as a cancer. 

From the classical Singer and Picolson (1972) model of the cell membrane, it 
is noted that cell surface glycoproteins traverse the membrane and provide a 
pathway for sensing the first electrochemical events associated with binding 
hormones and antibodies at their receptor sites. These events depend on 
calcium. Signals are transmitted into the interior of the cells to the 
Intracellular enzyme systems, cytoskeleton, nucleus and other organelles. 
Adey (1986) suggests that non-ionizing electromagnetic fields may produce 
alterations at the cell membrane that distort the pattern of these signals 
from the cell membrane to the nucleus or other intracellular organelles 
causing the subsequent expression of a cancer promoting agent (that may also 
act at the cell membrane). Cancer promoting agents are not cancer Initiators 
(by producing alterations or damage to the genome within the cell nucleus) but 
have been observed to specifically promote the growth of previously initiated 
(sensitized) cells or tumours. 

Adey's hypothesis depends heavily for support on the effect of non-ionizing 
electromagnetic fields on calcium 1ons. It is important to understand Its 
role in the cell. Calcium is a generalized regulatory signal of cellular 
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functions. It serves this role in such diverse processes as muscle fibre 
contraction, microtubule assembly, stimulus-secretion coupling in glandular 
cells and hormone-mediated regulation of cyclic nucleotide levels. Regulation 

2+ 
of Ca metabolism is also intimately associated with many nervous system 

2+ functions. Ca couples excitation to neurotransmitter release, 
participates in ion inflex during excitation, and influences the generation of 
action potentials. 

In recent years, Adey and Blackman and their colleagues have reported that 
exposure of chick cerebral hemispheres to sinusoidally amplitude-modulated, 
nonionizing radiation can induce a statistically significant 10-18% change 

2+ in Ca efflux (Bawin and Adey, 1976; Adey, 1980; Blackman et a! 1980 a.b). 
Their studies have shown that the magnitude of this induction varies with the 
frequency of amplitude modulation and the power density of the incident 
radiation at specified carrier frequencies in the HHz range and, furthermore, 
that the effective power density ranges are carrier frequency dependent. 
Correlation of these experimental data with theoretical predictions has led 
Joines and Blackman (1980) to propose that the electric field intensity within 
the brain tissue, as opposed to thermal insult, is the primary determinant of 
the efflux effect. The results of these investigations have been extended in 
studies demonstrating direct effects of amplitude-modulated electromagnetic 
fields on calcium ion efflux from the awake cat cerebral cortex (Adey et al. 
1982), calcium ion efflux from synaptosome fractions (Lin-Liu and Adey, 1982), 
calcium ion-dependent activation of adenylate cyclase by parathyroid hormone 
in cultured bone cells (Lubin et al. 1982) and calcium ion-dependent 
noradrenaline release from a clonal nerve cell line (Dixey and Rein, 1982). 

2+ More recently Albert et al. (1987) tried to replicate the enhanced Ca 
efflux effect in an 1n vitro system designed to permit identification of which 

2+ Intracellular and/or extracellular Ca pools are perturbed by appropriate 
electromagnetic fields. The 1n vitro system consisted of chick brain tissue 
slices Incubated in a richly supplemented culture medium under a 5% carbon 
dioxide: 35% oxygen atmosphere. Their inability to elicit the enhanced 

2+ Ca efflux effect 1n this 1n vitro system prompted them to repeat the 
experiments with chick cerebral hemispheres. Their findings do not provide 
any evidence that exposure of avian brain tissue to 147 MHz radiation, 

2 amplitude modulated at 16 Hz and applied at a power density of 0.75 mW/cm , 
2+ alters Ca efflux. 
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In a study funded by the New York State Power Lines Project, Gundersen et al 
(1987) studied the effect of 60 Hz electric and magnetic fields (30 kV/m or 
0.1 mT circularly polarized) on calcium efflux from embryonic chick spinal 
cord. No significant change in calcium efflux was observed. 

These recent negative findings raise questions about the viability of the 
theory on cancer promotion proposed by Adey (1986). 

Human Studies 

In 1979 Werthelmer and Leeper published their study that came to the then 
remarkable conclusion that children resident near high current configurations 
(transformers; large gauge, low-voltage, high-current power lines; power 
substations etc.) had a two-to-three-fold higher incidence of cancer than 
children resident near low current configurations. This study, although 
having a number of limitations common to many epidemiological studies, was 
sufficiently well conducted that interest was raised and a large number of 
subsequent studies ha*'e resulted. 

Table 1 gives a summary of the studies on cancer incidence and occupational 
exposure to electromagnetic fields. Of the 20 studies, about half suggest an 
association between exposure to these fields and an Increased incidence of 
leukaemia. The other studies suggest nc association or an associated 
Increased Incidence of other cancers. Armstrong (1986) suggests that, 
although the balance of studies favours an association between work 1n 
electrical occupations and leukaemia, 1t is possible Milham'* (1982) 
observation caused a number of Investigators with access to occupational 
cancer Incidence or mortality data to examine their data, and that the 
"positive" results were, 1n the main, the only ones reported. 

Table 2 summarises the studies on cancer incidence and population exposure to 
electromagnetic fields. Only 3 of the 11 studies suggest an Increased 
leukaemia risk. It should be noted that the category of study design 1s 
Indicated 1n Tables 1 and 2. The proportionate mortality ratio (PMR) or 
proportional incidence ratio (PIR) stud.es provide the most limited and 
potentially flawed data, case-control (CC) studies provide better results, 
while the retrospective follow-up (RFU) studies are the most methodologically 
sound (Cole, 1987). One notes that most of the RFU studies do not suggest an 
Increased Incidence of leukaemia with electromagnetic field exposure. 

http://stud.es
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Cole (1987) claims the epidemiological evidence is weak because studies 
suggesting an association between lung cancer and smoking, or mesothelioma and 
exposure to asbestos fibres were very consistent, the causal factors were 
never repudiated, and large risk ratios were identified - none of these 
features occur in the electromagnetic field studies. The two major studies by 
Wertheimer and Leeper (1979, 1982) were not conducted blind, leading to the 
distinct possibility of bias. Both birth and death addresses were used giving 
different answers depending on which were used. 

Both studies contain an "inordinate consistency." All but one of about 30 
comparisons contained relative risks in the range 2.0 to 3.0. Cole (1987) 
calculated the probability that the Wertheimer and Leeper studies could be 
so consistent to be less than 1 in 100. The two studies claim that 
electromagnetic fields from high current configurations (suggesting magnetic 
fit ids as the causative agent) produces a broad spectrum of different concerns 
- a broader spectrum than Ionizing radiation or polyoma virus. This stretches 
credibility. Cole concluded the studies could only be biased. No other study 
approaches these for strength or consistency of findings despite better 
methodology. 

The best of all studies conducted thus far is from Savitz (1986b). Cole 
claims this 1s a null study because there are nearly as many risk ratios below 
1.0 as above, and there 1s no consistent dose-response. Savitz data shows a 
tendency to an Isolated high risk ratio 1n the highest exposure category. A 
reasonable explanation for this result almost certainly lies 1n the 
acknowledged poor cooperation from controls leading to an under-representation 
1n controls 1n the VHCC (very high current configuration) category. 

The Scientific Advisory Panel (1987) supervising the various studies 1n the 
New York State Power Lines Project concluded that although the Savitz (1987) 
study basically confirms the results of previous studies, the causal 
relationship is still no more than i hypothesis for the following reasons: 

li) There 1s still only one well-designed study, 

(II) there are unresolved questions 1n the savitz study, and 

(III) there 1s still no basic mechanism known to explain a causal 
relationship. 



T A B L E 1 
CANCER INCIDENCE *ND OCCUPATIONAL EXPOSURE TO ELECTROMAGNETIC FIELDS 

Reference Workers Study Cancer Risk 
Wiklund et al., 1981 Telecom PMR No cancer risk. 
Mil ham, 1982, 1985b Electrical PMR Increased leukaemia. 
Wright et al., 1982 Electrical PIR Increased leukaemia. 
McDowall, 1983 Electrical PMR/CC Increased leukaemia. 
Coleman et al., 1983 Electrical PIR Increased leukaemia. 
Vagero & 01 in, 1983 Electrical RFU No leukaemia risk. 

Increased pharangeal, 
respiratory cancer. 

Swerdlow, 1983 Electrical PMR Increased eye melanoma. 
Pearce et al., 1985 Electrical CC Increased leukaemia. 
Lin et al., 1985 Electrical CC Increased brain tumours 
Mil ham, 1985a Amateur radio PMR Increased leukaemia. 
611man et al., 1985 Miners RFU Increased leukaemia. 
Vagero et al., 1985 Electrical RFU No leukaemia risk. 

Increased urinary 
cancer, 
Malignant melanoma. 

Calle & Savitz, 1985 Electrical PMR No leukaemia risk. 
Olin et al., 1985 Electrical RFU Increased malignant 

melanoma. 
Stern et al., 1986 Electrical CC Increased leukaemia. 
Tornquist et al., 1986 Electric power RFU No leukaemia risk. 

No brain tumour risk. 
Flodin et al., 1986 Electrical CC Increased leukaemia. 
Thomas et al., 1987 Electrical CC Increased brain tumours 
McLaughlin et al., 1987 Electrical PIR No brain tumour risk. 
Lin, 1987 Electric power 

T A B L E 

CC 

2. 

Increased cancer risk. 

CANCER INCIDENCE AND POPULATION EXPOSURE TO 1 ELECTROMAGNETIC FIELDS 

Reference Subjects Study Cancer Risk 
Werthelmer and Leeper Children resident CC Increased leukaemia. 
1979 near HCCs 
Fulton et al., 1980 Children resident 

near HCCs 
CC No Increased leukaemia 

Werthelmer and Leeper Adults resident CC Increased cancer. 
1982 near HCCs 
Coleman et »"!., 1985 Persons resident 

near HV 
CC No Increased leukaemia 

Myers et al., 1985 Children resident 
near HV. 

CC No Increased cancer. 
Rodvall et al., 1985 Persons resident 

near HV. 
CC No increased cancer. 

Tomenlus, 1986 Children resident 
near HV. 

CC Increased CNS tumours. 
No Increased leukaemia 

McDowall, 1986 Persons resident 
near HV. 

RFU No increased leukaemia 

Savitz, 1986b Children resident 
near HCCs 

CC Increased cancer 
Increased leukaem.a. 

Stevens et al., 1986 Persons resident 
near HCCs 

CC No increased acute 
non-lymphocytic 

Coleman and Bell, 1987 Persons resident 
near HV lines and CC 

leukaemia. 
No leukaemia risk. 

sub-stations. 
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Tenforde (1986' assessed the epidemiological studies in which positive 
correlations were found and noted the following methodological deficiencies: 

" 1. The sample populations in many of the epidemiological studies were 
small, and an Increase in cancer Incidence by a factor of 2 or less 
might be expected on the basis of chance alone. In these studies, 
it would have been info»...ative if the authors had presented data on 
several nonexposed occupational groups in which the sample size was 
comparable to that of the exposed groups. 

2. Control groups were frequently chosen in a non-blind manner 
involving subjective criteria, and the control population was often 
not matched with the exposed group on the basis of age, sex, 
socioeconomic class, or urban/rural residential status. 

3. In all of the studies thus far reported, the magnetic field 
dosimetry was at best qualitative. In studies of residential, ELF 
magnetic fields, the neglect of local fields from appliances may 
have led to Incorrect conclusions concerning the peak and average 
exposure of Individuals to power-f equency fields and the higher 
harmonics that emanate from electrical devices used within the home. 

4. Concomitant environmental factors of known carcinogenic potential 
(e.g., aryl hydrocarbons) were Ignored in all of the 
epidemiological studies that have attempted to relate ELF fields 
and cancer Incidence." 

Tenforde (1986) concluded that: 

"In view of the numerous deficiencies 1n the epidemiological studies conducted 
to date, 1t 1s not possible, at this point 1n time, to conclude that a 
definite association exists between the exposure of Individuals to ELF 
magnetic (or electric) fields and their relative risk of contracting leukaemia 
or other forms of cancer. In addition, the field levels to which humans are 
generally exposed are sufficiently low that 1t 1s difficult to conceive 
plausible mechanisms that might unuorlle a causal relationship between cancer 
Incidence and ELF magnetic field exposure. To put this Issue Into clearer 
perspective, 1t 1s Instructive to consider the Internal potentials and 
currents Induced 1n humans as the result of motion through the magnetic field 
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of the earth. A straightforward calculation based on Faraday's law indicates 
that the motion of a human bending forward at the waist within the geomagnetic 
field will Induce instantaneous internal currents comparable to those produced 
by exposure to an external 60 Hz sinusoidal field with an Intensity of 
approximately 0.1 to 0.2uT. This magnetic field Intensity is comparable to 
the ambient power-frequency fields in many residences and occupational 
settings. Such considerations indicate the clear need for careful dosimetry 
in any attempt to detect a relationship bet-ven power-frequency magnetic 
fields and cancer. The conduct of prospective epidemiological studies with 
carefully matched control groups would also be of great value in assessing the 
validity of conclusions drawn from many of the retrospective studies that have 
been carried out during the past few years." 

Coleman and Beral (1988) concluded from their review of the literature that 
the most consistent finding 1s that electrical workers appear to be at 
Increased risk of leukaemia, especially acute myeloid leukaemia, but the 
effect is small. When they combined the results of eleven separate 
investigations it suggested an 18% increase in the risk of leukaemia (risk 
ratio (RR) = 1.18, 95% confidence interval (CI) 1.09 - 1.29) which Is 
partly or wholly due to a 46% Increase in the risk of acute myeloid 
leukaemia (KR = 1.46, 95% CI 1.27 - 1.65). They explained that it is not 
clear whether this Increase 1s specific to certain types of work within the 
electrical industry. Nor is it possible to determine from the available data 
if the increase 1n leukaemia 1s due to electromagnetic fields or to other 
factors to which electrical workers are exposed. Coleman and Beral also found 
no clear association between cancer risk and residence near sources 
transmitting electricity, although some data suggest that there may be small 
Increases in leukaemia 1n those living very close to the sources. 

Savltz (1986a) concluded that "The findings of human studies of 50/60 Hz 
electric and magnetic fields are not sufficiently Indicative of health hazards 
to warrant exposure limitation, nor 1s there high quality, convincing research 
to exonerate these exposures as threats to human health." "Given this array 
of Incomplete Information, there is not an empirical basis yielding an answer 
to the critical question of human health consequences of 50/60 Hz electric and 
magnetic field exposures." 

"Using standard levels of scientific proof, the argument that these fields 
cause cancer, reproductive damage, or other health effects falls far short of 
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convincing. From the perspective of public health protection, however, one 
might ask whether th? suggestions of health effects raised in some studies 
have been convincingly negated by superior research. The answer is that they 
clearly have not. The social and political choices relating to this issue 
fall outside the bounds of science, but there is a major role for further 
epidemiologic study in providing the basis for those decisions." 

The World Health Organisation (WHO, 1987) concluded, following a review of the 
cancer registry and epidemiological studies that "These associations cannot be 
satisafactorily explained by the available theoretical basis for 
carcinogenesis by ELF electromagnetic fields. The preliminary nature of the 
epidemiological evidence, and the relatively small increment in reported 
incidence, suggest that, although these epidemiological data cannot be 
dismissed, there must be considerable further study before they can be 
accepted." 

CONCLUSIONS 

One of the major arguments against there being an association between 
electromagnetic radiation exposure and increased incidence of cancer, is the 
fact that laboratory studies have not identified a mechanism by which these 
radiations at 50/60 Hz could either induce or promote cancer. 

One of the only theories to suggest a mechanism 'jy which 50/60 Hz or microwave 
fields could promote cancer has had evidence published against one of its 
basic premises, that microwaves, modulated to 16 Hz, do not alter the efflux 
of calcium 1cns from brain tissue. 

In the final analysis, 1f an Increased cancer risk is definitely found to be 
associated with chronic low-level exposure to 50/60 Hz fields, the risk must 
be quantitated (presumably Increasing risk with higher exposures) so that a 
r1sk-benef1t analysis can be completed. If, for example, chronic exposure to 
50 Hz fields at a given low level Increased the risk of contracting cancer 
from 1 1n 1,000 to 3 1n 1,000, people must determine whether they wish to 
reduce their use of electricity 1n order to lessen this risk. 

To date, chronic low-level exposure to 50/60 Hz fields has not be-ri 
established to Increase the risk of contracting cancer. If it 1s established 
1n the future, 1t would 1n all likelihood, be an extremely weak carcinogen. 
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PISCUSSIOW 

Colebatch 

I wonder why there has been not been more measurement, actual continuing 
measurement of exposure? I have been told that it is fairly easy to do. 

Repacholi 

There are measurements of population exposure being conducted. Now that the 
Savitz study has come out and there is a working hypothesis (that there may be 
an association between exposure to magnetic fields and cancer incidence) that 
people can have more confidence in, they can go ahead and work on this 
hypothesis, in support of this there is a lot of work going on now in finding 
out what the population is exposed to. 

Abeyasekere 

He were given some figures on the current density induced by the electric 
field. They were given as so many amps per square metre or mlcroamps per 
square centimeter. That tends to indicate that it has been either averaged or 
some assumption is made on the distribution of that current density with 
position. Now, it can be locally quite high, especially because you said that 
there 1s a reduction 1n the E-field by a factor of a million when going from 
the outside to the Inside, in which case the current densities can actually 
vary within the region in which that E-field variation occurred. Can you tell 
me whether there has been any experimental studies made on the current density 
variation with position as you go into the body? 

Repacholi 

Yes. with alternating magnetic fields you can Induce a current In tissue 
which obeys Faraday's Induction law. You can calculate the largest loop 1n 
the body, because the strength of the current depends d'rectly on the size of 
the loop through which this current 1s going to be Induced, so the Induced 
current by a sinusoidal magnetic field 1s generally taken to be 10cm diameter 
simulating a typical current loop in the head. The Induced currents are going 
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to be smaller, the smaller the loop. Around the heart, a lower current is 
Induced by the same magnetic field or at the cell level, the current induced 
would be much smaller. 

Abeyasekere 

What you get by that classic measurement is the average of the area over the 
total loop, but I was referring to the local current density variations going 
from the outside to the inside region. The field is known to be one millionth 
part of the electric field outside. That's an electric field shielding effect 
which is affected by surface currents and surface charge densities - not by 
the Faraday effect of induced currents. 

Repacholi 

Electric fields have been measurements In situ In cells. Ross Adey and a 
number others have conducted measurements to find out what the current density 
is and the in situ electric field strength 1s within their system and they 
know what external electric field Is necessary to produce that Internal 
current density. Measurements have been made in phantoms, but not within the 
human body. Probably the best data comes from Kaune, who has made 
mef.surements on models of rats, pigs and models of humans and in these cases 
an external electric field is Imposed and they look at the currents going 
through to ground. Current distributions have been published in the 
scientific literature giving the distribution of currents in life-like models. 

Abeyasekere 

That variation is with respect to height, but whet about with respect to the 
horizontal position and an axis going through the centre of the body. 

Repacholi 

The biggest problem of the electric fields 1s that you change body shape 
slightly and you get a different current distribution in the body. One can 
only model based on a standard configuration and usually you try and model on 
situations where the maximum current 1s induced so that any other 
configuration will result 1n lower cu.rents being induced. 
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I think the problem is that most of these models assume a homogeneous body 
composition whereas of course tissue has a number of preferential paths for 
current through extracellular fluid or through leaky junctions: even so I 
don't know how much greater this is than the average value. 

Repacholi 

Hell you can get peak values assuming the conductivity and configuration that 
is going to give the highest current induced in the body. 

Wood 

So for a value of one milliamp per metre square which is based on natural 
currents, is this an average assuming a tissue conductivity of 0.2 
Siemens/metre? 

Repacholi 

2 1 mA/m is approximately the average natural current in the body estimated 
using an average conductivity of 0.2 S/m, but peak current densities in the 

2 body can reach 100 mA/m . These values are upper estimates normally. 

Christophers 

On your slide you showed that Wertheimer and Leeper found an iiicrease in the 
Incidence of leukaemia. I know that was so, but isn't 1t true to say that 
they found *n increase in the incidence of the childhood cancers?. 

Repachol1. 

Yes they did find that, 7 guess it's true to say that they did find a 
statistically significant Increase in a number of other cancers. 
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Since you have a slide there (Table 2) listing the residential epidemiological 
studies, my Impression is that although you have six or eight of them, you 
could probably just look at three or four and the rest are not comparable. 
Some of them are very small studies, like the Swedish study where they just 
looked at one power line tr.at people were concerned about. There was an 
alleged cancer cluster so they just did a very limited study of that. Fulton 
did no validation study of the wiring code. He got the wrong formulae when he 
did his calculations, had problems with the matching of the controls and the 
result is a study which came up to be positive and negative at the same time, 
depending on who analysed the results. Coleman did something completely 
different, he compared leukaemia to other cancers, not leukaemia to healthy 
subjects. 

Repacholi 

I am not sure how much relevance that slide had to the talk, that's why I 
didn't go Into much detail for the studies. 

I don't think you can discard the studies, I mean they have shown positive 
results for some reason. What hasn't been identified is the reason for the 
positive result. I think of the residential studies, certainly the Wertheimer 
and Leeper, Stevens and Savitz studies are the most credible of them. But 
remember the Wertheimer and Leeper and Savitz studies were done in the same 
area and they did try and reproduce the work of the previous study. Savitz 
has really generated now a hypothesis and it is strictly a hypothesis that 
people can pursue 1n other locations. I think that 1s the state of play. 

Delplzzo 

I find that although some of these studies like the Myers study and the 
Coleman study are regarded as negative, with negative outcomes, when they are 
compared with the Wertheimer and Leeper study and the Savitz study they are 
entirely consistent. They show very small effects with very wide confidence 
limits, because of the small number of subjects exposed to fields greater than 
1 mllUgauss. 
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All of the studies without a doubt suffer from lack of numbers and this 1s why 
much larger studies are necessary. Almost no one country can in fact support 
a study of the magnitude that is necessary for what 1s perceived as possibly a 
very subtle effect. You need thousands and thousands of cases. 



22 
THE BIOCHEHISTRY OF PROCESSES IMPLICATED IN ELF CARCINOGENESIS 

Peter M Pojer 
Australian Radiation Laboratory 

Several papers have appeared which suggest that non-ionising electromagnetic 
fields may act as cancer promoters. Under the Influence of ELF, Increased 
cellular calcium efflux, raised levels of ornithine decarboxylase and a whole 
gamut of altered cellular functions are cited as support for this hypothesis. 
This paper discusses the normal functions of the key biochemical processes and 
substances mentioned in these reports to provide a background to some of the 
terminology and, further, to lead to an understanding of the authors' 
conclusions. This paper 1s not a review of the field of biochemistry. 
Rather, the aim 1s to outline the action of enzymes in general (and ornithine 
decarboxylase in particular), to explain the effect and meaning of raised 
ornithine decarboxylase (and subsequent polyamine) levels and to emphasise the 
pivotal role played by cyclic AMP in the transfer of genetic material and as 
an Inducer of a host of other cellular activities. 

Cn?ymes 

These are a special class of proteins which are large molecules made up of a 
combination of small entitles called amine adds. Like all proteins, enzymes 
are not straight chains of amino adds but are actually convoluted and twisted 
1n a complicated three-dimensional structure. Figure 1 depicts the structure 
of a simple protein, haemoglobin. While the total structure of the enzyme 1s 
essential fo- Its action, 1t 1s only a small portion of the protein that acts 
as a catalyst to a very specific reaction. The molecule acted upon (the 
substrate) fits the convolution 1n much the same way as a key fits a lock. 
Once fitted, the substrate undergoes the specific reaction catalysed by the 
enzyme 1n a remarkably efficient manner. For example, ornithine decarboxylase 
specifically removes the carboxyl (add) group of the amino acid ornithine 
(and only this amino add) to produce a diamlno compound called putrescine 
(the substance giving rotting flesh Its characteristic odour). 
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FIGURE 1: Three dimensional structure of haemoglobin. 

Hormones 

In response to some need of the whole animal, these smallish molecules are 
secreted by glands 1n the body, circulate in the blood and then exert their 
action on specific cells which have the receptor appropriate to the hormone on 
the surface of the membrane. 

Cell Membrane 

This 1s the Hsk1n" of the cell which 1s a complex mixture of many substances. 
The predominant materials are an outer protein (a special protein known as a 
glycoprotein) layer with a thick middle lipid (fat) portion and, Inside the 
cell, another protein layer. Some proteins are embedded 1n the lipid layer 
while others penetrate through from the outer protein layer to the inner 
layer. Figure 2 1s a schematic representation of a cell membrane. 

Active Transport of Cations 

While many (especially non-polar) substances can cross the membrane by 
diffusion or by a passage facilitated by a mac.omolecule (eg a protein) 
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INSIDE CELL 

FIGURE 2: Cell membrane. 

embedded 1n the membrane, polar cations such as Na, K and Ca have to be 
transported through the fat layer by processes that require energy (usually 1n 
the form of ATP which 1s the chemical way of storing energy 1n the cell). 
This 1s active transport. 

The mechanism for such a process Is thought to enzymlcally add energy from ATP 
to a carrier molecule. This would occur 1n the presence of the relevant 
cation, for example calcium. The modified carrier then specifically binds the 
calcium and the complex can move across the membrane. At the other end of the 
membrane, another enzyme regenerates the carrier molecule thereby releasing 
the cation. 

Transport of cations and other essential materials across membranes 1s under 
the overall control of hormones and 1s probably mediated by cyclic AMP and 
specific kinases (discussed 1n the last section). 
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This substance is an amino acio which is not normally found in protein 
structures but is produced as a metabolic breakdown product of other amino 
acids such as proline (which is found in proteins). In mammals ornithine is 
specifically decarboxylated by ornithine decarboxylase to produce putrescine. 
a diamino compound. Clearly increased levels of ornithine decarboxylase imply 
greater production of putrescine which, as described in the following section, 
increase the output of the polyamines spermidine and spermine. 

"Polvamines* Spermidine and Spermine 

Spermidine and spermine are made up of small chains of putrescine and, as 
their names imply, these substances give semen its characteristic odour. They 
act as powerful growth stimulators of cultured mammalian cells, probably by 
their effects on DNA and RNA. DNA is a huge molecule in which the cell's 
genetic material is stored while RNA is the genetic material copied from a 
portion of the DNA molecule which subsequently serves as a template for the 
synthesis of proteins. The large DNA and RNA molecules have a backbone of 
many negatively charged phosphate groups which can bind with cations such as 
Mg and Ca or the cationic (positive) forms of spermidine and spermine. By 
neutralising the negative charges on DNA, these polyamines stabilise the DNA 
double helix. They also stimulate RNA and DNA polymerases (the enzymes that 
synthesise RNA and DNA) so that replication of those molecules 1s 
facilitated. This, in turn, stimulated protein synthesis. 

The Importance of the polyamines is emphasised by the finding that they appear 
to form complexes with thalidomide. This 1s thought to underlay the action of 
this drug 1n producing fetal abnormalities. 

Ornithine decarboxylase which 1s involved in the first step of the synthesis 
of the polyamines 1s Inhibited by the polyamines themselves - this constitutes 
a feedback control of the synthesis of these materials: as the concentration 
of the polyamines increases so does the level of Inhibition of their 
synthesis. The induction of the enzyme 1s probably via cyclic AMP. This 1s 
discussed 1n the following section. 
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The induction of Activity inside cells in Response to Outside Stimuli 
(Normally Hormones) - Cyclic AHP. 

