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Outline 

Case Study 

• Project CVdust: Atmospheric aerosol in Cape Verde 
region: seasonal evaluation of composition, sources 
and transport 

CVDust 
project 

• Motivation / objective 

• Sampling and analysis procedures 

• Quality control/ database consolidation 

Soure 
apportionment 

• Enrichment factors 

•PMF 
•Contribution of Sahara dust 

 

Databases 

• DatabaseCVDust.xlsx 

• CVDust-data validation.xlsx 

Programs 

• PMF3.0 

• Excel 



CVdust Project - Motivation 

Why study atmospheric dust in Cape Verde? 

Because of: 

• Our previous experience in the study of atmospheric 
aerosols and dust 

• Implementation of scientific relations with research 
community in Cape Verde 

• The global importance of Sahara dust emissions into the 
atmosphere 



CVDust Project - Motivation 
 

Fine Particles Coarse Particles 

Sea Salt 82.1 2460 

Dust 250 1000-4875 

Carbon 81 

Sulfate 150 

Nitrate 11.3 

Ammonium 33.6 

Estimated Global Emission rates of particles into the Atmosphere (Tg yr-1) 

• Natural Soil;  
• Agriculture (example “Dust Bowl” in USA);  
• Transports;  
• Industry (cement; mining) 

Global importance of Sahara dust emissions 
into the atmosphere 



CVDust Project - Motivation 

• North Africa the major source of dust. Estimates of 
Sahara  emissions: 130-760 Tg yr− 1 (Goudie and Middleton,  2001); 

• Recent  estimates annual Saharan dust emission of 1600 
Tg yr− 1 (Ozer, 2001).  

• Sahel cultivation contributes with up to 15% dust  North 
Africa emissions; 

• Other dust sources: Arabian Peninsula, Iran, 
Turkmenistan, Afghanistan, Pakistan, Northern India, the 
Namib and Kalahari desert and the Tarim Basin in China.  

Sources of Soil Dust: 



CVDust Project - Motivation 
 

ref: Tanaka and Chiba, (2006) 

Global dust budget – Modeled  annually averaged  values 
for emission, atmospheric loading and deposition 



CVDust Project - Motivation 

MODIS Satellites 
measurements of  
atmospheric total 

aerosol optical depth 
during 2001 

Clearly visible the Sahara 
dust plume over 

central/north Atlantic 

http://modis.gsfc.nasa.gov/index.php 

http://modis.gsfc.nasa.gov/index.php


CVDust Project - Motivation 
 

Dust emission Regions in Sahara, 
 from TOMS AbsIndex (1980-92) 

Bodélé Depression 

Mali-Mauritanean 
 Border 

(ref: Engelstaedter, 2006)  



CVDust Project - Motivation 

 Kaufman et al. (2005) estimate North Africa 
annual dust transport  to west  240±80  Tg: 
 

• 140 Tg are deposited in the Atlantic Ocean, 
• 50  Tg  fertilize  the  Amazon  Basin   
• 50  Tg  are transported to the Caribbean.  
• 20 Tg  are transported towards Europe. 

Sinks of out of Sahara emitted dust: 



CVDust Project - Motivation 

Impacts of desert dust emissions: 
 
 

• Atmospheric Heat Balance and Climate Control 
• Weakening of Atlantic Tropical Cyclones 

• Biogeochemical Cycles 
• Biogeochemical Cycles in Atlantic and Amazon Basin 
• Toxic Algae Blooms 

• Human Health 
• Spreading of meningitis in Sahel (Sultan et al., 2005) 

• Kawasaki disease in Japan and Western USA (Fraser, 2012) 



 

1. Monitoring and sampling atmospheric dust during one year 
2. Chemical and structural characterization of collected samples 

• Water Soluble ions 
• Carbonate and Carbonaceous forms 
• Elemental Composition (NAA) 
• Mineralogical Composition (XRD; TEM; SEM) 
• Organic Species (GC/MS) 
• Microbial and fungi characterization 

3. Source Identification; Transport and Deposition Modeling 
• Source Apportionment (PMF; PCA/MLRA) 
• Transport Modeling (Trajectory Analysis; DREAM Model) 

4. Quantify African dust input to Cape Verde Air Quality 
5. Explain processes governing dust production, transport, and removal 

from atmosphere over the Atlantic 

CVDust Project - Objectives 



CVDust Project - Motivation 

Special Conditions of Cape Verde 
to  perform Sahara Dust Studies: 
 

• Out of West Africa Coast (900 km) 
• Dust Season Period (Bruma Seca – Dry Fog) 
• Safety and Electricity Supply 
• Good relations and Low Cost 

