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ABSTRACT  
Although the textile industry is crucial to economic development, it is a 
significant polluter of global water sources through its wastewater 
discharge, which endangers aquatic ecosystems and neighboring 
communities. This study focuses on stakeholder perceptions from 
farming and fishing communities related to wastewater management in 
the Bangladesh textile industry. Using focus group discussions with 
stakeholders that focused on sustainability values and a Resource Nexus 
framing, the results emphasise the adverse effects of textile wastewater 
on neighbouring communities, spanning agriculture, livestock, and 
ecological resources. The findings also underscore a significant need for 
collaboration between the textile industry and neighbouring 
communities, emphasising the ongoing obligation of governance 
resources, such as monitoring, regulations, and proactive measures and 
advocates for engaging different stakeholders in the formulation of 
robust policies, stringent regulations, and concerted efforts across 
industry, government, and communities to deliver improved 
governmental monitoring, enforcement of regulations and transparency 
in wastewater management practices in the textile industry of 
Bangladesh. The study suggests that a Water-Energy-Ecosystems-Food 
(WEEF) Resource Nexus approach can enhance decision-making, 
promoting sustainable energy infrastructure, encourage increased 
treated wastewater reuse, and facilitate effective management for 
environmental resilience and socio-ecological systems sustainability. 
This study contributes valuable insights elicited from a WEEF Resource 
Nexus approach, offering guidance for policymakers, industry 
practitioners, and researchers in the textile industry and beyond, aiding 
in the understanding of resilient industry-community ecosystems.
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1. Introduction

The Resource Nexus concept is a framework for the purpose of exploring the interdependencies 
between resources such as water, soil, climate, materials, space, and biota, as well as their 
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subsequently derived resources, namely energy, ecosystem health, and agri-food (Endo et al. 2020; 
Liu et al. 2020; Newell et al. 2019). This framework can also be applied to support decision-making for 
the integrated management of resources (Namany et al. 2019; Roidt and Avellán 2019); providing 
context-specific recommendations for institutions to reduce silo thinking and minimise trade-offs 
between resources (Abbas et al. 2020; Albrecht et al. 2018; Bleischwitz et al. 2018; Gomes et al. 
2022). Policymakers, decision-makers, and other stakeholders can contribute to industry-community 
and socio-ecological system sustainability resilience by understanding the interdependencies and 
interlinkages between selected dimensions. This study aims to introduce the Resource Nexus in 
the case of Bangladesh – specifically as a synergistic approach to analysing downstream water man
agement of quality affected by wastewater discharge from the textile industry. In emphasising the 
interconnecting impacts of this phenomena on both the livelihoods of neighbouring communities 
and on ecosystem health, the introduction of a Resource Nexus approach can assist policymakers 
and regulators in making resilient decisions for the sustainability of both industry and society.

Although the textile industry is vital to the economic development of many countries, it signifi
cantly contributes to water pollution due to its wastewater discharge, impacting aquatic ecosystems 
health (Abbas et al. 2020; Cong et al. 2021; Kanwar and Arora 2010; Kavithayeni et al. 2019; Stone 
et al. 2020). Annually, approximately 280,000 tonnes of textile dyes are released into wastewater 
around the world (Rashid et al. 2020; Zhou et al. 2021), often due to ineffective dyeing processes 
and inadequate chemical management, with the textile sector alone accounting for nearly 20% of 
global water pollution (Watari et al. 2021). The discharge of synthetic dyes into waterways from 
textile wastewater severely degrades surface water quality and the environment due to their non- 
biodegradability, toxicity, and carcinogenic properties, posing significant risks to human livelihood 
and ecosystem health (Islam et al. 2023; Repon et al. 2024). This annual discharge of vast amounts of 
textile dyes to wastewater due to ineffective dyeing processes and inadequate chemical knowledge 
leads to severe, unchangeable environmental problems that threaten human livelihood and ecosys
tem health (Islam et al. 2023).