Host cellular membranes contain some adenylate cyclase, an enzyme which will 
convert the ubiquitous molecule adenosine monophosphate (AMP) to cyclic 
adenosine monophosphate (cyclic AHP). Cyclic AMP has the ability to activate 
a large number of individually different enzymes known collectively as 
kinases, each specific kinase being able to catalyse a specific reaction 
usually using ATP as a source of energy. Thus one kinase can catalyse 
glycolysis (the controlled burning of sugar) to produce cellular energy 
(mainly In the form of ATP). Another kinase can affect membrane mobility, 
another catalyses the ion movement mechanisms, while another catalyses 
synthetic processes. 

The enzyme adenylate cyclase is itself activated by a hormone (or sometimes 
another agent) which specifically interacts with a receptor site on the cell 
membrane in a lock-and-key pathway. The whole process from hormone to cyclic 
AMP to specific kinase to specific reaction catalysis is exquisitely 
specific. Figure 3 shows how cyclic AMP acts as an intermediate in the 
activation of kinases. 

First messengers -

Kirme 

Attend 
membrane 
permeability 

Kirme 

membrane 

CYCLIC AMP Phosphodiesterase 
(Second messenger) » 5'-AMP 

Kirme Kinase Kirmt 

Ion Glyeogenolysis Lipolysis Mechanical 
movements effects 

Kirme 

Secretion 

Kirmt 

Synthesis 

FIGURE 3: Interrelationships between cyclic AMP and kinases. 
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How do different hormones use the one substance (cyclic AMP) to effect 
different catalyses? The current theory suggests that after an initial 
hormone-receptor site interaction, there is an interplay between the activated 
hormone receptor site with its corresponding regulatory unit and a specific 
catalytic unit. This conglomerate, together with cyclic AMP (synthesised 
during this interaction) forms a cyclic AHP complex which might in fact be the 
specific kinase. 

Finally, cyclic AMP has also been Implicated in the transfer of genetic 
material and cell division. Some experiments have shown that UNA cannot be 
replicated from the template DNA unless cyclic AMP and its receptor protein 
first bind with the ONA. 

Summary 

Stimuli external to a cell Interact with a specific receptor on the cell 
surface membrane to induce the formation of cyclic AMP. The nature of the 
external messenger leads to the appropriate response within the cell which is 
catalysed by a specific kinase. Presumably the activation of ornithine 
decarboxylase in the cell 1s also via the production of a specific cyclic AMP 
kinase which 1s in turn produced in response to a specific stimulus to a 
receptor site. Decarboxylation of ornithine by ornithine decarboxylase leads 
to the precursor of the polyandries spermidine and spermine which have been 
found to stabilise DNA and RNA and stimulate protein synthesis. 
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DISCUSSION 

Ford 

Can J as a non-biologist ask, can you describe this calcium efflux in a bit 
more simple language so I can understand? 

Pojer 

Well, the problem 1s that calcium efflux, if you read the papers, has only 
been demonstrated in chick brains. These cells tend to be particularly 
sensitive to electrical impulses. There are now two possibilities. Firstly, 
calcium bound to the sugar molecules which are part of the glycoproteins (on 
the cell surface) are affected by an electric current which can then somehow 
affect the calcium, since it 1s an ion. The release of calcium from these 
sites then affects the glycoproteins and these, 1n turn, trigger release of 
calcium. That 1s one possibility. 

Ford 

Now the cell wall, as I understand 1t, is a very, enormously high Insulator. 
The cell wall 1s an almost perfect Insulator with presumably some biochemical 
pathways through that Insulator that let things happen. I'd like to relate 
that picture to this question of Ca efflux. 

Pojer 

I would like to emphasise that the calcium is on the surface, or outer part of 
the cell, not the Inside of the cell. 

Ford 

The cells operate by having energy driven Into the centre from the outside. 

Pojer 

That Is the second possible mechanism. You can postulate that the calcium 1s 
coming from Inside the cell. So there are two possibilities, either 
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Calcium 1s Itself a secondary messenger as too Is cyclic AMP and the level of 
calcium Inside the cell 1s extremely well regulated by Intra cellular 
mechanisms. As Hike Repacholi said It's been observed to go both ways, so 
they don't know quite yet what's happening, but they have observed effects on 
efflux, whether It's from the extra-cellular fluid or from within the cell 
outwards. 

Pojer 

I didn't explain the mechanism well. The calcium could be simply released by 
the glycoproteins on the outside of the cell. Or, alternatively, the free 
calcium could be the result of a pumping out of the ion from the inside of the 
cell by means of an active transport system. In this second alternative, the 
magnetic field might be postulated to "switch on" the active transport system, 
and with the aid of an ATP-carrier molecule complex bring out the calcium Ions. 

Wood 

Can I just point out too that the helical structure 1n your slide (F1g 2.) is 
1n fact water filled, and so Ions can, In fact, get In and out of the cells 
just by diffusion; 1n fact potassium does. It obeys the electro-diffusion 
equations. 

Joyner 

But It's actively pumped . 

Hood 

Not always actively pumped . 

Pojer 

I think you'll find that ions can't flow 1n and out by diffusion, not 
readily. You actually have to have a pumping system. 
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No, because the energy Is provided by the electrochemical gradients. 

Jovner 

But if there's too much diffusion of an ion across a membrane from the 
extra-cellular fluid the intra cellular mechanism will actively pump it out to 
maintain the differential between the inside and the exterior of the cell. I 
mean, whether it diffuses or not across 1s not the point, there are active ion 
pumps there that will take the ions, if there's an Imbalance and pump them 
back outside the cell. 

Delplzzo 

So diffusion may occur . 

Jovner 

It does occur. 

Delpizzo 

But 1t 1s compensated by this active transport. 

Jovner 

Yes, you have to maintain a differential, millivolt difference between the 
internal and external part of the cell. 

Wood 

You only pump sodium out 1n order for the imbalance to be maintained. You set 
up the potential difference which then would tend to keep the potassium Inside 
high and low potassium on the outside because of the equilibrium potential. 
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Hocking 

Could we just go back to that ornithine decarboxylase and that feedback loop. 
Can you tell us a bit More about that. I got the impression that you're 
Implying that continued application of ELF somehow causes that feedback loop 
system to break down. 

Pojcr 

I am not about to discuss ELF effects. All I have said 1s that there exists a 
feed-back mechanism that. In theory, can limit ornithine decarboxylase 
levels. I do not want to draw any conclusions about ELF. The feed-back 
mechanism simply works, in theory. If there are Increased levels of polyamlnes 
which the cell does not require. Under those conditions, polyamine production 
(I.e. ornithine decarboxylase) can be simply "switched off. 

Hocking 

Have you got any quantification of that feedback, I mean some feedback loops 
are extremely sensitive and others are fairly Imprecise. 

Pojer 

I don't know the sensitivity of it. But I would guess that it is fairly 
sensitive. 

Delpizzo 

Peter, are the terms increased levels of ODC and increased activity of ODC 
synonomous? 

PoJer 

Enzymes have only "one" activity. I think the implication 1s increased levels. 

Salzberq 

When cells are growing and dividing, there's an awful lot of biochemical 
events happening. Where does ODC fit in the grand scheme of things0 
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It just foras a very, very snail part. The only reason I brought it up 1s 
because the literature discusses ODC and I an sure that it is going to be 
nentloned again later In this workshop. I wanted the participants to 
understand what ornithine neant so that when OOC 1s discussed, I wanted you to 
know what It was. I over-enphaslsed It. It only plays a very snail part in 
the grand schene of things. 

Joyner 

But none the less, i t 1s s t i l l necessary for DNA replication. 

PoJer 

Yes, everything 1s. 

Joyner 

I know. 

Po.1er 

It's only a small thing. 

Jovner 

But 1t 1s one of the things. 

Pojer 

I'm not saying 1t Isn' t 

Salzberg 

Hell i t ' s a v i ta l ly Important point, is i t necessary? 



Joyner 
33 

Yes, it 1s necessary 

Pojer 

The cell Is a very delicately balanced entity. If one molecule or pathway is 
removed (or tampered with) the whole cell dies. 

Ford 

I haven't quite got from this what goes wrong that you say i t ' s the basis of 
carcinogenesis. 

Pojer 

Hy brief wasn't to talk about abnormal situations, my brief was to talk about 
normal situations. You will hear all about abnormal situations soon. The 
reason that I am doing all this Is so that if someone comes up and says ODC or 
whatever, polyamine, you'll know where all these things come from, where they 
fit in approximately. 
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CARCINOGENESIS AND CANCER PROMOTION 

John H Colebatch 

A carcinogen 1s any substance or agent that causes or produces cancer; and a 
cancer 1s a cellular growth which 1s malignant, I.e. life-threatening, and 
which forms a tumour or ulcer, except In the case of a blood cancer like 
leukaemia. 

So carcinogenesis concerns the mode of production of a cancer, the means by 
which it arises; and cancer promotion would appear to be self-explanatory and 
simple. At least, so it seemed until only a few years ago. The past decade 
however has seen a veritable explosion of new Information resulting from 
research, most notably 1n molecular biology but also In closely related fields 
such as Immunology, virology, endocrinology, cytogenetics and epidemiology. 

The new knowledge has certainly advanced our understanding of the nature of 
cancer and, to some extent, of carcinogenesis. However, 1t has also prompted 
many new questions as yet unanswered, giving rise to hypotheses, theories, 
assumptions and a new terminology that 1s confusing to the uninitiated, and 
even to some workers 1n the field, to judge from the literature. The 
following discussion of some of the key terms attempts to lessen the confusion 
which may exist 1n today's mult1disc1pl1nary audience. 

First, 1t must be clearly understood that a tumour, I.e., a pathological 
swelUrg, may be either benign (e.g. a papilloma or a simple melanoma) or 
malignant (e.g. a carcinoma, sarcoma or malignant melanoma). Yet often the 
unqualified term "tumour" is used loosely by research workers, surgeons and 
others when 1n fact a cancer or malignant tumour is meant. Secondly, a 
fundamental advance has been the confirmation of earlier concepts of 
carcinogenesis as a multistep process. In step 1 there 1s excessive growth of 
the cells of an organ or tissue, producing usually a tumour that may be 
reverslb'e and is non-maHgnant, or perhaps "premalignant" whatever that 
means. In this step expression of the ordinary genes for perinatal and 
post-traumatic cell growth persists though the control is subnormal. At a 
later stage, there 1s chromosomal disruption with DNA damage and unregulated 
gene expression, causing the uncontrolled abnormal growth whicn produces 
clinical cancer. This is almost certainly an oversimplification, as the more 



35 
recent research studies suggest there are multifactorial interactions in the 
development of cancer or at least for certain cancers with genetic 
predisposition or susceptibility, e.g. chronic myeloid leukaemia, childhood 
Wilms1 tumour and retinoblastoma, and perhaps lymphomas. 

Earlier terminology included such terms as - co-carcinogen: a chemical or 
environmental factor that enhances the effect of a carcinogen in the 
production of a cancer, possibly by local effect on target tissue; cancer 
promoters and catalysts: substances that in small amounts hasten the induction 
of a primary tumour, which can subsequently be converted into a cancer; and 
cancer initiators: substances or agents that damage nuclear ONA, leading to 
malignant tumour development. 

The modern terminology comes predominantly from research in molecular 
biochemical and immunological fields, and it is unclear as yet how apposite it 
is to clinical cancers 1n man. The terms include growth factors, transforming 
proteins, proto-oncogenes, oncogenes, etc. The term oncogenes was presumably 
named in the belief that they had the primary oncogenic or carcinogenic 
function, but today we read that they are normal regulators of cell 
proliferation, and even of differentiation in the liver, and that their role 
1n carcinogenesis is dependent on Interaction with other agents or with 
chromosomal changes or with immunological or hormonal changes. 

A leading Melbourne research worker in this field was asked his opinion on the 
roles of factors known to be relevant in several human cancers. He considers 
that in lung cancer, cigarette products are the cancer Initiator and that some 
promoter action comes from the associated respiratory infection; in pleural 
mesothelioma, asbestos is the Initiator and (1n response to my specific 
question) cigarettes may be acting directly as a promoter; in 
radiation-induced cancer, the initiator 1s the Ionizing irradiation, and with 
massive doses 1t can also be a promoter; with uv light-Induced skin cancer, 
UVL 1s the Initiator, with promoter effect from the surrounding inflammation; 
with post-viral liver cancer, HBV is the presumed initiator, with possibly 
malnutrition a promoter; but he was not sure of the roles of herpes virus 1n 
cervical cancer or of cytomegalovirus 1n Kaposi's sarcoma 1n patients with 
AIDS. 
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Before leaving this aspect of the subject, it is important to note also that 
cancers induced by oncogenic viruses and those due to chemical carcinogens are 
both quite antigenic as a rule, and may develop some protective immunity 
themselves, and may progress more rapidly in patients with any 
immunosuppression. 

What bearing does all this have on the possibility of EMR exposure causing an 
increased incidence of cancer? This is not easy to answer in the present 
limited state of our knowledge. The basic biological studies by Adey's group 
and others, together with some more recent clinical reports do make the 
hypothesis plausible. There are many deficiencies in the clinical studies 
done to date that could explain the absence of statistically significant 
evidence of EMR-induced carcinogenesis, but it is not part of my brief to 
discuss these. 

If a few brief comments are in order here, I would suggest: 

(1) that most reported studies needed better methodology and greater numbers; 
(2) that studies should not be confined to one type of cancer (e.g. 

leukaemia), nor should ajj. cancers be lumped together, unclassified; 
(3) that reports must include detailed age-distribution data (none have done 

so); 
(4) that susceptibility to EMR may (by analogy with X-rays, UVL and heat 

susceptibility) be greatest in the first two decades, especially in the 
youngest children, who are also most exposed to home appliances, so good 
child studies are needed; 

(5) that a feasible, effective dosimetric method 1s essential. 
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DISCUSSION 

Salzberg 

I really have to take issue with you. Maybe the papers do not actually 
present the age distribution of the samples, but they very often take account 
of age in the analysis. Commonly it is a variable in the linear regression 
analysis. 

Colebatch 

Some have taken five years. Five year continuums. But that's not sufficient. 

Salzberg 

I would have thought it is sufficient. 

Colebatch 

No 1t isn't 1n children. 

Salzberg 

May be not in children but certainly 1n adults. 

Hocking 

Your comment on ELF possibly being a promoter - how do you relate that to Its 
particular relevance to just one kind of cancer. I would have thought a 
promoter could have had a nonspecific effect. 

Colebatch 

In what sense do you mean to one kind of cancer? 

Hocking 

Well, its particularly linked with leukaemias. 
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No, plenty of studies have found no increase of leukaemia but Increase of 
brain tumours or other tumours, melanoma and so on. Acute leukaemia and 
particularly myeloid leukaemia seem to have highest proportion on the whole, 
where subdivision has been made. Host of the studies have far too few cases 
to really make a sensible analysis of different types of cancers. There might 
be only about five studies that have enough cases to attempt this. 

Abeyasekere 

John, can you give us an idea of what the maximum to minimum ratio is in that 
graph of age versus incidence of cancer? 

Colebatch 

Well, I don't have exact data here for the age distribution of acute childhood 
leukaemia, but it goes roughly like this. At birth it starts just above the 
zero line, and over the next 18 - 24 months, it rises but only slowly. 
Thereafter, it shoots up to its peak between three and four years of age - or 
1n third world countries to between four and six years. Then, it gradually 
subsides by ten years of age to about the two-year old level. Through puberty 
there's this squlggle 1n the curve when the rate almost doubles and during 
adolescence it settles again to the low level seen in adults between twenty 
and forty. 

HacPhee 

Conventionally, the way things are usually viewed, the initiator works first 
and the promoter next, which 1s exactly the opposite of what you said, Dr 
Colebatch. That's a much more conventional view. A co-carcinogen is applied 
at the same time as an Initiator; this separates it from a promoter which 1s 
applied later. You have to apply the promoter later. Also, you said asbestos 
1s an Initiator but most people would say exactly the opposite. It's a 
promoter. That cigarette smoking . 

Colebatch 

I'm quoting from Tony Burgess and I hope I'm quoting him correctly. 
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Well, I'd have to doubt that you are quoting correctly I think. Also 
cigarette smoking 1s generally regarded, as you said, as being a powerful 
Initiator, but also as its own promoter, which 1s why if you stop, the 
Incidence of lung cancer goes down after about twenty years. B' t I think 
people who are thinking about today's issue should be well aware that 
initiation is the first event, promotion is the second event and I would 
discount initiation as mechanism for ELF based on the discussion so far. It 
may come up again, but if we are focusing on promotion, we ought to know at 
least, I think, that it's an event subsequent to initiation, rather than 
before . 

Colebatch 

So you dismiss use of the word for other confounding factors which Increase 
the susceptibility to cancer? 

HacPhee 

No. No. 

Colebatch 

You would include that would you? 

HacPhee 

The point 1s, promotion happens after Initiation. Maybe promotion Involves a 
stimulus for cell proliferation or something. But conventionally the 
Initiator comes first. 

Colebatch 

Take a thing like, chronic Immune deficiency, and the patient develops cancer 
after 15 years. Would you not say that the chronic Immune deficiency was a 
promoter? 
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The evidence there is probably no, the bulk of evidence is that inmune 
surveillance is not really particularly important in most forms of human 
cancer. Animals are a different story. But in humans, it doesn't seem to be, 
there's a lot of evidence which suggests that in many forms of human cancer 
the tumour cells are not antigenically distinct from normal cells, i.e., are 
not immunogenic. 

Coirbatch 

Well, in some it quite clearly is. 

HacPhee 

But it's a very small proportion. I think that would be generally agreed, 
Tom (Sandeman). 

Sandeman 

Well, I'm going to take issue with you. Chronic immune deficiency is what's 
called a "facilitator" rather than a promoter. Initiators and promoters, if 
your like, act at a cellular level. Once you bring in immune deficiency 
you're bringing in the total organism which allows such a changed transformed 
cell to persist and to proliferate, because under normal circumstances, 
abnormal cells would be mopped up by the Immune system. Now if you damage the 
immune system that mopping up process may not go on. There is ample evidence 
that, 1n patients who undergo transplant surgery for example, there is a very 
high Incidence of skin cancer. 

Colebatch 

That's the suppressive therapy they have. 

Sandeman 

The therapy has 1n fact facilitated the appearance of malignant disease which 
was 1n fact already promoted. 
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I think we have to qualify what HacPhee said about immune deficiency 1r 
humans. It really is not uncommon as a factor in cancer development 
clinically.. 

Sandeman 

Immune surveillance 1s such an overweening thing that unless you Interfere 
with it deliberately by giving immunosuppressive drugs, under normal 
circumstances the incidence of cancer has really very little to do with the 
Immune system. I know there are legal Implications about whether stress, for 
example, should be brought into the argument about the causation of cancer or 
the promotion of cancer, but that is a different matter altogether and you 
have to then bring In different theories about how ELF works, if you start 
Introducing such an Immune system mechanism. 

Repacholl 

How does acute myeloid leukaemia fit into that scheme? 

Sandeman 

Well I was going to ask John. He hasn't really addressed two propositions -
one 1s the oncogene theory which 1s a very basic mechanism of cancer 
production and the second 1s the concept of latent period, because 1n 
childhood cancer the latent period has obviously got to be very short, and 
there just Isn't the time. When you're talking about asbestos, you're talking 
about latent periods of thirty years. Now acute myeloid leukaemia has several 
causes, one of which 1s radiation, but that has to have a 10 - 15 year latent 
period. You can't really Introduce that as a causation of acute childhood 
leukaemia, because the 10 - 15 year latent period 1s not there, unless you are 
going to postulate that exposure of the mother . 

Colebatch 

There 1s acceptable evidence now that exposure of the foetus in utero does 
cause some cancer. 
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But in utero is only 9 months. 

Colebatch 

I know, but of course there are children born with leukaemia - at a time of 
superabundant growth factor activity. 

Sandeman 

There are widely varying views about diagnostic radiation of the mother during 
pregnancy and whether Alice Stewart's work can be reproduced or re-analysed 
with the same conclusion. 

Unknown 

How much can you rely on experiments with animals as being an indicator of the 
relationship to cancer in humans. 

Colebatch 

I don't think you can rely too much on them unless it's from studies on 
primates. I wish someone would pay the money to have primates studies done. 
It would be more useful. 

Ford 

John, could you tell me if there is any relationship between this 
promoter/Initiator argument and the life-time of the particular cell in the 
body. 

Colebatch 

No, well as far as leukaemia goes, the leukaemia cells only live for a matter 
of weeks anyhow, normally. 
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I don't have in my mind a distinction between long lived cells and cells that 
are dividing and dying rapidly. 

Colebatch 

Well, dividing cells in the body are in the blood, the uterus in women during 
reproductive periods, the skin and the hair, and the alimentary tract. All 
have a rapid turnover of self production and destruction or loss, and 
therefore they are areas where you look particularly for growth factors being 
abundant and the chances of cancer being greater. Why brain cancer Is more 
common I don't know, but that's not In the sane category, except that the 
brain embryologlcally comes from the same part of the embryo as the skin and 
hair does. 

Hocking 

Could we proceed this one about the oncogene a bit further. You were going to 
comment, I think, about the relationship with the ELF to oncogenes. 

Colebatch 

Was I? 

Hocking 

Well particularly, where does the role of the oncogene fit into your scheme of 
cancer formation. 

Colebatch 

Well, the oncogene is responsible in one sense for the damage to the ONA which 
results in the malignant change. You have a man over here who could answer 
this for you, Or MacPhee. 

HacPhee 

Sorry, what were you trying to find out? 
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I was trying to establish, where, in the scheme of cancer formation, the 
oncogene fits, given that there is a considerable relationship with various 
kinds of oncogenes to leukaemias where does that fit in with the idea of 
promoters. 

HacPhee 

In theory at least, oncogenes could be involved, possibly as the result of 
initiation by DNA damage. That could activate an oncogene, or else subsequent 
promotion might involve the oncogene moving from one site on the chromosome to 
another site on another, as is commonly thought to occur in leukaemia. So the 
oncogene first of all is generated by initiation and then as a result of 
promotion moves to another site where it does the damage where it may become 
unregulated etc. etc. So, in theory, either is possible. 

Repacholi 

Yes, well actually the question I had was to follow up on leukaemia cells. I 
presume they only last a few months. How can events such as radiation damage 
produce leukaemias that will be seen 15 years later? What are the 
mechanisms? 

Sandeman 

Well, the bone marrow has a set of precursor cells (the stem cells) which are 
the source of all cells. The change has to occur in a clone of one or two of 
these particular cells. 

Repacholi 

OK, taking that, how could ELF possibly cause leukaemia then? It would have 
to interact in some way with the stem cells? 

Salzberg 

This question 1s addressed to all the cancer experts here. I'm not Involved 
1n molecular biochemical studies, but I understood that there was a little bit 
of a move to downplay the notions of initiation/promotion and to talk more 1n 
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terms of a multistage mo Jel of carcinogenesis, with a series of sequential 
steps resulting in the eventual cancer. That was the first point. The second 
is that the promoting step is necessary. The way the term is used often 
suggests it is somehow less important or less essential in the process. But 
my understanding is that the promotion step is an essential part and without 
that the cancer does not develop. I would be interested in comments on those 
two points. 

Colebatch 

He agree that there is a trend to playing down the simple model of cancer and 
it may be more than two stages. 

HacPhee 

Yes, but the more basic model really looks at two stages; however, the second 
stage can be very complex and can consist of a number of sequential events, 
each of which might be assisted by a different promoter if you like. But there 
are certainly some carcinogens which are pure initiators, they will cause 
malignant tumours, as a result of a single exposure. They may not be very 
common and they are probably not very important because the doses required as 
a result of a single injection are really very high. When you come down to 
lower doses is it not perhaps surprising that you might need another event. 
But I think there was a problem, Michael (Repacholi) was having difficulty 
with the idea that mutation caused in a stem cell in bone marrow may not be 
expressed until that cell divides at the time it normally would divide, which 
may be 15 years after the initiating event. It wasn't programmed to divide, 
it wasn't scheduled to divide until needed, at some distant date in the 
future. When It starts dividing, 1t doesn't stop. It's Immortalised In the 
same way as cells 1n tissue culture are immortalised and that's why you have 
the proliferation continuing as long as it does in leukaemias. 

Christophers 

I think Michael (Repacholi) 1s confusing the life of a white cell with the 
life of a red cell. 
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Yes, exactly. White cells may only last days. 

Salzberg 

There is some slipperiness in the way the word promotion is used as to whether 
it is a critical step in the cancer producing process, or whether it is just a 
facilitation of an existing cancer. 

Colebatch 

Well, there are certainly two important steps. The one which leads to ONA 
damage and the conversion to the potential cause of cancer, which may not pass 
that stage until the promoter comes into the picture, or immune depression, as 
happens with the transplantation patients who have to have immuno-suppressive 
drugs to survive the transplantation. That is why in some cases promoter may 
not be the best word to use, but the message is the same. Now those two 
stages are fundamental, but there are, maybe, variations of this, in fact I 
don't quite understand how the simple tumours, the benign tumours, are formed 
in relation to promoters. Some promoters produce what is clinically 
recognised as a pre-cancerous state which, in many cases, will go eventually 
on to cancer. Melanomas are simple tumours, but eventually some of them 
become malignant and then it's a malignant melanoma. Tom (Sandeman) what 
proportion of melanomas become malignant? 

Sandeman 

Well, define melanoma for me. If you want, a melanoma almost universally 
arises 1n a nevus, a birth mark which 1s merely a set of pigmented cells. 
Sometimes these pigmented cells become malignant. We are all sitting here 
with thousands and thousands of nevl on us. We've all got little collections 
of nevi on us. 
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POSSIBLE MECHANISMS OF CANCER PROMOTION 

Kenneth H Joyner 
Teletu... Australia Research Laboratories 

770 Blackburn Road 
CLAYTON VICTORIA 3168 

INTRODUCTION 

Cole (1987) has distinguished four concepts of the cause-effect relationships 
of non-ionizing radiation and cancer. Cell transformation refers to the 
entire process by which a normal cell is converted into one with two major 
attributes of a malignant cell, the capacity to invade and metastasize. The 
process of transformation is usually reduced to two major categories known as 
"initiation and promotion". Initiation is the earlier part of the cell 
transformation process and is considered to represent a series of irreversible 
changes 1n the DNA structure. Promotion is the latter part of cell 
transformation and is considered reversible unless it has gone to completion 
and transformation has actually occurred. Growth modification refers to 
processes that can affect the growth of a transformed or malignant cell. 

Available evidence indicates that non-ionizing radiation does not function as 
a classical Initiator in the aetiology of cancer by causing DNA damage and 
gene mutation. However, the present hypotheses suggest that ELF fields in 
particular, either produce effects on specific organs at the macroscopic level 
or on cell membranes at the microscopic level. This 1s a latent effect that 
sensitizes the organ or cell to the action of cancer promoting agents which 
cause the Initial event to be expressed as a cancer. 

Although this workshop 1s meant to concentrate on the effects of ELF magnetic 
fields, much of the research to date has been conducted using ELF amplitude 
modulated electromagnetic (EM) fields or ELF sine wave electric fields. 
Therefore, any discussion of proposed mechanisms of interaction must feature 
these exposure regimes. 

PROPOSED MECHANISMS OF INTERACTION 

Before discussing the proposed cellular mechanisms 1t 1s of Interest to 
discuss two mechanisms which have been proposed that Involve whole organs. 
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Becker (on "Four Corners" 1985) claimed that: 

We now know, and only over the past ten years has the evidence come 
out, that we have specific sensor organs for sensing and deriving 
information from the earth's magnetic field, and these are two: the 
pineal gland which sits in the centre of the head and derives the 
information from the ;hanges in the magnetic field that direct and 
control our biological cycles, all of the daily tidal rhythms that we 
have. 

