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Abstract 
The incomplete combustion of carbonaceous fuels generates the Black carbon aerosol particle, which 

concentration has measured by using the Aethalometer (AE-31 model) at high altitude region, Ooty. This 

study has analyzed the diurnal and monthly variation of Delta-C values for the Winter 2021. The average 

Delta-C value for the January, February was 0.003 and 0.04, respectively that indicates the relative 

dominance of wood burning smoke particles. In January the Delta-C values were shows negative during 

the early morning (03:00 LT), morning hours (06:00 to 08:00 LT) and afternoon hours (13:00 to 15:00 

LT). The positive values indicate that the presence of wood burn smoke, during February the most of the 

diurnal hours shows positive value except the morning hour (06:00 LT) and afternoon hour (13:00 LT). 

The results show that the wood burning smoke dominated diurnally over the Winter. The aromatic 

organic compounds, smoke and Fossil fuel & Biomass burning based particles were contributing at equal 

percentage (20%) over the study period. The contribution of Hematite mineral dust was 21% during the 

entire Winter. 
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1. Introduction 

Aerosols are ubiquitous airborne particles generated from both the natural and anthropogenic 

events (Tiwari et al. 2014) [8]. Black carbon (BC) (also known as soot) was emitted from the 

vehicular exhaust, biomass burning, and industrial emissions (Ramachandran and Rajesh, 

2017) [6]. The Delta-C calculated from the Aethalometer derived concentration has been noted 

as an indicator for wood burning particles over the other sources of particles contribution to 

the aerosols (Wang et al., 2011). Different source coating over the aerosols results in 

absorption of different wavelength (Bond and Bergstrom, 2006) [1]. The organic aerosol 

species strongly absorbs the UV wavelength, hematite mineral dust (form of iron oxides) 

absorb visible light at wavelengths < 600 nm (Yang et al., 2009) [9]. In this paper we present 

the results for the Delta-C over a high-altitude region over the period of Winter (January to 

February 2021) and their diurnal and monthly variability, and contribution of different sources 

for the aerosol concentration over the study period. 

 

2. Materials and Methods 

2.1.1. Site description 

The study site “Ooty” was located at 2520 m AMSL (11.42 ⁰N, 76.72 ⁰E) near to the 

Doddabetta peak belongs to the Western Ghats (Fig.1). This site has been undisturbed by the 

human activities, attributed with dense tropical forest, grasslands, plantations and mountain 

coverage.  
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Fig 1: Study site located at Latitude - 11.42⁰N, Longitude - 76.72⁰E, Altitude 2520 AMSL 

 

2.2. Instrumental Measurement 

Seven-Channel Aethalometer (AE-31 Magee Scientific 

Model) was measures the Black Carbon mass concentrations 

at the interval of five minutes with the flow rate of 4 LPM. 

Aethalometer measures the optical attenuation at seven 

different wavelengths i.e., 370, 470, 520, 590, 660, 880 and 

950 nm. The light absorption measured at 880nm wavelength 

represents the BC concentration (Kowsalya et al., 2020). The 

BC concentration is measured by the variation of optical 

transmittance and the optical attenuation of the beam that has 

been transmitted through the particles deposited quartz filter 

paper (Hansen, 2005) [3].  

The BC concentration ([BC]measured) measured by 

Aethalometer is calculated based upon the standard mass flow 

rate, the actual/corrected BC concentration ([BC]true) 

calculated by; 

 

BCtrue = BCmeasured [
P0T

PT0
]
−1

 

 

Where 

BCmeasured - Raw mass concentration of measured BC at 

ambient condition 

P0 and T0 - Standard pressure and Temperature  

P and T - Ambient pressure and temperature 

 

The calculation of Delta-C noted as an indicator of wood 

burning particles, but it does not denote the direct quantitative 

measurement (Rajeshkumar et al., 2019) [5]. 

 

Delta C = BC(370nm) - BC(880nm)  

 

3. Results and Discussion 

3.1. Diurnal variations of Delta-C 

The Delta-C values shows a significant variation over the 
time period (Fig. 2). During the January the Delta-C values 
were shows negative during the early morning (03:00 LT), 
morning hours (06:00 to 08:00 LT) when the rise of sun and 
gradual increase in temperature and afternoon hours (13:00 to 
15:00 LT) when the temperature is very high. The positive 
values indicate that the presence of wood burn smoke. 
Whereas, during the February the most of the diurnal hours 
shows positive value except the morning hour (06:00 LT) and 
afternoon hour (13:00 LT). This indicates the wood burning 
smoke dominated diurnally over the February month. The 
negative values indicate the no effect of wood burning and it 
also might due to desorption of UV absorbing semi-volatile 
organic species from the filter between consecutive samples. 
During the morning hours and noon hours associated with the 
increasing temperature leads to the widening of atmospheric 
boundary layer which allows more loading of pollutants. 
Hence the concentration and Delta-C value shows higher 
during those hours. After the sunset the surface inversion 
layer has form and trap the carbonaceous pollutants that was 
reason for the positive Delta-C values during the evening 
hours. This finding was similar to the results of Rajeshkumar 
et al. (2019) [5] and Wang et al. (2011). 
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Fig 2: Diurnal variation of Delta-C during Winter-2021 

 

3.2. Monthly Variation of Delta-C 

During the entire winter season, the January and February 

noted 13 days of negative Delta-C values. The values vary 

with each month (Fig. 3). The negative values during the 

January and February shows the relative dominance of other 

organic species and fossil fuel burned particles. The values 

are also higher than the February Delta-C values. The Delta-C 

values during January are found to be negative in day and 

night hours indicating the dominance of fossil fuel-based BC, 

while during February, positive Delta-C during day and night 

time corresponded with an increase in anthropogenic 

activities and residential wood burning emissions. The mean 

Delta-C value for the January was 0.003, for the February was 

0.04 that indicates the relative dominance of wood burning 

smoke particles during the February than the January. 

