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Abstract- The air ions are generated through thunder clouds, corona discharge, plant transpiration, combustion, waterfalls, wave
breaking on water, splashing of raindrops and finally due to friction between two air levels and colliding of two air masses of
different density and moisture. Seasonal variations of ions in atmospheric air have been investigated using Gerdien type air ion
counter. This air ion counter is indigenously designed and developed at the Indian Institute of Tropical Meteorology Pune and
operated at rural site Ramanandnagar. Positive and negative air ion concentration varies according to meteorological parameters
temperature, relative humidity, and cloud cover. As average temperature increases from March to May relative humidity and cloud
cover in the sky decreases, then both positive and negative ion concentration decreases from March to May and minimum-is
observed in May. Meteorological parameters such as rain fall and wind speed also affects the concentration of positive and negative
ions. Pollution index in January was 1.48, which is harmful to human health. Lowest value of pollution index is observed in October.
Then as compared to all other months October is healthier to human health.
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. INTRODUCTION

The attachment of air ions to the aerosol particles is depending on the mobility of air ions. Therefore high mobility air ions
are attached to the aerosol particles [1] and settled down on the ground. Aerosols concentrations are high and air ion
concentrations are low at the Tropical place Pune [2]. At the place like Himalaya, it was observed that the concentrations of
aerosol particles are low and air ion concentrations are high [3].

Electrical properties of the atmosphere may be determined by air ion concentration in the atmosphere. Thus, the
measurement of air ion concentration is required to get complete information about the electrical state of the atmosphere and it
may be used for weather prediction in future. On a smaller scale, the emission of aerosol from vehicles and industry is also a
pressing issue. Atmospheric aerosol absorbs IR radiation and is significant in climate forcing. Although the science of climate
change is largely based on computer modelling, real measurements of aerosol are vitally important to support and corroborate
them. There is increasing concern about the health effects of very smallest particles, which are often missed by common
measurement methods; despite making up the main body of the aerosol number concentration [4].

There is also provocative evidence to suggest that ion-assisted nucleation is an aerosol-forming process, particularly areas
where condensation nuclei may be depleted. Rapid bursts of particle growth are commonly observed at Mace head on the west
coast of Ireland [5] and have not been explained. Slower ionic growth has also been reported in Estonia, and it has been
suggested this is the first stage of nucleation process [6]. Aerosol concentration and the ionization due to ground radioactivity
close to the Earth’s surface largely depending upon the prevailing meteorological conditions [7]. Consequently, the air ion
concentration depends upon the prevailing meteorological conditions [8] and shows variations with the time day and season. In
the rural station Ramanandnagar, climate is marked by clean atmosphere, very less dust particles in the air, low frequencies of
calm conditions and high wind speed. At tropical place like Pune climate is marked by highly convective conditions, dusty
atmosphere, high frequencies of calm conditions and reduced wind. Moreover, unlike in mid-latitudes, the ground is not
covered by snow in the winter at rural station Ramanandnagar. Under such conditions, therefore, properties and distribution of
ions in the atmosphere are excepted to be different from that at tropical place like Pune and mid-latitudes like Estonia. The
goal of this paper is to observe the effect of meteorological parameters on the air ion concentrations at rural site
Ramanandnagar. As India is developing country pollution and climate change is pressing issue throughout world. To see the
effect of pollution on rural atmosphere, pollution index is calculated. From the knowledge of pollution index, we also try to
highlight at rural site different months, which are harmful to human health.

