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ABSTRACT 
In model experiments were studied the effect of cosmo-geophysical factors of environment 
(hypomagnetic conditions during 2 days ≈ 1 mkT; electromagnetic irradiation (10 min - 2 
MHz with amplitude 5 V/m and power 30 mkVt, background 2 - 4 mkVt), γ-quantum (10 
min—from the source 137Cs) and its combined effect on the physic-chemical properties 
(ORP and pH) of growing medium for cell culture of mammals as nutrition medium 199 
(PanEco, Russia). It was used a clear solution of medium (solution 1) and with the adding of 
10% embryo bull serum—model of bio-medium (solution 2). Hypomagnetic conditions 
evoked the decreasing of ORP and pH value in both solutions, electromagnetic irradiation 
in the solution 1 which evoked the decreasing of ORP and the increasing of pH value, and in 
the solution 2, on the contrary, the increasing of ORP with the unchanging pH value. 
γ-radiation sharply decreased ORP value and didn’t change pH in solution 1, i.e. the reduc-
tion properties increased. There is insignificant increasing of ORP value and the decreasing 
of pH is noted in the solution 2, that it is characterized with the increasing of oxidative 
properties of solution. Under the combined effect of hypomagnetic conditions and electro-
magnetic irradiation, the values of investigating parameters in the solution 1 decreased and 
in the solution 2 increased. It was observed acute decreasing of ORP value in both solutions 
under the combined effect of hypomagnetic conditions and γ-radiation, i.e. the reductive 
properties of the solutions increased sharply. In this the concentration H+ significantly de-
creased, (p < 0.05). Combined effect of hypomagnetic conditions, electromagnetic irradia-
tion and γ-radiation led to the decreasing of ORP and pH values in both solutions. Thus, the 
studying factors significantly change the oxidation-reduction properties of growing me-
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diums. The investigation of the processes in biological mediums plays the important role in 
the assessment of environment effect during the flight in inter-planet space. 

 

1. INTRODUCTION 
Effect of surrounding near-Earth space on biological objects changes in essential manner, it must in-

evitably accompany with the alteration of inner medium of bio-objects which basis consists of water. In 
model experiments we have established [1-6] the changing of water oxidation-reduction properties under 
the effect of environment factors (electromagnetic background, ionized radiation (IR), hypomagnetic field 
(HMF), volcano eruption and Sun eclipse). It is well-known that the concentration of water molecules in 
cells exceeds in 2 - 3 sequence, the concentration of protein and other molecules in cytoplasm. Water is 
capable to reflex the outer factors of effect in their structural changing, which renders accordingly imme-
diate influence on physiological processes in organism. 

Effect of environment factors on biological mediums is little studying. Proceeding from foregoing no-
tions, it was logically to investigate, how the properties of inner water medium will change under the in-
fluence of characteristic for space flight low doses of IR, electromagnetic high frequency, electromagnetic 
super-high frequency and other factors of cosmic space-hypomagnetic field and also their combined effect. 
Besides that, it isn’t elucidated the question about the effect on organism and, in particular, on the cell 
culture, the changing inner medium of habitat due to these factors. For more deep understanding of the 
mechanism of effect of cosmo-geophysical factors on living systems, it should pay attention to the investi-
gation of physical properties of inner water medium. In this connection the interest represents the study-
ing of such properties as oxidation-reduction potential (ORP) and hydrogen parameter (pH). As A.-L. 
Lavuazje considered, “life is a continuous circuit of oxidation-reduction processes”, occurring in organ-
ism. The integrative parameter of these processes is the value of ORP of biological mediums of organism 
(blood, blood plasma, blood serum, urine, spinal cord liquor and others) [7]. According to I.M. Bahir’s 
opinion, ORP should consider as homeostatic character of biological mediums of organism [8]. 

First attempts of ORP measuring in biological medium of man began still in 1930-th years [9, 10]. 
However, correlation ORP with some biochemical parameters was found only in the end of 60-th years last 
century [14]. A search keeps on even now. At present the correlation between ORP and LPO [11-13], ORP 
and antioxidant activity in blood serum [14] was established, it is found the inter-correlation ORP value 
with man’s age [15], hypo- and hyperthyroidism [16], oncologic diseases [17], tuberculosis [17], infection 
diseases [18], hemorrhagic shock [19, 20], neuro-trauma [7], multi-organ deficiency [21], fulfilling the op-
eration of сoronary bypass surgery [22], the therapy with the treatment of hyperbaric oxygenation [23]. 

