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Abstract: Measurement of elemental carbon (EC) and black carbon (BC) aerosols was carried out using AE-31, 7 
channel aethalometer at Kathmandu and Biratnagar; two mega cities of Nepal, for five months, January to May 2011 to 
study its temporal and spatial variation. Total solar radiation was also monitored using Kipp and Zonen CMP 6 
pyranometer. Monthly concentration variation for EC and BC was distinct in both study sites. At Biratnagar, monthly EC 
concentration varies from 3.3 -20.7 µg /m3 while in Kathmandu it varies between 6.0-13.7 µg /m3. Similarly, BC monthly 
concentration ranges from 3.3 -20.1 µg /m3 and 7.0-14.9 µg /m3 respectively. It was found that both EC and BC were 
highest during January in both the sites and it decreases gradually. Monthly average solar radiation shows a maximum 
value in May and minimum in January. A distinct anti-correlation between monthly average carbonaceous aerosols and 
total solar radiation was observed. Moreover, there was a pronounced diurnal variation of both carbonaceous aerosols 
EC and BC in the sites with two high peaks one in the morning at about 9:00 and another at late evening 20:00 local time 
with minimum concentration in the afternoon. The nature of peaks were different at two sites. Biratnagar shows a larger 
evening peak while Kathmandu shows in the morning inferring heavy domestic and industrial fuel consuming activities in 
evening and morning respectively. In addition to this, daily and monthly concentration of EC was more than BC at 
Biratnagar reflecting slightly more biomass fuel consumption than fossil fuel for domestic, industrial and other urban 
activities. In contrast to this, Kathmandu shows more domination of fossil fuel than biofuel because of reverse order 
concentration of carbonaceous aerosols. Total solar radiation also shows apparent diurnal variation in both sites with the 
highest value at around noon time.  
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1. INTRODUCTION 

Carbonaceous aerosol is the main constituent (20-
80 % of fine particle) in the particulate matter [1]. The 
classification methods of carbonaceous aerosol vary 
with different detection methods [2]. Black carbon (BC) 
is defined as the carbonaceous material having intense 
black or dark color and it absorbs visible light efficiently 
[3, 4]. Often a smaller fraction of atmospheric BC is 
elemental carbon (EC) and most of it consists of highly 
polymerized organic material having rather low 
hydrogen to carbon and oxygen to carbon ratios [3]. 
The contribution of EC can be highly increased close to 
its source like traffic. BC and EC both are the major 
anthropogenic components of atmospheric aerosols. 
About one half of the global BC aerosol emission is 
estimated to rise from fossil fuel combustion [5]. BC 
aerosols have been found to be contributing 
significantly to the atmospheric warming both globally 
and regionally [6]. China and India are large emission 
sources of BC from industry, residential, and transport 
sectors, including the incomplete fossil fuel combustion 
from sources such as open biomass burning and wood  
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burning cooking stoves [7, 8, and 6]. BC represents the 
fraction of the carbonaceous material that absorbs 
visible light; EC is graphitic carbon that absorbs in the 
visible range and it is not reduced to CO2 when heated 
to 800oC in an inert atmosphere. In principle, all EC is 
BC, but all BC is not necessarily EC. BC aerosol 
particles have a detrimental impact on human health [9, 
10]. BC acts as an indicator of air mass affected by 
anthropogenic pollution [11]. Recent studies suggest 
that BC can alter the cloud lifetime [12], precipitation 
pattern [13], reflectivity and melting of snow and ice 
[14]. Since most of the BC particles are in the fine 
particle size mode [15, 16], dry removal rate is small 
[17]. [18] showed BC concentration decreased abruptly 
after precipitation due to scavenging affects. 

Solar radiation at the earth’s surface is the ultimate 
energy source for life on planet. Clouds and aerosols 
are regarded as the most important one to explain the 
diming and brightening phenomenon. Atmospheric 
aerosols can directly modify surface solar radiation by 
scattering or absorbing solar radiation during its path 
from the top of the atmosphere to the surface of the 
earth. 