The second mechanism, the second sensing organ that we developed, is 
actually very interestingly a real magnetic organ. It is composed of 
tiny crystals, of biologically developed magnetite, which sense the 
magnetic field. Both of these things together are productive of the 
sense of direction and time, and the time is very important because 
the pineal gland regulates all of our timing cycles by influencing 
the activities of the pituitary gland, the thyroid gland, the adrenal 
gland and all of our reproductive organs. 

So that you can see if something goes wrong with these mechanisms, 1f 
they get an abnormal signal from their environment, what 1s going to 
happen is the activity of all of the biological cycles, including the 
rate at which cells divide, as well as the activities of these very 
Important glands and hormone producers will all be disturbed, and the 
activity, alterations in mental mechanisms, disturbances or 
Irritability and so forth, changes in the cell divisional cycle will 
enhance the rate of cancer, and increase the rate of congenital 
defects. 

This claim of Becker (1985) 1s summarized pictorially in Figure 1. 

Tha Magnetic Organ: 

Baker et al. (1983) found that bones from the region of the sphenoid/ethmoid 
sinus complex of humans (see Fig. 2) are magnetic and contain deposits of 
ferric iron. These researchers offer three tentative hypotheses. The first 
possibility (and the one most likely) is that the sinus bones are a storage 
site for Iron which 1s withdrawn if the subject becomes iron-deficient as 
evidenced by the fact that no such iron deposits were found in an anaemic 
cadaver. The second possibility 1s that the iron deposits are concerned with 
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Abnormal Environmental Signal 
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FIGURE 1: Mechanisms of interactions proposed by Becker (1985) 
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FIGURE 2: Schematic representation of the sphenoid/ethmoid sinus complex 1n humans. 
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magnetic field detection as proposed by Becker (1985). Surely if this is so, 
then some neurological or chemical pathway would be evident to effect an 
information transfer. However, no such pathways were reported. The third 
possibility is that the magnetic material is involved in some way with growth 
and repair of bones. If this is so then similar deposits should be evident in 
other bones, however, no such deposits have been reported. 

The hypothesis that the deposits of ferric iron, found in the sphenoid/ethmoid 
sinus complex, are involved in magnetic field detection is pure conjecture and 
cannot be given any serious consideration. 

The Pineal Gland 

This gland through its extensive innervation by the sympathetic nervous system 
transduces light stimuli of the retina into a hormonal (melatonin) secretion 
into the surrounding blood supply (see Fig. 3) that affects the activity of 
the sex glands. Secretion of melatonin shows a distinct circadium rhythm: 
low levels in daylight and high levels at night indicating that the pineal 
gland acts as a complicated and sensitive biological clock. 

FIGURE 3: The pineal gland and surrounding tissues. 



52 
Semm (1983) showed that the pineal gland in rats and pigeons was sensitive to 
the orientation of the head with respect to the earth's magnetic field. 
Uelker et al. (1983) found a similar effect on the concentration of melatonin 
and the activity of its synthesizing enzymes in rats who were exposed during 
the night to an experimental inversion of the horizontal component of the 
earth's magnetic field. In small rodents and pigeons, about 20 per cent of 
pineal cells respond to changes in both direction and intensity of the earth's 
magnetic field (Adey, 1986) which lends support to the claims of Becker (1985). 

Wilson et al. (1981, 1983) showed that chronic exposure of rats to a 60 Hz 
electric field (1.5 to 65 kV/m 20 hrs/day for 30 days) suppressed the normal 
nocturnal rise in pineal melatonin content. 

Studies by Tamarkin et al. (1981) and Shah et al. (1984) have shown that 
reduced melatonin levels, effected either by pinealectomy or constant light, 
increased dimethylbenz(a)anthracene (DMBA) induced mammary carcinogenesis in 
the rat. Based upon this information Stevens (1987) has put forward the 
following hypothesis. Chronic exposure to 60 Hz electric fields acts on the 
pineal gland of rats thereby reducing melatonin production. Reduced melatonin 
leads to a constant availability of estrogen from the ovaries and elevated 
circulating prolactin from the pituitary gland. Constant availability of 
these hormones may increase the turnover of breast epithelial stem celis 
rendering breast tissue more vulnerable to the carcinogenicity of DMBA. These 
steps are depicted in Figure 4. 

Chronic 60Hz Electric Field 

I 
Pineal Gland: Reduced Melatonin Production 

I 
Ovary: Constant Estrogen 

Pituitary: Constant Prolactin 

I 
Increased Turnover of Breast Epithelial 

Stem Cells at Risk 

I 
Increased DMBA Mammary 

Carcinogenicity 

F1g. 4. Proposed mechanism via which chronic exposure to a 60 Hz electrical 
field may Increase DMBA-induced mammary carcinogenesis in rats. 
(From Stevens, 1987). 
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This hypothesis is under test with rats at the present time. Application of 
any positive results to humans would not be straight forward because: 

(a) it would have to be established that the human pineal gland was 
similarly sensitive to chronic ELF fields as is that of the rat and 

(b) the light-at-night effect in highly electrified regions will have to 
be taken into account in any epidemiological study. However, of the 
relevant adult epidemiological studies completed to date (Wertheimer 
and Leeper, 1982; HcDowall, 1986) none have found any increased 
incidence of breast cancer. 

Nonetheless, the results of the studies to test the hypothesis of Stevens 
(1987) should prove very interesting and enlightening. 

Cellular Mechanisms 

Both ELF electric and magnetic fields induce currents to flow in biological 
tissue. However, because the cell membrane presents a very high resistance to 
current flow, the greater percentage is forced to flow in the extra cellular 
fluid past the cell membranes. Therefore, it is generally believed, and there 
is good experimental evidence to support this view, that these pericellular 
currents initiate electro-chemical events at the cell membrane surface. These 
events are then signalled across the cell membrane thereby influencing 
intra-cellular functions. The proposed mechanisms for this transductive 
signalling across the membrane can be divided into two general classes 
(Tenforde and Kaune, 1987): 

(a) long-range co-operative phenomena established within the matrix of 
glycoproteins and lipoproteins that constitute the cell membrane, and 

(b) localized events occurring at specific ligand binding sites 
(r°ceptors) at the outer membrane surface, or events occurring within 
1on-select1ve channels that span the membrane and electrically couple 
the Intracellular and extra cellular fluids. 

The phenomena of the long-range co-operative events within the cell membrane, 
based on the non-linear character of transmembrane signalling and associated 
non-equilibrium events to effect an amplification of weak pericellular fields, 
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has been pioneered by Adey (1981; 1984; 1986). Adey's model is based on the 
Singer and Nicholson (1972) model of the cell membrane and has three distinct 
phases each of which is dependent on calcium. 

(i) Patches of membrane surface glycoproteins (stranded protrusions of 
the intra-membranous helical proteins, IHPs) sense the weak 
electrochemical events associated with the binding of neurohumoral 
molecules, hormones and anti-bodies at their receptor sites (see Fig. 
5). 

(ii) Transmembrane portions of the IMPs signal these events to the cell 
interior. 

(iii) Internally there is coupling of this signal to intracellular enzyme 
systems and to the cytoskeleton. Lawrence and Adey (1982) have 
proposed that non-linear collective molecular oscillations form 
soliton waves which travel along the transmembrane proteins and 
because solitons result from non-linear interactions, this is a 
possible mechanism for amplification of weak stimuli at the membrane 
surface. In-depth discussion of solitons and other possible 
mathematical models for non-linear electrodynamics at the cell 
membrane is beyond the scope of this lecture and the Interested 
reader is referred to Frohlich (1968), Grodsky (1976), Kaczmarek 
(1977) and articles contained in Blank and Findl (1987). 

Localized interactions are thought to occur at specific loci or receptor sites 
on the cell membrane, and two recent theoretical models have been proposed 
which accommodate some of the experimental findings. 

(1) Chiabrera et al. (1984) and Chiabrera and Bianco (1987) have 
hypothesized that microelectrophoretic motion of charged ligands 
through the action of ELF electric and magnetic fields produces a 
perturbation to 

the binding energy of the ligand-receptor complex ultimately 
affecting the mean lifetime of that complex at the membrane 
surface, and 



55 
the velocity of the ligand before it is about to bind to or be 
released from the receptor site ultimately affecting the rate 
constants of electrochemical reactions. Interaction mechanisms 
of this type could also influence the gating mechanisms that 
control the membrane transport of various cations such as 
calcium (Tenforde and Kaune, 1987). 
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F1g. 5. Modified fluid mosaic model of the cell membrane. The anionic 
terminals of the glycoprotein strands form attachment sites for 
calcium ions. (From Adey, 1986). 

(11) Blackman et al. (1985) and Thomas et al. (1986) have demonstrated 
that weak, static magnetic fields can alter the way both biological 
tissue and behaviour of rats are influenced by applied ELF fields. 
In addition, these researchers showed that by partially cancelling 
the earth's magnetic field, biological responses could be turned on 
and off by applying ELF fields, suggesting therefore that the earth's 
magnetic field may play a role 1n the biological action of ELF 
fields. McLeod and Liboff (1986) proposed a model of cyclotron 
resonance for various cations such as lithium and calcium wherein 
kinetic energy 1s imparted to these cations as they move through 

transmembrane channels. 
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One thing common to Adey's hypothesis and the models of Chiabrera and 
associates and Mcleod and Liboff is the dependence of the perturbation on 
calcium ions. The calcium ion controls processes ranging from muscle 
contraction to cell division and is one of the body's secondary messengers 
relaying electrochemical messages arriving on the cell membrane to the 
biochemical machinery within the cell. To control cellular processes 
effectively, calcium itself must be regulated. Such regulation is achieved 
through an elaborate system of proteins governing the transmission and 
reception of the intracellular messages. Can ELF fields affect calcium ions 
in tissue? The answer is yes - and the effect is best illustrated by 
observing the windowed responses of calcium ion binding in brain tissue 
exposed to ELF fields (see Fig. 6). Calcium ion binding is found to be both 
amplitude and frequency specific. However, these experiments have been 
questioned and a very good review of problems associated with them can be 
found in another paper by Wood in this volume. 
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fields. (From Adey, 1981). 
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Adey (1986) has proposed a model of cancer promotion by ELF fields based on 
the fact that the cell membrane is the site of action of ELF fields and that 
calcium ion binding is perturbed by the action of these fields at pericellular 
levels similar to that of the EEG (10 V/m in air). This hypothesis involves 
the distortion, by weak ELF fields, of the pattern of an inward signal stream 
from the cell membrane to the nucleus and other intracellular organelles. 

The action of ELF fields on ornithine decarboxylase (ODC) 

The enzyme ODC occurs in all nucleated cells and it is essential for normal 
and abnormal cell growth through its involvement in the synthesis of 
polyamines necessary for the synthesis of ONA and proteins. ODC has been 
observed in cells and tissues tr jird with tumor promoters and is a specific 
and sensitive molecular marker of the action of tumor and growth-promoting 
agents. While all stimuli inducing OOC activity do not function as tumor 
promoters, all known tumor promoters do elevate ODC activity in target 
tissues. Figure 7 (Byus et al, 1988) shows ODC activity increased by ower 50 
percent in cultured malignant liver cells exposed to ELF amplitude modulated 
EM fields. 
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Fig. 7. ODC activity in malignant liver cells (Reuber H35 hepatoma) before 
and after exposure to EM fields amplitude modulated at 16 Hz. (From 
Byus et al., 1988). 
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Cancer-promoting phorbol esters and activities of kinase C and ODC 

Kinase C (a cAHP-independent protein kinase) functions both as a receptor and 
an enzyme and occurs widely in cell membranes with the highest concentrations 
in brain tissue. Kinase C is calcium dependent and activated in a biochemical 
reaction as a result of cell surface stimuli. This biochemical reaction can 
have a cascading effect activating all kinase C molecules of the cell membrane 
which, in turn, alters calcium binding on the membrane (refer to Fig. 6). 
Byus et al. (1984) have established that cAHP-independent protein kinases are 
sensitive to weak pericellular ELF amplitude modulated EN fields. 

Kinase C is a specific receptor for phorbol esters which are used widely as 
promoting agents in experimental cancer models. Phorbol esters bind strongly 
to kinase C activating it irreversibly. Byus et al. (1988) have shown that 
induction of 00C activity follows stimulation of malignant liver cells with a 
phorbol ester and that this response is sharply enhanced by imposed ELF 
amplitude modulated EH fields (see Fig. 8). These findings suggest a 
synergistic reaction between ELF or ELF modulated EM fields and the effects of 
cancer promoting substances. 
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F1g. 8. ODC activity 1n malignant liver cells (Reuber H35 hepatoma) 
stimulated by a phorbol ester (TPA) with and without concurrent 
exposure to the same amplitude modulated field as in Fig. 7. (From 
Byus et al., 1988). 
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Any reduced response in immune function would facilitate any effects of cancer 
promt ion of ELF fields. Lyle et al. (1983) observed a sensitivity to 
Modulation frequency in allogenic T-lymphocytes targeted against cultured 
lymphoma cells. Allogenic T-lymphocytes provide a cell mediated immune 
response through cytolysis. That is, they destroy target cells by rupturing 
the cell membrane and releasing the intracellular contents. Cytolysis was 
reduced by 20 percent with 60 Hz modulation (see Fig. 9). This suppression 
was found to be transitory with complete recovery 12.5 hours post exposure. 
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Fig. 9. Inhibition of cytotoxicity of allogenic T-lymphocytes following 
exposure to amplitude modulated EM fields (450 MHz, 1.5 mW/cm? 
PEP). (From Lyle et al., 1983). 

DISCUSSION 

Some of the mathematical models discussed here are abstract and lack 
consideration of the energetics of the processes. For Instance, Joyner (1988) 
has shown for a spherical body of radius 0.075 m (an approximation to an adult 
brain) that a 50 Hz alternating magnetic field of some 400 vl 1s required to 
elevate the cyclotron resonance absorption of calcium ions above the 
background thermal noise level of the system. Such a level of 400 pT is well 
above that found 1n the environment. For example, under a 500 kv transmission 
line the level is of the order of 10 pT. However, these models can be used as 
a basis for gaining Insight into some of the fundamental processes under 
study. In addition, 1t 1s not critical to any discussion on possible cancer 
promotion of ELF fields which hypothesis, the long range co-operative or the 
localized membrane interaction, ultimately proves to be correct because the 
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experimental results, in the main, are not in question. Questions have, 
however, been raised about the repeatability of the calcium efflux 
experiments. Albert et al. (1987) was unable to replicate the enhanced 
calcium efflux effect. This negative result may possibly stem from 
differences in location since there is evidence to suggest the earth's 
geomagnetic field may be a variable (Blackman et al., 1985; Thomas et al., 
1986). 

Although Adey (1986) refers to ELF fields as cancer promotors it would appear 
that this is still the subject of much discussion. However, the evidence, as 
it stands, would point to the conclusion that ELF fields can act as growth 
modifiers. 
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DISCUSSION 

Repacholi 

Ken, I think what needs to be resolved is the fact that calcium is identified 
as one of the keys In this hypothesis and it is really only Adey and Blackman 
that found changes in the calcium efflux. Others haven't. All be that as it 
may, he's only finding the effect at 16 hertz frequency modulation and 
inferring that the same sort of thing would occur at higher frequencies. 

Joyner 

Well, Blackman has found that by artificially arranging the steady magnetic 
field to twice the strength, he can increase the effect. He makes 16 hertz 
ineffective and he makes 35 hertz effective. 

Repacholi 

Yes, but It's still a bit of a way from 50 hertz. 

Joyner 

Well OK, we're still a bit of a way from 50 hertz. 

Repacholi 

And 1n fact, when they try the experiments at higher frequencies, they 
specifically don't find any changes in calcium efflux, 1n fact the efflux 
returns to control levels. So how can you extrapolate those experiments 
through to the 50 - 60 hertz range? 

Joyner 

Well, I was asked here to give a talk on possible mechanisms, I personally 
think that we may not have the whole story yet, but I think, I simply cannot 
turn my back on that body of evidence. I think it's worthy of consideration. 
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I don't think anyone turns their back on the evidence, I think they would like 
to see the evidence substantiated. 

Joyner 

Well, while everyone is here I'll put in a free plug, that Andrew Wood and I 
are after $180,000 to fund a three year study to replicate the calcium efflux, 
so if anyone's got any spare change hanging around all donations will be 
gratefully accepted. 

Wood 

Blackman did report the effects of higher frequencies and he's got a series to 
be published that cover the range from 16-510 Hz. In his laboratory he got 
effects of odd multiples of 15 hertz, one at 45 hertz. These are not yet 
replicated by other laboratories. 

Joyner 

Now there is one experiment that is going on at the moment. At the next BEMS 
meeting the results will be given out and that's the project 'hen house' where 
six identical pieces of equipment were made in the one laboratory and sent to 
different parts of the earth to different laboratories. I don't know if 
anyone's heard of the Oelgado experiment, where they saw abnormal responses in 
chick embryos, given various pulsed magnetic fields exposure and one of the 
parameters that they are actually measuring in this project 'hen house' is the 
size of the geomagnetic field inside the Incubator and they're exposing the 
eggs to a range of ELF frequency magnetic fields and so if the cyclotron 
resonance is there, then there should be some indication of it in that 
experiment. 

Repacholi 

The hypothesised cyclotron resonance effect has an energy level that is just 
so far below the thermal noise level in the system it is difficult to see how 
cyclotron resonance could explain this situation. 
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I know it's below the thermal noise, but similarly these weak field strengths 
that they're finding in tissue are so far below the field strength that exists 
across the membrane. You know, it's one of those interesting stages 1n 
science at the moment, where, it would be lovely if someone independent of 
Blackman and Adey were to repeat these experiments. Two have tried, but they 
have not measured the size of the earth's magnetic field. 

Repacholi 

It shouldn't be difficult. 

Joyner 

No, but just in a laboratory, the size of that field can change dramatically 
by where you position your equipment. You may have a great hunk of steel in 
the building structure, so just taking the magnetic field of the earth is not 
going to give the right result, it must be measured. 

Sandeman 

Before anybody who's not medically qualified and so on, goes away with 
distorted ideas, I think we should realise that we're talking here about a 
different order of organisation between what can cause cancer at a cellular 
level and what might cause cancer at a clinical level. The mechanisms being 
described by Ken may well exist, but as you can see, there 1s not a great deal 
of support one way or the other of just how we're going about it. For 
example, I would sa\ that one of the experiments suggested that you were 
measuring a marker for tumour activity, but the 00C is in fact not just a 
marker of tumour activity, but of cellular activity. ODC will also go up if 
you cut yourself or if the liver 1s induced to proliferate and these are 
normal mechanisms. What you may be seeing is not so much the production of 
malignancy but the ability of the cell to adjust for differences. Nature is a 
marvellous mechanism and biological nature is even more marvellous than we can 
think of 1n adjusting to changes that have occurred throughout the whole 
history of biological existence. 

Joyner 

As I understand 1t also, Increased ODC activity in patients is one of the 
things that perhaps you look for when diagnosing a malignancy. 
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I have never actually sent a test off, "please measure ODC. 

Joyner 

Well in reading the literature, now look I must admit, one has to take what 
you read on face value in the literature, but as I have read that, ODC was in 
fact one of the pointers for malignancy. 

Pojer 

Who wrote that, just out of curiosity, was it Adey? 

Joyner 

Well, as a matter of fact, it was. 

Sandeman 

Oh, what a coincidence. 

Joyner 

Well, would you go along with the statement that all known tumour promoters 
will promote ODC activity, elevate OOC activity in cells. 

Sandeman 

I'll have to think about it. I mean no-body has mentioned viral oncogenesis. 
Does that liter ODC? 

Joyner 

No, but he's done an experiment where they've looked for a specific molecular 
marker 1n response to the addition of a tumour promoter 1n tissue. 

Sandeman 

You generalised from that anu said that all tumour promoters produce ODC. 
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Well that's his statement. 

Sandeman 

Well I don't go along with such generalised things without thinking a little 
bit about it. 

Joyner 

Well lets just look at the liver cells. They add TPA to the liver cell 
culture and ODC activity definitely goes up. 

Sandeman 

TPA is an initiator not a promoter. But I go along with that, OK it's one 
system. 

Joyner 

It's one system. 

Sandeman 

It's a temporary thing . 

Joyner 

Its a temporary thing, and these are tumour cells already. It's up there in 
black and white that they are malignant cells. I'm not hiding from that fact. 

Repacholi 

These readings are taken one hour apart. His accuracy 1s one hour and he's 
finding the difference between the two 1s one hour. 

Joyner 

Adey has carried out a very careful experiment. Well, OK, It's existed out 
there at a much higher level for a significantly longer length of time. 
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My name is Ford, I'm an electrical engineer and I came here with one view in 
mind, and that was to see if there was a plausible explanation, not the last 
word, or everything scientifically wrapped up, but if there is something 
there, and I'd like people to dwell on that. For instance, I've got one 
researcher saying he gets a plus effect and another researcher getting a minus 
effect on the calcium efflux, now that to me, I don't get upset at that 
because it's an effect. Sure I rip both researchers' work to bits, I spend 
some more effort to determine whether they're just one plus and one minus and 
the average is nothing. But, is the effect of Blackman and is the effect of 
Adey a real effect. 

Joyner 

Well one reason why I'd like to do the experiment again myself is that this 
efflux is also very temperature dependent. Now, if you don't have very good 
temperature control on your experiment, then you know, one guy may have his 
laboratory at 25 degrees which increases the efflux. 

Temperature control is probably OK now, but what we're looking at is 
experiments that were done pre 80s. If I have doubts in my own mind, and I 
have plenty of doubts believe me, then I would like to do it again and I would 
like to do it not on chick brain hemispheres but on glial cells and I'd like 
to control very much the temperature. 

Repacholi 

Gunderson did an excellent job and he was overseen by a panel of scientists to 
make sure he did absolutely everything right and he couldn't find an effect of 
60 Hz fields on calcium efflux. 

Wood 

He had pretty hefty fields and these windows are way down in the nanotesla 
region. 

Joyner 

See that's the thing. If you've got a window or an effect that's transient 
and you don't look within the window area, then why should you see anything. 
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Repacholi 

He was looking at power frequencies. 

Joyner 

Yeah, he was looking at frequencies that you would find under a 765 kV line. 

Repacholi 

He confirmed Adey's results that there is nothing occurring up at 60 hertz for 
calcium efflux. 

Joyner 

Well, at that level. 

Gerrand 

My name is James Gerrand. I'm not too sure that you can accept a modulated 
signal as being the same as a direct signal. Now as a communications engineer 
I am familiar with demodulation of radio frequencies and that's through a 
rectifier that produces a voltage which then produces the current. But, I 
can't see the modulated signal producing a magnetic field. I understand that 
the main concern is the effect of magnetic fields in giving rise to cancer 
effects. Wouldn't 1t be a lot simpler to stick to magnetic fields and not 
rely on modulated signals. 

Joyner 

Now, when they started doing this work, the debate wasn't about ELF, the 
debate was about RF and microwave and they started looking at modulated 
RF/microwave fields. 

Gerrand 

But they don't produce magnetic fields do they? 
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Adey actually doesn't suggest the effect is a result of magnetic fields. He 
only ever reports on electric field strengths in situ. 

Gerrand 

But at times there is a confusion between electric and magnetic fields. 

Joyner 

The applied electric and magnetic fields will induce in tissue currents. Both 
will induce currents and those currents will have to flow between the cells. 
They can't, there's an enormous dielectric barrier in the cell membrane to 
current flow across the membrane. 

Repacholi 

Adey doesn't agree that it's induced currents that's producing the effect. 

Joyner 

No, he calls them weak electrical stimuli amplified by the cell membrane. 
See, he needs, whether he likes it or not, he still has an energy balance 
equation for the kinetics to apply when he gets into the cell. He needs a 
cascading effect there to explain his intra cellular hypothesis and 
unfortunately the kinetics involved in the weak currents that are induced in 
the extra cellular fluid, even if they were flowing in the intra cellular 
fluid still wouldn't generate some of the processes that he's seeing. He 
needs an amplification. All these cells are getting a lot of signals all the 
time and they're integrating them. It's just like a nerve cell, it's not 
firing all the time, it will only fire when it gets a certain threshold 
level. I think the whole basis 1s that you still have some sort of threshold 
effect within the cell as well, so you need amplification 1n going across the 
membrane. So that's where he's putting up these theories of soliton waves 
travelling down those intra membranous proteins. 
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Repacholi 

See, he criticised standards that are based on induced currents for ELF 
because he says it doesn't explain other experimental data, or takes into 
account that experimental data. So he specifically denounces the standards 
based on induced currents. 

Joyner 

Induced currents from the point of view of a homogenous model. Adey is 
probably the first to admit that outside of some of these windows, in fact, 
he's down in print as saying anything above a kilohertz and it's all thermal. 
I mean, above 1 kilohertz he'd quite happily accept induced current standards 
set on thermal models alone. 

Repacholi 

Yes, but Adey wasn't prepared to accept that a few years ago. He claims it is 
a non-thermal effect. 

Joyner 

I think now he's come around to that view. He has, in fact, branded ELF as 
the biological frequencies and you're proposing standard: on the basis of 
induced current and ignoring any window effect. 

Repacholi 

But the window is occurring at l* - 20 hertz and we're looking at fie'.is 50-60 
hertz. 

Joyner 

But M1ke, what's the rapid transit system in Europe running on? 16 and 
2/3rd hertz and your curve keeps on going up monotonlcally. 

Repacholi 

No, we put up guidelines for 50 - 60 hertz, no more. 
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Ford 

I just like to make a statement, and that is that all this argument about 
whether something 16 hertz or 50 hertz or 60 hertz is irrelevant. Power 
engineers could tomorrow have to build and desigr. a system at 16 hertz or 25 
hertz. There's no magic about 50 hertz and therefore it's important that you 
concentrate on an effect that is happening at a particular set of 
circumstances and forget for the moment whether it's matching up with 50 or 60 
hertz. I am just saying, from an electrical engineering point of view (and 
the big economics of the issue are electrical engineering you know, what is it 
going to cost us to build power lines) there is no magic about 50 or 60 
hertz. In fact, most power lines that are brand new, not most but a fair 
percentage of them that are brand new, will be built at direct current. 

Joyner 

There are some epidemiological studies that say that's bad as well. 

Ford 

And that's the issue, you see. If DC is bad, then we're in trouble. 

Joyner 

We're in trouble anyway. 

Ford 

No, you might be "»n trouble unless you employ a very good electrical engineer. 

HacPhee 

A comment on the point at which you said you wanted to repeat the 
experiments. If you did and you got a positive result, it would 'jt add one 
single piece of information to our knowledge about human cancer. There must 
be a million things that can affect calcium in the blood. What about calcium 
channel blockers for example? 
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Joyner 

Well look, if I repeated the experiment and got a positive result, I could 
sleep a lot easier at night. 

HacPhee 

You are so far away from studying cancer from looking at that kind of effect 
that it is just not relevant. 

i 
Joyner 

Well that's a medical viewpoint i f I may add. 

HacPhee 

No it's not, it's a scientific viewpoint. There's a difference. 

Joyner 

You see, if you build a hypothesis based on the cornerstone of calcium efflux 
and if you can't substantiate the cornerstone, then you have no hypothesis. 

HacPhee 

But even then, no one really believes that altering calcium levels, which can 
be done in a million ways all the time, has anything to do with human cancer 
at this point in time, except perhaps Adey. No one else believes that. 

Joyner 

Well, I don't entirely agree with that, because I sort of have an Inkling 
towards it. I mean put a gun to my head and ask me the question. Calcium 
efflux or not and I'll say yes. 