Bangladesh accounts for up to 6.8% of the global textile product export market (Bangladesh 
2020); but it faces substantial challenges related to hazardous wastewater discharge from the indus
try (Chen et al. 2019; Roy et al. 2020). Therefore, establishing sustainable resources in the production 
value chain for textile dyeing and finishing are essential to creating bioactive textiles with natural 
dyes, fostering resilient ecosystems (Repon et al. 2024). For Banglandesh, addressing these sustain
ability challenges requires balancing the industry’s economic value with the environmental damages 
incurred during textile production (Zarei et al. 2021). Managing these trade-offs is essential as chal
lenges have emerged concerning the impact of water and energy intensive activities on the well- 
being of neighboring communities over the past 40 decades (Kehl 2020). For example, the world
wide demand for resources is escalating, with food, energy, and water demands expected to increase 
by 35%, 50%, and 40%, respectively, by 2030 (Bapna 2013). Food demand, in particular, is projected 
to rise by approximately 25% by 2050 (FAO 2014; Qin et al. 2022), with up to 70% of freshwater 
resources needed for food production being stressed by wastewater discharge (Zhuang et al. 
2022). Therefore, a Resource Nexus perspective on this issue can better address the interconnectivity 
of resources in the downstream textile industry – particularly those pertaining to water, food secur
ity, energy production, and ecosystem health (Bhaduri et al. 2015). Understanding these spatial 
dimensions can inform recommendations for sustainable industry-community synergies (Abbas 
et al. 2020; Bleischwitz et al. 2018; Bressanelli et al. 2020) and account for the trade-offs between 
industrial practices and the desire to advance the sustainability of both communities and ecosystems 
affected by downstream industry.

Previous studies have not adequately explored the resource connectivity of the textile industry 
and its associated communities within the context of economic stability and development. To 
address these gaps, this study investigates the relationships between the textile industry and the 
Water-Energy-Ecosystems-Food (WEEF) aspects of the Resource Nexus through a qualitative study 
of the neighbouring communities of textile industry areas in Bangladesh, highlighting the 
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interconnections and interdependencies between the industry and communities according to the 
WEEF components. Undertaking qualitative research through semi-strucutred interviews and 
focus groups on this topic allows for detailed analysis of stakeholders’ perceptions within the com
munity context, thereby informing local interactions with these resources from a Resource Nexus 
perspective (Bazilian et al. 2011; Semertzidis 2015). This paper addresses the following research ques
tions: (a) How do neighbouring communities perceive the sustainability of natural resources related 
to the industry-community ecosystem? and (b) What are the interdependencies between the WEEF 
Resource Nexus under the impact of textile wastewater management on industry-neighbouring 
communities? The findings of this research will identify pathways for sustainable transitions in 
textile wastewater management to achieve socio-ecological sustainability in Bangladesh.

The structure of this paper is as follows: Section 2 highlights the concepts related to the Resource 
Nexus and the literature influencing this research. Section 3 provides a summary of the methodology 
used for the study, while Section 4 presents the results through a thematic synthesis. Section 5 
clarifies the discussion points of the paper, and Section 6 concludes with a discussion of research 
limitations and suggested implications for future research avenues.

2. A theoretical overview of resource Nexus approaches

2.1. The resource Nexus and decision-making

Resource Nexus approaches first came to global prominence at the 2011 World Economic Form and 
the Bonn Nexus Conference (Hoff 2011; Simpson and Jewitt 2019). Brouwer et al. (2018) defines the 
Resource Nexus as a systems approach that focuses on ensuring resource availability and accessibility 
for all by identifying interdependencies among resources and supporting coherent decision-making 
through transdisciplinary research methods. The Water-Energy-Food Nexus in particular gained 
much attention from the perspective of resource security, particularly in the face of a growing 
global population and industry posing a severe threat to these essential resources (Canessa et al. 
2022). The Resource Nexus approach has since gained prominence in terms of addressing interconnec
tivities between resources and has expanded to promote a unifying framework as an analytical tool in 
its application and the resources covered, providing a comprehensive viewpoint to analyse and 
manage the interdependencies among different resources and sectors (Bleischwitz et al. 2018; Laspi
dou et al. 2020). An adoption of this synergistic approach fosters resilient industry communities that 
prioritise sustainable resource management. For example, the Joint Research Centre of the European 
Commission (2022) characterised four types of water-energy-food-ecosystems (WEFE) tools based on 
data requirements (qualitative indicators, hydro-economic modeling, integrated water-energy-food 
Nexus, and operational systems) and highlighted data availability and combination as being significant 
limitations in quantitative assessments of the WEFE Resource Nexus.