Nepal, the Himalayan land- locked country is 
situated between two giant developing countries India 
and China, which are considered as major contributor 
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of carbonaceous aerosol in the global contest. To have 
a snap- shot of EC, BC and total solar radiation, 
Kathmandu, the capital city of the country, and 
Biratnagar, the industrial city, are considered in this 
studied. In the past, various works regarding the 
monitoring of air pollution in Kathmandu had been 
done. However, Biratnagar is yet to be explored in this 
aspect. Present study will provide a comparative 
knowledge of carbonaceous aerosols and total solar 
radiation at Kathmandu and Biratnagar which are two 
representative sites of valley and flat land in the 
country respectively. 

2. EXPERIMENTAL DETAILS 

2.1. Study Area 

Kathmandu valley is located between 27 o37’30” N 
and 27o45’0” N latitude and 85o15’ 0” E and 85o 22’ 30” 
E longitude. The base of valley is about 1350 meters 
above sea level and covers about 340 square kilometer 
area. The cross section of the valley is about 20 km 
north to south and 30 km east to west. This valley has 
a bowl like structure surrounded by four major hilly 
peaks namely Shivapuri, Phulchowki, Nagarjun and 
Chandragiri at an elevation of more than 500m from its 
base. Kathmandu valley is surrounded by major 
mountains in the northern side and consists of three 
major cities: Kathmandu, Bhaktpur and Lalitpur. At 
present, the population of the valley is 2.51 million [19]. 

It is the main political and administrative center, a 
major tourist gateway, and an economically strategic 
location of the country. High population growth, 
dramatic land use changes, and socioeconomic 
transformations have brought the paradox of rapid 
urbanization and environmental consequences to the 
valley. 

The second study site Biratnagar is a sub-
metropolitan city located at 26 o28’60”N 87 o16’60”E. It 
is a flat land situated at the border with India and is, 
therefore, a major center for trade and commerce with 
India. This site is linked with Indian state “Bihar” which 
is an industrial state full of coal mines and mine 
industries. According to 2011 Center Bureau of Statics 
(CBS) Nepal census data, the population of Biratnagar 
is about 0.2 million and is, therefore, fourth largest city 
of Nepal after Kathmandu. Number of industries 
registered in this area are 295 [20]. The study sites are 
shown in Figure 1. 

2.2. Instruments Used 

Black carbon concentration was continuously 
measured using an aethalometer AE 31 manufactured 
by Magee Scientific USA. The aethalometer is an 
instrument that provides a real time read out of the EC 
or BC aerosol particles in air stream. The instrument 
aspirates ambient air using its inlet tube. Black carbon 
mass concentration is estimated by measuring the 

 
Figure 1: Map of Nepal showing the location of study sites Kathmandu and Biratnagar. 
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change in the transmittance of a quartz filter tape, on to 
which particles impinge. The instrument was placed in 
operation at the time interval of 5 minutes, round the 
clock with a flow rate of 2 liters per-minutes (LPM). 
These data are automatically recorded in the flash card 
of the instrument and displayed on the screen. Five 
minute’s data obtained were used for making hourly, 
daily, monthly and seasonal average calculation for the 
interpretation. This technique is reported to have 
shown good comparison with the other ones used for 
monitoring BC particles like coefficient of haze tape 
sampler, particle soot absorption photometer, and 
thermal oxidation/reflectance technique [21, 22]. The 
calibration of the flow rate is done quarterly at normal 
condition. However, when it became noisy during 
continuous operation, the flow rate was calibrated 
accordingly. More details on the instrument and the 
principle of operation are given elsewhere [23, 24].  

Kipp and Zonen CMP6 pyranometer was used for 
the measurement of global solar radiation on a 
horizontal surface. The CMP6 pyranometer has wide 
spectral range of instrument from 319 nm to 2800nm. 
The operating temperature is from -40o C to 80oC. The 
sensitivity of instrument and field of view are 5 to 
15µV/W/sq. m and 180o respectively. All the measured 
data are recorded by LOGBOX SD data logger within a 
minute resolution for 24 hours. It can be used at all 
weather conditions and collects the data at real time. 

3. RESULT AND DISCUSSION 

In the present study two sites Kathmandu (valley) 
and Biratnagar (Flat land ‘Terai’) are considered for 
temporal and spatial variation of EC and BC. Data of 
both the carbonaceous aerosols for Kathmandu are 
available from November 2008 onwards while it is only 
from January to May 2011 for Biratnagar so, in the 
present paper only five months data are analyzed and 
interpreted. Total solar radiation data of the same year 
of Kathmandu and Biratnagar from January to April are 
compared to study their variation in these two different 
cities and the effect of aerosols on it.  

