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South-westerly monsoon impact on fine particulate
matter in Malaysia: trend, source apportionment and
health implication
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Institute of Climate Change
Universiti Kebangsaan Malaysia

June 7, 2017 i
‘Third Atmospheric Composition and Asian
Monsoon (ACAM), Guangzhou, China




Today'’s topics
1. Background info

2. Aerosol and Urban Pollution: Emissions and Source Areas

3. Measurements and an Integrated Data Analysis System

5. FiIndings
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‘ Air pollution is a major environmental issue

‘ Causes stroke, heart disease, lung cancer, and both chronic and
acute respiratory diseases, including asthma (WHQO, 2016)

) In 2013, globally 88% of the world’s population lived in areas
exceeding the WHO annual Air Quality Guideline

Between 1990- 2013, 20.4% increased in global population-weighted
PM, - driven by trends in South Asia, Southeast Asia, and China

‘ A recent research showed that air pollution can cause brain
damage to people living near roadways and power plants
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Modes of attack
Pollutant partiche s might malke their way to the bain and
damage it directly, or they might attack it from a distance,
oy triggenng the mleasze of infammato ny mo beoubes

Oitzctony bull

The microscopic particles sifting from freeways and power plants
don’t just harm your heart and lungs. They may also attack your brain
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n a barbed wire-enclosed parking lot
100 meters dowrmaind of the Route 110
freeway, an alhimirmim hose sticks out
of a white trailer, its nozzle aimead at an
overpass. Bvery mimate, the hose ancks
up hundrads of liters of ar mixed with
exhauat from the roughly S00000 cars
ardd dieselburning freight trucks that
rumnble by each daye

Crouched inside the trailer, a young chermi-
cal engineer named Arian Saffari lifts the lid
off A seoty cylinder attached to the hose, part
of a sophistcated filtration system that cap-
tures and =sorts polhitamts by size. Inside i= a
scientific paylead: particles of sulfate, nitrate,
armrmonium, black carthon, and heavy metal at
least 200 Himes smaller than the width of a
human hair.

The particles are too fine for mamy air
pollution sernmors to accurately measure,

S34Z 27 JANUARY 2017 = VOL 338 I35UE 323

=ays Saffari, who works in a2 lab led by
Constantinos Sioutas at the University of
Southem California (USC) here. Trpically
amaller than 02 pm in diameter, these “ulra-
fine™ particles fall within a breader class of
air polutants commaon by referred to as FRLS
becanse of their size, 2.5 pm or less. When it
oomes o toxicity, size matters: The smaller
the particles that cells are exposed to, Saffari
=ay=, thehigher their levels of cotdat ive stress,
mAaTked by the preducton of chermically reac-
tive molecules such as peroxides, which can
damage DMA and other cellular structures.
Some of the health risks of mhaling fine
ard uhbrmafine particles are well-established,
such as asthrna, hing cancer, and, mast re-
ocemtly, heart dizease Bt a growing body
of evidence angmests that exposure can also
harm the brain, accelerating cognmitive aging,
and may even increase rizk of Alzheimers

dizease and other forms of dermentia

The link betaeen air polhton and demen-
tHa remains controversial—even its propo-
nents warn that more ressarch is nesded to
oonfirm acm=al cormection and waork out just
honar the particles might enter the brain and
make mischief there. But a growing mamber
of epidemiclogica stadies from around the
workd, new findings from animal models ard
turman brain imaging shsdies, and increas-
ngly sophisticated techrigues for mmodel-
ng PMM2L5S exposures havwe raed alarms
Indeed, in an N-year epidemiological stody
to be published next week in Trenslaronal
FPegeldatry, USC researchers will report that
living in places with PML5 exposures higher
than the Emvironmental Frotection Agency's
(EPAE) standard of 12 pgfim® neady doubled
dermentia risk in alder wormen I the finding
holds up in the general population, sir polhs-
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Causes and Trigger

to Haze

In the Southeast Asia the
common practice of burning
agricultural residues enhances the
haze pollution. The slash and
burn is a common practice as it is
the most cost efficient method in
the management of agricultural
waste in the shifting of cultivation.