Il. MEASUREMENT AND METHODS

Terrain is surrounding the observatory some tree groups (about 80-90 trees in radius of 120 m) small woods, grass land and
agricultural land. The backyard where outdoor observations are conducted is open agricultural land with sugarcane, wheat,
corn fields. Observatory at Ramanandnagar is located in sparely populated rural region as shown in Fig. 1. It is 210 km
southeast of Pune and 370 km southeast of Mumbai capital of Maharashtra (India). The river Krishna flows just 4 km to the
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Northwest. A 20 feet road with an average traffic frequency of about 1-2 motor vehicles per minute close to the observatory.
The observatory, in which we carried out the measurements, is located in the ground floor. The room was used for
measurement of air ion concentration. At other time, there were no indoor activities in the laboratory. The floor area and
volume of laboratory were 10 m? and 42 m?® respectively. The overall surface area (floor, walls, ceiling and the surface of
tables and cabinets) of the laboratory was approximately 63 m?.

Fig. 1 Agricultral field surrounding the observatory at Ramanandnagar

For the measurement of atmospheric current various amplifiers are tested. As the atmospheric current is very small,
therefore for the measurement of small magnitude of current a separate electrometer is necessary. Commercially available
instruments exist with resolution of 1 fA [9], but these are bulky and expensive calibration devices unsuited for field work.
When measuring such small currents, effects often considered negligible in other circumstances are comparable to the signal,
such as leakage current, and also 50 H, interfaces caused by the AC mains [10]. Care should be taken to minimize these
problems whilst maximizing the time response, by careful design and component selection. To measure small currents
(AD549JH) amplifier is used by converting it into a voltage, which is usually linearly related to the input current. The simplest
form of i-to-v converter is resistor: for example, currents of 1 pA could be converted into 1 v by passing them through a high
value resistor. However, a resistor is not ideal for current measurement because its time response is limited by the time
constant of the resistor and its own capacitance. There is another way to utilize the properties of operational amplifiers. The
output voltage of an op-amp is proportional to the potential difference at the inputs, with the constant of proportionality given
by the gain [11]. In conjunction with a fixed resistance, operational amplifier can also be used to convert the voltage.

The calibration of the amplifier is done in the laboratory using a resistive method of generating small currents with a milli-
volt (by using 1.5 volt battery supply and potentiometer) calibrator and a TQ resistor.

The air ion counter, which is indigenously designed and developed at the Indian Institute of Tropical Meteorology Pune, is
being operated at rural site Ramanandnagar [12]. There is only one set of instrument for the measurement of air ions.

The flow rate:
d=u rc(b2 - az) (1)

Where b is radius of outer cylinder, a-is the radius of inner cylinder, u is velocity of air flow. Then air ion concentrations
can be calculated by using formula

N=I/ed 2

Where, 1 is input current, @ is flow rate; e is the charge of air ion. Note that it is not possible to measure positive and
negative ion concentration simultaneously at a time. Therefore, we have measured the air ions of particular kind that is positive
or negative ion on alternate days or epochs according to our convenience. By changing polarity of outer cylinder we can
measure positive and negative air ion concentrations [13].

For fixed bias voltage, the ion current flowing through inner electrode is proportional to the ion concentration. After each
bias voltage is switched on settling time is allowed before sampling of ion current flows. Noise may be defined in an electrical
sense, as any unwanted signal. Many disturbances of electrical nature produce noise in receivers. Noise sometimes even forces
a reduction in the bandwidth of system. To avoid this noise effect amplifier is kept inside the aluminium box. The combination
of a greater proportion of charged aerosol causing more noise, and the associated reduced ion signal will diminish the signal to
noise ratio. The effect of particulate space charge is thought to be the principal source of noise in the instrument. The main
source of ionic noise is fluctuations in the ion concentration itself called as ionization noise. Fluctuations in the ion
concentration are damped by self recombination and attachment to aerosol, but ion-aerosol timescales to reach steady state
concentrations are of order 100 s [14]. As it takes about one-eighth of a second for an ion to be sucked through the Gerdien at
typical flow rates, the effects of a local transient in the ion production rate are likely to be detected before a local steady state in
the tube has been reached. Further evidence for the sensitivity of the instrument to ionic fluctuations has been observed directly
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by sealing the ends of the Gerdien condenser and measuring the current. Small peaks of current are seen, which may be
attributed to individual ionization events in the tube, because the sealed tube prevents new ions entering. Air ion counter was
constructed by minimizing all the errors present in the measurement of air ions. Positive and negative air ions are measured for
336 days with 30 second time resolution at rural site. The average air ions were calculated from data collected from 2007 to
20009.

