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 To determine the direct contributions of various air 
pollution sources to ambient concentrations 
measured at a single receptor on an urban or 
smaller scale (Watson,  2012) 

 

 

 PRINCIPLE OF AEROSOL MASS BALANCE 

 

 The fundamental principle of receptor modeling is 
that mass conservation can be assumed and a 
mass balance analysis can be used to identify and 
apportion sources of airborne particulate matter in 
the atmosphere.  



The source model uses source 
emissions as inputs and calculates 
ambient concentrations.  The 
receptor model uses ambient 
concentrations as inputs and 
calculates source contributions.   
(From Watson, 1979.) 

(Watson and Chow, 2007) 
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 Chemical mass balance modeling 

 Principal components analysis  

 Factor analysis  

 Positive Matrix Factorization 



Equation:  

Input: 

• Ambient concentrations  (Ci) and uncertainties  (sCj), 

source profiles  (Fij) and uncertainties  (sFij). 

Output: 

• Source contributions  (Sj) and uncertainties  (sSj). 

Measurements: 

• Size-classified mass, elements, ions, and carbon 

concentrations on both ambient and source samples. 

Ci   =    Fij

j=1

J

å   Sj       for i =1 to N

(Watson and Chow, 2007) 



 Assumption 1  
 

◦ Composition of source emissions are constant 

 

 Assumption 2  
 

◦ Components do not react with each other  (they add 
linearly) 

 

 Assumption 3 
 

◦ p-identified sources contribute to the receptor 

 



 Assumption 4 
 
◦ The number of sources is less than or equal to the number 

of determined components 

 
 Assumption 5 

 
◦ The composition of all sources are linearly independent of 

each other 

 
 Assumption 6  

 
◦ Measurement errors are random uncorrelated and normally 

distributed 

 
 
 



 Assumption 7  
 
◦ Emissions reach a unform concentration throughout the 

airshed immediately 

 
 Assumption 8  

 
◦ The decay rate is linear with time. 

 

 Assumption 9 
 

◦ All sources have a unique tracer and it is known and 
measured 

 
 
 



Airmetrics portable 
MiniVol sampler 

PM2.5 and PM10 

BGI FRM Omni 

PM1, PM2.5, and PM10 





Real-World Cooking Simulated Cooking 



Roadside compliance test in India 



 Source properties that identify and quantify 
source contributions at a receptor  
(Daisey et al., 1986, Gordon et al., 1984) 

 

 Better designed networks (Chow et al., 2002, 
Demerjian, 2000) with respect to 

◦ Sampling locations 

◦ Sampling periods 

◦ Sample durations 

◦ Particle sizes 

◦ Precursor gases 

◦ Chemical and physical components 

◦ Meteorology 



 Emissions profiles (with cooling and 
dilution including marker species and 
gases, (England et al., 2000) 

 More convenient availability and 
documentation of source profile and 
ambient data (U.S. EPA, 1999) 

 More evaluation, validation, and 
reconciliation of receptor and source 
modeling results (Javitz et al., 1988) 



 Vaal Air Characterisation Study (VACS) 
(Annegarn, Muller and Mullenbreht-Tegen) 

 ETHAR (Annegarn et al) 

 BHATEX (Piketh and Annegarn) 

 Soweto (Anneagrn and Grant) 

 Qalabotjha Study (Engelbrecht et al) 

 Lephalale study (Walton et al)  

 

 





 Lephalale is located within the Waterberg District Municipality 
in the Limpopo Province 

 Waterberg District Municipality falls within the 3rd National 
Priority Area in South Africa 

 Although currently it is not considered to be an air pollution 
‘hot spot’, future developments could result in severe air 
pollution problems 

◦ Medupi power station (currently under construction) 

◦ Two additional power stations (Coal 3 and 4) 

◦ Sasol coal-to-liquids plant 

 Therefore, the need exists to characterise aerosol sources in 
the area prior to and after changes to the baseline air quality 
are realised 



 



 Ambient aerosol sampling undertaken at two sites, Lephalale 
town and Marapong in autumn and spring 2011 

LEPHALALE TOWN 

MARAPONG 



 Aerosol sampling was 
undertaken at both sites 
using a ‘Gent’ Stacked 
Filter Unit (SFU) 

 Sampler collects particles 
which an EAD of less than 
10 µm in separate coarse 
and fine fractions 

 Two 47 mm Nucleopore 
polycarbonate filters with 
diameters of 8.0 µm and 
0.4 µm were sequentially 
used during sampling 



