
~ 223 ~ 

International Journal of Geography, Geology and Environment 2023; 5(2): 223-225 
 

 
 

P-ISSN: 2706-7483 

E-ISSN: 2706-7491 

IJGGE 2023; 5(2): 223-225 

www.geojournal.net  

Received: 23-11-2023  

Accepted: 28-12-2023 
 

Huda Al-Salmi 

Department of Water 

Resources, Sultan Qaboos 

University, Oman 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Huda Al-Salmi 

Department of Water 

Resources, Sultan Qaboos 

University, Oman 

 

The impact of wastewater treatment plants on aquatic 

ecosystems 
 

Huda Al-Salmi 
 

DOI: https://doi.org/10.22271/27067483.2023.v5.i2b.276 
 

Abstract 
Wastewater treatment plants (WWTPs) are critical for managing urban and industrial wastewater, 

reducing pollution, and protecting public health. However, their impacts on aquatic ecosystems can be 

significant and complex. This review paper synthesizes findings from previous studies to evaluate the 

effects of WWTPs on aquatic environments. It examines the benefits of wastewater treatment, the 

challenges and adverse impacts on water quality and aquatic life, and explores mitigation strategies to 

minimize negative effects. 
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Introduction 
Wastewater treatment plants (WWTPs) are critical infrastructures designed to treat sewage 

and industrial effluents before they are discharged into natural water bodies. Their primary 

purpose is to remove contaminants from wastewater to prevent pollution and protect public 

health. The importance of WWTPs in modern society cannot be overstated, as they play a 

vital role in managing urban and industrial wastewater, thereby reducing pollution and 

safeguarding aquatic ecosystems. However, while the benefits of WWTPs are substantial, 

their impact on aquatic ecosystems is complex and multifaceted, encompassing both positive 

and negative effects. 

Globally, WWTPs process billions of gallons of wastewater each day. For example, in the 

United States alone, municipal WWTPs treat approximately 34 billion gallons of wastewater 

daily. These facilities utilize a range of physical, chemical, and biological processes to 

remove contaminants such as organic matter, nutrients, heavy metals, and pathogens. 

Effective wastewater treatment can significantly reduce the contamination of natural water 

bodies, thereby preventing the spread of waterborne diseases and reducing the incidence of 

water-related health issues. 

One of the significant benefits of WWTPs is their ability to reduce nutrient pollution. 

Nutrients like nitrogen and phosphorus are commonly found in domestic and industrial 

wastewater. If discharged untreated into water bodies, these nutrients can lead to 

eutrophication, causing excessive growth of algae and aquatic plants. This process depletes 

oxygen in the water, resulting in dead zones where aquatic life cannot survive. Studies by 

Smith et al. (1999) [8] have demonstrated that WWTPs can significantly reduce the levels of 

these nutrients, thus mitigating the risk of eutrophication and its associated ecological 

impacts. 

Despite these benefits, the discharge of treated effluents from WWTPs can still pose 

challenges to aquatic ecosystems. Residual pollutants such as pharmaceuticals, personal care 

products, and other emerging contaminants often remain in treated wastewater. These 

substances can have various adverse effects on aquatic organisms, including endocrine 

disruption, reproductive issues, and behavioral changes. A study by Kolpin et al. (2002) [4] 

found that many pharmaceuticals and personal care products persist in treated wastewater 

and accumulate in aquatic environments, affecting the health of fish and other wildlife. 

Nutrient loading remains a concern even after wastewater treatment. While WWTPs reduce 

nutrient concentrations, they may not eliminate them entirely. Continuous discharge of 

treated effluents can lead to chronic nutrient enrichment in receiving water bodies, 

stimulating algal blooms and creating hypoxic or anoxic conditions. Research by Carpenter 

et al. (1998) [1]. 
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Highlights the persistent issue of nutrient loading from 

WWTPs and its contribution to eutrophication in freshwater 

and coastal ecosystems. Thermal pollution is another 

significant impact associated with WWTPs. Treated 

effluents are often warmer than the natural receiving waters, 

leading to changes in the thermal regime of aquatic 

ecosystems. Temperature fluctuations can affect the 

metabolism, reproduction, and survival of aquatic 

organisms. Elevated water temperatures can also reduce 

dissolved oxygen levels, further stressing aquatic life. 