In light of fast-paced global transformations, decision-making processes pertaining to the 
Resource Nexus can further consider the interlinkages of different resource dimensions through 
the integration of community stakeholders and cross-sectoral approaches; this can be achieved 
by utilising empirical-based data regarding risk and stochastic elements to ensure effective resource 
management (de Andrade Guerra et al. 2021). In this context of this study, sustainable textile waste
water management is fostered by acknowledging the interdependencies of Resource Nexus. It 
encompasses a wide range of elements including water, biota, soil, material, space, climate, and 
others such as land, energy, waste, food, and seathat effectively address trade-offs while upholding 
environmental sustainability transformation (Brouwer et al. 2024).

2.2. Resource Nexus and sustainable development principles

Liu et al. (2018) and Rasul (2016) showed that the sustainable use and management of water, 
energy, food, and ecosystems via a Nexus approach could contribute directly or indirectly to 
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the advancement and achievement of the United Nations Sustainable Development Goals (SDGs), 
while De Roo et al. (2021) explore water scarcity, groundwater depletion, climate change projec
tions, and interlinkages within the WEFE Nexus. These approaches have mostly addressed 
upstream industrial systems with connections to concepts such as the textile production value 
chain and in alignment with targets related to the Sustainable Development Goals (SDGs) but 
do not consider interdependencies with the downstream systems, including industry-community 
synergies. For example, the WEF-Ecosystems Resource Nexus concept assesses interconnectedness 
between Nexus pillars and SDGs (Afshar et al. 2022), but does not consider the interlinkages 
between upstream and environmental downstream systems. Bleischwitz et al. (2018) outline a 
five-node approach, detailing the Nexus interlinkages between resources like water, energy, 
food, materials, and land with the SDGs from the perspectives of human security and governance, 
but omits consideration of industry-community synergies. Policymakers, regulatory bodies, and 
government agencies must recognise the significant roles of different stakeholders in industry- 
community while integrating a Resource Nexus approach (Wolfe et al. 2016). Canessa et al. 
(2022) and Qin et al. (2022) contribute valuable insights into the WEFE Resource Nexus in 
regard to SDGs, practitioners, and policy-making as a quantitative approach but fall short of enga
ging industry-community stakeholders and regulatory bodies to understand the interconnected
ness of the Resource Nexus. Therefore, there is a need for qualitative studies to address gaps, 
particularly in assessing environmental performance and industry-community sustainability, as 
adopting a Resource Nexus approach can enhance environmental resilience by understanding 
resource interdependencies, empowering decision-making, conducting comprehensive assess
ments, and improving policy formulation (Brouwer et al. 2024).

In the context of the socioeconomic perspectives of industrial ecosystems, the majority of pub
lished research WEFE Resource Nexus focuses on a biophysical and economic assessment of ecosys
tem services (Bidoglio and Brander 2016). González-Rosell et al. (2023) and Arfa et al. (2023), recently 
addressed the same WEFE Resource Nexus framework for irrigation using a mixed-methods 
approach, emphasising the industrial sector, where they placed some emphasis on environmental 
performance and community livelihood. Relatively few noteworthy studies have incorporated quali
tative research from the perspective of stakeholders or community citizens (Abbas et al. 2020; 
Albrecht et al. 2018), and in cases where qualitative studies have been conducted, for example, 
Smajgl et al. (2016) and Foran’s (2015) exploration of the ramifications of large-scale development 
investment in the water-energy-food (WEF) Nexus, engagement of neighbouring communities has 
been overlooked. These findings demonstrate in a general sense that stakeholders have not been 
sufficiently involved in Resource Nexus research, for example, in studies pertaining to the water- 
energy-agrifood-health of aquatic ecosystems (Hoolohan et al. 2018). In this study, the concentration 
is on water (W) and energy (E) resources within the textile industrial production chain, with ecosys
tems (E) representing the health of aquatic ecosystems and food (F) encompassing the agri-food 
systems of communities. Therefore, this research focuses on the WEEF Nexus.

