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A Single Particle Aerosol Mass Spectrometer (SPAMS) was deployed in the urban area of Chongging to
characterize the particles present during a severe particulate pollution event that occurred in winter
2014—2015. The measurements were made at a time when residents engaged in traditional outdoor
meat smoking activities to preserve meat before the Chinese Spring Festival. The measurement period
was predominantly characterized by stagnant weather conditions, highly elevated levels of PM; 5, and
low visibility. Eleven major single particle types were identified, with over 92.5% of the particles
attributed to biomass burning emissions. Most of the particle types showed appreciable signs of aging in
the stagnant air conditions. To simulate the meat smoking activities, a series of controlled smoldering
experiments was conducted using freshly cut pine and cypress branches, both with and without wood
Chongqing logs. SPAMS data obtained from these experiments revealed a number of biomass burning particle types,
SPAMS including an elemental and organic carbon (ECOC) type that proved to be the most suitable marker for
PMa 5 meat smoking activities. The traditional activity of making preserved meat in southwestern China is
Biofuel smoldering shown here to be a major source of particulate pollution. Improved measures to reduce emissions from
the smoking of meat should be introduced to improve air quality in regions where smoking meat activity
prevails.
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1. Introduction

Biomass burning (BB) emissions make a significant contribution
to urban PM in China (Cao et al., 2007; Cheng et al., 2014; He et al.,
2011; Huang et al., 2014; Yang et al., 2011). A range of BB activities
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has been identified, including forest and savanna wildfires, wood
and peat burning, residential heating and cooking, as well as in-
dustrial biofuel burning (Reid et al., 2005; Simoneit, 2002). Zhang
and Cao (2015) have highlighted two of the most important BB
sources in China: household biofuel combustion and open agri-
cultural waste burning in rural areas. BB particles impact consid-
erably on urban air quality in China during periods of agricultural
waste burning. For example, it has been estimated that PM 5 levels
for the Yangtze River Delta region could be reduced by 51% if
anthropogenic biomass burning is eliminated (Cheng et al., 2014).
Detailed investigation of chemical composition and mixing state of
atmospheric single particles can provide information on their
sources, as well as the extent of aging or atmospheric processing.
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Over the last 15 years, single particle mass spectrometers have
been used for determining the size-resolved chemical character-
ization of individual BB particles for source identification and
apportionment (Pratt and Prather, 2012). Silva et al. (1999) inves-
tigated the composition and mixing state of typical wood-burning
particles in southern California, while Healy et al. (2010) reported
the chemical composition of freshly emitted particles from wood
and peat burning in Cork, Ireland and used the data to identify the
sources of ambient particles. Pratt et al. (2011) characterized the
aging of BB particles in two prescribed burn smoke plumes using an
aircraft-based instrument, and Pagels et al. (2013) investigated
various markers of solid biofuel combustion particles. Overall, the
available literature in this area indicates that BB particles are
typically rich in potassium, Elemental Carbon (EC), and Organic
Carbon (OC), with the latter comprised of numerous combustion
products including levoglucosan, aldehydes, ketones, polycyclic
aromatic hydrocarbons (PAHs), and nitrogenated organics. Aged or
processed BB particles usually contain significant amounts of sec-
ondary nitrate and sulfate (Pagels et al., 2013; Pratt et al., 2011;
Zauscher et al., 2013). Over the last few years, single particle
aerosol mass spectrometers (SPAMS) have been used to study the
size-resolved chemical characterization and mixing state of
ambient PM at various locations in China. Ambient BB particle types
have been reported in Guangzhou (Bi et al., 2011), Nanjing (Wang
et al., 2015), Shanghai (Huang et al., 2013), Beijing (Li et al., 2014),
Xi'an (Chen et al., 2016), and Mt. Huang (Chen et al., 2014). How-
ever, the characterization of single particles in urban areas of
southwestern China is still limited (Chen et al., 2017).

