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Abstract
This work evaluates Black Carbon emissions produced in Ciudad Valles, San Luis Potosí, México, during the
harvest 2020–2021 of Ingenio Plan de Ayala and its association with the sugarcane sector in its area of in�uence.
Black Carbon concentrations were measured each hour by the 7-wavelength aethalometer (AE-33) from November
13, 2020, to June 7, 2021, at Tecnológico Nacional de México - Campus Ciudad Valles, located northeast of the city,
approximately 1 kilometer from Ingenio and bordered by the sugarcane area. The maximum daily concentration
recorded was 4.5 ± 0.072 µg m− 3 with a daily average of 0.9 ± 0.014 µg m− 3, enough to increase the mortality of the
long-term exposed population by almost 6.0% moreover, according to the World Health Organization, and to cause
environmental and productive effects. The burning of fossil fuels represented 62.9% of the total Black Carbon,
indicating that contrary to o�cial statistics, Ingenio Plan de Ayala may continue using fuel oil. Likewise, there was
a statistically signi�cant difference in Black Carbon concentrations during harvest and no harvest periods,
indicating a direct relationship between its emissions and the sugarcane sector of this region. The highest
concentrations were in the surrounding area of Ingenio Plan de Ayala and sugarcane lands, which supports the
previous theory. With the results obtained, the bottom line is that evaluating other agricultural burning emissions
near the growing cities is necessary to minimize adverse effects on human health and reduce CO2eq emissions.

Introduction
Pollution is the introduction of a contaminant into a natural environment that causes instability, disorder, damage,
or discomfort in an ecosystem, physical environment, or living beings. Although natural sources and human
activities generate a signi�cant proportion. Different classes or types of pollution depend on the environment
affected and the extent of the source. Air pollution from industries, construction sites, agricultural practices,
vehicles, and the combustion of dirty energy sources, is the fourth deadliest health risk in the world, causing one in
ten deaths. Anthropogenic air pollution is the leading cause of climate change (UN, 2022). In the last 100 years, the
average global temperature has increased by 0.76 ºC, and approximately 87.0% of the world´s population is
exposed to pollution levels that exceed air quality guidelines set by World Health Organization (WHO). Premature
deaths due to air pollution cost the global economy $225 billion in lost labor income, equivalent to the combined
gross domestic product of India, Canada, and Mexico. Because of its severity, pollution control should be a priority
for country governments; however, this expenditure always competes with other budget priorities and political
interests (IHNME & WB, 2016). 

One of the primary air pollutants is Particle Matter (PM); this term describes solid or liquid particles (<100 µm) that
are present airborne and dispersed. This complex heterogeneous mixture of chemical compounds (organic and
inorganic) can react and change depending on thermodynamic properties, emission sources (natural or
anthropogenic), and meteorological conditions (WHO, 2013). For example, PM2.5, particles less than or equal to 2.5
µm, are highly produced by anthropogenic sources in urban areas with a residence life in the atmosphere for weeks
or days but can travel hundreds of miles. Therefore, it implies that studying them for their local or global effects is
very important.

Black carbon (BC) is an air pollutant contained mainly in PM2.5. It is a type of carbonaceous material formed
primarily from combustion, emitted directly into the atmosphere, and with a unique combination of physical
properties. It strongly absorbs visible light, is refractory, and has a vaporization temperature near 4000K. In
addition, it is an aggregate of small spheres and insoluble in water and common organic solvents. BC plays a
signi�cant role in the Earth´s climate system because it absorbs solar radiation, in�uences cloud processes, and
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alters the meltdown of snow and ice sheets. Since a large fraction of its atmospheric concentrations is due to
anthropogenic activities, reducing its concentrations could represent an e�cient environmental strategy because
BC is rapidly removed from the atmosphere by deposition, which could decrease the global climate forced by
human activities in the short term and its associated rate of climate change (Bond et al., 2013). Also, it is the
second most potent agent of climate change, with a warming potential equivalent to 55.0% of that attributed to
CO2 (Liu et al., 2022). 