HacPhee 

Well you haven't got much support out there in the broad scientific community. 
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Wood 

Can I just say something here. We've been talking about cancer for about 60 
minutes but there are other aspects of ELF such as magnetic stimulators for 
bone growth and so forth which are beneficial. So I think cancer is only one 
part of the interest that exists for 16 hertz ELF because the other question 
is that if there's a real effect there it's something very interesting 
academically but there may also be some benefits from this sort of phenomenon. 

Christophers 

I'd like to ask Ken can he give some substance to the view that ELF is the 
same as ELF modulated RF. Is there any evidence that there's something built 
in that will demodulate? 

Joyner 

The cell membrane will demodulate signals basically below about 100 megahertz 
- 200 megahertz. You can liken it to the junction of a transistor if you 
like, where you've got a charge barrier and it will demodulate the signal. 

Colebatch 

I was going to comment on the previous remark that bone healing was promoted 
by ELF. This is as unproven as the risk of cancer. It is a purely 
hypothetical concept which has a few supporters in orthopaedic surgery but 
it's never been established as a beneficial therapy. 

Abeyasekere 

Can you tell us what evidence there 1s for saying that the 16 hertz on the 
microwave 1s in fact demodulated by the cell membrane. 

Joyner 

The earlier work of Schwan on the behaviour of the cell membrane clearly 
indicates that 1t will demodulate the signal. 
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Abavasekere 

What were the measurements done? What kind of signal extraction was in fact 
done in order to see it - that de-modulation did take place? Could u be 
quite simply a matter of independent behaviour as in vector addition of 
signals? In other words, regardless of the appearance of the other signals, 
this signal was in fact producing the effect. And that has nothing to do with 
demodulation. Demodulation means that the other signal is completely wiped 
out and this signal alone is extracted. 

Wood 

I think it was all dielectric dispersion experiments. The alpha dispersion 
region is down about 100 hertz which, from calculation of the dispersion 
frequencies and so forth, could only have been due to membrane components. 
There are further dispersions at higher frequencies but they must be due to 
the smaller molecules. I think it 1s probably on this basis that if you're 
looking at membrane effects, then the membrane can't really respond to 
anything faster than a few hundred hertz. 

Abeyasekere 

So, what you're saying 1s, that dispersion was the mechanism which actually 
extracted the 16 hertz from the other in which case, 1t was independently 
acting like, well the sum of two vectors. They were completely separated 
without the other one being wiped out. In other words, even in the presence 
of the other one, this 16 hertz was having the effect that you were saying it 
had. 

Hocking 

Ken, that cyclotron model, can you extend that into DC for a non physicist? 
I ask that because we mainly talk about ELF, but there are reports of 
leukaemias which apply to people working with DC. Mllham's original study 
Implicated people working 1n aluminium smelters, some aspects of 
telecommunications Industry and then people who are working with traction 
equipment underground - there have been reports that leukaemia Increases there. 
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There is definitely no cyclotron resonance effect at DC, so, if there was an 
effect, perhaps it was due to something else. Aluminium smelting is not the 
most healthy Industry in itself. It is a pretty dirty industry, chemically 
and environmentally. 

Hocking 

I take all that, but there is this implication of DC as well as ELF needing 
explanation. 

MacPhee 

Could I just comment on something that slipped by a little bit earlier on 
about ornithine decarboxylase. It's not in fact an essential enzyme. It's 
not essential for DNA synthesis. It's not essential for anything, because you 
can actually isolate mutants that don't have any. 

Joyner 

And are they all nucleated cells. 

HacPhee 

Yes, there are all alternative ways of packaging DNA. That's a l l the spermine 
and spermidine require, iou can actually Isolate spermidine deficient mutants 
as well. 

Joyner 

Well I can only rest on what Adey wrote 1n that paper. 

Oelplzzo 
» 

Is this relevant . 
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HacPhee 

It's terribly relevant. People are accepting the statement that this enzyme 
is essential for cell division and for ONA replication. It cannot possibly be 
essential if cells can grow and divide without it. It simply can't be 
essential for normal cell division. 

Ford 

Is it a marker, is it a warning flag? If it is a warning flag what would 
you do next to refine the issue? 

Sandeman 

It's part of a normal cell mechanism. 

HacPhee 

It's no different from the situation with oncogenes which we know about, 
oncogenes normally have a cellular counterpart which is expressed and is 
called a proto-oncogene; nobody is suggesting that OOC is determined by an 
oncogene. There is absolutely no evidence for that at all. 

Jovner 

It's a normal cell function. 

MacPhee 

It's a normal eel' function that under some circumstances is expressed at 
different levels, like every other cellular function. It's not different 1n 
that sense, 1t has nothing to do with progression. 

Salzberg 

A lot of things that ought to have been done to see whether ELF is 
carcinoge^c appear not to have been done. I see from this review by T1m 
Aldrich that Ames testing apparently has been done on electric fields but has 
come up negative. But when we are talking abou>. leukaemia and brain tumor, I 
believe there are equivalent models to that already discussed today for liver 
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ceils. Have equivalent experiments been performed with these in vitro 
preparations? I could never find them, and quite obviously such experiments 
need to be done. 

Joyner 

There was a study done by people in Washington, DC, on glioma cells that 
turned up positive for ELF fields. It was an in vitro neuroblastoma study I 
think. 

Salzberg 

There are well established glial cell preparations which are used for lots of 
other purposes. 

Joyner 

Well, that's what Andrew Wood and I were interested in looking at. 

Salzberg 

I think some people here have had experience with leukaemia in particular and 
I wonder if there are for instance in vitro preparations using the various 
promotors on leukaemia cells? 

Joyner 

You're asking the wrong man. 

Abeyasekere 

It looked to me as if Ken was making the point that calcium ion transport 
Imbalance 1s pretty crucial as either an initiator or promotor of cancer, and 
is connected to the ELF fields. 

Joyner 

No, I made it quite plain from the outset, that we are definitely not talking 
about any Initiation process. 
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But you're saying that it has been suggested as a mechanism. 

Joyner 

I don't know of anyone, apart from perhaps Becker, who has proposed it as an 
initiator. It seems to me it's more like a growth modifier than even a 
promoter. If I were to put it into a category rather than calling it a 
promoter, I would call it a growth modifier. 

Abevasekere 

I find Don HacPhee here sort of giving it a fairly low mark as connected to 
the promotion of cancer. Now the two of you are in an entirely different 
field than the field of the electrical engineer. Now, I'd like to have a 
reason why you say, for instance, there can be an objection to that 
connection, and I'd like to find o'Jt why Don says that there might not be that 
connection. Because we are interested in that particular connection. 

MacPhee 

Well, 1f calcium doesn't fit with the theory, try potassium, try another 
divalent cation. It doesn't have to be calcium for the theory, it just 
happens that calciur, is the one that has been chosen. I go back to the point, 
there are drugs that completely block calcium channels, now you'd expect them 
to have a much more profound effect and they do, in fact they are very 
effective but they don't appear to cause cancer and they would appear to be 
many many orders of magnitude more effective in altering calcium balance right 
throughout the body. 

Joyner 

I'm not arguing with you, most of these experiments are not talking about one 
Initial insult. Whether it be with a drug or whether it be with an exposure. 
We're talking about chronic levels of exposure. They're the hypothesis that 
are basically being tested. No one to my knowledge, has been able to show 
that these fields are mutagenic over long periods of time. So, if there is 
any basis to the story of these epidemiological studies then maybe it's in the 
chronic exposure to some co-agent, some other environmental agent. ELF fields 
- we're chronically exposed to ELF fields, there 1s no two ways about it. 



81 
Frankly, I don't think, in my own view, that there's any great story to the 
ELF carcinogenic line of argument at this point of time. I'm s t i l l trying to 
verify in my own mind, the cornerstone on which a lot of i t rests, and that's 
in this calcium efflux. 

HacPhee 

Why calcium? 

Joyner 

Well, lithium, I mean people have looked at the aberant behaviour of rats and 
implicated lithium as a target ion in their behaviour and tuned the lithium, 
set up their experiments so the geomagnetic field and the applied field tuned 
to a cyclotron resonance for lithium, and they've shown a change in the 
behaviour of rats, the ability of the rats to perform tasks. Now rats, OK, 
someone has already said that rats are not good models for humans, I don't 
disagree with that either. 

HacPhee 

Behavioural effects with lithium are very well known too in humans, but it's 
still got nothing to do with cancer. 

Joyner 

No, i still think you misunderstood me. 

HacPhee 

I'm jus t trying to c la r i f y the relationship between ELFs and cancer - you seem 
to be picking on calcium without demonstrating the relevance of calcium to 
cancer Induction. 

Sandeman 

If you'd picked on selenium it perhaps might be a different story. Selenium 
has something to do with cancer epidemiology. Selenium in the environment 
does have some relationship to the epidemiology of some cancers, but to pick 
on calcium and lithium, I mean, were not talking about madness under the 
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powerlines. If you're basing the problem on the lithium and calcium levels, 
it just seems remote to me, as a clinician having to deal with cancer, from 
the effects on cance-. I'd hate you to think we're attacking you; we're not 
attacking you; we're talking really about Adey's proposition. Adey certainly 
has grabbed publicity, but so did Hi Ian Brych, when he was talking about the 
cure fo~ cancer. 

MacPhee 

Getting back to the tenuous nature of the link. You had a slide there where 
adenyl cyclase levels were changed and, of course that's how cholera toxin 
works. It might be easier to look for diarrhoea caused by living under 
power lines. The end point is a lot faster! The link to cancer is so tenuou.. 
as to be ridiculous. 

Joyner 

That hypothesis about breast cancer. Is it, or is it not true, that the more 
electrified the society, the higher the rate of breast cancer. In Western 
society, women have a higher rate of breast cancer. 

MacPhee 

Almost always attributed to diet. 

Joyner 

We've had a remark that, lets look for diarrhea under power lines. If there 
1s a direct action on the pineal gland then you do get change in melanin and 
you do get constant estrogen and constant prolactin. Is is not possible that 
you will put the epithelial stem cells at risk? As a hypothesis to a 
clinician, 1s that a reasonable hypothesis. 

Hocking 

No, you have more lung cancer in Western women as well, that's due to 
smoking. I mean it could be just another factor of Western civilisation. 
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Now lets just put the hypothesis. Is constant estrogen and constant prolactin 
elevation going to put epithelial stem cells at risk in the breast. It is one 
for the clinicians. 

Sandeman 

But a constant elevation. Lets face it, women have a cyclical change in 
estrogen levels throughout their menstrual cycle, so it's constantly going up 
and down. 

Joyner 

What controls that cycle. 

Sandeman 

Hormones of various kinds. I t goes through the p i tu i ta ry . You're not talk ing 
to an endocrinologist. 

Joyner 

The prolactin comes from the pituitary. 

Sandeman 

Yes, but so does the LH and FSH which control the secretion performance by the 
ovary and the adrenal. We know well that you can attack breast cancer by 
removing the ovaries and changing the hormonal levels. That can Induce 
shrinkage but that's a different situation to the supposition that such levels 
will Induce the onset. 

Joyner 

It's only hypothesis that I'm asking you. To me, that sounds like a fairly 
reasonable hypothesis. 
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Is there epidemiological evidence of this? 

Joyner 

Well, actually, the only two studies that have actually looked at breast 
cancer are the Wertheimer and Leeper 1982 and the McDowall studies and neither 
of them found an increase in breast cancer. 

Pojer 

So, what are we talking about. If it doesn't cause breast cancer, forget 
about it. 

Salzberg 

I think the Stevens hypothesis is what we call an ecological hypothesis, about 
a population as a whole, as opposed to the distribution of breast cancer 
within the populations. 

Joyner 

Well he used a fair argument about the distribution within society. He's just 
put up hypothesis and he's testing it with a rat model. 

Sandeman 

It may be correlated, but you can't accept correlation as causation. It's 
like saying the rise in motor accidents 1s caused by the purchase of more 
refrigerators. I*'s crazy to talk about the Increase of breast cancer in an 
Industrialised society and attribute that to the increase 1n powerllnes. 

Joyner 

I'm not, I was just presenting the Stevens hypothesis. It seems to me on the 
fact of 1t to be a reasonable hypothesis. That's all I'm saying, a reasonable 
hypothesis. 
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That's a really crucial point that Ken Joyner said and I really want to 
intervene, because he's not necessarily supporting it (the Stevens 
hypothesis). I think the rules of argument are really quite important. To 
acknowledge that someone else has put forward a particular hypothesis is quite 
an important thing. You, the reviewer, may not agree with it but you can see 
that the hypothesis is plausible and merits consideration. 

HacPhee 

I would just like to make a point of where I do agree with you and that's your 
first slide. You agreed, I think, that that's a load of rubbish and I thought 
you could highlight that by replacing the word magnetic (organ) with mouth 
(organ). It does not change the logic of the rest of the slide in any way 
what-so-ever. 

Joyner 

I worked at the Australian Radiation Laboratory just after that 'Four Corners' 
programme got to air and based on the number of phone calls we got, the 
average person thought that that was the most plausible. It was well 
presented, he had it on a blackboard, everything was there and it was put on 
T.V. He didn't even name the magnetic organs but you cannot level that as a 
criticism because that could have been edited out. 

Ford 

There are some organs in animals 1iko the electric stress sensitive organ that 
platypuses seem to have 1n them and there's the magnetic sensitive organ that 
migratory birds have in them. Birds sit on power lines and it's oeen put to 
me that this should send the bird into a state of complete chaos, but 1t 
doesn't, to the best of my knowledge. There are magnetic and electric sensing 
organs in animals which are there for some particular reason. Therefore, 
should we not try and get some feedback from the animal biology people as to 
what that particular organ does and what happens to a bird when it's subjected 
to . 
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But you then have to establish whether the same magnetic sensitivity is in the 
human and that's when I posed the question, when I showed that slide about the 
pineal gland. In rats and pigeons the pineal cells are responsive to change 
in direction and intensity of the magnetic field. But, I know of no work that 
would suggest that similar activity exists in humans. So, even if you did it 
on a rat model, it really doesn't apply directly to humans. 

Ford 

I'm sorry, what I'm saying is, an animal that's got magnetic sensing in its 
system may not be a terribly good model to use. But we do animal experiments 
because human experiments are not possible. Primate experiments, I 
understand, are very expensive to do. My argument's gone round and round and 
I've gone back to where I started. But, look, the question has to be 
resolved. Because, as I understand it there is sufficient or almost 
sufficient evidence to say that if ELF was a chemical that was being 
introduced on the market tomorrow, you would have to perform some experiments 
to prove its safety. 

MacPhee 

And you would be able to do so. It would be established as being perfectly 
safe by any of the tests that we currently use on chemicals. 

Ford 

When you say it would be, what tests would they be? 

Joyner 

Well, the Ames test has already been mentioned. 

Ford 

But I'm an engineer, I don't know what the Ames test is. 
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Joyner 

It's a test for mutagens. 

HacPhee 

You would also do bone marrow cytogenetics (i.e., look for micronuclei and 
chromosome aberrations in bone marrow in experimental animals). 

Ford 

The trouble is, you're confusing chemical things with electrical things. See 
electric and magnetic things are not chemicals, it's an entirely different 
ball game. You have to have a carcinogenic test that's relevant to electric 
things. 



88 
THE STATUS OF IN-VITRO ELF CELLULAR INTERACTIONS 

Andrew W Wood 
Oept. of Physics, Swinburne Institute of Technology 

Introduction 

The effect of Extremely Low Frequency (ELF fields on the binding properties of 
Ca to cell membranes is one of the most studied in the area of bioeffects 
of non-ionizing electromagnetic radiation. Adey [1] has identified this as an 
essential first step in a chain of events leading to the possible promotion of 
cancer. This paper aims to review some of the experimental work with 
reference to its shortcomings, also to the recently proposed theories to 
account for the findings. In particular, comparison will be made between the 
field intensities and frequencies at which the reported effects have occurred. 

The Calcium Effect 

Interest 1n the rate of Ca efflux from brain tissue stems from the 
importance of Ca as a modulator or controller in the release of 
neurotransmitters and indeed of many cell functions [2] and its role in 
possible direct cell-...-cell communication. If this latter were the case, the 
electrical activity at the scalp surface (the EEG) would, in addition to being 
a more direct manifestation of cognitive processes than is thought at present, 
would also be amenable to modification by external fields. Since, in the 
early 1970s, the main area of concern was on the potential health effects of 
microwave and radiofrequency (RF) transmitters, these early experiments 
Involved RF radiation (147MHz) modulated at the EEG alpha wave frequency (16 
Hz) [3], The av^an (' <ly-hatched chick) paired brain hemispheres preparation 
was chosen, because of existing expertise of one of the authors (S, Bawin). 
The results, in summary, were that RF with a 16 Hz amplitude modulation (at 
80% 1n depth) produced an 18% enhancement in Ca++ efflux from the brain 
tissue, and the magnitude of this enhancement fell away 1n a Gaussian-shaped 
curve on either ide of this modulation frequency. The unmodulated carrier 
produced no change at all. The experimental details will be discussed below. 
Subsequent experiments [4] showed that ELF electric fields (calculated tissue 
field strength: 10 pV/m) produced a 10-15% reduction 1r, C a + + efflux at 
the same frequency. There was evidence that 
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both the RF modulated at ELF and the ELF alone produced effects only in a 
'window' of field strengths: in addition to there being a threshold for the 
effects there was also a ceiling: they disappeared at high field strengths. 

A group from the US Environmental Protection Agency replicated these 
experiments, but not in every detail [5-14]. Here the RF results were 
essentially similar, but the ELF experiments showed an enhancement, which is 
opposite to Adey's findings. Again, amplitude windows were identified and 
other frequencies were found to be effective (this is discussed further 
below). Details of the EPA group's experiments will now be briefly 
summarized. The exposure chamber consisted of a transmission line (or 
Crawford) cell in which the electric (E) and magnetic (B) fields can be 
accurately characterized. At RF the ratio E/B is 377'(4* x 1 0 ) , but at 
ELF this is slightly lower [14]. The measured E field strength producing the 
16 Hz effect was about 42 v/m peak-to-peak (14.8 v/m RMS) associated with an 
orthogonal B field calculated at 50 nT RMS. Taking known conductivity values 
for brain tissue, the E field strength in the tissue was calculated at around 
0.3 yV/m at this frequency. Brains of freshly-decapitated chicks were 
divided as near as possible to the midline, one hemisphere designated 'Test', 
the other 'Control'. Groups of 4 pairs were then placed 1n a physiological 
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Ringer's solution containing Ca for 30 min at 37 C. The brain tissue 
was rinsed then transferred to tubes of fresh Ringer's: 4 of these tubes were 
then placed in the Crawford cell and the other 4 paired halves (Controls) 
placed 1n a waterbath Incubator. The four in the Crawford cell (Tests) were 
then either exposed to various forms of ELF (or RF modulated at ELF) or 
sham-exposed, 1n which case the power to the wave generator was turned off. 
At the end of 20 m1n, samples were withdrawn from the solution surrounding the 

45 brain tissue and the Ca radioactivity (1n CPM) determined (thus giving an 
estimate of Ca efflux, or perhaps the rate of dissociation of this ion 
from its binding sites 1n the tissue). Results were expressed as the ratio of 
the activity in the 'Test' hemisphere (Exposed or Sham-exposed) to that 1n the 
paired 'Control'. For each exposure condition, this basic experiment was then 
replicated usually 7 or 8 times; similarly the sham-exposed, giving at lea?t 
28 ratios 1n each case. An analysis of variance was performed to examine the 
exposure-group and replication effects, so finally an F-test was used to 
compare Tests and Controls. In summary, Blackman found that fields whose E 
component was at or near 15 V/m RMS were effective in causing Ca efflux 
enhancement at the following frequencies: 16, 45, 50, 60, 75, 105, 135Hz, but 
Ineffective at 1,4? & 48Hz. Further, at 16Hz 2.65 v/m RMS was also 
effective. For RF modulated at 16 Hz the radiation was effective at the 
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following intensity windows: 0.8 mW/cm at 147 MHz and 3.6 mW/cm at 50 
MHz. The differences in the effective intensities were explained by the fact 
that the Specific Absorption Rates were approximately equal, 1.3 m W/kg. The 

2 latter RF was also effective at 1.6 mW/cm and at 50 Hz modulation at 2 1.9 mW/cm . These results are summarized in Fig. 1 and Table 1. 

Table 1. Values of microwave intensity in mW/cm2 modulated at 16 Hz tested 
on chick brain halves. Those intensities producing a significant enhancement 
1n Ca"1"1" efflux are shown underlined, those with no effect in brackets. 
Estimated tissue electric field Ej shown in the last column. Experiments 
first reported in the references given: table adapted from Ref. 9. 

Carrier Frequency Estimated 
50 MHZ 147 MHZ 450 MHZ Ei (V/m) 
(Ref.HI) (Ref.f61) (Ref.T431) 

(0.37) 0.79 
- (0.11) - 0.91 

(0.72) - (0.05) 1.10 
1.44 - 0.11 1.56 
1.67 0.37 - 1.68 

(2-17) (0.49) - 1.92 
- 0.55 - 2.04 
3.64 0.83 - 2.50 
(4.32) - - 2.71 
- 1.11 - 2.90 
- 1.38 - 3.23 
- (1.66) - 3.54 
- - 1.00 4.77 
- - (2.00) 6.75 
- - (5.00) 10.7 

There are at least two reasons why the ELF results of Adey's group differ from 
the EPA's. The first, already mentioned, 1s that the former Involved exposure 
to E fields only, whereas the latter were exposed to a combination of E and B 
fields. Another explanation was provided by Blackman et a'l. [13] who showed 
that the effective ELF frequencies were influenced by the static geomagnetic 
field. The evidence 1s based on a series of 10 combinations of enhanced, 
reduced or reversed static field (see Fig. 2) suggesting a relationship of the 
form: 

f = 395000 x B x (2n +1) n = 0,1,2 

as predicting whether or not effects would occur. However, the effects 
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Summary of ELF frequency and amplitude combinations tested for ability to 
cause C a + + efflux enhancement from chick brain halves. Circles: data from 
Ref. 11; squares: data from Ref. 10. Filled circles and squares: significant 
effects; open circles and squares: no effect. Figure from Ref. 11. 
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Figure 2 
Results of C a + + efflux experiments for various combinations of static field 
(1n multiples of Local Geomagnetic Field, 38 pT) with various ELF values 
(ordinate). Filled circles: significant effects noted; open squares: no 
effect. Figure from Ref. 13. 
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++ observed were either an enhancement of Ca flux or no significant 

difference (when compared to controls), never a reduction, as observed by 
Adey's group. However, the fact that geomagnetic field values do vary widely 
even within one building would make it quite likely that the values in the two 
laboratories were different, although the actual value in Adey's laboratory 
has not been reported. 

Critique of the Ca effect: the 'Cheshire Cat phenomenon' 

Similar experiments to those just outlined have been carried out by other 
groups, and on different tissues. In fact the original report also studied 
cat brain and cat muscle, with an effect in the former, but none in the latter 
[3]. Positive results were obtained by Dutta et al. [15], who described an 
enhanced Ca flux from human cultured neuroblastoma cells for 16 Hz 
modulated RF at 915 MHz at a SAR of 50 mw/kg. Lee et al. have recently 
described a positive effect of modulated RF on Ca efflux from chick brains 

o for a 26.5 C incubation temperature [40]. Takashima et al. [16] reported a 
shift in the rabbit EEG power spectrum toward lower frequencies when the 
animals were subjected to a 6 week regime of 1.2 MHz or 5 MHz radiation 
modulated at 15 or 14 Hz respectively for 2 h/day. Albert, Blackman and Slaby 
[17] reported an enhanced Ca from rat pancreas exposed in vivo to 16 
Hz-modulated 147 MHz radiation (75 mW/kg), but two of the authors recently 
[18] repeated the experiment on chick brain at these frequencies, but failed 
to show any significant changes, unless the results were expressed as 
control/test ratios, where a t-test yielded a P value of 0.02. As discussed 
below, this statistical approach may be inappropriate. In any case, the 

++ effect (if any) is a reduction of Ca flux. These authors suggest a 
difference 1n sample spacing (since at RF the samples disturb the field 
pattern [8]) as a possible reason for their null result when both the Adey and 
tPA groups obtained positive results. 

Null results were also obtained by Shelton &. Merritt [19], who exposed rat 
cortical slices to 1 GHz radiation modulated with 16 or 32 Hz square waves or 
?0 msec pulses rather than pure sinusoids. 

There have been a number of reports of sinusoidal ELF alone (not as an RF 
modulation) on other systems, such as the slime mould Physarum polycephalum 
(see [?0] for references) and on the RNA transcription rate in salivary cells 
(see [21J for references). In these examples the field 1s mainly 72 Hz and 
the magnetic field at least two orders of magnitude greater than for the Adey 
and CPA experiments. Ihe use of pulsed magnetic fields in the treatment of 
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intractable bone fractures has been well documented, and several groups are 
investigating the effects of these fields on cell culture systems [22, 23]. 

One effect, which has received some attention in recent years has been the 
reported enhancement of noradrenaline release from cultured adrenal tumour 
cells by 500 Hz magnetic fields of about 1 mT [24]. This was repeated by 
Coulton et al. [25], but with a null result. These authors also investigated 
three other previously reported bioeffects of magnetic fields and showed a 
null result in each case. The reported altered adhesion rate of the cultured 
adrenal cells to petri dishes [26] was repeated by the present author, again 
with a null result. This highlights an important aspect of many of these ELF 
effects: their lack of reproducibility. Carstensen [27] lists many effects of 
both E and B fields which have been unreplicated by other independent groups, 
both where these other groups have obtained null results or where replication 
has not been reported at all. Of course, any experiment is extremely 
difficult to reproduce in all of its aspects, especially where the possible 
contributing factors, such as geomagnetic field or sample spacing, are not 
well characterized. 

Many of the effects described reach significance only at the <0.05 level, 
which corresponds to a l-in-20 chance of the observed difference being due to 
a random fluctuation. Looked at another way, if the experiment were repeated 
20 times on average, one of these would lead to a convincing effect. There 
are two ways of interpreting this: one is that there is no effect at all, the 
other is that the experiment needs just the right conditions for it to occur, 
and it is these conditions that fluctuate, rather than the effect itself. If 
these conditions are unknown, they cannot, of course, be controlled. This 
has been called the 'Cheshire cat phenomenon' [28]. The Ca effect in 
chick brain has been reviewed in depth, with these considerations in mind, by 
Myers and Russ [29]. Their main criticisms, with comments by the present 
author, are as follows: 

1. The variability of the 'shams' In the earlier papers of the EPA group, 
the amplitude windows snowed up more because the Sham/Control (S/C) 
ratios fell at the period of time certain exposure intensities were 
tested, rather than these Exposed/Control (E/C) ratios being elevated. It 
might be argued that the E/C ratios for particular exposure conditions 
should be compared with the average of aV[ the S/C ratios, since all shams 
are theoretically equivalent. However, since the corresponding shams 
represented experiments performed 1n alternation with experiments at a 
given exposure condition, the variation in S/C ratios may be due in part 
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to a temporal drift, which would affect both tne exposed samples and shams 
equally. Nevertheless the average E/C ratio, ignoring exposure 
condition, is significantly greater thar the average of all S/C ratios. 
This of course assumes that all experiments have been included or that the 
rules for excluding 'rogue' experiments have been strictly adhered to. In 
the more recent EPA papers the S/C values have shown a much smaller 
variability, perhaps due to a greater control over temperature (see below). 

The sensitivity of Ca kinetics to factors such as temperature, bathing 
o solution composition etc. A rise of temperature of 4 C is sufficient to ++ cause a 15% enhancement of Ca efflux [6]. As has just been 

mentioned, recent EPA work has involved a greater control of temperature, 
but other sources of variability, such as tissue/Lathing solution volume 

45 ratio, Ca specific activity, sample spacing and so on still remain. 
Recent work by another group [40] has emphasised the role of temperature ++ in whether the Ca effect occurs or not. 