Pollution index is defined as the ratio of positive to negative air ion ratio. It was observed that charge on the aerosol particle
is positive. If aerosols in the atmosphere are more the positive air ions are more [15]. The mobility of negative air ions is high
as compared to positive ions, these negative air ions are consumed by aerosol in the atmosphere. If there is balance between
positive and negative air ion, the atmosphere is clean. If pollution index is greater than one means aerosols in the atmosphere
are high. The pollution index nearly equal to one means there is no risk for human health. The pollution index above 1.2 is
very harmful to human health.

I1l. RESULT AND DISCUSSION

Monthly mean percentage distribution of Positive and Negative Air ion at rural site (2007-2009): The monthly percentage
distribution of positive and negative ion concentration in different ranges at rural site during 2007-2009 is shown in Table 1. It
shows the monthly variations of different ranges of positive and negative ion concentration. For example, the largest positive
ion concentration of the range 110-120X10 ions per cm® ions is 22.36% in January, attributed to higher Radon close to ground
due to lower temperature. The largest negative ion concentration of the range 110-120X10 ions per cm® is 12.1% in October.
October is mixing of thunderstorms and rain therefore more negative ions are produced. At the same time due to high sun
radiation plant transpiration of Radon produces more negative ions. Lowest positive ion concentration of the range 10-20X10
ions per cm® covers 78.83% covers 74-83% in March, April and May, attributed to higher temperature and lower humidity.

TABLE 1 MONTHLY MEAN PERCENTAGE DISTRIBUTION OF POSITIVE AND NEGATIVE AIR IONS

_Positive iog Classx10 Jan Feb Mar Apr May | Jun Jul Aug Sep Oct | Nov | Dec
ions per cm

000-010 0.069 | 0.034 | 15.27 | 26 17 006 |0 0 0 0 0 0.17
010-020 0 0.069 | 83.13 | 74 83 0 7 8 0 195 | 0 0
020-030 0 0.069 | 1.6 0 0 0 34 7.2 042 | 418 | 4 0
030-040 0.03 | 46 0 0 0 0 49.902 | 6.8 1312 | 18.7 | 16 0
040-050 0.031 | 83.458 | 0 0 0 0 7 192 | 97 288 | 10 0.2
050-060 031 | 116 0 0 0 0.03 | 1.2 143 | 14 0.27 | 20 235
060-070 128 | 0.17 0 0 0 0 0.43 9.2 353 |0 5 495
070-080 9.4 0 0 0 0 56.11 | 0.255 | 89 9 0 23 19.6
080-090 3.9 0 0 0 0 36 0.15 45 1189 | O 17 0.03
090-100 129 |0 0 0 0 7.8 0.063 | 158 | 16 85 |5 7
100-110 382 |0 0 0 0 0 0 2.7 264 |0 0 0
110-120 2236 | 0 0 0 0 0 0 34 053 |0 0 0
!\;iga;xecrlr%n classx10 Jan Feb Mar Apr May | Jun Jul Aug Sep Oct | Nov | Dec
000-010 0.17 | 6.97 0.035 | 20.12 | 29.1 | 0.069 | 7.8 137 | 0.035 | O 3 0.035
010-020 0 0035 | 061 | 7972|674 |0 10.6 9 017 |0 2 0.37
020-030 0 0.104 | 40.35 | 0.139 | 347 | O 1451 | 74 0.1 0 10 0.9
030-040 0 0.38 483 | 0.035 | 004 | O 6.5 678 017 |0 08 |02
040-050 0 47.9 1031 | O 0 0 5.2 8.1 047 | 22202 |47
050-060 0.28 | 4098 | 0.3 0 0 0 2.23 137 | 2475 | 25.7 | 4 2.15
060-070 235 | 4.17 0 0 0 0.035 | 35.095 | 8.9 23.05 | 16.9 | 30 15
070-080 56 0.13 0 0 0 0 14.8 8.4 169 | 17 40 37
080-090 19.13 | 0.069 | O 0 0 56.18 | 2.9 11.79 | 132 | 133 | 10 23
090-100 0 0035 |0 0 0 36 0.33 373 | 16 85 |0 7
100-110 0 0035 |0 0 0 7.8 0.035 | 36 5 43 |0 8.2
110-120 0 0035 |0 0 0 0 0 49 013 | 121 |0 1.3

