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Abstract  
 
The present particulate matter (PM) has been studied at semi urban site in Kullu Valley, one of 
the tourist destinations of the state. Degrading air quality is the result of increasing 
anthropogenic activities in Himalayan tourist destinations. Samples of airborne pollution, 
particulate matter (PM) in the <2.5, <10 µm in size and Black carbon (BC) were collected using 
Fine Particulate Sampler, Respirable Dust Sampler and Althelometer during April 2010 to March 
2011.The annual averages for PM2.5, PM10 and BC ranged from 23.5 μgm⁻3, 38.7 μg m⁻3 and 3.7 
μg m⁻3 respectively. The common sources are identified motor vehicles, road dust, biomass 
burning and forest fire at the study site.The Hybrid Single Particle Lagrangian Integrated 
Trajectory (HYSPILT) back trajectory modal and The Cloud-Aerosol Lidar and Infrared Pathfinder 
Satellite Observation (CALIPSO) were used to explore possible long range transport of pollution. 
External sources are responsible for fine particulate pollution, which originated from the Desert 
regions. Local sources wood combustion and motor vehicles contribute to coarse particles. 
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Introduction  
World is facing environmental crisis due to severe air pollution which is a result of rapid 
urbanization and industrialization, an unprecedented surge in automobile sector, bloom in 
population, and economic expansion (Gupta et al. 2007). One of the increasing environmental 
pollution is an aerosol particle which is the focus of increasing attention, due to their important 
role in atmospheric processes, in particular these involved in the Earth’s radiative balance 
(Jayaraman 2001). In the Southeast Asian countries brown cloud extends over a vast region with 
aerosol optical depths of 0.2-0.5 at on 500 nm reducing incoming solar radiation by 15% and 
perhaps influencing the monsoons hydrological cycle (Jayaraman et al. 1998; Ramanathan et al. 
2001). The uncertainty linked to aerosol forcing is a major obstacle to the accurate prediction of 
future anthropogenic-induced climate changes (Forster et al. 2007). Aerosol radiative forcing 
depends either directly or indirectly on several intensive properties of particles, including mass 
concentration, presence of absorbing material in their composition and size distribution. While 
the variability of aerosol mass (PM) concentration is well documented in urban and semi-urban 
areas due to air quality regulations, uneven global and regional coverage of PM observations 
remains a limitation for assessing global aerosol atmospheric loadings and source identification. 
Access to PM information is limited in many parts of the world, especially in remote regions and 
the free troposphere (Laj et al. 2009). Aerosol particles may be transported over long distances 
and reach remote areas, especially in dry climates, because of the slow rate of their removal 
from the atmosphere in the absence of precipitation. Long range transport of aerosol to clean 
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background areas may have a substantial effect on regional climate change, but also on public 
health issues (Chung and Seinfeld 2005; Kanakidou et al. 2005; Sun and Ariya 2006; Ranjan et al. 
2007; Gadhavi and Jayaraman 2010). The Indian subcontinent is a region where atmospheric 
pollution is rapidly on the rise, causing extensive air quality degradation, with local, regional and 
global implications, including an impact on the oxidizing power of the atmosphere. 
(Lelieveld2001).The Indian aerosol consisted of 30–40% combustion derived carbon 
contribution to PM10, and 69% coarse mode contribution in early spring with a suspected crustal 
source (Venkataraman et al. 2002). Atmospheric particulate matter (PM) in the micrometer size 
range with  a  coarse  mode including particles produced by mechanical processes, such as soil 
dust,  cloud  droplets  and  many  biological  particles  (Seinfeld  and Pandis1998)  and  a  fine  
mode  dominated  by  both  primary anthropogenic  pollution  from  combustion  processes  and  
gas–to–particle conversion (Friedlander 2000; Almeida et al. 2005). Black carbon (or light 
absorbing carbon) is one of the primary emissions of diesel and other vehicles particularly when 
they are poorly maintained. There is greatly increased interest in the concentrations of urban 
black carbon (BC) both because of the likelihood of human health effects that are ascribed to 
vehicular emissions and the potential effect of BC on climate (Ramanathan and Carmichael 
2008). 

