Atmosphere

~ Investigation

The Impact of Forest Fires on Air Quality In
South-East Asia

MOHD TALIB LATIF

Atmospheric Chemistry and Air Pollution Research Group
Centre for Earth Sciences and Environment,
Faculty of Science and Technology
Universiti Kebangsaan Malaysia

A@ e [Iémvulsm
SAINS B Matavain

MALAYSIA Q The National University
o y of Malaysia



W Atmosphere
" Investigation

” Southeast Asia

Ichoku and Kahn (2012)



Atmosphere

Biomass burning in Southeast Asia

Land-use
changes

Slash and burn

Peat
combustion

Burning within
oil palm
plantation

Local
anthropogenic
activities



Atmosphere
Investigation

Rain forest [0—1j | . Agric;ulturo: [0—lj
N [ |

A———— I p—— —
(b)

éﬁ"g ]

.. S ______{_zs;"_qj:f‘*f ._:_ et : -
| | | E

i . I . . : i /
Peat forest [0—1] Savannah [0—1]
|

T — e e—— —
(c) (d)

REMO model domain in fraction (0—1) per model grid cell (0.5° - 0.5°) )
Langmann and Heil (2004)



Atmosphere

Investigation

Forest Fire (Bangkok Post, 3 March 2018) Bush Fire

Agricultural Burning (Kanokkanjana et al 2011)
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Monthly hotspot counts in 2015

South ASEAN North ASEAN

Monthly Hotspot Count for Year 2015 Monthly Hotspot Count for Year 2015

s000 zoooo
L, 4ooo 1 £ 15000
(= 3
= =)
8 8
w 3000 H S
e & 10000
o 2
B =]
-} I
T 2000 1 1 | =
— =
= 2 sooo
o
[

1000 ] ] |

0 T T T T T T T T T T T T
0 : : : : : : : : : : - : Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec 2015
2015 ) . )
B Thailand - Myanmar 0 cambodia - Vietnam
Peninsular Malaysia I sabahasarawak B sumatra | JELLL I Fhilippines

P Kkalimantan



Atmosphere

~ Investigation

Haze Phenomenon

Haze is a phenomenon that occurs when a sufficient
concentration of aerosols in the atmosphere scatter
visible light and this results in a measurable reduction
In visual range (Seinfeld and Pandis, 2006)
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EL NI'NO-SOUTHERN
OSCILLATION (ENSO)
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El Ni"'no

Sea surface temperature anomaly, Oct 11-Nov 7, 2015
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Rainfall Anomaly Patterns
El-Nino — Southern Oscillation (ENSO)
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3-Month Nino Region 3.4 Average
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PM,, Concentration in Petaling Jaya during
El-Nifo and La-Nina
Petaling Jaya 5
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CONCENTRATION OF MAJOR AIR
POLLUTANTS
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Overall Concentration: Non-Haze and Haze
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Visibility and API Index (2015)
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PM2.5 DURING NON HAZE AND
HAZE EPISODE
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ANNUAL HAZE
5 Aug 2011 until 18 July 2012

Elements Unit n=2381 n=11
API - 49.98 £ 15.75 (28.58 - 126.75) 77.51 +21.9(49.46 - 126.75)
T oC 28.49 £ 1.19 (26.05 - 31.55) 29.5 + 1.33 (26.66 - 31.55)
RH % 71.23 +7.91 (50.42 - 86.67) 63 £ 9.91 (50.42 - 81.63)
WS ms-1 1.29+0.19 (0.87 - 1.77) 1.49+0.14 (1.27 - 1.7)
WD Degree 128.83 + 31.64 (23.13 - 208.21) 102.84 + 33.19 (23.13 - 136.88)
Rainfall mm 10.37 £ 17.51 (0 - 85.4) 2.28 +5.18 (0 - 15.8)
cO ppm 1.29+0.31(0.61 - 2.16) 1.45+0.31(0.89 - 1.99)
0, ppm 0.01+0.01 (0-0.03) 0.02+0(0.01-0.02)
SO, ppm 0+£0(0-0.01) 0+£0(0-0.01)
NO, ppm 0.06 £ 0.01 (0.03-0.11) 0.06 + 0.01 (0.03 - 0.07)
NO ppm 0.03+0.01 (0.01 - 0.07) 0.02 £ 0.01 (0.01 - 0.04)
NO, ppm 0.03 £ 0.01 (0.02 - 0.05) 0.03 +0.01 (0.02 - 0.05)
PM, . pug m-3 28 +17 (6. - 118) 61 + 24 (40 - 118)
PM, /PM,, - 0.72+0.18 0.74 £ 0.07
PM, /TSP - 0.46 £ 0.13 0.54 £ 0.07
PM,,/TSP - 0.63+0.12 0.73+0.12
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Average PM, : Concentration (Haze 2015)
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CHEMICAL COMPOSITION
DURING HAZE EPISODE
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Concentration of inorganic composition of PM, : during haze in Malaysia

