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1. Introduction

With rapid development of modern agriculture, a multitude and a large amount of
air pollutants were generated by agricultural activities, which are becoming more and
more serious issues with regards to air pollution [1,2]. Atmospheric aerosols and gaseous
pollutants emitted by agricultural activities can reach densely populated cities, and harm
the health of human and animals [3–6], and the greenhouse gases can affect reginal climate
change [7,8]. The atmospheric emissions of urban and rural areas may be inhomogeneous
because of the emission sources, meteorological conditions, topography, and inefficient
allocation of regulatory resources [9,10]. With the increase of demand in food by growing
world population, it is necessary to carry out more studies on agricultural pollution and
develop better mitigation measures.

This Special Issue, comprising nine original papers and one review, reports recent
findings in the atmospheric pollution of agricultural-dominated regions. Most of these
papers focused on the characterization and mitigation of air pollutants in the rural areas,
and few of them considered the air pollutants from urban area. Various air pollutants
were pointed out in this Special Issue, including particulate matter (PM) [11–15], am-
monia (NH3) [15,16], hydrogen sulfide (H2S) [15], odor [15,17], greenhouse gases [GHG:
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O)] [11,15,18,19], NOx [13,14],
carbon monoxide (CO) [11,14], volatile organic compounds (VOCs) [13,15], sulfur dioxide
(SO2) [13,14], as well as bacteria, fungi and viruses [15,20]. Six of the nine original papers
used the experimental data in the field [12,15–17,19,20] or in a laboratory [14], and others
used modeling system [12,13] or database and other online sources [11].

The articles in the Special Issue span a variety of subjects, primarily aimed to accom-
plish the following: (1) to investigate the trends and factors of air emissions from animal
farms and facilities; (2) to analyze the spatial-temporal variations of agricultural burning;
(3) to evaluate the potential hazards of bio-aerosols to human health; and (4) to develop
and assess different strategies on the air emission control for rural areas.

2. Trends and Factors of Air Emissions from Animal Farms and Facilities

The most concerned agricultural activity leading to the atmospheric pollution in rural
areas and even cities was the animal feeding operations in this Special Issue. Due to the
intensification and concentration of animals, an abundant mixture of pollutants, mostly
consisting of NH3, CO2, CH4, N2O, H2S, VOCs, PM, odors and bio-aerosols, were emitted
to the atmosphere simultaneously from animal housing, yards, manure storage, and land
spreading [12,13,15–17]. In the original papers of this Special Issue, NH3 [13,16], PM [12],
and odor [17] were the major objectives of those studies. Odor and PM can be easily sensed
or perceived by the residents around the farms, who complained and protested against
the unpleasant odors and dusty environment. Meanwhile, the NH3 play a critical role in
formulating the secondary inorganic aerosols, arising distinct odor, and causing various
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sick symptoms of animal or human under different thresholds. Complaint and protests,
as well as environmental issues, have spurred new legislation and all of these pollutant’s
emissions are regulated to achieve emission reductions in animal farming [15].

The concentrations of all of pollutants differed with location and season, and differed
for individual animal species and housing system [15–17]. It is impossible to generalize the
concentration or emission factor, since they are influenced by many factors, such as build-
ing construction, ventilation system, feed type and management, manure management,
weather conditions and so on [12,15,17]. Based on the study of Oh et al. [16], the ammonia
concentration at site of a pig farm presented a peak in June, which was significantly higher
than that in the urban and remote areas. However, the rural area influenced the ammonia
levels in the adjacent urban area. Rzeznik and Mielcarek-Bochenska [17] found that fatten-
ing pig house showed the highest odor burden compared with that in hen house and dairy
cow barn. The emission factor of odor for poultry was higher than that for dairy cows,
while the mean concentration of odor in hen house was lower than that in the dairy cow
barn. In the study of Zhang et al. [12], the data showed that concentration of ultrafine and
fine particles for a layer house were positively and negatively correlated with temperature
and relative humidity as well as wind speed, respectively. The concentration of PM in the
atmosphere at nighttime was lower than daytime. The particle size was proportional to the
diffusion distance and diffusion height.

3. Spatial-Temporal Variations of Biomass Burning

Biomass burning, including agricultural residual burning, and residential biofuel
burning, are significant sources of atmospheric aerosol particles and gas-phase pollutants
impacting regional and even global air quality, the chemical composition of PM, earth’s
radiation budget, climate change, and human health [11,21]. The open burning of agricul-
tural residues is one of the main forms of biomass burning and most concerned cause of
air pollutant emissions, which comprise CO2, CH4, CO, NOX, SO2, and PM, and have a
complex chemical composition dominated by primary organic matter (POM), elemental
carbon (EC), and inorganic material [11,22]. The plumes of biomass burning may impact
on the air quality for sites located several thousand kilometers away from the burning
sources [21].