The direct exposure of humans to BC is associated with health damages such as cardiac arrest and failure
(Burroughs-Peña & Rollins, 2018), blood strokes (Mordukhovich et al., 2009), lung cancer (Yong et al., 2019),
chronic bronchitis, asthma, emphysema (Paunescu et al., 2019), and low birth weight (Bové et al., 2019); as well as
severe dehydration, acute renal dysfunction, and genotoxicity (Chaudhuri et al., 2017). Given the association of its
emissions with other highly harmful pollutants, such as polycyclic aromatic hydrocarbons (PAHs), BC is considered
the principal indicator of air quality in human health (Casares-Long, Longhurst and Barnes, 2020). Recent research
has found that in cities as polluted as Delhi, India, the daily average BC concentrations are 24.4 µg m-3, but with
episodes higher than 59.9 µg m-3 (Dumka et al., 2018). 

As for effects on human health, the WHO indicates that exposure of the population to 10.0 µg m-3 of BC, in the
short term, can increase mortality by 0.9% from cardiovascular diseases and 0.7% from other causes. Moreover,
prolonged exposure to 1.0 µg m-3 would increase the risk of death by 6.0% (Janssen, 2012). Additionally, Tobias et
al. in 2014 concluded that increments of 1.4 µg m-3 increase respiratory mortality risk by 10.0%.

There are two main techniques for quantitative measurement of BC groups: those based on thermal properties and
those using the optical properties of the pollutant (Slowik et al., 2007). Optical techniques usually measure light
absorption by aerosols, which is then empirically related to BC content (Ahmed et al., 2009). An example is Soot
Particle Absorption Photometer which performs a �lter-based absorption measurement (Cremer et al., 2022).
Similarly, there is a Photoacoustic Spectrometer, which measures sound at different wavelengths to identify its
absorbing components (Jin et al., 2021), and a Multi-angle Absorption Photometer, which is capable of
simultaneously measuring radiation �elds in the front and back hemispheres concerning an aerosol �lter system
(Abdullah et al., 2022). Among these commercial BC monitors, �lter-based absorption photometers, such as
aethalometers, are the most widely used in air quality monitoring stations of their robust precision design
(Kalbermatter et al., 2022; Srivastava et al., 2021). 

Many researchers have conducted several studies with Aethalometers around the world: emissions from �reworks
(Rawat et al., 2022), transportation (Minderyté et al., 2022), materials production (Hedmer et al., 2022), and burning
of agricultural residues (Sight et al., 2014) and �rewood (Li et al., 2022). Also, variations in BC concentrations and
composition generated by extraordinary events, such as pandemics caused by COVID-19 (Pandey & Negi, 2022);
seasonal (Sharma et al., 2022) or diurnal (Yan et al., 2022), have been observed. In the same way, there were
analyzed differences in BC concentrations in rural and urban environments (Kouassi, 2021) or their effects in
remote places such as Antarctica (Gonçalves Jr. et al., 2022).

There are also no uni�ed international or national standards or criteria on the effects of BC concentrations at
different levels, but studies have shown that deposition of between 100 and 300 ng-BC/g1-H2O of BC can reduce
the albedo from 2.7% to 6.0%. It may increase when continuously runoff between 70 and 204 millimeters of water
(Suárez et al., 2017). 
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Mexico has a National Black Carbon Monitoring Network that performs intermittent monitoring in 9 cities. In
Mexico City, annual average concentrations exceed 2.5 µg m-3 (Peralta et al., 2019), In other overriding
conurbations in México, such as Guadalajara, Jalisco, the average is 3.1 µg m-3 and in Monterrey, Nuevo León, it is
3.6 µg m-3 (INECC, 2016). In the case of the city of San Luis Potosí, the annual average concentration for the year
2018 is 1.11 µg m-3 in the northern part of the city (Zapata-Ramírez, 2022) and 2.04 µg m-3 in the southern one in
the year 2020 (Cueto-Delgadillo, 2021).

Mexico has established the Intended Nationally Determined Contribution (INDC) program to reduce national
emissions of BC in unconditional mitigation goals for the following years, which México´s Government expects to
reduce around 51 % of the BC emissions by 2030. Due to their importance, several techniques have been developed
to estimate their emissions, sources, and potential effects. In México, Instituto Nacional de Ecología y Cambio
Climático (INECC) estimates the emissions of greenhouse gases (GHGs), including BC, through Inventario Nacional
de Gases y Compuestos de Efecto Invernadero (INEGYCEI); and to make it, INECC uses the traditional Emission
Factors method.