Caissie (2006) [2] documented the effects of thermal 

pollution from WWTPs on riverine ecosystems, 

emphasizing the need for temperature management in 

effluent discharge. 

Additionally, the introduction of microorganisms from 

treated effluents can alter the microbial communities in 

receiving waters. While WWTPs are designed to reduce 

pathogen loads, some bacteria and viruses can survive the 

treatment process and be released into the environment. 

These microorganisms can spread antibiotic resistance, 

posing a threat to both environmental and human health. 

Martinez (2009) [5] highlighted the role of WWTPs in 

disseminating antibiotic resistance in aquatic environments. 

The socio-economic implications of WWTP impacts on 

aquatic ecosystems are also significant. Water quality 

degradation can affect fisheries, tourism, and recreational 

activities, leading to economic losses. Furthermore, poor 

water quality can necessitate costly water treatment 

processes for drinking water supplies, impacting public 

health and increasing financial burdens on communities. 

In conclusion, while wastewater treatment plants are 

essential for reducing pollution and protecting public health, 

their impacts on aquatic ecosystems are complex and 

multifaceted. Understanding these impacts is crucial for 

developing effective mitigation strategies to protect aquatic 

environments. This review aims to provide a comprehensive 

overview of the effects of WWTPs on aquatic ecosystems, 

drawing on findings from a wide range of studies. By 

highlighting both the benefits and challenges associated 

with WWTPs, this paper seeks to inform future research and 

policy development to ensure the sustainability of water 

resources. 

 

Objective of paper 

The objective of this paper is to evaluate the impacts of 

wastewater treatment plants on aquatic ecosystems, 

highlighting both the benefits and challenges, and to explore 

mitigation strategies based on previous studies. 

 

Benefits of wastewater treatment plants 

WWTPs are essential for improving water quality by 

removing harmful substances from wastewater. They use a 

variety of physical, chemical, and biological processes to 

reduce the concentration of pollutants such as organic 

matter, nutrients, heavy metals, and pathogens. Treated 

effluents, when properly managed, can significantly reduce 

the contamination of natural water bodies. According to the 

World Health Organization (WHO), effective wastewater 

treatment can prevent the spread of waterborne diseases and 

reduce the incidence of water-related health issues. 

One of the key benefits of WWTPs is the reduction of 

nutrient pollution. Nutrients such as nitrogen and 

phosphorus, which are commonly found in domestic and 

industrial wastewater, can lead to eutrophication if 

discharged untreated into water bodies. Eutrophication 

causes excessive growth of algae and other aquatic plants, 

leading to oxygen depletion and the death of fish and other 

aquatic organisms. Studies by Smith et al. (1999) [8] have 

shown that WWTPs can significantly reduce the levels of 

these nutrients, thereby mitigating the risk of eutrophication. 

WWTPs also play a crucial role in removing organic matter 

from wastewater. Organic pollutants, if not treated, can 

decompose in water bodies, consuming dissolved oxygen 

and creating hypoxic conditions that are harmful to aquatic 

life. The removal of organic matter through processes such 

as activated sludge treatment helps maintain the oxygen 

balance in receiving waters, supporting the health of aquatic 

ecosystems (Metcalf & Eddy, 2003) [6]. 

 

 
 

Fig 1: Wastewater treatment plant 

 

Adverse impacts on water quality and aquatic life 

Despite the benefits, the discharge of treated effluents from 

WWTPs can still pose challenges to aquatic ecosystems. 

Residual pollutants, such as pharmaceuticals, personal care 

products, and other emerging contaminants, are often not 

fully removed during the treatment process. These 

substances can have various adverse effects on aquatic 

organisms, including endocrine disruption, reproductive 

issues, and behavioral changes. A study by Kolpin et al. 

(2002) [4] found that many pharmaceuticals and personal 

care products persist in treated wastewater and can 

accumulate in aquatic environments, affecting the health of 

fish and other wildlife. 