Lack of viability of the tissue. The bathing solution was not oxygenated 
and so the brain tissue would degenerate functionally (e.g. the EEG would 

45 disappear) during the 30 min pre-incubation with Ca. The efflux of 
Ca during the ensuing 20 min would then possibly be affected also by 
bacterial contamination of the preparation. For this reason the cell 
culture preparations of Dutta et al. and Dixey and Rein are preferable. 

Brain 1s a highly complex structure. It is unclear which cell layers or 
45 cell types take up the Ca preferentially during the incubation period, 

and indeed during the subsequent period when the Ca is measured. 
There 1s some evidence that the Ca is released from extracellular 
binding sites in the case of chick brain, but in the neuroblastoma 

45 preparation of Dutta the Ca was implicitly assumed to be intracellular. 

Inappropriate statistical analysis. The efflux data are essentially 
percentage scores, and it 1s the ratio of these percentages that forms the 
basis of the further analysis. F or t-tests assume a normally distributed 
population, and there is some debate as to whether parametric tests are 
appropriate for ratios. Ratios need to be log-transformed to ensure a 
normal distribution. The EPA group did do this 1n the more recent papers, 
however the t-test in particular 1s fairly insensitive to departures from 
normality. Nevertheless, since the effects are in general small, this may 
make the difference between significance and non-significance. 
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Possible interaction mechanisms 

These are not the only criticisms. The power in the ELF fields is so low 
3 (approximately 10 nW/cm ) that it is difficult to envisage how biological 

systems could be sensitive to them at all. The tissue E fields are, however, 
similar to those sensed by the electroreceptors (ampullae of Lorenzini) of 
sharks, skates and rays [30], but 12 orders of magnitude smaller than those 
existing across the cell membranes. E fields and changing B fields exert 
their effects by causing ion currents to flow, but in this case (E approx. 
300 nV/m; dB/dt approx. 15 pT/s) these currents will be imperceptible, below 
the thermal noise of the system, unless the system bandwidth is limited to 
frequencies below 100 Hz [2]. There is general agreement that if they exert 
effects, the mechanism must be very subtle, involving a process of biological 
amplification or co-operativity. Tenforde and Kaune [31] have recently 
reviewed several theories which seek to cover this aspect, and also the 
windows in frequency and intensity referred to earlier. No one theory 
adequately covers all these aspects as indicated in Table 2. Recent attention 
has been given to the Cyclotron Resonance theory of Liboff [37, 39, 42] in 
which ions describe resonant helical pathways through transmembrane pore 
molecules. 

Table 2. Survey of theoretical approaches designed to explain the ability of 
low-intensity ELF to interact with sub-cellular systems. Y or N indicates 
whether or not a particular theory attempts to deal with particular aspects of 
the C a + + effect noted in the text. 

Name of Theory Ref. Cooperativity Freq. window? Ampl window? 
Coherent Oscillations [32] Y N (MW only) N 
Phase Change [33] Y N N 
Soliton Coupling [34] Y N N 
Ligand Binding [35] N Y Y 
NHR Dielectric Const. [36] ? Y ? 
Cyclotron Resonance [37] N Y N 
Cyclotron Resonance [38] N Y Y 
Cyclotron Resonance [39] ?Y Y N 

Of particular relevance to the Ca effect is the prediction from Cyclotron 
Resonance theory of a relationship between effective frequency and the static 
(usually geomagnetic) field of the form: 

f - q x 8/(2* x m) 
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where q is the effective charge and m the effective mass of the ion involved. 
The numerical factor in Blackman's equation given earlier, 395000, is about 
half the factor for Ca ions (761000), but is nearer to the value 
appropriate to K (381000). 

++ + -M-
Liboff suggested a Ca /K exchange as being involved in the Ca 

-6 
effect, but in a study on diatom motility [41] with a B value of 21 x 10 

++ 
T, effects were obtained at 16 Hz, corresponding to a straight Ca 

-6 
mechanism (16/(21 x 10 ) = 762000). More recently there has been some 
speculation as to the degree of hydration of the ion involved (and hence the 
value of m ) . There is also uncertainty regarding whether the m value for the 
radionuclide or the unlabel led species is the appropriate one for chick brain 
experiments. Liboff's theory does not adequately explain the odd harmonics 
(the (2n + 1) behaviour) which give rise to the effects, although the diatom 
experiments showed similar behaviour to the chick brain experiments in this 
regard. It may be pointed out that whereas Chiabrera's theory does show some 
sort of periodicity, he assumes the dc and ac B fields to be in the same 
direction in his derivation [35, 42], whereas they are in fact at right angles 
in many of these experiments. 
Conclusions 

In summary, the Ca efflux data show Inconsistencies between research 
groups, lack of robustness in the effect itself, and in the case of brain 
tissue, an inappropriate model to attempt to extrapolate from the in vitro to 
the in vivo situation. If there were no epidemiological evidence to link 
50/60 Hz field exposures to leukemia or brain cancer this effect could perhaps 
be treated as an unusual and tantalizing phenomenon requiring some further 
study to establish a consistent explanation of the data. What we do in fact 
have are findings both at the cellular level and at the population level, both 
of uncertain status, each invoking the other work as justification for the 
credibility of the hypothesis. It 1s therefore clear that the Ca 
phenomenon cannot be dismissed as Irrelevent: 1t is clearly central to Adey's 
cancer promoter theory [1]. The search for a robust biological system with a 
clearly identifiable and physiologically relevant end point should continue. 
It must be emphasized however that the theoretical basis whereby the small 
signals were are dealing with here could be amplified to produce relatively 
large effects 1s still far from convincing. 

Acknowledgements: In the preparation of this review, I have re Med heavily on 
the Information given in references [12] and [29]. I would also like to thank 
Or K H Joyner for reviewing the manuscript. 



97 

References. 

1. Adey WR (1987): Cell membranes, electromagnetic fields and cancer 
promotion. Biolelectromagnetics Society Ninth Annual Meeting Abstracts. 
p43. 

2. Adey WR (1981): Tissue interactions with nonionizing electromagnetic 
fields. Physiol Revs 61:435-514. 

3. Bawin SM, Adey WR (1976): Sensitivity of calcium binding in cerebral 
tissue to weak environmental electric fields oscillating at low 
frequency. Proc Natl Acad Sci 73: 1999-2003. 

4. Bawin SM, Adey WR, Sabbot IM (1978): Ionic factors in release 
45 ++ of Ca from chicken cerebral tissue by electromagnetic fields. 

Proc Natl Acad Sci 75:6314-6318. 

5. Blackman CF, Elder JA, Weil CM, Benane SG, Eichinger DC, House 0E (1979): 
Induction of calcium-ion efflux from brain tissue by radio frequency 
radiation : effects of modulation frequency and field strength: Radio Sci 
14(6S):93-98. 

6. Blackman CF, Benane SG, Elder JA, House OE, Lampe JA, Faulk JM (1980): 
Induction of calcium-ion efflux from brain tissue by radiofrequency 
radiation: effect of sample number and modulation frequency on the 
power-density window. Bioelectromagnetics 1:35-43. 

7. Blackman CF, Benane SG, Joines WT, Hollis MA, House DE (1980): Calcium-ion 
efflux from brain tissue: power-density versus internal field-intensity 
dependencies at 50-MHz RF radiation. Bioelectromagnetics 1:277-283. 

8. Joines WT, Blackman CF, Hollis MA (1981): Broadening of the RF 
power-density window for calcium-ion efflux from brain tissue. IEEE frans 
Blomed Engng 28:568-573. 

9. Blackman Lr, Joines WT, Elder JA (1981): Calcium ion efflux induction 1n 
brain tissue by radiofrequency radiation. In: Biological Effects of 
Nonionizing Radiation, Illinger KH, (ed): ACS Symposium Series 157:299-314. 



98 
10. Blackman CF, Benane SG, Kinney LS, Joines WT, House 0E (1982): Efrects of 

ELF fields on calcium-ion efflux from brain tissue in vitro. Radiation 
Research 92:510-520. 

11. Blackman CF, Benane SG, House DE, Joines WT (1985): Effects of ELF (1-120 
Hz) and modulated (50 Hz) RF fields on the efflux of calcium ions from 
brain tissue in vitro. Bioelectromagnetics 6:1-11. 

12. Blackman CF (1985): The biological influences of low-frequency sinusoidal 
electromagnetic signals alone and superimposed on RF carrier waves. In: 
Interactions between Electromagnetic Waves and Cells, Chiabrera A, 
Nicolini C, Schwan HP, (eds): New York: Plenum Press pp521-535. 

13. Blackman CF, Benane SG, Rabinowitz JR, House DE, Joines WT (1985): A role 
for the magnetic field in the radiation-induced efflux of calcium ions 
from brain tissue in vitro. Bioelectromagnetics 6:327-337. 

14. Wood AW, Joines WT, Blackman CF (1987): Characteristics of transverse 
electric and magnetic field transmission cells at extremely low 
frequencies. Bi©electromagnetics 8:407-413. 

15. Dutta SK, Subramonium A, Ghosh B, Parshad R (1984): Microwave 
radiation-induced calcium ion efflux from human neuroblastoma cells in 
cultrue. Bioelectromagnetics 5:71-78. 

16. Takashima S, Cnaral B, Schwan HP (1979): Effects of modulated RF energy 
on the EEG of mammalian brains. Radiat Environ B.ophys 16:15-27. 

17. Albert E, Blackman CF, Slaby F (1980): Calcium-dependent secretory 
protein release and calcium efflux during RF irradiation of rat pancreatic 
tissue slices. In: Ondes Electromagnetiques et Blologie. Berteaud AJ, 
Servantle B (eds) Paris: pp325-329. 

18. Albert EN, Slaby F, Roche J, Loftus J (1987): Effect of 
amplitude-modulated 147 MHz radlofrequency radiation on calcium ion efflux 
from avian brain tissue. Radiat Res 109:19-27. 

19. Shelton WW, Merrltt JH (1981): In vitro study of microwave effects on 
calcium efflux 1n rat brain tissue. Bioelectromagnetics 2:161-167. 



99 
20. Marron MT, Goodman EH, Greenebaum B, Tipnis P (1986): Effects of 

sinusoidal magnetic fields or. ATP and oxygen levels in the slime mold, 
Physarum polycephalum. Bioelectromagnetics 7:307-314. 

21. Goodman R, Abbott J, Henderson AS (1986). Transcriptional patterns in the 
X chromosome of Sciara coprophila following exposure to magnetic fields. 
Bioelectromagnetics 8:1-7. 

22. Fitton-Jackson S (1985): Biophysical studies of pulsed magnetic field 
interaction with biological systems: part 1 - biophysical interactions. 
Ref. 12: pp537-545. 

23. Cain CD, Donato NJ, Byus CV, Luben RA, Adey WR (1985): Pulsed 
electromagnetic field modifies cAMP metabolism and ornithine decarboxylase 
activity in primary bone cells. In: International conference on Electric 
and Magnetic Fields in Medicine and Biology. London: IEE Conference 
Publication 275: pp9-13. 

24. Dixey R, Rein G (1982): 3H-noradrenaline release potentiated in a clonal 
nerve cell line by low-intensity pulsed magnetic fields. Nature 
296:253-256. 

25. Coulton LA, Barker AT, Baldwin JA, Caine MW (1985): An investigation of 
some claimed biological effects of electromagnetic fields. Pef. 23: 
pp26-30. 

26. Rein G, Pilla, A (1985): Cell adhesion: a new model system for studying 
the effects of Induced current waveform parameters. Bioelectromagnetics 
Society Seventh Annual Meeting Abstracts. p52. 

27. Carstensen EL (1987): "Biological Effects of Transmission Line Fields" 
New York:Elsev1ey pp57-69. 

28. Graves HB, Long PD, Poznaniak D (1979): Biological effects of 60-Hz 
alternating current fields: A Cheshire Cat phenomenon? In: Biological 
Effects of Extremely Low Frequency Fields. Phillips RD, Gillis MF, Kaune 
WT, Mahlum DD (eds) Wash1ngton:US0ofE. 



100 
29. Myers RO, Ross OH (1981): Radiation and brain calcium: a review and 

critique. Neurosci Behav Revs 5:503-543. 

30. Kalmijn AJ (1987): Biological sensors for the detection of 
nanovolt/centimetre fields. Bioelectromagnetics Society Newsletter 
77:10-11. 

31. Tenforde TS, Kaune WT (1987): Interaction of extremely low frequency 
electric and magnetic fields with humans. Health Physics 53:586-606. 

32. Frohlich H (1980): The biological effects of microwaves and related 
questions. Adv Electronics Electr Physics 53:85-152. 

33. Grodsky II (1976): Neuronal membrane: a physical synthesis. Math Biosci 
28:191 

34. Lawrence AF, Adey WR (1982): Nonlinear wave mechanisms in interactions 
between excitable tissue and electromagnetic fields. Neurol Res 4:114 

35. Chiabrera A, Bianco B, Caratozzolo F, Giannetti G, Grattarola M, Viviani R 
(1985): Electric and magnetic field effects on ligand binding to the cell 
membrane. Ref12: pp253-280. 

36. Jafary-Asl A, Solanki SN, Aarholt E, Smith CW (1982): Dielectric 
measurements on live biological materials under magnetic resonance 
conditions. J Biol Phys 11:15-22. 

37. Liboff AR (1985): Cyclotron resonance in membrane transport. Ref 12: 
PP281-296. 

38. Ourney CH, Anderson AA, Rushforth CK (1987): Calculated biological 
response to resonant dc-ac magnetic fields. Ref 1: p24. 

39. Liboff AR, McLeod BR (1988): Kinetics of channelized membrane ions in 
magnetic fields. Bloclectromagnetics 9:39-52. 

40. Lee QP, Guy AW, Lai H, Horlta, A (1987): The effects of modulated 
radiofrequency radiation on calcium efflux from chick brains in vitro. 
Bioelectromagnetics Society Ninth Annual Meeting Abstracts. plO. 

41. Smith SO, McLeod BR, Liboff AR, Cooksey K (1987): Calcium cyclotron 
resonance and diatom motility. Bioelectromagnetics 8:215-228. 

42. Chiabrera A, Blanco B (1987): The role of the magnetic field 1n the EM 
Interaction with ligand binding. In Blank M F1ndl E (eds): Mechanistic 
Approaches to Interactions of Electric and Electromagnetic Fields with 
Living Systems. New York: plenum. 

43. Adey WR (1980): Frequency and power windowing in tissue interactions with 
weak electromagnetic fields. Proc IEEE 68:119-125. 



101 
DISCUSSION 

Christophers 

Could you go over briefly the similarities and the differences between what 
Adey got and what Blackman got. 

Wood 

Adey used just electric fields and Blackman used both the electric and the 
magnetic field. The magnetic field value was about 50 nanoteslas and also the 
possibility is that the magnetic field is different in two laboratories: it's 
36 |iT in Carl Blackman's laboratory, but I don't know what it is in Adey's. 

Christophers 

What about the difference, did Blackman find that the calcium came out when 
Adey found that came out or . 

Wood 

Yes, that's the point I make in this paper, that in fact Blackman either got 
an enhancement or got nothing. He hasn't reported any decreases 1n calcium 
efflux, so that 1s a big difference from Adey's findings. 

MacPhee 

You actually did some of the calcium experiments? 

Wood 

I didn't do any of the calcium experiments, I was involved with some of the 
Instrumentation in connection with the calcium work which I saw being carried 
out. 

HacPhee 

In that case, were these scintillation vials counted randomly or 1n blocks. 
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Wood 

OK, the ones that I used were put in blocks, I suspect that theirs were in 
blocks as well. 

HacPhee 

That can explain the answers. That could easily account for the differences 
between the two sets of samples. 

With scintillation counters, they usually give higher counts when they're 
first going into operation and then gradually reduce. 

As the counter warms up, or more likely as static electricity disappears from 
the vials, hours could give you a difference of at least two-fold for example 
in two blocks of ten racks. 

Wood 

So, what you're saying is, that if they always put their vials in the order 
exposed-controls-shams-controls by the time it gets to the sham controls the 
counts will have reduced. (Note added in proof: Blackman et al have 
recognized this possibility and do, 1n fact, randomise the order of the 
counting vials). 

Repacholi 

In conducting experiments from day to day, how many times would you, during 
the same experiment on an exposed group, find a positive result and on another 
day you wouldn't? 

Wood 

When I was there, in fact, I'd hit one of these bad patches where the 
experiments didn't achieve significance at all. But the Impression I got was 
that when 1t worked it was consistent from day to day. The technical officer 
would do one lot 1n the morning, another lot in the afternoon and so on during 
the weeks. So that, during a week they would do a series of 28-32 
determinations. So with a single exposure condition, I guess 1t would take 
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perhaps two weeks to get that work done. There were occasions when there were 
in fact two people both involved in this kind of work and the throughput was 
very high. 

Gerrand 

Andrew, just further to what you were saying this morning, could you put it 
more clearly in terms of how the magnetic field was produced through the 
carrier? I find it still hard to accept that the actual experiment is 
saying you have a direct magnetic field varying at 16 hertz from a carrier of 
30 megahertz with amplitude modulation of 16 hertz. I can see a 
correspondence on the electrical side but not on the magnetic side. 

Wood 

This is certainly a point that Adey makes right at the start of his first 
papers that in fact the only way that he can justify the fields having any 
effect at all is that somehow the tissues act as a low-pass filter between 0 
and 100 hertz. You will in fact have a limited band width which means the 
noise is limited to that. That means, even though you've got tissue fields of 
less than a microvolt per metre, it is still above the noise level of that 
particular system because it's band limited. 

Sandeman 

Can I just ask, what those lines mean on that slide there (Fig. 2). 

Wood 

Those lines represent the plot of the cyclotron resonance equation (the (2n + 
1) x B x constant equation). This is for n = o: in other words it's the 
straightforward effect at 15 hertz and at 30 hertz or double the a.c. field. 
If you were to vary B continuously then you would expect all the effects to 
occur along that line. If you were to make n = 1, 1n other words a frequency 
of 3 x the previous one then the effective frequencies at other fields would 
H e on that Hne. If you were to apply a reverse field then you would expect 
them to run along those lines there. 
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WIRE CODING AS AN INDICATOR OF RESIDENTIAL MAGNETIC FIELD EXPOSURE 

Vincent Delpizzo 
Australian Radiation Laboratory 

The use of a wire code to classify residences according to the number, type, 
size and proximity of power transmission and distribution lines, was 
introduced by Wertheimer and Leeper in 1979 (l) and used by several authors 
since (2,3,4). The technique's reliability as an indicator of exposure to 
power frequency magnetic fields is not beyond doubt. However, in the author's 
opinion, it remains the most practical tool in estimating the residential 
exposure of subjects in epidemiological studies provided that two conditions 
are satisfied: 

Magnetic fields responsible for residential exposure are 
predominantly due to external electrical installa.ions rather than 
home wiring and appliances. 

Exposure sources can be divided into classes whose emission may be 
expected to fall into a fairly narrow range of values. 

Both of these conditions depend on the wiring practices adopted in the area. 
Therefore, it is essential that i comprehensive validation study be carried 
out before the Wertheimer/Leeper protocol is used in a different locale from 
the one in which it was devised. 

In Europe (including Britain) fields due to external electrical installations 
are generally low, because the neutral conductor is not grounded, so that the 
return current must travel through it. Therefore, the current flowing from 
the generating station to the user and that flowing back to the station are 
normally identical and generate fields that tend to cancel each other. The 
only residual magnetic field 1s due to the separation of the wires. 

On the other hand, the practice of grounding the neutral and the safety earth 
conductor at every opportunity, which 1s adopted in the US and Australia, may 
be responsible for most of the environmental magnetic fields encountered in 
these countries. Because of the numerous possible pathways for the return 
current, the current flowing back from the user to the station through the 
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neutral conductor Is generally lower than the incoming current. Ihe total 
magnetic field due to the power line will then consist of a component due to 
the separation of the forward and return current and one due to the so-called 
unbalanced current, that is the difference between the forward and return 
current (Fig I). 

If = Forward Current 
I r =Return Current 
I g=Ground Current 

"Neutral »Ii- I t 

FIGURE I: Magnetic field (B) due to imbalance between forward and return 
currents. 

Although this difference is small, the magnetic field it generates is 
Important because 1t decreases only linearly with distance from the conductor, 
while that due to the separation of the wires decreases approximately with the 
square of the distance. Another magnetic field 1s generated by the part of 
the return current that makes its way back to the transformer through the 
earth connections. This field, also linearly dependent on distance, can be 
very difficult to calculate, due to the unpredictable path the current may 
take. It may travel from ground stake to ground stake or through the plumbing 
system. This may happen unintentionally, for example through an electric 
appliance also connected to the water mains (e.g., hot water system), or even 
through the gas plumbing (e.g., from a gas heater or kitchen range with 
electric ignition to the gas hot water system to the water mains). 
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Inside homes, however, the incoming and return currents usually balance each 
other exactly and the only fields generated in the house are normally those 
due to appliances. These are very localized, as they usually decrease with 
the cube of the distance (lable 1). 

Some appliances which may be responsible for significant fields are those 
incorporating current-carrying loops of dimensions that are large compared to 
the distance to the user, e.g., electric blankets and some types of electric 
heaters embedded in the structure of the house. A current loop may also be 
produced by a particular wiring requirement, such as having one light 
controlled by two switches (Fig 2). 

/ \ 
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FIGURE 2: Example of current loop. FIGURE 3: Ring mains 

Leeper and Wertheimer (5) speculate that in some English homes the practice of 
connecting power outlets to a "ring mains" may be responsible for the 
existence of small but significant (l mG) magnetic fields, 1f a small 
resistance exists 1n one of the neutral conductors (F1g 3), but Myers' results 
(6) suggest that this occurrence 1s not common. 
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TABLE 1 

Magnetic Flux Densities (range of values from 3 to 5 models) at 60 Hz 
near various appliances (after ref 9). 

Magnetic flux density (yl) at distance z 

Appliance z = 3 cm z = 30 cm z = 1 m 

Can openers 1000 - 2000 3.5 - 30 0.07 - I 

Hair dryers 6 - 2000 0.01 - 7 0.01 - 0.3 

Electric shavers 15 - 1500 0.08 - 9 0.01 - 0.3 

Sabre & circular saws 250 - 1000 1 25 0.01 - 1 

Drills 400 - 800 2 3.5 0.08 - 0.2 

Vacuum cleaners 200 - 800 2 20 0.13 - 2 

Mixers 60 - 700 0.6 - 10 0.02 - 0.25 

Fluorescent desk lamps 40 - 400 0.5 - 2 0.02 - 0.25 

Garbage disposals 80 - 250 1 2 0.03 - 0.1 

Microwave ovens 75 - 200 4 - 8 0.25 - 0.6 

Fluorescent fixtures 15 - 200 0.2 - 4 0.01 - 0.3 

Electric ranges 6 - 200 0.35- 4 0.01 - 0.1 

Portable heaters 10 - 180 0.15- 5 0.01 - 0.25 

Blenders 25 - 130 O.b - 2 0.03 - 0.12 

Television ".5 - 50 0.04- 2 0.01 - 0.15 

Electric ovens 1 - 50 0.15- 0.5 0.01 - 0.04 

Clothes washers 0.8 - 50 0.15- 3 0.01 - 0.15 

Irons 8 - 30 0.12- 0.3 0.01 - 0.025 

Fans and blowers 2 - 30 0.03- 4 0.01 - 0.35 

Coffee makers 1.8 - 25 0.08- 0.15 0.01 

Dishwashers 3.5 - 20 0.6 - 3 0.07 - 0.3 

Toasters 7 - 18 0.06- 0.7 0.01 

Crock pots 1.5 - 8 0.08- 0.15 0.01 

Clothes dryers 0.3 - 8 0.08- 0.3 0.02 - 0.06 

Refrigerators 0.5 - 1.7 0.01- 0.25 0.01 
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A comparison between published measurements of residential magnetic fields is 
difficult to make because of the different methods adopted by the various 
authors. However, in general, median values reported for American homes (3, 
11) are about 0.5 - 0.6 mG, while English houses surveyed by Myers and 
co-workers (6) had median values varying between 0.08 (dining room) and 0.22 
mG (kitchen). Assuming that the use of electricity is comparable between the 
two countries*, these values are consistent with the hypothesis that the 
multiple-grounded neutral wiring practice results in higher environmental 
magnetic fields. Measurements taken in Australian homes (7) are comparable 
with the American data. 

Although very few data are available, it appears that magnetic fields in 
Australian homes are somewhat more dependent on the use of internal appliances 
than American studies suggest. Kaune et al (11) found no evidence of a 
correlation between the fields measured in homes and the energy consumption 
during the measurement period. Savltz et a I (3) report an increase of only 
40% between the median value of residential magnetic fields measured under 
low power and high power conditions (I.e. with most of the home appliances off 
and on, respectively), whereas Boal and Joyner (?) found these two sets of 
measurements to differ by more than a factor of two. This limited evidence 
suggests that a comparison between wiring practices used In the two countries 
may be warranted. It must be noted that a large difference between the low 
power and high power condition measurements may not necessarily imply a 
correlation between the residential magnetic fields and power consumption. 
The presence of large current loops in the house may be responsible for a 
relatively high magnetic field even if the current drawn is small while a low 
power appliance used for long periods of time may result in a considerable 
power consumption, but not in an appreciable magnetic field. 

The power distribution system includes the following stages: 

1. tlectrlc current is carried by high voltage transmission lines from the 
generating station to the area to be served. Although the power 
transmitted 1s considerable, the current flowing through these lines 1s 
moderate, due to the high voltage, and the fields measured under them are 
also moderate (from a few milligauss to a few tens of mllligauss). 

* The annual per capita consumption of electric energy (for other than 
Industrial uses) 1s 3.9 MWh for the us and 2.1 MWh for the UK. The 
household consumption 1s 2.1 MWh for the US and 1.4 for the UK (Ref 10, 
1970 data). 
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At the substation the voltage is stepped down (to a few kilovolts) and the 
power is distributed through the irea to be served by primary distribution 
lines. Although these carry only a fraction of the power carried by high 
voltage transmission lines, they carry a comparable current (due to the 
fact that the voltage has been reduced). Magnetic fields under them may 
still be several milligauss. Primary wires were classified by Wertheimer 
and Leeper into: 

(a) multiple (six or more ungrounded wires) or thick wires. 

(b) thin three phase wires. 

A number of transformers, often pole mounted, step down the voltage to the 
value used to supply the users (in Australia 41b V three phase, 240 V 
single phase) and a set of secondary distribution lines carry the power 
among the use*s (i.e., along the streets or along the rear boundary of 
residence). The fields under these lines vary according to the number of 
users that the line must supply (Fig 4): 

Primary line 
Transformer 

Secondary line 

First span Second span End pole 

FIGURE 4: stages of a secondary line. 

'first span' designates the part of the line between the transformer 
and the first 'service drops', where some of the current leaves the 
line. fhe field under this part ot the line may vary between 
approximately I and b mG. 
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'second span' designates the part of the line 'downstream' of the 
first span. This carries less current than the first span and 
therefore the field is marginally lower (<4 m6). 

'end pole' denotes the end of the secondary line and represents the 
lowest exposure source. 

A secondary line may be connected to the primary line through more than one 
transformer. Such secondary lines are called 'banked' (Fig 5), while those 
supplied by a single transformer are called unbanked. To classify a span of a 
banked secondary line between two transformers, it is assumed that each 
transformer supplies one half of the service drops originating from that span. 

1st span 2nd span 2nd span 1st span 

HGURE S: Banked secondary line. 