According to the Emission Factors method in 2016, the emissions from sugarcane burning in San Luis Potosí were
1,059,728 ± 21,194 tCO2eq, while those from the sugar mills were 658,949 ± 13,178 tCO2eq, as well as 6,331 ± 126 t
of PM2.5 and 1,429 ± 28 t of BC (Quintana-Quintalán, 2022).

Currently, seeks to increase the certainty of the estimations of emissions from the agricultural sector by creating
speci�c emission factors for each crop and area (Mugica-Álvarez et al., 2018), as well as using quantitative
techniques through direct monitoring of agricultural land where the burning takes place. For instance, Jain et al.
(2019) conducted a state inventory of air pollutants from crop residue burning, using the IPCC 2006 inventory
preparation guidelines, �nding the proportions included in Fig. 1.

The sugarcane zone of San Luis Potosí is part of the northeastern sugarcane region of México, the second largest
in the country (CONADESUCA, 2021). Four mills operate in the state that process sugarcane production for
industrial purposes, all located in the Huasteca region. Plan de Ayala and Plan de San Luis in Ciudad Valles;
Alianza Popular in Tamasopo, and San Miguel del Naranjo in El Naranjo (Fig. 2).

During the sugarcane harvest 2020-2021, the four mills processed more than 5 billion tons of sugarcane from 103
thousand hectares, producing 644 thousand tons of different qualities of sugar (CONADESUCA, 2022). Sugarcane
production generated an income of close to 2.5 billion pesos, making it the third most important crop in the state
concerning area harvested and the �rst in respect of production value (SIAP, 2022). In addition to employing 15
thousand of producers (Beta San Miguel, 2016; Grupo PIASA, 2019; Ingenio Santos, 2020), the sugarcane sector in
the state required the labor of more than 1,500 workers in the mills and more than 7,000 cutters during the harvest,
as well as a signi�cant number of transporters and indirect employees (CONADESUCA, 2021). 

Despite its economic and social importance, this sector´s productive and industrial processes have a high
environmental impact. First, in 90.0% of the sugarcane area, one or more cultivation tasks do mechanically, which
implies the use of diesel fuel. Furthermore, zafra (the sugarcane harvest) takes place approximately six months
yearly. During this period, the double-burning method harvests 73.3% of sugarcane production, and 1,800 vehicles
are used to transport cane from farms to mills and then the processed sugar from mills to distribution or
processing centers. Regarding the industrialization process, San Luis Potosí is the sugarcane producer state in the
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country that uses the most fuel oil (13.69 million liters, equivalent to 56.3% of that used nationally), as well as
11,700 tons of bagasse (CONADESUCA, 2022).

There have been efforts to reduce sugarcane burning. However, this practice is still common in almost the
producing countries, causing effects at different scales, from the local level, such as the diseases caused to the
population directly exposed to the global level, such as global warming.

In Mexico, as of 2012, air pollutant monitoring is mandatory only for big cities (NOM-156-SEMARNAT-2012),
considering that they are the main emission sites. San Luis Potosí has four monitoring stations that measure
criteria pollutants, and in the case of Ciudad Valles, this is the �rst direct monitoring. 

This research is the �rst to be carried out in the country, with direct monitoring of BC, in a small agro-city of Mexico
and associating it with agricultural activity. Its purpose is to evaluate BC concentrations in Ciudad Valles, San Luis
Potosí, México, during the 2020-2021 Ingenio Plan de Ayala harvest season. As a result, following the WHO
guidelines, it veri�ed the health risk to the exposed population and to �nd elements that show their possible
relationship with activities carried out by the sugarcane sector in this region.

Materials And Methods
Ciudad Valles is the capital of the municipality of the same name, in San Luis Potosí, México. It is in the eastern
part of the state, in the Huasteca region, on the banks of the Tampaón River. With a population of 180 thousand
inhabitants, it is a major commercial, tourist, agricultural, and livestock center and the second most important city
in the state. Moreover, relevant sugar and cement industries are within it (Fig. 3) (INEGI, 2021).

