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The analysis of results of daily observations of frequesfccolonies with differentiated sector or sectors
[shortly named as CSD by Faraone since 1971, accdydimdfalian abbreviation] has allowed to establish
presence at their spectra of some known cosmophyp&@bds in air bacteria (1970-82) and also in
laboratory strains of Staphylococcus aureus (1984-91)

The CSD are detected more often in days of negpblarity of an interplanetary magnetic field comgzir
to positive. The ecological factor influencing orrighility of bacteria has apparently an electromaigne
nature. Probably, the great value has increasingafggnetic micropulsations Pcl (0,2 - 5 Hz).

INTRODUCTION

The first direct observations confirming possibl@uence of any physical agent connected with
solar activity on parameters of life ability of baa have been received in 30-th by S.T.VelhoveB%)
and G.Bortels (1940) (the bibliography of early ledtions see in [1,2]). These results did not atten
attention at all for a long time. However, A.L.Chéizsky who by this time has collected and has
generalized the data on connections between var&@nf solar activity and beginnings of epideming a
pandemics (A.L.Chizhevsky, 1930), was very inter@snh these results. Certainly, it was impossible t
explain these results within the framework of pbgscontemplations of that time.

In the beginning of 70-s the association of paransedf life ability of microorganisms with solar
activity has been established once again for sadftdria (P.H.Rahno, 1971). Approximately during the
same time the first results of the laboratory ekpents specifying very high sensitivity of bactet@
changes in background electromagnetic fields ofldheest frequencies have been received (influence b
artificial fields - H.Konig, L.Krempl-Lamprecht, 1959].N.Achkasova at al, 1969; electromagnetic
shielding by H.Moriyama at al 1959; Achkasova at B978). Association of deviations of nature
electromagnetic environment with variations of saletivity was already actively iscussed in therhture
at that time (V.A.Troitskaja, A.V.Gulelmi, 1969).

Today it is clear, that influence of solar activitgpace weather on the world of bacteria-viruses is
very important for the forecast of approach of epiéts. It is surprising, that despite of the obsgiou
practical value of understanding of this connectizany aspects of it remain almost unexplored. Etien t
phenomenological picture of influence of solar i on life ability of microorganisms remains rath
incomplete. It does not allow answering, in turne tbasic question: which factors of habitat among
supervised by solar activity make the most impdreamtribution into discussed connection.

That is why it is expedient to return to considenatdf one of the largest files of daily observasion
of microorganisms [air bacteria (1970-82) and Syamtoccus Aureus (1984-91))].

In the total these observations regard more than rdllions of colonies and cover two 11-years
cycles of solar activity. A frequency of occurremfeCSD that characterizes variability of bactenias
fixed. Earlier on the basis of the analysis of thdst the following basic results [4-6] have bebtamed:
[Faraone, 1991;Faraone, 1995;Ormeni and Faraone, 1997]:

» Variations of number of CSD are represented witH emough reproduced phenomenon; clearly
expressed annual course with a minimum in Marclmaximum in November takes place; the
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annual course is identical to a heterogeneousfsait dacteria and for laboratory strains of S.
Aureus;

e For mid-annual values a negative correlation ofratex of variability with Wolf numbers for
air bacteria as well as for observations in lalwgatakes place;

» Change of percent of sector colonies occur in Mdad Rome always utilizing the same technical
methods and in respect to the same typical petiggof sampling site.

* In special measurements (November 1990), carriédynchronously a) at elevation of 1000 m
above sea level, b) at same height, but undernbi&k of rocks of 1400 m (National Laboratory
Gran Sasso) and c) on the sea level (Rome), ibéess found, that at the mentioned elevation the
index is reduced approximately on 20 %, and undeyer of rocks decreases in approximately
two times.

The additional analysis which has been performe7j8], has allowed to make also the following
conclusions:

« As for the various bacteria collected from air fasstrains of St. Aureus the index of variability
shows the periods about 3.5d and about 7d (halfesfk and week); there are indications also to
presence of the period about 45.5d. The periodedosalf of 11-years cycle (5.25Y) is found
also;

» The index of variability shows statistically sigei#int consistency at cross-correlation with
indexes of magnetic activity Dst and Kp for theipds of 18.5d (open air bacteria) and 161.5d
and 3.3d (strains of S. Aureus).

» During magnetic storms the index is reduced appnatély at 10 %;

« The index of variability shows correlation with ingty of electromagnetic noise on the lowest
frequencies (3 Hz), measured in Budapest.

