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Abstract Acetonitrile (CH;CN) has been widely employed as biomass burning tracer. However, the
current application of CH;CN absolute mixing ratio as the thresholds may misidentify biomass burning
due to the interference from other CH;CN sources in anthropogenic-influenced environments. High levels
of CH;CN were observed with minor biomass burning impact but still followed a similar correlation with
carbon monoxide (CO), suggesting their shared source, most likely, vehicular emission. By analyzing

the available literature including more than 30 worldwide field measurements, the enhancement ratios
(EnRs) of CH;CN to CO for biomass burning were found as 2.01 + 0.16 ppbv/ppmv, well distinguished
from the EnRs obtained in urban measurement (0.26 + 0.04 ppbv/ppmv). An example is given and the
application of EnR to identify biomass burning is discussed. The results suggest that the correlation
between CH;CN and CO and their EnRs can be used as more specific indicators for biomass burning.

Plain Language Summary Biomass burning can contribute significantly to local and
regional pollutions. A proper tracer can help us track and quantify biomass burning emissions. In the past
few decades, the acetonitrile (CH;CN) level has been applied as a preferred tracer but the existence of
CH;CN sources other than biomass burning may lead to an overestimation of the burning emissions. Here
in this paper, by analyzing our field campaign data and the information from the previous publication,

the correlation between acetonitrile and carbon monoxide and their enhancement ratios are found to be
more specific indicators for biomass burning without interference from other significant sources. The
results would be helpful to reevaluate the biomass burning impact and increase the accuracy of air quality
forecasting in future research.

1. Introduction

On a global scale, biomass burning has been recognized as the primary source of fine carbonaceous parti-
cles and the second-largest source for total trace gases (Akagi et al., 2011; Stockwell et al., 2015; Yokelson
et al., 2013). Pollutants emitted during the burning process can contribute significantly to local and regional
air pollution (Chen et al., 2017; Crilley et al., 2015; Languille et al., 2020). The reactive species emitted
participate in the reactions in the atmosphere producing secondary pollutants, such as secondary organic
aerosols and ozone (Os), which can amplify the impact of primary pollutants (Alvarado et al., 2015; Gilman
et al., 2015; Yokelson et al., 2013). Recognizing and quantifying the amount of biomass burning emissions
can help to understand the local source attribution and greatly enhance the accuracy of air quality forecast-
ing in the downwind areas (Alvarado et al., 2015; Heilman et al., 2014; Yokelson et al., 2013).

The tracer method has been widely used to identify certain emission sources. For biomass burning, acetoni-
trile (de Gouw et al., 2003; G. Wang, et al., 2016; Yuan et al., 2010), hydrogen cyanide (Lobert et al., 1990;
Hornbrook et al., 2011), methyl chloride (de Gouw et al., 2004; Singh et al., 2004), furans (Coggon et al., 2016;
Gilman et al., 2015), levoglucosan (Bhattarai et al., 2019; Puxbaum et al., 2007; Stone et al., 2008), potassium
(K*) (Chantara et al., 2019; Fourtziou et al., 2017), and chloride (CI7) in particles (Chantara et al., 2019), etc.
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have been reported as tracers. However, it requires a thorough understanding of the characteristics of local
pollution sources before a tracer is selected, especially for compounds that have more than one significant
source in the local area. Previous studies showed that methyl chloride and K* may not be appropriate trac-
ers for biomass burning in urban areas due to the contribution from industrial emissions (Aiken et al., 2010;
Li et al., 2014; Maudlin et al., 2015; Wang et al., 2007), whereas levoglucosan also suffers from short atmos-
pheric lift-time (Hennigan et al., 2010; Hoffmann et al., 2010) and the interference of coal-burning (Fabbri
et al., 2009; Yan et al., 2018).

