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Abstract

Almost half of all seafood consumed worldwide derives from aquaculture, a system
of food production that has extended quickly in recent years. Aquatic farming has been
considered as the fastest rising food production industry driven by governmental and
technological impulsion as compensation for fisheries decline, establishment of new jobs and
source of economy are the most important welfares. However, aquaculture raised several
issues related to the environmental wellbeing and consumer safety. The impacts of these
activities to the environment, through wastes offloads, introduction of alien species, genetic
interactions, disease transfer, release of chemicals, use of wild recourses, alterations of coastal
habitats and disturbance of wildlife, are analytically considered. Also, the consumer safety
issues related to the farming are considered, including generation of antibiotic-resistant
microorganisms, contaminants transferred to humans though food chain and other hazards
[from consumption of aquaculture stuffs. Findings from this review indicate that current
aquaculture practices can lead to elevated levels of antibiotic residues, antibiotic-resistant
bacteria, persistence of organic pollutants, metals, parasites, and viruses in cultured finfish
and shellfish. Additional research is necessary not only to fully understand the human health
risks associated with cultured fish versus wild-caught fish but also to develop appropriate
interventions that could reduce or prevent these risks.
Keywords: Aquaculture, Sea food, Antibiotic Residues, Organic Pollutants

Introduction

The growth of human civilization has been significantly influenced by the
process of domesticating plants and animals for the benefit of our species.
Agriculture and animal production have been practiced for thousands of years and
are seen as essential to the advancement of civilizations. The fish biochemistry and
biotechnology approaches to fish nutrition and the health position of fish [Lal J,
Vaishnav et al;2024a: Lal J, Vaishnav et al,2024b7. Aquaculture is the term used to
describe the deliberate cultivation of aquatic creatures. While the domestication of
certain aquatic creatures has existed for centuries, humans have primarily relied on
the fisheries industry to meet their need for seafood and other resources derived
from aquatic sources. Aquaculture only recently emerged as a substantial provider
of food, accounting for over 50% of the fish and shellfish consumed by humans. It
has also become a crucial element in certain area economies [Rogers AJ, 2023; Jana
A et al ;2024 .

Forecasts anticipate that the world's population will go beyond 9 billion
people by 2050 [Syanya FJ,2018; Jennings S et al., 20167]. Consequently, there will
be a 50% increase in the demand for fish as a protein source to sustain this growing
population. However, diseases during the fish farming process have emerged as a
substantial challenge for aquaculture practitioners. These diseases impede the
development and sustainability of aquaculture by inflating production costs
through fish mortality and the expenses connected with disease treatment [ Alfred
O, Shaahu A, 2020, Toranzo AE et al., 20057. Many of these diseases occurs due to
deficiencies in essential nutrients. However, the key question remains: do these
diseases have adverse effects on the health of consumers who eat farmed fish? The
incidence of diseases in aquaculture farms, as reported in Tanzania, not only affects
veterinary medicine and disease management but also poses risks to human health
and environmental conservation [Mzula A et al,20217. In addition to distresses
surrounding sustainability and production costs, the aquaculture industry is facing
extra challenges due to the emergence of novel diseases such as the Tilapia Lake
virus [Mugimba KK et al.,20187.

The Impact of Nutritional Fish Diseases on Human Health:

