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Abstract

Assessing Antimicrobial residues in a variety of environmental and animal-related conditions, extensive study
explores the complex nature of Antimicrobial residues. The collection, consisting of 650 papers, provides a thorough
analysis of the levels of antibiotics in soil, water, livestock and products derived from animals. According to the first
search until the final article selection, the steps of the systematic review are carefully navigated, as illustrated in the
PRISMA flow diagram. The integration of eighteen further sources improves the analysis to expand and offers
useful data, which is significant. The study goes more deeply and presents aggregated data on Antimicrobial
residues, emphasizing the need of effective synthesis for understanding environmental effects. The research offers a
thorough perspective through data summaries and visual aids, assisting in well-informed decision-making. An
emphasis on preventing illness is evident in the treatment distribution study across livestock categories, highlighting
the necessity for specialized health and production methods. Moreover, determining the sensitivity and resistance to
antibiotics in both human and non-human populations is essential for promoting responsible Antimicrobial use and
preventing the emergence of resistance. The importance-based categorization of materials improves the research
even more by making it simpler to assign resources and set priorities across different categories. In overall, this
research offers significant understanding of the intricate terrain around Antimicrobial residues, guiding sustainable
management approaches along with public health and environmental protection tactics.
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INTRODUCTION

Antimicrobial residues from animal husbandry techniques have been found in sewage and sediment systems, raising
widespread concerns about their impact on the environment. Animals get these antimicrobials which include
antibiotics, anti-parasitic and other veterinary medications via a variety of channels, including food, water, or
injections. But a large amount of these antibiotics are expelled by animal feces, which go through the agricultural
environment via waste disposal and find their way into sewage and sediment systems (1). Sewage systems are
essential for controlling the removal of waste from urban and agricultural sources because they act as channels for
the movement of pollutants, such as leftover antimicrobials. These residues are found in animal feces that are
dumped into sewage systems untreated, which causes antimicrobial compounds to build up in wastewater. These
compounds' continued presence in the environment is further facilitated by the partial elimination of these chemicals
during sewage treatment operations. As a result, worries about the possible emergence an ecological and human
strength are raised (2). Sediment in aquatic habitats acts as a reservoir for antimicrobial leftovers from animal
husbandry, in addition to sewage systems. Contaminants from livestock can be carried by runoff from agricultural
areas and accumulate in water bodies and sediment layers. Long-term ecological concerns arise from the binding
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and retention of antimicrobial residues in sediment, which provide a continuous source of exposure for aquatic
species (3). The antimicrobial destiny of sediment in the environment is further complicated by the possibility that
these residues must change and re-enter the water column. Antimicrobial residues in sewage and sediment present a
number of issues, including the development of Antimicrobial resistance, public health and environmental
sustainability (4). The possibility for antimicrobial residues to go from these environmental compartments to food
crops and into the human food chain is one of the main causes for worry. The possibility of consuming contaminated
crops and that is exposed to low concentrations of antimicrobials raises concerns about the long-term consequences
on public health, including the degradation of medical treatment effectiveness (5). Veterinary antimicrobial are
widely used in livestock and poultry husbandry with the intention of accelerating animal development and treating
diseases. The spread is not limited to animal populations; it affects people, other animal species, plants, the
environment and the larger ecosystem. The result is contamination of the soil and water. The schematic Figure (1)
provides a visual representation of the interrelated influence of this event.