3.1. Monthly Variation 

The monthly variation of EC and BC in the observed 
months of both the cities are distinct with highest 
concentration in January and lowest on May. The 
monthly average EC values at Biratnagar and 
Kathmandu in January was 20.2	  and 13.7 µg /m3 while 
BC as 19.5 and 14.5 µg /m3respectively. The EC value 
of Biratnagar is higher than BC value indicating 

consumption of more biomass fuel than fossil fuel. In 
Kathmandu, BC is usually higher. 

Monthly box and whisker plot for the study period 
for the concentrations of EC and BC are given in 
Figures 2 and 3 respectively. The square sign (▫) 
denotes the monthly mean, the horizontal bar 
represents the monthly median and the hatched boxes 
contain 25th to 75th percentile range of values for that 
month. Outliers are shown as asterisk (*) for the month. 
It can be seen that the concentration of EC and BC 
both are higher in the first two months (January 
February) in Biratnagar which are winter. These 
components are higher in Kathmandu in rest of the 
months (March, April and May). Further it can be seen 
that the variability in the concentrations of EC and BC 
both are higher in those months when monthly values 
are higher and low when the values are less. Moreover 
the high concentration of EC and BC in winter months 
are attributed to consumption of high amount of biofuel 
and fossil fuel for the internal heating and other 
activities.  

 
Figure 2: Monthly distributions of EC concentrations as 
displayed in box and whisker plot. 

From the wind rose plot of Biratnagar, Figure 4, it is 
clear that percent of calm wind (less than 0.5m/s) is 
comparatively higher in January and February than the 
rest of the months. In addition, wind is blowing SW, 
WSW during January and February while it is ENE and 
E in March, April and May. The neighboring state Bihar 
in India is also a flat land and consumes huge amount 
of coal for industries and thermal power. 
Transboundary transportation of aerosols is dominating 
in addition to consumption of high amount fuel for 
winter heating. Hence, high concentration of 
carbonaceous aerosols is found in Biratnagar. In the 
case of remaining three preceding months, 
comparatively less amount of fuel is consumed for 
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domestic activity than in winter. In addition wind is 
blowing from ENE and E, of the rural hilly area of 
Nepal. This is one of the causes of flushing of EC and 
BC from the study site towards boundary Indian area 
so the concentration of carbonaceous aerosols is less 
in these months. 

Bowled shaped topography of Kathmandu valley 
has some limitation for the flushing of aerosols from the 
city. The air in Kathmandu in January and February 
becomes dry and cold. Sometimes temperature drops 
even below 0oC. Kathmandu inhabitants are, therefore, 

expected to use more fuel (wood fuel, fuel gas and 
gasoline) than in the rest of the months for space 
heating. This winter activity is also partially responsible 
for the increase of Carbonaceous aerosols EC and BC 
in one hand while on the other, temperature inversion 
and low wind speed are other governing factors in the 
variation of carbonaceous aerosol concentration in 
these months. In rest of the months from March to April 
(premonsoon), temperature of the valley gradually 
increases which reduces the consumption of extra fuel 
for space heating. In addition to this, active wind also 
increases in these months. So carbonaceous aerosols 
concentration gradually decreases. 

The daily average EC and BC in Biratnagar is 
shown in Figure 5. It also shows error bar for each day. 
Variation of EC and BC is very significant in January 
and February and become almost homogenous in the 
rest of the months. Very low values of EC and BC in 
few days of May and April are attributed to significant 
rain recorded in those days. 

Figure 6 represents daily average carbonaceous 
aerosols EC and BC of Kathmandu site with error bar 
for each day. Variations of carbonaceous aerosols are 
comparatively homogenous for the whole period than 
Biratnagar site. The difference is due to topography 
and meteorology of the studied sites. The highest peak 
of EC and BC both were recorded on Shivaratri festival, 

 
Figure 3: Monthly distributions of BC concentrations as 
displayed in box and whisker plot. 

 
Figure 4: Wind rose diagrams for Biratnagar from January-May 2011(a-e). 
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12 February, which is a typical wood burning festival of 
Hindus. This infers the effect of local event in the 
variation of aerosols. 

