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In this paper we consider the effect of natural and man-made magnetic field disturbances on human
pathology data collected by the Medical Emergency Service in the city of St Petersburg (Russia)
during 1981. In the various medical data many variations of meteorological and social origin have
been found (annual, 15.3-day, 7-day periodicities). The 7-day variation in the data for myocardial
infarction shows a significant decrease in pathology rate (~70%) during weekends and public
holidays. Measurements of man-made magnetic fields performed in the centre of St Petersburg
during 1991 and 1994 in the 0.001-10 Hz frequency range show a large decrease in intensity
during Saturdays and Sundays. We suggest that the 70% decrease in infarction rate during
Saturdays/Sundays is connected with the decrease during these days of electromagnetic noise,
indicating the social origin of this variation. The myocardial infarction data cleared of meteoro-
logical and social effects show a connection with the occurrence of strong geomagnetic storms.

1. Human beings live in an ocean of electromagnetic fields of natural and man-made origin.
Natural electromagnetic fields in the frequency range 0.1—10 Hz are observed all over the world
with amplitudes usually ranging between 0.01 nT and some hundreds nT, and a dramatic increase
in pulsation activity occurs during severe geomagnetic storms [1]. Electromagnetic fields of
man-made origin are observed in a wider frequency range and they depend on the industrialization
level; they are characterized by abrupt changes in magnitude and by irregular wave forms. As far
as we know, up to now no regular and complete observations have been made of technological
electromagnetic fields in industrial centres.

Many experimental and clinic studies showed that biological systems, including human
beings, can be influenced by electromagnetic field variations in the u.l.f. range (0.001-10 Hz)
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and e.l.f. range (10—1000 Hz) [2—4]. It was shown in [5—7] that u.l.f.—e.l.f. magnetic fields may
produce increased exhaustibility, severe headache, depression to the point of suicide and
possible increases in malignant diseases.

The aim of the present paper is to analyse the relationship between the level of electro-
magnetic fields of technological and natural origin, respectively, and the morbidity rates of some
human diseases. That will be done on the basis of the daily data registered by the Medical
Emergency Service during 1981 in the city of St Petersburg, and on the basis of the measured
industrial electromagnetic field fluctuations in St Petersburg.

2. The medical data sets utilized are the daily data for the following pathologies: myocardial
infarction, verified myocardial infarction (cases with a further diagnosis given by doctors for
patients taken to hospital), total trauma, trauma due to alcoholism, psychiatric, verified psychiatric
(verified in clinics) and the total number of calls. Every time series of the initial data was treated
by the same mathematical method. The Fourier spectrum was computed for every data set to
recognize the presence of dominant frequencies.

Under the assumption that the level of many human diseases may depend mainly on
environmental factors as meteorological variations, natural magnetic field variations and variations
in social origin [8], the social effects are generally found to be the dominant ones and they
depend on the local habits of people and on the technological development of the society. The
dominant frequencies present in the spectra of our data sets are due to recurrent social and
meteorological processes rather than to geomagnetic storms that are produced by strong quasi-
stochastic solar phenomena.

We will show here the complete analysis only for the myocardial infarction data (V,,)
collected in St Petersburg during 1981, because all the other series of data have been treated by
the same procedure. Figure 1 shows the time behaviour of the initial N, data (plot a) and its
Fourier spectrum (plot 5). We can see that in the initial data there are great sources of variations
that increase the expected statistical errors. In the spectrum of N, the frequencies corresponding
to 7.0 and 3.5 days appear very dominant, together with a small peak at 2.33 days. It appears
quite evident that the frequencies at 3.5 and 2.33 days are the second and third harmonics of a
7-day recurrent time-signal. To clarify the nature and shape of the 7-day signal, we computed the
superposed-epoch average of N,,.. In Fig. 2 we show the results of this analysis performed on all
weeks of the year beginning from 5 January 1981. For each day of the week the mean values of
N, were computed (51 weeks) (solid curve). One can see in Fig. 2 that the number of infarctions
changes slightly from Monday to Friday and it decreases sharply during Saturday and Sunday. To
show the stability of the average weekly behaviour throughout the analysed period, we computed
again the weekly effect on four different N, data sets, each of them corresponding to a
~ 3-month period of the year. The results are plotted in Fig. 2, using different point marks. It can
be seen that the weekly variation in the infarction rate in St Petersburg does not depend on the
particular season and has a stable behaviour within the statistical errors throughout the year.

