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Abstract. The treatment of wastewater generated by agro-industrial activities, such as dairy
production and animal slaughter, represents a significant environmental challenge due to the
complexity of pollutants. This study aimed to conduct a systematic literature review on recent
advances in the application of constructed wetlands for the treatment of wastewater from
agro-industrial activities. The bibliographic survey was carried out using the Scopus database,
where the following keywords were used: ‘Cattle wastewater’, ‘Fertigation’, and ‘Constructed
Wetlands’, covering the period from 2014 to 2024. After applying filters and inclusion/exclusion
criteria, the search resulted in 82 articles. The distribution of publications over the analyzed
period was examined, and a keyword co-occurrence map was created using the VOSviewer
software. The results indicate that the use of constructed wetlands combined with techniques such
as photobioreactors and anaerobic digestion demonstrates high efficiency in pollutant removal
while enabling resource recovery, such as biogas and nutrients. The analysis of the co-occurrence
map revealed interconnected themes, suggesting a convergence of studies around hybrid solutions
for wastewater treatment in dairy production, livestock farming, and slaughterhouses. Finally, the
study highlights the main challenges related to the removal of emerging contaminants and the
spread of antimicrobial resistance, emphasizing the need for rigorous monitoring and the
implementation of effective public policies to ensure environmental safety and the sustainable
use of water resources.

Key words: agroindustrial wastewater, constructed wetlands, pollutant removal, water
management, reuse.

INTRODUCTION

The treatment of wastewater from agro-industrial activities, such as dairy
production and animal slaughter, is a significant environmental challenge due to the high
load of organic, inorganic, and microbiological pollutants generated by these activities
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(Michael et al., 2020; Queiroz et al., 2020; Mohamed et al., 2022; Souza et al., 2022;
Jorge et al., 2023; Galindo Montero et al., 2024).

Various approaches have been investigated to improve pollutant removal efficiency
and reduce associated environmental risks. Among them, biological treatments and
constructed wetlands stand out for their efficiency and sustainability (Licata et al., 2021;
Luz et al., 2022). Recent studies have shown that biological treatments can reduce
physicochemical and microbiological parameters in dairy effluents (Jorge et al., 2023;
Rajan, 2020), while constructed wetlands have demonstrated success in removing
nutrients and antibiotic-resistant bacteria (Abdel-Mohsein et al., 2020; Rajan et al.,
2020). Their functioning depends on factors such as vegetation and seasonal variation
(Licata et al., 2021; Mahmoudi et al., 2024), which influence pollutant removal and
biomass production. Additionally, irrigation with treated effluents can enhance crop
productivity and reduce the need for synthetic fertilizers, as observed by Montemurro et
al. (2017) in studies with fennel and lettuce.

These systems also enable resource recovery and reuse of treated water,
contributing to sustainable agricultural practices (Kaszycki et al., 2021; Suh et al., 2024).
Recent advances involve the integration of constructed wetlands with anaerobic
digestion, photobioreactors, and the use of macrophytes, enhancing treatment
performance and offering new alternatives for agro-industrial effluents (Ruales et al.,
2024; Zhou et al., 2022).

However, despite these advances, significant gaps remain. Challenges such as the
removal of emerging contaminants, efficiency under variable conditions, and the spread
of antimicrobial resistance persist (Harada et al., 2016; Rahmani et al., 2020).
Additionally, operational limitations in continuous bioreactors (Tonhato Junior et al.,
2019) and climate-related efficiency variations demand further investigation and
technological refinement.

A systematic review on the use of constructed wetlands for wastewater treatment
is a valuable opportunity to understand the advances and challenges in this field. This
type of analysis can help guide the development of more efficient and sustainable
technologies, contributing to the protection of water resources and the reduction of the
environmental impact caused by agro-industry (Van Tung et al., 2021; Mendieta-Pino et
al., 2022; de Mendonga et al., 2022; Zhou et al., 2022). Furthermore, integrating these
technologies with other strategies, such as anaerobic digestion and the use of biofilters,
can enhance pollutant removal and improve treatment process efficiency.