Chongqing is a municipality in the southwestern China, with a
population of 8.23 million in the main city (Chen et al., 2017). In
both the urban and rural areas of Chongqing, natural gas is
commonly used for residential cooking, but biofuel is still widely
used in traditional restaurants and for smoking meat usually one or
two months before the Chinese Spring Festival (January or
February). These meat smoking activities are usually performed
outdoors in areas close to residential communities, and the
resulting emissions have attracted significant attention from the
scientific community to general public within the wider context of
particulate pollution in China. However, information on the im-
pacts of traditional meat smoking activities on local and regional air
quality is still limited and further targeted scientific studies are
needed.

The aim of this study was to investigate the single particle
chemical composition of ambient particles using a SPAMS in
Chongqing during the traditional meat-smoking period. Measure-
ments were made during a severe particulate pollution event that
occurred in Chongqing from 25th December 2014 to 8th January
2015. Detailed analysis of the SPAMS dataset showed that the single
particle population was dominated by BB types and the contribu-
tion of meat smoking was confirmed by the presence of particle
types also observed in a series of controlled biomass smoldering
experiments. This study thus provides a unique insight into the
sources, composition, and mixing state of BB particles produced
from meat smoking activities and their impact on air quality in the
urban area of Chongqing. The findings are also relevant for other
urban areas of China where meat smoking activities are common in
winter.

2. Methods
2.1. Field measurements
The sampling site is an air quality monitoring station established

in 2010 to monitor the urban air quality of Chongqging (Fig. 1). A
detailed description of the sampling site is available in the

literature (Chen et al., 2017). It is located on the roof of a building,
30 m above the ground (106.51°E, 29.62°N), in a typical commercial
and residential area, 10 km from the city center. A range of gaseous
air pollutants, including nitrogen oxides (NOx), ozone, carbon
monoxide, and SO, is routinely monitored at this urban background
site. PM, 5 mass concentration is measured continuously using a
Tapered Element Oscillating Microbalance (TEOM, 1400a, Thermo
Fisher, USA). The mass concentration of Black Carbon was measured
using an Aethalometer (AE33, Magee, USA) and meteorological data
were collected using a weather station (Vaisala MAWS201, Finland).

In this study, a Single Particle Aerosol Mass Spectrometer
(SPAMS, HeXin, China) was also deployed at the site to measure the
size-resolved chemical composition of single particles during a
sustained air pollution event that occurred in late December 2014
and early January 2015. A technical description of the SPAMS was
provided by Li et al. (2011a). Briefly, the sampled air passes through
an aerodynamic lens which transmits particles with aerodynamic
diameters in the range 0.1-2.0 um with high efficiency. The
resulting particle beam is directed towards a sizing region where
the vacuum aerodynamic diameter (Dy,;) is determined by the time-
of-flight between two pre-positioned laser beams (Nd:YAG,
532 nm). Particles subsequently enter the mass spectrometer re-
gion and are ionized using a Nd:YAG laser operating at a wave-
length of 266 nm (~1 m]/pulse, 1 x 10® W/cm?, UL728F11-F115,
Quantel, France). The resulting positive and negative ions are
analyzed in two time-of-flight mass spectrometers, yielding a
positive and a negative ion mass spectrum for each single particle.
The SPAMS thus provides information on the chemical composition
and mixing state of single particles. It should be noted that this
instrument is different from the Aerodyne Soot Particle Aerosol
Mass Spectrometer (SP-AMS), which is used to measure the size,
mass and chemical composition of black carbon containing parti-
cles (Onasch et al., 2012; Wang et al., 2016).

Air mass backward trajectories were calculated using the Hybrid
Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model to
elucidate the origin of air masses during the pollution event
(Draxler and Hess, 1998). All the trajectory calculations were per-
formed using a height of 500 m above ground level (AGL) at 00:00
local time using GDAS1 meteorological dataset.

