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Abstract 

The transport of aerosols from biomass burning was studied 
using a MOUDI impactor to collect atmospheric particles 
differentiated by size. Particles collected were less than 10 
microns in cut-off diameter. Samples were taken at the source 
and at the Chacaltaya Mountain research station during seasons 
of influence and non-influence of plumes from the Amazon 
region. A marker of biomass burning such as K was identified in 
particles sampled under pollutant plumes. Back trajectory 
models were run to estimate air mass transport from the 
Amazon to the sampling site. We concluded that there is 
evidence of aerosol transport from biomass burning and that this 
transport influences local atmospheric radiative effects which 
might affect glacier retreat in the tropical Andes. 
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Introduction 

 Absorbing aerosols contribute to changes in 
optical properties of snow and ice by changing 
their albedo.  



Introduction 

 Recent studies (Lau et al., 2010) suggest that at 
least part of the observed warming in the 
Himalayas could be due to aerosols transported 
from sources located far from the region.  



Glacier retreat in the Andean region 

(Vuille et al., 2008) 
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Temperature trends 

 Temperature trends in the region (~0.10º 
C/decade), however, do not seem to account for 
the rapid retreat of the last two decades 

Earth Observatory 2011 with data from Hadley Centre  
(Vuille et al., 2008) 
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Smoke transport over the Andes 

 Smoke transport over the Bolivian Andes has 
been observed during the dry season (typically 
July to September) 



Smoke transport over the Andes, 
Apolobamba 

(Tarquino-PMI, 2010-2011) 



Smoke transport to La Paz 
23 de julio, 2006 

From MODIS on-board of Terra 

Evidence of aerosol transport to 
the city of La Paz 



Goals of this study 

 To characterize the aerosol particles arriving to 
Chacaltaya.  



Smoke over  
Bolivia 

 

From MODIS on-board of Terra 

August 19, 2010 



Smoke transported to the Altiplano 

August 19, 2010 



Measurements in 2010 



16 km 

Sampling sites 

Chacaltaya 

Cota-Cota 



Satellite imagery 

23-Sep 29-Sep 



Measurements in Chacaltaya 
(5200 masl) 



Measurements at the LFA 
(3400 masl) 



Going near the source… 



Santa Cruz 
A lot of smoke… 



Sta. Cruz - 2 

… and a lot of dust too. 



Sept. 10, 2010 

MODIS on board Terra 





San Javier 



Mass measurements 

Site Period 
(2010) 

Conditions Sampling 
Time 

PM2.5 
(µg/m3) 

PM10 
(µg/m3) 

Chacaltaya June Clean 5d,3h,50m 6.6±0.1 19.2±0.2 

Chacaltaya August Smoky 4d,3h,30m 9.4±0.1 16.3±0.1 

San Javier September Smoky 5h,10m 58±1 72±1 



Backtrajectories 

Clean conditions Smoky conditions 



Images with an electronic microscope 

Stage 8 (0.18 µm)  

Chacaltaya, smoky conditions (August) 



Analysis of grids 

Element Element    Wt.%
 Line    Wt.%  Error
C K   56.70 +/-0.66
O K   28.49 +/-1.99
Si K    5.56 +/-0.18
Cu K    5.41 +/-0.05
Mo L    3.32 +/-0.22
Rh L    0.49 +/-0.12
Fe K    0.03 +/-0.01

Clean conditions 

Element Element    Wt.%
 Line    Wt.%  Error
C K   55.31 +/-0.67
O K   39.02 +/-1.67
Si K    2.11 +/-0.13
Cu K    3.29 +/-0.03
S K    0.20 +/-0.03
K K    0.07 +/-0.01

Smoky conditions 



Analysis of 
grids 

Etapa 8 (0.18 µm)
Elemento/lugar Chac_SI Chac_CI San Javier Buena Vista Blanco
Ti 0 0 0 0 0
Ca 0 0 0 0 0
Si 2 2 1 3 2
Mg 0 0 0 0 0
P 0 0 0 0 0
K 0 3 2.5 2.5 0
Na 0 0 0 0 0

Etapa 7 (0.32 µm)
Elemento/lugar Chac_SI Chac_CI San Javier Buena Vista Blanco
Ti 0 0 0 1 0
Ca 0 0 0 0 0
Si 2 2 2 2.5 2
Mg 0 0 0 0 0
P 0 0 0 0 0
K 0 11 12 5 0
Na 0 0 0 0 0

Etapa 6 (0.56 µm)
Elemento/lugar Chac_SI Chac_CI San Javier Buena Vista Blanco
Ti 0 1 0 1 0
Ca 0 0 0 0 0
Si 2 4 2.5 2.5 2
Mg 0 0 0 0 0
P 0 0 0 0 0
K 0 8.5 2.5 2 0
Na 0 0 0 0 0