In Australia, the Werthelnter/Leeper code cannot be used without significant 
alterations. US pole mounted transformers have a small power rating and each 
of them supplies a small number of residences (usually less than twenty). 
This makes 1t possible to roughly estimate the field associated with each 
span. Pole mounted transformers used 1n Australia have a much higher power 
rating (typically 300 KVA) and supply a much larger number of users and feed 
secondary lines consisting of dozens of spans. In this case 1t 1s not 
possible to predict the current flowing through any one section of the 
secondary line. 



Ill 
Once the electrical installations have been classified as described above, 
residences can be classified on the basis of their proximity to one or more of 
the exposure sources (8). Up to five categories have been used: Buried Hire, 
Very Low Current Configuration (VLCC), Ordinary Low Current Configureation, 
(OLCC), Ordinary High Current Configuration (OHCC) and Very High Current 
Configuration (VHCC). 

Does wire coding provide a univocal indication of the environmental magnetic 
fields? The evidence seems to indicate that it does, although with a large 
degree of uncertainty. 

Uertheimer and Leeper (8) carried out spot measurements of magnetic fields 
just outside 417 homes, previously classified according to their method (Table 
2). The percentage of readings exceeding 3 mG clearly increases with the 
increasing 'current configuration1 assigned to the house. 

TABLL 2 

Magnetic fields (in Gauss) Measured Outside Houses Classified According 
to the Wire Code Protocol (after Ref. 8) 

VHCC OHCC OLCC LND POLL 

Maximum 0.01 0.008 0.003 0.0014 

Minimum 0.0025 0.0012 <0.0005 <0.000b 

% >0.003 Gauss 28.6 10.4 I.I 0.0 

Savltz and co-workers (3) also compared the results ot spot measurements 
inside homes classified according to the wiring configuration and found a 
significant correlation (Fig 6). 
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FIGURE 6: Mean values of Interviewer measured magnetic fields vs wire code 
residence classification (after Ref. 3). 

Kaune and co-workers (11) found a correlation between measured values averaged 
over a 24-hour period and the wire coding classification of the residences 
(F1g 7). These authors also developed a formula which allows prediction of 
residential magnetic fields using wiring data, such as distance from the line, 
line voltage, Hne current-carrying capacity, number of phases and the number 
of service drops within a given radius from the house. The correlation 
between the measured and the predicted values 1s substantially greater than 
that observed between measured values and residence classification 
(correlation coefficients = 0./2 and 0.41 respectively). 

Although prediction of residential exposure from wiring parameters (using 
either the classification approach or the Kaune formula) yields only 
approximate results, other available methods are also inaccurate: 
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Kaune (11) found a lower correlation factor between spot measurements and 
24 hour averaged measurements than between these and values predicted by 
his formula (0.51 and 0.72 respectively). 

The choice of the point(s) of the residence at which measurements are 
carried out may have a considerable bearing on the results. Savitz (3) 
found an almost two-fold variation between the mean value of measurements 
taken in different rooms under high power consumption conditions, although 
the low power values were somewhat more consistent (mean values range: 
0.38-0.53 mG). Hourly variations may introduce another factor of two in 
the uncertainty of the measured values (3,11). 

Seasonal variations are also important. The Kaune (11) study did not 
Include any spring or summer measurements. Savitz (3) reports significant 
seasonal variation (fig 8, note the increase in the percentage of highly 
exposed residences, from 3.7% in the spring to 11.3% in the summer). 

Po1nt-in-t1me variations between measured magnetic fields may also 
introduce a bias in the data. For example, two income family homes may 
need to be surveyed in the evenings or week-ends; homes in one 
geographical area may be surveyed during a different time of the year than 
those in another area. 

Theoretical estimates of magnetic fields are difficult and inaccurate. 
Myers et al (6) admit that a number of assumptions had to be made in their 
calculations when data were not available and that this may have led to an 
overestimate of the exposure. 

In conclusion, 1t appears that no entirely satisfactory method exists to 
assess long term exposure to residential magnetic fields. However, an 
admittedly crude estimate based on external wiring parameters 1s possible, 
although a validation study must be carried out before using this method in a 
geographical area different from the one 1n which 1t was tested. This method 
has the advantages of being quicker and cheaper than taking repeated 
measurements 1n each residence, particularly 1f an empirical formula similar 
to that developed by Kaune 1s adopted. (Kaune suggests that even the number 
of service drops per unit area alone may be a good Indicator of exposure, as 
this parameter has a predominant role 1n his formula. However, this approach 
has the potential to Introduce several confounding variables, since this 
parameter is also a measure of housing density). 
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Probably the main advantage of wire coding of measurements is the fact that it 
can be carried out without the need of entering the residence and even without 
the subject's consent. The statistical power of both Savitz's and Stevens' 
studies suffered considerably from a high refusal rate. Wire coding may 
increase considerably the data base of epidemiological studies, possibly 
resulting in an increase in accuracy greater than that obtainable through 
better dosimetry which would, by necessity, entail smaller samples. 
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DISCUSSION 

Joyner 

You pointed out that Savitz found a factor of 2 difference between where he 
measured the current in different rooms. You've already got a factor of 2 in 
the measurements and a factor of 40% between high and low current usage. 

Delplzzo 

Well, the factor of 40% is between the mean values. You've already 
averaged the fields during . 

Joyner 

But you still get a factor of 2 variation in the room as to where you measure 
the field. 

Keam 

Savitz took the average of a number of rooms and found a factor of 2 in any 
one room. 

Joyner 

Why should you presume that that's contrary to what we found here. 

Uelpizzo 

OK, lets look at Kaune's results where he found no correlation between the 
power consumption and the measured magnetic field in the house. What does 
that tell you. 

Joyner 

He did it wrong or they had no appliances turned on. 

Delpizzo 

The house was being lived in, people were using appliances. The house was 
under normal living conditions and people were using electricity. 
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Joyner 

Well, you measure the fields in a kitchen that has an electric stove and a 
refrigerator on and when you turn that stove on and the fridge switches on, 
the field that you measure in the kitchen will go up. 

Delpizzo 

I he kitchen is probably not a good example 

Joyner 

Why, the wife spends a lot of time 1n the kitchen. 

Delpizzo 

Oh yes, I'm not talking about the effects appliances may have on subjects, I'm 
talking about the effects they have on the measurements. The kitchen is a 
small room usually, but 1f you talk about living room and put a detector in 
the middle of the room, I don't believe that this 1s going to be affected by 
the television set or the stereo or whatever. I'm a little bit more 
suspicious of the wires 1n the walls than I am of the appliances. 

Joyner 

Well, 1 would doubt that the active and the neutral wires of all fluorescent 
lights 1n this room would run together. 

Delpizzo 

They should be, but maybe they are not. 
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FIELD MINIMISATION 

bv Neville Ford 

I do not want to say anything about the domestic or household scene. What I 
want to do is to look a bit further down the track. What does what we are 
doing here mean in terms of the future of electric power. 

ELECTRIC FIELD MINIMIZATION 

One thing to say is that in relation to powerlines on towers, if the electric 
field was found to be a problem then it can be reduced by growing plants under 
the power lines. So if we, as a society, decided that the electric field was 
a problem then it would be very easy for electric power engineers to build the 
line 1n the form of three wires across a paddock, grow some low, but higher 
than people, bushes under the line and have those bushes take the electric 
stress so that the people do not get subjected to stress. Therefore, electric 
stress 1s not a problem since that electric stress is very easy to shield from 
people by means of living plants. 

MAGNETIC FIELD MINIMISATION 

When we look at a powerline operating in the order of 50 hertz, that powerline 
consists of three phase conductors, normally horizontally separated, mounted 
on some sort of a structural tower and the question is what is the magnetic 
field that a person 1s exposed to when near the power line. That field comes 
about because the red phase, the blue phase and the white phase are separated 
by a large distance to give insulation by air. If the magnetic field was 
found to be a problem, from a health point of view, then that would present a 
very big problem for power system engineers. We do not have any practical way 
of shielding this person from that magnetism. (here 1s a great deal of 
misinformation being propagated within the society and 1 want to correct a 
couple of these misinformations. The first is that underground cables are 1n 
some ways magically worse than overhead lines. Ihat 1s simply not true, and 
1f you take a typical high voltage line such as was proposed for the 
Brunswick-Richmond line then the normal underground cable is rated at 400 MVA, 

2 that is, 1t is a 1600 mm phase conductor with 220 kv Insulation. 
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Particular powerline systems used at high power for 220 kV systems often have 
to have double that capacity so the line is inherently going to be two-phase 
conductors at least. It is possible to configure those two conductors for 
Instance In a configuration like that shown in Fig 1 - three phases - two 
conductors per phase, six conductors for one powerline - conductor (a) being 
half the red phase, (b) half the white phase, (c) half the blue phase, (d) 
half the blue, (e) half the white, (f) half the red. By disposing the 
conductors in space with that M g 1 arrangement, you minimise the amount of 
exposure that a person gets when walking above them. By how much? I do not 
want to give numbers, of course 1 do not know the numbers. 
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The next thing you want to look at 1s what could be done with overhead lines 
1f magnetism was found to be a problem. The sort of overhead line of which we 
have many 1n Melbourne 1s an old, obsolete, rural type design (Pig 2). it 1s 
a structure with three conductors on each side of the tower. To minimise the 
field you could arrange the phases as shown 1n Fig 2. The currents normally 
flowing 1n a powerline will be equal 1n both sides (Mg 3). Ihat 
configuration (F1g 2) 1n space minimises the magnetic field generated by those 
power lines. If you have two power lines side by side as we have just to the 
north of Melbourne (F1g 4) you could put conductors as shown. This 
configuration (close spacing of two towers) is not so good because 1f the 
tower falls over you have lost all power. Here again, you could arrange the 
phases of these lines in such a way that the blues are balanced, the reds are 
balanced and the whites are balanced. What would 1t cost to rearrange the 
configuration to minimise that magnetic field? In these sorts of 
circumstance there 1s nothing 1n 1t, 1t is easy to do. 
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Now, where the hard part comes in is when you have a powerline that you want 
to have air insulated and ideally you would only want to build one powerline 
to do the job. But, there is nothing wrong with having conductors disposed in 
space like in Fig 2, deliberately splitting the active conductors into two 
smaller conductors. You would use red-red, white-white, blue-blue half 
conductors and obtain minimum magnetic field. Sure, that is more costly than 
a simple arrangement of three conductors but it is technically feasible to 
build powerlines of that sort of configuration. 

DIRECT CURRENT POWER LINES 

If you talk about DC powerlines which is the sort of powerline that would be 
built from Victoria to South Australia or Victoria to Tasmania, there you are 
looking at two conductors A and B. It is perfectly feasible to construct that 
line with three conductors splitting B into two parts, Bl and B2, where 
current in A flows into the page and in Bl and B2 out of the page. There 
would be a minimal magnetic field. So, the argument really is not about "if 
magnetism is found to be a health hazard do we all go back to the cave". It's 
about "if magnetism is a problem, what does it cost to go to some minimised 
field system". 

D.C. POWER LINE 
FIG. 5 
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DISCUSSION 

I would like someone else to comment on the question of whether it's important 
to worry about the power lines or whether it's more Important to worry about 
this practice of a multiply-grounded neutral conductor. Because you're 
talking about minimising the field due to the wire separation but if the field 
that's more important, the field that decays less rapidly with distance, is 
the field due to the unbalance between the forward and the return current, 
ti.ct is not going to be affected by rearranging the phases. It can only be 
affected by forcing the return current to go back the same way as the forward 
current. 

Ford 

Sure we have an MEN* system here in Victoria but we also have basically 
insulated water pipes, so, whereas years ago water pipes were of steel and 
everyone earthed to them, now a good percentage of those water pipes will end 
up 1n 10 year's time being plastic water pipes and the MEN problem of earthing 
at every point will slowly go away. 

Delpizzo 

Slowly, yes. By the time all the Victorian houses of early vintage in the 
inner suburbs have been demolished or refitted with plastic pipes then the 
problem wilI go away. 

Ford 

From tomorrow we could disconnect all the MEN systems, there's no magic about 
that. 

Delpizzo 

OK. What do you do about, for example, all the electric hot water systems 
which, regardless of whether you have a deliberate connection to the water 
pipes, have a metal case which 1s connected to the water pipe and you have the 
neutral or earth conductor screwed on to the same case. 

* (MtN = Multiply Larthed Neutral) 
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Fundamentally, If magnetism was shown to be a problem, It's easy and 
inexpensive tc dismantle the MEN system, there's no great investment in it and 
it's not a big hassle to change it. The big problem 1s the power lines that 
represent 40 years investment in community assets. 

Owen 

A lot of the things Neville said are true and some aren't right. Now the HtN 
system, I don't think it's simple to dismantle at all. Sure it doesn't have 
to be connected to the water pipes but it has to be earthed. I hat's a safety 
issue and not a magnetic field issue. We earth things for safety and there is 
a safety problem which we must address, It's not a magnetic field issue. On 
the matter of the organisation of overhead lines and the minimisation of 
fields, a lot of the things that Neville put there, we do. We alternate the 
phases around and that's done. For underground cables his representation of a 
vertical organisation, 1 believe, was Incorrect. The horizontal organisation 
of cables will give you a better minimisation of fields above the cables than 
a vertical one. 

Ford 

In many parts of the world, underground cables aren't put in the ground, they 
are put onto the side of a trench so that you stand here with three 
conductors, red, white and blue, strapped to the trench and some sort of a 
cover over 1t and the air comes Into the trench and the heat from the cables 
comes out Into the atmosphere, rhat's a quite extensively used system for 
underground cables, 1n which case, if you stand above 1t you get magnetism 
because you're at a different distance from the red conductor than you are 
from the white conductor so there 1s external magnetism . 

Abeyasekere 

So you're not contradicting what Ron said 1n that if they were horizontal and 
below you would have a lower field above. 
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Ford 

It's not quite as simple as that because if the conductors are horizontal and 
buried in the earth, then the earth has to conduct the heat away and, in fact, 
you have to put the conductors further apart the deeper down you go. So, 
sure, you still get magnetism from underground current, that's true. But, if 
you make the line have split phase then you can arrange those conductors so 
that the red is there (a and f), white (b and e) and blue (c and f) (Mg 1). 
so that as far as the external world is concerned, it looks as if the current 
goes in at that point (z) and out at that point (z). 

Abeyasekere 

The transmission lines underground are force cooled aren't they? With 
forced air cooling - not just natural convection cooling? 

Ford 

There's some of both. 

Delpizzo 

I think we are getting off the point. Before we get to the ways of correcting 
this problem we've got to decide whether we've got a problem or not and before 
we decide whether we've got a problem or not we've got to devise methods to 
establish whether we've got a problem or not. Ihe question at the moment is 
can we believe this wire coding approach? To me, the evidence suggests that 
you can. Maybe we should ask Don to give his paper now. 
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MIRE COOING COMfI6URATI0WS ARE POOR SURROGATES FOR 

HA6HETIC FIELD EXPOSURES 

Donald w Keam 
Australian Radiation Laboratory. Yallamble, Victoria, 3085 

Abstract 

Ihe use of wire coding configurations as a surrogate for Magnetic field 
exposure in residential type epidemiological studies of childhood cancer was 
Introduced by Wertheimer and Leeper. Their initial study did not use Magnetic 
field measurements inside homes to establish the wire coding system and only 
limited measurements in homes were made In their subsequent studies. 
Measurements by Savltz and by Kaune indicated that there 1s only a weak rank 
order correlation between wire codes and magnetic fields In homes. A detailed 
consideration of the wire coding data in conjunction with the magnetic field 
distribution data leads to the conclusion that there are inconsistencies In 
the studies that use wire coding as a surrogate for magnetic fields and that 
the results of these studies are in doubt. 

Introduction 

The most suitable method of assessing the magnetic field exposure of an 
Individual from power frequency electromagnetic fields which is relevant for 
residential type epidemiological studies of cancer is still being debated. 
Magnetic field exposure probably depends on such things as diurnal variations, 
long term stability, grounding systems, construction practices, fields arising 
from sources both inside and outside the home, fields in schools, 
kindergartens, etc. Epidemiological studies reported so far, which have used 
direct magnetic field measurements have generally used the average of r.m.s. 
spot values for a number of pooms 1n the home. Those using indirect methods 
have either used proximity to current configurations (including wire diameter, 
transformers, etc.) such as were first Introduced by wertheimer and Leeper 
or simply distances from powerlines or power Installations. Two recently 

2 3 reported studies ' used both wire coding configurations and spot 
2 measurements for the assessment of magnetic field exposure. Stevens found 

no significant correlation between leukaemia 1n adults and exposure assessed 
3 by either method. Savltz found a weak correlation between wire coding and 

cancer in children but no significant correlation with spot measurements. 
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Mire-coding Confiourations 

Wertheimer and Leeper categorised high-current configuration hones (HCC) as 
those close to a number of specified types of wiring where the potential 
existed to carry high currents. All other configurations were considered 
low-current configurations (LCC). lhis included houses situated beyond the 
pole at the end of a secondary line with no distribution wires running past. 
They were considered the extreme example of LCC homes and were listed 

4 separately as "end poles". In a later epidemiological study of cancer in 
adults, they expanded their wiring classification to four categories - very 
high current configurations (VHCC), ordinary high current configurations 
(OHCC), ordinary low current configurations (OLCC) and tnd pole 
configurations. In both studies they found that cancer cases had an excess 
of HCC configurations associated with homes compared to the homes of 
controls. They were unable to find any association between cancer and a 
number of other factors and because HCCs are associated with high magnetic 
fields they therefore suggested that magnetic fields may somehow directly or 
indirectly cause cancer. 

In a paper in 1984 on fetal development, Wertheimer and Leeper used three 
3 categories - LCC, HCC and EHCC. In the epidemiology study by Savitz he 

used b categories. These were the same as those used by Wertheimer and Leeper 
in 1982 except that he replaced the tnd-pole configuration by a very low 
current configuration (VLCC) and a "Burled" category. it can be seen 
therefore that there is no standard coding system. 

Wertheimer and Leeper have warned other workers to be careful when using 
their coding system and to be sure to justify Its use. However, in their 1979 
study they found that because it was "rarely feasible to go close to the house 
to take a measurement, no attempt was made to make systematic measurements at 
our study homes". They did report on magnetic field measurements made at 75 
cm above ground under different types of wiring and over buried plumbing. 
These, however, have an unknown relationship to magnetic fields in the nearby 

4 homes. In their 1982 paper, they reported on 417 magnetic field 
measurements made next to the part of the house nearest to the distribution 
wires. 
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high power usage in 432 homes in the same area in Denver, Colorado as that in 

3 which Wertheimer and Leeper carried out their studies. These measurements 
are plotted in figures 1 and 2 (note that separation is not good and there is 
considerable overlap between codes). The measurements were taken in a number 
of rooms inside each house and the average value was used for each house. The 
maximum and redian values of magnetic field and the percentage of homes with 
fields greater than 3 mG as obtained by both Wertheimer and Leeper and by 
Savitz are given in Table 1. 

TABLE 1 

COMPARISON OF MAGNETIC FIELD DISTRIBUTION MEASUREMENTS FOR WIRE CODES 
AS REPORTED BY WERTHEIMER AND LEEPER (W AND LI AND BY SAVITZ (S) 

Magnetic Fields (mG) 
Wire Code Investiqator No. of Homes Maximum Median % > 3 mG 

VHCC W and L 56 10 2.5 28.6 
S (Low power) 12 4.5 2.2 24 
S (High power) 12 12 2.0 25 

OHCC W and L 134 8 1.2 10.4 
S (Low power) 88 4.5 0.9 9 
S (High power) 88 4.8 1.1 16 

OLCC W and L 186 3 <0.5 I.I 
S (Low power) 172 3.7 0.5 3 
S (High power) 172 6.7 0.7 8 

End-Pole W and L 41 1.4 <0.5 0 

VLCC S (Low power) 27 2.5 0.3 0 
S (High power) 27 3.2 0.5 3 

Burled S (Low power) 133 3.3 0.3 1 
S (High power) 133 3.3 0.4 2 
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The two measurements were reported about five years apart and it will be noted 
from Table 1 that the magnetic field distributions for each of the VHCC, OHCC 
and OLCC wiring codes are very similar. Also, the End-pole distributions are 
very similar to those for the VLCC and Buried configurations. It therefore 
appears that the magnetic field distribution for the wiring codes over a five 
year period was reasonably stable. Although 5 years may not seem to be a long 
time when you are dealing with the induction of cancer, Wertheimer and 
Leeper claimed that "a latency period of / years or less was typically 
observed between first occupation of an HCC home and cancer manifestation". 

Ihe suggestion by Wertheimer and Leeper that wire codes remain stable over 
long periods of time and thus might be better measures of historical field 
levels was not based on any quantitative evidence, although measurements by 
Savitz which were discussed above seem to confirm this magnetic field 
stability. Since the first measurements would have been prior to 1982 one 
would expect that, in view of the suggestion about the historical value of 
wire codes, the magnetic fields in particular houses would have been followed 

8 closely. This doesn't seem to have been done. Wertheimer has Indicated 
that they have not had xhe time to repeat the original measurements and 
additionally they ofter do not have the specific addresses where measurements 
were taken. 

A recently reported Investigation of magnetic field values in houses in the 
9 Seattle area by Kaune et a I involving 24 hour averages for 43 houses also 

shows a very similar distribution. This may only be a coincidence since the 
measurements refer to different areas. However, an important point in this 
study 1s that, although the correlations are weak, they found a stronger 
correlation between the spot measurements and the 24-hour averages 
(correlation coefficient = 0.5) than between the wiring codes and the 24-hour 
averages (correlation coefficient = 0.41;. Because of the apparent long-term 
stability of magnetic fields in houses and the overlap in field values for the 
various wiring codes, one would expect that if ther? 1s an association 
between magnetic fields and cancer it would be stronger for measured fields 

10 than for wiring codes. However, Savitz found the reverse to be true 1n 
his study. This 1s acknowledged by Savitz where he says " — the association 
tended to be stronger for wire codes than for magnetic fields" and also 
comments that "the discrepancy between the strength of association for 
magnetic fields compared to wire codes ^s a source of concern". Some of the 
results obtained by Savitz are «hown in Table 2. 
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TABLE 2 

ODDS RATIOS FOR WIRE CODES AND MEASURED MAGNETIC FIELDS AT TIME OF DIAGNOSIS 
10 SAVITZ El AL 

Wire Code Configurations 
Code Cases Controls O.R.(95% CI) Code Cases Controls O.K.(95% CI) 
Burled 95 88 1.00 
VLCC 29 17 1.58 (0.81, 3.07) Low 231 207 1.00 
OLCC 107 102 0.97 (0.65, 1.45) 
OHCC 70 44 1.47 (0.92, 2.37) High 89 52 1.53 
VHCC _19 _ 8 2.20 (0.93, 5.21) (1.04,2.26) 

320 259 

Field Measurements Maqnetic Field (Low Dower) 
Field(mG) Cases Controls O.R(95% CI) Dichotomous O.R. (95% CI) 
0-0.65 75 134 1.00 1.0 mG 2.0 mG 2.5 mG 
0.65-1.0 20 28 1.28 (0.67,2.42) 
1.0-2.5 23 33 1.25 (0.68,2.28) 
2.5 f _[0 _L2 1.49 (0.62,3.60) 

128 207 

1.25* 1.35 1.38* 
(0.75,2.09) (0.63,2.90) (0.58,3.29) 

Field Measurements Magnetic Field (High Power) 
F1eld(mG) Cases Controls O.R.(95% CI) 
0-0.65 61 99 1.00 
0.65-1.0 23 33 1.13 (0.61,2.11) 
1.0-2.5 32 54 0.96 (0.56,1.65) 
2.5 + _]_3 _L8 1.17 (0.54,2.57) 

129 204 

Dichotomous O.R. (95% C D 
1.0 mG 2.0 mG 2.5 mG 

0.98* 1.04 1.16* 
(0.62,1.56) (0.56,1.95) (0.55,2.45) 

* Calculated from field measurement results on left side of this Table. 

It will be noted that the odds ratio value for high/low wire codes is 1.53 
(1.04, 2.26) which 1s statistically significant. The dichotomous odds ratios 
at 1,0, 2,0 and 2.5 mG for magnetic field measurements at both low and high 
power are somewhat lower and are not statistically significant. 
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Conversion of Wiring Code Data to Equivalent Magnetic Field Data 

From figures 1 and 2, the percentages of houses which have measured magnetic 
fields in various field ranges can be obtained and these are listed for the 
low and high power situations in Table 3. 

TABLE 3 

PERCENTAGE OK HOUSES WITH VARIOUS MEASURED MAGNETIC HELPS 
(from Ref. 3) 

Low Power Measurements (figure 1) 

Percentage of houses with specified fields. 

Field (mG) 

0 - 0.65 
0.65 - 1.0 
1.0 - 2.5 
2.5 + 

High Power Measurements (figure 2) 

Percentage of houses with specified fields 

Field (mG) 

0 - 0.65 
0.65 - 1.0 
1.0 - 2.5 
2.5 + 

By applying these percentages to the numbers of cases and controls for the 
various wiring codes as given 1n Table 2, the calculated code equivalent 
magnetic field data are obtained. These values, along with the derived odds 
ratios, the 95 per cent confidence Intervals and also the corresponding 
dlchotomous values are given 1n Table 4. 

Buried VLCC OLCC OHCC VHCC 

77 65 61 32 16 
8 16 17 21 6 
11 19 16 33 40 
4 0 6 14 38 

Burled VLCC OLCC OHCC VHCC 

68 56 43 24 9 
14 12 18 19 12 
14 22 30 35 40 
4 10 9 22 39 
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TABLE 4 

OPUS RATIOS FOR CALCULATED CODE EQUIVALENT MAGNETIC FIELDS USING DATA IN TABLE 2 

Calculated Code Equivalent Magnetic Fields (Low Power) 

F1eld(mG) Cases Controls 0.R.(95%C1) Dichotomous O.K. (95% CI) 
0-O.65 181.9 155.6 1.00 1.0 mG 2.0 mG 2.5 mG 
0.65-1.0 48.1 38.6 1.07 (0.66,1.71) 
1.0-2.5 62.8 46.0 1.17 (0.75,1.81) 1.17 1.21 1.19 
2.5+ 27.2 18.0 1.24(0.66,2.31) (0.81,1.70) (0.72,2.02) (0.64,2.19) 

320.0 259.0 

Calculated Code Equivalent Magnetic Fields (High Power) 

Dichotomous O.R. (95% CI) 
1.0 mG 2.0 mG 2.5 mG 

1.13 1.16 1.17 
(0.80,1.59) (0.74,1.80) (0.70,1.96) 

Field(mG) Cases Controls O.R.(95% CI) 
0-O.65 143.6 123.8 1.00 
0.65-1.0 54.4 43.8 1.07 (0.67,1.70) 
1.0-2.5 82.0 63.3 1.12 (0.74,1.68) 
2.5 + 40.0 28.1 1.23 (0.72,2.10) 

320.0 259.0 

These resultant odds ratio values are considerably lower than those obtained 
from wire code data and are consistent with those obtained from field 
measurements (see Table 2). One possible explanation for this could be for 
the magnetic fields to have fallen significantly over the study period but 
since there is no evidence that magnetic fields have changed to any marked 
extent over about 5 years, 1t seems unlikely that the high odds ratio values 
for wire coding studies are due to the magnetic fields. It is therefore 
suggested that use of wiring codes 1n these studies has resulted 1n enhanced 
odds ratios probably due to some, as yet undetermined, confounding factor. It 
would have to be a factor that was related to both wiring codes and cancer. 

