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ABSTRACT

The peatland wildfire in Indonesia was periodically occurs even in non-ENSO period thus may pose health risk to
the inhabitants each year. During non episodic peatland wildfire, we measured PM2.5 using 2 sets of PM2.5 samplers
combined with secondary data from fixed monitoring station for ambient PM10. We compare the data with previous study
on episodic wildfire in this peatland area. EC and OC concentrations in PM2.5 were determined using a thermal/optical
carbon analyzer with IMPROVE-A protocol. The pattern of PM10 during episodic peatland wildfire can reach more than
ten times of PM10 standard (24 h). This is may pose health risk since this high concentration may persist during one month
or more. While during non episodic wildfire the ambient PM10 showed moderate fluctuation. During episodic burning
period, the ambient atmosphere are enriched by OC1 and OC2 fraction, while in non episodic burning, fraction of OC2,
OC3 as well as OC4 shows higher level than OCI1. Based on EC ratio analysis the char-EC in biomass burning shows
higher than soot-EC leading to dominant fraction of low temperature elemental carbon originated from biomass burning.
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INTRODUCTION

About 2,800 ton carbon per hectare was stored in
Indonesian peatland forest. Ironically, the Indonesian
peatland is degraded due to deforestation and water
drainage for agriculture and pulp plantation. Current data
on total Indonesian peatland area (22 million ha), about
60% were deforested and drainaged, 5% were cultivated,
while about 35% were mixed of small scale farm and
destructed peatland (Hooijer et al. 2006). It is estimated
that greenhouse gasses particularly increased of CO2
concentration in the atmosphere causes rising mean global
surface air temperature for about 0.2°C per decade (IPCC,
2007). The root of peatland fire generally was attributed to
land clearing, cigar and matches ignition, neighboring land
fire and fire from fish catchement (Rianawati, 2005). This
destruction led to organic material oxidation and huge
amount of greenhouse gases emission. Peat fire usually
occur in smouldering combustion due peat structure have
been changed by drainaged of soil moisture due to
afforestation. The smoldering peat fires are characterized
by flameless combustion with low temperature
combustion (Rein et al. 2008). For Indonesian peat, the
chemical structure of peat is governed by mineral content,
depth, plant composition, mineral type in substratum in
peat base and peat decomposition. Physically, peatland has
high moisture content, low bulk density, low bearing
capacity that land subsidence can easily take place and
irreversible. Peatland moisture content is 100 — 1.300%
from its dry weight (Mutalib ef al. 1991). Based on depth,
peat material has different peat enrichment i.e different
clay mineral, sand and granite composition (Limin et al.
2000). Peatland fires occur not only on the peat surface, in
its sub surface the fire take place on persistence long-term

duration therefore it needs highly effort for extinguishing
it. Limin et al., 2003 stated that the burnt peat on average
22.03 cm depth (0 — 42.3 cm), however on special spot the
depth of peat burning can reach 100 cm deep. Compare to
other emitters, peatland fire contribute the highest of
greenhouse gases. During 1997 — 1998 (when El Nino
phase occurred), high level of air pollution episode
occurred. According to WWF research about 10 million
hectares of peatland were burnt releasing greenhouse gases
about 810-2.563 Megaton carbon (C) to the atmosphere
(Page et al.2002). About 4 million sq km surrounding of
fire was affected by haze resulting adversely health effect
in Southeast Asia. In this period, daily average particulate
matter concentration showed very high until 4000 mg/m’
(Heil et al. 1998). Nonetheles, it seems the periodical
peatland fire was not governed by ENSO period, even in
non-ENSO period the wildfire still take place in this area
(Tacconi, 2003). Probably the prescribed burning for land
clearing contribute much to the peatland wildfire.

METHODOLOGY

In this research we have three measurement
settings. For knowing PM;, pattern during episodic and
non episodic peatland wildfires we used three fix
monitoring stations operated by local Environmental
Protection Agency (BLH) in Siak district. These stations
work automatically, so we can retrieve the data after
logging to the devices. In this case, the measurement
results of February — May 2014 in Siak area were
collected. For characterizing episodic wildfire we
measured manually in the field on June 2012. In this
episodic peatland wildfire, uncontrolled burning occurred
continuously. The measurement for episodic peatland fire
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was fully depicted in Fujii et.al (2014). The data from this
paper are compared with measurement in non episodic
peatland wildfire in June 2014. Thus in the subsequent
analysis we get the feature of episodic and non episodic
peatland wildfire. In this non episodic peatland wildfire,
the measurement of PM, 5 were carried out using 2 sets of
PM, 5 samplers (ChemComb Thermo denuder model 3500,
Thermo). This sampler uses Leland Legacy® sample
pump at constant flowrate of 9L/m. The flowrates were
calibrated pre and post-sampling against DryCal primary
flow meter (Bios International, USA). PM, s samples were
collected on teflon filter dia.39 mm, while for
carbonaceous component analysis we used pre-fired in
600°C (4h) quartz filters (Pallflex) with diameter 39 mm.
To eliminate the static charge accumulated in the filters,
the filters were treated with zerostat. At least 5 weighing
were employed to each teflon filter to get weight
consistency using *1 ug accuracy balance (Sartorius, ME
5-F) in a conditioned room (30 — 40%). While the quartz
filter, we sent it for carbon analysis. To account the
uncertainties for handling filters during measurements,
field blanks also were provided for each sample