In this context, the present study aims to conduct a systematic literature review of
recent advances in the application of constructed wetlands for the treatment of
wastewater from agro-industrial activities.

MATERIALS AND METHODS

The bibliographic survey was conducted using the Scopus database, where the
following keywords were used along with Boolean operators: ‘Cattle wastewater’ AND
‘Fertigation” OR ‘Constructed Wetlands’. Filters were applied for the period 2014 to
2024, language: English, and field of study: Engineering, resulting in 359 articles.
Inclusion criteria were applied: studies that used constructed wetlands for the treatment
of wastewater from dairies, cattle farms, slaughterhouses, livestock, treated wastewater,
and cassava production. Exclusion criteria were also applied: studies that constructed
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wetlands used to treat other types of wastewaters not mentioned in the inclusion criteria,
leading to a final selection of 82 articles.

RESULTS AND DISCUSSION

Annual Distribution of Publications

Over the analyzed period, the distribution of publications showed variations
(Fig. 1). In 2014, no publications were recorded, followed by one publication in 2015.
There was an increase in 2016 with six publications, a drop in 2017 with only one, and
a slight rise in 2018 with three publications. The number of publications increased again
in 2019, reaching eight, followed by a significant surge in 2020, with approximately 16
publications. In 2021, a decline was observed, bringing the number down to around nine.
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Figure 1. Distribution of publications over the analyzed period.

The year 2022 stood out as the period with the highest number of publications, reaching
approximately 18. However, in 2023, the number dropped again to about eight. Finally,
in 2024, there was a recovery, with the total number of publications rising to
approximately 14. Overall, a peak was observed in 2022, followed by a decline in 2023
and a partial recovery in 2024.

Keyword and co-citation mapping: unveiling thematic clusters and intellectual
structure

The keyword co-occurrence map was generated to identify the main thematic areas
and analyze the relationships between the most frequently addressed topics in
publications related to wastewater treatment.

In the present co-occurrence map, 99 items are displayed, organized into three
clusters (Fig. 2). Each cluster represents a set of closely related terms: the first cluster
(red) contains 39 items, the second (green) includes 30 items, and the third (blue)
comprises 30 items. The most prominent keyword is ‘wastewater treatment’, which
appears as a central term, highlighting its significance in the analyzed publications.
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Figure 2. Keyword co-occurrence map.
Source: VOSviewer.

The red cluster is associated with topics related to contamination and conservation
of water resources, including keywords such as ‘wastewater’, ‘water pollutant’, ‘water
quality’, ‘animal’, ‘cattle’, ‘bovine’, ‘soil’, and ‘livestock wastewater.” This cluster
suggests a focus on studies addressing waste management from livestock activities and
the impacts of pollution on soil and water quality. The green cluster, on the other hand,
stands out for its focus on biological processes and sustainability, covering terms such
as ‘biomass’, ‘biological treatment’, ‘fertilizers’, ‘wastewater treatment’, ‘microalgae’,
‘effluents’, and ‘microorganisms.” This group suggests a research line aimed at using
biotechnological processes for wastewater treatment and the generation of sustainable
by-products, such as biomass and fertilizers. In the blue cluster, the most prominent term
is ‘wastewater’, related to ‘biochemical oxygen demand’, ‘dairy wastewater’,
‘constructed wetlands’, ‘pollutant removal’, and ‘effluents.” This cluster reflects studies
exploring the use of treatment systems based on constructed wetlands for pollutant
removal and effluent quality control. The co-occurrence map reveals, therefore, a
comprehensive thematic distribution, with a central focus on ‘wastewater treatment’ and
various complementary approaches, from livestock waste management and biological
techniques to the implementation of sustainable treatment systems, such as constructed
wetlands. This highlights the diversity of treatment strategies and the interrelationship
between pollution, biological processes, and sustainability.
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The co-citation map (Fig. 3) analysis reveals the intellectual structure of the field,
showing 7 well-defined clusters that reflect the main thematic subareas The presence of
central authors in each cluster indicates their influence, while the connections among
clusters demonstrate the interdisciplinary nature and knowledge exchange within the
area.
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Figure 3. Co-citation map.
Source: VOSviewer.