However, it should be noted that there are some difficulties during the carrying out of ORP measur-
ing in biological mediums due to electrochemical method. These difficulties are connected with the fact 
that in oxidation-reduction systems it is necessary to take into account not only the oxidation-reduction 
properties of the investigating medium, but and the state of electrode surface [24]. Given this, we consi-
dered it is expedient to fulfill the investigations on the model of biological medium. 

As I.M. Sechenov noted, “organism without outer environment, supporting its state, is unfeasible”, 
that’s why in scientific determination of organism ought to include the environment, effecting on it [25]. 
In this, the interest evokes that fact, how the state of inner water medium, undergoing to the effect of cos-
mo-geophysical factors of environment, will change and, how this changing state reflexes on the living or-
ganisms. The growing medium for cell culture of mammals (model of bio-medium) was selected as the 
objects of investigation. The aim of these studying was to investigate the influence of low doses of radia-
tion, electromagnetic irradiation high (EMI HRR) and super-high radio-range (EMI SHRR), a 40-fold at-
tenuated geomagnetic field and their combined effect on the reaction of the model of bio-medium. 

2. METHODS 
In model experiments were studied the effect of cosmo-geophysical factors of environment (hypo-
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magnetic conditions during 2 days (HMC) ~ 1 mkT; electromagnetic irradiation (EMI) 10 min - 2 MHz 
with amplitude 5 V/m and power 30 mkVt, background 2 - 4 mkVt, γ-quantum (10 min – from the source 
137Cs) and its combined effect on the physic-chemical properties (ORP and pH) of growing medium for 
cell culture of mammals as nutrition medium 199 (PanEco, Russia) in two variations: clear solution of me-
dium (solution 1) and with the adding of 10% embryo bull serum, it represents the model of inner me-
dium of living organism model of bio-medium (solution 2). ORP and pH measurement were carried out 
using ionomer I-160MI. 

Eight groups of experiments were carried out. In the 1-st group the effect of low doses (>10 sGy) of 
ionized radiation (IR) was studying under the effect of γ-quantum (137Cs, the dose power – 690 mkGy/h, 
the time of exposition −10 min) on the value of ORP and pH of solutions 1 and 2. Nature radiation back-
ground during the fulfilling of experiments was 37 mkRh/h. In the 2-nd group the effect of a 40-fold atte-
nuated geomagnetic field (~1 mkT, that conforms to the induction level of magnetic field on Moon sur-
face) on the value of studying parameters of solutions were investigated. The samples of solutions were put 
in hypomagnetic chamber (HMC)—the device “Screen ferromagnetic”, produced in Zelenograd, Moscow 
region, which represented a cylinder, making from 15 lays of permaloj, inner diameter = 110 mm, L = 500 
mm. In the 3-rd group the effect of combined action of IR in low doses (γ-irradiation) and HMC on the 
value of ORP and pH was studied. Two samples of solutions (in which preliminary were measured the 
ORP and pH value) were taken. The second samples of solutions were undergone to the irradiation with 
γ-quantum, the time of exposition—10 min, the first samples served as control. After that all samples were 
put in HMC for 2 days. In 2 days the value of ORP and pH in investigating samples were determined at 
once. In the 4-th group the effect of EMI HRR and SHRR (frequency 2 MHz, amplitude 5 V/m, power 30 
mkW, background 4 mkW) on the values of ORP and pH was investigated. The time of exposition was 10 
min. In the 5-th group combined effect of EMI and HMC on the solutions was studied. The samples of 
solutions, undergoing to the EMI action, were put for 2 days in HMC. After that the samples were derived 
from HMC and determined ORP and pH. Combined effect of HMC, EMI and γ-quantum was studied in 
the 6-th group. The samples of solutions consequently underwent to the effect of EMI, γ-quantum (ana-
logically 1 and 4 groups) and put in HMC for 2 days. In 2 days the ORP and pH values were measured in 
investigated samples. The effect of combined action of IR and EMI on the values of ORP and pH was stu-
died in the 7-th group. The measurements of ORP and pH in the investigating solutions in geomagnetic 
conditions were served as control (the 8-th group). 

3. RESULTS AND DISCUSSION 
The results of investigations are represented in Tables 1-3. 

 
Table 1. Dynamics of ORP and pH values of nutritional mediums 199 for cell cultures of mammals 
under the effect of cosmo-geophysical factors. 