The present study was initiated in April 2010 to March 2011, keeping in view the 
increasing pressure of tourists and related activities in the northwestern Himalayan ecosystem 
and to formulate a sustainable tourism plan at the level of policy maker. The study area namely 
the Kullu valley is an important tourist destination in the western Himalaya. The valley has 
experienced tremendous growth in tourism over the last decade. Currently, Kullu-Manali tourist 
complex hosts ~100 thousands of tourists per annum (Kuniyal et al. 2003). High numbers of 
tourist vehicles in summer and biomass burning in winter have primarily influenced the level of 
air pollutants. As a combined impact of these activities, air pollution increases continuously and 
raises the concentration of fine particles (Gajananda et al. 2005). 
 
Area Studied  
The present experimental site, Mohal (31.9: N, 77.12: E, 1154 m amsl), is located in the Kullu 
valley of the northwestern part of the Indian Himalaya (Fig. 1). The famous River Beas flows in 
the middle of Kullu valley. The Kullu valley, extending up to 80 km long from south to north and 
is 2 km wide, begins from Larji (957 m amsl) in the lower Beas basin and stretches up to the 
Rohtang Crest (4,038 m amsl) in the upper Beas basin (Kuniyal et al.2009). The Mohal is a gentle 
flat region lying in the middle of the Kullu valley, which is surrounded by mountains of 
considerable height in the range 3,000–5,000 m. The lower part of the Kullu valley starting from 
Aut in the south to Katrain in the north falls under the rain shadow zone and receives snowfall 
in winter on adjoining hills (Sharma et al. 2009). However, the observation site remains far away 
from the snow line. Due to rapidly growing urbanisation in the recent years, the surrounding 
environment in the immediate vicinity of the experimental site is dominated by tourism and 
agri-horticultural activities (Kuniyal et al. 2007) and is characterised with semi-urban settlement 
(by converting arable land into house constructions for dwelling) (Kuniyal et al. 2007).  
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Fig. 1 Study site: a) location and b) its topographical feature in Kullu Valley (Source: 
earthgoogle.com) 
 