Acetonitrile (CH;CN) has been employed as the preferred tracer for biomass burning in more than 170
publications given its low background level and relatively long lifetime. However, studies have shown that
besides biomass burning, industrial emission (Guan et al., 2020), vehicle emission (Inomata et al., 2013;
Jobson et al., 2010; Valach et al., 2014), and coal-burning (Cai et al., 2019) can also contribute to CH;CN
levels in the atmosphere. These sources may not contribute significantly to the global budget of CH;CN (de
Gouw et al., 2003; Holzinger et al., 2001), but their contributions to local CH;CN can bring large uncertain-
ty when using mixing ratio threshold to evaluate the influences of biomass burning. Besides the mixing
ratio approach, the enhancement ratio (EnR) of CH;CN to carbon monoxide (CO) has also been applied
as biomass burning indicator in several field campaigns (Bian et al., 2013; de Gouw et al., 2009; Wisthaler
et al., 2002).

In this paper, we assess the current application of the absolute mixing ratio of CH;CN for tracking biomass
burning by analyzing the data obtained in the laboratory experiments and field campaigns conducted all
over the world. The enhancement ratio of CH;CN to CO summarized during the analysis is recommended
as a more exclusive approach to identify the biomass burning cases. The feasibility and limitations of using
this enhancement ratio are also discussed.

2. Materials and Methods

In this paper, datasets of CH;CN and CO measured around the world were used to assess the current appli-
cation of the CH;CN mixing ratio as a biomass burning tracer. The key information of each field campaign
can be seen in Table S1, including campaigns conducted in Mexico City (2006), Los Angeles (2010), Inns-
bruck (2019), and in the three highly developed megacity clusters in China. The ratios between CH;CN and
CO reported from the literature are summarized. The reviewed literature is organized into three categories:
(a) field measurements focusing on the impact of biomass burning emission; (b) laboratory measurements
investigating the emission characteristics of biomass burning; (c) field measurements in anthropogenic-in-
fluenced areas. The enhancement ratios of CH;CN and CO measured in traffic tunnels in Shanghai and
from chassis dynamometer tests for various vehicles were used to represent the characteristic ratio of ve-
hicular emission. Detailed information of these measurements can be found elsewhere (Wu et al., 2020).
CH;CN measured by PTR-QMS at nominal m/z 42 may suffer from interference signals (Bruns et al., 2017;
Dunne et al., 2012). According to the spectrum analysis of our PTR-TOF-MS measurements (see Section S1
in the Supporting Information), we found that the interference signal contributed less than 30% of the nom-
inal signal at m/z 42 based on two field campaigns in China and showed no significant impact on the ratio
between CH;CN and CO.

3. Results
3.1. The Application of CH;CN Mixing Ratio as Biomass Burning Tracer

CH;CN widely exists in the atmosphere, with background levels of 100-150 pptv measured on the Atlan-
tic Ocean (Hamm & Warneck, 1990) and West Africa (Murphy et al., 2010), 149 + 56 pptv in the Pacific
troposphere (Singh et al., 2003), and 190 pptv in the megacity cluster in the PRD region, China (Yuan
et al., 2010). CH;CN was determined as biomass burning products in the field soon after the first measure-
ments were made in the lower troposphere by Becker and Ionescu (Becker & Ionescu, 1982). Lobert et al.
(Lobert et al., 1990) found the high amounts of nitriles emitted during biomass burning and then proposed
CH;CN as tracer to biomass burning emission. Later studies confirmed the dominant input of biomass
burning to the global budget of CH;CN (de Gouw et al., 2003; Holzinger et al., 1999, 2001), which encour-
aged the application of CH;CN as a tracer thereafter. In the last few decades, the mixing ratio of CH;CN
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has been employed as a tracer in more than 170 publications that focused on biomass burning (as shown
in Table S2). However, only a small fraction of studies declared the exact mixing ratio thresholds used in
their analysis. We summarized the available thresholds of CH;CN reported and listed them in Table S3. The
CH;CN thresholds varied from 100 pptv to more than 600 pptv across different regions. These thresholds
were determined based on the local CH;CN observations and apparently, CH;CN exists in the world une-
venly distributed.

