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Abstract

The measurement of atmospheric aerosol number concentration has been carried out at a
remotely polluted site (Roorkee, 29° 52° N, 77° 53° E, 275 m above mean sea level) in
northern India during pre monsoon period of 2009 at a height of 9 m above ground level.
The aerosol number concentration having different sizes (0.3-0.5, 0.5-1.0, 1.0-2.0 and 2.0-
5.0 pm) in pre monsoon summer season 0f 2009 has been analyzed, and the daily variation
of aerosol number concentration has been related to selected meteorological parameters like
as relative humidity, temperature, rainfall and wind speed. The measurements were made
with an optical partical counter. The aerosol number concentration for upper size ranges (1.0-
2.0 and 2.0-5.0 um) is maximum in June and minimum in July. The aerosol number
concentration in small size ranges (0.3-0.5 and 0.5-1.0 pm) decreases monotonically till the
end of July.
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1. INTRODUCTION

Atmospheric aerosols control the atmospheric radiation budget and hence are
important in the variation of weather and climate’2. Atmospheric aerosols either
independently or in combination with atmospheric ions act as cloud condensation nuclei or
affect precipitation®*. Devara and Raj° measured the aerosols during two successive
monsoon seasons. Saxena et al.> measured the concentration of aerosols during monsoon
period and found that the concentration decreases with increasing precipitation. This
phenomenon has been attributed to the scavenging of large aerosol particles due to rain’.

The study on aerosol distribution can be done by using various techniques available®
24such as Cascade impactor'?, Lidar'’, Low-pressure impactor'®2, Laser scatterometer3 and
Optical counter>?® etc. In the present study, we have measured the aerosol number
concentration with an optical counter. The summer variation of atmospheric aerosol number
concentration in different size bins for morning, noon and evening periods and their behavior
with some selected meteorological parameters such as relative humidity, temperature,
rainfall and wind speed have been studied.

2. METHODOLOGY

For the present study, the optical counter model KC-01 A (Rion Co Ltd, Tokyo,
Japan) has been used, which is based on the principle of Mie scattering of light. The
instrument has been well calibrated and has a provision for inbuilt calibration. A light beam
intersects a flow of ambient air containing aerosols. The light incident on aerosol particles is
scattered and received by a photo-multiplier tube at an angle of 90°. Output of the photo-
multiplier tube is amplified and then fed to a pulse height analyzer, which divides the aerosol
response into different size ranges. The pulse height is directly proportional to the particle
size. The instrument sucks the ambient air at the rate of 1litre for 2min. The sucked air is
monitored for 2 min only and the number concentration of particles is measured in the unit
of particles/l. The whole equipment is microprocessor based and gives direct printout of
aerosol particle number concentration for different size ranges of 0.3-0.5, 0.5-1.0, 1.0-2.0
and 2.0-5.0 um. Detailed description of the instrument can be found elsewhere?’. The
observations were made at a height of 9 m above the ground surface on second floor of the
Physics department building of the institute at Roorkee (29° 52° N, 77° 53° E, 275 m above
mean sea level). The surrounding is free from industries. Therefore the man made aerosols
are chiefly due to automobile and day to day domestic activities.

The time period of observations for the present study was chosen from April to July,
2009 and data were recorded continuously from 9:00 AM to 6:00 PM. The number
concentration of aerosols in the above size ranges was recorded at every half an hour interval
and the data of meteorological parameters were recorded simultaneously.
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3. RESULTS AND DISCUSSION

Observation period from April to July has been chosen for the present study because
in this period both the premonsoon and monsoon activities occur. The aerosol number
concentration has a diurnal variation®. Aerosols data have been recorded for four size ranges
(0.3-0.5,0.5-1.0, 1.0-2.0 and 2.0-5.0 um).
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Figure 1: Time variation (IST) of average number concentration of aerosols in season
(April-July, 2009) for lower size range.

The time variation of average number concentration of aerosols for the smaller size
range (0.3-0.5 pum) is shown in Figure 1. In the lower size range 0.3-0.5 um, the average
aerosol concentration varies from about 3x10° to 1x10° particles/I in the month of April
[Figure 1(a)]. The aerosol concentration decreases from morning to evening (9:00 to 18:00
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hrs) in this month of April, 2009. The similar trend continues in the month of May 2009
[Figure 1(b)].