Scientific Insights and Performance of Constructed Wetlands

Wastewater treatment covers a wide variety of sources, such as dairy, livestock,
and slaughterhouse activities, and employs technologies such as constructed wetlands
and hybrid systems. In the case of dairy effluents, research has shown that wetlands are
highly efficient in removing pollutants, including nutrients, pathogenic bacteria, and
organic matter, delivering good results even under different climatic and operational
conditions (Licata et al., 2017; Rajan et al., 2020; Schierano et al., 2020; Licata et al.,
2021; Mateo-Diaz et al., 2023).

The reuse of wastewater has emerged as a practical and sustainable alternative to
address the increasing demand for water resources, especially during periods of water
scarcity and in the face of climate change (Yerli et al., 2022; Phan et al., 2024; Ruales et
al., 2024). In agriculture, this practice provides an efficient alternative, helping to reduce
pressure on potable water sources. Additionally, it promotes the recovery of valuable
nutrients, as demonstrated by Jorge et al. (2023) and Souza et al. (2022), who highlighted
the use of treated wastewater to increase productivity and facilitate fertigation. However,
caution is needed regarding potential impacts, such as increased CO: emissions from soil
in irrigation systems (Yerli et al., 2022) and risks associated with antimicrobial
resistance (Rahmani et al., 2020; Phan et al., 2024).

Regarding wastewater from livestock activities, innovative solutions such as
bioenergy production through anaerobic digestion, combined with pathogen removal
using wetlands, have gained prominence. These practices offer benefits not only to the
environment but also to the economy by transforming waste into useful resources
(Souza et al., 2022; Suh et al., 2024).

Constructed wetlands operate based on integrated mechanisms between plants,
microorganisms, and substrates. Macrophytes play an essential role in water
oxygenation, nutrient absorption, and biomass production (Hu et al., 2020; Lopes et al.,
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2020). Studies highlight the effectiveness of phytoremediation with species such as
Tifton 85, which combine treatment efficiency with economic value generation
(Kaszycki et al., 2021). Meanwhile, Abdel-Mohsein et al. (2020), Rajan et al. (2020),
Mohamed et al. (2022), Jorge et al. (2023), and Mahmoudi et al. (2024) reported high
efficiency in removing organic pollutants and antibiotic-resistant bacteria, confirming
their applicability in effluents from cattle farms and dairies. Luz et al. (2022) and Thanh
Hai et al. (2020) highlight the benefits of integrating wetlands with agricultural systems.

Furthermore, the presence of more complex contaminants, such as antibiotics and
heavy metals, requires special attention. Solutions like phytoremediation and
constructed wetlands have been identified as sustainable alternatives to efficiently
mitigate these elements, contributing to environmental preservation and the safe
reuse of water (Queiroz et al., 2020; Zhang et al., 2023; Khajah & Ahmed, 2024;
Tao et al., 2024).

In industry, this approach also offers great opportunities. Anaerobic digestion of
effluents, for example, can transform waste into renewable energy, such as methane, as
pointed out by Sasidharan et al. (2023). The use of microalgae in wastewater treatment,
as reported by Zhang et al. (2023) and Ruales et al. (2024), combines contaminant
removal with nutrient recovery, creating a productive and sustainable cycle.

Pollutant removal occurs through processes such as biological degradation,
adsorption, and chemical transformation. The combination of wetlands with anaerobic
reactors and the use of biochar or microalgae has increased system efficiency, reducing
greenhouse gas emissions and enhancing resource recovery (Van Tung et al., 2021,
Zhang et al., 2023; Tao et al., 2024).