Figure-1 shows the location of measurement of
episodic burning as wells as non-episodic burning.

0 MalayS|a
Medan
0
Kuala Lumpur
‘\
,\:’\ MALACCA
NORTH SUMATRA | \\ o)
N - .
\i{w Smggpore
Pulau Nias ? ’
S Cc) BatamCity
0
\\W RIA .«/\&
ﬂukmch’;x Z
e
\
e 4
Pulau Siberut AME Ja?bi

@ Episodic burning @ Non episodic burning
Figure-1. Location of measurement.

EC and OC concentrations were determined using
a thermal/optical carbon analyzer (DRI Model 2001) with
IMPROVE-A protocol. In this method, organic carbon
fraction evolves from the filter punch in a He-only
(>99.999%) atmosphere at 140, 280, 480 and 580°C plus
pyrolyzed organic carbon. While elemental carbon fraction
will evolve from the filter punch in a 98% He/2% O,
atmosphere at 580, 740, and 840°C minus any pyrolyzed
OC. For determining total OC, we have to get OCl1
(evolved from ambient (~25 °C) to 140°C), OC2 (evolved

from 140 to 280°C), OC3 (evolved from 280 to 480°C),
OC4 (evolved from 480 to 580°C) and OP (evolved from
the time that the carrier gas flow is changed from 580 °C
to the time that the laser-measured filter reflectance (OPR)
reaches its initial value. While by definition, EC1 evolved
from the atmosphere at 580°C, EC2 evolved from 580 to
740°C and EC3 evolved from 740 to 840°C.
We then sum up them and the following formula
holds :
OC:0C1 +0C2 +0C3 +0C4 +OP
EC: EC1 + EC2 + EC3 - OP
A punch of collected filter (0.503 sz) was used
as a proxy of a whole filter area. To reach total content of
OC/EC (ug) in the filter, the following calculation was
made :

Mass collected in the filter :
M(ug) = OC/EC (ug/cm?)
X 11.946cm?

) Note: 11.946 is the deposited

particle area in 39 mm filter

The calculated mass was then divided

by suction air volume (standardized) to

get mass concentration

Figure 2. Schematic view of filters with deposition area
and punch area.

RESULTS AND DISCUSSION

As shown in Figure-3, the pattern of PM,, during
episodic peatland wildfire the PM;, concentration (in 5
minutes increments), in three sites, can reach more than
1500 ug/m3 or ten times of PM,, standard of 24 h (the
blue line). This is extremely high and may pose health risk
since this high concentration may persist during one
month or more. In this episodic period there was no rain at
all, with wind speed average around 1 m/s and ambient
temperature average around 29°C.

In contrast to episodic peatland wildfire
(Figure-4), during non episodic wildfire and its transition
showed moderate fluctuation of PM;, concentration i.e in
several occasion the ambient PM,, were elevated very
high as those in intensive episodic period. In the non
episodic period somehow the average ambient PMj,
concentration may fall below the PM,, standard. Based on
this result, as long as the peatland fire is controlled, even
sporadically occur widespread, then its ambient PM,
concentration may meet the ambient PM;, standard.
Forbidding of prescribed burning, practicing emergency
response of occuring fire for firefighters in the field may
prevent uncontrolled peatland fire. Yet, the Indonesian
peatland, within the recent decades, has switched from
carbon sink to a significant carbon source that contributes
to currently rising atmospheric CO, concentrations
(Dommain et al. 2014).

4794


http://www.arpnjournals.com/

VOL. 11, NO. 7, APRIL 2016

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

SIAK PERAWANG KANDIS

Figure-3. Pattern of PM10 concentration during Episodic

Wildfire.
SIAK PERAWANG KANDIS
W (o b
A 2 i
. Vi ; Wy
/'~..'-'-: N '.:I'\‘\\"‘M:"Ma

Figure-4. Pattern of PM,, concentration during Non-
Episodic Wildfire.

Identification of organic carbon (OC) as well as
elemental carbon (EC) may assist for source identification.

