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Abstract: The effects of negative air ions on living body were evaluated. Negative air ions were
generated by an ultrasonic humidifier, and changes in heart rate, blood pressure, accelerated pulse wave
and peripheral blood flow were measured. Negative air ions seemed to inhibit the sympathetic activity
and to decrease blood vessel tone of the subjects whose sympathetic activities were accelerated.

Keywords: air ion, ultrasonic humidifier, autonomic function, heart rate,
blood pressure, accelerated pulse wave, peripheral blood flow

1. Introduction

As for the therapeutic effects of sanitarium, lakes
and beachside, the effects of negative air ions attract
public attention”. It is said that negative air ions affect
the parasympathetic activities and immune function®”.

The study of negative air ions on living body dates
away back to more than 60 years. Measurement methods
of air ion, its physiological effects, its relationship to
ventilation, its distribution in sanitarium and air ion
therapy were done as earlier as in 1938”. More recently,
in 1998, an increase in the alpha wave of EEG was
" reported®”. The present study has been performed to
elucidate its effects on autonomic functions by
monitoring the changes in blood pressure, heart rate,
accelerated pulse wave and peripheral blood flow in
subjects.

2. Negative air ion, properties, generation and their
measurement

2-1 Negative air ion in nature

Negative air ions are produced by air molecules
capturing isolated electrons produced by the collision of
cosmic rays and arc discharges of lightning”. In the case
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of the artificial corona discharge, O,’, CO;’, NO;', NOs’,
O and O;" are produced'®. In nature, O, (H,0) or
CO, " (H;0), are generated according to the concentration
ratio of H,O to COy; that is, for more H,O, the former
appears, and for CO,, the latter appears”. These small
ions adhere to aerosols, and form bigger ions. In nature,
negative air ions generated by the dissolution of fine

water drops are present around waterfalls',

2-2 Measurement of air ion concentration
Concentration of air ions is measured by using a
Gerdien type condenser with double cylinders”.
Negative voltage is applied to the outer cylinder, and the
inner one is connected to the ground. When the air
(volume V) runs into the cylinders, the negative air ion
flows into the inner cylinder. In the atmosphere, ions
with various mobilities exist, and all ions which have
more than critical mobility are captured. Suppose only
small ions existed and all of them are captured, and the
ion concentration is n, absorption volume V and charge e,
then the current flowing into the inner cylinder is I=enV.
Concentration of negative air ion is n=I/(eV) .

2-3 Artificial ion generator

Three types are used. The corona discharge type is
commonly used as a commercial air cleaner'®. The
splitting of fine water droplets as in waterfalls is also
used. Recently, the electron radiation type has come to
the market.
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3 Generation of negative air ions

3-1 Apparatus

The ion generator tested in our experiments was DC
ionizer (Hugle Electronics), corona discharge type. The
generation of ozone is less than 0.004ppm. To detect ions,
an ion tester, KT-900 (Kobe-Denpa) was used. Changes
in the ion concentration were continuously recorded.

3-2 Evaluation

The subjects sat in the room with negative air ions
atmosphere, put their hands on a desk and sensors for
ECG recording, blood pressure monitoring at finger and
finger photo-plethysmogram measurement were attached.
The ion generator was set 30 cm behind and 30 cm on
the subjects, and ion tester was set 30 ¢cm in front of
them. The concentration of ions was not constant, it
frequently decreased to zero. In such cases, when the
ultrasonic humidifier was started, then the ion
concentration increased again. Simple air convection or
tobacco smoke did not increase the ion concentration. It
is said that the existence of water molecules is needed to
stabilize the negative air ion concentration”. It is
suggested that water molecules are indispensable to
move ions to distant locations even in the corona
discharge type. Humidity in the room was kept at 40%.

3-3 Ultrasonic humidifier and negative air ions

As water molecules were important to move ions,
the concentration of negative air ions using an ultrasonic
humidifier was measured. As water for the humidifier,
city water, pure water and commercially marketed
negative ion-enriched water (PANACEA, NEOBIS)
were used. As shown in Fig.1, pure water and negative
ion-enriched water generated negative air ions which

~~
Q
(3]
g —
3 15000} ~
[$]
< X
|72
*g' 10000 }= -
<) i
@)
o 5000 .
Qo
— L
[}
2 ol City Water -
h— L N 1 . 3 . 1
% 0 500 1000 1500
Z .
Time (sec)

Fig.1 Negative air ion generation with an
ultrasonic humidifier.
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were equivalent to the corona discharge type ion
generators. On the contrary, city water generated less. In
the generation of negative air ions by fine water droplets,
it is well known impurities in water decrease the ion
generation'”. It is interesting to note that the same
phenomenon was observed even with the ultrasonic
humidifier. From the above results, we used ultrasonic
humidifier instead of corona discharge type. As water,
negative ion-enriched water which does not contain
harmful impurities, such as halogen atoms, was used.