CLEAN ATMOSPHERE 

BRUMA SECA – DRY FOG 



CVDust Project – Sampling and analysis 

Sampling Location 
 

Santiago Island 
Praia 

 CV Meteorological Institute 

CVDUST STATION 



CVDust Project – Sampling and analysis 

Equipment: 
1 GRIMM Aerosol Spectrometer (0.25->32µm) 31 channels 
1 Aethalometer (7 wavelength channels) 
2 PM10 LowVol filter samplers 
1 PM10 HighVol filter Sampler  
1 Berner LowVol impactor (0.063-16 µm) 8 stages 
1 HighVol impactor (<0.49-10µm) 6 stages 
1 Meteo Station 



CVDust Project – Sampling and analysis 

Sampling 
equipment 

Filters matrix Species Technique 

Low volume Teflon filters Elements INAA+PIXE 

Low volume Teflon filters Water soluble 
ions 

Ion 
chromatography 

High volume Quartz filters - CO3
2-  

- OC, EC 
- Measuring CO2 

- Thermo-optical 
transmission 
technique  

Berner low 
volume 

Aluminium foil Water soluble 
ions 

Ion 
chromatography 



CVDust Project – Quality Control 

• Initial station mounting and training at Aveiro 
• Prevention for electric supply instabilities and failure 
• Joint installing of Station in Praia 
• Spare equipment and spare parts 
• Tough program of frequent testing, calibration  and maintenance 
• Close contacts and rapid answer to new situations 
• Rapid evaluation of collected samples and data 
• Continuous intercomparison of results during analysis 

Quality prevention / Quality Control 

87% measuring efficiency 
 
140 PM10 filtering periods 
11 HV Impactor sampling periods 
5 Berner Impactor sampling periods 



Detection of sampling errors 

Work on file  
CVDust-data validation.xlsx  
to detect sampling errors. 
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y = 0.98x + 3.65 
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Measurement of PM10 mass for 3 parallel sampling devices and 2 weighting labs 

Detection of sampling errors 



Control of INAA and PIXE analysis 

M. Almeida-Silva, S.M. Almeida, J. Cardoso, T. Nunes, M.A. Reis, P.C. Chaves, C.A. Pio (2014) Characterization of the Aeolian aerosol from Cape 
Verde by k0-INAA and PIXE, Journal of Radioanalytical and Nuclear Chemistry 300, 629-635. http://dx.doi.org/10.1007/s10967-014-2957-9. 



Analysis of Internal Quality Data - INAA 

 Participation in Inter-comparision exercises; 

 Irradiating reference materials with all batch of samples; 

 Evaluating the internal quality data. 

 

Satisfatory 

Questionable 

Unsatisfatory 

S.M. Almeida, M. Almeida-Silva, C. Galinha, C.A. Ramos, J. Lage, N. Canha, A.V. Silva, P. Bode (2014) Assessment of the Portuguese k0-INAA 
laboratory performance by evaluating internal quality control data, Journal of Radioanalytical and Nuclear Chemistry 300, 581-587. 
http://dx.doi.org/10.1007/s10967-014-2987-3. 



CVDust Project – Data validation 

 10 types of RM were analyzed 

 20 elements were evaluated 
As, Ba, Br, Ca, Ce, Co, Cr, Cs, Fe, K, La, Mo, Na, Rb, Sb, Sc, Se, Sm, U, and Zn  
 
 Results from 6 operators were assessed 

 

 Corresponded to the analysis of approximately 1500 samples and generation of 30 000  element 
concentrations.  

 

No. of 

analysed RM

Associated 

samples

Irradiated 

mass (mg)

Thermal Flux 

(cm
-2

s
-1

)
f α Irr.T (h)

Wait T 

(d)

Meas T 

(h)

Wait T 

(d)

Meas T 

(h)

NIST-1633a Coal Fly Ash 119 Aerosols 11-474 7.0×10
12 50 0.005 5 3-4 7 28 7

IAEA-336 Lichens 36 Lichens 134-474 3.87×10
12 69 0.045 5 3-4 2 28 2

IAEA-Soil7 Soil 12 Soils 139-207 3.87×10
12 69 0.045 1 3-4 1.5 28 2.5

GBW07406 Soil 11 Soils 65-151 3.87×10
12 69 0.045 1 3-4 1.5 28 2.5

GBW07404 Soil 5 Soils 65-111 3.87×10
12 69 0.045 1 3-4 1.5 28 2.5

NIST-1568a Rice Flour 14 Cereals 49-246 3.87×10
12 69 0.045 5 3-4 4 28 4

NIST-1567a Wheat Flour 3 Cereals 77-126 3.87×10
12 69 0.045 5 3-4 4 28 4

NIST-1572 Citrus Leaves 10 Plants 135-143 3.87×10
12 69 0.045 5 3-4 3 28 3

INCT-OBTL5 Oriental Tobacco Leaves 4 Plants 149-152 3.87×10
12 69 0.045 5 3-4 3 28 3