However in the month of June [Figure 1(c)], the concentration of these particles was
decreased in noon period (12:00 to 15:00 hrs). Most of the particles remain in the range
1.1x10° to 7x10* particles/l. The sudden drop in particle concentration might be due to the
local effects of instrumental conditions at experimental site. In the month of July, the
concentration was first increased from morning to noon and then decreased from noon to
evening [Figure 1(d)]. Most of the particles fall in the range 8x10* to 1.2x10° particles/I.

150 < 150
(a) (b)

Size 2.0-5.0 pm

120 A Size 2.0-5.0 pm 120 1

—— May
—— April

Average Conc(x10} per liter
Average Conc(x10) per liter

60

165 90
- - (d)
3 9
= . Size 2.0-5.0 pm
4 9 75 "
& 195 1 5 = July
X %
Q
£ E 60
0 0
o 145 - "
g o
o Size 2.0-5.0 pm : 45 1
Z ER

135 l l 30 | |

9.00 12.00 15.00 18.00 9.00 12.00 15.00 18.00
Time(hours) Time(hours)

Figure 2: Time variation (IST) of average number concentration of aerosols in season
(April-July, 2009) for upper size range.
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Figure 2 shows the time variation of average number concentration of aerosols for
the larger size range (2.0-5.0 um ) from morning to evening. In the bigger size range 2.0-5.0
um, the average aerosol concentration varies from about 1.482x103 to 7.1x102 particles/I in
the month of April [Figure 2(a)]. The aerosol concentration decreases from morning to
evening (9:00 to 18:00 hrs) in this month of April, 2009. The similar trend continues in the
month of May 2009 [Figure 2(b)].

However in the month of June [Figure 2(c)], the concentration of these particles was
first decreased up to 11:00 AM, then increased in noon period (12:00 to 15:00 hrs) and finally
decreased in the evening. In the month of July, the concentration was first increased from
morning to noon and then slightly decreased from noon to evening [Figure 2(d)]. Most of
the particles in the bigger size range (2.0-5.0 um) fall in the range 350 to 750 particles/I.

The time variation of aerosols in three size ranges shows that for 0.3-0.5, 0.5-1.0,
1.0-2.0 um the morning concentrations are larger than the evening concentration and shows
a steady decrease from 09:00 to 14:00 h and then became steady. The reasoning of high
values of aerosols in the morning hours may be attributed to boundary layer variation height
rather than condensation. Further, the increase in aerosol concentration during day time was
also due to local emission by vehicular traffic etc®®3°. With the rise of sun, the temperature
increases and droplets get evaporated. However, the large size range of 2.0-5.0 um
dominates. With the rise of temperature and occurrence of high velocity winds, the aerosol
number concentration increases. The atmospheric temperature becomes high around 14:00
h and after that both the temperature and wind speed decreases. This causes a maximum
around 14:00 h in large size range in the aerosol concentration. This trend is clearly visible
in the months of April and July. In July, the concentration is lowest in all size ranges due to
scavenging. But the high wind speed around 14:00 h might have caused a peak at that time
in the size range 2.0-5.0 pm in the months of May and June. After about 10:00 h the
concentration (2.0-5.0 um size) becomes almost constant till evening.

Devara and Raj° studied the columnar content of aerosol over Pune using lidar. Their
results revealed contrasting nature of variation in the years 1987 and 1988. In 1987, the
concentration was minimum in the month of May while in 1988 it was maximum in this
month, however the experiments were performed at a height range 50-1100 and 50-200 m
from the ground surface in both the years respectively. Their results showed that the aerosol
concentration was minimum during rainy season. This is in good agreement with our
observations that the aerosol number concentration had gone minimum in the month of July
when the monsoon was in full swing3°-3,

Pahwa et al.'® studied the aerosols of different composition and the total suspended
particulates at Delhi. Their study revealed that during May 1986, the total suspended
particulates concentration was 543 pg/m®. It had increased to 777.17 pug/m?®in the month of
June. In July and August, the concentration had gone to 231.88 and 173.36 pg/m?,
respectively. As the onset of monsoon was nearly at the same time, their results can be
compared with our observations that in July the aerosol number concentration in all size
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ranges is decreased drastically. In their studies, the minimum concentration was in August.
Maximum rain occurred in August, which decreased the aerosol number concentration due
to scavenging.

In Figures 3 and 4, day-to-day variation of aerosol number concentration is depicted.
It is seen that the variation of average concentration of aerosols for different size ranges
differs. For large size particles (2.0-5.0 pm), the concentration is lowest and the
concentration is maximum for small size particles (0.3-0.5 um) during the whole period of
observation.
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Figure 3: Daily variation of average number concentration of aerosols in season (April-July, 2009)
for smaller size ranges ((0.3-0.5 & 0.5-1.0 um).
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Figure 4: Daily variation of average number concentration of aerosols in season (April-July, 2009)
for bigger size ranges (1.0-2.0 & 2.0-5.0 um).