The PM2.5 from biomass burning usuallya
dominated by organic matter about 40 — 60% as a sources
of OC and EC (Rastogi et al. 2014). Based on Figure-5,
we can conclude that during episodic burning, fraction of
OCI1 and OC2 dominate in total OC, while during non
episodic burning period the OC3, OC2 and OC4 dominate
the fraction. High level fraction of OC1 in episodic
burning period may indicate source of biomass burning.
While elevated OC2 and OC3 is designated to cooking
emission (Chow, et al. 2004). This indicates that if non
episodic peatland fire occur than the carbonaceous
component in the ambient air are enriched by
carbonaceous component originated from cooking fire.
Furthermore ratio of OC/EC from biomass burning were
higher during nighttime than daytime (Higher fraction of
ECI and EC2 in PM,s during non episodic burning
indicate source high temperature burning. In this case from
motor vehicle burning. Based on carbon elemental
analysis i.e based on formula by Han et. al, (2008) :

[char-EC] = [EC1] - [OP]
[soot-EC] =[EC2] + [ EC3]
[ECratio] = [char-EC]/ [soot-EC]

Then we get the Table-1 as below :

Table-1.Comparison of [EC ratio] from episodic and non
episodic peatland wildfire.

1 [char-EC] | [soot-EC] i
Sample (hg/m3) (hg/m3) EC Ratio
Episodic burning* | 94.77+44.5 | 38.12+20.3 | 3.75£3.81
2"“‘."?‘”‘1“’ 19111 | 096:026 | 191£0.75
urning

*Data were recalculated from Fuiii et al. 2014

Since low temperature burning exhibit char-EC
than soot-EC then during episodic burning the ratio of [EC
ratio] was higher than that in non-episodic burning. This
EC fraction phenomenon is in agreement with that in OC
fraction that during biomass burning event the ambient
atmosphere are rich with low temperature level of burning
carbonaceous fraction ie OCl1 and ECI. The
characteristics is important to differentiate ambient
atmospheric chemistry between intensive burning and non
intensive burning particularly in peatland area. As the
government concern about this fire that majority (85-
90%) of the estimated total forest fire emission was
associated with secondary forest and peatland swamp
forest fires (Permadi and Oanh, 2013). High percentage of
OCl1 indicates smoldering burning in the peatland area.
Hamada et.al (2013) also showed dominant smoldering
combustion in Indonesian peatland fire by assessing ratio
of ERcorcon-
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Episodic data were adopted from Fujii et al, 2014

Figure 5. Average percentage proportion of carbonaceous
components to PM; s.

CONCLUSIONS

The pattern of PM;, during episodic peatland
wildfire the PM;, concentration (in 5 minutes increments)
can reach more than 1500 ug/m3 or ten times of PM,,
standard (24 h). This is may pose health risk since this
high concentration may persist during one month or more.
In contrast to episodic peatland wildfire, during non
episodic wildfire and its transition showed moderate
fluctuation of PM;, concentration. In the non episodic
period, the average ambient PM, concentration may fall
below the PM, standard. During episodic burning period,
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the ambient atmosphere are enriched by OC1 and OC2
fraction, while in non episodic burning, fraction of OC2,
OC3 as well as OC4 shows higher level than OC1. Based
on EC ratio analysis the char-EC in biomass burning
shows higher than soot-EC leading to dominant fraction of
low temperature elemental carbon originated from
biomass burning.

ACKNOWLEDGEMENTS

This study was partially supported by funds from
the Directorate General of Higher Education, Ministry of
Research, Technology and Higher Education Republic of
Indonesia No. DIPA-023.04.1.673453/2015.

REFERENCES

[1] Chow, J.C., Watson, J.G., Kuhns, H.D., Etyemezian,
V., Lowenthal, D.H., Crow, D.J., Kohl, S.D.,
Engelbrecht, J.P., Green, M.C. 2004. Source profiles
for industrial, mobile, and area sources in Big Bend
Regional Aerosol Visibility and Observational
(BRAVO) study. Chemosphere. 54, 185-208

[2] Dommain, R., Couwenberg, J., Glaser, PH., Joosten
H., Suryadiputra, NN. 2014. Carbon storage and
release in Indonesian peatlands since the last
deglaciation. Quaternary Science Reviews. 97 : 1- 32

[3] Fujii, Yusuke, Iriana, W., Oda, M., Puriwigati, A.,
Tohno, S., Lestari, P., Mizohata, A., Huboyo, H.S.,
2014. Characteristics of carbonaceous aerosols
emitted from peatland fire in Riau, Sumatra,
Indonesia. Atmos. Environ. (87), 164-169.