Materials and Methods 
Ground based data  
Fine Particulate Sampler 
The APM 550 fine particulate sampler uses a set of impactors standardized to separate coarse 
particles from the air stream. An omni-directional air inlet, impactor for particles larger than 10 
microns and a PM 2.5 impactor separated by a length of tube. The air inlet has a circular 
symmetry so that air entry is unaffected by wind direction and is designed to keep out rain, 
insects and very large particles. The inlet section immediately leads to an impactor stage 
designed to tarp particles with an aerodynamic diameter larger than 10 microns. Thus, the air 
stream in the down tube consists of only medium and fine particulates. The streamlined air flow 
of the down tube is accelerated through the nozzle of the well-shaped (WINS) impactor 
designed to trap medium size particles with an aerodynamic diameter between 2.5 and 10 
microns. To avoid sampling errors due to the tendency of small particles to bounce off the 
impaction surface a 47 mm diameter GF/A paper immersed in silicone oil is used as an 
impaction surface. The air stream leaving the WINS impactor consists of only fine particles are 
collected on a glass micro fibre filter of 47mm diameter. In order to aid the rapid deployment of 
PM2.5 samplers, US EPA has size specified the designs of the inlet stage and impactores and 
published it for wide circulation. The inlet section and impactor stages used in the Environtech 
APM 550 fine sampler closely follow these specifications. The impactor system is designed to 
operate at an airflow rate of 1 m³/h or 16.7 LPM. EPA has recommended that this sampling rate 
be held constant to within ± 5% by using a critical orifice or other flow control device. The APM 
550 system uses oil-less rotary pump to produce the suction pressure and a critical flow control 
orifice for maintain a constant sampling rate. A dry gas-meter has been provided to measure 
and totalize the volume of air sampled by the system at actual ambient temperature and 
pressure. The mass concentration of PM2.5 fine particles in air is computed as the total mass of 
collected particles divided by the volume of air sampled and is expressed in micrograms per 
cubic meter of air. The lower detection limit of the mass concentration measurement range is 
estimated to be approximately 2 µgm³. However, it should be realized that this limit is strongly 
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dependant on the quality and precision of the balance used for estimating the mass of particles 
collected on the membrane filter. The upper limit of the mass concentration range is 
determined by the filter mass loading beyond which the sampler cannot maintain the operating 
flow rate due to increased pressure drop across the filter. This upper limit is a complex function 
of particles size distribution, humidity and the type of filter used. Nevertheless, the APM 550 
fine particles sampler is usually able to maintain flow in PM2.5 particles concentrations upto 200 
µg m³ (Anonymous 2005). 
Respirable Dust Sampler  
The respirable dust standard adopted by the Central Pollution Control Board recommends a 10 
micron cutoff size for respirable dust measurements. However, it should be remembered, that 
such size limits can be laid only for particulates with uniform specific gravity and shape and 
usually refer to a normalized situation of spherical particles with a specific gravity of one. 
Ambient air on the other hand contains a complex mixture of a variety of particles of different 
materials having various densities and random shapes. Moreover, the respirable tract like any 
other impaction centrifugal separation system retains particulates with varying densities at 
different levels. This implies that even relatively finer dust particles of materials having a higher 
specific gravity are likely to be retained in the upper respiratory tract while larger particulates of 
lighter materials are likely to pass deeper into the respiratory system. The cyclone of the APM 
460 NL respirable dust sampler has been designed to provide a cutoff at 10 microns for 
particulates commonly found in the urban environment. The APM 460 NL respirable dust 
sampler is based on orifice flow metering system. The orifice plate is built into the body of the 
filter adaptor assembly and there are no joints or leakage paths between the orifice plate and 
the filter. The pressure drop across the orifice is measured by a manometer in which the scale is 
calibrated in units of flow (m³ /min) (Anonymous 2002). 
Aethalometer 
The Aethalometer is to measure the attenuation of a beam of light transmitted through a filter, 
while the filter is continuously collecting an aerosol sample. This measurement is made at 
successive regular intervals of a timebase periods. By using the appropriate value the specific 
attenuation of a particular combination of filter and optical components, it can determine the 
black carbon content of the aerosol deposit at each measurements time. The increase in optical 
attenuation from one period to the next is due to the increment of aerosol black carbon 
collected from the air stream during the period. Dividing this increment by the volume of air 