2.3. The resource Nexus and industry-community relationships

Empirical research indicates that community-owned renewable energy projects gain acceptance 
by involving local communities in decision-making and offering significant financial benefits 
(Hogan 2024). To address environmental pollution and its detrimental effects, it is crucial to 
employ innovative methods and techno-ecological approaches to enhance energy efficiency, opti
mise wastewater treatment processes, utilise treated water, boost agri-food productivity, and 
improve the overall health of aquatic ecosystems (Hellegers et al. 2008). For instance, Sakamoto 
et al. (2019) identify the reluctance of companies to comply with environmental regulations and 
insufficient government surveillance that favours short-term benefits and over-developing 
subsidy schemes to construct central wastewater treatment plants that ensure river water 
quality for better community livelihoods and aquatic health. Therefore, enhancing industry- 
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community relationships requires understanding how community stakeholders perceive environ
mental pollution, agri-food security, water scarcity, and the health of aquatic ecosystems in the 
context of textile wastewater. Achieving a more resilient WEEF Resource Nexus in connection 
with textile wastewater management requires acknowledging those interdependencies 
between the downstream (those being water security vs. agri-food demand, freshwater scarcity 
vs. health of aquatic ecosystems, water resources vs. energy supply, agri-food demand vs. 
energy supply); some external factors (monitoring, regulations) could also inform a sustainable 
socio-ecology system to maximise industry-community synergies. Therefore, by underpinning 
and considering WEEF Resource Nexus framework interconnections, decision-makers can 
develop more holistic and synergistic approaches to address sustainability challenges, while pro
moting collaborative policy and decisions to benefit community-industry sustainability (González- 
Rosell et al. 2023; Hoff 2011). Engaging community stakeholders is essential to this development, 
as their perspectives contribute to holistic decision-making, especially regarding crucial cross- 
cutting aspects like socio-ecological sustainability and socio-economic development, both of 
which impact textile industry ecosystems and require collaborative, cascading sustainability 
effects (Gomes et al. 2024).

2.4. Integration of Nexus approaches

More recently, research pertaining to the Resource Nexus concept across different sectors has out
lined tools and methods for the evaluation of the WEEF Resource Nexus framework. An example of 
this is, Giampietro et al. (2009), in emphasiging the importance of the Multi-Scale Integrated Analysis 
of Societal and Ecosystem Metabolism (MuSIASEM) as a comprehensive tool to assess the intercon
nectedness of water, energy, and food systems at the state or substate level. In a similar vein, Daher 
and Mohtar (2015) introduce the WEF Nexus Tool 2.0 to serve as an evaluation tool for resource dis
tribution among multiple stakeholders and specifically addresses water, energy, and food resources 
in the context of identifying and overcoming potential obstacles to resource availability and future 
interconnectedness. Incorporating the WEEF Resource Nexus could be appropriate for decision- 
making to support a range of sustainable neighbouring communities and environmental ecosystem 
services (Geressu et al. 2020; Qin et al. 2022), as well as the anticipated positive impacts on sustain
able transformations in textile wastewater management. Peng et al. (2022) introduce a framework 
incorporating the agri-food–energy–water (FEW) Nexus with a sustainable livelihood approach 
that aims to achieve resource security by underpinning the link between household livelihoods 
and the FEW Nexus. Likewise, Zhuang et al. (2022) propose a framework in their study to 
promote transdisciplinarity and differentiate food-energy-water (FEW) and economic, environ
mental, and social interrelationships to support strategic solutions to competition and inequality 
in FEW availabilities. Recently, Brouwer et al. (2024) proposed a robust yet flexible approach to 
advancing Resource Nexus knowledge for research and practice, which could significantly aid 
decision-makers in designing and implementing sustainable environmental resource management 
policies, but it overlooks the interlinkages between industry and community. Despite the achieve
ments of the Resource Nexus approach, however, qualitative studies exploring natural resources 
and ecosystems still lack examples of lack of engagement with industry community stakeholders, 
leading to gaps in addressing environmental performance and socio-ecological sustainability; 
these gaps correlate to the critical questions addressed in this study. In contrast, Liu et al. (2020) 
address the gaps in data, information, and knowledge in understanding WEF Resource Nexus inter
linkages in scientific research, while Siderius et al. (2022) measure trade-offs among water, energy, 
and food-environment (WEFE) Nexus-related SDGs in the river basin using multi-objective optimis
ation with water resource and crop production models, indicating uncertainties in resource costs. 
Therefore, the uncertainties remain in terms of resource accessibility and the need for a more com
prehensive understanding of Resource Nexus interdependencies.
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3. Methods and materials

3.1. Method choice, target groups, and geographical region of investigation

This research deploys semi-structured interviews and focus group discussions to engage community 
stakeholders and facilitate the understanding of relationships among Resource Nexus components. 
The methods are flexible, which allows for adaptable questions and a comprehensive exploration of 
key aspects while maintaining focus on the research objectives. The choice of methods also follows 
previous Resource Nexus studies that use qualitative methodologies (Chambers 2004; Granit 2022; 
Hammett et al. 2014). The target groups for qualitative analysis are the neighbouring communities 
(farmers and fishermen) in textile industrial areas in Bangladesh; this study aims to document their 
perceptions of crucial resources like water and energy and explore the effects of wastewater dis
charged from the textile industry on agri-food, aquatic ecosystems, and livelihoods alike. Figure 1
indicates that the geographical region of investigation is Bangladesh, specifically in Gazipur 
(Pagar), Dhaka (Mausaid), and Sirajganj (Belkuchi, Tamai). These areas are well-known for human 
settlements in the neighbouring communities of the textile industrial areas.