Effective administration of diseases in aquaculture systems is essential for
the sustainable development of aquaculture enterprises [Cole DW et al., 20097.
Among the several diseases and illnesses reported in the aquaculture sector,
nutritional diseases and disorders pose significant public health and environmental
hazards [Hossain S et al., 2018; Mzula A et al.,, 20217. It is therefore essential for
all investors in the aquaculture sector to launch clear surveillance plans to minimize
cross-contamination and disease spread within the production system.
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The recognition of pathogens and the usage of unlicensed veterinary medicines in aquaculture for disease
treatment have raised concerns about product rejection in the international export market, impacting fish farmers in
countries like India and China [Basavaraja N, 2015; Hernandez E et al.,20087. This has resulted in substantial losses
for fish farmers. Additionally, fish feed-derived waste has been found to directly influence the aquaculture
environment, posturing challenges to sustainable production and potential health risks for humans [Syanya FJ et
al, 20237. The gathering of fish additives, fish faeces, and other metabolic wastes subsidizes to environmental
pollution and poses health hazards [Cole DW et al., 2009; Munguti JM et al.,20147]. These conditions not only
cause stress and slow growth in farmed fish but also make them vulnerable to opportunistic diseases that can be
detrimental to humans when consumed. Therefore, when articulating fish feeds, careful attention must be given to
the levels of vital mineral elements and vitamins to mitigate these risks. Aquaculture can only raise sustainably if the
interaction between environmental, social, and economic aspects is well considered [Chua TE,19927. Sustainable
aquaculture has given many coastal and rural communities a enhancement economically, which is especially helpful
in places where long-term economic growth is a challenge [Davenport J et al., 20097. A well-thought-out strategy
for rural economic and social development that involves all members of the community is necessary to rectify this
disparity. Efficient research, development, monitoring, and incentive programs can help achieve sustainable
economic development while also protecting ecosystems and promoting social justice. This approach to watershed
and coastal management is essential for conserving ecosystem integrity and striking a balance between human
values [Frankic A& Hershner C, 2003; Sahil HS et al., 20227. Recycling nutrients, or reusing nitrogen, using
various polyculture systems may be a more viable and efficient option than managing or treating the effluents linked
to conventional, intense monoculture methods. Emerging technologies are frequently created with the aim of
lessening certain negative effects caused by current aquaculture systems. However, it is important to note that these
technologies may inadvertently transfer the environmental burden by amplifying other significant types of
consequences [ Salin KR& Arome Ataguba G., 20187.

Antibiotic Use in Aquaculture: Health Risks and Environmental Safety Issues:

Although the use of antibiotics favours boosted production and the extension of the aquaculture industry,
they also cart the vices of harmful effects and risk on human and environmental health (Rico et al., 2013). Scores of
scientific literatures have tendered confirmatory accounts on the antibiotic accumulation in farmed animal tissues
and accumulation in culture and sediments biota, with forthcoming dangerous consequences for environmental and
human health (Heuer et al., 2009; Shimizu et al., 20138). The need for consistent and secure drinking water is
growing due to the demand for the planet Earth’s limited freshwater resources, especially in view of the continued
exponential growth of the human population (Xu et al.,, 2021). The existence and fate of antibiotics in the water
environments have recently been the focus of numerous studies conducted around the globe. In the context of
antibiotics used in livestock husbandry, the metabolites or degradation products of antibiotics enter the water cycle
through the application of manure or slurry to farming used areas, or directly through the excretion of pasture-
raised animals on the land, which is then followed by driftage, surface run-off, or leaching into the deeper earth
(Caban and Stepnowski, 2021). The aquatic environment may become contaminated with antibiotics from soils.
Since the majority of antibiotics are water-soluble, 90% can be eliminated in urine and 75% through animal faces.
Aquaculture is another method by which antimicrobial substances used on animals might be discharged into the
environment. Aquaculture residuals and resistant bacteria have been reported in recent years (Okeke et al., 2022).
However, the effects of sub-inhibitory amounts against non-marine aquatic bacteria are generally unknown. The
influence of several antibiotics continuing to be active against bacteria living in wastewater has been described. The
use of sewage sludge as wastewater or manure in irrigation may have directly introduced resistant and multi-
resistant bacteria into the food chain. Resistant and multi-resistant bacteria have been detected in wastewater and
sewage treatment plants. Most of the investigated antibiotic compounds have been persistent under test settings in
aquatic systems, whereas only a small number of antibiotics are partially degraded (Zhang et al., 2023)
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Fig. 3. Entry routes of antibiotics in the environment
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The antimicrobial resistance has been sensed in aquaculture worldwide in recent research, which is
compelling evidence that this threat to human and environmental health is growing. The culture fish ponds are
conceived as the reservoirs of ARGs (antibiotic resistance genes), as the majority of farm used antibiotics (usage
either within or outside aquaculture facilities) have been implicated in the development of antimicrobial-resistant
microorganisms (Hong et al., 2018; Millanao et al., 2018). In addition, compared to bacteria in areas where there is
no aquaculture activity, resident bacteria in commercial aquaculture facilities showed higher ARGs (Gao et al.,
2012). The justification is as follows: Long-term exposure to low doses of antibiotics is necessary for the spread of
antibiotic resistance to human biological systems; this is suggestive of the potential for resistance in intestinal
resident bacteria and suggests that ARGs may spread horizontally by being conjugated with human pathogenic
strains (FAO 2005; Tomova et al., 2015). Moreover, Marshall and Levy (2011) and Rico et al. (2013) demonstrated
direct transmission of resistant bacterial strains from animals to humans. He et al., (2015) reported the presence of
bacteria resistant to antibiotics in aquaculture products in seafood markets of China, hoisting up a major word of
consternation in context of health (both of consumers and aquaculture farm workers).