Etapa 5 (1 µm)
Elemento/lugar Chac_SI Chac_CI San Javier Buena Vista Blanco
Ti 0 1 1 1.5 0
Ca 0 0 0 0 0
Si 2 3 2.5 3 2
Mg 0 0 0 0 0
P 0 0 0 0 0
K 1 1 0 0 0
Na 0 0 0 0 0

Etapa 4 (1.8 µm)
Elemento/lugar Chac_SI Chac_CI San Javier Buena Vista Blanco
Ti 1.5 0.5 1 0.5 0
Ca 0 0 0 0 0
Si 4 5.5 4 2 2
Mg 0 0 0 0 0
P 0 0 0 0 0
K 1.5 1.5 0 0 0
Na 0 0 0 0 0

Rejillas TEM

X-ray diffraction 
X-ray fluorescence 



Results/Discussion 

Satellite imagery as well as ground 
measurements clearly show transport of 
smoke (and associated particles) to the 
Andes. 

Despite their elevation, measurements at 
Chacaltaya (5200 masl) show a significant 
concentration (in mass) of particles. 

 



Results/Discussion - 2 

 -In the particle samples found in Chacaltaya under the 
influence of smoke we found presence of Potassium, K 
which is a typical marker for biomass burning. 

-Particles in the smaller sizes showed higher mass 
concentrations of carbonaceous particles. 

-More studies needed to assess other physical and 
chemical parameters due to the influence of particles 
and contaminants coming from biomass burning, urban 
pollution and area sources. 



New Questions 

-Carbonaceous particles are observed during the 
rainy season in Chacaltaya (not biomass 
burning). Probably they are originated in the 
near urban area. 

-Need to study transport of air pollutants 
influenced by regional meteorological conditions 
and the Andes Mountains.  



A new Global Atmospheric Watch, 
GAW/CHC Station 



Cosmic Ray Lab 

Summit Station 

LFA 

A new GAW/CHC station 



A consortium of institutions has 
installed different air pollution 

monitoring instruments. 
Operations started in 

December 2011 
The phase of calibration and initial 

measurements is ending. 
Measurements have started on 

a regular schedule.  

 Aerosol Chemistry, GHG gases, physical properties of 
particles 

Chacaltaya 
GAW-WMO Regional Station 



Chacaltaya 
Global Atmospheric Watch (GAW-WMO) Regional station 

Joint efforts of an international 
consortium 
 
• LFA-UMSA (La Paz, Bolivia)  
• LGGE/PSI (Grenoble, 
France) 
• TROPOS (Leipzig, Germany) 
• ISAC/EvK2CNR (Italy) 
• MISU (Stockholm,Sweden) 
•Goddard Space Flight Center 
NASA (Greenbelt, USA). 
• PSI (Villigen, Switzerland). 
• IRD (France). 

Summit AWS: 5380 masl                Observatory: 5240 masl 
Long: 16º21’ S  
Lat: 68º08’ W 

 



So far, aerosol has been sparsely studied in this region.  
Few stations are available:  
Brasil: Manaus (GAW), Sao Paulo (AEROCON),… 
Argentina: Ushuaia (GAW) 
Chile, Venezuela --> Few-year campaigns 

Aerosols & Climate 
- Aerosol & albedo of glaciers.  
- Aerosol & radiative properties of the atmosphere 
- Aerosol & rainy season onset 
- Urban aerosol & health effects  
- Water availability influences 



Particle counting and size 
distribution (SMPS + CPC) 
 10 nm to 500 nm 

Absorption 
coefficient of 
particles or 
“Black 
Carbon” ) 

Scattering & 
Backscattering 
coefficient of 
particles 
(Nephelometer) 

Neutral Cluster and Air Ion 
Spectrometer (NAIS) 
 0.5 nm to 40 nm 

CO2             CO                            O3 
Gases concentration (Li-COR based)  



Automatic Weather Station (AWS) 

Quartz filter sampling for 
soluble ions, levoglucosan 
and BC analysis 

PM10, PM2.5 

High Volume Particle 
Filter Sampling 

Campbell AWS 
 
5380 masl (150 m above the 

station) 
Wind, P, T, precipitation, RH, 

Short and Long wave 
radiation (incident) 



Internship Possibilities 

-Contact Information: 

-Dr. Francesco Zaratti. Laboratorio de Fisica de la 
Atmosfera, LFA-UMSA.  

 Email: fzaratti@umsa.bo 

-Dr. Marcos Andrade. Laboratorio de Fisica de la 
Atmosfera,LFA-UMSA.  