Grupo Santos is the fourth largest sugar corporation in México, with �ve mills that industrialize the production of
52 thousand hectares, representing 7.7% of the national sugarcane area (CONADESUCA, 2022). Its mills produce
sugar of different qualities for the food industry in the domestic market and the United States, as well as molasses
for the livestock and pharmaceutical industry, on a smaller scale. These mills are in the process of certi�cations
and approvals for healthy, safe, and innocuous production, such as Kosher, FDA, ISO:9001, and ISO:22000, and
clean production (Industria Limpia México).

In the speci�c case of Ingenio Plan de Ayala (Fig. 3), it has certi�cations referring to the quality of its processes
and, in 2021, obtained BONSUCRO certi�cation for sustainable sugarcane production. Moreover, the population
near Ingenio and authorities a�rm that these certi�cations have not impacted visibly on improvements in the
pollution emitted and social problems caused by the company (Quadratín SLP, 2018). Ingenio Plan de Ayala has
certi�cations because of the quality of its processes. Also, in 2021, obtained BONSUCRO certi�cation for the
sustainable production of sugarcane, even if the population near Ingenio and authorities a�rm that these
certi�cations have not impacted visibly the pollution emitted and social problems caused by the company
(Quadratín SLP, 2018).

The equipment used for monitoring was an AE33 aethalometer (Magee Scienti�c, Berkeley, U.S.A.) was installed
inside Tecnológico Nacional de México - Campus Ciudad Valles (TecNM - Ciudad Valles), located at northwest of
the city (22°01'19''N, 99°02'11''W). The sampling site is approximately one-kilometer northeast of Ingenio Plan de
Ayala and is surrounded from northeast to west by sugarcane �elds. Model AE33 aethalometer is a �lter-based
absorption photometer that measures seven wavelengths (370-950 nm). It continuously captures particles by
drawing the aerosol-laden air stream through a spot on the �lter tape. The analysis has done by measuring the light
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transmission through a portion of �lter tape containing the sample versus the transmission through an unloaded
tape portion that acts as a reference area (Drinovec et al., 2015). This equipment can differentiate BC from fossil
fuels and biomass burning, which in this case will be very useful in explaining the proportion of contamination
attributable to sugarcane and bagasse burning, which comes from the use of fuel oil in the agroindustrial process
at the mill (Fig. 4a).

 Uncertainty calculation is a relevant factor to consider when measuring atmospheric pollutants such as BC,
according to Intergovernmental Panel on Climate Change (IPCC). In this case, was used the Expanded Uncertainty
formula. Expanded Uncertainty is a measure that de�nes, around the result, an interval within which it can �nd a
large part of the distribution of values that can attribute reasonably to the measurand. For this purpose, �rst, the
Combined Uncertainty is calculated using Formula (1). Then �nally, Expanded Uncertainty was determined with
formula (2) (CEM, 2008). With the corresponding calculations, the uncertainty for this case was 0.016, which
corresponds to the results obtained by Cuesta-Mosquera. (2020).

where: uc = Combined Uncertainty, ci = sensitivity coe�cient, u(xi) = component uncertainty, U = Expanded
Uncertainty, k = coverage factor, and y = factor.

 In addition, a Vantage Pro2 mobile weather station had installed (Davis Instruments, Davis, USA) to obtain
meteorological data from the site. The station can obtain continuous data in 15-minute intervals on wind direction
and speed (anemometer), temperature (thermometer), relative humidity (hygrometer), atmospheric pressure
(barometer), and precipitation (rain gauge), among others (Fig. 4b), of which hourly got averages subsequently. 

RStudio, a free statistical and graphing software for the R programming language, was used for the data analysis.
In addition, customized graphs were done with Openair (a package developed to analyze air quality data) and other
packages to show BC behavior during the analysis period. Finally, arc Map, version 10.2, was also used to graph
pollutant concentration distribution to analyze the dispersion ranges and the different BC concentrations.

Results And Discussion
The BC monitoring started on November 13, 2020, and ended on June 7, 2021, covering the entire period of the
2020-2021 sugarcane harvest of the Ingenio Plan de Ayala. Additionally, it was monitored 20 days after the end of
the harvest to have a period of concentrations to serve as a control. The Aethalometer AE33 software provided by
Magee Scienti�c processed and classi�ed more than 4,300 data in BC total, BC from fossil fuels, and BC from
biomass burning.