2.2. Controlled smoldering experiments

A number of controlled smoldering experiments were per-
formed to simulate the emissions arising from the meat smoking
activities. The traditional approach typically involves the smol-
dering of freshly cut pine and cypress branches (with green nee-
dles) along with dry wood for 12—48 h to smoke the meat. The
oxygen supply is controlled to avoid flaming. The experiments
performed here mimicked this process in a homemade oven using
locally available wood combined with fresh pine and cypress
branches, with the latter making up less than 30% (by weight) of the
total biomass in the smoking procedure. Another set of smoldering
experiments was conducted using only the fresh pine and cypress
branches in order to exclude the influence of BB particles from the
combustion of dry wood. The SPAMS instrument was used to
sample the emissions continuously in order to obtain representa-
tive single particle mass spectra of the biomass smoke that would
serve as potential markers to aid interpretation of the field data.
The inlet of the SPAMS was fitted with a cyclone impactor to
remove particles with a diameter >2.5 pm. Neither dilution nor
relative humidity control was adopted during the SPAMS sampling.

2.3. SPAMS data analysis

A total of 1.24 million ambient particles were collected with
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Fig. 1. Sampling site in Chongqing.

validated mass spectra (30 units above the baseline) from 25th
December 2014 to 8th January 2015. The SPAMS data were im-
ported into the YAADA toolkit (Software Toolkit to Analyze Single-
Particle Mass Spectral Data, v 2.11) which was embedded in MAT-
LAB (2012b). An adaptive resonance theory based neural network
algorithm (ART-2a) clustering procedure (Song et al., 1999) was
applied with a vigilance factor of 0.80, a learning rate of 0.05, and 20
iterations. These vigilance factors have been commonly used in
previous studies (Cao, 2014; Yang et al., 2012). This procedure
produced 236 particle clusters, many of which exhibited similar
mass spectra with small differences in ion peak areas. A well-
established strategy based on similar temporal trend, mass
spectra and size distribution was adopted to manually merge the
particle types into 11 distinct groups (Dall'osto and Harrison, 2006).

SPAMS data collected during the controlled smoldering exper-
iments were also analyzed using the procedures outlined above.
The same ART-2a parameter settings were applied to cluster the
particles and to separate the biomass burning particle types pro-
duced during the smoldering process from those observed as
background particles in the ambient air (mostly aged BB and EC
particle types).

3. Results and discussion
3.1. Pollution event overview

The average values for various meteorological parameters,
PM; 5, BC, and gasses measured during the measurement campaign
are summarized in Table 1. The hourly SPAMS count was well
correlated to PM; 5 mass concentration (R = 0.64). The temporal

variation of the data collected during the campaign is shown in
Fig. 2. Based on the changes in single particle composition, the data
can be separated into three stages. Stage I, from 12/25/2014 to 12/
26/2015, was before the sustained pollution event, which is labeled
Stage Il and occurred from 12/26/2014 to 01/06/2015. During Stage
II, the stagnant air conditions significantly restricted dispersion of
local pollutants and resulted in high PM; 5 mass (Fig. 2a) and poor
visual range (Fig. 2c). The PM; 5 concentration reached its highest
value at 238 pg m~> on 01/04/2015 in response, the local govern-
ment issued an immediate ban on wood burning, which in princi-
ple, included meat smoking activities and biofuel use in restaurants
for cooking purposes. After the ban, the PM, 5 and BC mass con-
centrations initially showed a significant decrease (Fig. 2a), which
may also be due partly to a period of rainfall. However, the PMjy 5
concentration increased to 200 pg m~> during daylight hours on
01/05/2015 and the visual range returned to below 3 km. Another
period of rain, combined with increased wind speeds late on 01/05/
2015 caused pollutant levels to drop quickly and sustained winds
on 01/06/2015 led to the end of the pollution event as PM, 5 levels
fell to around 50 pg m~3, Stage IIL

3.2. Single particle types

Eleven clusters were resolved and named according to source
type or the dominant ions present in the average mass spectra
(Fig. 3). Some of these particle types have been reported in the
literature (Bi et al., 2011; Chen et al., 2017; Dall'osto and Harrison,
2006; Healy et al., 2010; Pratt and Prather, 2012; Qin et al., 2012).