Figure (1). Transmission of AMR from livestock

[Source: https://www.mdpi.com/2079-6382/10/5/539 ]

Antimicrobial resistance is a worldwide health concern that is exacerbated by the environmental persistence of
antibacterial residues. Low concentrations of antibiotics in the environment expose microorganisms over time,
putting selection pressure on the survival and spread of resistance strains. The potential for the transmission of
Antimicrobial resistance genes among bacteria is increased by this process, which affects terrestrial and aquatic
ecosystems in addition to the initial animal source (6). The intricate problems caused by antimicrobial residues in
animal husbandry need a comprehensive response owing to the interconnectedness of ecosystems and the transit of
pollutants via different environmental compartments. A comprehensive approach that covers the whole agricultural
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production and waste management chain is needed to lessen the effects of Antimicrobial residues in sewage and
sediment (7). Improved sewage treatment procedures efficiently remove antimicrobial residues, sustainable
agricultural methods that reduce the need for preventative antimicrobial usage and improved waste management
strategies to guarantee correct disposal of animal waste. In order to monitor environmental concentrations, enforce
adherence to antimicrobial usage standards and evaluate the efficacy of mitigation options, regulatory actions and
monitoring systems are necessary (8). Animal husbandry-related antimicrobial residues in sewage and sediment
pose a serious environmental threat with far-reaching effects on both ecological and human health. The
interdependence of aquatic, agricultural and human systems demands a coordinated, interdisciplinary approach for
solving this problem (9). Working together to create and execute sustainable methods that protect human health and
animal welfare is necessary to address this problem in the agricultural, environmental and health domains. To lessen
the negative impacts of Antimicrobial residues on our ecosystems and preserve the efficacy of antimicrobial
medications, continuing research, policy development and international collaboration are essential owing to the
complexity of this issue (10).

The research (11) discussed the increasing concern about Antimicrobial usage throughout the world, which has
resulted in microbial populations that is under selection pressure and Antimicrobial resistance genes (ARGS)
emerging. ARG reduction is improved by tertiary treatments, such as sophisticated oxidative procedures. When it
comes to maximizing the effectiveness of treatments for removing ARG from animal feces, operational factors
including temperature, hydraulic retention duration and sunlight penetration are critical. The research (12)
investigated exactly happened to medications during anaerobic digestion in 29 biogas plants located in three
different countries, with a focus on antibiotics (tetracyclines, sulfonamides and fluoroquinolones). The study focuses
on input materials like sewage sludge as well as animal manures and it finds that 81% of substrates and 83% of
digestates contain antibiotics. Notable amounts of antibiotics, especially ciprofloxacin and tetracycline, are found in
sewage sludge. Most substrates showed somewhat reduced Antimicrobial concentrations during digestion. The study
(13) conducted an extensive review of existing literature pertaining to five veterinary antibiotics amoxicillin,
enrofloxacin, sulfadiazine, tetracycline, and trimethoprim commonly employed in animal production. The identified
significant risk to soil and surface water, as indicated by predicted environmental concentrations (PECs),
underscores the pressing necessity for regulatory measures to mitigate potential adverse effects stemming from
antimicrobial residues in the soil. The research (14) examined the use of antibiotics in Indian aquaculture, cattle and
poultry with an emphasis on animal Antimicrobial resistance and the spread of resistance genes across
environmental niches. It explores the categorization, processes, dangers and advantages of antibiotics. The research
(15) focused on the paucity of systematic information on the risk factors and Antimicrobial source distribution in
peri-urban waterways. This study describes 16 antibiotics found in water and sediment in Beijing's Chaobai River
and links them to environmental conditions. Strategies for preventing and controlling pollution are informed by
assessments of the Eco toxicological hazards, mixture toxicity and synergistic effects of Antimicrobial
combinations.