Ambient measurements in Asian, the US, and European areas observed quite a large range of CH;CN (Fig-
ure 1), varying from 0.047 to 1.08 ppbv on average. During the two wintertime campaigns in the North
China Plain at both urban (Beijing) and rural sites (Gucheng) where usually coal burning and vehicular
emission dominate the sources (Shi et al., 2020; G. Wang, et al., 2016), the 90th percentiles of CH;CN mix-
ing ratio were observed as 1.2 and 1.3 ppbv, respectively. The maximum levels of 5 mins average of CH;CN
during the two campaigns can reach 5.0 and 4.5 ppbv, respectively, which are more than 20 times of the
reported background (~200 pptv). With such high CH;CN levels observed from the measurements, the
biomass burning emissions would be assumed as the dominated sources if applying the CH;CN absolute
mixing ratio threshold reported from previous literature.

Based on the previous studies (Bian et al., 2013; de Gouw et al., 2009; Lobert et al., 1990; Wisthaler
et al., 2002), we performed correlation analysis between CH;CN and CO mixing ratios based on the availa-
ble datasets (Figure 2). Positive correlations between CH;CN and CO from measurements in anthropogen-
ic-influenced areas are revealed even with CH;CN levels as high as 3 ppbv. The observations indicate that
though CH;CN levels can vary by three orders of magnitude, the ratios between CH;CN and CO stayed
relatively constant. Moreover, the slopes are comparable among different areas (0.26 + 0.04 ppbv/ppmv)
(Figure 3), indicating that CH;CN and CO came from a similar source. As shown in Figure 2, the observed
slopes of CH3;CN and CO are also comparable with the emission ratios of CH;CN to CO measured from
gasoline cars and diesel trucks from chassis dynamometer tests and a tunnel study, suggesting that vehicu-
lar emissions may account for the enhancement of CH;CN in anthropogenic-influenced areas around the
world. The correlation analysis between CH;CN and acetylene, a well-known tracer for vehicular emission
(Warneke et al., 2007), also provides supportive evidence (See Figure S5 in Supporting Information). As the
result, we conclude that applying the absolute mixing ratio of CH;CN as biomass burning tracer may lead
to misidentification of biomass burning contribution when CH;CN is significantly enhanced in anthropo-
genic-influenced areas from non-biomass burning sources (most likely, vehicular emission).

3.2. Enhancement Ratio of CH;CN to CO

The analysis in the previous section revealed good correlations between CH;CN and CO based on ambient
measurement (Figure 2), indicating that both compounds shared similar sources. Both CH;CN and CO have
relatively long lifetime in the atmosphere (Bian et al., 2013; de Gouw et al., 2009) so their observed enhance-
ment ratio can well represent the source signature while the air mass is transported away from the source.
Here, by summarizing our field observations conducted in China and the reported value from the field cam-
paigns conducted in other areas of the world, the enhancement ratios of CH;CN to CO from biomass burn-
ing emissions and anthropogenic-influenced airmasses are further determined. A list of reviewed literature
can be found in Table S4 and all the data points were plotted in the upper section of Figure 3. As shown in
Figure 3, the enhancement ratios of CH;CN to CO reported from field measurements of biomass burning
(black solid circles), specifically outdoor biomass burning including wildfire and agricultural residue burn-
ing, varied from 1.1 to 7.98 ppbv/ppmv with a log-normal peak at 2.01 ppbv/ppmv, which are one order of
magnitude larger than the ones measured in anthropogenic-influenced areas (0.26 + 0.04 ppbv/ppmv). Ac-
cording to the log-normal distribution histogram, the biomass burning distribution is well separated from
the distribution of measurements in anthropogenic-influenced areas. The arithmetic means with one stand-
ard deviation based on the Gaussian distribution are 3.0 + 1.7 ppbv/ppmv and 0.26 + 0.07 ppbv/ppmv for
field biomass burning measurement and the measurement in the anthropogenic-influenced environment,
respectively. The distribution of emission ratios determined from the laboratory burning tests lies between
the field and urban enhancement ratios. Previous publications (Coggon et al., 2016; Lacaux et al., 1996;
Lobert et al., 1991; Stockwell et al., 2015) have confirmed the dependency of nitrogen-containing com-
pounds, CH;CN for example, on the fuel nitrogen content. Much broader nitrogen content of the fuel used

HUANGFU ET AL.