BB (33.0% in number fraction). The positive mass spectrum
shows a strong signal for potassium (m/z 39, m/z 41) as well as
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Table 1
Summary of meteorological parameters, particulate, and gaseous pollutants during the measurement campaign.
Meteorological parameter Average Stage | Stage 11 Stage III
Wind Speed (ms) 1.0 + 0.40 0.9 +02 0.8+02 1.5+ 0.6
RH (%) 75.6 + 6.6 77.8 + 8.3 76.0 + 9.6 75.0 +5.3
Visual Range (km) 22+06 1.8+03 22 +06 46+ 1.6
Temperature (°C) 84+14 82+15 85+22 85+20
PM
(ug m~3) BC 9.1+28 10.1 + 3.6 82+21 48 +0.8
PM; 5 155 £ 39 181 + 47 148 + 22 72 £ 13
Gasses
(ppb) NO 123 + 49 140 + 32 135 + 23 73+ 15
NO, 41 +8 35+4 46 + 12 26+7
O3 6+3 10+5 5+2 6+3
co 458 + 213 693 + 188 413 + 105 312 + 81
SO, 9+5 11+4 9+4 5+2
(@) BAN
Stage I Stage Ill
~ 950 _Stage | 9 g 16
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Fig. 2. Time series of (a) PM, 5 (left) and BC (right); (b) Temperature (left), RH (right); (c) Visual Range (V.R.); (d) Wind speed and wind direction (North is parallel with Y axis); (e)
SPAMS ART-2a cluster number fraction and counts per hour.

peaks due to [K>Cl]* (m/z 113, m/z 115) and EC (m/z 12, 24, 36, 48). were also observed as fragments of levoglucosan (Silva et al., 1999),
In the negative spectrum, EC, [CN]™ (m/z —26) and [CNO]~ (m/ along with peaks due to nitrate (m/z —46 and —62) and sulfate (m/
z —42) are typical markers of BB particles (Silva et al,, 1999). z —80 and —-97).

[CHO2]™ (m/z —45), [C;H302]™ (m/z —59) and [C3H302]~ (m/z —71) K-EC (20.0%). Potassium and carbon fragments (C; and C;) are
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pronounced in the average mass spectrum for this particle type,
which has been identified as a biomass burning particle type in
previous studies (Healy et al., 2012; Huang et al., 2013; Zhang et al.,
2015).

KSec (29.0%). The average mass spectrum for this particle type is
similar to that of BB, except that the organic ions (e.g. [CH3CO] T,
[CoH3] T, [C3H7] T, and [CgH5] T, etc.) in the average positive mass
spectrum are weaker, while the sulfate and nitrate signals in the
negative spectrum are stronger. This suggests that the particles are
aged BB particles that have undergone a significant amount of
processing, such as removal of semi-volatile species (Jimenez et al.,
2009; Robinson et al., 2007), formation of organic acids, and uptake
of inorganic species after being emitted from plume (Pratt et al.,
2011). These aged K-rich particles from biomass burning were
typically spherical in morphology due to secondary species coating
(Li et al., 2010; Pratt et al., 2010).

ECOC (5.0%). Potassium and carbon are dominant in the positive
mass spectrum, which also contains OC fragments such as [C3H]*"
(m/z 37), [CRHO]" (m/z 41), [CH3COJ* (m/z 43), [C4H3]" (m/z 51),
[CsH3]" (m/z 63), and [Ce¢H3]" (m/z 74). In the negative mass
spectrum, [CoHz]™ (m/z —26), [Cl]” (m/z —35 and —37), [NO2]~ (m/
z —46), [CH302]” (m/z —59), [NO3]™ (m/z —62), and [CeH]™ (m/
z —73) are all present. The results of the controlled smoldering
experiments indicate that this ECOC particle type probably origi-
nates from the smoldering of pine and cypress branches during
meat smoking activities (see Section 3.3).

OC (1.0%). The positive mass spectrum contains aromatic ions
such as [C3H3]"/Kt (m/z 39), [C4H3]" (m/z 51), m/z 63 [CgH3)]",
[CeHs]™ (m/z 77), and [C7H7]" (m/z 91) (Gross et al., 2000), while
nitrate and sulfate dominate the negative mass spectrum.

