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We analyzed over 80 inorganic and organic components of PM2.5 during a
1-year sampling campaign in Malaysia. Intensive field studies were also conducted at peatland fire
sites in Indonesia during the fire episode. These studies demonstrated the different chemical
characteristics of PM2.5 at the source and receptor sites. Based on the analytical data, we proposed

a new key indicator of Indonesian peatland fire (IPF), and secondary formation of some PAH
derivatives was suggested for the haze samples associated with the peatland fire during their
atmospheric transport. Furthermore, we firstly revealed that IPF contributed to nearly 30% of the
annual average PM2.5 concentration in Malaysia by Positive Matrix Factorization model. In addition,
we found significant correlations between biological effects and concentrations of some PAH
derivatives of the haze samples. These results suggest that those components have the potential to
worsen respiratory diseases.

PM2.5



PM2s

PM5

2014 PM2s

PM2s

Polycyclic Aromatic Hydrocarbon, PAH

PM; 5
invitro
PM;5
PM;5
PM, 5
PAH

PM25s

invitro
(1) PM,s
3°10' 6" 101°42'
4" 13.7m
2015 6 2016 5 1 PM, 5
PM; 5
PM; 5

(Thermo, ChemComb model 3500
speciation sampling cartridge) VOC

LVS (HVS,
Tisch, Model TE-3070V-2.5-BL) 2
47 mmg
PTFE (Polytetrafluoroethylene)
(WP-500-50, Sumitomo Electric Fine Polymer)

20.3x25.4 cm (2500

QAT-UP, Pall)
900 4
LVS 10 L/min 24
HVS
1.13 m’/min 24 LVS
LVS  HVS
139
24
Sm PM; 5
2015 7 8
Siak, Kampar, Payung Sekaki

3 2 LVS
47 mme@ PTFE
PM; 5 3 4

13

®

PM;
PTFE

PM;

C,045, CI, NO;y, SO,
Na', NH,', K', Mg*, Ca*

GC-MS



EC oC
IMPROVE_A
Protocol
PAH : OPAH,
: NPAH : CIPAH
GC-MS EDXRF
BC
BrC
1
2)
(€)
PM, s
PM, s
Positive Matrix
Factorization PMF »
PMF
PMF
Potential Source Contribution
Function PSCF 9
C)) PM, 5
139
PM, s
PAH
DMSO
DMSO-
PM,; 75 pg/mL
BEAS-2B
LHC-9
I
semi-confluent
75 pg/mL
24
Water soluble tetrazolium-1 WST-1
interleukin IL -6 IL-8 Enzyme
linked immuno-sorbent assay ELISA
R10
75 pg/mL
24
WST-1
CDS86

®) PM; s

ICP-MS PM, 5
1
PM, s
6 PM, 5
Wako
200 15
0.45um

Ca Ti Cr Mn Fe Cu Zn As
Br Cd Sn I Ba Pb 14

QALY
6 \
n
QALY Quality
Adjusted Life Years, L, Lin
/
(¢)) PM, 5
2015 7 8
3
PM;
21
mg/g-OC
S
7.4 mg/g-0OC
G
(3.4 mg/g-0C)
S
G
35 PAH OC
1.5 mg/g-OC 4
PAH 46 %
oC 1/30
PM;
() PM, 5
PM, s 38 + 41 pug /m’ +
PM; s

2015 PM, 5



1
NOAA-18
Prof.
Latif 2015 8 10
PM,

NOAA-18

2015 6 10 Period I
2015 11 2016 5

Period II
Period I > 11 PM, 5
Period I <1I
3 PMF
TSP  Total
Suspended Particulates
ocC 0]
0oc4
1
PM;
PAH
PM, s >100 pg/m’ PM, 5
<30 pg/m’ 5 40%
6 30%

9-NAnt 9-Nitroanthracene ,
7,12-BaAQ 7,12- Benz[a] anthracenequinone

6
PAH BeP Benzo[e]pyrene
2 3
173 110
BC EC 2
pg/m’
BC 2 pugm’
EC 2 6 pg/m’
HULIS
BrC  HULIS
® PM, 5
1

PM, s

PMF
PSCF
2 2
6
PM, s
30 % Period 1
40%
2 PSCF
3
1
PM, s
PMF PM,; 5
30 %
PM, s
PM, s
= ——— PMRS 4000 o
@ ——0—— Hotspot (Sumatra) 3000 'E
= ~-- -~ Hotspot (Borneo) E
s 2000
g 1000 &
E o =
2

Date [Month-Year]

Source contribution of PR, « [pgm-]
Lay
(=}

20 1

10 4

04
Annual Fire season
(Jun—May) (Jun—Oct.)

2

WPeatland fire
WSeasalt

OSecondary aerosol

mOthers

Non-fire season
(Nov.—May)

PM, s

(Period I: Fire
season, Period II: Non-fire season)

Meteorological Data Information System

PSCF
value

200

10N




PSCF

©) PM; ;s

20

IL-6
IL-8
24

CD86 9

PAH

CD86 4
PAH NPAH 13
5
4
PM, 5 50 200 pg/m’