The maximum daily average concentration of total BC was 2. 2 ± 0.035 µg m-3 however, some episodes exceeded
4.5 ± 0.072 µg m-3. A fraction from fossil fuel burning exceeded 3.5 ± 0.056 µg m-3, while that from biomass
burning was 2.3 ± 0.037 µg m-3. In 34.2% of cases, observations were higher than 1 µg m-3 and 12.9% higher than
1.4 µg m-3. The entire period average was 0.9 µg m-3. Also, the 95th percentile is 1.7, which implies that 95.0% of the
observations reach up to 1.7 µg m-3. 
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Concentrations from fossil fuel burning (blue line) represented 62.9% of total concentrations (black line), compared
to those from biomass burning (green line), which represented, on average, 37.1%. The proportion remains almost
unchanged at all BC levels (Fig. 5). According to the Emissions Factors method, BC concentrations in a sugarcane
area from biomass combustion should be much higher than those in oil derivatives.

Daily average concentrations showed a bell-shaped behavior, increasing during the months when the harvest was
in full swing. On 74 occasions daily average exceeded 1 µg m-3 and on 22 occasions excelled at 1.4 µg m-3. As can
be seen, December had the highest concentrations, exceeding the WHO reference 23 times. Furthermore, on the
days following the harvest ended, the concentrations were reduced to near zero for several days (Table 1). 

Table 1 Average daily BC concentrations

Season Month Days Averages

BC concentration

(µg m-3)

Temperature (°C) Wind speed 

(km h-1)

Winter Nov 18 0.8 ± 0.013 22.6 0.3

Dec 31 1.1 ± 0.018 18.3 0.5

Jan 31 0.9 ± 0.014 18.5 0.4

Febr 28 0.9 ± 0.014 23.8 1.5

Spring Mar 31 1.0 ± 0.016 27.4 2.1

Apr 30 0.8 ± 0.013 31.1 ND

May 18 0.6 ± 0.010 30.4 ND

No harvest May-Jun 20 0.5 ± 0.010 30.7 ND

* ND = No data available
A Kolmogorov-Smirnov test proved the data do not �t a normal distribution (p  .01). Due to this reason, the Mann-
Whitney U test, a non-parametric test that does not require a speci�c distribution to compare two sample means
from the same population and test whether they are equal or not, was used (Ramírez-Ríos & Polack-Peña, 2020). 

In this case, in the three types of BC detected (total, biomass, and fossil fuels), it was found that there is a
statistically signi�cant difference between the concentrations found in the harvest season and the non-harvest
season (Pr > |Z| <.0001). Additionally, the previous results were supported with the Kruskal-Wallis test, obtaining a
signi�cant difference between the two groups of data (Pr > Chi-square <.0001) for all cases.

Concerning variation of concentrations between days of the week, concentration levels begin to increase on
Mondays, reaching their peak on Tuesdays and then decreasing until Sunday by up 20.0%, even though the Ingenio
Plan de Ayala protocols indicate that during harvest season, milling should be constant and by the availability of
sugarcane.

As regards changes during the day, there are two peaks with subsequent drops. The �rst occurs at noon, after a
prolonged drop near 20:00 hours. (Fig. 6); some possible explanations are related to times of more signi�cant
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vehicular tra�c because of sugarcane received or sugar shipped, as well as the beginning of processing shifts at
the mill, where a more signi�cant amount of fuel must probably be due to the machinery starting.

In the graph, 1 µg m-3 was established as the limit since it is the WHO reference for increasing the risk of premature
death due to prolonged exposure to BC. During November, December, and January, the highest concentrations
occurred between 18:00 and 23:00 hours, while from February to May, they occurred between 10:00 and 14:00
hours. Concentrations are considerably lower at the beginning and end of the harvest. The lowest concentrations of
the entire period were during June, when the harvest had already concluded (Fig. 7). A relevant fact is that nearly
the entire December concentrations exceeded 1 µg m-3, becoming the most polluted month.