30of 10



/Y ed N |
ra\%“1%
ADVANCING EARTH
AND SPACE SCIENCE

Geophysical Research Letters 10.1029/2020GL092322

Nepal | [~ percentile
India| | O Average —o0mt

Barcelona
Paris_201 8_ —x0m
Paris_2010] b
Paris_2007— —x—
lnnsbruck— ——
London_201 2— —O-

London_2006 ——
Los Angeles- -
Mexico City— e
Xinken | =6=
Guangzhou_2004_ ——
Guangzhou_2018_
Heshan_2010_ —_—a—

Heshan_2019 —Oa—

Gucheng a——

Changdao —

Beijing_winter —_ O
Beijing_summer —_——
Shanghai —_———

Kaiping —_——

1.0 -

0.5

Normalized
Histogram

N

0.0 ———r—rrrr
2 3 4 567 3 4567 2 3
0.01 0.1 1
CH,CN (ppbv)

Figure 1. CH;CN (ppbv) measured in multiple field campaigns in India, Nepal, and China representing the Asia
region, US cities representing the North America region, and three European cities including Innsbruck, London, Paris,
and Barcelona. In the top panel, box plots show the 10", 25th, 50th, 75th, and 90th percentiles with average levels in
solid circles. For some field campaigns, only the average levels and standard deviation were available. The Barcelona
campaign only reported the range of CH;CN levels. The lower panel has the log-normalized histogram showing the
distribution of the average levels of CH;CN measured from the above field campaigns. A level of 313 pptv was found

to have the highest probability. (a) Barcelona measurement data in 2009 can be found in Seco et al. (2013). (b) Paris
measurement data can be found in Gros et al. (2011) for 2007, Baudic et al. (2016) for 2010, and Languille et al. (2020)
for 2018. (c) London measurement data can be found in Langford et al. (2010) for 2006 and Valach et al. (2014) for 2012.
(d) Data measured in India and Nepal can be found in Sahu et al. (2016) and Sarkar et al. (2016), respectively.

in the laboratory explained the wide range of emission ratios, as detailed discussed in Coggon et al (2016).
The burning of excelsior, millet, wiregrass, etc. is associated with lower emission ratios that are comparable
with anthropogenic emissions. These fuels are apparently associated with lower nitrogen contents. About
half of the biomass burning field campaigns shown in Figure 3 were from forest fires. It is probably that the
leaves and branches with the highest nitrogen content (Coggon et al., 2016) accounted for a larger portion
of the biomass burnt in forest fire, leading to higher enhancement ratios compared with the laboratory
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Figure 2. Scatter plot of CH;CN (ppbv) and CO (ppmv) from multiple field campaigns conducted in anthropogenic-influenced areas shown in solid circles.
All the online measurement data were averaged over 1 h. Data with higher time resolution can be seen in Figure S1. Canister tunnel measurements by GC-MS
were plotted in open circles with a fitted slope of 0.246. Samples were taken in the main tunnels in Shanghai and the detailed analysis method can be seen in
Wang et al. (2010). The averaged EnRs directly measured from gasoline car and diesel truck emissions by PTR-ToF-MS were added as dashed line in red and
black, respectively, by assuming the backgrounds of CH;CN (0.1 ppbv) and CO (0.1 ppmv). The operation condition of PTR-ToF-MS in vehicle emission test
was described in Wu et al. (2020). The ACH;CN/ACO ratio observed in a plume from New York was appended as well with a solid line (reported by de Gouw

et al., 2009).

measurements. Based on the above discussion, we conclude that the data measured in biomass burning can
clearly be separated from typical measurements in anthropogenic-influenced areas using the enhancement
ratio of CH;CN to CO, showing its potential as a more specific indicator to track biomass burning plumes in
anthropogenic-influenced environments.