In this Special Issue, Zhao et al. [11] analyzed the spatial-temporal variations of
biomass burning in he Beijing-Tianjin-Hebei region of China using the fire counts and
carbon emissions data of the Global Fire Emissions Database. They found that the number
of fire counts fluctuated from 2003 to 2020 with a generally rising trend and peak in 2013.
Most fire counts were concentrated in March, June–July, and October, leading to high
carbon emission. Agriculture accounted for 58.1% vegetation types of fires, which was the
highest followed by grassland, forest, and peat. Taking the year of 2020 as an example, they
found that the North China Plain, with flat terrain where the study region located, could
be easily investigated for fire count aggregation. Fire events can cause high transient air
pollutant concentrations [23]. The field burning of agricultural residues normally occurs
after a harvest season, which can be identified and attended to quickly by the government
to reduce air pollution [4].

4. Potential Hazards of Bioaerosols to Human Health

Recently, much attention has been drawn to the exposure to bioaerosols, which exist
extensively in human living and natural environments, due to adverse effects on human
health [24]. Bioaerosols, predominantly including bacteria, fungi, archaea, viruses, pollen,
and endotoxins, play an important role in atmospheric chemistry and climate change as
a component of atmospheric PM [20,25]. Sources of bioaerosols are the microbial decom-
position of organic material in all naturally occurring processes and/or the atmospheric
dispersion of bioaerosols [25]. Exposure to these agents, particularly pathogenic bacteria,
may cause a series of diseases, such as respiratory, digestive system, and cardiovascular
diseases [20,24].
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In this Special Issue, Yan, et al. [20] studied the concentrations and size distribution
characteristics of culturable airborne total bacteria and four antibiotic-resistant bacteria
in Xinxiang, central China. Their results showed that the concentrations of all studied
agents in winter and night were higher than that during other seasons and diurnal peri-
ods. Under moderate pollution or heavy pollution, the maximum concentrations of these
agents were detected from the air. They were mainly distributed in stage of 1.1–2.2 µm.
Bacillus, Staphylococcus and Macrococcus were the dominant genus of ampicillin-resistant
bacteria (75.97%), tetracycline-resistant bacteria (46.05%) and erythromycin-resistant bac-
teria (47.67%), respectively. The opportunistic pathogens of Micrococcus, Sphingomonas,
Enterococcus, Rhodococcus, and Stenotrophomonas were also identified. They concluded that
inhalation was the major exposure pathway for the intake of bioaerosols, and the health
threats from bioaerosols in the atmosphere should be paid more attention especially when
the Air Quality Index (AQI) is higher than 100.

The Special Issue did not cover studies on bioaerosol generated from any specific
occupational activities. Previous studies had found specific occupational facilities have
specific compositions of bioaerosols, and the concentration levels varied from source
to source with many times higher than natural background levels [26]. A multitude of
processes associated with human activities lead to elevated bioaerosol emissions [25]. In
rural areas, crop and livestock production, waste disposal, and food production are the
potential activity-related bioaerosol sources, which are a potential health risk to workers
and individual in neighbor communities [25,27]. These bioaerosols may also transport
to urban area though the risk of exposure decreased with the increasing distance for the
source. Many challenges remain in evaluating the health effects of aerosolized pathogens
and allergens in outdoor environments [27].

5. Strategies on the Air Emission Control for Rural Areas

With the rapid development of modern agriculture, the impact of pollutants emitted
by agricultural activities on the atmosphere is gradually non-negligible, and more and more
relevant studies have been conducted to reduce the threat of agricultural air pollution [1].
In this Special Issue, six of these papers developed, summarized, or recommended different
mitigation strategies for several agricultural activities.

(1) Poultry and livestock production

Using a 3D modeling system, Choi and Sunwoo [13] estimated the effects of emission
control polices of agro-livestock and industrial emission of PM2.5 in an agriculturally
active region in Korea. Their study verified that the management of agricultural NH3
emissions could be a more efficient way for reducing PM2.5 concentrations rather than the
current policy, mostly focused on industrial emissions for certain regions. Therefore, in
agriculture-dominated cities, a policy targeting ammonia management could be a safer
choice to significantly improve air pollution mitigation effects unless the target area has a
limited amount of HNO3.