The lowest negative ion concentration in the range 10-20X10 ions per cm® is 79.72% and 67.43% in April and May is
shown in Table 1. This is because there is no rain in April and May; therefore negative ions are combined with pollutants. Also
due to higher temperature and lower humidity Radon and Thoron gases are escaped in the upper atmosphere. The aerosols
particles in the atmosphere have sizes which range from 10 to 100 micro-meter and even larger. In the month of March, April
and May aerosol particles are introduced in the atmosphere by the gas-to-particle conversion, dust storms etc. or by man-made
process such as automobile exhausts, industrial processes. As there is no rains in these months’ ions diffuse to these aerosol
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particles and transfer their charge to the particles. Then life time marginally, therefore percent data points of both positive and
negative small ions decreased. In the monsoon season both positive and negative ions are distributed in all different intervals,
this is because of Plant transpiration of Radon and Thoron gas and rain drop splashing, waves from the river Krishna are the
additional sources of ion production. The largest percent data points 22.36% of positive ions in the interval 110-120X10 ions
per cm® are observed in January. As January is cold month, therefore during the nocturnal calms the accumulated radon and
thoron ionization rates up to 100 cm™s™ and even more below one meter [16]. Additionally, the deposited radon daughters can
create air ions close to the ground surface. Willet modelled the atmospheric of ions decreases electric electrode effect over the
grass-covered ground and pointed out that the alpha radiation of the deposited Radon daughters is an important ionizing factor
despite the fact that the path of alpha rays is only a few centimetres [17]. Radioactive aerosols are formed by two principle
processes. In one process they are formed by condensation of a radioactive vapour; in the other radioactive decay fragments
become attached to the exterior of a particle’s surface. An example of this is the radioactive aerosol produced in the presence
of radon gas ’Rn, which consists of the radon daughter nuclide “®Po attached to a pre-existing aerosol.

Radioactive aerosols are charged by the usual mechanism of external ion attachment, but additional external ions are
created by the radioactive decay processes. These are formed by the appreciable ionization caused by ejected radioactive decay
particles. The amount of ion-production depends on the energy and rate of emission of the emitted particles. A further form of
electrification for radioactive aerosol is self-charging. This occurs when a radioactive source is actually within the aerosol
particle. Emission of a radioactive decay particle from deep within the aerosol particle will lead to internal ionization. The
ejected radioactive particle may also knock valence electrons from the aerosol particle’s surface into the surrounding gas,
which also charges the particle.

The charge on radioactive aerosols seems universally positive is probably due to the large number of secondary electrons
produced. If the particles knocked out the aerosol are electrons, then the charge remaining on the aerosol particle will be
positive alternatively, this could be due to positive ion formation around the particle.

Positive and negative air ion concentration varies according to meteorological parameters temperature, relative humidity,
and cloud cover. As average temperature increases from March to May relative humidity and cloud cover in the sky decreased,
then both positive and negative ion concentration decreased from March to May and minimum is observed in May.
Meteorological parameters such as rain fall and wind speed also affects the concentration of positive and negative ions. In the
January maximum wind speed is 4 m/sec and rainfall is 0 mm. This is very favourable condition for the production of air ion.
Due to very low average wind speed (1.5 m/sec), average temperature (22<€) Radon and Thoron gas is close to the ground.