Conditions of experiment 
Parameters 

ОRP, mV рН 
Geomagnetic conditions 160 8.3 

Hypomagnetic conditions (HMC) 110 6.8 
Electromagnetic irradiation (EMI) 125initial − 90EMI 7.25initial − 7.6EMI 

γ-quantum 180initial − 91γ-quantum 7.3initial – 7.34γ-quantum 
EMI + γ-quantum 75 7.0 

HMC + EMI 66 6.8 
HMC + γ-quantum 25.8 8.8 

HMC + EMI + γ-quantum 86 5.66 
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Тable 2. Dynamics of ORP and pH values of nutritional mediums 199 with adding of 10% embryo bull 
serum for cell cultures of mammals (model of bio-medium) under the effect of cosmo-geophysical 
factors. 

Conditions of experiment 
Parameters 

ОRP, mV рН 

Geomagnetic conditions 100 7.7 

HMC 73 7.3 

EMI 131 7.35 
γ-quantum 71 7.34 

EMI + γ-quantum 118 7.3 
HMC + EMI 94 7.92 

HMC + γ-quantum −228 7.42 
HMC + EMI + γ-quantum 113 6.9 

 
Таble 3. Comparison of dynamics of ORP and pH values of investigating solutions. 

Conditions of experiment 

Parameters 

ОRP, mV рН ОRP, mV рН 

Solution 1 Solution 2 

Geomagnetic conditions 160 8.3 100 7.7 

HMC 110 6.8 73 7.3 

EMI 90 7.6 131 7.35 

γ-quantum 91 7.34 71 7.34 

EMI + γ-quantum 75 7.0 118 7.3 

HMC + EMI 66 6.8 94 7.92 

HMC + γ-quantum 25.8 8.8 -228 7.42 

HMC + EMI + γ-quantum 86 5.66 113 6.9 
 

It is already noted the difference in initial meaning of values of studying parameters of solutions in 
geomagnetic conditions. So, in solution 1 ORP value = 160 mV, pH = 8.3, and in solution 2, correspon-
dingly, ORP = 100 mV, pH = 7.7. In our opinion, these differences explain by the fact, that water mole-
cules, which connected with negative charged protein molecules in solution 2, possess higher electron 
emission, i.e. protein molecules are capable easily to give up electrons in medium. In the result ORP value 
falls due to the larger formation of dissoсiato water molecules. In this the concentration H+ increases and 
pH value falls. 

HMC rendered the same effect for the two medium solutions—the decreasing of ORP and pH values, 
that testifies about the changing of energy state, mainly water molecules and their quantity. 

EMI in the solution 1 evoked the decreasing of ORP value and the increasing pH value, i.e. the re-
combination of ions H+ and OH− or capture of ions by biological components of medium. The decreasing 
of ORP value is connected with the activation of water molecules, but the increasing of pH value—the re-
sult of the dissociation of activated water molecules [26]. Another data was noted in the solution 2: the 
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increasing of ORP value with the unchanging pH value, it, apparently, is connected with the stabilization 
properties of organic components of the solution. 

γ-quantum provoked abrupt decreasing of ORP value (for 50%) and didn’t change pH in the solution 
1, i.e. the reduction properties increased. There is insignificant increasing of ORP value and the decreasing 
of pH is noted in the solution 2, that it is characterized with the increasing of oxidation properties of solu-
tion. 

Under combined effect of EMI and γ-quantum, the values of ORP and pH in the solution 1 decreased 
yet more in comparison with the effect of each separate factor. So, ORP = 75 mV, pH = 7.0. At the same 
time in the solution 2 ORP value increases and pH value practically is changed slightly (ORP = 118 mV, 
pH = 7.3). 

Under combined influence of HMC and EMI, the values of investigating parameters in the solution 1 
decreased, it could mean the decreasing of work of electron’s exit from water or the components of me-
dium. In the solution 2, on the contrary, the increasing of these parameters was noted, that characterizes 
the intensification of electron link with water molecules or the components of the solution and also with 
the increasing of work of electron’s exit. 

The special interest provoked the data of combined effect of HMC and γ-quantum, in which ORP 
value decreases sharply (in the solution 1—from 91 mV of initial level to 25.8 mV after the effect, in the 
solution 2—from 71 mV of initial meaning to −228 mV), i.e. the reduction properties of the solution in-
crease sharply, that, probably, it is connected with the interrelation of components of the solution. In this 
the concentration H+ significantly decreases. 

Combined effect of HMC, EMI and γ-quantum led to the decreasing of ORP and pH values in both 
solutions. It testifies, apparently, about the passing of complex chemical reactions. Receiving data allow con-
cluding that the investigating cosmo-geophysical factors can significantly change the oxidation-reduction 
properties of growing mediums. 

Further investigations will show, how the state of growing mediums, undergoing to the influence of 
studying factors, will declare on the growth of cell cultures of mammals. The investigation of the processes 
in biological mediums plays the important role in the assessment of environment effect during the flight in 
inter-planet space. 
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