The received agreement of the analyzed separatadpen spectra of variability of microorganisms
and various helio-geo-physical indexes requireghéur research in this direction to obtain the most
complete picture of possible statistical relatioimgjuding spectral correlations. The purpose of dhen
work was comparison of a full set of the basic gdsiin spectra of variability of air bacteria artihins S.
Aureus with a set of the basic helio- and geoplagieriods.

The second, not less important goal of the giverkwaas research of possible effect of passing of
sector borders of interplanetary magnetic field PMwhich now is reliably established in geophysical
processes, biology, medicine [8]. Presence (ab¥aicg@milar effect in an index of variability ofalsteria
gives additional opportunities for finding the plogd nature of the working agent.

MATERIALSAND METHODS.

The technique of gathering of air bacteria gitin detail described in [4, 6]) consists in the
following: tests collected daily, in an intervabfn 10 to 16 of local time, within generally 30-6@hotes, at
height of 25 m above ground by method of sedimantain a disk (Petri plates of diameter 90 mm) with
agar substrate (Agar Tryptose Difco) and then iatiob in standard conditions. Further a percen€8D
among total number of grown colonies was countdgk dolonies counted CSD if they were looking like
the filled circle containing at least one or moeetsrs different from "parental” strain by standsisual
characteristics: color, transparency, the type siirface, etc. (fig.1).

Occurrence in the given colony of several variceit@s was possible. Each time, using moderate
magnification , 200-250 colonies daily of air baiteand 300-350 colonies daily of S.Aureus strains,
medially were studied . Air Bacteria were miscedlans bacteria and were simply grouped in spordrgpar
bacteria, in cromogenes-bacteria with colored de®m@and in micrococcaceae. The different frequericy o
CSD was considered in these grouping to select mpertunely the bacteria to utilizing after in tiest of
laboratory, from 1984 to 1991. The S.Aureus straiaee classified by species.
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Fig. 1. Examples of anomaly colonies with CSD: top righive sectors have higher transparency, then thefékse colony, others
— sectors have bigger size and / or different cotonparing to the rest of colony.

Every day the percent of CSD among all bacteriaries grown on surface of Agar Tryptose Petri
plates was counted. The biological nature of ocoweeof sectors is not discussed, the obtained peofe
CSD is simply considered as the general paramétehenotypic variability of microorganisms to ddtec
possible physical parameter (as Solar Activity arysfic Rays or ELF-fields, etcetera) that may be
correlated with the CSD frequency. In 1970-7& data were gathered in Milan and in 1976-82 utiuer
same conditions in Rome. In 1984-91 similar obstérma were carried out in laboratory conditions ifi)
for various strains of S.Aureus.

Calculation of functions of spectral density fot albmbers was made by method of Fourier
transformation of autocorrelation function aftebsaction of low-frequency trend (periods over tyaars).

Files of the daily data of an index of variabiliy air bacteria contained rather significant migsin
portions (approximately 10-12 % of all data). FRidi these missing values have been produced uglizin
standard procedures of statistical package MESOSA&pproximation by polynomials of the second
degree using the method of least squares with exyially reduced weights). For data sets of valitgof
S.Aureus missing values made very insignificant pathe data (<1 %), therefore procedure of tfifing
could not bring in essential distortion to a spatiof capacity. Calculation of spectral densitydiions for
all data sets was performed by methodFafurier transformation of autocorrelation functioging
MATLAB 6.5.

To detect possible effects of change of sign ofalacthmponent of IMP in variations of percentage
of CSD we used data about moments of passing sbotders of IMP presented in the addendum to the
monograph $djakin at al., 1984 and at the web site
http://www.izmizan.rssi.ru/magnetism/SSIMF/inderahfThe meaning and implication of radial component
of IMP as helio-geo-physical index is discussedesively in the other article of this issu@djntsov and
Konradov, 2005], where you can find also examples of usddkis index and relative bibliography.

We used the method of superimposed epochs wheréasheday of long (>4 days) period of
constant sign was used as a zero day. Transittons fositive polarity to negative, and reversedsonere
considered separately.
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RESULTS

Cosmo-physical rhythmic in variations of frequency of occurrence of CSD.

In figure 2 the functions of spectral density cédted for sets of numbers of CSD in air bacteria
(above) and S.Aureus (below) are resulted. Valdesllaallocated periods including about half-yeae a
shown in Table 1 (in days).