Stakeholders for the focus group discussions were chosen through a goal-directed snowball 
sampling plan, which accelerated access to interviewee groups with the relevant experiences for 
this study (Brammer and Walker 2011; Morris et al. 2017). Snowball sampling, combined with the 
co-nomination method allows for better access to a closed target group; each participant was 
then asked to refer potential representatives from another group of the community. Through this 
process, participants including community leaders and members of the local fishing and farming 
communities, were successfully engaged in focus group discussions. Nonetheless, the potential dis
advantage of this approach can emerge in instances of research teams lacking clear leaders, with one 
of several individuals potentially being nominated, while a declining response rate may further limit 
its effectiveness, especially when evaluating individuals farther from the group focus (Giusti and 

Figure 1. Map of the study areas showing rivers, lakes, upazila, and selected regions.
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Georghiou 1988). To address these possible challenges, respondents listed their recommended 
peers separately and provided different target group affiliations, such as those from farming and 
fishing communities. Through the collaborative efforts of one target group serving as a reference, 
surveying all significant and affected groups became feasible, thereby ensuring comprehensive 
coverage.

A set of ten questions was used to conduct interviews with fishing groups, while the farmers’ 
group was interviewed using seven questions (see Supplementary Material 1). The interview ques
tions were based on existing literature and expert input to ensure their relevance and adherence 
to the research goals; the questions had not been used previously. To eliminate ambiguities, a 
pilot test in Dhaka (Mausaid) was conducted with one farming, and one fishing community 
group. Survey questions were translated into Bangla due to a lack of knowledge of other languages 
like English among respondent groups. More technical terms such as “sustainability”, “transform
ation”, “SDGs”, and “Resource Nexus” were explained to the interviewees in the context of their 
related environmental impacts. The term “Resource Nexus” is used interchangeably with “water”, 
“energy”, “health of aquatic ecosystems”, and “agri-food” for clearer discussions. The interview ques
tions aimed to be neutral in tone to avoid leading or judgmental inquiries, and aligned with the 
study’s objective to explore the Resource Nexus for decision-making in textile wastewater manage
ment as a synergistic, industry-community approach. Community participation in the group inter
views was voluntary (Higginbottom, 2004), with no incentive was provided to consenting 
interviewees. The total number of participants consists of 45 people engaged in six focus groups. 
The interviews took place between January–May 2022. An outline of the interviews held with stake
holders is illustrated in Table 1.

Verbal consent for note-taking and usage of the interview was obtained from all farmers and 
fishing participants. Audio recording of the interviews was not taken as a precaution against poten
tial political repercussions. Detailed notes were taken in English throughout the interviews, while 
reflective notes were recorded during breaks and at the end of each day’s interviews.

3.2. Coding of the study

This study seeks a nuanced understanding of the relationships and perceptions related to the WEEF 
Resource Nexus in community-industry ecosystems and textile wastewater management using both 
deductive and inductive approaches to ensure comprehensive analysis. The coding scheme is based 
on identifying explicit Resource Nexus references to incorporate stakeholders’ perspectives on textile 
wastewater management. Moreover, the thematic method explores how farming and fishing com
munities perceive sustainability in textile wastewater management, and its impact on water quality, 
livelihoods, and ecosystem health within the textile production value chain. The goal of the research 
was to pinpoint the results of community perceptions regarding socio-ecological sustainability, 
focusing on water quality concerning environmental performance, and the interrelationships of 
Resource Nexus in textile wastewater management sustainability, and the coding scheme was devel
oped to achieve this. Figure 2 highlights the synergies in the approach to industry-community 
relations and the exploration of respondents’ perceptions of textile wastewater management sus
tainability, community livelihoods, and environmental performance regarding ecosystem health 
and resilience. This underpins the deductive approach to coding, aiming to minimise bias and 
ensure a degree of generalisability. Inductive codes were also developed to enable a flexible 
approach to investigating new phenomena and identifying new or surprising patterns.