10 One factor that has been suggested is traffic density. Savltz looked at 
this and commented that "although traffic density did seem to be associated 
with both cancer incidence and wire codes, those associations were not strong 
enough to confound the association between wire codes and cancer". No data 
was given to support this. 
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Application of Conversion Process to Other Studies 

If the above process is applied to the coding results obtained by Wertheimer 
and Leeper in their 1979 study we obtain equivalent odds ratios values as 
given in Table 5. I hey are much lower than the survey wire code results. A 
similar reduction is evident if the process is applied to the 1982 adult 

4 study . 

TABLE 5 

COMPARISON OF ODDS RATIOS HCC/LCC (W AND L1 

LUES AND CALCULATED CODE EQUIVALENT 01CH0T0M0US VA LUES 

Odds Ratio Values 
W and L Calc Code Equi v Values 

Conditions of Study HCC/LCC 1 nG Cut-off ? 5 mfi cut-off 

Wertheimer and Leeoer (children) 

Stable residence 3.09 1.47 1.28 
Moved residence, birth address 1.91 1.22 1.14 
Moved residence, death address 1.86 1.23 1.15 
Old Denver, birth address 1.91 1.23 1.15 
Old Denver, death address 2.54 1.37 1.26 
New Denver, birth address 3.30 1.45 1.28 
New Denver, death address 2.07 1.28 1.18 
Suburban, birth address 2.43 1.32 1.21 
Suburban, death address 2.01 1.24 1.16 

4 
Wertheimer and Leeoer (adults) 

Longmont 1.60 1.17 1.17 
Boulder 1.35 1.18 1.22 
Denver suburbs 1.42 1.15 1.16 
Central Denver 1.08 1.04 1.04 
Total area 1.28 1.12 1.14 

Application of this process to the Stevens study supports his null results. 
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Anomalous Wire Coding Results 

1 4 Both of the early Werthelmer and Leeper studies ' have some anomalous 
results relating to the low current configuration values, it can be seen from 
Table 1 that the Lnd-pole configuration and LCC configurations (both OLCC and 
VLCC) have very similar magnetic field distributions and it would therefore be 
expected that the odds ratio values for LCC/Lnd-pole would not differ 
significantly from 1.0. Ihe odds ratio values for LCC/Lnd-pole configurations 

1 4 calculated from the Wertheimer and Leeper studies ' are given in Table 6 
and they do have values significantly greater than I. This must surely be due 
to some parameter other than magnetic fields, thus supporting the contention 
that some confounding factor 1s present. 

TABLE 6 
ODDS RATIOS AND CONFIDENCE INTERVALS CALCULATED 

FROM WERTHEIHER AND LEEPER S1UDIES 1 , 4 

LCC/End-pole values 
Conditions of study O.R. 95 per cent CI 

Birth address, Children 2.48 1.1/, 5.25 
Death address, Children 2.1/ 1.08, 4.34 

4 Adult cancers 1.16 1.10, 1.92 

Conclusion 

The wire coding configurations as introduced by Werthelmer and Leeper 1n 1979 
have been used by a number of Investigators as a surrogate for magnetic field 
exposure 1n residential type epidemiological studies. The suggestion that 
such configurations would be a better measure of magnetic field exposure over 
the likely period of cancer induction than spot measurements has never been 
tested. A comparison of spot measurements made by Wertheimer and Leeper and 
by Savltz 1n the Denver area at times about five years apart show no 
significant difference on average. Also, measurements in Washington State by 
Kaune showed a better correlation between 24 hour averages and spot 
measurements than between 24 hour averages and wire coding configurations. 
These facts, along with the fact that Savltz obtained a stronger association 
between wire coding and cancer than between spot measurements and cancer seem 
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to Indicate that wire coding 1s not a good surrogate for magnetic fields. 
This claim 1s supported by the fact that conversion of the Savltz wire coding 
data to the equivalent magnetic field data gives results which agree very 
closely with those which he obtained by direct spot measurements. It is 
further supported by the fact that Wertheimer and Leeper obtained results 
which gave odds ratios significantly different from 1 for the ICC versus 
End-pole codes 1n both their childhood and adult studies, whilst field 
measurements showed no significant difference between the magnetic field 
values. This suggests that the Wertheimer and Leeper type wire coding 
configurations are poor surrogates for magnetic field exposure and that more 
reliance should be placed on the results of epidemiological studies using spot 
measurements unless better justification for the use of wiring-code 
configurations 1s forthcoming. This analysis must cast doubt on the 
conclusions of the Wertheimer and Leeper and Savltz studies. 
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DISCUSSION 

Sandeman 

With respect to Table 2, what happens if you get a measurement of 0.65 or 0.1 
or whatever, what row do you put the answer into? They've got cut off 
points at 0.65, 1.0 and 2.5. What's the value at the cut off point. Is It a 
matter of convenience to Savltz or convenience to his theory as to which row 
he puts them 1n? 

Keam 

I think, I've probably simplified that. It should be 0 to less than 0.65, 
0.65 to less than 1.0, 1.0 to less than 2.5 and greater than 2.5. There are 
no problems there. 

Sandeman 

I must admit, your point about manipulating the data Is very reminiscent of 
some of the data we now have from various centres on the treatment of cancer 
and manipulating staging data. You can do marvelous things with statistics 
and manipulating staging data. 

Wood 

This Table 4 1s very intriguing where you were saying that they have the same 
magnetic fields, but yet, the odds ratio 1s significantly different. 

Keam 

That's right. 

Wood 

So what's the precise difference between LCC and end-pole configurations and 
what's the confounder producing the effect? 
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Well, I don't know. It can't be magnetic fields when you've got distributions 
so similar, there must be some other confounder. Now. as you know, Wertheimer 
and Leeper in both their studies got considerably higher odds ratios than 
Savitz did. Both studies were carried out in the same area and they both did 
studies on children. It was for that reason that I started looking into this 
as closely as I have and I thought that there must be something wrong with one 
of the studies at least. 

Delpizzo 

Nay I just ask a question. I am getting very confused here as we are trying 
to deal with two issues at the same time. One is the validity of a study as a 
whole and one is the validity of the codes as a measure of residential 
exposure. Can you think of any fault in the original reasoning of Wertheimer 
and Leeper and the others who have adopted that approach. Why should it be 
impossible to give a reasonable estimate of the relative magnetic field 
exposure based on the proximity and the size of conductors in the vicinity of 
the house. To me, the physics seems to be overwhelming. I know there are 
problems, but I'm getting more confused. 

Keam 

I can't think of any answer, but can you tell me why, if you look at the field 
distributions for OHCC houses, you've got about 50% of your houses with 
magnetic fields above one milUguass and about 50% below that. Now you 
look at the low current configurations you've got between 20-40% above 1 
milUgauss and 60-80% below. It's not a good separation. You wouldn't 
expect to get a stronger association from the coding configuration than you do 
from the measurements. 

Delpizzo 

Well, it depends on the measurements, you should have a very thorough set of 
measurements carried out over say a year or so. Then probably yes, but the 
fact 1s that we are dealing with studies that require a large number of cases 
to get any sensible results and 1f you want to spend one year on every house, 
1 don't think you can ever get any study completed. Just one little 
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problem. To wire code a house, you have to go there (and you may even go 
there without the owners permission like Savitz has done in a number of cases) 
but, generally, have the owners permission to go there and measure the 
distance from power lines and you go away. As soon as you have to arrange for 
someone to be at home when you go there and stay there while you go around and 
read the meters, the whole thing becomes a problem of tremendous proportions. 

Owen 

I think the object of wire codes was to represent exposure to magnetic fields, 
to integrate a time exposure. Now I think it's difficult enough to do it with 
actual one point in time measurement and say that represents exposure without 
doing it just by looking at wires. I think if you going to measure exposure 
you've got to measure exposure and do it properly. He did a bit of a survey 
of domestic magnetic field levels a year ago and in a lot of cases we found 
that the value of the front door of the house was higher than the value we got 
under the local distributon line. So I don't see how you can necessarily call 
a wire code Indicative of the exposure that a person gets to magnetic fields. 

Salzberq 

It's not a question of good. It's a question of good enough. I was quite 
Impressed by the Kaune study, where the correlation between the results 
generated by the regression equation and the domestic measurements done w1tli 
meters was of the order of 0.7. Now that's a very good correlation. There is 
still a lot of mlsclassification and the regression score only accounts for 
half the variance. Also, from the point of view of epidemiological studies, 
at the end of the day you need to be able to classify people into 'high', 
'medium* and 'low' fairly reliably; the net gain of information obtained by 
more refined and more precise classification after that 1s not that great. 

Keam 

1 think one of the points about the Kaune study was that he found a stronger 
correlation between spot measurements and 24 hour averages, than he did 
between the wiring codes and the 24 hour averages. 

Delpizzo 

Well they were both significant. 
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Keaw 

Mot very 

Oelpizzo 

They were 0.46 in one case and .51 in the other case. 

Keam 

That's not very good is it? 

Delpizzo 

It is! (for n = 43, p < 0.01 in both cases; note added in proof) 

Ford 

Can I ask the SEC (State Electricity Commission) representative whether, what 
he is saying 1s that they, the SEC, don't agree with the wire code? 

Owen 

I don't think it is up to us to agree or disagree, what we're talking about 
here is people are putting it up as a measure of exposure. Now it's not our 
job to agree or disagree with that. We're not judges of that. 

Ford 

With respect, I do believe that the foremost electrical engineering body in 
the state of Victoria responsible for more electrical distribution than any 
other body, is the SEC. The SEC must have an opinion on whether the wire code 
is a legitimate measure or not. 

Strong 

I could answer that. In regards to using the wire coding, a couple of 
points. Firstly, over the past 15 years, SEC have been using a standard size 
conductor for all urban and suburban distribution both high voltage and the 
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low voltage. So, all wires put up 1n the last 15 years, in general, for both 
the low voltage and high voltage distribution are the same size. Any smaller 
size wire would have been put up a long time ago and these are gradu "y being 
upgraded as the load increases. 

Ford 

So, what you're saying is it's not a good thing for Victoria. 

Strong 

That's the practice of the SEC.I don't know what they do in Denver. 

Delpizzo 

My point Is: if you're going to use wire coding, you've got to validate 1t 
first in the area you are going to study and you may find you cannot use the 
thick and thin distinction. There are other criteria that you can use; for 
example Kaune says that just the number of drops per unit area can give a 
significant correlation and ultimately if 1t comes to the point where we need 
massive amounts of data, we've got to come up with the simplest and most 
economical way of getting them as long as they mean something. But we can't 
spend a year on every house. Your study may end up having very accurate 
measurements on 10 houses and no cases. 

Gerrand 

I would have thought 1t wouldn't be difficult 1n this day of the silicon chip 
and high technology to construct a little integrating device that measures how 
much magnetic field strength a person has been exposed to over a time. Has 
anyone looked Into this? 

Delpizzo 

We are making some ourselves. But, again, you've got to keep 1t 1n your house 
for a long time. 

Owen 

A couple of types have been made already for people to wear. 
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Delpizzo 

And what, you make people wear them for twenty years until they get cancer. 

Owen 

No you can quantify a persons exposure 1n the occupational area. 

Delpizzo 

I'm talking of residential studies. Ultimately you need to classify a large 
number of houses using a proxy of some sort. 

Ford 

You can still quantify exposure. 

Repacholl 

The problem is exactly what do you want to measure. You've got peaks and 
troughs all throughout the day as you turn things on and off. What are you 
going to look for, are you going to look for an average? Is that what is 
relevant? 

Delpizzo 

I suppose thrc's 1t , at th is stage. 

Ford 

We've had this statement from the StC that wire coding would not work in 
Melbourne for wires put up 1n the last 15 years and I'd ask the SEC how and 
what statement they would make in regard to the Denver wire codes as to 
whether 1t 1s valid or otherwise 1n the SEC's view. 

Jovner 

But the man's just said they don't know the Denver wire code. 
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Well, I'm sorry, but a senior representative from the SEC has said that he 
would not accept tho Savltz study because of the wire code so you know, you 
can't have 1t one way or the other. 

Joyner 

Is that person here? 

Ford 

No, that person's not here but he's a senior representative of the SEC. 

Keam 

I wouldn't accept the Denver wire code results as I tried to explain in my 
paper. 

Ford 

Can I explain why it should be accepted. The reason it should be accepted is 
because 1f you've got a voltage V there at the transformer and It's a fixed 
transformer, the voltage then drops away down to the end of the feeder. Every 
house, 1n America, and here 1n Melbourne for that matter, has got a television 
set 1n 1t which 1s a very sensitive voltage measurer. If the voltage 1s too 
high, the picture 1s too big and misses out some of the picture, 1f it's too 
low, the picture shrinks. When television was Introduced into Victoria the 
SEC had the devil of a trouble getting the voltage right. So 1f the current 
was not correctly matched to the size of the conductor out in the street the 
voltage would drop too low and people would complain and the electricity 
authority would come along and Increase the size of the cable. So 
particularly 1n America and particularly 1f you go back a few years I believe 
the wire code would be an excellent test of long-term average current in the 
wires. Now what that means 1n regard to magnetism out 1n the houses 1s a 
different question. Bus as a measure of the current flowing 1n the wire, then 
it's an excellent measurement. In fact, much more valid than taking a 
moderate number -. spot readings of magnetic field. 
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EPIDEMIOLOGY. ELECTROMAGNETIC FIELDS AND CANCER 

Dr Michael R Salzberg 
Department of Social and Preventive Medicine 

Monash University 

The ELF problem can be viewed In two ways. First, as a nuisance or - worse 
than this - as a troublesome episode diverting time, effort and resources away 
from more urgent and serious environmental health problems. Alternatively, it 
can be viewed as an opportunity to learn something: certainly there is much 
to be learned about the attitudes of both experts and lay persons to science 
and to each other (Wildavsky 1988; Rayner 1988; Steneck 1984). Humankind has 
lived with mass-distribution electric power for only a tiny fraction of its 
history, less than a century, and is still learning to live with it both 
technically and socially. In addition, it is more than likely that we will 
learn some things of biological and medical use. 

In this paper I will deal with four elements of the problem: first, the role 
of epidemiology in assessing cancer hazards generally; secondly, some of the 
methodological and theoretical considerations involved in epidemiological 
research, third, a brief review of recent epidemiological studies concerning 
ELF fields and brain tumour; and finally, a comment concerning the way the 
same problem takes on quite different appearances when observed on the one 
hand by an epidemiologist interested in brain tumour and on the other hand by 
an engineer, physicist or occupational health worker. 

1. THE ESSENTIAL ROLE OF EPIDEMIOLOGY IN ASSESSING CANCER HAZARD AND RISK 

There are at least three reasons why human studies are necessary in tackling 
this kind of problem (Whittemore 1987; Sm.th 1988). 

(i) The in vitro and animal tests, despite recent improvements, are 
Imperfect. There are both 'false positives' and 'false negatives': 
on the one hand there exist agents which test negative but are 
certainly human carcinogens; and the reverse, there exist agents 
which test positive but are not human carcinogens. 

(11) Laboratory data are not good for deriving quantitative estimates of 
risk in humans. We do not wish to know simply "yes or no", whether 
some agent does or does not cause cancer; we wish also to know how 
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potent a carcinogen it is under the conditions that humans are exposed 
to it. Various mathematical models are employed in attempts to 
extrapolate from animal data to humans. Many uncertainties surround 
these techniques: depending on the model selected, the estimates of risk 
may differ by several orders of magnitude. 

(iii) Epidemiological data provide a sense of proportion, a perspective, about 
the importance of a particular agent relative to other known human 
carcinogenic agents, such as tobacco, ionizing radiation and asbestos. 
Related to this is the fact that if an agent is deemed carcinogenic and 
steps are taken to reduce exposure, to remove it from the environment, 
ths relevant cancer rates should eventually fall: this provides both an 
extra piece of evidence that the agent is carcinogenic (if such evidence 
is needed) and evidence of the effectiveness of control measures. This 
has been the case with smoking in relation to both lung cancer and 
coronary heart disease. 

2. SOME EPIDEMIOLOGICAL PRINCIPLES RELEVANT TO STUDIES OK ELF AND CANCER 

The epidemiological literature concerning ELF fields and cancer has been 
reviewed comprehensively by others (Coleman & Beral 1988; Knave & 
Floderus 1988), including Dr Repacholi this morning. In addition, many good 
standard texts present the basic principles and methods of epidemiology (e.g., 
Breslow & Day 1980; Last 1983; Lilienfeld & Lilienfeld 1980; Rothman 
1986; Schlesselman 1982). Here I will confine myself to four points which 
have given rise to some misunderstanding of this particular Issue. These are: 
(1) the power of a study (11) the definition of the disease outcome 
(diagnostic categories) (111) exposure measurement and exposure 
m1sclass1f1cat1on, and (1v) confounding. 

(1) Power of study 

This term refers to the probability that a given study will detect a 
specified effect, such as a difference 1n disease rates between exposed 
and unexposed populations, when a true difference actually exists. If 1 
assert that the rate of lung cancer in population A 1s three times that 
1n population B, then a less powerful study 1s required to test this 
assertion than 1f I had asserted the rate was elevated 1.2-fold. In 
general power 1s Increased by Increasing sample size. 
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It is generally agreed that even if ELF fields cause cancer, the risk 
associated is quite low, although it would still be important in view of 
the very large numbers exposed. In a recent analysis in which 11 
occupational studies were pooled, a combined relative risk of 1.18 
(95%CI 1.09-1.29) was obtained for all leukemia (Coleman & Beral 
1988). Eight of these studies reported on acute myeloid leukemia in 
particular: for this the combined relative risk was 1.46 (95%CI 
1.27-1.65). Clearly this is a small elevation of risk and statistically 
powerful studies will be needed to confirm or refute it. Many of the 
studies so far reporting on ELF-cancer associations, whether positive or 
no-effect, have low or inadequate power to test for a relative risk of 
such small size. That is, there is a high probability that if such an 
association truly exists, they would have missed it. 

Several more powerful studies have now begun overseas, such as a joint 
Canadian/French study of electricity company workers involving 6,000 
cancer cases and 24,000 controls and a US cohort study, again of 
electricity company workers, involving 50,000 persons. These studies 
will not produce results until 1991-2 (Ad Hoc Working Group 1988; Knave 
& Floderus 1988). 

In the case of brain tumour, the International Agency for Research of 
Cancer (IARC) is coordinating an international collaborative project. 
When this was begun, ELK was not an hypothesis, but more recently the 
project's coordinators included ELF'-related measures in their protocol. 
Independent epidemiological studies in several countries are using a 
common, core questionnaire so that eventually it will be possible to 
compare and hopefully pool the data from these, producing a combined 
study of considerable power. A brain tumour case-control study in South 
Australia 1s already affiliated with the IARC project and my colleagues 
and I at Monash Medical School are taking steps at present to do the 
same with our glioma study. 

(11) Definition of the disease outcome (diagnostic categories): 

The strong emotional impact of the terms 'leukemia' and 'brain tumour* 
Inhibits discrimination. There exist various types of both these 
cancers, types which differ as to cause, prognosis and treatment. 
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Ideally, the protocol of an epidemiological Investigation should specify 
the particular cancer types and subtypes to be studied. It should also 
specify exactly how the diagnoses are to be established or confirmed. 
Diagnostic data derived from death certificates, as in death register 
studies, may be very imprecise. We may not know whether the diagnoses 
were confirmed by histopathological examination or were, for example, an 
educated guess based on x-ray findings. 

In the case of leukemia, several main forms are seen and many rarer 
forms. As I have already mentioned, acute myeloid leukemia (AHL) in 
particular has been associated with ELK exposure in several studies 
(Coleman & Beral 1988; Sheikh 1987; Savitz & Calle 1987). In 
children, the most common form of leukemia 1s termed acute lymphoblastic 
leukemia (ALL). Amongst young to middle-aged adults, acute myeloid 
leukemia (AHL) predominates, and in older age groups, chronic 
lymphocytic leukemia (CLL). Several forms of each of these types can be 
distinguished. 

Of neoplasms affecting the brain, about 25-30% are secondary, arising 
in other tissues or organs, and 70-75% are primary. In adults, the 
two most common forms of primary brain tumour are glioma (about 70% 
of primary neoplasms) and meningioma (about 15%). Gliomas arise from 
the glial cells, mainly astrocytes, that live alongside nerve cells in 
the brain, nerves and ganglia comprising the nervous system. With the 
advent of molecular biological methods for characterising brain tumours, 
subtypes may be discerned and the classification may well become more 
complex (Schmidek 1987). Gliomas, mainly astrocytomas and 
glioblastomas, have been the type associated with ELF exposure in the 
handful of studies reported so far (Lin et al 1985; Thomas et al 1987). 
Pre-existing data, such as the age and sex distributions of the two 
diseases, suggest that glioma and meningioma have different etiology; 
they should be treated separately until the opposite case 1s proven. 

At this stage of the process of Investigating associations between brain 
tumour and ELF, a diagnosis of "all brain tumour" 1s unsatisfactory. 
The next generation of studies should and probably will distinguish the 
various types. In a minority of patients, a presumptive diagnosis of 
glioma 1s made using CT (computed tomographic) scan alone; no biopsy 
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data are available. A small percentage of such diagnoses will be 
wrong: the lesion seen on CT is not a glioma, but a secondary cancer 
that has spread from lung or elsewhere. Hence, Ideally, a study should 
be confined to histologically confirmed tumours. The Australian Brain 
Tumour Registry, begun in 1985 and housed at the Anti-Cancer Council in 
Melbourne, attempts to register all cases of brain tumour occurring in 
the country. Histological slides are provided by the registering 
pathologist or consultant and these are being reviewed by a panel of 
expert neuropathologists. Thus, in the case-control study we are 
conducting at Monash, we are using the Brain Tumour Registry and thus 
are able to confine our sample to histologically confirmed glioma. 

(111) Exposure measurement 

Many writers have wrongly characterised this as the Achilles heel of 
past and present ELF epidemiology. There are severe problems indeed, 
but they do not cancel, entirely, the usefulness of epidemiological 
methods. The main problems are (a) establishing exposure 
retrospectively, and (b) knowing which aspect of ELF exposure to measure. 

(a) The problem of establishing exposure in the past, say 5 - 2 0 years 
before the time of diagnosis, applies to retrospective studies, 
such as case-control studies, and not to prospective studies, such 
as several of the large cohort studies beginning or under way 
overseas. In prospective studies, exposure can be measured at 
entry, on one or more occasions during the follow-up period, or 
even continuously. However, these studies are expensive, take a 
long time and, 1n this country, are rarely done. If the disease of 
interest 1s relatively rare, such as brain tumour, a very large 
cohort is required. Case-control studies, on the other hand, are 
Ideal for studying low incidence diseases and can be completed much 
more quickly. Hence, there exists a continuing need for developing 
methods for assessing exposure retrospectively. 

Sceptics will claim this is Impossible and that is all there is to 
1t. I disagree. Quite valid conclusions can often be drawn from 
ordinal exposure data, that 1s to say, from exposure measured as 
(for example) 'high', 'medium' and 'low'. This does not Impress 
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many physicists, engineers and medical laboratory scientists who 
prefer interval scale data. However, I believe it is often 
possible to assign such ratings retrospectively. At the very 
least, we should seek strenuously to test this possibility, to find 
situations where retrospective ratings can be checked against 'hard 
data'. This might involve, for example, finding and performing 
measurements in old workplaces still using processes or equipment 
that were the norm 10 or 20 years ago. 

An important point is this: so-called 'non-differential exposure 
misclassification* biases results towards the null hypothesis. In 
plain language, poor exposure measurement tends to obscure 
differences if they are really there, but not to create them if 
they are not. This means that the positive results reported in 
ELF/cancer studies so far are most unlikely to have been generated 
by poor exposure assessment. Such mis-measurement tends to bring 
the odds ratio, the measure of effect of exposure, back towards one 
- the no-effect value. This assumes that the ELF measurement is 
equally unbiased or biased in both cases and controls 
('non-differential misclassification'). 

(b) Knowing what to measure. This is reminiscent of problems arising in 
toxicology and other areas of epidemiology, where complex, 
time-varying exposures, such as chemicals or diet, have to be 
summarised for the purposes of statistical analysis. There are two 
interrelated aspects to this problem. First, are the various 
measurements we are able to make the right ones? Second, given 
the data we have or are able to obtain, how best to summarise it? 

Exposure to electromagnetic fields can be characterised 1n many 
different ways. The fields themselves can be described in terms of 
several features such as frequency, wave-form, magnetic and/or 
electric field strengths and so on. 'Contact' with - or exposure 
to - the field, whatever the field's characteristics may be, can be 
extremely variable. In different workers, it may be patterned very 
differently; it may be continuous or intermittent. 

The twin Issues of exposure modelling and data reductions have 
emerged with a vengeance now that automated dosimeters have arrived 
(such as the Emdex and IKEQ meters). These generate very large 
amounts of data very rapidly about magnetic and electric field 
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levels. Leaving aside whether the data that these gather are the 
relevant data, the question is how these data are to be summarised 
for the purposes of analysis. Various suggestions have been made: 
geometric and arithmetic means; exceedance levels (the number of 
times the field level exceeds a designated level in a specified 
period of time); integrated exposure ("area under the curve"), and 
so on. 

Unfortunately, little guidance is available on this issue. 
Biological data at this stage are of little help, particularly 
given the possibility of 'window' phenomena (Postow & Swicord 
1986). Hopefully, where dosimetric devices are used, the raw data 
will be retained after the conclusior. of the study: this will 
permit later re-analysis if some hitherto unsuspected dimension of 
exposure is implicated. 

Before leaving the issue of retrospective assessment of exposure, I 
wish to mention the important idea of 'panels', developed first in 
relation to occupational chemical exposure (Gerin et al 1985; 
Siemiatycki et al 1981, 1987). A panel consists of a small group 
of occupational experts, typically occupational hygienists, 
engineers or chemists. Their task is to draw on their technical 
knowledge, including local and historical knowledge, to rate the 
likely exposure of subjects in an epidemiological study. 

The raw data are first elicited from the subject or next-of-kin by 
an interviewer. Then the panellists are presented with a list of 
the successive jobs performed by each subject. For each job, they 
are informed of the job title, the employer, the industry, the 
starting and finishing dates of the job, the main tasks and duties 
and so on. Given these data, they rate the job for likelihood and 
Intensity of exposure to agents of interest. They also record 
their own degree of confidence in each rating. For example, a 
panellist who worked in a particular industry for several years 
might feel very confident Indeed of the score assigned to a job 1n 
that Industry. Separate analyses can be performed of both all 
ratings and of 'high confidence' ratings. 
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An important advantage of the panel method is that it eliminates 
the problem of recall bias. In case-control studies, cases (1e 
patients) have a disease, usually a serious one; controls, by 
definition, do not. The cases are likely to have thought about 
possible causes of their disease and, arguably, may be more likely 
to agree when asked that they were exposed to Substance X than a 
control. Panellists, on the other hand, are kept blind to whether 
the subjects they are rating are cases or controls so the 
possibility of such bias is eliminated. 

Panels should be treated as a 'black box1 and tests performed of 
their reliability and validity, as well as their feasibility and 
cost. Panellists can perform ratings individually or as a group; 
both ways should be tested. Panellists can also perform ratings 
both before and after being Informed of each subject's 
self-reported exposures. 

Given our reliance on retrospective exposure reconstruction, 
secondary to our reliance on case-control studies, this is a method 
which should be fully tested. We are planning to perform such 
tests in the course of our glioma study. An additional motive for 
pursuing the panel method in this study is the problem of mental 
Impairment of brain tumour patients. This is less of a problem in 
studies of cancers at other sites. We do not know the extent to 
which the presence of the tumour impairs or distorts recall. No 
simple measure of such impairment exists. 