NIST-1575 Pine Needles 4 Plants 149-153 3.87×10
12 69 0.045 5 3-4 3 28 3

Reference Material

Irradiation conditions Measuring conditions



Quality Control – Zeta-score for all RM and elements 

-100

-50

0

50

100

2
0
0
9

2
0
1
0

2
0
1
1

2
0
1
1

2
0
1
1

2
0
1
2

2
0
1
2

2
0
1
2

2
0
1
2

2
0
1
2

2
0
1
3

2
0
1
3-20

-10

0

10

20

 

 

 

 

 As

 Ba

 Br

 Ca

 Ce

 Co

 Cr

 Cs

 Fe

 K

 La

 Mo

 Na

 Rb

 Sb

 Sc

 Se

 Sm

 U

 Zn

Z
e

ta
-S

c
o

re



Zeta-score per element mass and RM 

Coal Fly Ash 
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Zeta-Scores (2009-2013) 



Zeta-score per element mass and user 
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NIST 1572 - Citrus Leaves 



Control of Water Soluble Ion Analysis 
*Charge 

/Molecular weight 

Principle:  
1)In an electrolytic solution the concentrations of all the ionic species are such that the 
solution as a whole is neutral.  
2) Considering that we measured the major ions 
3) ∑ cations  = ∑ anions  (in equivalent) 



CVDust Project – Data validation 

y = 0.93x - 6.07 
R² = 0.95 
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Control of Water Soluble Ion Analysis 



Control of Water Soluble Ion Analysis 

Na/Mg=8.3 

Cl/Mg=14.9 

Green- Sea salt composition 

y = 0.589x + 0.353 
R² = 0.90 
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Blue line- Calcium carbonate 



Control of Concentration time series 

The season between December to 

March are defined as DRY SEASON, 

as well as, HARMATTAN (Simonson, 

1995). J
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M. Almeida-Silva, S.M. Almeida, M.C. Freitas, C.A. Pio, T. Nunes, J. Cardoso (2013) Impact of Sahara Dust transport on 
Cape Verde atmospheric element particles, Journal of Toxicology & Environmental Health – Part A 76 (4-5), 240-251. 
http://dx.doi.org/10.1080/15287394.2013.757200. 

Objective: 
• to find outliers 
• to observe trends  



Control of Concentration time series 

- Average from Cape Verde 
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Average Concentrations 
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Should be compared 
with other places 



Enrichment factors 

Cr Si Sm Mn V K Fe Ce Al Ti Ni Pb Cu Sb As Zn Br
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[X]PM - concentration of the element X in PM  

[Sc]PM - concentration of Sc in PM 

[X]crust - concentration of the X element in soil  

[Sc]crust - Sc concentration in soil 

𝐸𝐹𝑁𝑎 =

𝑋
𝑁𝑎 𝑃𝑀

𝑋
𝑁𝑎 𝑠𝑒𝑎

 

 

[X]PM - concentration of the element X in PM  

[Na]PM - concentration of Na in PM 

[X]sea - concentration of the X element in sea  

[Na]sea – Na concentration in sea 



Sahara contribution 



Input files 
1. Concentration of chemical species 
2. Uncertainties 

Accepted formats 
1. Tab-delimited (.txt) 
2. Comma-separated value (.csv) 
3. MS Excel (.xls) 
 

Parameters 

Sa
m

p
le

s 
Blank cells are not accepted 

Factor analysis technique 
provides a robust solution 
when the number of samples 
minus the number of variable 
is at least 30 (Henry, 1991) 

Preparation of database 



Types of Uncertainties files   

Method Detection Limit (MDL) 

Error fraction (in percentage) 

If concentration ≤ Detection limit => 𝑈𝑛𝑐 =
5

6
× 𝑀𝐷𝐿 

If concentration > Detection limit =>𝑈𝑛𝑐 = (𝐸𝑟𝑟𝑜𝑟 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 × 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 2 + 𝑀𝐷𝐿 2 

1. Sample specific – Uncertainty file provides na 
estimate of the uncertainty for each sample of 
each species; 
 

2. Equation-based – file provides species-specific 
parameters that PMF uses to calculate 
uncertainties for each sample. 

Preparation of database 



Missing values in the data base 

Concentration Uncertainty 

Concentration < MDL ½ MDL 5/6 MDL 

Missing values Geometric Mean 4 × Geometric Mean 

Preparation of database 



Thank you for your attention 