It was observed that impact of surface radioactivity becomes negligible as the turbulence intensity found much weaker
Thoron concentrations on windy days than on calm nights. Also there are crops in the vegetated area, therefore plant
transpiration of Radon and Thoron is the additional sources of air ion production. There is no rainfall in January. Aerosols
produced from the various processes like automobile exhaust cooking coals are not settling to the ground. Therefore, yearly
maximum of positive ion concentration of the order of 13 was observed in January Table 2. Since the negative ions are having
higher mobility as compared to that of positive ions, more negative ions are combined with aerosol particles and settled to
ground. It was also observed that, as compared to positive ion concentration maxima (12.8) negative ion concentration maxima
(8.4) was low. Wind speed increases from January-April and a yearly maximum is observed in the May.

TABLE 2 MONTHLY POSITIVE ION, NEGATIVE ION, TEMPERATURE, RELATIVE HUMIDITY, CLOUD COVER,
WIND SPEED AND RAIN FALL AT RURAL SITE RAMANANDNAGAR (2007-2009)

%) o 2> ks = § g

g £3 3 5 g 2 2

5 = o zZ
2 (<5 (5] (5] (<5 (5] (5] (5]
x| | 5|s| 8|5\l 2 |5|ls| 8| 5|s| 8| 5| 8|5|=|8
s | S o s | S g |=| = e || 2| ¢ S |2 g = = g = S
< < < < < < <
Jan | 39 | 15 | 22 [ 82 |27 | 40 |80 | 0| 50 |40 | 15| 0o |[0o| 0o |128]| 0 94 | 84 |o001 631
Feb | 34 | 16 | 2536 | 89 | 23 [ 5354 |80 | 0o | 16 [ 6 [ 0] 26 | 0 [0 | o |696|083] 4606 134 | 027511
Mar | 38 | 18 | 2869 | 89 | 19 [ 4993 50| 0 | 19 [ 6 o | 27 | o [o]| o [218]002| 14 | 514|028 ]277
Apr 39 23 | 30.83 | 90 18 | 52.17 | 80 0 26 8 0 | 3.29 2.5 0 | 0.04 | 201 | 0.02 | 1.313 | 3.03 0 1.35
May | 37 | 22 [ 2902 | 93 | 28 | 6528 |80 | 0 | 36 |12 | 0 | 506 | 466 | 0 | 259 | 249 | 0.32 | 1.39 | 205 | 02 | 1.21
Jun | 35 | 22 [ 2674|100 | 43 [ 7953 |80 |30 | 62 | 8 | 0| 406|127 | 0|53 95|02 87 [101]0.15]0903
Jul | 33 | 23 | 2531 | 93 | 56 | 8228 |93 |56 |6491| 8 | 0 [ 508 | 65 | 0| 074017 [141| 27 [112] 0 |350
Aug 29 23 | 24.66 | 97 65 | 84.39 | 90 | 30 | 65.4 8 0 | 393|228 | 0 2.7 6.5 | 0.74 3.4 9.2 0.4 3.2
Sep 31 22 24.9 95 55 | 82.42 | 80 0 57 8 0|23 | 478 | 0 18 13.1 | 291 | 6.69 11.8 | 0.45 | 7.55
Oct | 32 | 20 | 2632 | 92 | 27 [ 6516 |70 | 0 | 42 | 6 | 0 | 091|214 | 0 | 035|511 |1.62| 334 | 121 | 457 | 763
Nov | 30 14 | 2394 | 92 27 60 90 0 | 6092 | 4 0 | 0.62 8.7 0 | 0.18 4.6 2.3 3.45 10.2 | 39 75
Dec 31 16 | 23.61 | 86 30 | 62.12 | 70 0 31 6 0 2 0 0 0 84 | 001 | 631 13.2 | 0.73 | 7.87
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Seasonal Variation of Pollution Index (2007-2009): Pollution index is one or below one meaning that atmosphere is aerosol
free. In January pollution index is 1.48 Table 3, which is harmful to human health [18, 19].