Could panels be of use 1n assessing past ELF (or RF) exposure? 
The answer at present is that we do not know. However, I believe 
they merit consideration and should be tested. In the study by L1n 
et al (1985), to be discussed below, a three person panel was used 
to rate occupational ELF exposure. However, no attempt was made to 
measure the reliability and validity of the panel itself. In the 
more recent study by Thomas et al (1987), one occupational 
hygelnlst was used to make ratings of chemical exposure. Again, no 
tests were done of the hygienlst's performance. Tests of 
Inter-rater reliability have been reported from the Montreal 
project (Goldberg et al 1986). 
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(1v) Confounding 

When associations are claimed between ELF exposure and cancer, critics 
frequently and quite rightly invoke the possiblity of confounding. This 
is the claim that the apparent association is actually due, in whole or 
part, to the action of some other factor (either known or unknown). 

However, to produce a confounding effect, a factor has to satisfy three 
conditions: (1) it has to be associated with the exposure (in this case 
ELF) (ii) it has to be associated with ('a risk factor for') the disease 
(cancer) (iii) it should not be part of the putative causal chain 
connecting exposure and disease. These are quite demanding criteria. 
For the ELF/disease associations reported to date, it is difficult to 
name factors which could meet all three. In part this is because very 
few causes of either leukemia or brain tumour are known. It is possible 
of course to Invoke the action of 'unknown confounders', unknown 
chemicals, viruses, dietary factors and so on. 

Known or suspected factors involved in leukemia include benzene, 
ionizing radiation, certain viruses, genetic factors and congenital or 
acquired immunodeficiency (Wiernik 1985; Poplack et al 1985). For 
glioma the list includes ionizing radiation; a range of industrial 
chemicals (vinyl chloride, acrylamide, polycycllc aromatic hydrocarbons, 
organic solvents and others) and head trauma. N-nitroso compounds are 
potent causes of glioma in laboratory animals and are found pre-formed 
in our environment (in food, in tobacco and Incense smoke and in some 
Industrial processes) as well as being formed within the body from 
ingested or Inhaled precursors. 

Most of the 'first generation' studies of ELF and cancer had no data 
about these factors, but they are being measured in studies now under 
way. 

3. RECENT STUDIES CONCERNING ELECTROMAGNETIC FIELDS AND BRAIN TUMOR 

Two recent case-control studies have reported associations between ELF 
exposure and brain tumour. These are not as well known as some of the other 
studies that have been discussed, so I will describe them briefly. 
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The first was performed by Lin, Dischinger, Conde and Farrell (1985). Both 
the characterisation of exposure and the determination of disease were 
indirect but the results are nonetheless interesting. Cases were deceased 
white men obtained through the Maryland death register whose deaths were 
registered as due to 'brain tumour' including 519 classed as glioma or 
astrocytoma and 432 'nonspecified brain tumour*. Occupation and industry were 
also determined from the death certificates. 'Occupation' presumably was the 
last main occupation held by the subject, but no data were available about 
duration of time in that occupation. Control subjects were obtained from the 
same death register: these were matched for age and date of death and died of 
diseases other than cancer. 

A three person panel was used to rate occupations for presumed exposure to 
electromagnetic fields ('definite', 'probable', 'possible' and 'no 
exposure'). The occupations within each of these categories are shown in 
Table 1(a). 

Elevated odds ratios for glioma/astrocytoma were observed for those in the 
'definite', 'probable' and 'possible' categories (2.15, 1.95 and 1.44 
respectively). The first and third of these were significant at the 95% 
level (Table 1(b)). No such trend was observed for the 'nonspecified brain 
tumour' category. 

The second study, by Thomas et al (1987) was also a death-certificate based 
case-control study. Next-of-kin of cases and controls were traced and 
interviewed (response rate 70%) to obtain a lifetime occupational history. 
Cases were white men, aged 30 or more, who had died of primary brain tumour. 
Oiagnoses were verified from hospital records. Of the 300 astrocytic tumours, 
76% were histologically confirmed and 24% were diagnosed on the oasis of 
CT scan. Controls were matched for age at death, year of death and area of 
residence and were excluded 1f they had died of brain tumour, epilepsy, 
stroke, suicide or homicide. 
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TABLE 1(a) 

PRESUMED ELECTROMAGNETIC FIELD EXPOSURE AND OCCUPATIONAL CATEGORIES 
IN THE STUDY BY LIN ET AL (1985) 

(adapted from Table 5, p4l5) 

'Definite exposure' 

Electric and telephone company: serviceman, lineman, foreman and 
engineer 
Railroad and telecommunication: engineer 
Electrician, electric and electronic engineer in industry 

'Probable exposure' 

Electrician, nonspecified retail 
Dispatcher, highway patrolman 
Engineer (nonspecified) in electric, electronic, aerospace and 
telecommunication industries 
Repairman in appliance (e.g. television, radio, electronic device) 
and telecommunication industries 
Welder 

'Possible exposure' 

Policeman, security guard, airline pilot 
Employee (nonspecified) in utility company (telephone and electric) 
railroad and telecommunication industries 
Mechanic, machinist, repairman, maintenance man, stationary engineer, 
boilermaker 
Steelworker, tool maker, plumber, pipefitter, carpenter 
Engineer (nonspecified) in other industries 
Officer (nonspecified) in Navy, Air Force and Coast Guard 

'No exposure' 

All occupations other than those specified in the preceding categories 

TABLE K b ) 

MAIN RESULTS FROM STUDY BY LIN ET AL (1985) 

(adapted from Table 6, page 416) 

Exposure No. of No. of Odds 95% confidence 
category cases controls ratio interval 

•Definite' 27 14 2.15 1.10, 4.06 
•Probable' 21 12 1.95 0.94, 3.91 
•Possible' 128 99 1.44 1.06, 1.95 
'No exposure' 323 360 1.00 
Unknown 
Occupation 20 34 ... 

Total 519 519 
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Microwave and radiofrequency (MW/RK) exposure was inferred from occupation: 
if a subject had ever worked in any one of a set of designated occupations 
they were classed as 'exposed'. Two overlapping sets were used: one to 
replicate previous studies (Including the study by Lin et al (1985) described 
earlier); one compiled by an occupational hygienist. The hygienist also rated 
all occupations for likely exposure to lead and soldering fumes. 

In brief, elevated relative risks were observed 1n 'electrical and electronic' 
occupations whether or not they had been exposed to NW/RF radiation. This set 
of jobs was divided into two categories "...based on their potential 
exposures: 1) jobs associated with the manufacture and repair of electronic 
equipment, Including engineers, teachers, technicians, repairers and 
assemblers who could have exposure to VHP and UHF electromagnetic radiation 
and also to solvents and fumes from soldering; and 2) electrical trades jobs, 
Including electricians, power linemen and servicemen, and telephone linemen 
and servicemen who would be exposed to ELF electromagnetic radiation." (page 
235). 

Brain tumour risk was elevated 1n the first group as a whole and in each of 
Its constituent occupations. The elevation was greater still for astrocytic 
tumours and highest for histologically confirmed tumours (Table 2(a)). 
Relative risk also Increased with duration of exposure to over 10 at 20 or 
more years' exposure (Table 2(b)). The results were not attributable to 
confounding by lead or solder fumes. Educational attainment was a confounder 
but the figures shown were adjusted for this factor. 

Clearly, there are serious limitations to the conclusions that may be drawn 
from these two studies. In the second study, the justification for 
subdividing 'electronic and electrical1 occupations 1s not as convincing as 
the authors imply. However, inadequate exposure assessment cannot reasonably 
explain the findings, unless some plausible reason can be advanced why 
assessment may have differed for cases and controls. These findings merit 
follow-up: attempts should be made to replicate them. 
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TABLE 2(a) 

MAIN RESULTS FROM STUDY BY THOMAS ET AL (1987) 
adapted from Tables 3 and 4 and from data in text. 

Occupation 

Total No. of 
No. of exposed 95% 
Cases controls RR CI 

Electronics 
manufacture 
and repair 
workers 

28 7 3.9 1.6-9.9 

Astrocytic 
tumours 

95% 
No. RR CI 

25 4.6 1.9-12.2 

Other 
brain tumour 

No. RR 

3 1.4 

95% 
CI 

0.3-6.4 

Electrical 
tradesmen 28 15 1.9 0.9-3.8 18 1.8 0.8-3.9 10 2.1 0.8-5.2 

TABLE 2(b) 

ASSOCIATION BETWEEN DURATION OF EMPLOYMENT AND RISK OF ASTROCYTIC TUMOUR 

(modified from Table 4, page 236) 

Duration Employed (Years) 

Occupation Unexposed <5 5-19 20+ 

Electronics repair and 
manufacture 

Cases 246 
Controls 341 
PR3 1.0 

Electrical 
tradesmen 

Cases 246 
Controls 341 
RRa 1.0 

10 
4 

3.3 

7 
6 

1.6 

6 
1 

7.6 

3 
4 

1.0 

8 
1 

10.4D.C 

6 
4 

2.6 

a. RR = maximum likelihood estimate of the RR adjusted for education. 
b. 95% confidence interval does not Include 1.0 
c. Ch1-square tes* for linear trend statistically significant at 0.05 level. 
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4. CONCLUSION 

In conclusion, it strikes me that this problem looks distinctly different when 
viewed by workers in different disciplines. From the point of view of 
engineers, physicists and many laboratory scientists, *t 1s Implausible that 
electromagnetic fields cause cancer. Even if it is conceded to be plausible, 
the possibility of rigorously testing such a hypothesis seems remote. 

From the point of view of those trying to find the causes of leukemia or brain 
tumour, the problem looks quite different. The etiology and pathogenesis of 
these diseases are largely unknown. Some of the findings that have been 
reported present what may be Important clues. By no means do the reported 
associations prove a causal effect of electromagnetic fields; however, they 
may well put us on the trail of other environmental or lifestyle factors that 
cause these distressing diseases. 
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DISCUSSION 

Joyner 

I have one question. You mentioned, 1 may have misunderstood, you mentioned 
that no-one has really dealt with the antagonistic or synergistic roles of 
ELF. I don't believe that's true - I think, in fact, this morning I mainly 
dealt with the synergistic effects of at least chemicals. 

Salzberg 

Yes, I take it you're talking about the phorbol ester studies and the DMBA 
studies. How you get a handle on that epidemiologicallv is another story. 
The sample sizes that one needs to test for interaction effects and so on are 
again an order of magnitude greater. But, particularly the chemical and 
ionizing radiation interaction studies are a good model. 

Hocking 

Mike, just about your last comments on this co-operation business. Whilst 
Intellectually I might sympathise with you, I think you've got to realise that 
1n the real world, quite a lot of groups (I obviously speak for employer 
groups), are extremely sceptical about a lot of these studies, not because of 
ELF but because of things like Repetitive Strain Injury studies and because of 
the effect of Visual Display Terminals on people. People have been there and 
done that and been bitten. That is the Intellectual milieu in which you're 
having to work. I don't think it's just because you're a university person or 
anything like that. It's just that no matter, all these studies have always 
got some loose end. Even though the McOonalds study is fairly persuasive that 
VDT's don't have an effect on pregnancy, that just hasn't bitten at all. So 
*hen, why 1n the hell should we do another epidemiological study, because no 
one is going to believe 1t, they're just going to be political. 

Salzberg 

I don't know how to answer that. It helps to think 1n historic time. These 
studies should be done. Things change very slowly and you just keep pushing 
1n that direction. We just learn slowly. 
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Repacholi 

I'd like to get your response on the value of epidemiology evidence without 
laboratory support. I think this is the crucial point as there Isn't any 
laboratory support for there being an association between ELF and cancer. How 
Important 1s laboratory support? 

Salzberg 

Well, I think these are two ways of tackling the problem and perhaps they, to 
some extent, ought to be conducted Independently. Someone raised the spectre 
today of two non-sciences supporting each other, or two non-1ssues supporting 
each other 1n a kind of vicious circle. Both groups of people pointing to the 
other for further support for their own Investigation. 

Repacholi 

In the final analysis, the positive epidemiology studies have been supported 
by laboratory studies, indicating the mechanism by which the magnetic fields 
can be carcinogenic. 

Salzberg 

Do you mean for other carcinogens. 

Repacholi 

Yes. 

Salzberg 

Sure, I really wonder, as a relative newcomer to the Issue, (actually I wanted 
to take Don HcPhee up on this point): whether, if 1t (ELF) was marketed as a 
drug today, whether the full gamut of tests have been done. Just taking my 
own area of brain tumor. There are fairly straightforward kinds of studies 
that one would have thought would be relevant that have just not been done. 
There are very good laboratory models for Inducing brain tumor 1n rats and 
various other species, which have not been done 1n relation to ELK. 
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HacPhee 

They've not been done for very many chemicals e i ther. 

Salzberg 

Sure, you're quite r i gh t , i t s prohibi t ively expensive. 

HacPhee 

You have to use the standard screens, the basic ones for reason of costs. But 
contrary to what you said earlier in fact, if you look at only human 
carcinogens, apart from the logical exceptions which are asbestos and 
conjugated steroids 100 per cent of them can be detected with two tests, two 
inexpensive tests. These are tests which relate to *>uman knowledge at this 
point in time, and 100 per cent is not bad. 

Salzberg 

I'm not quite sure what the nub of the question was. 

Repacholi 

Unless there's overwhelming evidence from epidemiology studies, like odds 
ratios of 10, without laboratory support 1t would always be questionable that 
the epidemiological studies identified a causal association. 

Salzberq 

I'd really have to think about that, I don't know how to answer you at this 
point. I see them as independent things that are going on anyway. Are you 
asking this, that if we find weak epidemiological association, that therefore 
people should be not funded to do laboratory studies? Is that the kind of 
thing you're asking. 

Repacholi 

I think 1f tnere's a weak association then to be convincing we have to have 
laboratory support for that association. I f i t ' s a very strong association, 
there's much less need for the laboratory support. 
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Pojer 

I just wanted to find out how one goes about setting up an epidemiological 
study of ELF. 

Salzberg 

There are several different study designs that can be applied. I really 
didn't want to get into that because it's been done many times and there are 
good reviews which I can put you onto. There are basically a finite range of 
study designs that one can apply to a problem like this. Basically, case 
control studies or cohort studies. 

Do van 

Just a question on exposure data. What do you look for, an average value for 
long term or an exposure level above a certain threshold? 

Salzberg 

I don't know. I think we have to keep an open mind, make some sort of 
reasonably simple assumptions about what 1t might be and test them out. The 
method being used overseas in some studies currently 1n progress is to collect 
millions of data points and to then try and make some simple modelling 
assumptions. Some sort of Integration measure, or percentage of time spent 
over a certain level, or whatever. 

Povan 

I prefer to take a lot of Information and analyse them later, rather than say 
Its too much data and It's very hard to handle. I think, otherwise you may 
not have enough data to model human exposure levels. 

Salzberg 

That's what's been done and I think that's fine that that data 1s being 
accumulated and stored away. It can be stored away Indefinitely. But then 
the hard question 1s how to summarise 1t. Some people might see 1t as fudging 
or using statistical manipulations to generate a result. I think 1t 1s valid 
to look at different ways of constructing Indices as long as you declare what 
you are doing and you state the assumptions that you're making 1n constructing 
your Index. 
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I think if you make them, then you know what type of information you want 
before you finalise the study. 

Salzberq 

I don't know the answer any better than anyone else does. 

6errand 

You mentioned In the concluding remarks about the need for rigor in science. 
One of the general problems is that the level of scientific understanding in 
the community is so poor that people will seize on minor scientific papers as 
being proven results. These papers are being exploited by interest groups, 
especially through television. I think this is a major problem in dealing 
with the community ia recent study in the U.S. has found that only 5.6 per 
cent of American adults are scientifically literate. Note added in proof). 
And one other aspect on the case study you mentioned about designers and 
tradesmen. It Immediately came to mind that you're dividing people into blue 
collar trades and white collar trades in effect. Now there's a lot of 
evidence that there's a big difference in health between those two groups. 

Salzberq 

I can answer that straight away. I should have mentioned that those results 
(the study by Thomas et al (1987)) were adjusted for education. Education was 
a confounder in those studies, so all those results were adjusted for 
education. 

Colebatch 

I have one question, I also have the transparencies that I didn't use this 
morning 1n order to keep to my 20 minutes, but they have an important message 
in relation to the Salzberg paper. The defects 1n design, methodology, etc., 
seriously limit what can be learnt from all the reported studies on ELF, 
leading to unwarranted conclusions, in both directions, and to some wild 
assumptions. But these four tables show that, despite the varying quality of 
the studies, they provide justification for further more sophisticated studies 
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both in adult workers and especially in children. Each table has come from 
the WHO report (1987) or from the Repacholi paper at the recent international 
meeting in Melbourne. 

One table, from the WHO Report, was probably compiled almost three years ago, 
showing 11 studies, of which only 4 claimed to show an increase of leukaemia 
or of other cancers - but clearly most of these looked for any Increase only 
of leukaemia or only of some other cancers. This next table shows that of 5 
studies limited to children believed to have had EMR exposure, 3 found 
leukaemia Increased, one found cancer Increased (leukaemia not looked for) and 
one showed no increase of either. This last-named was the Fulton study, which 
Savitz said was not a convincing refutation of Werthelmer and Leeper's study. 
Fulton studied only 150 "children" aged 0-20 years from the coast (compared 
with Werthelmer's younger age group 1n Denver at 5000 feet), his controls were 
very poorly matched, exposure measurement was highly questionable and no data 
were given regarding acute myeloid laukaemia - the form most often suspected 
of being related to EMR. 

The last two tables are from Michael Repacholi's recent paper in Melbourne 
(see Tables 1 and 2, page 6 of this volume - Ed). This third one lists 20 
studies of occupationally exposed adults, considered worth some 
consideration. Only 4 of the 20 claimed to show no increase of either 
leukaemia or other cancers - which makes clinicians ask what does all this 
really mean? 

In the final one, Michael Repacholi has shown the nature of each of these 20 
studies. Nine of them used forms of study that are basically flawed, e.g., 
proportional mortality ratios comparing deaths from leukaemia with deaths from 
other cancers on the false assumption that a carcinogen would not be able to 
produce both these forms of malignancy. Surprisingly 6 of these 9 claimed to 
show an Increase of leukaemia or cancer. There were far less flaws 1n the 11 
other studies. Of 5 using retrospective follow-up, 4 claimed an increase of 
leukaemia or cancer; and of 6 using reasonably acceptable patient/case control 
methods, all 6 found an Increase of either leukaemia or cancer. 

In summary, 10 out of 11 of the less seriously flawed studies suggested an 
Increase of cancer 1n some form 1n the occupational groups studied. This 
result still needs to be confirmed by better studies and 1t does not help 
answer the question: Is EMR or ELF responsible? 
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Now, can I ask my question? In Thomas' paper on brain tumours, workers 
exposed for 5-20 years or more had statistically greater risk of developing 
the common astrocytomas and gliomas than those exposed for less than 5 years; 
and there is a comparable finding in another of the published studies. What 
is the interpretation of this higher risk ratio in those who had more 
prolonged exposure? Is it because they had more prolonged exposure to the 
promoter or perhaps to the initiator, or is it because they, being older, have 
reached the age of over 40 when cancer is more likely to occur? 

Salzberg 

I don't think age alone can be invoked as an explanation. The papers may not 
give you the age distribution but they do take it into consideration. 

Colebatch 

There's another study of children by Savitz in which he established that 
there's a higher risk in those aged 10 to 15 than in those aged 0 - 5 . 

Salzberg 

Yes, I mean control for age is virtually the first thing that most 
epidemiologists will do. 

Abeyasekere 

As I understand it, Dr Colebatch and Mike Salzberg are inclined and presenting 
evidence that we should do some more epidemiological studies on the basis of 
the evidence that you just saw. On the other hand we have Dr Repacholl and Dr 
McPhee saying that we really don't have any known field Induced cancer 
producing mechanism that we can show 1n the lab that will justify that kind of 
an Investigation. So should we not have an Investigation in the laboratory at 
this stage. Now, 1s that a fair summary? 

Salzberg 

1 feel a little bit differently. Here we have a phenomenon to be explained: 
we have groups, electrical occupations, who appear to be, 1n a lot of studies, 
at Increased risk of leukaemia. Now 1t may be due to electromagnetic fields; 
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1t may be due to something else altogether, but It 1s a possible lead to the 
etiology of leukaemia and we ought to explore it and try and disentangle what 
1t 1s. The beauty, for instance, of the brain tumour study 1s that at the end 
of the Search programme on Drain tumour - this 1s a feature of most 
case-control studies - you can Investigate multiple hypotheses 
simultaneously. There's still the question though of studies set up 
specif1cally for the Investigation of ELF - whether you might consider them to 
be a waste of time. 

Abeyasekere 

Michael (Repacholl), would you say that 1s a reasonable sort of thing to do 
under the conditions? Do you see here that the evidence 1s so 
overwhelmingly negative that really It's a waste of time, you know for sure 
we're not going to find anything and It's a waste of human resources to be 
doing epidemiology studies at this stage? 

Repacholl 

Absolutely not, I'm not saying that at all, I'm saying that the 
epidemiological evidence 1s weak at present and it really needs support from 
laboratory studies to Indicate that there's enough evidence that these fields 
could produce cancer and without that evidence and current epidemiology being 
so weak, I think the only conclusion which we can reach at the present time 
1s that there 1s no risk at all. But I'm not saying that you shouldn't go and 
do good epidemiological studies that reduce the number of confounding factors 
and try and Identify more precisely 1f there 1s a relationship between 50/60 
Hz fields and cancer. And at the same time we have to have laboratory studies 
to continue to try and find 1f there 1s anything there. I don't think we're 
going to find the answers for another four or five years as Mike's already 
said, but certainly research should continue. 

MacPhee 

It seems to me that 1n the absence of a biologically credible hypothesis if 
there 1s any association between ELF and cancer, and 1f there are studies that 
show occupational differences of some forms of cancer, that ELF 1s 1n fact the 
least plausible explanation for any of these and that 1n the absence of a 
biologically credible hypothesis, we shouldn't really be doing the 
epidemiology until you've got that, then you've got something to test. At the 
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moment, it seems to me you've got nothing to test, there's no model to test, 
there's no hypothesis, you're just stamp collecting if you're doing 
epidemiology in this way. 

Colebatch 

Well, I avoided saying that it was due to EMR but when there seems to be 
increased risk, you have to find out what it's due to. 

HacPhee 

1 wouldn't argue with including this as one factor in a short list study in 
which you are looking at things more broadly. But to mount specific studies 
seems to me to be totally unjustified and would be one of the lowest 
priorities in funding in this or any other country at this point in time. 

Wood 

I just want to amplify the point that Alan Christophers made. There should be 
complete consistency between the cellular study findings to date and the 
epidemiological findings to date. Accepting the cell studies at face volue 
and Ignoring all of the conflicting results and so forth, we would be forced 
to conclude that really, the dangerous situations would be 50 nanoteslas at 15 
volts rms per metre and anything other than that you don't need to worry 
about. Now 50 nanoteslas, 1 think, is half a milligauss, so in other words 
people living kind of miles away from powerlines would be a most risk. So, it 
all points to the fact that these two things are entirely separate really. 

Sandeman 

I am astonished that you can finish up with a quotation from Bacon. The 
father of scientific method would not approve the notion that you can 
formulate a hypothesis and test 1t on the same data and then formulate another 
one; you don't go on a fishing expedition. It's quite ridiculous to expect a 
statistician to answer a fishing expedition question because out of every 100 
particular correlations you use, if you use a significance ratio of 5 per 
cent, 5 per cent of them will be significant. It is unscientific to go on 
this sort of expedition to look at a multitude of factors, put them all on 
computer, say to the computer, "Find the significant ones"! Of course it will 
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come up with significant ones. Then again, if you take brain tumour, you're 
not going to tell me that brain tumour in a 5 year old child is exactly the 
same brain tumour as in a 60 year old man. The causes of these brain tumours 
almost certainly would have to be different. The same with leukaemia. And to 
lump all of these together in the one lot and look at the epidemiology of that 
particular group 1s absolutely daft. You are quite correct in saying that the 
diagnosis or confirmation of the diagnosis is an important factor 1n 
epidemiological studies, because with the small figures, one mistake in the 
diagnosis can actually alter the thing from being non-significant to highly 
significant. 

Salzberg 

Well, just to clear up a couple of things, I'll just talk about brain tumours 
which I know. The fact of the matter 1s that the etiology of adult brain 
tumour is unknown. Also, I don't think anyone ever lumped together adult and 
childhood brain tumours. Really, I'd be interested to see it. 

Sanderoan 

Well you used occupational brain tumours 1n power tool workers and brain 
tumours 1n children, and the two have been linked, if not in this forum, then 
certainly 1n the public forum. 

Salzberg 

They have certainly cropped up 1n the literature to date. 

Sandeman 

How would you Include brain tumours as well as leukaemia? 

Salzberg 

1 don't think anyone has ever reported a composite figure for the Incidence of 
adult and childhood brain tumour 1n an analytic study. It would be a total 
nonsense. I'd be Interested to see such a study. They've both been linked to 
ELF but not in the same studies, to my knowledge. 
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Sandeman 

You are linking them to the same cause, I don't think you can. 

Salzberg 

Take N-nitroso compounds, that have been suspected in both child and adult 
brain tumour. I don't think that's nonsense. It's a very strong hypothesis 
that ought to be pursued. Just because it's a hypothesis in one, doesn't mean 
that it's not a hypothesis in the other. The biology of adults and children 
are different; 1 grant you that, but I don't think we should summarily exclude 
it for one group because it's been invoked in relation to the other group. 

Repacholi 

The panel that was overseeing the New York Powerline project studies including 
the epidemiological studies, said that effectively from the epidemiological 
studies carried out so far, the support offered uy the Savitz study for the 
Wertheimer and Leeper study indicated thit there's just still one good study 
and all that it did was to strengthen the hypothesis and that's where we are 
at the moment. 

Salzberg 

Yes, that's right. 1 object to the use of the term fishing expedition. The 
situation with brain tumour is we do not know what the causes are, and that's 
not a nice situation to be in. I think we are s t i l l at a stage where we have 
to fish. Now, we do have some leads: we know about N-nitroso compounds, we 
know about radiation and various other things. In any particular study that 
we do, 1f we neglect any of those factors, 1t would really be criminal. I 
think you have to include them as part of a study. 

Sandeman 

You can't use your fishing expedition to formulate an hypothesis and then test 
your hypothesis in the same data set. 

Salzberq 

There are hypotheses 1n advance. Increasingly, I think, epidemiologists state 
hypotheses and even try to state them quantitatively. 
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Just a quick question - Are you able to eliminate socio-economic effects 
whereby say, poor people can only afford to rent houses close to the power 
lines which have cheaper rents and therefore there may be childhood cancer 1n 
relation to diet or something associated with being poor. You could do all 
this epidemiology and electricity authorities could just throw that back at 
you and you would have no answer. 

Salzberg 

That can really be addressed quite strongly. For instance, with a lifetime 
occupational history, you can certainly rank someone's socioeconomic status 
extremely well. 

Ford 

My problem 1s with childhood. It seems that the only evidence relates to 
children and I'm surprised at so much epidemiology going into workers because 
that doesn't seem to be getting us anywhere. 

Salzberg 

Well, just to address social class. I think most epidemiologists recognise 
that as one of the major potential confounders. In virtually every study we 
try to have some measurement of that as best we can - sometimes several 
measurements, such as Income, area of residence or occupation of parents. 
Particularly the studies that are being planned, the new generation ELF 
studies, will all Include this. Certainly 1n our brain tumour study, 1n our 
research program, we are measuring social class. It's not a big Issue. 
Again, It's like age: it's a standard part of any analysis - one looks 1n the 
data to see if there are effects. 


