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Abstract: The present paper is aimed to better illustrate the possible association between a particular extremely weak field, the air 
ions, and the human health response to this solicitation. Methods and instruments for this kind of analysis are here given in the form 
of a project: a “Ions meter”, to reveal and characterize the properties of the air ions, and “APEC 300”, an advanced electronic device, 
both instruments are with a HPR (high power of resolution). APEC 300 can give the response to the possible health effects by 
measurements of two electrocuteaneous parameter: the potential level and the impedance. The power of resolution of APEC 300 is 
much higher than that of other usual devices, for instance, the EAV ones (electroacupuncture), this instrument will be completely ready 
within few weeks. 
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1. Introduction  

1.1 Some Data on Air Ions Properties 

The aerial ions have been studied as environmental 

important parameter for many decades, and their 

importance in biological maintenance of the health 

state is probably due to their spatial electric charge. 

The presence of the spatial electric charge in the 

atmosphere is strictly linked also with environmental 

physics characteristics, meteorology, pollution, 

climatology and bioclimatology [1-5]. 

Actually, a complete biophysical model to describe 

the whole electrical environment in the atmosphere 

and its biological effects does not exist [6]. We do not 

yet have the physical laws that rule the complex 

interdependence of the processes of storms, the 

maintenance of the natural electric field and the 

aerial-ion behavior, but all the electric phenomena are 
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usually related to the so called “normal” weather 

conditions. For instance, the idea of “good weather” is 

sometimes assumed as the framework for the studies 

on the effects of altitude climate-therapy of respiratory 

diseases as well as cardiovascular disorder. This 

approach will not be correct because the storms and 

all other weather perturbations represent the way to 

maintain the equilibrium of the atmosphere system 

with respect to the spatial electric charge and the 

natural air ionization, in a feedback mechanism [6]. 

Thus, a more subtle point of view is needed when 

assessing the criteria of “good weather” as an 

equilibrium state in view of a correlation with health 

conditions. 

Anyway, the atmospheric electric charge plays an 

important role in the climate genesis and the weather 

evolution. A high correlation exists between the 

electric conductivity of the low atmosphere and the air 

ionization, the latter determining the microclimate in 

which the man lives. The amount of positive and 

negative ions has a great importance in bioclimatology 

and affects both the human physiological parameters 
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and the behavioral ones, some features of these 

parameters can be recognized from the Tables 1 and 2. 

1.2 A Brief Analysis of the Data 

From the reported data it is possible to argue that: 

(1) the absolute number of negative and positive 

ions is higher in outdoor than in indoor, unless in the 

case of an artificial ionization (laboratory, Table 2 row 

2); 

(2) a n-/n+ ratio near 1, the “equilibrium”, cannot be 

showy taken as an index of an environment good to 

health; 

(3) less polluted areas have a higher absolute 

number of small ions, also indoor. In the latter case 

the presence of people significantly reduces the small 

ions concentration; 

(4) the subjective perception of “best conditions” 

seems related to the high number of small ions; 

(5) an electrical ionization by means of a flux of big 

ions can dramatically change the characteristics of the 

indoor air, surely as a matter of subjective perception. 

This list suggests that an association of small ions 

with good health, beyond the perception of best 

conditions, can be not arbitrary. On the contrary, there 

are some considerations in favor of a negative answer 

to the question: “Is there an impact of the air ions on the 

human health?”. 

1.3 Extremely Weak Fields 

In fact, their “force” seems too weak to produce 

biological or health effects. It’s enough to look at the 

electric currents induced in our body by air ions: about 

(0.01 ÷ 0.1) nA (1 nA = 1 nano Ampere = 10-9 A), 

while a wide set of usual electronic devices have an 

operative range centered on 1 µA (1 µA = 1 micro 

Ampere = 10-6 A), that is about 105 times higher. An  

analogue figure is shown by the concentration of air 

ions: it varies from 10-12 p.p.m. (part per million) at sea 
 

Table 1  Values of measures of air ions (outdoor). 