The research (16) examined more than 170 publications on the prevalence of antibiotics in China's environment as
part of an extensive examination of the literature. The results showed that, apart from the atmosphere, 110
antibiotics were found, of which 28 were considered widely distributed. The frequency of certain antibiotics, such as
tetracycline, ofloxacin and sulfamethoxazole, was highlighted using cluster analysis, which found seven dominating
antibiotics across all environmental compartments. Major river basins were found to have different median amounts
of antibiotics; the Haihe River Basin had greater quantities. The research (17) examined an Antimicrobial and ARG.
Test results showed elevated amounts of ARG and antibiotics up to 20 kilometers downstream from the WWTP.
The river system functions as an ARG reservoir even when human Antimicrobial usage is minimal. The research
(18) evaluated Antimicrobial residues in rivers that were discharged from sewage sources, including as wastewater
treatment facilities, aquaculture farms and livestock farms. Concentrations were found in sediment and water
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samples, ranging from not detectable to 1039.53 ng g—1 and 530.05 ng L—1, correspondingly. According to a
principal component analysis, aquaculture and cattle farms contributed 21.2% and wastewater treatment facilities,
66.8%, respectively. The aquatic ecosystems medium risk was found to be caused by ciprofloxacin, highlighting the
significance of environmental management and the prevention of Antimicrobial pollution in Shanghai. The research
(19) explored into the manner that antibiotics affected Lake Titicaca's drinking water, trout tissues and aquatic
ecology. High amounts of nine antibiotics, including tetracyclines, sulfonamides and fluoroquinolones, were found
in surface water and soil after monitoring of these substances. Antimicrobial contamination in the lake has
originated from aquaculture. The research (20) proved to track zoonotic bacteria, resistance genes and Antimicrobial
residues while biological nitrogen was being removed from swine dung. Over the course of six time periods on two
farms, seven antibiotics, nine resistance genes and two bacteria were monitored. The study identified antibiotics that
had been used over the previous three months. Doxycycline was found and sulfadiazine was recovered in the
majority of samples. While there was a decrease in residues in the storage lagoon as compared to the liquid fraction,
there was no significant difference seen.

METHODS AND MATERIALS

The PRISMA research flow diagram shows the steps involved with conducting a systematic review, from the initial
search and screening phase to the final selection of articles for inclusion in the comprehensive review. The data we
collected consisted of 18 articles shown in Figure (2) that reported Antimicrobial residue levels in a variety of
contexts, such as the environment, soil, aquatic and terrestrial animal tissues, livestock (cattle, sheep, pigs, horses,
chickens, rabbits and goats), wastewater as well as animal-derived products (milk and eggs).
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Figure (2). Flow of PRISMA (Source:Author)
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During the identification stage of this research, 650 entries in total were found in different databases. After 185
duplicate entries were eliminated throughout a thorough screening procedure, 415 unique records were left for
further evaluation. Following the next round of screening, 140 records were examined; 275 of them were chosen to
be retrieved. At the eligibility evaluation step, 132 records were excluded for a diversity of cause, including a lack of
a control group (54 records) and an inadequate sample size (71 records). In the final phase, 143 records were
evaluated for eligibility. Reports without a control group or one with an unspecified sample size were not included
in the final inclusion. As a result, eighteen more studies were found to be eligible for inclusion in the thorough
review, adding significant knowledge to the corpus of previous research on the topic. The selection of solid and
relevant research for the ensuing phases of analysis and synthesis was guaranteed by this methodical procedure.

Presentation of aggregated data on antimicrobial residues in sewage and sediment

A methodical and significant synthesis of data from many investigations is required for the presenting of aggregated
data on Antimicrobial residues in sewage and sediment (21). Through this procedure, important information on the
kinds, amounts and distribution of antimicrobial residues originating from animal husbandry activities will be
distilled. In this context, efficiency pertains to the seamless arrangement and dissemination of this copious amount
of data, which enables a thorough comprehension of the environmental effect. The use of statistical summaries is
essential for achieving this efficiency (22). Quantitative studies of aggregated data are performed to compute
averages, trends and variances in Antimicrobial concentrations. Hotspot of contamination, probable regions of
concern and common antimicrobial agents has been identified using this quantitative method. The efficiency of data
transmission is further improved by graphic representations, such as charts and maps, which provide visual clarity
that is easier to understand and absorb than raw numerical data. Contextualizing the quantitative results is part of the
presentation's narrative section. The tale of Antimicrobial residues in sewage and sediment is interwoven in this
narrative, emphasizing subtleties, anomalies and possible causes of variation. Incorporating a qualitative component
into the quantitative data allows for a more comprehensive comprehension of the dynamics of the environment. For
example, the story might clarify relationships between certain geographic regions, particular animal husbandry
techniques and the persistence of particular Antimicrobial residues (23). Their ability to understand the present
situation regarding antimicrobial residues in sewage along with sediment, make educated judgments that create
plans for reducing threats to the environment and public health is enhanced. When it comes to antimicrobial residues
from animal husbandry techniques in sewage and sediment, efficiency in this context means reducing complexity
into insightful understandings that motivate action (24).