3.2. Diurnal Variation 

Five minute interval data of aethalometer was used 
for making hourly average. The average hourly EC and 
BC value for each month was plotted and is shown in 
Figure 7 for Biratnagar. A distinct diurnal variation of 
both EC and BC at Biratnagar was observed. Two high 
concentration peaks of carbonaceous aerosols are 
observed one at about 8:00 morning and another at 
about 20:00 late evening local time (local time 5:45 

ahead of UTC). At Biratnagar, evening peaks are 
greater than the morning peak. The amplitude is largest 
in January and gradually decreases until May. Further, 
it has been observed that EC peak in most of the 
observed months at this site are greater than BC peak 
value. These values of carbonaceous aerosols and 
higher peak in the evening than in the morning shows 
that more domestic, industrial and on road activities are 
there in the evening.  

The Figure 8 shows the similar curve for 
Kathmandu as in Figure 7. As in Biratnagar, a distinct 
diurnal variation is observed. Two peaks are observed 
(one in the morning around 09:00 and another in the 

 
Figure 5: Daily average EC and BC concentration from January to May at Biratnagar. 

 

 
Figure 6: Daily average EC and BC concentration from January to May at Kathmandu. 
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evening around 20:00 local time). Contrary to 
Biratnagar, morning peak is greater than evening 
showing pronounced anthropogenic carbonaceous 
aerosols producing activities in the morning than in the 
evening in Kathmandu. 

A comparison of diurnal wind and diurnal 
carbonaceous aerosols of both the sites is shown in 
Figure 9,10 and 11. High concentration of 
carbonaceous aerosols (EC and BC) is observed when 

the wind speed is low. In Biratnagar, the maximum 
wind speed is slightly above 2.5m/s during 10:00 -
13:00 local time where the value of carbonaceous 
aerosols are minimum. This pattern is nearly followed 
in Kathmandu site as well. However, the maximum 
wind speed value is below 2.5m/s. Moreover, the 
minimum EC and BC value is comparatively less than 
in Biratnagar. It can be concluded that irrespective of 
the location of the study site, wind speed and its 
pattern influences the variation in carbonaceous 

 
Figure 7: Diurnal Variations of EC and BC in Biratnagar from January to May. 

 
Figure 8: Diurnal Variations of EC and BC in Kathmandu from January to May. 
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Figure 9: Diurnal variation of Wind speed in Kathmandu and Biratnagar January to May. 

 

 
Figure 10: Diurnal trends of EC in Kathmandu and Biratnagar from January to May. 

aerosols. Interestingly figures also represent that 
evening peak of EC and BC both are higher than 
morning in Biratnagar while it is just opposite in 
Kathmandu. The topography of Kathmandu is totally 
different from that of Biratnagar flat land (Terai). It is 
equally possible that the accumulated carbonaceous 
aerosols of previous day are reflected in next day 
morning due to bowl shaped topography of the valley. 
In contrary to this in flat land Biratnagar same day 

activities of carbon emission is reflected in the evening 
with high peak.  

Total solar radiation in both the sites represent 
similar trend with maximum value within 12:00 to 13:00 
in Biratnagar while in Kathmandu, it is around 12:00 
local time. A distinct diurnal variation of total solar 
radiation as carbonaceous aerosols is observed 
indicating its highest value when aerosols 
concentration is minimum.  
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The total solar radiation of a particular place 
depends on altitude, aerosols and sunshine hours. The 
monthly average solar radiation of Biratnagar for 
January to April was 9.9, 14.6, 18.1, 21.0 MJm-2 
respectively. In the same way, in Kathmandu from 
January to April, it was 13.5, 15.1, 18.6, 20.9 MJm-2. As 
carbonaceous aerosols value in both the study site is 
decreasing from January to April its contribution on 
solar radiation is gradually decreasing. Furthermore, 

except April, the solar radiation values are more in 
Kathmandu than Biratnagar. This is because of location 
of Kathmandu at higher altitude than Biratnagar.  

Monthly box and whisker plot for the study period 
January to May for total solar radiation is given in 
Figures 13. The square sign (▫) denotes the monthly 
mean, the horizontal bar represents the monthly 
median and the hatched boxes contain 25th to 75th 
percentile range of values for that month. Outliers are 

 
Figure 11: Diurnal trends of BC in Kathmandu and Biratnagar January to May. 