The small size 0.3-0.5 um, aerosol number concentration is about 3x10° particles/l in
the month of April. Most of the particles remain in the upper range of 10° particles/l [Figure
3(a)]. The concentration of particles is nearly the same in the month of May but is less in
comparison to the month of April. In the month of June, the concentration of aerosol
decreases and most of the particles remain in the concentration range 2.3x10°-9x10*
particles/l. A further decrease in concentration is observed in the month of July [Figure
3(d)].This trend continues in the size range 0.5-1.0 pum. Most of the particles remain in the
range 7x10%-8x10° particles/l in the months of April and May [Figure 3(a,b)]. The
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concentration in this range decreases in the month of June and July [Figure 3(c,d)]. However,
the lowest concentration goes to 10° particles/I.

In the size range 1.0-2.0 um [Figure 4], the concentration is lower than that in the
previous range. In the month of April the concentration ranges from 2.5x10? -6.4x10°
particles/I. It is nearly the same in the month of May and is lower in June than in July [Figure
4(b,c,d)]. In the month of July, the aerosol number concentration varies from 6.4x103-1x102
particles/I. A similar situation prevails in the size range 2.0-5.0 pum. During the months of
April and May [Figure 4(a,b)], the concentration of aerosol was nearly the same (50-100
particles /1), while in June [Figure 4(c)], the concentration increases, ranging from 50-200
particles/I. There is a significant decrease in the concentration in July [Figure 4(d)] and most
of the particles lie in the concentration range 15-50 particles/I.
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Figure 5: The daily mean average number concentration of aerosols in summer season
(April —July, 2009).
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Figure 5 shows the daily mean average number concentration of aerosols of different
sizes for the whole season (April —July, 2009). In the small size ranges (0.3-0.5 and 0.5-1.0
um) average particle concentration is maximum in the month of April and May and decreases
continuously in June and July [Figure 5(a)]. In the large size ranges (1.0-2.0 and 2.0-5.0 um),
the average particle concentration increases, reaches maximum in the middle of June, after
which it starts decreasing [Figure 5(b)]. However, It was found [Figures 5(a,b)] that the
average number concentration of aerosols having bigger sizes (2.0-5.0 um) has been found
to be lower as compared to the smaller size ranges(0.3-0.5 um).

The fluctuation of aerosol number concentration depends upon meteorological
parameters®, The maximum temperature was slightly lower in July than the month of April
and has been found maximum in first few days of May and also decreases slowly in the
month of July [Figure 6(a)]. The minimum temperature was higher in July and nearly the
same in June and is lower in the month of April and increases slightly in May [Figure 6(a)].
The relative humidity (RH) was minimum in the month of April and increases in May and
became maximum in July [Figure 6(b)]. In the month of June, RH was less than the month
of July. The present study reveals that the aerosol number concentration was more affected
by RH during South-East (SE) premonsoon season. Parameswarn and Vijaykumar® found
that the RH significantly affects the aerosol concentration and size distribution above about
90%. Here in the months of June and July 2005, average RH was almost close to this limit.
Devara and Raj® observed a higher humidity and lower temperature during South-West
premonsoon in the year 1988 at Pune. Aher and Agase!! found that higher rainfall at Pune,
India was due to the growth of cloud droplets under the effect of premonsoon. The same
physical process appears to have taken place presently at Roorkee during SE premonsoon.
The wind speed is nearly the same in the months of April and May and is higher in June and
again decreases in the month of July [Figure 6(c)]. The rain plays an important role to
modulate the aerosol size since larger particles take part in the scavenging process*’3! .In
the month of April and May, the rainfall is nearly zero [Figure 6(d)] so there is no significant
effect on aerosol number concentration. The SE monsoon is effective after mid-June,
therefore the concentration of aerosol decreases and it is in phase with the increasing
monsoon activity. This is attributed to the rainfall, which is a powerful factor to lower the
aerosol number concentration involving rainout process.