Place n- Ions n+ Ions n-/n+ Ratio 
Small Ions 
(K ≥ 1)1 
% 

Big Ions 
(K < 1)1 
% 

Best (++++) 
Worst (+)  
perception 

Country at sea level 303.7 251.6 1.21 88.0 12.0 ++++ 

Sea, quiet, no wind 436.7 354.4 1.23 84.7 15.3 +++++ 

Mountain 2,000 m 560.3 602.5 0.92 92.0 8.0 +++++ 

Mountain 2,000 m Phön 9,632 11,79 0.81 90.0 10.0 +++ 

Town street no traffic 120.5 108.7 1.1 66.0 44.0 +++ 

Town street traffic 30.8 150.4 0.2 25.0 75.0 + 
 

Table 2  Values of measures of air ions (indoor). 

Place n- Ions n+ Ions n-/n+ Ratio 
Small Ions 
(K ≥ 1)1 
% 

Big Ions 
(K < 1)1 
% 

Best (+++++) 
Worst (+) 
perception 

Physic lab 136.6 128.3 1.06 70.0 30.0 ++++ 

Physic lab-Ionizer device on 4,305 135.5 31.7 17.2 82.8 ++ 

Gymnastic hall no people 130.3 142.6 0.91 73.0 27.0 +++ 

Gymnastic hall in use 13.2 32.5 0.40 42.0 58.0 + 

Hospital surgery room conditioned 1.8 4.2 0.42 35.7 64.3 + 

Classroom no children 106.3 120.5 0.88 40.1 59.9 +++ 

Classroom children 50.3 116.5 0.44 20.2 78.8 ++ 

Classroom no children near power line 110.7 208.7 0.53 80.3 19.7 +++ 

Classroom children near power line 47.9 180.6 0.26 42.6 57.4 ++ 

Library in use 3.7 40.8 0.09 20.6 79.4 + 

Young cultural center 12.5 0.41 30.4 15.3 84.7 + 

                                                           
1“K” is the mobility coefficient of different species of ions, bigger than one as their velocity is higher than a fixed value. 
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level to 10-8 p.p.m., below an AC power line, while the 

concentration of O3 and SO2, responsible for well 

known effects on the respiratory system, are, 

respectively, 10-2 p.p.m. and 1 p.p.m. 

In spite of similar considerations, there are a lot of 

natural phenomena in which a solicitation of a very 

low intensity is at the basis of a physiological response: 

the electroreception in elasmobranchs is activated by 1 

µV; the human eye retina is capable of detecting few 

photons; a concentration from 10-10 M to 10-12 M—a 

dilution in water equal to that of the air ions at sea 

level—of the aldosterone or anti-diuretic hormones is 

capable of saving the sodium request of the renal 

tubules in our body, and so on. 

In any case, many scientific works have tried to give 

an answer if the air ion, weak or less weak is the 

intensity of their solicitation, have some significance 

for the behavior of biological systems and the state of 

human health, in the past and also in the more recent 

years (see, for instance, Refs. [7-17]). 

Another issue has come to the attention since “the 

golden age of house-dust mites is over”: the “new” 

indoor contaminants—molds, bacteria and their 

metabolites—have run the gauntlet to be investigated 

as attacking human health. The variation of the air ion 

levels has been hypothesized as a stress factor acting on 

children [18], as well as the correlation between the 

change of meteorological conditions and the onset of 

myocardial infarction [19]. Many relevant 

chronobiological studies about the influence of high 

altitude on some physiological parameters (pressure of 

blood, heart rate, circadian and infradian 

cardiovascular rhythms, arterial stiffness and neuro- 

cardio-pulmonary function, etc.), also in relationship 

with the ageing of populations, are quoted in 

bibliography [20]. 