An example of the application of the correlation between CH;CN and CO and their enhancement ratio as
indicator to identify biomass burning from measurements in Changdao and Beijing is shown in Figure 4.
The enhancement ratio calculations can be seen in Supporting Information Section 3. For Changdao meas-
urements between April 5th 23:00 and April 6th 3:00, elevated mixing ratios of CH;CN up to 1.6 ppb were
observed and CH;CN levels correlated well with CO (R = 0.82). The enhancement ratios of CH;CN to CO
during this period were also significantly elevated as well, compared to the enhancement ratios for the pe-
riods before and after the plume (0.31 + 0.02 ppbv/ppmv, see Supporting Information Section S2). As the
result, this plume was identified as biomass burning emissions. For the case of measurements in wintertime
of Beijing, the CH;CN levels were also observed to reach >1.5 ppbv above the typical background with an
even better correlation with CO (R = 0.97). However, a low enhancement ratio (0.24 + 0.01 ppbv/ppmv)
was obtained by including all the data points, suggesting that biomass burning had minimal influence
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Figure 3. Enhancement ratios of CH;CN to CO (ppbv/ppmv) measured in previous literature. The references can be seen in Table S4. The top panel has the
enhancement ratios of CH;CN to CO based on previous studies about biomass burning, including both in-situ measurement of local fires (in black) and the
burning experiments simulated in the laboratory (in blue). The red open circles are the enhancement ratios reported from measurements in anthropogenic-
influenced areas. The log-normalized histogram in the lower panel demonstrates the distinguishable range of EnRs in urban areas and in-situ biomass burning
measurements. The separated histograms and the log-normal fits can be found in Figure S6. For the laboratory results, the histogram was made without the

17.3 ppbv/ppmv data point for peat.

during the example period. The two different cases about the measurements in Changdao and Beijing imply
that applying the enhancement ratio of CH;CN to CO as indicator can distinguish biomass burning from
typical emissions in anthropogenic-influenced areas and avoid the possible misidentification when high
CH;CN levels are measured from other sources, such as vehicular emission in anthropogenic-influenced
environments.

3.3. Further Consideration of Applying Enhancement Ratio as Indicator: Additional Sources

We have observed that narrow peaks of CH;CN with quite a short timescale were captured occasional-
ly during some of the urban measurements. Figure S6 shows two examples of measurements in Guang-
zhou and Los Angeles, respectively. As shown in Figure S6, without any significant change of CO (R < 0.2)
and oxygenated volatile organic compounds (OVOCs) species that are emitted from biomass burning
in large quantity (methanol as an example), the elevated CH;CN levels were likely due to other sources
with concentrated CH;CN instead of biomass burning. This was also reported previously during ground
measurements in Boulder, CO in US (Coggon et al., 2016). We speculate that these CH;CN plumes were
emitted from chemical laboratories nearby the measurement sites, as CH;CN is used as solvent for sever-
al analytical instruments, e.g., liquid chromatograph and mass spectrometer with electrospray ion sourc-
es (U.S.EPA., 1996). Other studies also pointed out that solvent use might be a non-negligible source for

HUANGFU ET AL.

6 of 10



A~ .
NI Geophysical Research Letters 10.1029/2020GL092322

5= 8 1 1 1 1 1 1 2 2 1 1 1 1 3
o A Changdao — CHyCN B 2
5 _4- 6 —Co = % s
x> — — Enhancement Ratio i o) 14
£,z a o @° 2
£ §3-E 2 o o
E\:' 24 =1 2 19 y=a+kx =
88210 < o £a=0.103:0.009[ =S
] o T _ 1¢
= & k = 0.3120.02 =
P v1 a 2 "J"‘ PR - _g
[< Jy Q, J / “| e w

= 1 1 1 1
4,15";2%9| ’ 4,‘:;‘72%‘2 : 12:00 0.2 04 06 08 1.0 1.2
Local Time CO (ppmv)

5 8 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 3
2 N c Beijing : ggaCN _ D o 2
& = ;S - s Enhancement Ratio _§. .: 2&
€ §_3_ £ o ° . c
2o (24 1 Z 14 £
8 a2-4g & s
ca |8 5 12
[ 24 .1, y=a+kx =
= 7 e a=0.1050.009 &

0 I‘“\-a-...ﬂ Nt M es—— PRSRRSPY o W d 8 0 b k = 0.24+0.01 o

12'00 1800 00'00 06:00 12:00 18:00 00:00 06:00 12:00 5 ; ; :'3 ; ; é -
17212011 1/3/2011 1/4/12011 CO (ppmv)