In this study, interview notes were coded using MAXQDA software (information regarding the 
codebook can be found in Supplementary Material 2). Stock et al. (1996) encourage the utilisation 
of a codebook to benefit from well-designed forms, enhancing the efficiency of judgments and sub
sequently minimising errors. Figure 3 visually represents code co-occurrences, using size and colour 
to analyse relationships. The circles within the figure depict the interventions, interdependencies, 
and interrelationships between codes, while the circled nodes indicate the frequency of 
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Figure 2. Coding categories diagram of the qualitative study method on the perceptions of community stakeholders.

Figure 3. The co-occurrences of code relationships illustrate the textile production value chain, external factors (regulations and 
monitoring), and textile wastewater management-integrated WEEF Nexus, visualised by MAXQDA. The size of circled nodes in the 
visual representation signifies the frequencies of stakeholders’ perceptions. Specifically, the textile wastewater management 
theme code exhibits the most prevalent co-occurrences, particularly with water, food security, climate change, and biodiversity 
codes associated with downstream systems.
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stakeholders’ perceptions. The assumption of the broad themes of discussion, such as crucial knowl
edge for assessing the WEEF Resource Nexus in the textile industry and textile wastewater manage
ment, were identified regarding socio-ecological system aspects. Pre-identified themes 
encompassing the textile production value chain, external factors such as monitoring and regu
lations, agri-food security, and health of aquatic ecosystems are considered. The coding process is 
designed to identify interrelationships between textile wastewater management and the conserva
tion of Resource Nexus, which highlights its position in the value chain during production and its 
eventual discharge into the environment. The coding process gave rise to these categories, repre
senting an interpretation of participants’ responses rather than originating from participants’ pre- 
existing conceptualisations.

4. Results and findings

The most prominent finding of our analysis of focus groups and interviews of stakeholders is the mis
trust of farming and fishing communities with regard to the operationality of effluent treatment 
plants (ETP). It was found that the community perception is of low sustainability in the textile pro
duction value chain resulting from the adverse impacts of wastewater on the local resources, includ
ing water, agri-food, and ecosystems. Communities have encountered difficulties concerning a lack 
of reliable access to fresh water, which affects their livelihoods, including agricultural production, 
fishing activities, and livestock food production (Repon et al. 2024). Moreover, they perceive indus
trial wastewater discharge to be the cause of significant harm to ecological resources, including fish, 
plants, animals, and the overall environment. The respondents express concerns about energy avail
ability for efficient irrigation and livestock farming, while industries enjoy uninterrupted energy 
supply for their own production needs. Consequently, agricultural and livestock sectors, including 
dairy milk production, are experiencing a decline due to the scarcity of freshwater and energy. 
The survey results of this study also indicate the significant interrelationships between the textile 
and ecological resources from a Resource Nexus perspective, which could assist decision-makers 
in implementing robust and environmentally friendly policies and regulations in the sustainability 
transition to textile industry ecosystems (Pahl-Wostl et al. 2021). Further, following environmental 
regulations and policies, the textile sector should endeavour to implement sustainable ecological 
benefits by improving treated water quality in facilities, thereby ensuring river water wellbeing, 
and improving both the livelihood of communities and the health of aquatic ecosystems (Sakamoto 
et al. 2019).

4.1. Findings from stakeholders’ interviews

Insights from stakeholder interviews addressed issues related to textile wastewater management, 
including the textile production value chain, external factors such as monitoring and regulations, 
agri-food, and the health of aquatic ecosystems, as detailed in Table 2. The stakeholders’ insights 
highlight noteworthy perceptions regarding the release of wastewater from the textile production 
chain to the environment, emphasising that the neglect of wastewater treatment contributes to a 
significant decline in fish species and seasonal flora and fauna, altering biodiversity. Advocating 
transformation, stakeholders propose the reuse of treated wastewater for irrigation, highlighting 
substantial impacts on agriculture, particularly in fruit and vegetable production, impacting livestock 
and dairy. However, they upheld lingering suspicions surrounding ETP operations and the lack of 
monitoring by the Department of Environment and the Department of Fisheries. This raises concerns 
about environmental regulation enforcement due to the failure of governance, causing challenges 
for ecological sustainability, including distress over biodiversity changes and delayed seasons 
marked by severe droughts and floods. The study results identify challenges in the neighbouring 
community, even in terms of sustainable monitoring and regulation in wastewater management. 
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These findings emphasise the potential value of creating dynamic roles in sustainable wastewater 
management and a robust approach for a resilient socio-ecological system.