Collectively, the winter season attributed with the wood 

burning particles. This result was similar with the findings of 

Sarkar et al. (2015) [7] and Gupta et al. (2017) [2]. 

 

 
 

Fig 3: Monthly variation of Delta-C 
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3.3. Contribution of different sources to Aerosol  

The sources like tobacco smoke, hematite mineral dusts and 

inorganic fossil fuels are recorded at different wavelengths 

590, 660nm and 950 nm, respectively using the Aethalometer. 

These are the several sources other than fossil fuel and 

biomass burning which has contributed to the total BC 

concentration. The wavelengths-based source apportionment 

has been taken into the account as mentioned in the 

Aethalometer manual (Hansen, 2005) [3]. The percentage 

distribution of BC from different sources during January and 

February 2021 were noted separately (Fig. 4a & b) and 

considered for entire season collectively. The aromatic 

organic compounds, smoke and Fossil fuel & Biomass 

burning based particles were contributing at equal percentage 

(20%) over the study period. Notably, the contribution 

Hematite mineral dust was higher than the other sources with 

21%. This result was in contrast the findings of Rajeshkumar 

et al. (2019) [5] in Madurai where the Smoke dominated the 

other sources of aerosols. 

 

 
A.  

 

 
B. 

 

Fig 4: Contribution of different sources to Aerosols a) January 2021 

b) February 2021 

 

4. Conclusion 

The present study addresses the diurnal and monthly variation 

of the Delta-C values during the entire winter season and the 

percentage distribution of different sources of aerosols at the 

high-altitude region, Ooty. The results of this study are; 

 The mean Delta-C value for the January - 0.003, 

February - 0.04 that indicates the relative dominance of 

wood burning smoke particles during the February. 

 The winter season attributed with the wood burning 

particles. 

 The aromatic organic compounds, smoke and Fossil fuel 

& Biomass burning based particles were contributing at 

equal percentage (20%) over the study period. 

 The contribution of Hematite mineral dust was 21% 

during the entire Winter. 

 

5. Acknowledgement 

This study was carried out under the Aerosol Radiative 

Forcing over India (ARFI) project of the Indian Space 

Research Organization – Geosphere and Biosphere 

Programme (ISRO-GBP) funded by Space Physics 

Laboratory, Vikram Sarabhai Space Centre (VSSC). The 

authors are grateful to the Indian Space Research 

Organization (ISRO) to the opportunity of working as a part 

of their research project, and for their assistance in terms of 

providing fund and support for this research. 

 

6. Reference 

1. Bond TC and Bergstrom RW. Light absorption by 

carbonaceous particles: An investigative review. Aerosol 

Science and Technology. 2006;40(1):27-67. 

2. Gupta P, Singh SP, Jangid A, Kumar R. Characterization 

of Black Carbon in the Ambient Air of Agra, India: 

Seasonal Variation and Meteorological Influence. 

Advances in Atmospheric sciences. 2017;34:1082-1094. 

3. Hansen ADA. The aethalometer. Magee Scientific 

Company, Berkeley, California, USA 2005.  

4. Kowsalya M, Sebastian SP, Jayabalakrishnan RM. 

Aerosol Black Carbon Measurement at High Altitude 

Western Ghats Location of Ooty, Tamil 

Nadu. International Journal of Environment and Climate 

Change. 2020;10(12):390-396. 

5. Rajeshkumar RM, Vijay Bhaskar B, Muthuchelian K. 

Characteristics of Black Carbon Aerosol at an 

Educational Site in Southern India. Environment Asia. 

2019;12(1):108-119. 

6. Ramachandran S, Rajesh TA. Characteristics and source 

apportionment of black carbon aerosols over an urban 

site. Environmental Science and Pollution Research. 

2017; 24(9):8411-8424. 

7. Sarkar C, Chatterjee A, Singh AK, Ghosh SK, Raha S. 

Characterization of black carbon aerosols over 

Darjeeling-A high altitude Himalayan station in eastern 

India. Aerosol and Air Quality 

Research. 2015;15(2):465-478. 

8. Tiwari S, Pipal AS, Srivastava AK, Bisht DS, Pandithurai 

G. Determination of wood burning and fossil fuel 

contribution of black carbon at Delhi, India using aerosol 

light absorption technique. Environmental Science and 

Pollution Research. 2014;22(4):2846-2855. 

9. Yang M, Howell SG, Zhuang J, Huebert BJ. Attribution 

of aerosol light absorption to black carbon, brown 

carbon, and dust in China – interpretations of 

atmospheric measurements during EAST-ATRE. At-

mospheric Chemistry and Physics. 2009;9(6):2035-2050. 

 

 

http://www.thepharmajournal.com/