sampled during the time, it calculates the mean BC concentration in the sampled air stream 
during the period. If the timebase is short compared to the time scale of other variations in the 
air mass under study, the measurements appear to be continuous. If the mean concentration 
does not vary greatly from one measurement period to the next, it may assert that the period 
average is a reasonable representation of the time behaviour of actual BC concentration 
(Hansen 2005). 
Back Trajectory  
The pollutants being contributed from external sources are best examined by drawing five day 
back trajectories using Hybrid Single Particle Lagrangian Integrated Trajectory (HYS- PLIT) model 
in terms of their transport (Draxler and Rolph2010). The trajectories are calculated for 0600 UTC 
at three arrival heights: 1000m, 2000 m and 2500m above ground level (AGL). The selection of 
2500m as the lowest level is selected keeping in mind the highest peaks around the study site 
topography for free air pass from external sources and boundary layer over the station. The 
present experimental site Mohal is surrounded by hills with 3000 to 5000 m mountain tops 
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(Sharma et al. 2009; Guleria et al. 2011) and thus lower trajectories below 2500 m when 
calculated will significantly be influenced by the valley topography.  
CALIPSO 
Cloud Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) is a part of the A-
Train constellation of satellites and have been making global measurement of aerosols and 
clouds since 13 June 2006. The main objective of CALIPSO is to study the impact of clouds and 
aerosols on the earth’s radiation budget and climate. Unlike the space-based passive remote-
sensing instruments, CALIPSO can observe aerosols over bright surfaces and beneath thin 
clouds, as well as with clear sky conditions (Huang et al. 2008). Using depolarisation techniques, 
CALIPSO can easily distinguish dust from other types of aerosols (Liu et al. 2008). The CALIPSO 
satellite comprises three instruments: the Cloud–Aerosol Lidar with Orthogonal Polarization 
(CALIOP), the Imaging Infrared Radiometer (IIR) and the Wide Field Camera (WFC). CALIPSO 
Lidar is designed to acquire vertical profiles of elastic backscatter at two wavelengths (532 and 
1,064 nm) from a near-nadir viewing geometry during both day and night phases of the sun-
synchronous orbit. CALIPSO has a 98: inclination orbit and flies at an altitude of 705 km, 
providing daily global maps of the vertical distribution of aerosols and clouds. The CALIPSO Lidar 
Level 1 (version 3.01) consisting of optical and physical properties of the detected aerosol layers 
is used in the present study. For more detail, see Powell et al. (2009). 
Results and Discussions 
Here, the climate is characterized by low temperatures, medium humidity in most of the year 
and distinctly marked seasonal variations in precipitation. According to meteorological 
conditions, the year can be divided into four seasons: pre-monsoon (April-June), monsoon 
(July–September), post-monsoon (October–November), and winter (December–March) (Guleria 
et al. 2011). Winter season is characterized by dry soil conditions, low relative humidity, scanty 
and low rainfall from the northwesterly prevailing winds. The rainfall and wind speed become 
moderately strong and relative humidity increases in the pre-monsoon season when prevailing 
southwesterly (marine) winds prevail in the Indian sub-continental. During monsoon season, 
the wind speed further increases and the air mass is purely marine in nature. In the post-
monsoon season, the rainfall and relative humidity decreases, so as the wind speed. The 
direction starts shifting back northeasterly. The meteorological data used in this study were 
obtained from a local meteorological station located at the campus of G.B. Pant Institute of 
Himalayan Environment and Development Himachal Unit MohalKullu (H.P.) India. 
Particulate matter and black carbon concentrations ratio 
There is a pattern of increasing particulate mass present due to the various human activities in 
the Kullu valley of Himachal Pradesh during April 2010 to March 2011. The anthropogenic 
activities such as increasing vehicular traffic due to increased tourism activities, biomass 
burning, forest fires (ignited by wrong notion of local habitat, that it will produce rain and 
growth of animal grass for fodder) and fuel wood burning for cooking and heating are the 
causes of concern for this so called zero pollutant level background region (Sharma at el. 
2011a). The particles of various sizes are generated by different sources in the atmosphere and 
there is also aon going rapid process of recombination, nucleation etc., in the atmosphere. The 
particles of size >2.5 μm are called coarse particles which are mostly generated by dust resulting 
from excavation, blowing wind, etc. (Satheesh et al. 2006). These particles of size >2.5 μm are 
generally removed by upper respiratory tract (Hansen et al. 1984; Schwartz et al. 1999) and are 
not much harmful to the health. They are, therefore, also called respirable suspended 
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particulate matter (RSPM). The suspended particles of size <2.5 μm are called fine particles 
(Sharma et al. 2011a). 