Environmental Impact Assessment (EIA)

An environmental impact assessment (EIA) is a methodical procedure that entails assessing the possible
consequences on the environment of a certain project, activity, or material (25). When we discuss Antimicrobial
residues, we mean EIA, which is the study of the effects of these residues on aquatic ecosystems and the habitats
around them. The objective is to get a thorough understanding and forecast the potential effects of antimicrobial
residues on the biodiversity, ecological balance and general health of these ecosystems (26). The evaluation usually
takes a multidisciplinary approach, considering variables including the kinds and amounts of antimicrobial residues,
the features of the impacted ecosystems and the susceptibilities of the local flora and fauna. It includes many
different elements, such as the environment's physical, chemical and biological components as well as possible
direct and indirect impacts on species and habitats. An environmental impact assessment would provide insight into
how antimicrobial residues from animal husbandry in sewage and sediment might change the makeup of microbial
communities, affect the wellbeing of aquatic life and possibly interfere with ecosystem function (27). It could
investigate the channels by which Antimicrobial residues travel through the ecosystem, such sedimentation or water
movement. This procedure is essential for environmentally sustainable management and it is mandated by law for
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actions that might have a large negative impact on the environment. When it comes to antimicrobial residues
specifically, an EIA helps to direct interventions to reduce adverse effects on aquatic ecosystems and surrounding
environments while advancing our knowledge of the substances' wider effects beyond their immediate presence
(28). The process, which is mandated by regulations for actions that have a substantial negative, is essential for
sustainable environmental management. An environmental impact assessment, in the particular instance of
antimicrobial residues, aids in directing interventions to reduce adverse effects on aquatic ecosystems and
surrounding environments that advances our knowledge of the substances' wider effects beyond their immediate
presence (29).

Ecological Impact of Antimicrobial Residues in Aquatic Environments

The ecological effects of antimicrobial residues in aquatic habitats require a thorough examination of the
consequences for biodiversity, water quality and the complex network of ecological interactions (30). This thorough
examination includes the surrounding habitats that are impacted by these contaminants in addition to the water-
based ecosystems themselves. Through examining the changes in microbial communities have possible
perturbations to the nutrient cycle and the bioaccumulation of Antimicrobial residues in aquatic species (31). The
complex processes that affect these ecosystems' overall health. Comprehending the wider ecological ramifications is
essential for developing practical approaches for reducing the environmental effect, conserving biodiversity and
defending the fragile equilibrium that supports aquatic life and its environs (32). The establishment of sustainable
practices and well-informed decision-making for the management of antimicrobial residues in aquatic environments
are both facilitated by this comprehensive approach.

These Impacts includes many dimensions:

e Studying the effects of Antimicrobial residues on fish, invertebrates along with other aquatic creatures'
variety, abundance and behavior. Assessing possible alterations to food chains and ecological connections
in the aquatic ecosystem is part of approach (33).

e Assessing those antimicrobial residues can change the physical and chemical properties of the aquatic
environment, such as the parameters of the water quality and the composition of the sediment and how this
affects the health of the ecosystem as a whole (34).

e Investigating those Antimicrobial residues alter the microbial populations in watery settings. Examining
changes in the make-up and capabilities of bacteria and other microbes is part of the aforementioned, since
they are essential to the cycling of nutrients and the preservation of ecological equilibrium (35).