The results of this analysis obtained for every set of the different pathology data are given in
Table 1.

3. As shown in the previous section (Fig. 2 and Table 1), the most remarkable feature in the
periodic structures of different pathology data is the presence of a 7-day variation of large
amplitude in the myocardial infarction data from St Petersburg. The myocardial infarction rate
has a minimum on Saturday and Sunday; it decreases by a factor of 4—5 during these days in
comparison with working days. The 7-day variation with minimum on Saturday and Sunday, but
with amplitude smaller than that for infarction rate, is observed in the sets of trauma data. The
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Fig. 1. Myocardial infarction daily data from in St Petersburg (a) and
their Fourier spectrum (b); frequency = j/256 cycle/day.
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Fig. 2. The average weekly variation in the infarction rate N,,; (a) and verified infarction

N,ing (b) obtained by superposed-epoch analysis. The solid curves show the average

yearly behaviours; black and white circles, crosses and triangles correspond to the N,
values computed for every season of the year.
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Table 1. Amplitudes (in per cent) of different time variations observed
in various pathologies (St Petersburg).

No. Pathology Annual 7-day 15-day |Occasional
1 Total calls 24 10 5 10-20
2 Myocardial infarction 14 67 - 4
3 Verified myocardial infarct. - 75 - 13
4 | Total trauma 20 15 22 100-200
5 Alcoholism trauma - 22 40 100-150
6 | Psychiatric - 24 10 ?

7-day periodicity in psychiatric call data has a different character, i.e. with maximum number of
calls on Sunday. In [8] it was shown that in the ambulance call data of Moscow the 7-day
periodicity is present in the following data sets: heart rhythm disturbance, myocardial infarction,
stroke and different traumas; the 7-day variation is not observed in bronchial asthma, hyper-
tension, sudden death and epilepsy. The absence of 7-day periodicity in some diseases and the
presence of 7-day variation with maximum number of calls on Sundays for psychiatric diseases
are very important. They indicate that the origin of this periodicity with a minimum on Saturdays
and Sundays is not to be connected with a decrease in population level during these days. From
the behaviour of the 7-day variation in the total number of calls, the decrease of population in the
city during Saturdays and Sundays can be estimated of the order of 10%. Also the different
amplitudes of this variation for the various diseases indicate that the origin of this effect needs
different explanations.

Moreover, for some pathologies in Moscow, as well as in St Petersburg, the data show an
average incidence, during holidays not coinciding with Saturday and Sunday, equal, within the
statistical errors, to their average Sunday value. This result shows that the 7-day periodicity
cannot be considered as a social synchronization of an endogenous 7-day rhythm, but is related
to the social organization of our life based on periods of work and days of vacation. For some
diseases it is rather simple to indicate the social factor responsible for the greater part of the
7-day effect. The significant decrease in the rates of different traumas (labour, street and
automobile traumas) on Sundays and holidays is produced by the decrease in the working
population, people in the streets and car traffic during these days. For myocardial infarction and
stroke rates in Moscow there are no simple social effects able to explain the large decreases of
these pathologies (20% and 10%, respectively) during Sundays and public holidays. The
decrease in labour stress in non-working days in comparison with working days cannot be the
only reason for this large decrease in pathology rates. Moreover, it seems unreasonable that a
large percentage of people affected by these diseases do not call the doctors on Sundays; in that
case we should expect the maximum number of calls on Mondays, but that does not occur.

Now it is necessary to pay attention to the peculiarities of the 7-day behaviour in myocardial
infarction data in St Petersburg. Figure 3 shows the weekly variation in myocardial infarction
data in Moscow and St Petersburg (curves a and b respectively) the data have been normalized to
10° inhabitants. For the St Petersburg infarction data, the very large reduction (70%) in pathology
~ rate during Saturdays and Sundays is surprising, with a remarkable constancy throughout the
year. While for Moscow data the lower labour stress could be responsible for a great part of the
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Fig. 3. Normalized myocardial infarction rate N,;in Moscow (a) and St Petersburg
(b) and average intensity of man-made magnetic field variations (c¢) during the week.

20% decrease in infarction rate during Sundays and public holidays, for St Petersburg data the
~70% (or ~60% if we take into account a possible decrease in population) reduction in
infarction incidence cannot be explained by labour-stress effect only. Another remarkable difference
between the Moscow and St Petersburg 7-day effect is the value of infarction incidence on
Saturdays: in Moscow this value is between those of working days and Sunday, while in St
Petersburg the infarction rate on Saturdays is very close to that on Sundays. In any case it is
difficult to understand why, during weekends, the people living in Moscow should be more
stressed than the people living in St Petersburg.