Reference
Unit

SO

NO;

Cl

NH,*

Na*

K+

Caz Al

\%

Cr Mn Fe Ni Cu Zn As Se Pb Cd

pg m3

pg m3

pg m3

pg m3

pg m3

pg m3

pgm3 pgm3

ng m3

ngm3 ngm3 ngm3 ngm?3 ngm?3 ngm3 ngm3 ngm=3 ngm3 ngm?3

Haze

Pinto et al.
(1998)
(Petaling Jaya)
Fujii et al.
(2015)
(Petaling Jaya)
Amil et al.
(2016)
(Petaling Jaya)
Khan et al.
(2016b)

(UKM Bangi)
Sulong et al.
(2017)

(Kuala Lumpur)
Jaafar et al.
(2017)

(UKM Bangi)

10.0

2.40

1.98

20.4

3.10

0.21

0.28

3.85

0.98

0.072

0.030

0.023

0.17

0.13

221

0.54

7.16

0.23

0.14

0.68

0.272

0.20?

0.51

0.21

0.60

0.612

0.0982

0.28

2.78

0.20

0.011

0.23

0.32

0.122

9.30

1.02

131

4.57

0.2 4.5 120 2.2 9.3 34.3 2.3 0.7 39

2.87 1.39 1.90 0.59 3.49 175 0.337 0.207 94.0 0.13

1.19 5.67 0.73 2.46 15.8 3.29 0.37 4.54 0.21

11.6 129 5.54 8.34 19.0 111 6.90 0.22

(Latif et al. 2018, Atmos Environ)
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PM, - Inorganic Composition(2015-2016)
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Concentration of Major lons based on Seasons (2015-2016)
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Concentration of Metals based on Seasons (2015-2016)
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Concentration of Biomass Tracer (2015-2016)
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PAHs Concentration (2015-2016)

4.0 -
: BgP NAP = Napthalene; ACY =
3.5 : DhA Acenapthelyne;  ACP =
|
530 - : Acenapthene; FLR = flourene;
> " 3. -
CE» | ICP PHE = Phenanthrene; ANT =
£25 - 1 m BaP . _
= | Anthracene; FLT =
-% 2.0 - : = BkF Fluoranthene; PYR = Pyrene;
25 : m BbF BaA = Benzo[a]anthracene;
§ L0 : ECYR CYR = Chrysene; BbF =
- | m BaA Benzo[b]fluoranthene; BkF =
|
0.5 - I mPYR Benzo[K]fluoranthene; BaP =
0.0 . . .: . mELT Benzo[a]pyrene; IcP =
SW INT I NE INT Il : HAZE = ANT Indeno[1,2,3cd]pyrene; DhA =
Seasons Dibenzo[a,h]anthracene; BgP

= Benzo[g,h,i]perylene



Atmosphere

~Investigation

SOURCE APPORTIONMENT
STUDY
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PME-MLR SOURCE APPORTIONMENT: PM2.5 CHEMICAL COMPOSITION (INORGANIC & BC)
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Base Factor Profiles Legend: W 9% of Species
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Source Indicator of PAHs based on Diagnostic Ratio

PAH ratio Value Source Reference

SLMW/> HMW <1 Pyrogenic (Zhang et al., 2008)
>1 Petrogenic

> COMB/PAHSs 0.3 Petrogenic (Pandey et al., 1999)
0.7 Pyrogenic

BaP/BgP <0.6 Non-traffic (Katsoyiannis et al., 2007)
>0.6 traffic

BaA/CHR 0.2-0.35 Coal combustion (Akyuz and Cabuk, 2009)
>0.35 vehicular emission

ANT/(ANT/PHE) <0.1 Petrogenic (Pies et al., 2008)
>0.1 Pyrogenic

FLT/(FLT + PYR) <0.4 Petrogenic (Yunker et al., 2002)
04-05 Fossil fuel

combustion
>0.5 Grass, wood, coal
combustion

BaA/(BaA + CHR) <0.2 Petrogenic (Yunker et al., 2002)
>0.35 Combustion

IcP/(IcP + BgP) <0.2 Petrogenic (Yunker et al., 2002)
>0.2 Pyrogenic
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Diagnostic Ratio
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Diagnostic Ratio
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Health Impact

 The number of respiratory disease outpatient visits at Kuala
Lumpur General Hospital also increased from 250 to 800
people per day in the 1997 haze episode (Afroz et al., 2003;
WHO, 1998).