ECOC-NH4 (1.0%). The average mass spectrum of this particle
type is similar to that of ECOC, but also contains the NHZ ion (m/z
18). The presence of strong signals for other secondary inorganic
species (sulfate and nitrate) indicates that ECOC-NH4 particles are
aged. In addition, ECOC-NHy4 is comparable to a BB particle type
with an irregular shape, containing ammoniated sulfate, organic
matter, and soot (Li et al., 2011b).

Fe-rich (1.5%). Iron (m/z 54 and 56) is dominant in the positive
mass spectrum, which also contains carbon ([C,]") and hydrocar-
bon fragments ([CxHy]|"). Sulfate and nitrate dominate the negative
mass spectrum. The Fe-rich particle type has a size distribution
peaking around 0.8 um and is likely due to a dust component. We
have also reported a similar Fe type in Xi'an during wintertime
(Chen et al., 2016). A Fe-rich cluster with the similar chemical
composition was in an irregular shape (Li et al., 2017), and the
chemical composition pattern suggests that it could be from coal
burning (Silva et al., 2009).

ECOC-aged (3.0%). This particle type is similar in composition to
ECOC but highly aged with strong sulfate and nitrate peaks and only
minor ammonium uptake.

Pb-rich (1.0%). Pb is evident in the positive mass spectrum at m/z
206, 207 and 208, which also contains other metallic species
including Cr (m/z 52), Cu (m/z 63 and 65) and Zn (m/z 64). The
negative mass spectrum contains peaks due to [ClI]” (m/z —35
and —37), [CNO]™ (m/z —42), PO3 (m/z —79), which along with the
metallic content, points to a combustion source such as waste
incineration (Chen et al., 2016; Moffet et al., 2008). The Pb-rich
particle cluster could be spherical, elliptical, and chain-like; Pb is
commonly in Pb oxides, but it could also be found in the form of
PbSOy4 (Li et al., 2017).

Other (0.5%). Potassium dominates the positive mass spectrum
of this particle type, which also contains a several hydrocarbon
fragments ([C4H7]|' at m/z 55 and [CsH3]™ at m/z 63), as well as
oxidized hydrocarbon ions ([C;H30]" (m/z 43), indicative of sec-
ondary organic carbon.

NaK-dust (5.0%). The average mass spectrum contains sodium,
potassium, nitrate, and sulfate and is similar to that reported for
dust particles in other studies (Dall'osto and Harrison, 2006). The
NaK-dust particle type had a size distribution centered around
0.75 pm in the accumulation mode, noticeably larger than the
combustion particle types which peaked around 0.5 um (Fig. S1).
This NaK-dust particle type is also rich in ammonium and hydro-
carbon fragments ([C3H]" and [C2H30]"). The weak peak at m/
z —60 suggests that the dust particle has a low mass fraction of
carbonate [CO3]?>~, which has possibly been displaced by sulfate
and nitrate via heterogeneous reactions with acidic gasses like SO,
and HNOs (Sullivan et al., 2009).

Overall, in the SPAMS dataset, the most abundant particle class
was BB (33%), followed by KSec (29%), K-EC (20%), NaK-dust (5%),
and ECOC (5%). The vast majority (>90%) of the particle types are
carbonaceous in nature and attributed to biomass burning. With
the exception of BB and ECOC, most of the particle types also
showed appreciable signs of aging in the stagnant air conditions.

3.3. Controlled smoldering experiments

Smoldering experiments were performed using a combination
of dry wood logs and the pine/cypress branches mainly produced
BB particles, with only a small fraction (ca. 1%) attributed to ECOC
types. Since BB particles could be produced from any general wood
burning activities, they are not a specific marker for biomass
burning emissions from meat smoking. Consequently, here we
focus on results obtained from smoldering experiments performed
using only the pine and cypress branches in order to identify more
specific particle types from this source.