The Puzzling Problem of Multi-Antimicrobial Resistance (Mamr):

The development of multi-antimicrobial resistant (MAMR; Fig. 4) bacterial strains has severely hampered
the existing remedial strategies (Chuah et al., 2016; Pham et al., 2018). Due to the blanket and wild usage of drug
formulations, the MAMR pattern has been confirmed for two Aeromonas caviae HG4 isolates (Rahman et al., 2009);
members of Bacilli (Fernandez-Alarcon et al., 2010), V. parahaemolyticus and V. cholerae (Noorlis et al., 2011); Vibrio
isolates (Rocha et al., 2016). The presence of antibiotic-resistant Escherichia coli (Shah et al., 2014), Aeromonas,
Acinetobacter (Agerso et al., 2007), Vibrio (Reboucas et al., 2011; Tu"sevljak et al., 2013), isolates of Streptococcus and
Enterococcus (Osman et al., 2017), Salmonella and Edwardsiella (Tu"sevljak et al.,, 2013) have also been reported from
aquaculture farmed organisms. Also, due to the inherent and intrinsic unions of aquaculture systems with open
water bodies, the antibiotic-resistant bacterial strains have been well reported from open water systems (Zhang et
al., 2014). The most effective way to stop the spread of MAMRSs derived from animal use is to minimize and reduce
antibiotic administration in the livestock economy. It has been demonstrated that limiting the use of antibiotics and
using other corrective measures can significantly slow the spread of MAMRs in cattle production (Tang et al.,
2017). Meanwhile, enhancing animal health through improved livestock management, improved farm hygiene, and
the use of a preventative vaccine to fend oft animal diseases can aid in reducing the need for antibiotics.
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Fig. 4. Environment-to-animal-to-human MAMR transmission pathways in the One Health framework.

Chemical And Biological Contaminants Present In Aquaculture Environments And Their Potential Impacts
On Food Safety And Human Health

The intensive aquaculture methods that are practiced in Asia and throughout the world can vary
significantly from place to place. However, the majority of aquaculture facilities worldwide rely heavily on the input
of formulated feeds and the application of agrochemicals, antibiotics and other inputs, resulting in the presence of
many chemical and biological contaminants in aquaculture facilities.

While biological hazards often create a greater short-term risk to consumer health, chemical hazards are
generally regarded as the predominant food safety concern [WHO: Geneva, Switzerland, 20097. Chemical hazards
can be broadly classified into two major categories: (i) residues of agricultural chemicals applied during food
production, such as pesticides and veterinary pharmaceuticals; (ii) chemical contaminants. The latter may originate
from natural biological processes (e.g., mycotoxins), industrial or anthropogenic activities (e.g., polychlorinated
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biphenyls [PCBs7, dioxins, flame retardants, or from the geochemical characteristics of the production environment
(e.g., lead, arsenic) [ EFSA J. 20257