TABLE 3 MONTHLY VARIATION OF POLLUTION INDEX (2007-2009)

Month Pollution Index Month Pollution Index
January 1.48 July 0.77
February 0.9 August 1.06

March 0.55 September 1.2

April 1 October 0.43

May 1.14 November 0.77
June 0.96 December 0.8

As negative ions have higher mobility as compared to positive ion, aerosols or volatile organic compounds are attached to
negative ions and settled down on ground [20]. Due to rain fall in July large numbers of aerosols were settled down on the
ground, at the same time negative air ions were not consumed by aerosols. Therefore pollution index in July was 0.77, which is
healthy for human health. The lowest average cloud cover 16% is observed in February corresponding positive ion
concentration 4.66 x10? ions per cm® and negative ion concentration 5.11 x10 ions per cm®. As percentage of average cloud
cover increases production of air ions from the cosmic ray decreases, therefore positive and negative air ion concentration
decrease. In Monsoon rain fall scavenges aerosols presents in the atmosphere. Therefore pollution index is equal to one or
below one in the month of June, July and August Table 3. In October rain fall was observed with thunder storms. Then as
compared to positive air ions more number of negative air ions was introduced in the atmosphere. Therefore lowest value of
pollution index is observed in October. Then as compared to all other months October is healthier to human health shown by
Hedge and Eleftherais [21]. The peak in pollution index is observed in January may be due to temperature inversions radon gas
close to the surface [22, 23, 24], which is source of air ions. Due to turbulence and higher temperature positive and negative
ion concentration decreases and minimum is observed in May. Month of May is dustier, therefore pollution index 1.14, which
is harmful to human health. The daily average highest relative humidity 84.39 is observed in August corresponding average
positive ion concentration 3.4 and negative ion concentration 3.2. Pollution index in August is 1.06. That is less number of
aerosols present in August as compared to May [25]. The lowest relative humidity 40 is observed in January corresponding to
positive ion concentration 9.4 and negative ion concentration 6.3. This indicates that air ion concentration changes inversely
with relative humidity. This is because as relative humidity increases both positive and negative ions are combined with water
vapour.

IV.CONCLUSIONS

The largest percentage of negative air ions in the range of concentration of 110-120x10 ions per cm? is 12.1% and occurs in
October. October is associated with mixing of thunderstorms and rain, therefore more negative ions are produced, at the same
time due to high sun radiation plant transpiration of Radon produces more negative ions. Lowest positive ion concentration of
the range 10-20 x10 ions per cm® covers 74-83% in March, April and May, attributed to higher temperature and lower
humidity. The lowest negative ion concentration in the range 10-20x10 ions per cm? is 79.72% and 67.43% in April and May.
This is because there is no rain in April and May; then negative ions are combined with pollutants. Also due to higher
temperature and lower humidity Radon and Thoron gases escapes in the upper atmosphere. In winter season due to very low
temperature Radon and Thoron gas and their radio active decay products in the lower atmosphere produces more positive ions
than negative ions. Thus in the winter average positive ions are greater than average negative ions. Due to temperature
inversions pollution index in January was 1.48, which is harmful to human health. Lowest value of pollution index is observed
in October. Then as compared to all other months October is healthier to human health. The charge on the aerosol particle is
positive. If aerosols in the atmosphere are more the positive air ions are more. The mobility of negative air ions is high as
compared to positive ions, these negative air ions are consumed by aerosol in the atmosphere. If there is balance between
positive and negative air ion, the atmosphere is clean. If pollution index is greater than one means aerosols in the atmosphere
are high. In this case study by measuring air ion concentrations, we can calculate pollution index in the atmosphere.
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