 

 
Figure 12: Daily variation of total solar radiation in Kathmandu and Biratnagar (January to April). 
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shown as asterisk (*) for the month. It can be seen from 
the figure that there is gradual increase in the value of 
total solar radiation from January to May in both sites. 
Minimum value (lower outliers) is nearly 2MJ/m2 in the 
cloudy and overcast days. 

3.3. Correlation of Solar Radiation and Wind Speed 
with Carbonaceous Aerosols 

There is a meaningful anti-correlation of solar 
radiation and carbonaceous aerosols (EC or BC) with 
r= - 0.75 for Biratnagar and r=- 0.63 for Kathmandu. 
This particular observation infers that EC and BC both 
existing in the atmosphere play a significant role in the 
reduction of solar radiation. Similarly significant anti-
correlation of EC and wind speed is observed in 
Biratnagar with r=- 0.77. 

3.4. Variation of EC and BC in Working Days and 
Weekend 

On the basis of six working days (Sunday-Friday) 
and a weekend Saturday, EC and BC data for the 

observed period were grouped in seven groups. These 
daily average of seven days are analyzed to find out 
the variation of carbonaceous aerosols in working days 
and weekend. The same type of system was also 
applied for daily solar radiation value to explore its 
variation in working days and weekend. Average Friday 
EC and BC value was the highest on both the sites 
irrespective of the location. This is because of extra 
fuel consuming activities during the start of weekend. 
Weekend value is not the lowest value inferring most of 
the anthropogenic aerosol producing activities remain 
common even at weekend. Pronounced relation of total 
solar radiation and carbonaceous aerosols is not seen 
in this grouped analysis.  

4. CONCLUSIONS 

The monthly average concentration of 
carbonaceous aerosols (EC and BC) represents 
distinct variation in both the sites. Concentration of the 
aerosols gradually decreases from January to May 
irrespective to the study sites.  

 
Figure 13: Monthly distribution of solar radiation as displayed in box and whisker plot. 

 

Table 1: Daily Mean of EC, BC and Solar Radiation on Working Days and Weekend 

Place Component Saturday Sunday Monday Tuesday Wednesday Thursday Friday 

Biratnagar EC µg /m3 10.2 8.8 9.2 11.0 11.1 10.9 11.8 

Biratnagar BC µg /m3 9.8 8.2 8.6 10.0 10.5 10.2 11.6 

Biratnagar Sol rad M J m2 16.2 16.2 14.6 15.6 16.6 15.7 15.9 

Kathmandu EC µg /m3 12.0 11.0 11.3 11.0 10.5 11.1 12.4 

Kathmandu BC µg /m3 12.0 11.4 11.5 11.5 10.7 11.6 12.8 

Kathmandu Sol rad M J m2 16.9 16.7 17.1 16.0 17.7 18.2 16.5 
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Highest concentration of EC and BC are observed 
during January in Biratnagar than in Kathmandu 
showing transboundary aerosols from the neighboring 
industrial state of India, Bihar. 

Monthly average value of EC is higher than BC at 
Biratnagar showing consumption of more biofuels than 
fossil fuel for domestic, industrial and other urban 
activities. Kathmandu shows reverse order which 
suggests the domination of fossil fuel for domestic, 
industrial and other activities. 

Monthly average solar radiation value at both the 
sites show similar pattern with highest value on May 
and lowest on January. In addition to this, the total 
solar radiation value at Kathmandu is slightly more than 
that of Biratnagar because of its higher altitude. 

Diurnal variation of aerosols is very distinct at both 
the sites with two high peaks one at morning about 
9:00 and another about 20:00 late evening local time 
with minimum value in the afternoon. 

At Biratnagar, the evening peak was larger than 
morning while it was just opposite for Kathmandu 
referring more on road and industrial activities at 
evening than morning in the former while it is more in 
the morning in the later. 

Total solar radiation also represents significant 
diurnal variation with peak value from 12-13:00 at both 
the places. Meaningful anti-correlation of carbonaceous 
aerosols (EC BC) with wind speed and solar radiation 
is observed in both the study sites 

Concentration of carbonaceous aerosols analyzed 
for working days and weekend shows maximum values 
on Friday showing extra fuel consuming activities like 
driving, barbeque, etc. on this day than in rest of the 
five days before the weekend.  
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