The highest concentrations occurred at low wind speeds, so a large part of the emissions must remain and be
deposited in the surrounding areas where they are generated. Joining the distribution BC concentrations graph with
the map of Ciudad Valles is possible to observe that the highest concentrations are found in the location of Ingenio
Plan de Ayala and its surroundings, as well as to the north and northwest of the sampling point where there is a
large area cultivated with sugarcane (Fig. 8).

These results are consistent with trajectory models obtained from Global Data Assimilation System data of the
National Oceanic and Atmospheric Administration (NOAA), which show no substantial variations in wind
trajectories at different times of the day or between the months of the year. Furthermore, up to 87.0% of the winds
come from the Gulf of Mexico. Therefore, it implies that the predominant winds blow from west to east. Still, when
they meet the Sierra Madre Oriental, a natural barrier that delimits the Huasteca Potosina, an essential fraction of
the particles they contain are deposited in this zone (Fig. 9).

On this matter, during the sugarcane harvest season, the naked eye can see the smoke generated by the burning of
the sugarcane �elds and the sugar mill (Fig. 10). Moreover, the deposition of black dust (BC) is present on the
surfaces of houses and vehicles in much of the city. As a result, many people feel discomfort in the respiratory
tract.

Sugarcane is one of the most important economic activities in Ciudad Valles and other municipalities of the
Huasteca Potosina that depend heavily on it. However, despite its economic and social importance, since decades
ago, it has been facing severe problems that threaten the sustainability of the activity. Although for several years, it
remained the main crop in San Luis Potosí, recently, some more pro�table products have become uppermost,
displacing sugarcane. Currently, it ranks fourth in cultivated area, with 11.5% of the agricultural area, and second in
production value, with 17.3% of the agricultural income generated. 

Notwithstanding, the sector has managed to maintain its importance due to the addition of surfaces to production
areas, which has necessarily implied massive land clearing (SIAP, 2022). Nevertheless, on the other hand, it has
serious problems of low and decreasing productivity, and dependence on rainfall since only 22.3% of sugarcane
land has an irrigation system (CONADESUCA, 2022).

On the other hand, the sugarcane sector's production and industrialization process lead to activities involving the
combustion of both biomass and fossil fuels. For this reason, BC concentrations can increase to more than double
during the sugarcane harvest season, causing severe environmental, productive, and human health effects, among
others.
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In Ciudad Valles, hourly mean concentrations for the entire period were 0.9 ± 0.014 µg m-3, with episodes exceeding
4.5 ± 0.072 µg m-3. During one-third of the sampling time, concentrations exceeded the WHO guidelines (1.0 µg m-3)
for increases in human mortality from prolonged exposure to BC. This fact is grave for the population of Ciudad
Valles (180,000 inhabitants) and surrounding communities since they are exposed to BC and other air pollutants
emitted during the harvest six months yearly.

In addition, emissions from this sector could have a direct relationship with sugarcane production. That is because
both productive and industrial systems involve several activities with fossil fuels and biomass combustion.

Considering that sugarcane milled by Ingenio Plan de Ayala has increased by 42.3% over the last 15 years, it is
foreseeable that concentrations to which the population is exposed have also increased. Furthermore, as
mentioned, the environment is affected, as well as agriculture itself, since part of BC is deposited on the crops,
reducing the sunlight they receive and thus their productivity.

Concerning the BC composition, there was an unexpected result since, according to CONADESUCA �gures, during
the 2020-2021 harvest, Ingenio Plan de Ayala did not use petroleum in its processes. Nevertheless, the
aethalometer data are conclusive and consistent: concentrations from fossil fuel combustion represent two-thirds
of the total BC found. Furthermore, other temporal variations indicate that processing patterns decrease
concentration during weekends and at night, although this may also be related to other social or natural factors.
What is a fact is, during the cold months, the highest concentrations were in the evenings, between 18:00 and 23:00
hours. On the other side, during the warm months, they were in the mornings, between 9:00 and 13:00 hours. 

The wind speed was low (average of 0.6 km h-1) during the monitoring. This fact in addition to the high humidity
(80.0%) triggers the scarce BC dispersion; in other words, a large part of the contamination remains where it was
emitted. That is why the Hysplit model indicated the highest concentrations are distributed mainly around Ingenio
Plan de Ayala and to the north-northwest of TecNM - Ciudad Valles, where the sugarcane area is.