2. Materials and Methods 

2.1 Measuring Electrocutaneous Parameters 

A latere of the previous proposed, and partly 

experienced, methodologies, another way to possibly 

have more direct results in order to assess the effect of 

the air ions, or of other pollutants, on the human health 

is measuring the electrocutaneous parameters: the 

impedance and the potential level, and their variations 

in time. In the case of the air ions, this implies we have 

previously characterized the local 

environment—outdoor, indoor—by measuring the 

fundamental parameters of the air ions, that is, their 

current (the number of ions) and their mobility. 

Referring to the methodology of electrocutaneous 

measures, the role of the skin has to be emphasized: it 

cannot be more thought as a passive element of our 

organism, since it is deeply correlated with almost all 

organs of our interior (lungs, heart, respiratory organs, 

liver, etc.). It’s a long time that the skin has become a 

protagonist, surely in Western Countries, since when 

Reinhold Voll launched his electroacupuncture (EAV) 

as a diagnostic method in Medicine [21]; a method still 

practiced everywhere in the world [22]. Apart from the 

EAV method, that needs special electrodes point 

shaped, and a special skill, mainly the measures of the 

potential level, but also of the impedance of the skin, or 

of the derma, could be done by means of the usual 

electrodes and could give important information on the 

health state, also for a single organ, whatever is the 

nature of the stress acting on the body; even though 

these measures are not taken in correspondence to the 

dermatomes (dermatomera) [23]. 

Reliable indications on the health in children, or in 

other critical groups to be tested, could be obtained, 

restricting oneself only to measurements of the 

potential level of the skin—a measure without any kind 

of stimuli, just like an EEG or ECG, that does not 

require to be allowed by sanitary authorities, and 

comparing the results, specially the Fourier spectrum 

of the potential, in the two different environments: at 

sea level in an urban context, at altitude in a not 

polluted area. 

This methodology demands new techniques of 

measurement, quite more advanced than the EAV ones 

or the other techniques usually applied to the today 
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scientific research. In fact, due to the already 

underlined smallness of the values, these proposed 

measurements—air ions, electrocutaneous 

parameters—require electronic instruments 

characterized by a very high power of resolution. 

2.2 HPR (High Power of Resolution) Devices: “Ions 

Meter” and “APEC 300” 

About all this matter we have got ready to a research 

project, the general purpose of which is to investigate 

biological and health effects as consequences of the 

climate at high altitude. 

The scope is to obtain results that better show the 

correlation among the air ions, or other climate 

characteristics or polluting factors, and the biological 

systems and, mainly, the response of the human health, 

by means of new techniques of measurement.  

In fact, the validity of the correlation strongly 

depends on the accuracy of measurements, which, in 

turn, require a high power of resolution in determining 

the parameters characterizing the air ions as well as 

determining cutaneous potential levels or impedances. 

Thus, an objective that coordinates with the general 

aim is to completely realize the two HPR electronic 

instruments that are necessary for reliable measures: an 

“Ions meter” and an electrocutaneous parameters 

analyzer (APEC 300).   

HPR is requested in both cases by the smallness of 

the intensities of what one wants to measure; in   the 

case of the air ions, which act as an external stimulus, a 

more precise association with a health response 

requires an air ions measurement apparatus capable of 

appreciating a 10 fA2current, that is, tens of ions.  

On the other hand, the electrocutaneous parameters 

need a sensibility of 0.01 nV (1 nV = 1 nano Volt = 10-9 

Volt) on a measure of 0.1 nV, which can be the values 

characteristic for the response in tension in the 

environment of many industrial areas.   

The first device, the “Ions meter”, has been already 

projected and realized. The tuning of this instrument, 

                                                           
2 fA: femtoAmpere, 1 fA = 10-5 nA 

necessary to perform those profiles of the research that 

demand HPR, will require a considerable amount of 

time to be completed; nevertheless, many measures 

useful for the proposed research project can be done by 

the “Ions meter” at its present stage.  