Here you can find more info: iy Do
\:«‘ Matavsia
0 The National Universi

Reporting on Haze (Earth to Space, Half yearly Issue): http://www.ukm.my/ipi/?page id=1559
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Atmos. Chem. Phys.. 16. 597—-617. 2016
www.atmos-chem-phys net/16/597/2016/
do1:10.5194/acp-16-597-2016

© Author(s) 2016. CC Attribution 3.0 License.
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Adapted from Khan et al. 2016, ACP

Fine particulate matter in the tropical environment: monsoonal
effects, source apportionment, and health risk assessment

M. F. Khan!-2. ML T. Latif’>. W. H. Saw!. N. Amil**. M. S. M. Nadzir!-2. M. Sahani’. N. M. Tahir®’. and J. X. Chune!
The mass closure model identified four sources of PM, ;: a) mineral matter (MIN) (35%), b) secondary
inorganic aerosol (SIA) (11%), c) sea salt (SS) (7%), d) trace elements (TE) (2%) and e) undefined (UD)
(45%). PMF 5.0 identified five potential sources and motor vehicle emissions and biomass
burning were dominant followed by marine and sulfate aerosol, coal burning,nitrate aerosol, and mineral
and road dust.

.—L AVIOV IwUkala a4AT< cxxséauu- chcxxséd.u.l.l, AV].“I.[“I_y S>1ia

‘Institute of Oceanography. Universiti Malaysia Terengganu. 21030 Kuala Terengganu. Terengganu. Malaysia
Correspondence to: M. F. Khan (mdfiroz khan@ukm edu.my: mdfiroz khan@gmail com)

Recen ed 30 I\I'iy ’01> — Pubhshed in Atnlos C‘hexn Phys D1scuss 18 August 7015

The systemic risk (HI) posed by the exposure of PM, ; was at a conS|derany safer level compared to the
SEA region. The lifetime CR indicated follows the order of As > Ni > Pb > Cd for mineral/road dust, coal
burning and overall PM, s concentration and; As > Pb > Ni > Cd for motor vehicle/biomass burning.
Among the trace metals studied, As predominantly showed the largest lifetime cancer risk in PM, -

lludm¢ml 211 LIICT lcs‘lull. A11 R111D> wWwwuLIn., Iraivig o )dml_’lc) vw<aico
collected at a semi-urban area using a high-volume air sam-
pler at different seasons on 24 h basis. Analysis of trace el-

CTLIULUILEALTS: 1AV T putc.u.lxdx DULMLLUCTD. 111i1uvwvwrs WCLIIUL AT TLILIDDIVLIID>
coupled with biomass buming (31 %) were the most domi-
nant. followed by marine/sulfate aerosol (20 2%). coal buming

ements and water-soluble 1ons was performed using induc-
tively coupled plasma mass spectroscopy (ICP-MS) and 1on
chromatography (IC). respectively. Apportionment analysis
of PM> 5 was carried out using the United States Environ-
mental Protection Agency (US EPA) positive matrix factor-

(19 2%). nitrate aerosol (17 26). and mineral/road dust (13 %5).
The hazard quotient (HQ) for four selected metals (Pb. As.

Cd. and N1) in PM> s mass was highest in PM> s mass from UNWERSlTl
the coal buming source and least in PM> 5 mass originating KEBANGSAAN
from the mineral/road dust source. The main carcinogenic MaLAYsIA
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Contents lists available at ScienceDirect

Atmospheric Environment

journal homepage: www.elsevier.com/locate/atmosenv

Seasonal effect and source apportionment of polycyclic aromatic @ I
hydrocarbons in PM> 5

Md Firoz Khan *~, Mohd Talib Latif *°, Chee Hou Lim °, Norhaniza Amil ¢,
Shoffian Amin Jaafar ®, Doreena Dominick # °, Mohd Shahrul Mohd Nadzir *°,
Mazrura Sahani ¢, Norhayati Mohd Tahir ©

2 Centre for Trovical Climate Change Svstem (IKLIM). Institute for Climate Chanee. Universiti Kebanesaan Malavsia. 43600 Banei. Selangor. Malavsia

The health risk evaluation, by means of the lifetime lung cancer risk (LLCR), showed no potential
carcinogenic risk from the airborne BaPeq (which represents total PAHs at the present study area in
Malaysia). The seasonal LLCR showed that the carcinogenic risk of total PAHs were two fold higher
during south-westerly monsoon compared to northeasterly monsoon.

HIGHULIGHTS GRAPHICAL ABSTRACT

e Sixteen USEPA priority PAHs deter-
mined in PM, 5 at a tropical semi-
urban site.

e High molecular weight PAHs are
significantly higher in PMs5s.

e The combustion of gasoline, diesel
and heavy oil are dominant sources
of PAHs.

e No potential carcinogenic risk of the
airborne BaPeq was found at current
site.

e Monsoon effect influences the PAHs
distributions as well as health risk.