Likewise, a decrease in BC concentrations practically until zero was detected when the harvest ended (there is a
statistical difference during harvest and non-harvest seasons). So, it is very likely that they are directly related to
emissions from the factory and the sugarcane growing area in the region, and that Ingenio Plan de Ayala continues
to use fuel oil as fuel, in addition to not using �lters.

Despite the limitations that this research contains, it is an important antecedent for future works of greater depth,
time, and completeness, which include complimentary techniques such as scanning microscopy to corroborate the
composition of the particles, as well as PM monitoring.

BC is the leading indicator of air quality (Janssen et al., 2011) since its emission is associated with those other air
pollutants that are highly toxic to humans and environmental contaminants. Therefore, although the evaluation of
BC concentrations is the focus of this study, it has been found that, at the same time, a signi�cant amount of air
pollutants is emitted by the sugarcane sector, mainly in the harvest season. 

In addition, the burning of agricultural residues is a widespread practice throughout Mexico and many countries in
the world, especially in grain-producing crops such as corn, rice, sorghum, and wheat, among others (Santiago-De
la Rosa et al., 2017). That is why the problem of air pollution from agricultural activities is not limited to sugarcane
areas but many other agricultural lands. Despite this, until now, it has not been awarded the corresponding
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importance, which is why the data from direct monitoring in areas where agricultural burning is scarce and
temporary. 

The weak environmental legislation in Mexico is only limited to a draft standard to regulate emissions from sugar
mills, without being consolidated from 2017 to date. Regarding agricultural burnings, producers only need to follow
a regulation to elaborate guardrails to prevent the �re from spreading uncontrolled and notify Environmental
Ministry to be able to carry them out. 

Despite its economic and social relevance, the sugarcane sector activities adversely affect the local population and
the global environment. The sugarcane sector emissions also affect the BC reduction goals of 51% to 2030, signed
by Mexico in COP21. That is because it is crucial to establish accurate air quality monitoring systems that provide
information to implement fairer agricultural policies according to reality to sanction those responsible for the
effects and even inhibit the activities that produce such contamination.

Conclusions
The BC concentrations found in this research show that contamination generated during the harvest season can be
equal to or higher than those reported in the largest cities in Mexico, despite Ciudad Valles having less than
200,000 inhabitants. Furthermore, these concentrations are high enough to increase the risk of disease and
premature death in the exposed population and cause harmful environmental and productive impacts.

The results showed that concentrations are signi�cantly higher during the sugarcane harvesting season than
during the rest of the year, so there are elements to think that this sector is the growth generator. Additionally, the
highest concentrations were between the sugar mill and cultivation areas, rea�rming the previous idea.

There have been efforts to measure and evaluate air pollutants in San Luis Potosí. Still, the time and the
contaminants monitored have yielded valuable but limited results to establish better control strategies and improve
air quality. Therefore, it is highly desirable to continue research related to these issues, extending the time and
resources used, such as a more signi�cant amount of equipment and the use of technologies such as geographic
information systems and remote sensing to expand and improve the information generated.

In this regard, as it is known, the reduction of BC emissions is an effective measure to reduce global warming and
improve the health of the exposed population. The sugarcane sector could contribute to this reduction with actions
such as green harvesting and the installation of �lters in the chimneys of sugar mills. It is possible to quantify
these improvements with the implementation of monitoring systems. This is fundamental to aspiring the
agricultural sector to reduce their emissions and contributes to achieving the goals proposed by México for The
2030 Agenda for Sustainable Development concerning emissions reduction.
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Figures

Figure 1

Air pollutants emitted by the burning of crop residues.
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Figure 2

Sugar mills and sugarcane areas of San Luis Potosí, México
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Figure 3

Measurement site location
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Figure 4

Measuring equipment a) Aethalometer AE33 b) Mobile weather station Vantage Pro2

Figure 5

Composition of BC concentrations
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Figure 6

Variation in BC concentrations by day and by hour

Figure 7

Variation in BC concentrations by hour, during the monitoring months
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Figure 8

Spatial distribution of BC concentrations
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Figure 9

Monthly Provenance paths of winds. November 2020 (left), June 2021 (right)

Figure 10

BC emissions produced by sugarcane sector in Ciudad Valles. a) Cane �elds b) Sugarmill.