Furthermore, constructed wetlands exhibit high adaptability in different
onfigurations such as surface flow, subsurface flow, and vertical or horizontal setups
allowing for optimization based on site-specific conditions. Their efficiency is attributed
to combined physical (sedimentation and filtration), chemical (adsorption,
precipitation), and biological (microbial degradation and plant uptake) processes. Design
variables, including hydraulic retention time, substrate type, plant species, and loading
rates, play a crucial role in pollutant removal performance. Studies by Licata et al.
(2021), Khajah and Ahmed (2024), and Mateo-Diaz et al. (2023) emphasize the
importance of these parameters for the long-term success of CWs applied to dairy,
livestock, and slaughterhouse effluents.

Studies have shown that constructed wetlands have high pollutant removal rates in
agro-industrial effluents. For example, Schierano et al. (2020) reported removal
efficiencies of 95% for BOD (Biochemical Oxygen Demand), 91% for total nitrogen,
and 88% for total phosphorus in horizontal subsurface flow systems treated with dairy
wastewater. Licata et al. (2021) observed that vegetated wetlands had removal of over
90% of fecal coliforms and a reduction of up to 87% in organic matter concentration.
Mohamed et al. (2022) highlighted removal efficiencies of up to 93% of total suspended
solids and 89% of residual antibiotics, when integrated into hybrid systems. These data
demonstrate the potential of these technologies in the retention and transformation of
several pollutants.
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Advances, challenges, and future directions in wastewater treatment research

Despite the advances, there are still challenges that require in-depth investigation.
These include the removal of emerging contaminants, efficiency under variable
environmental conditions, seasonality and prevention of antimicrobial resistance
(Harada et al., 2016; Rahmani et al., 2020).

There is a need for long-term monitoring, studies on economic feasibility,
and the formulation of policies that encourage the adoption of sustainable technologies
(Tonhato Junior et al., 2019; Van Tung et al., 2021; Zhou et al., 2022). The integration
of systems with biochar, photobioreactors, and hybrid technologies emerges as a
promising path to increase the efficiency and resilience of treatment systems.

In summary, research on wastewater treatment has undergone significant changes
in recent years, with 2022 standing out as the year of highest scientific production
(Fig. 1). This topic has attracted attention for its application in different types of
effluents, such as those from dairies, livestock, and slaughterhouses (Prazeres et al.,
2019; Schierano et al., 2020; Souza et al., 2022). Technologies such as constructed
wetlands and hybrid systems have shown great potential in removing nutrients,
organic matter, and more complex pollutants (Licata et al., 2017; Zhang et al., 2023;
Suh et al., 2024). Additionally, methods like anaerobic digestion and phytoremediation
emerge as viable alternatives from both environmental and economic perspectives
(Ruales et al., 2024; Tao et al., 2024).

CONCLUSIONS

Advances in wastewater treatment reflect the need to combine technological
innovation and sustainability. Technologies such as constructed wetlands and anaerobic
reactors have already demonstrated promising results, but still need to be improved to
address issues such as the presence of heavy metals and antibiotics. The integration of
advanced solutions, such as the use of biochar and photobioreactors, can increase the
efficiency of these systems. Furthermore, the reuse of these waters in agriculture and
industry reinforces sustainable practices, promoting a cycle of environmental
conservation. To consolidate these initiatives, it is essential to invest in continuous
research, clear regulations and incentives that encourage the adoption of more
sustainable approaches.

REFERENCES

Abdel-Mohsein, H.S., Feng, M., Fukuda, Y. & Tada, C.2020. Remarkable Removal of Antibiotic-
Resistant Bacteria During Dairy Wastewater Treatment Using Hybrid Full-scale Constructed
Wetland. Water Air and Soil Pollution 231(8), 397. doi: 10.1007/s11270-020-04775-9

De Mendonga, H.V., Otenio, M.H., Leonilde Marchéo, L., Lomeu, A., Souza, D.S. & Reis, A
2022. Biofuel recovery from microalgae biomass grown in dairy wastewater treated with
activated sludge: The next step in sustainable production. Science of the Total Environment
824, 153838. doi: 10.1016/j.scitotenv.2022.153838