A fundamental distinction between animal foods obtained from terrestrial and aquatic environments lies in
the diversity of consumable species. Whereas terrestrial food production is dominated by a limited number of
livestock species, aquatic systems provide a much broader range of edible organisms, including numerous fish and
shellfish species [FAO,20197. Although aquaculture increasingly contributes to the global supply of aquatic foods,
the majority of production is concentrated among a relatively small number of farmed species [Visciano, P,20247].
Food safety concerns associated with fish are often species-specific. Oily or fatty fish tend to accumulate higher
concentrations of lipophilic contaminants such as persistent organic pollutants (POPs), including dioxins,
polychlorinated biphenyls (PCBs), brominated flame retardants, and legacy pesticides such as DDT. Toxic metals
and metalloids, notably mercury and arsenic, bio accumulate through trophic transfer and are therefore detected at
elevated concentrations in predatory fish such as shark, swordfish, and marlin.

Both pelagic (surface-feeding) and benthic (bottom-feeding) fish can accumulate toxins through dietary
intake and direct uptake from the surrounding water. However, contamination levels are inclined by local
environmental conditions, with benthic species particularly influenced by pollutants present in sediments [Adams et
al,, 19937. Shellfish vary markedly from finfish in their physiology and nourishing behaviour. Many species,
including oysters, clams, and mussels, are filter feeders that play an ecological role in nitrogen removal by
incorporating it into their tissue and shells during growth [Koenig, 20187. However, filter-feeding shellfish are
susceptible to accumulation of polycyclic aromatic hydrocarbons (PAHs), a diverse group of combustion-derived
compounds of which several are known to be genotoxic and carcinogenic [ Visciano, P,20247]. While most vertebrate
species can absorb PAHs, shellfish generally lack this capability, resulting in bioaccumulation. PAHs are also
associated with thermally processed foods, such as smoked or charred products, e.g., barbecued foods [Rose et al,,
20157

Marine mammals including cetaceans (e.g., porpoises, dolphins, whales), pinnipeds (e.g., seals, sea lions),
sea otters, and sirenians (e.g., manatees, dugongs) inhabit high trophic levels and consequently accumulate
substantial body burdens of POPs and other bio accumulative contaminants. These substances can be shifted
maternally via placental or lactational pathways [Kibria et al., 20227]. Although such species are primarily studied as
indicators of marine pollution, they remain a dietary component in certain human populations.

Conclusion:

The objective of this study was to express the present level of risks to the environment and public health
induced by the intensive aquaculture practices. Due to the strong link between human health and fish health, better
regulatory frameworks could be a win-win for all. Laws and policies regulating aquaculture need to include the
spirit of One Health (achieving optimal health for people, animals and our environment) and ensure that fish health
forms the bedrock of sustainable, humane and safe aquaculture practices. Additionally, better monitoring of the
entire value-chain, regular farm inspections and surveillance and building the capacity of farmers to ensure prompt
disease reporting are needed for mitigation of health risks from aquaculture.

Meanwhile, the blanket use of drug formulations/antibiotics remains high in major producer countries.
This emphasizes the call for stern pursuance and enforcement of regulations and policies. Further, meticulous
planning, economic investment in research prospects, co-ordination of policies and regulations, and international
collaboration are necessary for attaining sustainable aquaculture production and fine-tuned groundwork in
production and marketing. The reduction of antibiotic consumption per unit in the manufacture of environmentally
friendly and securely ingestible aquatic food should be the overarching goal.

The two-pronged approach of combining pond management and health monitoring is the key for
successful aquaculture production. Sustainability of aquaculture depends on the maintenance of a good environment.
The understanding of the ecological processes occurring in source water bodies through regular monitoring will
help us understand and solve some of the disease issues faced by aqua farmers.

Ultimately, safeguarding the safety and sustainability of aquatic food systems requires a holistic approach
that balances nutritional benefits against chemical and biological hazards, integrates environmental and food safety
risk assessments, and adapts to evolving challenges posed by climate change and globalisation. By advancing
scientific understanding and policy development in these areas, stakeholders can better protect public health and
ensure the long-term viability of aquatic food resources
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