The second one, APEC 300, is the apparatus to 

measure the electrocutaneous parameters at the 

required level of resolution; it needs only a few weeks 

to be completely tested and verified. Regarding the 

cutaneous response of the human organism, the values 

of measure vary in the milliVolt range, but the 

nanoVolt range is requested in order to appreciate the 

electric fields emitted by the skin superficial stratum. 

In fact, the variations of these electric fields, and their 

frequency spectrum, are the signals of a physiological 

behavior of the human organism or the onset of some 

pathology. The kind of pathology or benefit can be 

revealed by the characteristics of the frequency 

spectrum of the response; that can be better assessed 

through an examination that should operate at cell 

culture levels. This latter analysis needs a higher power 

of resolution, up to 0.1 nV.  

Some experiments, which have been performed on 

mice living in an urban context, have suggested to 

check their behavior at altitude (Briançon) and then 

extend to humans this kind of test, by the means of the 

project in progress: a climate cure for children, with 

doses of 1 week, 1 month, before Christmas break and, 

then, after the holidays.  

This objective will imply direct experiments at high 

altitude with children and possibly with other “critical” 

groups (ageing people, pregnant women); the minimal 

time of exposition will be one week. The physiological 

data taken at altitude will be compared with the values 

of the same parameters, registered at sea level. The 

experimental protocol will be derived from the 

literature and the previous experiences of the 

researchers of the group. 

Useful information will be obtained by an 

experiment with mice exposed to high altitude climate, 

to be compared with the one already realized at sea 
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level in an urban context, this experiment will precede 

the ones with human beings. 

3. Results and Discussion 

Some interesting data for air ions in mountain 

climate, as a new environmental parameter, have been 

gathered in the early Ninety [24, 25]. They have been 

recently republished in a review [26]; the methods of 

measurements, models and correlations with human 

health have been republished in another review that 

collects a number of papers [27]. 

Now, in the present project, the analysis of a 

possibly different behavior, at sea level and at altitude, 

could be performed recurring to the two already 

mentioned devices—“Ions meter” and APEC 

300—realized in the framework of the researches led 

by the Section BEM of C.I.R.P.S. 3 . Since the 

technology of high resolution instruments is very 

difficult to find on the market, it has become mostly an 

apanage of military laboratories and projects, the 

researchers involved in the project have overcome this 

situation by designing not only the whole apparatuses 

but also the main components of each device.  

Further, another relevant information can be 

obtained from carrying out tests also on human cell 

cultures, as markers of a specific action of the air ions; 

the latter are in fact, due to the modality provided for 

the experiments, the only relevant external influence 

which could act on cells. The recourse to the human 

cells as a test has been already experimented in a pair of 

campaigns aimed to an electromagnetic 

characterization of the environment [28]. 

It’s worthwhile to note that in literature, most of all 

scientific researches mention measures of impedance 

or resistance of the biological objects, actually ignoring 

the role of the cutaneous potential level. On the 

contrary, as it has been previously emphasized, the 

values of the potential level can precisely inform about 

the deviation from the homeostasis of a tissue or an 
                                                           
3 CIRPS-Centro Interuniversitario di Ricerca per lo Sviluppo 
Sostenibile (Interuniversity Research Centre for Sustainable 
Development), “La Sapienza” University, Rome (Italy). 

organ, reducing to a simple measure of a parameter the 

timely knowledge of which in Medicine is the 

supervene of a functional disturb. 

Our first measurements of electrocutaneous 

potential level and of its Fourier spectrum have shown 

a significance that will make unjustifiable to neglect it; 

the Fourier spectrum seems to characterize the specific 

response of every tested biological object. 

4. Conclusions 

The challenge is to verify and improve the results 

already known, and also to get a better control on the 

phenomenological aspects. The data so acquired will 

be able to confirm many current hypotheses or to 

advance new ones, with the double advantage of an 

experimental check and of being able to build more 

well founded models or theories in this domain, and 

eventually to acquire a deeper insight of many 

biophysical mechanisms concerning the health state. 
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