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Emission ratio of carbonaceous aerosols from open biomass burning in East

China

Xiaole Pan (Japan Agency for Marine—earth Science and Technology)

| have been working in atmospheric composition research team (Team
leader: Dr. Yugo KANAYA) of Environmental Biogeochemical Cycle
Research Program in Japan Agency for Marine-Earth Science and
Technology as postdoctoral researcher since | got my PhD in Institute of
Atmospheric Physics/Chinese Academy of Science in 2010. For the past
three years we constantly performed /7-stufield observation on pollutant
gases and particulate matters over Japan, South Korea and China. The
focus of my study is mostly related with the characterization of
carbonaceous aerosols from intensive open biomass burning (OBB)
activities. This article presents the short review of my current works.

In the Chinese rural areas, the byproducts of crops such as staks are
mostly directly being burned in the field, despite being legally banned by
the government. This activity has been reported to significantly increase
of atmospheric suspended particles and decrease of visibility [Pan et al,
20101 Sporadic OBB also brings large uncertainty in predictabiity of air
quality forecast and regional climate by models. Til now, estimation of BC
emission from OBB based on bottom-up method is not conclusive
because information such as amounts, types and combustion condition of
biomass burned is hardly being collected. We attempted to constrain the
BC emission uncertainty by studying the correlation of carbonaceous
aerosols (e.g. ABC/ACO) from the field observation, and amost
three—year (summer 2006 — Spring 2009) concurrent measurements of
BC in PM1 (Multiple Angle Absorption Photometer) and carbon monoxide
(CO, Thermo Inc. Model 48C) at a high altitude background station on the
summit of Mt. Huang (30.2°N, 118.3°E, 1840 m a.sl.) indicated the ABC/
ACO ratio for the air masses impacted by OBB events in the upstream
was ~11 ng/m3/ppbv, about twice of the value reported for the
poluted air masses in the urban site [Pan et al, 2011]. Our result was
comparable to the measurements reported by Spackman et al. [2008]
during Texas Air Quality Study (TexAQS) and Kondo et al. [2011] during
NASA ARCTAS campaign with Laser—induced incandescence method,
however generally higher than the value derived from emission inventory.
Concerns should be raised that observed ABC/ACO ratio was not
necessarily representative of emission characteristics of OBB since the
ambient BC particles could be substantially lost due to cloud scavenging
and dry/wet deposition processes during transport, and an obvious
decreasing tendency of ABC/ACO ratio with increase of mean relative
humidity along transport pathways was observed for the observation at
Mt. Huang. Thus, observation in vicinity of fire events was essential for
properly manifesting the emission ratio of BC from OBB. To address this
need, we performed an intensive field campaign in an agriculture site
(Rudong, 32.3° N, 121.4° E, 3 m asl.) in Yangtze River Delta Region in
harvest season, and fresh OBB plumes were clearly observed during the
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Figure 1. Geographical location of observation site and hotspots
detected by MODIS in East Asia in 2007.

campaign. Mass concentration of BC, Elemental carbon (EC) and organic
carbon (OC) (Sunset EC/OC analyzer, IMPROVE-lke temperature
protocol) were concurrently measured. We found that ABC/ACO and A
EC/ACO ratio were 8.3+0.3 and 7.10.4 ng/m?/ppbv, respectively,
for OBB-impact episodes. Significantly, a positive correlation was found
for AEC/ACO ratio and the contribution of OBB to the total EC mass.
Based on the best linear regression fit method, AEC/ACO ratio with sole
OBB source was estimated to be 18.2+4.6 ng/m®/ppbv. AOC/ACO
ratio observed at site varied significantly from case to case, and this
variety was mostly attributed to different combustion conditions and
subsequent evolution during transport. As expected, AEC/ACO ratio was
closely related with the combustion phases, and ABC/ACO ratio in the
flaming combustion stage was found to be about 40% higher than that of
smoldering combustions; however AOC/ACO ratio increase significantly in
smoldering stage. Applying our observation result, emission of
carbonaceous aerosols from OBB could be 50% higher than the current
emission inventories.

Freshly emitted BC particles are theoretically graphite homologues and
hydrophobic, tending to preserve during long—distance transport. In the
real atmospheric environment they are normally coated with hygroscopic
compounds (sulfate, water soluble organic etc.) and gradualy lost with
transport. Observation with Single Soot Particle Photometer (SP2)
demonstrated that soot particles from OBB had relative large size and
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thick coatings [Schwarz et al, 2008] and seemed to be more vulnerable
to wet scavenging and dry deposition. In MXT2006 campaign, two
evident OBB plumes episodes were observed at the summit of Mt.Tai
(36.3°N, 117.1°E, 1534 m asl.). According to dataset in that study, we
investigated the dependence of AEC/ACO ratio on corresponding
transport time. The transport time of OBB particles were simulated by
FLEXPART dispersion model according to hotspots information
determined by MODIS onboard Terra and Aqua satelites. Based on
e—folding curve fitting, AEC/ACO ratio at the transport time = 0
(emission ratio) was found to be ranged from 15.0-16.6 ng/m®/ppbv,
supporting our conclusion at Rudong. Emission ratio of OC was ranging
58.8-65.5 ng/m3/ppbv, about twice higher than the value reported by
Andreae and Merlet [2001] and Akagi et al. [2011]. Lifetime of EC from
OBB was estimated to be 4.1-5.7 days. AOC/ACO ratio has a faster
decreasing tendency with increase of transport time, and lifetime of OC
from OBB was found ranging 1.2-1.8 days. The results were informative
for evaluating the timescales of aging of OBB particles. However, the
specific processes involved are not yet clear, further observation studies
are stil needed. The uncertainties in this study were mostly attributed to
variety of burning condition at source regions, systematic bias inherent to
Thermo—-Optical-Transmittance method, determination of occurrence of
0OBB events and simulation error of dispersion model.

Our previous studies were mostly based on fiter-based sampling
analysis, and the emission ratio represented the integrated

characterization over a certain time period. However emission of
carbonaceous aerosols from OBB might change quickly as combustion
evolves. In order to study this issue, we are currently preparing for
burning experiments in laboratory with high time resolution observation,
and we expect that the results could be helpful for parameterization of
emission inventory research.
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