For St Petersburg it is possible to consider also the “verified” infarction data; these data refer
to cases with a further diagnosis given by doctors for patients taken to hospital (see Fig. 2, curve
b). Here also the large 7-day variation is clearly observed and the very low number of verified
infarctions during Saturdays and Sundays is remarkable.

As a possible origin of the weekly variation in myocardial infarction rate, we propose to
consider the technological magnetic fields in the u.l.f. range. To recognize the characteristic
peculiarities, the dynamics and distribution of these fields, we performed special observations of
the man-made electromagnetic background in St Petersburg, in the frequency range 0.001-10
Hz. For these observations we used a special high-sensitive three-component magnetometer,
with high tolerance of sensors to dynamic loads and mechanical vibrations, designed by the St
Petersburg Filial of IZMIRAN [9]

Technological magnetic fields were measured during August 1991 in three different locations
in St Petersburg and in two geomagnetic observatories, Voejkovo and Krasnoje Lake, located
respectively 30 and 90 km from the city centre. Results of these measurements are presented in
Fig. 4. In the city the level of man-made magnetic fields is higher than the level far from the city
by a factor of 10°. Preliminary measurements showed that the intensity of magnetic noise, near
industrial sources, inside electric trains and subway carriages, can increase up to 10°—10° times.
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Fig. 4. Schematic distribution of the level of man-made magnetic field variations
in St Petersburg and its surroundings, based on measurements performed during
summer 1991 along the NW—SE profile. The maximum of the magnetic field
H-component measured inside electric trains is shown by a horizontal dotted line.

Measurements of technological magnetic background in St Petersburg in the u.Lf. range,
made in February 1994 during weekdays and weekends, revealed very interesting features. The
maximum man-made noise during measurements of the mutually orthogonal components of the
magnetic field (H, D, Z) in central St Petersburg, was registered in the Z-component from
moving trams and from other power devices. The most prominent industrial signals look like
peaks in the Z-component in the 0.05-0.2 Hz frequency range. These peaks appear often in
sequences with a duration of 3—30 min, and in general they look like natural Pc2—Pc¢3 geomag-
netic pulsations, but with much higher amplitude. For instance, they are larger by a factor of
10°-10* than Pc2—-Pc3 pulsations observed during moderate geomagnetic activity (local K-
index = 3), and still larger by a factor of 10°~10° than those observed in the most intense
geomagnetic storms (K = 9).

The second type of prominent fluctuations is characterized by long periods (200—800 s) of
increased field amplitude, i.e. they are in the frequency range (0.001-0.005 Hz) of natural
geomagnetic pulsations Pc5, Pc6, Pi3. These technological long-period magnetic fields have
positive polarity and they can be as big as ~450 nT, i.e. they are ~ 10’ times larger than the quiet
natural background and correspond to high geomagnetic activity (magnetic storms, substorms
with K = 7-9).

In Fig. 5 we show the diurnal variations in the hourly average amplitudes of industrial
magnetic field fluctuations as measured during 6 working days and 3 weekend days. Smaller
man-made fluctuations are observed during weekends: the average amplitude and occurrence
rate of peaks decrease by 30—40 %, and the average amplitude of long-period variations
decreases by 40—50 %. In Fig. 3 we show the amplitudes of peaks variations in the Z-component
of man-made magnetic fields together with the 7-day variation in infarction rate during the week.
All curves show a similar considerable amplitude decrease on Saturday and Sunday. Our findings
suggest that the 7-day effect in man-made magnetic field disturbances may play an important
role in the 7-day effect of myocardial infarction incidence rate. Moreover, if our interpretation is
correct, the 7-day effect of “verified” myocardial infarction incidence reveals an important
feature on the effect of man-made magnetic field fluctuations on cardiovascular diseases; the
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Fig. 5. Average characteristics of man-made magnetic fields measured in St
Petersburg during February 1994: (a) the time duration (in % of hour) of the
occurrence of peaks in the magnetic field Z-component; (b) and (c) the average
intensities of fast and slow components (f~ 0.05-0.2 Hz and f~ 0.0012—0.005 Hz
respectively). Solid lines: working days; dotted lines: holidays.
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very low infarction incidence of this disease on Saturdays and Sundays, together with the much
smaller, but not negligible, man-made magnetic fluctuations, suggest that the majority of real
infarctions could be related to man-made magnetic fields. Possibly these fluctuations could act
as triggering phenomena on people already affected by some heart diseases.