Galindo Montero, A.A., Berrio Arrieta, Y.M., Pimienta Serrano, E.V. 2024. Treatment of
Slaughterhouse Wastewater through a Series System: Upflow Anaerobic Reactor and
Artificial Wetland. Water (Switzerland) 16(5), 700. doi: 10.3390/w16050700

328



Harada, J.T., Inoue, T., Kato, K., Izumoto, H., Zhang, X., Sakuragi, H., Wu, D., letsugu, H. &
Sugawara, Y.2016. Long-term nitrogen compound removal trends of a hybrid subsurface
constructed wetland treating milking parlor wastewater throughout its 7 years of operation.
Water Science and Technology 73(5), 1018—1024. https://doi.org/10.2166/wst.2015.568

Hu, H., Li, X.,, Wu, S. &Yang, C. 2020. Sustainable livestock wastewater treatment via
phytoremediation: Current status and future perspectives. Bioresource Technology 315,
123809. doi: 10.1016/j.biortech.2020.123809

Jorge, M.F., da Silva, L.D.B., Silva, J.B.G., Alves, D.G.,, Huther, CM., Cecchin, D.,
Guerra, J.G.M., dos Santos, L.M.M., Francisco, J.P., de Melo, A.C.F., Nascentes, A.L.,
Caletti, R.P.K. 2023. Biological pilot treatment reduces physicochemical and
microbiological parameters of dairy cattle wastewater. Environmental Science and
Pollution Research 30(12), 34775-34792. doi: 10.1007/s11356-022-24681-3

Kaszycki, P., Glodniok, M. & Petryszak, P. 2021. Towards a bio-based circular economy in
organic waste management and wastewater treatment — The Polish perspective. New
Biotechnology 61, 80—89. https://doi.org/10.1016/j.nbt.2020.11.005

Khajah, M. & Ahmed, M.E. 2024. Performance evaluation of a pilot wetland system for
wastewater treatment. Journal of Engineering Research. doi: 10.1016/j.jer.2023.11.027

Licata, M., Tuttolomondo, T., Virga, G., Leto, C. & La Bella, S. 2017. The use of constructed
wetlands for the treatment of agro-industrial wastewater — A case study in a dairy-cattle
farm in Sicily (Italy). Desalination and Water Treatment 76, 300-310.
doi: 10.5004/dwt.2017.20720

Licata, M., Ruggeri, R., Tacuzzi, N., Virga, G., Farruggia, D., Rossini, F. & Tuttolomondo, T.
2021. Treatment of combined dairy and domestic wastewater with constructed wetland
system in sicily (Italy). pollutant removal efficiency and effect of vegetation. Water
(Switzerland) 13(8), 1086. doi: 10.3390/w13081086

Lopes, B.C., Zumalacarregui, J.A.G., Matos, M.P, Matos, A.T. & von Sperling, M. 2020.
Potential use of tifton 85 cultivated in VFCW for animal feed. Water Practice and
Technology 15(3), 598—604. doi: 10.2166/wpt.2020.045

Luz, I.C.A., Cunha Neto, A.R., Melo, A.F.S.R., Reis, M.V., Fia, FR.L., Matos, M.P. &
Paiva, P.D.P. 2022. Constructed Wetlands in the Production of Crimson Fountain Grass
Flower Stems. Water, Air, and Soil Pollution 233(1), 5. doi: 10.1007/s11270-021-05464-x

Mahmoudi, A., Hannachi, C., Mhiri, F. & Hamrouni, B. 2024. Performances of constructed
wetland system to treat whey and dairy wastewater during a macrophytes life cycle.
Desalination and Water Treatment 318, 100364. ttps://doi.org/10.1016/j.dwt.2024.100364

Mateo-Diaz, N.F., Herazo, L.C.S., Zurita, F., Sandoval-Herazo, M., Nani, G., Fernandez-
Echeverria, E., Fernandez-Lambert, G. & Reséndiz, G.M. 2023. Remediation of River
Water Contaminated with Whey Using Horizontal Subsurface Flow Constructed Wetlands
with Ornamental Plants in a Tropical Environment. Water (Switzerland) 15(19), 3456.
doi: 10.3390/w15193456