Fig. 4a shows the average mass spectrum of particles emitted
from the smoldering of fresh pine branches, twigs, and needles. The
spectrum is abundant in potassium (m/z 39 and 41), [KoCl]" (m/z
113 and 115), [CN]7, [CNO]~ (m/z —46 and —62), levoglucosan
markers (—45, —59, and —71), and Polycyclic Aromatic Hydrocar-
bon (PAH) ion fragments (m/z > 150). Similar mass spectra are
commonly observed for particles produced from fresh biomass
combustion (Guazzotti et al., 2003; Moffet et al., 2008; Pagels et al.,
2013; Silva et al., 1999). The ART-2a clustering procedure was
conducted to interpret the data produced from the smoldering
experiments (SE). Four main clusters were identified; BB_SE_Pine
(47%), ECOC_SE_Pine (37%), and OC_SE_Pine (11%), and Other (5%).
The mass spectra of the three identifiable particle types are shown
in Fig. 4b—d. They are similar to the BB, ECOC and OC particle types
observed in the field, but have significantly less uptake of sulfate
and nitrate. This difference may be attributed to the rapid uptake of
nitrate and sulfate by the ambient combustion particles under the
highly polluted and stagnant conditions present in Chongqing. A
similarly rapid processing of particles was also observed during
stagnant air conditions in Xi'an (Chen et al., 2016). Lewis et al.
(2009) reported the chemical composition and morphology of
ponderosa pine combustion particles, suggests the particles were in
an irregular shape and composed of organic materials with soot
inclusions. These particles possibly resemble the ECOC types re-
ported in this study.

A number of similar results were obtained for the smoldering of
fresh cypress branches, twigs, and needles (Fig. 5). The average
mass spectrum of the smoldering cypress particles shows many of
the same features that are present in the pine mass spectrum, but
with weaker signals for PAHs, [CN]~, and [CNO] . Again, four main
clusters were identified using ART-2a analysis, including BB_SE_-
Cyp (52%), ECOC_SE_Cyp (35%), and OC_SE_Cyp (9%) and Other
(4%). The mass spectra of these particle types (Fig. 5b—d) were
virtually identical to those produced from smoldering of pine and
also bear strong similarities to their equivalents observed in the
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Fig. 4. SPAMS mass spectra of particles produced during the controlled smoldering of pine branches, twigs, and needles; (a) overall average mass spectrum; (b) ART-2a clustered BB
particle type (BB_SE_Pine); (c) ART-2a clustered ECOC particle type (ECOC_SE_Pine), (d) ART-2a clustered OC particle type (OC_SE_Pine).

ambient air of Chongqing city, with the exception of nitrate uptake.

The most specific particle type attributable to the meat smoking
activities in Chongging is ECOC, whose mass spectrum is similar to
ECOC_SE_Pine and ECOC_SE_Cyp. Indeed, there are good correla-
tions between the field and smoldering mass spectra in the
range —150 < m/z < 150, with the values of coefficient of deter-
mination (R?) of 0.79 and 0.69 for pine and cypress, respectively.
The main differences between the controlled smoldering particles
and the ambient ECOC ones are that the latter contain smaller
peaks for hydrocarbon fragments like [CoH3]™ (m/z 27) and orga-
nonitrogen species [CN]™ (m/z —26), and larger peaks for oxidized
species like oxalic acid ([COOCOOH]™ (m/z —89)) (Pratt et al., 2011).
The uptake of secondary species such as ammonium, sulfate, and
nitrate was also significantly more pronounced in the ambient
ECOC particles.

Interestingly, the smoldering experiments did not produce
particles with a chemical composition similar to that of K-EC,
implying that K-EC is an aged particle type formed via atmospheric
processing in the polluted air. Another possibility is that K-EC was a
primary particle type produced from outdoor meat-smoking in
Chongqing, but not in the controlled smoldering experiments.
Combustion efficiency has been shown to affect the EC/OC ratio of
particulate emissions and K-EC particle types are known to be more

abundant at higher temperatures (Pagels et al., 2013). The absence
of K-EC in the smoldering experiments could therefore be due to
lower combustion temperatures than those performed during
outdoor meat-smoking.