[4] Hamada, Y., Darung, U., Limin, SH., Hatano, R.
2009. Characteristics of fire-generated gas emission
observed during a large peatland fire in 2009 at
Kalimantan, Indonesia. Atmospheric Environment.
74:177-181.

[5] Han, Y.M., Han, Z.W., Cao, J.J., Chow, J.C., Watson,
J.G., An, Z.S., Liu, S.X., and Zhang, R.J. 2008.
Distribution and origin of carbonaceous aerosol over a
rural high-mountain lake area, Northern China and its
transport significance. Atmos. Environ. 42 (10),
2405-2414.

[6] Heil, A., Stolle, F., Mahmud, M., Effendi, E. 1998.
Air pollution from large scale forest and land fires in
Indonesia 1997-1998: development and impacts. In:
The First Synthesis Working Group Meeting on Land
Use Planning and Management to Reduce
Transboundary Pollution from Fires in Southeast
Asia. Bongor, Indonesia, 18-19 August.

[71 Hooijer, A., M. Silvius, H. Wosten and S. Page. 2006.
PEAT-CO, Assessment of CO Emissions from
Drained Peatlands in SEAsia Delft Hydraulics report
Q3943.

[8] IPCC. 2007. Summary for policymakers. In: Solomon
S, Qin D, Manning M, Chen Z, Marquis M, Averyt
KB, Tignor M, Miller HL. (Eds.), Climate Change
2007: The Physical Science Basis. Contribution of
Working Group I to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge.

[9] Limin, S. H., Tampung N. Saman., Patricia E. Putir.,
Untung Darung, dan Layuniyati. 2000. Konsep
Pemanfaatan Hutan Rawa Gambut di Kalimantan
Tengah, Proc.Seminar Nasional Pengelolaan Hutan
Rawa Gambut dan ekspose hasil Penelitian di Lahan
Basah”, diselenggarakan oleh Balai Teknologi
Reboisasi Banjarbaru, Istana Barito Banjarmasin,
Kalimantan Selatan, 9 Maret.

[10]Limin, S. H., Saman, T. N. and Alim, S. 2003. Forest
Fires Suppression Activities in Kalampangan Zone
and the Natural Laboratory of Peat Swamp Forest
(NLPSF) in Central Kalimantan. Sapporo-Japan, 20
March.

[11]Mutalib, A, Aa, J.S. Lim, M.H. Wong and L.
Koonvai, 1991. Characterization distribution and
utilization of peet in Malaysia. Proc. International
Sysposium on Tropical Peatland. 6-10 May 1991,
Kuching, Serawak, Malaysia.

[12]Page, S., Siegert, F., Rieley, J., Boehm, H.D., Jaya,
A., Limin, S., 2002. The amount of carbon released
from peat and forest fires in Indonesia during 1997.
Nature. 420, 61-65.

[13]Permadi, DA., Oanh, NTK. 2013. Assessment of
biomass open burning emissions in Indonesia and

potential climate forcing impact. Atmospheric
Environment. 78: 250-258.

[14]Rastogi, N., Singh, A., Sarin, MM. 2014.Chemical
characteristics of PM2.5 at a source region of biomass
burning emissions: Evidence for secondary aerosol
formation. Environmental Pollution. 184: 563-569.

[15]Rianawati, F. 2005. Kajian Faktor Penyebab Dan
Upaya Pengendalian Kebakaran Lahan Gambut Oleh
Masyarakat Di Desa Salat Makmur Kalimantan
Selatan. Jurnal Hutan Tropis Borneo No. 17,
September.

[16]Rein, G., Cleaver, N., Ashton, C., Pironi, P., Torero,
J.L., 2008. The severity of smouldering peat fires and
damage to the forest soil. Catena. 74, 304-3009.

[17] Tacconi, L. 2003. Fires in Indonesia: Causes, Costs
and Policy Implications. CIFOR Occasional Paper 38.

4796


http://www.arpnjournals.com/

	Introduction
	METHODOLOGY
	RESULTS AND DISCUSSION
	Identification of organic carbon (OC) as well as elemental carbon (EC) may assist for source identification.
	The PM2.5 from biomass burning usuallya dominated by organic matter about 40 – 60% as a sources of OC and EC (Rastogi et al. 2014). Based on Figure-5, we can conclude that during episodic burning, fraction of OC1 and OC2 dominate in total OC, while du...
	[char-EC] = [EC1] – [OP]
	[soot-EC] = [EC2] + [ EC3]
	[EC ratio] = [char-EC] / [soot-EC]
	ConclusionS
	AcknowledgEMentS
	This study was partially supported by funds from the Directorate General of Higher Education, Ministry of Research, Technology and Higher Education Republic of Indonesia No. DIPA-023.04.1.673453/2015.
	References