The statistical significance of the periods listdmbve was estimated by calculation of corresponding
spectra of Fisher. The periods with significanc®.6fL are marked by *. Other periods are less saanif.
However, all of them, probably, are real, becalmsy tare present practically at all spectra receimed
independent fragments of the data, and their vabgodscide with reasonable accuracy with values of
cosmophysical periods. The annual period is alssent in all spectra. Well-known in cosmophysics-
geophysics quasi-biannual cycles are boldly arisgbservations of air bacteria and laboratory ssraif S.
Aureus K1 and K2.

The most important conclusion, which can be madeobaonsideration of Tab. 1, is that in all series
of observations the same set of the periods takasepNoticed only two exceptions: the period of
chromospheric flashes of 154 +/-2 days is presalyt for air bacteria; the period ~44d is found oty
laboratory observations. Such good consistencyrigrising, as analyzed subsets belong to diffecgoltes
of Solar activity — even and odd. Besides, valubslbthese periods, as is known, noticeably grow
(approximately 10 %) at transition from minima afl& activity to maxima.
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Fig. 2. Functions of spectral density for data sets obaateria (above) (1970-1982) and S. Aureus (19BB)L- below.
Vertical axis is spectral density, horizontal aie values of the periods in days.
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Table 1.

The periods (day) | Air bacteria | staphylococcus aureus, observation in laboratory
which has been Milan -
observed in cosmo- | Rome, 1970- | Al strains, | Some strains, 1986-1990
physical indexes 1982. 1984-1991 K1 K2 K3
[VIadimirsky, 1984]
3,5 3.5 3,5 4 -- 3
7,0 7 7,0 6.5 6.5 6,7
9.1 8.5 -- 9.5 -- 8,9
12.5 12.5 12 -- 12 --
13,7 14 13 135 14 13.7, 14
16.5 16.5 16 16, 17.5 -- 16, 17.5
22,0 21 215 20 21 21
27,0t3 27 23.5, 25 -- 24,27 23, 25

31 31 31 31 30
35 36 36 34 34 35, 39
44 45 44 48 44
53 54 51 -- -- 52

66 68 69 --

78 79 78 78 --

97 92 100 100
119 (122) 120 122 -- 120
153 152 -- -- -- --
180 182 182 180 182 180

Variationsin frequency of occurrence of abnormal coloniesand a sign of radial component of
interplanetary magnetic field

A specially made catalogue of the so-called "welfimkd" borders of sectors of interplanetary
magnetic field (the sign on the field remains canstfor at least four days on both sides of thed&gr
included the lists of these borders published & Alppendix of the monograpl&ifljakin at al., 1985] —
1970-1980. Further the list has been continuedoup991 on the basis of IZMIRAN data (it has been
established, that the overlapped data are congisten

For revealing actual effect of a sign change drpianetary field at long observation it is impatta
to take into account some trivial parasitic vadai caused, for example, by change of polarityhef t
general field of the Sun and seasonal changes.eTlass are important in this case because of ajread
mentioned negative correlation between an analpieldgical parameter and magnetic activity. Accogdi
to a known rule, a positive sign on an interplanefeld is geo-effective (i.e. it is accompanieglibcrease
of a geomagnetic index) in the autumn, negativeniyl — in the spring Ponjavin, Usmanov, 1985.
From fig. 3 it is visible, that the specified ruteobserved for the analyzed data 1970 — 1982sttueture
of change of percent of CSD appears the samersditicm “-* — “+” and “+” — “-* accordingly for spring
and autumn (by consideration of these schedulés iitecessary to remember that indexes of magnetic
activity grow after passing IMF sector border. base of these indexes is accompanied by reductian o
biological parameter).
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Fig. 3. Variations of percent of CSD before and after tHeig. 4. Average values of percent of CSD before and atigr d

moment of change of polarity of interplanetary metgmfield. of change of polarity of interplanetary magneteldi Borders

Superimposing of epoch. Vertical axis is perceniabhormal of different types are incorporated. Superimposihgpoch. All

colonies (a deviation from an average). The histogris data of 1970-78 when the general magnetic fielthefSun did

transition “+” — “-“, spring, n=28; a broken line is transition “-“not change a sign is used. Distinction of averagel&ys of

— “+”, autumn, n=32 different polarity is significant according to Mafitney U-
test at a level 0.014.