 Haze episode contributed to a 19% increase in respiratory
mortality. 41.4% increase in the delayed effects of haze on the
natural mortality of children and a 66% increase in the
respiratory mortality of adult females (Sahani et al. 2014)

» For the 2015: Estimated that excess deaths with 95%
confidence intervals was 6,500 (1,700-11,300) in Malaysia. A
(Koplitz et al. 2016)
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HEALTH RISK ASSESSMENT
BASED ON PM2.5 COMPOSITION
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Hazard index (HI) and hazard quotient (HQ) — Inorganic
CompOSitiOn Elements RfC (mg m) HQ

Infant Toddler Children Adolescent Adult

0-<lyear 1-<6years 6-<12years 12-<18years 18-<70years
Pre-haze
Cr 8.00 x 10 1.10 x 10° 8.59 x 101 5.50 x 101 5.91 x 101 3.40 x 10t
Mn 5.00 x 10 3.60 x 1072 2.80 x 102 1.80 x 102 1.93 x 10 1.11 x 102
Ni 2.00 x 10 5.70 x 1078 4.46 x 107 2.86 x 1078 3.07 x 107 1.77 x 107
Cd 1.00 x 10 9.67 x 10 7.52 x10°% 4.82 x 10 5.18 x 10 2.98 x 108
As 5.00 x 10 6.57 x 107 5.11 x 107 3.28 x 10 3.52 x 108 2.03x10°%
>HI 1.16 0.90 0.58 0.62 0.36
Haze
Cr 8.00 x 10 1.02 x 10° 7.93 x 10t 5.08 x 10! 5.46 x 10 3.14 x 10
Mn 5.00 x 10 2.94 x 1072 2.29 x 1072 1.47 x 1072 1.58 x 1072 9.07 x 10°°
Ni 2.00 x 10 3.51x10°% 2.73x10°% 1.75 % 10-8 1.88 x 10 1.08 x 10
Cd 1.00 x 10 2.79 x 10 2.17 x 10 1.39 x 10-8 1.49 x 10 8.60 x 10
As 5.00 x 10 2.81x 103 2.19 x 108 1.40 x 10-3 1.51 x 107 8.68 x 10
>HI 1.06 0.82 0.53 0.57 0.33
Post-haze
Cr 8.00 x 10 5.87 x 101 457 x 10t 2.93 x 101 3.15x 101 1.81 x 101
Mn 5.00 x 10°° 453 x 102 3.52 x 10?2 2.26 x 1072 2.42 x 1072 1.40 x 1072
Ni 2.00 x 10 3.67 x 10 2.86 x 108 1.83x 10 1.97 x 107 1.13x 103
Cd 1.00 x 10 8.38 x 1078 6.52 x 1073 4.18 x 10 4.49 x 107 2.58 x 107
As 5.00 x 10°° 5.29 x 10°® 4.11 x 10 2.63 x 10 2.83x10°% 1.63 x 10
>HI 0.65 0.51 0.32 0.35 0.20
>HI Haze 1.06 0.82 0.53 0.57 0.33

SHI Non-haze* 0.91 0.71 0.45 0.49 0.28
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Elements IUR Excess lifetime cancer risk (ug m=3)*
Excess I Ifetl me cancer (ng m39)? Infant Toddler Children Adolescent Adult
- 0-<lyear 1-<6years 6-<12years 12-<18years 18-<70years
risks (ELCR) of
. - Pre-haze
carcinogenic
Pb 1.20 x 10 7.53 x 1010 2.93 x 10° 2.25 % 10° 2.42 x 10° 1.21 x 108
Cd 1.80 x 108 2.49 x 10° 9.67 x 10° 7.44 x 10° 8.00 x 10°° 4.00 x 108
Cr 1.20 x 102 1.51 x 10 5.89 x 10° 4,53 x 10® 4.86 x 10°® 2.43 x 10°
Ni 2.40 x 10 3.93 x 10° 1.53 x 108 1.18 x 108 1.26 x 108 6.31 x 10°®
As 4.30 x 10°® 2.02 x 108 7.85 x 108 6.04 x 108 6.49 x 10 3.24 x 107
Co 9.00 x 10 1.41 x 108 5.48 x 108 4,22 x 10® 453 x 108 2.26 x 107
> 1.56 x 106 6.05 x 106 4,65 x 10 5.00 x 106 2.49 x 10
Haze
Pb 1.20 x 10 1.50 x 1010 5.83 x 1010 4.49 x 1010 4.82 x 1010 2.41 x10°
Cd 1.80 x 103 7.17 x 100 2.79 x 10° 2.15x 10° 2.31x10° 1.15 x 108
Cr 1.20 x 10 1.40 x 106 5.44 x 10 4,18 x 10°® 4.49 x 10°® 2.24 x 10°
Ni 2.40 x 10 2.41 x 10° 9.37 x 10° 7.21 x 10° 7.74 x 10° 3.86 x 108
As 4.30 x 10’3 8.65 x 10°° 3.36 x 10°® 2.59 x 108 2.78 x 108 1.39 x 1077
Co 9.00 x 10°° 5.38 x 10°° 2.09 x 108 1.61 x 108 1.73 x 108 8.63 x 108
> 1.42 x 106 5.50 x 108 4,23 x 10°® 455 x 10® 2.27 x 10°
Post-haze
Pb 1.20 x 10 4.91 x 1010 1.91 x 10° 1.47 x 10° 1.58 x 10° 7.87 x 10°
Cd 1.80 x 108 2.15 x 10° 8.38 x 10° 6.45 x 10° 6.92 x 10° 3.46 x 108
Cr 1.20 x 102 8.06 x 107 3.13 x 10 2.41 x 10° 2.59 x 10 1.29 x 10
Ni 2.40 x 10 2.52 x 10° 9.80 x 10° 7.54 x 10° 8.10 x 10°° 4.04 x 108
As 4.30 x 10°® 1.62 x 10 6.31 x 108 4.86 x 10® 5.22 x 108 2.60 x 107
Co 9.00 x 10°° 8.29 x 10°° 3.22 x 108 2.48 x 108 2.66 x 108 1.33 x 107
835 x 107 325 x 106 250 %106 268 x 106 1.34 x 103
> ELCR  Haze 1.42 x 106 5.50 x 10°® 4,23 x 10® 455 x 10® 2.27 x 10°
> ELCR  Non-haze* 1.20 x 10 4.65 x 10® 3.58 x 10°® 3.84 x 10°® 1.92 x 10