The mean values of mass concentrations for PM10, PM2.5 and BC in the samples collected 
from the sites are given in (Table 1). The monthly average values for PM10, PM2.5, and BC mass 
concentrations are also presented in Table along with the average ratio of PM2.5/PM10 and 
BC/PM2.5. It can be seen that the mean values are much higher than the 2006 USEPA standards 
as well as the Indian national air quality standard for PM2.5. The PM10 mass concentrations are 
also much higher than the WHO annual average guideline value of 20 μgm⁻3 and 24h⁻1 mean of 
50 μgm⁻3. 
Table 1 Mass concentration (μg m⁻³) of particulate matter and PM2.5/PM10and BC/ PM2.5 ratio 
during the sampling period at the study site 

Month-Year PM10 PM2.5 BC PM2.5/ PM10 BC/ PM2.5 

Apr-10 54.7 25.3 3.4 0.5 0.1 
May-10 44.0 21.7 3.5 0.5 0.2 
June-10 37.7 14.7 3.3 0.4 0.2 
Jul-10 31.7 19.3 3.9 0.6 0.2 

Aug-10 19.7 14.0 4.2 0.7 0.3 
Sept-10 19.2 15.7 4.1 0.8 0.3 
Oct-10 29.6 22.9 3.9 0.8 0.2 
Nov-10 28.0 25.3 5.0 0.9 0.2 
Dec-10 57.3 41.1 6.0 0.7 0.1 
Jan-11 55.4 39.0 4.9 0.7 0.1 
Feb-11 45.2 22.6 2.6 0.5 0.1 
Mar-11 30.9 14.8 1.7 0.5 0.1 

 
Variation in particulate pollutants 
Variation in particulate pollutants in the Kullu valley entirely is influenced by local as well 
external activities. The main sources of particulate matter are from combustion process such as 
use of vehicles, coal burning for power, high industrial processes and various transformation 
products from primary sulphur and nitrogen oxide emissions (Laden et al. 2000). Particulate 
pollutant is generally made up of combustion related particles (both primary and secondary), 
comprising of sulphates, nitrates and secondary organic PM (Hoa et al. 2003; Louie et al. 2005; 
Qin et al. 1997). Fine particles are more spread and are transported over larger distances (Louie 
et al. 2005). In the present study site, local sources contributing to the existing particulate, 
external sources are identified in terms of their transport. (Guleria et al. 2011) noticed that in all 
seasons at study site south-west-north winds remained dominant. 
Seasonal variation in particulate matter  
Seasonally, annual highest mean of PM10 is calculated in winter season (47.2 µg m⁻³) followed 
by pre-monsoon (42 µg m⁻³) and post-monsoon (28.8 µg m⁻³) but lowest is observed in 
monsoon season (19.4 µg m⁻³) (Fig 2a).  Temperature inversions in winter show influence on 
particulate concentrations at mountain valley (Hyenet et al. 2002). The particulates are directly 
emitted into the atmosphere though natural and manmade (anthropogenic) processes including 
transportation, fuel combustion in stationary sources, industrial processes, land cleaning, wild 
fires and solid waste disposal (Vekeva et al. 1999; Mazzera et al. 2001; Querol et al. 2001; 
Adarchi and Tainosho 2004; Viana et al. 2006).Mean PM2.5 is observed highest in winter season 
(29.4 ± 4 µg m⁻³) followed by post-monsoon (24.1 ± 2 µg m⁻³), pre-monsoon (20.2 ± 4 µg m⁻³) 
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while the lowest is observed in monsoon season (14.9 ± 2 µg m⁻³). Black carbon plays an 
important role in the earth’s climate system. Black carbon particles suspended in the 
atmosphere could result in very complex radiative effects by acting as the light absorber 
(Jacobson 2004). It is a good indicator of primary anthropogenic air pollutants because of its 
longer lifetime (~1 week) in the atmosphere (Andreae 2001).Typically, more than 90% of BC is 
present in the PM2.5 (particles with an aerodynamic diameter less than or equal to 2.5 μm) size 
fraction (Viidanoja et al. 2002).Wintertime black carbon emissions in the northern mid-latitudes 
are pre-dominantly emitted from incomplete fossil fuel combustion(Huang et al. 2010). Table 2 
is showing seasonal concentration with different meteorological and vehicular parameters. It is 
made clear that the winter season observed high pollution season with low temperature and 
rainfall.  
Table 2 Seasonal particulate pollutant concentrations different meteorological parameters and 
vehicular influx during seasons of year  

Seasons 
PM10 

(µg m⁻³) 
PM2.5 

(µg m⁻³) 
BC 

(µg m⁻³) 
Tema 
(:C) 