 Email: mandrade@atmos.umd.edu 
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Vielen Dank! 
Muchas Gracias! 
Thank You! 
Jikisinkama! 

ILLAMPU view from the Island of the Sun 



References 
Adams, F. P. Van Espen, and W. Maenhaut. Aerosol Composition at Chacaltaya, Bolivia, as Determined by Size-Fractionated Sampling. 

Atmospheric Environment Vol. 17, No 8, 1521-1536, 1983. 

Andreae, M.O., Soot carbon and excess fine potassium: Long-range transport of 13 combustion-derived aerosols, Science, 220, 1148-1151, 
1983. 

Andreae, M.O., E.V. Browell, M. Garstang, G.L. Gregory, R.C. Harriss, G.F. Hill, D.J. Jacob, M.C. Pereira, G.W. Sachse, A.W. Setzer, P.L. 
Silva Dias, R.W. Talbot, A.L. Torres, and S.C. Wofsy. Biomass-Burning Emissions and Associated Haze Layers over Amazonia, J. 
Geophys. Res., 93, 1509-1527 (1988). 

Artaxo, P., H. Storms, F. Bruynseels, R. Van Grieken, and W. Maenhaut, Composition and Sources of Aerosols from the Amazon Basin, J. 
Geophys. Res., 93, 1605-1615 (1988) 

Artaxo, P., F. Gerab, M.A. Yamasoe, and J.V. Martins. Fine Mode Aerosol Composition at Three Long-Term Atmospheric Monitoring Sites in 
the Amazon Basin, J. Geophys Res., 99, 22857-22868 (1994). 

Artaxo, P., and H.-C. Hansson, Size Distribution of Biogenic Aerosol Particles from the Amazon Basin, Atmos. Environ., 29, 393-402 (1995). 

Cofer, W.R., III, J.S. Levine, D.I. Sebacher, E.L. Winstead, P.J. Riggin, J.A. Brass and V.G. Ambrosia. Particulate Emissions from a Mid-
Latitude Prescribed Chaparral Fire, J. Geophys. Res 93, 5207-5212, 1988. 

Crozat G. Sur l’émission d´un aerosol riche en potassium par la foret Tropicale. Tellus 31,52-57, 1979. 

Duce R.A., Arimoto R., Ray B.J., Unni C.K. and Harder P.J. Trace elements in marine aerosols from Enewetak Atoll: I. concentrations, sources 
and temporal variability. J. Geophys. Res. Submitted (1983). 

Hansen J, Nazarenko L (2004) Soot climate forcing via snow and ice albedos. Proc Natl Acad Sci USA 101:423–428. 

Finlayson-Pitts, B.J., and Pitts, J.N. Chemistry of the Upper and Lower Atmosphere. Academic Press, ISBN-10:0-12-257060-x, 2000. 

Francou, B., M. Vuille,  P. Wagnon, J. Mendoza, and J. Sicart, Tropical climate change recorded by a glacier in the central Andes during the last 
decades of the twentieth century: Chacaltaya, Bolivia, 16ºS, J. Geophys. Res.doi:10.1029/2002JD002959, 2003. 

Francou, B., M. Vuille, V. Favier and B. Cáceres , New evidence for an ENSO impact on low-latitude glaciers:Antizana 15, Andes of Ecuador, 
0º28’S, J. Geophys. Res., doi:10.1029/2003JD004484, 2004. 

Garreaud, R.D., M. Vuille, R. Compagnucc, J. Marengo, Present-day South American climate, Paleogeogr. Palaeoclimatol. Palaeoecol. (2008), 
doi:10.1016/j.palaeo.2007.10.032 

Holben, B. N., Eck, T. F., Slutsker, I., et al.: AERONET – A federated instrument network and data archive for aerosol characterization, Remote 
Sens. Environ., 66, 1–16, 1998. 

Lau ,W. K. M., Maeng-KiKim, Kyu-MyongKim and Woo-Seop Lee, Enhanced surface warming and accelerated snow melt in the Himalayas and 
Tibetan Plateau induced by absorbing aerosols, Environ. Res. Lett. 5, 2010. 

Lawson D.R. and Winchester J.W. Atmospheric sulfur aerosol concentrations and characteristics from the South American continent. Science, 
Wash. 205, 1267-1269. 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Glacier retreat in the Andean region
	Temperature trends
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Backtrajectories
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Chacaltaya�GAW-WMO Regional Station
	Summit AWS: 5380 masl                Observatory: 5240 masl�Long: 16º21’ S �Lat: 68º08’ W�
	Aerosols & Climate
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42