4.1.1. The sustainability perception of stakeholders on textile industry ecosystems
4.1.1.1. Fishing communities. This study reveals that fishermen communities in Bangladesh, 
specifically those dwelling near industrial areas, are suffering a significant catastrophe due to 
the deteriorating quality of wetland and river water, which threatens their fishing and livelihoods. 
However, following engagement with representatives of the fishing communities, very few 
respondents are willing to make any statements on their knowledge of ETP in textile wastewater 
management systems. Some fishermen acknowledge the presence of industrial ETPs as the man
datory requirement of compliance, but argue that these may not be permanently operational, and 
instead are perceived as functional only during audits, inspections, or external visits. Almost all 
respondents from the fishing community are currently actively involved in a controversial 
debate regarding the existence of underground pipelines used to discharge textile wastewater 
directly into the water bodies, devoid of any treatment measures, in an attempt to cut down 
on industrial production costs. One particular issue of contention for these communities is the 
widespread absence of ETP in many textile industries, signifying non-compliance with mandatory 
standards and resulting in contamination of water quality in the river basin due to the direct dis
charge of toxic wastewater.

Although the fishermen demonstrated their understanding of the contribution of effective ETPs 
to wastewater reduction, thus leading to a healthier ecosystem, they also expressed their concern 
regarding the discharge of untreated or inadequately treated textile wastewater, which poses 
risks to clean surface water, and the health of fish and aquatic ecosystems. The majority of fishing 
participants expressed apprehension about the industry’s lack of current regulatory and monitoring 
measures, with the condition of the waterbodies’ ecosystems indicating that existing protective 
measures are ineffective. All fishermen in the focus groups acknowledged further changes to 
aquatic food security, highlighting the extinction of indigenous fishes, such as catfish, pool barb, 
shrimp, nandus meni, flatfish, climbing perch, and mola carplet in the marshy lands and river 

Table 2. Participants’ responses to different concerns.

Concerns & 
Respondents

Textile Production Value 
Chain

External Factors – 
Monitoring and 

Regulations Food security Health of Aquatic Ecosystems

Fishing 
communities

. ETP remains 
operational during 
the inspection.

. Untreated or minimal 
treated wastewater 
released into nature

. Discharge of 
wastewater through 
hidden pipelines

. No idea about the 
Department of 
Fisheries

. Department of 
Environment 
activities are not 
visible

. Regulations are 
unclear

. Monitoring is not 
effective

. Fish are rare.

. Fish cannot 
survive in 
polluted and 
toxic water

. Flora-fauna and aquatic 
species extinct

. Biodiversity changes 
completely

. Tide-ebbs water declined.

. Seasonal fish like Hilsa are 
already extinct.

Farming 
communities

. Treated wastewater 
from ETP could be 
used for irrigation.

. ETP operations 
suspicious.

. Echo-friendly 
technology could be 
adopted.

. No footprint of any 
agency/organisation 
for monitoring

. Not yet noted any 
environmental 
regulations

. Agri-production 
falls significantly

. Water scarcity for 
livestock and 
dairy food 
production

. Test of 
vegetables 
declining and 
uneatable

. Biodiversity changes 
completely

. Rainy season, summer 
season, or winter season 
arrives lately.