Humb 
(%) 

WSc 
(Km-h) 

Rainfall 
(mm) 

Vehicles 
(Numbers) 

Pre Monsoon  
(April –July) 

42.0 20.2 3.6 22.1 61.8 0.8 378.0 2916 

Monsoon 
(August- September) 

19.4 14.9 4.2 22.1 72.9 1.6 285.2 1732 

Post Monsoon 
(October-November) 

28.8 24.1 4.5 15.3 66.0 1.1 19.3 2552 

Winter  
(December-March) 

47.2 29.4 3.8 10.3 60.1 1.0 3.5 2121 

aTemperature, bHumidity, cWind speed 
 
Monthly variation in particulate matter 
Monthly PM10 is observed highest 57.3 µg m⁻³ in December 2010 followed by 55.4 µg m⁻³ in 
January 2011. Lowest PM10is observed 19.2 µg m⁻³ in July 2010 followed by 19.7 µg m⁻³ in 
August 2010.While monthly highest PM2.5 is observed 41.1 µg m⁻³ in December 2010 followed 
by 39.0 µg m⁻³ in January 2011. It is due to winter fuel wood combustion in mountain regions 
(Guleria et al. 2011). Lowest concentration of fine particles is observed 14.0 µg m⁻³ in August 
2010 due to rain in monsoon season and its washout effects (Sharma et al. 2011a). Black carbon 
is found to be highest 6.0 µg m⁻³ in the month of December 2010 followed by 5.0 µg m⁻³ in 
November 2010. Lowest monthly BC is observed 1.7 µg m⁻³ in March 2011 (Fig. 2b). Weather 
conditions in the month of December show the low temperature (8.2: C) dry weather without 
rain but highest concentration of PM10 and BC. Humidity and wind speed is observed 56.7% and 
1.5 km h⁻1 in December month. Lowest concentration of PM10 and BC is observed in different 
month which shows the highest temperature and humidity. PM10is lowest 19.2 µg m⁻³ in the 
month of July 2010 and same month temperature is observed 24.4: C, while humidity is 
observed 80.3 % and wind speed is observed low as 0.6 kmh⁻1. BC is observed as low as 1.7 µg 
m⁻³ in the month of March 2011, temperature is observed 14.8: C, humidity is observed 56.1% 
and wind speed is observed 0.9 kmh⁻1. 
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Fig. 2 Concentration of particulate pollutants: a) seasonal pattern of particulate pollutants, and 
b) monthly concentration of particulate pollutants  
 