Targeting at the mechanical ventilated housing of livestock and poultry feeding op-
erations, Guo et al. [15] summarized various strategies applied for reducing outlet air
pollutants and purifying inlet air to reduce the negative effects of indoor air pollutants on
the ambient atmosphere and outdoor bio-airborne on the indoor air, respectively. They
concluded that supply filtration systems can greatly reduce the amount of airborne PM (the
carrier of pathogens) and microorganism transmission, which should reduce the potential
risk of animal infections in a given house. Meanwhile, since each filter targets a different
specific contaminant, the single-stage filter for mitigating emissions at the outlet is limited.
By contrast, combination filters can remove multiple pollutants effectively. Zhang et al. [12]
suggested that the height of ventilation fans of layer house can be appropriately increased
in Northeast China to reduce the concentration of PM diffusing towards ground, since the
PM can be diluted as it descends (effectively improving the air quality around the livestock
and poultry house).
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The control approaches primarily aimed at the dust emissions are also applicable to
mitigating bioaerosol releases. The minimum setback distances for the sitting of compost-
ing facilities and landfills were recommended generally based on odor and dust emissions
without expressly considering potential emissions of bioaerosols and their metabolic prod-
ucts [25].

(2) Residual treatment and biomass burning

Gao et al. [18] indicated that returning residue to soils may reduce the air pollution
caused by residue burning and affect greenhouse gas emission by increasing soil carbon
sequestration potential. They studied the effects of different maize residue treatment (no
residue addition, on the soil surface, and into the soil layer of 0–10 cm) on the nitrogen
turnover process, and proved that incorporating the residue into soil was the best measure
to promote N transformation and supply as well as enhance residue-derived N release and
uptake in maize. The residues may be also removed from the field to be used for other
purposes, such as mushroom plantation, animal feed, fermentation, as diesel and biochar,
and for sales to baling operators to avoid open burning [4,22].

In the case of air pollution events caused by agricultural residues field burning, gov-
ernments should intervene quickly to reduce air pollution though a National Air Pollution
Prevention and Control Law and other government documents. Under unfavorable me-
teorological conditions, the ban on agricultural field burning upwind of cities should be
rigorously enforced [4].

(3) Residential combustion

Compared with industrial sources, rural residential combustion is more harmful to air
quality and human health under the same emission values of air pollutants. Zhu, et al. [28]
indicated that the statistics data of coal and solid biomass consumption for rural house-
holds were significantly underestimated, which has a negative impact on the air pollution
control. Jiao et al. [14] pointed out that more than 1500 million tons of bituminous raw
coal chunk are used annually for rural heating in China, accounting for 60% of residential
energy consumption. The incomplete combustion of coal in inefficient stoves resulted in
significant air pollution and human health problems. Therefore, they designed a new type
of bituminous coal pellet fuel using an automatic prototype pellet stove. Compared with
raw coal chunk, turning bituminous coal into pellets and burning them in automatic stoves
could significantly reduce PM2.5 and CO emission by 83–90% and 61–76%, respectively,
effectively improving rural air quality.

(4) Tillage practice

Huang et al. [19] studied the fate of fertilizer nitrogen (N) in the soil-plant-atmosphere
to better understand the mechanism of N distribution, absorption, utilization, and loss
in fertilizer under different tillage practices. The results showed that the average and
cumulative N2O emission and soil fertilizer 15N-N2O emission under no tillage (NT)
practice was significantly lower than that moldboard-plow (MP) tillage. About 15% and
23% of N2O emissions came from fertilizer N under NT and MP, respectively. On average,
0.1–0.16% of fertilizer N was lost in the form of N2O. Therefore, NT was a better tillage
practice compared with MP, for mitigating air emissions caused by fertilizer utilization.

6. Further Research Needs

This Special Issue provides information regarding recent advances in our under-
standing of the atmospheric pollution of agricultural regions or cities, which provides a
significant contribution to further research in various research areas. Although the studies
presented in this Special Issue are a snapshot of the characterization and mitigation of
air pollutants from agricultural activities, they open additional scientific questions and
challenges for reducing the emission impact on rural area or adjacent cities. Here, we
formulate the following main directions for further research.
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(1) The air pollutants emissions from agricultural activities are very complex. More
detailed studies on their chemical and physical characteristics as well as their inter-
actions with other gaseous or in different environment are needed for predicting,
prevention, and abatement technology selections.

(2) It will be useful to develop specifical methodology and comprehensive observations
in primary practices to improve the accuracy of assessments of environmental hazards
and human/animal health risks.

(3) It is suggested that future researchers should develop abatement technologies suitable
for heating and cooking in rural areas to improve the existing energy systems and
promote the development of effective air pollution strategies [28].

(4) The characterization and variations of air pollutants from different agricultural ac-
tivities in different areas provides the ground work for predicting and control policy
making of air emissions. Therefore, more effective measures to monitor and control
in high polluted area need to be investigated. In addition, a variety of agricultural
activities beyond those mentioned in this Special Issue may release air pollutant
to atmosphere [29,30]. It is necessary to establish or upgrade precise inventory
of those air emissions from each agricultural practice in rural areas or agriculture-
dominated cities.

(5) The knowledge and findings available so far are insufficient to allow a final assessment
of the efficiency of control measures, and proposals for mitigation measures are
still required.

In general, there are many gaps of knowledge in agricultural air emissions, leaving
open opportunities for future research and technology development.
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