4. Effect of negative air ions on living body

4-1 Measurement

The present experiments were performed under the
following conditions. The subjects sat in the room with
negative air ion atmosphere (ion number 8000/cc), and
changes in heart rate, blood pressure and peripheral
blood flow were measured. Heart rate, blood pressure,
and peripheral blood flow were measured by the ECG,
Finapres (OMEDA) and laser Doppler flow meter (Moor
Instruments) and reflective type photo-plethysmogram,
respectively. Blood pressure was measured from the left
middle finger, and blood flow was measured on the
forchead. To decrease subject’s mental load, we
shortened the measuring duration of one session to five
minutes and put a short rest between successive sessions.
We monitored the changes in subjects 5 successive
sessions. At the beginning and the last of the test, finger
photo-plethysmograms were measured using accelerated
pulse meter (Dynapulse, Fukudadensi) '? .

4-2 Analysis

Usually, cardiac information is analyzed with 1 ms
accuracy. In the case of heart rate fluctuation, R-R
interval calculated by pulse wave using a 5 ms sampling
rate gave the same result as done by 0.1 ms accuracy'.
The present experiments were done with 5 ms sampling
rate.

Changes in heart rate was analyzed by extracting
from the first 128 R-R interval of each period, and an
auto-regression model using Burg’s method. Therefore
the unit was not Hz but C/B. The sum of low frequency
component LF and high frequency HF was obtained, and
normalized LF (NLF), which is the sympathetic activity
scale, was calculated. From blood pressure data, mean
systolic and diastolic pressures in the corresponding
period were calculated. For plethysmographic data, the
mean amplitude in corresponding periods was calculated.
In laser Doppler flow, the mean blood flow in the first
1/3 division of 5 minutes recording was obtained. In the
last session, it was calculated not only for the first part,
but in the last 128 pulses.
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Table 1 Summary of results

Pulse Rate NLF EAG
Sex | Age RAPLAE
Start| End | Start{ End | Start| End
1{ m |45 ] 87 76 10.903{0.662! 36 30 1.7
2l m | 37 ] 80 75 10.491]10.709}f 30 31 1.1
3l m|45] 73 71 10.981]0.617| 43 38 1.2
4! m | 37 72 71 10.52110.348] 38 39 1.1
5] m | 45 69 67 |0.932}0.594| 63 54 1.2
6] m | 33| 100 94 |0.551|0.754| 36 42 0.9
4-3 Results

The changes in pulse rate, NLF, estimated arterial
age (EAG) '? obtained by accelerated pulse wave
method and average wave height of peripheral blood
flow are summarized in Table 1. Here, we normalized
average wave height of peripheral blood flow by
dividing its value at start (RAPLAE: relative amplitude
of plethysmogram at the end).

It is well known that the effects of mental stress
reduction methods are influenced by the subject’s initial
condition, and results shown in Table 1 had the same
tendency.

When NLF was larger than 0.9, subjects 1, 3, 5,
NLF decreased to below 0.7 by the ion exposure fo 30
minutes, and corresponding decreases of EAG were
observed. Peripheral blood flows at the forehead
increased. Negative air ions seemed to inhibit the
sympathetic activity and to decrease blood vessel tone.

When NLF were around 0.5, NLF decreased in one
subject (4) and increased in two subjects (2,6). There
was no clear relationship with EAG and there was no
change in peripheral blood flow.

5. Conclusion

The present experiments suggested that negative air
ions to inhibit the sympathetic activity, and they
decreased blood pressure when its activity was
accelerated: More data are needed to evaluate the true
effects of negative air ions.

Impurities contained in water seem to lower the
generation of ions. Commercial negative ion-enriched
water we used gave good results, however, it is uncertain
that all other ion-enriched waters on the market would
show the same result.
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