The 3rd Workshop on Atmospheric Composition and the Asian Monsoon (ACAM)
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Health effect based on inorganic composition

2.50E-05 1.2
mm Hl HAZE
2.00E-05 - B HI NON-HAZE -1
==l==E CR HAZE L 0.8
” 1.50E-05 - b E| CR NON-HAZE ’
= 0.6 =
[
1.00E-05 -
- 0.4
5.00E-06 - s
0.00E+00 - 0

Infant Toddler Children Adolescent Adult
Groups

(Sulong et al. 2017, STOTEN)
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The toxicity of individual PAH (ng m-3) based on B[a]Peq
concentration (pg m3)

PAHs Concentration (ng m-3) TEF* B[a]Peq (pg m™)
NAP 0.06 0.001 0.06
ACY uD 0.001 0.00
ACP ubD 0.001 0.00
FLR uD 0.001 0.00
PHE 0.12 0.001 0.12
ANT 0.02 0.01 0.20
FLT 0.07 0.001 0.07
PYR 0.12 0.001 0.12
B[a]A 0.03 0.1 3.00
CYR 0.08 0.01 0.80
B[b]F 0.43 0.1 43.0
B[K]F 0.22 0.1 22.0
B[a]P 0.13 1 130
I[c]P 0.43 0.1 43.0
D[h]A 0.02 1 20.0
B[g]P 0.39 0.01 3.90
Total 266.27

(Sulong et al. 2018, Chemosphere)
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The LADD and the ILCR from PAHSs inhalation exposure

Infant Toddler Children  Adolescent Adult
0-<lyear 1-<6years 6-<l12year 12-<18years 18-<70years

LADD 2.81E-09 1.09E-08 8.42E-09 9.04E-09 4.51E-08
(mg/kg/day)
ILCR 8.84E-09 3.44E-08 2.64E-08 2.84E-08 1.42E-07

ILCR (70 years exposure) = 2.40E-07

(Sulong et al. 2018, Chemosphere)
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Conclusion and the Way Forward

Anthropogenic causes, primarily related to forest fire,
agricultural practices, and meteorological factors, particularly
during El Nifio events, have been attributed to uncontrollable
fires from peatland areas.

The compositions of inorganic and organic substances in PM
have been identified as markers for emissions from BB that
contribute to the haze episodes in SEA.

Haze was found to severely affect human health and it has been
associated with an increased number of respiratory illnesses,
and with increased cancer risk and mortality.
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Conclusion and the Way Forward

» Collaboration through ASEAN Agreement on Transboundary Haze Pollution that
has been ratified by all ASEAN member countries.

* Improve forecasting system and database through ASEAN Specialised
Meteorological Centre (ASMC) Fire Danger Rating System.

» Regional scientific community can be encouraged to come to an agreement on
the specific major air pollutants breakpoints for the ASEAN Air Quality Index
base on the impact of air pollutants to human health in SEA region

» Detail study on the impact of haze to human health is important to be conducted
in SEA region especially during haze episode.
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THANK YOU

talib@ukm.edu.my

http://www.ukm.my/talib/
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