 Sampling undertaken for 12 hours in the morning and 
evening 

 Elemental and chemical analysis undertaken using XRF and IC 
analysis 

 Statistical receptor models applied to the aerosol data for 
source apportionment 

 Receptor modelling is used to characterise particulate air 
pollution sources and calculate each source contribution to a 
particular pollutant 

 Two main techniques based on multivariate statistics and 
chemical mass balance (CMB) 

 CMB uses both known profiles of source emissions and ambient data from 
the measuring site while multivariate methods can only identify sources from 
ambient measurements 
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VARIMAX Rotated 
Principal Components 
Analysis performed to 
determine the 
particulate matter 
sources 
 
 
 
 
EXAMPLE 
VARIMAX Rotated 
factor loading matrix 
of the coarse aerosol 
fraction at Lephalale 
 
High factor loadings 
> 0.7 highlighted in 
blue. 



 Fine Fraction 
◦ Lephalale –coal combustion or biomass burning, marine aerosol, soil dust 

◦ Marapong – soil dust, coal combustion or biomass burning, marine aerosol 

◦ Elements traditionally observed with soil dust (Fe, Al, Si, Mn and Ti) also 
observed in coal-fired power station emissions, suggesting the soil dust 
profiles could also be associated with coal combustion. 

 

 Coarse Fraction 
◦ Lephalale and Marapong – soil dust,   

 marine aerosol, coal combustion or  

 biomass burning 

◦ Interesting to note the presence of the  

 elements, Na, Na+, Cl and Cl-, associated  

 with marine aerosols 

◦ Trajectory analysis suggests a possible  

 contribution from Indian Ocean 

 



 Use made of the USEPA CMB8.2 software 

 Model input includes source profile species, receptor 
(ambient) concentrations and realistic uncertainties for source 
and receptor values 

◦ Ambient concentrations obtained from XRF and IC results 

◦ Separate ambient data input files generated for the fine and coarse aerosol 
fractions at Lephalale and Marapong 

◦ Data screening was undertaken during the preparation of the input file 

 Measurement uncertainties are representative of the 
measurement errors and give the models the necessary 
confidence level in the validity of a data point 

◦ Uncertainty values ranging from 5 – 30% were applied to the  measured 
values, with larger uncertainties applied to values near or below the 
detection limit 

 

 



 Source profiles were determined from the USEPA’s SPECIATE 
database. Where possible, use was made of local speciation 
profiles for South Africa 

◦ Local speciation profiles have been developed for various sources in the 
Qalabotha region in the Free State Province (Engelbrecht et al., 2000; 
2001;2002) and Soweto in the Gauteng Province (Annegarn et al., 1998)  

 Species not available in the speciation profiles could not be 
included 

 Important to note that the different methods used to analyse 
certain species (e.g XRF, PIXE) are not consistent across the 
database and which could result in discrepancies since each 
method has a unique accuracy, precision and detection  limit. 

 



 A total of 31 source profiles were tested in the CMB model to 
determine their suitability, with a total of 12 retained for use 
in the CMB runs.  

 Based on the known sources of emission in the Lephalale 
area, the following source types were retained: 
◦ Biomass burning (local profile) 

◦ Household coal combustion (local profile) 

◦ Residential wood combustion 

◦ Marine aerosol 

◦ Motor vehicle exhaust 

◦ Refuse burning (local profile) 

◦ Road dust (paved and unpaved) 

◦ Soil dust (local profile) 

◦ Ammonium nitrate (secondary) 

◦ Ammonium sulphate (secondary) 

 



 



 CMB model runs were undertaken for a total of 26 samples each 
at Lephalale town and Marapong 

 For the model runs undertaken, 68% and 58% of samples met the 
performance indicator measures at Lephalale town and 
Marapong respectively 

 Low mass percentages (less than 80%) suggest the presence of 
unaccounted for sources or unmeasured species within the 
receptor sample 

 R2 values ranged from 0.98 – 1 indicating that the source 
contribution estimates provided a good explanation of the 
measured concentrations at the receptor sites 

 Chi2 values were less than 2 for 58% of the samples, indicating 
good fits and less than 4 for 40% of the samples, indicating 
acceptable fits 

 T-stat values were greater than 2 for all sources, indicating a 
non-zero source contribution estimate 
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 Aerosol sampling and source apportionment was undertaken 
in the Lephalale area in 2011 

 Based on the CMB, biomass burning and coal combustion 
were identified to be the most significant contributing 
sources 

 Diesel exhaust a significant contributor in the fine fraction 

 Soil dust an important contributing source in the coarse 
fraction 

 Site-specific source profiles to be developed for input into 
CMB 

 