e Evaluating the bioaccumulation process, this is the gradual build-up of antimicrobial residues in the tissues
of aquatic life. This is especially important to comprehend how these compounds go up the food chain and
perhaps impact creatures at higher tropic levels, including those humans eat (36).

e Examining the ways in which antimicrobial residues can interfere with or modify essential functions in
aquatic environments, such the cycling of nutrients, primary production and decomposition. The ecosystem
as a whole to be affected in a cascade of ways by changes to these processes (37).

o Exploring that long-term exposure to antimicrobial residues might cause aquatic ecosystems to adapt or
recover. Predicting long-term effects and directing conservation and management activities need an
understanding of these ecosystems' resilience (38).

Field investigations, lab tests and modeling techniques are used in these examinations to collect information on the
existence, trajectory and consequences of Antimicrobial residues. Informed policies, regulations and mitigation
methods to safeguard aquatic ecosystems and the surrounding environment can be developed with its significant
insights on the larger environmental effects.
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Treatment Distribution in Livestock

The frequency percentages represent the treatment kinds' prevalence across various cattle groups. Disease
prevention accounts for 84.5 percent of cattle cases, while fattening techniques comprise 3.1% of instances. Disease
prevention accounts for 90.7% of therapies in the case of goats, compared to 1% and 8.2% for fattening and other
treatments. Similarly, sheep (87.8%) place a high priority on preventing sickness, with 3.1% going toward fattening
practices.

Table (1). Distribution of Treatment Types among Livestock

[Source: https://www.frontiersin.org/articles/10.3389/fvets.2020.00055/full ]

Frequency percentage
Types - _ _
Treatment Disease prevention Fattening
Cattle 84.5 11.3 3.1
Goat 90.7 8.2 1
Sheep 87.8 10.2 3.1

=] Fattening
B Disease prevention
Sheep B Treatment
Goat
Cattle
T T T T T

0 20 40 60 80 100
Frequency percentage

Figure (3). Frequency Percentage of Treatment Types in Livestock

[Source: https://www.frontiersin.org/articles/10.3389/fvets.2020.00055/full ]

Table (1) and Figure (3) provide an overview of the most common treatment approaches used in each livestock
category, revealing that production goals and health maintenance measures are prioritized. Designing focused
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treatments and sustainable livestock management techniques that complement the unique requirements and traits of
every animal category requires an understanding of the distribution of treatment types.

Differentiated Livestock Management Treatment Methods

The distribution of various treatment methods across different livestock groups is shown in Table (2) as frequency
percentages. 6.2% of cattle get treatments that are not described, 64.8% of cattle receive measures to avoid illness
and 50% of cattle undergo fattening procedures. In goats, 28.4% are engaged in fattening, 65.7% get illness
prevention and 6% receive additional treatments. Comparably, among sheep, 42.9% are fattened, 65.8% get illness
prevention and 8.7% receive no treatment entirely.

Table (2). Treatment Types across Livestock Categories

[Source: https://www.frontiersin.org/articles/10.3389/fvets.2020.00055/full ]

Frequency percentage
Types
Treatment Disease prevention Fattening

Cattle 6.2 64.8 50
Goat 6 65.7 28.4
Sheep 8.7 65.8 42.9
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Figure (4). Treatment Distribution in Livestock

[Source: https://www.frontiersin.org/articles/10.3389/fvets.2020.00055/full ]

Figure (4) illustrates the general availability of disease preventive techniques by demonstrating the range of
treatment options used across cattle species. Recognizing these distributions serves a pivotal role in providing
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gained livestock management, enabling the formulation of focused plans for health care and production that are
customized to the individual requirements of every animal group.

Antimicrobial Sensitivity and Resistance Analysis

The percentages of susceptibility and resistance to several antibiotics in human and non-human populations are
shown in table (3). For an instance, cephalothin exhibits 100% sensitivity, meaning that resistance cannot be
observed in either human or non-human subject. Conversely, gentamycin exhibits 30% resistance and 67%
sensitivity in humans as well as 23% resistance and 86% sensitivity in non-human animals.