PM, s
CD86

y=0.541x+1.15
R*=0.973

1.16 /

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
2 FILBBRPDI-NAntRE (ng/uL)

4 CD86 9-NAnt 9-Nitroanthracene

®) PM, 5
PM, s
PM, s

Pb Fe
5 Al  Si
As Br I Pb

PM;

6 Cd 0.10 0.25
ng/m> Pb 2.10 12.5 ng/m’

QALY
Cd Pb
Cn, mg/m’ 1 12 1

PM, s

QALY  18%

=5
E\\
==
==
=
==
—_
==

immimgiliy

5 PMz,s PMZ.S

Pb Fe
1 QALY
/hour QALY day
2.9 0.404
2.2 0.478
(®)
PM, 5
PM, 5
PM, 5
30%
PM, NPAH
PAH

1) Y. Kamiya, T. Kameda, T. Ohura, S. Tohno,
Polycyclic Aromatic Compounds, 37, 128-
140, 2017.

2) A. Wonaschiitz, R. Hitzenberger, H. Bauer, P.
Pouresmaeil, B. Klatzer, A. Caseiro, H.
Puxbaum, Environ. Sci. Technol., 43, 1141-
1146, 2009

3) P. Paatero, U. Tapper, Envirometrics, 5, 111—
126, 1994

4) PK. Hopke, J. Air Waste Manage. Assoc., 66,
237-259, 2016.

5)

> >

, 9, 1-8, 1996.



9

Y. Fujii, S. Tohno, N. Amil, M.T. Latif,
Quantitative  assessment  of  source
contributions to PM, s on the west coast of
Peninsular Malaysia to determine the
burden of Indonesian peatland fire,
Atmospheric Environment, 171, 111-117,
2017

DOI:10.1016/j.atmosenv.2017.10.009

Y. Fujii, M. Mahmud, M. Oda, S. Tohno, J.
Matsumoto and A. Mizohata, A key
indicator of transboundary particulate
matter pollution derived from Indonesian
peatland fires in Malaysia, Aerosol Air
Quality Research, 16, 69-78, 2016

DOI:10.4209/aaqr.2015.04.0215.

Y. Fujii, S. Tohno, N. Amil, M. T. Latif, M.
Oda, J. Matsumoto, and A. Mizohata,
Annual variations of carbonaceous PM, 5 in
Malaysia: Influence by Indonesian peatland
fires, Atmospheric Chemistry and Physics,
15, 13319-13329, 2015
DOI:10.5194/acp-15-13319-2015.

Y. Fujii, H. Kawamoto, S. Tohno, M. Oda,
W. Iriana, and P. Lestari, Characteristics of
carbonaceous aerosols emitted from
peatland fire in Riau, Sumatra, Indonesia
(2) — Identification of organic compounds —,
Atmospheric Environment, 110, 1-7, 2015

DOI:10.1016/j.atmosenv.2015.03.042.

18
H. Kurita, Y. Fujii, S. Tohno, N. Saito, Y.
Kamiya, T. Kameda, R. Hitzenberger, T.

Haller, K. Ikeda, N. Sakai, N.A. Sulong, M.T.

Latif, T. Ohura, Comprehensive assessment
of carbonaceous PM2.5 in Malaysia during
haze events influenced by Indonesia peatland
fire and non-haze period, 10th International
Aerosol Conference, St. Louis, U.S.A., 2018
(accepted)

Y. Fujii, K. Ikeda, S. Tohno, M. Mahmud,
Characterization of humic-like substances
in particulate matter in Malaysia influenced
by Indonesian peatland fires, 36™ AAAR

Annual  Conference, Raleigh, North
Carolina, U.S.A., 2017
’ ’ MT.
Latif H.S. Huboyo ,
PM, 5
34
,2017

Y. Matsui, N.T. Thuong, M. Yoneda, S.
Tohno, Indoor air quality analysis of particle

matters and volatile organic compounds in
Malaysia, 10th Asian Aerosol Conference,
Jeju, Korea, 2017

Mastura Mahmud
PAH
n-
33 s
,2016
Y. Fujii, M. Oda, N. Amil, S. Tohno, M.T.
Latif, Annual variations of solvent-
extractable organic compounds in PM, s in
Malaysia — Influence of Indonesian peatland
fires —, 2015 European Aerosol Conference,
Milan, Italy, 2015
Y. Fujii, N. Amil, M. Oda, S. Tohno, M.T.
Latif, J. Matsumoto and A. Mizohata,

Characteristics of carbonaceous PM,;s:
Annual observation in Malaysia, 9th Asian
Aerosol Conference, Kanazawa, Japan,
2015

http://aerosol.energy.kyoto-u.ac.jp/tohno/profile3

001.

¢y

@

®

html

TOHNO, Susumu

KAMEDA, Takayuki

TAKANO, Hirohisa

MATSUI, Yasuto

FUJIIL, Yusuke

OKUDA, Tomoaki

Haryono Setiyo Huboyo
Mohd Talib Latif
Mastura Mahmud
Regina Hitzenberger