Daily variation in particulate matter 
Daily average of PM10it was observed 138.3 µg m⁻³ as highest on January 7, 2011 followed by 
118.9 µg m⁻³ on April 2, 2010 (Fig. 3 a). It is observed that PM10 has crossed the 24 hour 
permissible limit which is set by Central Pollution Control Board (2009). During high PM10 
concentration day, weather condition of the study site showed the low temperature 8.4: C, 
humidity 62.3% and wind speed 0.5 km h⁻1. The plying vehicles on this day were 2,231 which 
were high as compare to annual average (678 vehicles per day). High particulate concentration 
is therefore also linked to high daily vehicular traffic. From morning till evening, there is 
continuous flow of tourists and local traffic and as a result particulate concentration jumps 
upduring traffic rush hours. The rise in particulate concentration is to increased vehicular traffic 
and low height of inversion layer (Sharma et al. 2011a). Lowest concentration is observed 10.8 
µg m⁻³ on August 04, 2010 due to rainy season (Sharma et al. 2011b). In case of PM2.5 during 
April 2010 to March 2011 is observed 21.2 µg m⁻³. While, highest daily average of fine 
particulate pollutant is observed 76.1 µg m⁻³ on September 01, 2010 followed by 71.1 µg m⁻³ on 
January 29, 2011 (Fig. 3 b).While the permissible limit is 60 µg m⁻³ for 24 hour, has crossed by 
fine particulate pollutant. The air parcels reached on 01 September over Mohal which were 
originated from the Sahara Desert and passed through the Libyan and the Syrian Deserts. Due 
to westerly flow, these air parcels passed through Afghanistan and played a major role in 
building up the of aerosol layer over Afghanistan (Guleria et al. 2011). The nearest CALIPSO pass 
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was available on 27 August 2010 in the day time, transecting across Afghanistan. Figure 4 a & b 
is the CALIPSO-derived image, taken on 01 September 2010 covering the western Afghanistan 
region, depicting a vertically extended dust aerosol layer up to 5 km. The higher depolarisation 
ratio (i.e. 0.4) profile derived from the Cloud-Aerosol Lidar with Orthogonal 
Polarization(CALIOP) backscatter measurements indicates that the desert dust lifting is 
associated with the near-surface aerosols. This aerosol transport has enhanced the dust aerosol 
loading on 27 August, 2010 over Mohal. The air parcels reached on 01 September, 2010 over 
Mohal originated from the Sahara Desert (plot at 1000 m, 1500 m and 2000 m). At the same 
time, air parcels also passed through this region, which proves that transported dust reached to 
the present study region. In order to investigate the cause of high fine particles loading on 1 
September, 2010 over Mohal, it came to our knowledge that, on 1 September, 2010 the entire 
trajectories reached at Mohal through Afghanistan. The Himalayan mountain receive most of 
their black carbon amount from the South Asian plains, but they occasionally get black carbon 
from as far away as Africa (from biomass burning) and the Middle East fires of burning fossil fuel 
(Panday2011). In the present study area,BC is found highest 9.8 µg m⁻³ on January 13, 2011 
followed by 8.9 µg m⁻³ on May 05, 2011 (Fig. 3 c). Meteorological factors, such as wind direction 
and ambient humidity have contributed to the apparent smearing of the wood combustion and 
motor vehicle sources in this study. The most important BC source is biomass burning (Penner 
et al. 1993; Cooke and Wilson 1996). It strongly absorbs light, thereby degrading visibility 
(Watson 2002). Weather parameters on high BC concentration show the 8.4: C temperature, 
60.8% humidity, 0.6 km-h wind speed and 2,374 plying vehicles per day. (Ramachandran and 
Rajesh 2007) reported a negative relation between BC and wing speed. This is consistent with 
important contributions from locally-generated BC which can accumulate under low wind speed 
conditions. (Reddy and Venkataraman 1999) suggest that BC residence times very as a function 
of precipitation from roughly 7 to 10 days during dry conditions to about 5 a days or less during 
wet period its lowest is observed 1.2 µg m⁻³ on February 2, 2011. 
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Fig. 3 Daily concentration of particulate pollutants during April 2010 to March 2011: a) daily 
pattern of PM10 b) daily pattern of PM2.5 and c) daily pattern of BC 
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Fig. 4 Cloud Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO)-derived 
image Lidar Level 1 (version 3.01) identifying the desert dust along the overpass trajectory. 
Typical examples to investigate the influence of long-range transport from different source 
origins to the Mohal during the high pollution day (01 September 2010) 
 
Conclusions 

1. Mean values of particulate pollutants are much higher than the Indian national air quality 
standard (CPCB 2009) for PM2.5 and PM10 mass concentrations. 

2. Winter season observes high pollution season with low temperature and rainfall. Temperature 
inversions in winter showed influence on particulate concentrations at the Kullu valley. 

3. Low temperature, humidity and wind speed positivity favour the high particulate pollution in 
the month of December in study site. These meteorological parameters have played an 
important role in effecting dispersion of locally generated pollutants due to vehicular emission 
and biomass burning.  

4. Also, fine particulate pollution reaches over Mohal from external sources, which originated 
from the Desert regions. Vertically extension layer of dust is found up to 5 Km. 

5. Meteorological factors, wood combustion and motor vehicles is the main local sources for 
coarse particles in the study area. 
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