Mendieta-Pino, C.A.,  Garcia-Ramirez, T.,  Garcia-Ramirez, T., Ramos-Martin, A. &
Perez-Baez, S.0O. 2022. Experience of Application of Natural Treatment Systems for
Wastewater (NTSW) in Livestock Farms in Canary Islands. Water (Switzerland) 14(14),
2276. doi: 10.3390/w14142279

Michael, S., Paschal, C., Kivevele, T., Mwemezi, J., Rwiza, M.J. & Njau, K.N. 2020.
Performance investigation of the slaughterhouse wastewater treatment facility: A case of
Mwanza city Slaughterhouse, Tanzania. Water Practice and Technology 15(4), 1096—1110.
doi: 10.2166/wpt.2020.085

Mohamed, A.Y.A., Siggins, A., Healy, M.G., O hUallachain, D., Fenton, O. & Tuohy, P 2022. A
novel hybrid coagulation-constructed wetland system for the treatment of dairy wastewater.
Science of the Total Environment 847, 157567. doi: 10.1016/j.scitotenv.2022.157567

329



Montemurro, N., Cucci, G., Mastro, M.A., Lacolla, G. & Lonigro, A. 2017. The nitrogen
role in vegetables irrigated with treated municipal wastewater. Agronomy Research 15(5),
2012-2025. doi: 10.15159/AR.17.044

Phan, D., Bhattacharjee, A.S., Hanan, D., Park,S., Herrera, D., Daniel Ashworth, D.,
Schmidt, M., Men, Y., Ferreira, JF.S. & Ibekwe, AM. 2024. Dissemination of
antimicrobial resistance in agricultural ecosystems following irrigation with
treated municipal wastewater. Science of the Total Environment 934, 163288.
doi: 10.1016/j.scitotenv.2024.173288

Prazeres, A.R., Fernandes, F., Madeira, L., Luz, S., Albuquerque, A., Simdes, R., Beltran, F.,
Jeronimo, E. & Rivas, J. 2019. Treatment of slaughterhouse wastewater by acid
precipitation (H,SO4, HCl and HNO3) and oxidation (Ca(ClO)2, H>O; and Ca0-). Journal
of Environmental Management 250, 109558. doi: 10.1016/j.jenvman.2019.109558

Queiroz, R.D.C.S.D., Maranduba, H.L., Hafner Bel, M.B., Rodrigues, L.B. & Almeida
Neto, J.A. 2020. Life cycle thinking applied to phytoremediation of dairy wastewater using
aquatic macrophytes for treatment and biomass production. Journal of Cleaner Production
267, 122006. doi: 10.1016/j.jclepro.2020.122006

Rahmani, F., Hmaied, F., Matei, 1., Chirila, F., Fit, N., Yahya, M., Jebri, S., Amairia, S. &
Hamdi, M. 2020. Occurrence of Staphylococcus spp. and investigation of fecal and animal
viral contaminations in livestock, river water, and sewage from Tunisia and Romania.
Environmental Monitoring and Assessment 192(4), 206. doi: 10.1007/s10661-020-8172-y

Rajan, R.J., Sudarsan, J.S. & Nithiyanantham, S. 2020. Efficiency of constructed wetlands in treating
E. coli bacteria present in livestock wastewater. International Journal of Environmental
Science and Technology 17(4), 2153-2162. doi: 10.1007/s13762-019-02481-6

Ruales, E., Gomez-Serrano, C., Morillas-Espafia, A., Gonzalez-Loépez, C., Casas, M.E.,
Matamoros, V., Garfi, M. & Ferrer, . 2024. Resource recovery and contaminants of
emerging concern mitigation by microalgae treating wastewater. Journal of Environmental
Management 367, 121950. doi: 10.1016/j.jenvman.2024.121950

Sasidharan, R., Kumar, A., Paramasivan, B. & Sahoo, A. 2023. Reduced graphene oxide-nano
zerovalent iron assisted anaerobic digestion of dairy wastewater: A potential strategy for
CH4 enrichment. Journal of Environmental Chemical Engineering 11(3), 110035.