The main effect is shown at figure 4. It is obtairdaveraging of both types of borders (n=86),
transition “-“ — “+" was reversed around zero day. Apparently,kiodogical parameter in days of positive
polarity at all days remains below average, negativs higher. At calculations only the data befdrange
of polarity of the general magnetic field of thenSuere used (Sun polarity changed about 1979, psock
inversion according to optical observation has camthe end by the autumn 1980). After that evaet t
effect should change a sign. It has been checkeitylarly for a corresponding part of the giverialéile
(the end of 1979-1982 the general number of bondeB89). It appears, that the effect of asymmetgush
on fig. 4, at this time definitely was absent (anaasion about change of a sign was statisticadip-n
significant).

Observation of St. Aureus falls to an epoch of othaarity of the general magnetic field of the
Sun, so the effect of interplanetary field alsowdtidhave an opposite sign. Because of scarce kiataffect
has not been found with full confidence. All figarare shown in tab. 2. In the first line of thele¢athe
effect of polarity of interplanetary field is suliteid separately for a situation when there is rasceal
effect — the Earth is projected at this time ondreljuator (helio-latitude of the Earth is % these epochs
fall to June and December). The presented deviadomstandard deviations of mean value for dayhef
given polarity of interplanetary field. The staftisti significance was calculated according to Manitréy
U-test P (U*)). It revealed in tab. 2, that effect of changf polarity of interplanetary magnetic field fair
bacteria is established with full certainty. Prdgahe same effect is present also at laboratogentation
of St.Aureus. In 70th in days of positive polaritfyinterplanetary magnetic field variability of abacteria
“was suppressed”, in days of negative — “was stitea”.

Table2.
Sample Air bacteria 1970-78 S. aureusin the 1ab1984-91
Number Interplanetary | Interplanetary| P(U) | Number Interplanetary | Interplanetary| P(U')
of borders | magnetic field| magnetic field of borders | magnetic field| magnetic field
“plus” “minus “plus” “minus
Zone 2, 18 -1.16+0.81 +1.11+0.98 | 0.01 9 +0,10+1,39 -0,26+1,51 0,34
Helio-equator
All data 86 -0.30+0.10 +0.42+0.16 | 0.01 32 +0,28+0,48 -0,36+0,26 0,17
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DISCUSSION

The basic result obtained above is useful for comgato results of the similar analysis of
influence of a sign of interplanetary field on atlsacterial tests-reactions. At the same time agdt, it is
necessary, that observations corresponded to the sign of the general magnetic field of the Swmly
then a direct comparison is reasonable. It app#aas,n 70th in days of negative polarity the C&Bw,
speed of duplication of E.coli decreasptichkasova et al., 1982], rate of agglutination of bacteria
Salmonella typhimurium increased, and speed ofnsemtiation of colloid solution in modified test F
(Piccardi) raisediOpalinskaya & Agulova, 1984].

At the analysis of the data of G. Piccafladimirsky, 1989] all measurements 1951-67 were
analyzed in one file, therefore, most likely, direomparison is impossible. But nevertheless pentiy to
remind that precise connection with interplanetheyd has been found only for test F. TeBtsand D
definitely have not been found to have such astoniaFor test F parametdr decreased in negative
polarity. Active “factor” in days of negative poitr influenced the activated water, i.e. the water
preliminary processed by a low-frequency electrametig field [Opalinskaya & Agulova, 1984].

As soon as in Piccardi experiments the object oFEMIuence was water, similarity of structurestioése
two reactions allows to come out with the assummptitnat factor directly working in an inhabitancy
influences not only biological structure, but akk® liquid environment. In this case water actsthes
universal receiver of super-weak electromagnetiglogical influences Capel-Boute, 1985]. Last years
reasons have appeared as theoretical [Kislovsk§2]2@s laboratory experimental ones [Lednev, et al.
2003] for the benefit of such a point of view.

In search of the working factor - ranging of hypotheses

Today the analysis of cosmophysical correlationstiiese or other organisms or eco-systems is
carried out within the framework of the concepthaflogical action of micro-dozes of physical fagt@nd
chemical agentfBurlakova at al., 2003]. In habitat the large number of ecologicaiameters depends (as a
rule, very weakly) on variations of Solar activiighanges of space weather). There is a problemsaiise
allocate really working factor from all potentialbpssible ones. At the same time it is necessaigkminto
account properties of the given factor and estabtls for the given biological parameter the
phenomenological attributes of associations witharsactivity.