3.4. Temporal trends

The temporal trends of the various particle types are shown in
terms of number fraction at 1 h time resolution in Fig. 2e. In Stage |,
KSec and BB are major particle types, accounting for around
60—70% of the total particle population. At the onset of the pollu-
tion event on 12/26/2014, the total number of counts detected by
the SPAMS increased dramatically, with the largest change in
number fraction occurring for the K-EC particle type, whose
contribution quickly grew from 2% (in Stage I) to over 20%. The K-EC
number fraction gradually reduced during the pollution event until
01/05/2015 where another sharp increase occurred, raising it to
35%. The periods where K-EC peaked were characterized by
extremely low wind speeds (0.5 m s~ 1), indicating that these are
locally emitted aged particles. As expected, the number fraction of
fresh BB particles shows opposite behavior and peaks when K-EC
was at its lowest. The introduction of the ban on biomass burning
on 01/04/2015 resulted in a dramatic drop in BB number fraction as
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residents and local restaurants burnt less wood. However, outdoor
meat smoking activities did not stop completely as residents simply
used more pine and cypress branches/twigs instead of the dry
wood. This explains why there was a large increase in the ECOC
number fraction even though the amount of BB decreased (Fig. 2e)
during this period. Finally, in Stage III the total number of SPAMS
counts dropped significantly as the particulate pollution is finally
dispersed by winds. However, the total number fraction of fresh
and aged biomass burning particles (BB, KSec, K-EC, ECOC, ECOC-
aged) remained high.

3.5. Origins of particulate pollution

In Chongqing, the average consumption of pork per capita is
37.5 kg per year, with 2—5 kg of this amount attributed to preserved
meat. The meat smoking process lasts for 12—48 h and typically
consumes 20—40 kg biomass per 100 kg meat. Using these figures,
it is estimated that somewhere in the region of 5—25 Gg of biomass
is used to smoke meat in Chongqing city on an annual basis.
Assuming that the number of particles emitted during smoldering
was proportional to the biofuel mass, specifically, 10—30% of biofuel
(e.g. pine and cypress) generated 10—30% of the total particle
counts, meat smoking contributed at least 30% of all ambient BB
particles (BB, KSec, ECOC, K-EC, etc.), and at most 90%. This estimate

is of course subject to the limitations of the SPAMS instrument in
relation to particle hit rates and transmission efficiency Li et al.
(2011a). While mass scaling of the SPAMS data will likely produce
a more certain estimate (Healy et al., 2012), it is still reasonable to
assume that meat-smoking activities were a major source of par-
ticulate pollution during the observation period in Chongqing city.

Air mass trajectories and satellite fire maps were analyzed in
order to rule out the possible contribution of agricultural burning
or wildfires to the observed PM, 5 levels in Chongqing city. The
results, shown in Fig. 6 confirm that no fires were on the routes of
the air masses passing Chongging during the pollution event.

4. Conclusions

SPAMS was used for the first time to characterize a severe par-
ticulate pollution event in Chongqing city during the winter of
2014—2015. Biomass burning particles were predominant during
the event, accounting for over 92.5% of the total number of counts
in the SPAMS dataset. Outdoor meat smoking activities and stag-
nant weather conditions were the major contributing factors to the
sustained period of PM, 5 pollution. A series of experiments on the
smoldering of locally sourced pine and cypress branches showed
that an ECOC particle type was the most suitable marker for meat
smoking activities, while all other biomass burning particles could
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article.)

be attributed to more general forms of wood/biofuel combustion,
e.g. in local restaurants and for home heating, as well as meat
smoking. The introduction of a government ban on wood burning
during the pollution event did reduce levels of local biomass
burning emissions. However, many residents continued their out-
door meat smoking activities using more pine and cypress branches
instead of wood. The traditional activity of making preserved meat
in southwestern China is shown here to be a major source of local
pollution and measures to reduce emissions should be introduced
in order to improve air quality.
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