Schierano, M.C., Panigatti, M.C., Maine, M.A., Griffa, C.A. & Boglione, 2020. Horizontal
subsurface flow constructed wetland for tertiary treatment of dairy wastewater: Removal
efficiencies and plant uptake. Journal of Environmental Management 272, 111094,
doi: 10.1016/j.jenvman.2020.111094

Souza, E., Medici, L.O., Gentile, M., Hassanpouraghdam, M.B., Carvalho, D.F. &
da Silva, L.D.B. 2022. Grass (Paspalum notatum) clippings, with and without cattle
wastewater, supported production of organic cherry tomatoes in pots. Biological
Agriculture and Horticulture 38(1), 29-39. doi: 10.1080/01448765.2021.1966506

Suh, H.-S., Do, J-M., Yeo, H-T. & Yoon, H-S. 2024. Cattle wastewater treatment using green
microalga Coelastrella sp. KNUAQ68 as a promising bioenergy feedstock with enhanced
biodiesel quality. Water Science and Technology 89(3), 714-729. doi: 10.2166/wst.2024.015

Tao, Z., Liu, Y., Li, S., Li, B., Fan, X., Liu, C., Hu, C., Liu, H. & Li, Z. 2024. Global warming

potential assessment under reclaimed water and livestock wastewater irrigation coupled with
co-application of inhibitors and biochar. Journal of Environmental Management 353, 120143.
doi: 10.1016/j.jenvman.2024.120143

Thanh Hai, L., ran, Q.B., Tra, V.T., Nguyen, T.P.T., Le, T.N., Schnitzer, H., Braunegg, G.,
Le, S., Hoang, C.T., Nguyen, X.C., Nguyen, V-H., Peng, W., Kim, S.Y., Lam, S.S. &
Le, Q.V. 2020. Integrated farming system producing zero emissions and sustainable
livelihood for small-scale cattle farms: Case study in the Mekong Delta, Vietnam.
Environmental Pollution 265, 114853. doi: 10.1016/j.envpol.2020.114853

330



Tonhato Junior, A., Morejon, C.F.M. & Hasan, S.D.M. 2019. Study of the Operation of a
Continuous Modular Bioreactor Used for Treatment of Wastewater from a Recycling
Industry of by-Products from Slaughterhouses. Water, Air, and Soil Pollution 230(4), 82.
doi: 10.1007/s11270-019-4133-x

Van Tung, T., Thao, N.T.P., Vi, L.Q., Hieu, T., Thanh, S.L., Braunegg, S., Braunegg, G.,
Schnitzer, H. & Le Hai, L.T. 2021. Waste treatment and soil cultivation in a zero emission
integrated system for catfish farming in Mekong delta, Vietnam. Journal of Cleaner
Production 288, 125553. doi: 10.1016/j.jclepro.2020.125553

Yerli, C., Sahin, U. & Oztas, T. 2022. CO; emission from soil in silage maize irrigated with
wastewater under deficit irrigation in direct sowing practice. Agricultural Water
Management 271, 107791. doi: 10.1016/j.agwat.2022.107791

Zhang, Y., Dong, W., Li, C., Wang, H., Wang, H., Ling, Y., Yan, G. & Yang Chang, Y. 2023.
Effects of antibiotics on corncob supported solid-phase denitrification: Denitrification and
antibiotics removal performance, mechanism, and antibiotic resistance genes. Journal of
Environmental Sciences 130, 24-36. doi: 10.1016/j.jes.2022.10.020

Zhou, Y., Li, W., Kumar, V., Necibi, M.C., Mu, Y-J., Shi, C.s-Z., Chaurasia, D., Chauhan, S.,
Chaturvedi, P., Sillanpédd, M., Zhang, Z., Awasthi, M.K. & Sirohi, R. 2022. Synthetic
organic antibiotics residues as emerging contaminants waste-to-resources processing for a
circular economy in China: Challenges and perspective. Environmental Research 211,
103075. doi: 10.1016/j.envres.2022.113075

331