We remark that it would be desirable to repeat a similar analysis on more recent medical data;
unfortunately the data before 1994 are not fully reliable and they need to be carefully controlled
before being utilized.

4. In the last sixty years many investigations have been carried out on the influence of
geomagnetic field variations upon the incidence of clinically important pathologies (see [4,
10—13]). On the basis of these studies it is not possible to get conclusive results about the
influence of geomagnetic field variations on different pathologies: in many cases there is no
clear statistical evidence supporting the correlation between geophysical processes and human
pathologies; the insufficient number of investigated events, the incomplete statistical treatment
of the data were often the main causes of many discrepancies in this field. We emphasize that a
correct evaluation of the geomagnetic field influence on human health can be correctly investigated
only after correcting the original medical data for all the recurrent variations connected to
meteorological and social factors.

As shown in Table 1, in the initial medical data there are three typical recurrent variations:
annual, 7-day and 15.3-day. The annual wave can be explained as due to the effect of meteoro-
logical variations on people’s health and/or to the yearly change in population level. The
15.3-day recurrence is most likely connected to the Russian habit of paying wages twice a
month. The 7-day periodicity is connected to the social rhythm of life, as we discussed
extensively in previous sections.

In the upper part of Fig. 6 we show the N, ;data from which we subtracted the average weekly
behaviour (see Fig. 2, plot a) and the first harmonic of the annual variation, and in the lower part
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Fig. 6. Myocardial infarction daily data N,,; corrected for annual and weekly
variations (a) and their Fourier spectrum; frequency = j/256 cycle/day.

of Fig. 6 the Fourier spectrum of this data set. It can be seen that in this corrected N, data set the
statistical fluctuations are much reduced and in the spectrum the main peaks at 7-day, 3.5-day
and 2.3-day are no longer present, showing, as expected, that the 3.5- and the 2.3-day peaks were
the second and third harmonics of a very stable recurrent weekly variation of social origin. Now
these data, cleaned up by seasonal and social effects, can be analysed in connection with large
perturbations in geomagnetic field. During strong interplanetary disturbances many complex
geophysical phenomena are observed on the Earth, for instance magnetic storms, cosmic ray
Forbush decreases, ionospheric disturbances. The most geomagnetically perturbed days have
been selected as those corresponding to the decreasing phase of Forbush decreases in the cosmic
ray intensity [8]. The N, occurrence during perturbed days is 40.1 = 1.2, and during quiet days
38.7 £ 0.6, i.e. it increases during perturbed days by a factor of 1.04 which is not significant
within the statistical errors. The same data treatment applied on verified myocardial infarction
data N, corrected for the weekly and annual variations, shows a statistically significant
association between geomagnetic storms on the infarction rates. The N, incidence during
perturbed days is 12.8 * 0.6 (68 days) and during quiet days is 11.2 = 0.3 (265 days); the N,
rate increases, during perturbed days, by a factor of 1.14 + 0.05, with a statistical confidence of
~3a. This result agrees with that found on Moscow data [8] over a three-year period, including
1981, of our analysis and suggests the planetary influence of geomagnetic storms on the incidence of
myocardial infarction.

The same data treatment applied on the other medical data did not reveal any appreciable
influence of geomagnetic storms on these pathologies.
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CONCLUSIONS

In this paper we obtained for the first time important indications on the effect of man-made
magnetic fields on the incidence of myocardial infarction.

The analysis of the ambulance daily data from St Petersburg during 1981 for different
pathologies revealed a remarkable decrease (70%) in infarction rate on Saturdays, Sundays and
public holidays.

Measurements of man-made magnetic field fluctuations in St Petersburg during 1991 and
1994 gave the following results:

the intensity of man-made magnetic fields measured in the centre of St Petersburg is 10°—10°
times greater than that measured 90 km away; while inside electric trains it can be 10°—10° times
greater,

man-made magnetic field fluctuations in the frequency range 0.001-0.2 Hz decrease on
Saturdays and Sundays by 40—50%.

In conclusion we suggest that most of the 7-day variation in myocardial infarction incidence
rate observed in St Petersburg and Moscow is most likely to be associated with the 7-day effect
observed in man-made magnetic field fluctuations.
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