The aerosol number concentration is expected to be dependent on meteorological
parameters®. Therefore, we have made comparisons of aerosol number concentration of
various sizes with meteorological parameters (temperature, relative humidity, wind speed
and rain fall). These have been shown in Figures 7-11 along with the best fit linear regression
curves.
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Figure 6: The daily mean average of meteorological parameters (temperature, RH, wind speed
and rain fall) in summer season (April-July, 2009).
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Plots of average aerosol concentration versus maximum temperature during

11

Figure 7 shows the variation of the average concentration with maximum
temperature. The average aerosol concentration slightly increases with increasing maximum
temperature. This is due to the fact that with the rise of maximum temperature, more and
more drops are vaporized leaving behind the aerosols. On the other hand, Figure 8 shows the
variation of aerosol number concentration with minimum temperature. The concentration
decreases slightly with increases minimum temperature. This has further been attributed to
the process of condensation at small size particles. The increasing minimum temperature
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decreases the condensation and hence a negative trend in the regression line of fit has been
obtained.
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Figure 8: Plots of average aerosol concentration versus minimum temperature during
April-July, 2009 for different size ranges.

Figure 9 shows the plot of average aerosol number concentration to the relative
humidity. The number concentration in all size ranges decreases with humidity. The
increasing humidity removes the aerosol particles in all size ranges due to condensation on
aerosol particles and subsequent falling down of the drops to the ground. Pranesha and
Kamra? in their laboratory studies have found that the particles are actually removed from
the air due to condensation. The correlation coefficient is large for the smaller size particles
(0.3-0.5 and 0.5-1.0 um) and small for upper size particles (1.0-2.0 and 2.0-5.0 um). This
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shows that smaller particles act as condensation nuclei and the contribution of larger particles
to this process is very small.
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Figure 9: Plots of average aerosol concentration versus relative humidity during April-July, 2009
for different size ranges.

In Figure 10, there is a slight increase in aerosol concentration with increasing wind
speed. This can be attributed to the dust particles from the soils which become air borne due
to wind and therefore an increase in the aerosol number concentration is expected. The
correlation coefficient in all the size ranges was found to be very small. It is clear from Figure
11, that the aerosol number concentration decreases with rain fall which is attributed to the
scavenging of aerosol particles® 2.
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Figure 10: Plots of average aerosol concentration versus wind speed during April-July, 2009 for

different size ranges.

Singh et al.?® found that the particle size decreases with decrease in RH.
Parameswarn and Vijaykumar®® determined the aerosol size distribution with a low pressure
impactor and concluded that the aerosol size decreases with decreasing RH. Vakeva et al.®?
also studied the effect of wind on aerosol concentration. They found that during medium
wind the sub-micron size particles increase in concentration in the urban environment. In
our studies, we have found that the aerosol number concentration increases with increasing
wind speed. Shaw?® has found that the aerosol concentration in the size range 0.36-0.40 pm
increases with increasing temperature. From his studies, it was found that during summer
months there was a four-fold aerosol concentration than the winter months. Further the sun
increased the aerosol concentration in the above size range.
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Figure 11:Plots of average aerosol concentration versus rain fall during April-July, 2009 for
different size ranges.

The aerosol concentration dependence on both maximum and minimum temperatures
are shown in Figures 7 and 8. In all size ranges, the aerosol number concentration decreases
with increasing the minimum temperature. However, the variation with maximum
temperature has been found to be opposite. In all size ranges, aerosol concentration increases
with increasing maximum temperature. In all the above discussions, the data points between
aerosol particle concentration and meteorological parameters are not scattered. This is
because of the fact that the aerosol particles depend upon many parameters including man-
made and natural sources and almost all the meteorological conditions should act at the same
time. Therefore the paper draws important highlights on air quality over regional basis. The
aerosols concentrations due to different pollution sources like vehicular traffic, industrial
emissions, dust particles etc. are more & more predominant during day hours as compared
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to night since during night time, the atmospheric conditions on an average are calm.
Therefore, considering the effects of various air pollution sources, only day time 9 AM to 6
PM observations are presented in this paper in order to understand the real picture of aerosol
distribution due to air pollution.

4. CONCLUSIONS

In the present study, the behavior of aerosol number concentration for different size
ranges has been investigated in the season of April-July, 2009. Aerosol number
concentration for small size ranges (0.3-0.5 and 0.5-1.0 um) was higher than that of large
size ranges (1.0-2.0 and 2.0-5.0 um). The time variation of aerosols was found to be highly
dependent on size. The investigations reveal the fact that the aerosol size and number
concentration are highly influenced by the meteorological parameters. The meteorological
parameters such as relative humidity, temperature, rainfall and wind speed play important
roles to investigate the aerosol behavior but large amount of precipitation can change the
number density and size distribution of aerosols more efficiently than RH and wind speed.
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