Table (3). Percentage of Antimicrobial Sensitivity and Resistance

[Source: https://www.researchgate.net/figure./Antibiotic-resistance-patterns-of-E-coli-from-humans-and-non-
humans-sources_fig3_46150522 ]

% of sensitivity
Antibiotics Resistance Susceptible Resistance non- Susceptible non-
humans humans humans humans

Cephalothin 100 0 100 0

Penicillin G 98 4 83 18
Kanamycin 96 5 95 8

Sulthothiazole 96 5 72 28
Tetracycline 95 6 64 43
Nalidixic acid 94 8 83 14
Gentamycin 30 67 23 86
Ciprofloxacin 4 94 5 91
Chloramphenicol 3 97 18 82
Neomycin 2 96 9 89

B Resistance humans
B Susceptible humans
B Resistance non-humans
b B Susceptible non-humans
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80
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@ 60
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S 40
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Figure (5). Antimicrobial Sensitivity and Resistance Distribution
[Source: https://www.researchgate.net/figure./Antibiotic-resistance-patterns-of-E-coli-from-humans-and-non-
humans-sources fig3_46150522 ]
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Figure (5) illustrates the results, which emphasize the potential effect on human and animal health by highlighting
differences in Antimicrobial susceptibility. It is worth noting that human susceptibility rates to certain antibiotics,
such ciprofloxacin and chloramphenicol, are greater than those of non-human species. Given the consequences for
the development of Antimicrobial resistance in diverse populations, it is important to comprehend these patterns to
utilize antibiotics with knowledge in both veterinary and medical settings.

Importance Categorization across Entities

Table (4) provides a degree of value to entities according to their relevance in certain categories. The categories
have designations ranging from Very High significance (I) through Low Importance (IV) and the distribution of
entities in each significance level is shown by the appropriate number values.

Table (4). Importance Levels across Categories

[Source: Author]

Very high High Importance | Medium Importance | Low Importance
Category Importance | 1 1 v
Pets 38 64 5 2
Live stock 2 24 38 37
Humans 29 68 4 2
Feedlot Cattle 1 2 6 88
100

[ Very high Importance |
[ High Importance I
[_] Medium Importance IlI
[ Low Importance IV

80

Over all AMU (%)

Pets Live stock Humans Feedlot Cattle

Category

Figure (6). Distribution of Importance Levels

[Source: Author]
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For example, 38 entities are classified as Very High Importance, 64 as High Importance, 5 as Medium Importance
and 2 as Low Importance in the "Pets" category. Comparably, "Livestock” comprises 24 entities of High
Importance, 38 entities of Medium Importance and 37 entities of Low Importance. This categorization gives an
organized picture of an important each category's constituents are thought to be, giving valuable information for
allocating resources and establishing concerns as shown in Figure (6).

CONCLUSION

The complex network of Antimicrobial residues is uncovered by this research, from their occurrence in diverse
settings to their effects on distinct species, to sum up. A strong grasp of Antimicrobial dynamics is ensured by the
inclusion of additional papers, which improve the review's comprehensiveness. An emphasis on disease prevention
is placed by the treatment distribution analysis, which highlights the need of focused health initiatives in livestock
management. Analyzing patterns of Antimicrobial sensitivity and resistance shows subtle differences between
human and non-human populations, which are important to maximize the use of antibiotics and prevent problems
with resistance. Setting priorities and allocating resources between entities is made easier by the organized
viewpoint that the significance category offers. The research promotes an interdisciplinary strategy that integrates
quantitative and qualitative investigations as we negotiate the intricacies of Antimicrobial residues. This
comprehensive knowledge is essential for developing sustainable management strategies, making well-informed
decisions, reducing possible environmental concerns and protecting public health.
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