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COMBUSTION GENERATED SMOKE EMISSIONS 

COMBUSTION 
PROCESS

• CO
• Ozone
• NOx

GASES - INORGANIC 
ACIDS • BTEX

• Alkanes
• PAHs
• Dicarboxylic acid

HYDROCARBONS
• Aldehydes
• Phenols
• PAHs
• Biomass tracers

ORGANIC MOLECULES

• Pb
• Cd
• Hg

METALS
• BC/EC
• OC
• BrC
• POC

PARTICULATE MATTER

• SOC

• SO2

• CH4

• CO2

• Cs
• As
• Se

WILD FOREST PEAT SOIL COAL

NON FOSSIL FUEL FOSSIL FUEL



Air pollution in Bangladesh:

Local or Transboundary effects??? 

Anthropogenic or natural causes???





The synoptic level of wind vector 
over the study site changes 
monthly in 2019:



Backward Trajectory Modeling

• Transport of air mass carry
water vapour and pollutants

• Seasonal changes over Dhaka
is very strong

• Himalaya during winter and
Bay of Bengal during
monsoon play significant role
on the aerosol load over
Dhaka

• The precursors of secondary
aerosol are reported higher
during dry winter months

Local Meteorology and Regional Circulation 
Impact on Aerosol Load over Dhaka City 
(Adapted from Norazman et. al. 2021 ACS Earth 
and Space Chem)





Dhaka (Urban Site) Rangpur (Remote Site)
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• Mass deposition of heavy metals in the
respiratory system is determined using:

• There are three deposition factors according
to the airways of particles, which are upper
airway (UA), tracheobronchial region (TB) and
alveolar region (AL).

• Only one deposition factor value will be
obtained for each airway using PM2.5.

RESPIRATORY DEPOSITION DOSE (RDD)

• The deposition factor for each of the airway is
determined using the following equations:

UPPER AIRWAY

where IF is the inhalable fraction, estimated by:

TRACHEOBRONCHIAL REGION

ALVEOLAR REGION

Farihah Sakinah, Undergraduate  student



RESPIRATORY DEPOSITION DOSE (RDD)

• The most toxic metals with public health concerns
are As, Pb, Cd, Hg, and Cr.

• High deposition in UA is not very harmful because
the mucus layer in UA will help to move the particles
to the digestive system (Can-Terzi, Tecer & Sofuoglu,
2021).

• Male has higher RDD values than female. Males have
a greater ventilation rate compared to females
(Chalvatzaki et. al., 2018).

• Over 24 h, males inhale 0.578 mg of metals while
female inhale 0.482 mg in Dhaka City.



Diurnal total RDD of metals 
(Female)

Diurnal total RDD of metals 
(Male)



Compositions pose huge health concerns:

Compositions of PM from an urban
site in Dhaka (real-time)

2.5

• Cr 2.01 (0.02 - 15.83) ng/m3

• As 603.21 (124.5 - 3615.9) ng/m3

• Pb 143.18 (12 - 2060) ng/m3

• S 11258.95 (3875.8 - 28428.5) ng/m3



Diurnal changes of the metals in 
PM

Metals from Earth-Crust show relatively flat

distribution

Metals from anthropogenic origin peak in the

middle of the day

Changes in short interval indicate the emission

from local sources

Local meteorology also play important role to

change the level of metals

2.5





RECEPTOR MODELLING / 
CHEMOMETRIC APPROACH IN 

MITIGATION OF AIR  POLLUTION



Air quality 
monitoring

WHAT IS IT?

Pattern recognitionChemical analysis

CHEMOMETRICS
HOW DOES IT WORK?

Source identification

Multivariate
Receptor
Modelling

Wild fires

Vehicle emissions



https:/ /www.epa .gov/a ir-re search /positive -m atrix-factoriza tion
environm enta l-da ta -ana lyses

Chemical Mass Balance (CMB) Model
https:/ /www3.epa .gov/scram 001/receptorcm b.h tm

Unmix 6.0 Model for environmental data analyses
https:/ /www.epa .gov/a ir-re search /unm ix-60-m ode l-
environm enta l-da ta -ana lyses

Principal Component Analysis/Absolute Principal 
Component Analysis (PCA/APCS)

5

Traditional Mass Closure Model

Positive Matrix Factorization (PMF) Model for environment-
tal data analysis

LINK TO EXPLORE CHEMOMETRIC MODELS



Source Apportionment / 
Chemometric Models

Receptor 
Models

Traditional 
Methods

JR Stedman 
(1998)

Mass Closure
Models

Cluster 
Analysis

Elemental/Diago
nostic Ratio or 
tracer analysis

Enrichment 
Factor (EF)

Khan et al. 
(2016)

Harrison et 
al. (2000)

PCA/MLR

Unmix

CMB

PMF

PCA/APCS

Receptor-
Hysplit Coupling Potential Source Contribution 

Function (PSCF)

Concentration Weighted Trajectory (CWT)



OUR WORK AND APPLICATION OF 
CHEMOMETRIC AIR POLLUTION

CHEMOMETRIC MODEL: PMF

• PMF, a robust model has been

comprehensively applied to explore the

southeast Asian seasonal plume.

• Reported the emission sources of PM2.5 using

metals, ions, carbon fractions, & PNC.

• Air mass plume during the moderate HAZE

has been exclusively described using PMF.

• PSCF statistical function has been coupled

with Factors derived from PMF to add info

about source regions.



OUR WORK AND APPLICATION OF 
CHEMOMETRIC AIR POLLUTION

CHEMOMETRIC MODEL: PMF

PMF helps to know the contributing sources during MODERATE HAZE:
• Coal burning

• Motor vehicle
• Secondary inorganic
• Biomass burning, etc
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