With reference to a parameter considered hereegquéncy of occurrence of CSD - some
ecological parameters can be excluded at once tinenfurther consideration as insignificant. Theg Hre
following:

Changes of intensity of ground ultra-violet radiation (connected with Solar activity through
dynamics of ozonosphere) can be not discussed efurthecause correlations for atmospheric
microorganisms, soil bacteria and laboratory olet@as are practically the same, though in laboyato
observations and for ground this agent is complatrtiuded,;

Electric field of an atmosphere and its fluctuations may be excluded for the same reasons — they
don’t penetrate laboratory rooms;

Ultra weak variations of gravitation field may not be shielded at all, including by rocks. In
geophysical measurements there are no regulartgtiamal anomalies during development of magnetic
storms or change of polarity IMF;

Variations of galactic cosmic rays possess a number of features which are well coatgtinto the
constructed phenomenological picture: a) cosmic fae the mutagen, bringing approximately 15% of a
total doze of an irradiation to an organism in hita; b) their spectrum contains the same set@fmulti-
days periods, as percent of CSD; c) for 11-yeacteayf solar activity increase in intensity of casmays is
accompanied by increase in percent of CSD; d) fagmetic storms the CSD index falls (about 10 %@t th
corresponds to reduction of a stream of cosmic @mut 5 %). However last three arguments are
characterized by correlations and can speak thergedependence of two compared parameters on some
general third factor. Besides other features ofatians of space beams contradict a hypothesistaheir
role as the major factor determining frequency ofwrence of abnormal colonies: a) with increase in
elevation the stream of cosmic rays grows, butueegy of occurrence of CSD falls (20 %); b) at iip
depth underground cosmic rays as the working atget switched off" — its intensity falls up to thate
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corresponding to one particle per one cell (the sibout micron) at time of millenia! But the indek
variability in this case does not fall up to zedecreasing only twice.

Amplitude-spectral variations of low-frequency electromagnetic fields remain, thus, the unique
possible candidate for a role of the factor dige@tfluencing probability of occurrence CSD againdtich
for the present moment there are no serious argisn{en all details this hypothesis, with referernoe
various biological systems, including cells, isadissed inYladimirsky & Temurjants, 2000]). However it
would be useful, using phenomenological laws tdngefwhich electromagnetic phenomenon can play a
significant role in this case. A number of simifaatures is traced in this case with behavior @hgggnetic
micropulsations in a frequency strip 0,2+5 Hz (Pcl'pearls”): a) radiowaves on the specified frewye
are absorbed by thickness of rocks of 1400 m vi¢itg;|b) these fluctuations on frequency of oceaae
negatively correlate with Wolf's numbers (as wellGSD); c) the annual course of their duratiomiphase
with a course of an index of variability — in wintde value of both indexes is at the average hjghan in
the summer, d) changes of intensity of these midegpions near days of change of polarity of
interplanetary magnetic field are very similar tg.f3 (more details see in [Matveeva, etc., 2001],
asymmetry by sign of interplanetary field for Pcasmot studied).

Thus, the hypothesis about the electromagnetic@aitiudirectly working agent is the most argued
from all discussed opportunities. However such ftifieation should not be considered as confidently-
unequivocal. For several strains of St.aureus thignificant correlation of DNA-activity with crital
frequencies of F2-ionosphere [Shestopalov, et1897] has been found out. If at the further redessc
similar communication will be established for othmicroorganisms (and other parameters), it will mea
that solar activity can influence bacteria simuttamsly in several frequency ranges. In a similarasion
the electromagnetic signal responsible for vanetiof number of abnormal colonies, can appear much
more complex, can not be limited, in particularptmurrence of superfluowmissiononly in a frequency
range of Pcl.

CONCLUSIONS.

Additional processing and the subsequent analyfsgaily observations of variability (occurrence
of CSD) of air bacteria (1970-82) and laboratstnains of Staphylococcus Aureus (1984-91) haveneaitl
making the following basic conclusions:

1. In fluctuations of frequencies of occurrenceG8D the wide spectrum of known cosmophysical
periods is presented.

2. CSD in 1970-79 appear more frequently at negapiolarity of interplanetary magnetic field in
comparison with positive. The observed effect isyvaimilar to effect of change of polarity of
interplanetary field in G.Piccardi's F-tests.

The conclusion is made after discussion of varioygotheses that the ecological factor directly
influencing bacteria, most likely, represents atmple-spectral changes of an electromagnetic baakgro

of habitat controllable by solar activity. Probabékcitation (attenuation) of geomagnetic microsptibns
Pcl (a range of frequencies 0,2 + 5 Hz) in magnetespplays the important role.
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