Adapted from Khan et al. 2015, Atmos Env
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Knowledge Gap in Forest Fires and Urban Air
Pollution / Scopes in Future Research

» VOCs, PAHs, Soot particle, pyrolysis product of lignin and
cellulose in the forest/peat soil burning

» Aerosol lifecycle was not studied so far!

» AlIr pollution data at the street level or hotspot areas was not
reported so far!

» Health impact PM-mortality was not reported!
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(Fixed Station and Street Level)

Measurement

v

Aerosol
Particles

Reactive gases —

Local Met Data —>

Intermittent
Sampling

OPS/Nanoscan/TSI/Grimm
(UKM) [PNC counter]

O3/NOx/CO/SO2
(UKM + My-DOE [Sensors]

T/RH/Rainfall/Wind Vector
[My-Met Dept, ERA-Interim-ECMWF]

IC
[ions]

\

ICP-MS [elements]

Tedler Bags

[VOCs] || TD-GC-
MS

Sorbent Tube A

[VOCs]

Road/indoor dust

GC-MS [organic]
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An Integrated Data Analysis Systems

A4

Air Pollution Modeling
[receptor modeling]

Size Distribution and New
Particle Formation

Health Risk Assessment
(HRA) by US EPA Model

\

/ /

PCA/Absolute
principal component
score (APCS)

Positive Matrix EPA‘'S Chemical
Factorization (PMF) Mass Balance(CMB)

i

Strategic Mitigation Plan

1 [

Deals “zero score” but | | Low uncertainty and
lack of non-negativity identify sources without

requirement prior info of sources

Require prior
info of sources

\

Validation of the Emission Sources by Bivariate Rose Plot/
Potential Source Contribution Function (PSCF)/Concentration
Weighted Trajectory (CWT)/HYSPLIT density model/wind

vector by GrADS

Establishment of
Appropriate Emission —
Sources (Hotspots)
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Concentration of PM, < (ug m”)

Adapted from Khan et al. 2016, JGR
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Explained Vartiation

4 Aged Sea salt and Mixed-Industrial Emission
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Mineral Dust

° Secondary Inorganic Aeros ot (SIA) Factor coupled
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o.001 | .
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[Fe Mn, Mg, EC, OC, OPA&.&

Refereed Tracers

[K*, CaZ*, Na*, CI-, NO,, EC]

[Na*, NH4, Mn, Mg, V, As, Cs, Cu]

Explained Vartiation

[Pb, Cu, Se, V, Ni, Cd, Al, Zn, Co]

Explained Vartiation

[As, Bi, OC, OP]

Explained Vartiation

Explain variation

[Mg?*, Na*, Ba, Cu, K*]

Explained Variation

[NH,*, F-, SO,?%]

Explained Variation
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60 - 259 Road Dust and Fuel Oil Combustion

] ® Coal-fired Combustion 7%
1 PM, o (PMF) = 1.055%PM, - (HVS);
50+
T r=0.89 ® 5%
] (outlier) Sa|.t qnd Mixed
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L 304 8% ning
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~ 20 -
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4 The measured PM, ; concentrations and the predicted PM, ; were in good concordanc
O Motor vehicle emissions, SIA and coal-fired power plant are the predominant sources
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O Clackson University, USA

O Chines Academy of Sciences

0 UKM Group, Khan et al. 2016 (Hysplit-
Matlab-GrADS)
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Results from a recent campaign in Kuala
Lumpur City
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dM/dlogDp (ug/m3)
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A lognormal fitting model was applied to the normalized PNC and
mass concentration (Khan et al. 2015)

Particle count measured at a wide range of <0.4 micro meter
spectrum which is new In this location

CMD value <100 nm j> nucleation mode j> freshly
generated combustion sources
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Key Findings of the Studies

Receptor modelling interprets data in terms of source contributions and / or their
locations.

Large scale field studies are expensive and causes a lot of time. Receptor
modelling uses data obtained from souces and receptor sites. Thus, this method
require less logistics and time.

Motor vehicle emissions, SIA and coal-fired power plant are the predominant
sources contributing to PM, ¢

The PSCF successfully reproduced the impact of biomass burning, maritime
sea salt, local activities, point sources at the west coast of Peninsular
Malaysia and the emission of traffic from local and transboundary areas
The source information can be used to meet the PM2.5 standards and to justify
the implimentation plan of the local regulatory body through a cost-effective
emissions reductions strategies

CMD value < 100 nm j> nucleation mode j>freshly generated
combustion sources
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Thank you for your kind attention!!!

Any possible collaboration, please contact: mdfiroz.khan@ukm.edu.my; mdfiroz.khan@gmail.com
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