Local Time

Figure 4. Time series of CO (in black, ppmv) and CH;CN (in red, ppbv) mixing ratios observed in Changdao measured in 2011 (panel A) and Beijing measured
in 2010 (panel C). The enhancement ratios (ACH;CN/ACO) were also included in the time series plots (in blue). The scatter plots on the right panels show the
correlation between CH;CN and CO (panel B and D). The ODR fitted slopes and intercepts for the no-fire data of Changdao and entire example data of Beijing
were added with one standard deviated associated. The data points in the scatter plots were all color-coded based on the enhancement ratios. Both scatter plots
used the same color range to show the distinguished enhancement ratio.

CH;CN in anthropogenic-influenced areas (Baudic et al., 2016; Languille et al., 2020; Storer et al., 2015;
Yurdakul et al., 2013) and the contribution may be up to 50% in Paris (Languille et al., 2020). Here, we show
that using the enhancement ratio of CH;CN to CO, along with checking the correlation of CH;CN with CO
and/or other VOCs species that are known to be emitted by biomass burning, can effectively avoid misiden-
tification due to these solvent-related emissions of CH;CN in anthropogenic-influenced regions.

Residential combustion using solid fuel for cooking and heating covered about 2.8 billion people worldwide
(Bonjour et al., 2013), in which biomass fuel accounted for a significant portion given its cheaper cost and
easier access. Recognizing and tracking residential biomass burning is of importance for analyzing local
atmospheric pollution. However, previous publications have shown that the ACH;CN/ACO of residential
biomass burning varied from 0.03 ppbv/ppmv to 0.68 ppbv/ppmv (Bruns et al., 2017; Stockwell et al., 2015),
which were much smaller compared with the ACH;CN/ACO range of field biomass burning summarized
in Figure 3. The lower nitrogen content of the fuel used in the residential combustion was likely the reason
(Brunset al., 2017; Coggon et al., 2016). In rural areas, the emission of residential biomass burning can be the
dominant source of local and regional pollution (Chafe et al., 2015; Languille et al., 2020; VanderSchelden
et al., 2017; Venkataraman et al., 2005). Under such circumstances, other compounds should be included
in the source apportionment analysis, such as furans, oxygenated aromatics, etc (Coggon et al., 2019). How-
ever, these compounds have relatively short atmospheric lifetimes given their high reactivities, so they can
only be used as biomass burning tracers near the sources, which limits their applications. Future studies are
needed to find more appropriate tracers for identifying residential biomass burning.
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4. Conclusions

By summarizing the measurement data over China, the U.S., and several European cities, a large variation
of CH;CN in the ambient environment was revealed, ranging from 47 pptv to 660 pptv on average. A signif-
icant portion of the CH;CN data measured in the field was well above the reported background levels, sug-
gesting the widely existence of CH;CN sources other than biomass burning. Positive correlations between
CH;CN and CO were found in anthropogenic-influenced areas based on the correlation analysis even with
CH;CN levels as high as several ppbv. Observed slopes of CH;CN and CO suggested the significant impact
of vehicle emission in anthropogenic-influenced environments in the world. The enhancement ratios of
CH;CN to CO were found as 2.01 + 0.16 ppbv/ppmv for biomass burning, which is one order of magnitude
larger than the ones obtained in urban measurement (0.26 + 0.04 ppbv/ppmv). Compared with the CH;CN
absolute mixing ratio as the threshold for tracking biomass burning plume, the correlation with CH;CN and
CO and their enhancement ratio are found to be more specific indicators that can identify biomass burning
under the interference from vehicle emission and solvent usage.

Data Availability Statement

Data of Los Angeles used in this paper can be found in the data server of National Oceanic and Atmospher-
ic Administration (https://csl.noaa.gov/groups/csl7/measurements/2010calnex/Ground/DataDownload/).
Data measured in Mexico City can be found in the data server of University Corporation for Atmospheric
Research (https://data.eol.ucar.edu/master_lists/generated/milagro/). Other data used in this paper can be
accessed via doi (https://doi.org/10.7910/DVN/HMWFNM).
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