Another significant impact of WWTP effluents is nutrient 

loading. While WWTPs reduce the concentration of 

nutrients, they may not eliminate them entirely. The 

continuous discharge of treated effluents can lead to chronic 

nutrient enrichment in receiving water bodies. This nutrient 

loading can stimulate algal blooms, which decompose and 

create hypoxic or anoxic conditions. These low-oxygen 

conditions can result in fish kills and the loss of 

biodiversity. Research by Carpenter et al. (1998) [1] 

highlights the persistent issue of nutrient loading from 

WWTPs and its contribution to eutrophication in freshwater 

and coastal ecosystems. 

Thermal pollution is another concern associated with 

WWTPs. Treated effluents are often warmer than the natural 

receiving waters, leading to changes in the thermal regime 
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of aquatic ecosystems. Temperature fluctuations can affect 

the metabolism, reproduction, and survival of aquatic 

organisms. Elevated water temperatures can also reduce 

dissolved oxygen levels, further stressing aquatic life. 

Studies by Caissie (2006) [2] have documented the effects of 

thermal pollution from WWTPs on riverine ecosystems, 

emphasizing the need for temperature management in 

effluent discharge. 

The introduction of microorganisms from treated effluents 

can also impact aquatic ecosystems. While WWTPs are 

designed to reduce pathogen loads, they may not eliminate 

all microorganisms. Some bacteria and viruses can survive 

the treatment process and be released into the environment. 

These microorganisms can alter the microbial communities 

in receiving waters, potentially leading to the spread of 

antibiotic-resistant bacteria. Research by Martinez (2009) [5] 

has highlighted the role of WWTPs in disseminating 

antibiotic resistance in aquatic environments, posing a threat 

to both environmental and human health. 

 

Mitigation strategies 

To minimize the negative impacts of WWTPs on aquatic 

ecosystems, several mitigation strategies can be employed. 

Advanced treatment technologies, such as membrane 

filtration, ozonation, and advanced oxidation processes, can 

enhance the removal of emerging contaminants, nutrients, 

and pathogens from wastewater. These technologies can 

provide higher treatment efficiency and produce effluents 

with lower pollutant loads (Snyder et al., 2003) [9]. 

Nutrient recovery and recycling are also effective strategies 

to reduce nutrient loading from WWTPs. Techniques such 

as struvite precipitation can recover phosphorus from 

wastewater, producing a valuable fertilizer that can be used 

in agriculture. This not only reduces the nutrient load in 

effluents but also promotes sustainable resource use Morse 

et al., (1998) [7]. 

Constructed wetlands and riparian buffer zones can be used 

as natural treatment systems to further polish treated 

effluents before they are discharged into natural water 

bodies. These systems use vegetation and soil microbial 

processes to remove residual pollutants, enhance nutrient 

uptake, and provide habitat for wildlife. Studies by Vymazal 

(2011) [10] have shown that constructed wetlands can 

effectively reduce pollutant concentrations and improve 

water quality in receiving waters. 

Effective management of effluent discharge, including 

monitoring and regulation, is essential for protecting aquatic 

ecosystems. Regulatory frameworks should establish 

stringent water quality standards and enforce compliance 

through regular monitoring and reporting. Public awareness 

and community involvement in monitoring programs can 

also enhance the effectiveness of regulatory measures and 

promote sustainable wastewater management practices 

(Helmer & Hespanhol, 1997) [3]. 

 

Conclusion 

Wastewater treatment plants are indispensable for managing 

urban and industrial wastewater, protecting public health, 

and reducing pollution. However, their impacts on aquatic 

ecosystems are complex and multifaceted. While WWTPs 

provide significant benefits by removing contaminants and 

reducing nutrient pollution, the discharge of treated 

effluents can still pose challenges to water quality and 

aquatic life. Residual pollutants, nutrient loading, thermal 

pollution, and the introduction of microorganisms are 

among the key concerns. Mitigation strategies such as 

advanced treatment technologies, nutrient recovery, 

constructed wetlands, and effective effluent management 

can help minimize these impacts and protect aquatic 

ecosystems. Continued research, technological innovation, 

and robust regulatory frameworks are essential for 

improving the performance of WWTPs and ensuring the 

sustainability of water resources. 
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