. Droughts appear terribly 
in summer, and horrible 
floods wash away in 
monsoon.
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basin. Therefore, the community has noticed a reduction in fish population since the establishment 
of the textile industry. According to their assertion, due to the deteriorating water quality in rivers, 
most fish found in the market are cultivated on local farms. The respondents from the fishing com
munity put forward that a significant number of them have since abandoned their inherited and tra
ditional fishing livelihoods due to the scarcity of fish catches, resulting in economic hardship. To that 
end, frustration prevails among the fishing community in regard to the challenges of sustaining their 
livelihoods amidst a decline in river fish availability, and has prompted a shift to alternative pro
fessions such as manual labour, or rickshaw pulling. This scenario is supported by additional state
ments stating the disappearance of various types of waterweeds, algae, snails, and oysters in 
freshwater bodies, including wetlands, canals, swamps, and rivers, which has resulted in further frus
tration at the lack of governmental or institutional watchdog in the region to control environmental 
sustainability issues – all of which are severely affecting community resilience. The fishing commu
nity in the focus groups has already engaged in extensive discussions regarding the worrying decline 
observed in the overall diversity and abundance of aquatic species within the ecosystem. They have 
observed that once-common species have become rare, along with noticing changes in the seasons, 
although they tend to attribute these changes caused by wastewater polluting the ecosystem rather 
than climate change. Thus, the fishermen argue that reducing tide-ebb water has reduced seasonal 
indigenous fishes to near-extinction. They critique the use of underground pipelines to discharge 
untreated wastewater and excoriate the lack of regulatory oversight. They argue that many indus
tries violate environmental standards, leading to water contamination. Therefore, fishers express 
frustration over declining fish varieties and the economic hardship from the erosion of their liveli
hoods. Subsequently, they iterate that industry, governmental organisations, and regulatory auth
orities must take swift action to reduce water pollution and environmental impacts. These 
scenarios demonstrate a lack of connection between communities and institutions like the Depart
ment of Environment, or the Department of Fisheries.

Table 3. Some reflected quotes from stakeholders.

Stakeholders’ 
category Stakeholders’ position Quotes

Farming 
communities

Farming representatives near 
compliant industries

“The quantity of rice harvesting is on the rise, but unfortunately, rice 
corns have the paddy in very few cases. The size of vegetables is 
now comparatively on the rise, but unfortunately, they are tasteless 
compared to the pre-industrial scenario.”

“The textile industry could supply the treated wastewater directly for 
irrigation through the pipeline instead of discharging into the river 
basin, particularly in the dry seasons.”

Farming representatives near non- 
compliant industries

“There is no rainfall due to climate change phenomena, and the 
droughts prolonged in the summer and heavy floods wash away 
agri-productions and livestock.”

“The textile industry does not have ETP and directly discharges 
wastewater into the rivers, wetlands, and crop fields, and damages 
our livelihood.”

Fishing 
communities

Fishing representatives near 
compliant industries

“The factories might have ETP, but these are not operational, or these 
remain operational only when some third party comes to visit the 
ETP.”

“Almost all available fishes are cultivated in the local firms nowadays. 
Previously, the fishermen sold fish caught in the local water 
conservators or rivers. Eventually, small Elisha fishes were seldom 
caught in the local rivers previously. The polluted water has thrived 
away all available fish soon.”

Fishing representatives near non- 
compliant industries

“Now there is plenty of hot weather and sweltering winds blowing 
almost all year round. The rainy, winter, and summer seasons do not 
arrive in time.”

“Due to the contamination of textile wastewater, the water quality in 
the river basin is severely destructed, adversely impacting fish 
hatching and consequent damage to the carp production system.”

242 K. GOMES ET AL.



4.1.1.2. Farming communities

Table 3 depicts quotes from stakeholders during group discussions that have been deemed reflec
tive of the environmental pollution and associated hardships faced by neighbouring communities as 
a result of textile wastewater. The majority of the farming representatives reported significant eco
system catastrophes and changes to climate over the years, including prolonged droughts in the 
summer and severe floods during the monsoon seasons. These changes have brought significant 
challenges to their agri-food production activities; in the past, agriculture and irrigation relied on 
rainfall, but this is no longer feasible due to the current phenomenon. Farmers now depend on 
groundwater for agri-food production and livestock food security, but extracting and supplying 
enough depleted groundwater requires substantial energy. The study reveals a crucial need to 
harvest rainwater during the rainy season for animal watering, irrigation, and household consump
tion. However, it finds no evidence of initiatives, potential, or optimism for the current and future 
implementation of rainwater harvesting facilities. Some farmers in focus groups argued that the 
industrial sector has the necessary infrastructure and investment capacity to harvest rainwater 
and generate renewable resources like rooftop solar power plants, which the local farms cannot 
afford. They believe it would be beneficial to have a system in place to supply treated textile waste
water directly through pipelines for irrigation instead of discharging it into the river basin, although 
they express concern for the quality of the treated wastewater. Implementing such a system could 
contribute to alleviating the scarcity of groundwater, positively impact irrigation, especially during 
dry seasons, promote ecological sustainability, and establish sustainable wastewater management 
practices.

The respondents from the farming community emphasise the importance of freshwater for live
stock production and agri-food security, as water is required to keep milk-producing animals and 
livestock feed. They claim textile wastewater negatively affects the quality of surface water, 
leading to illness in cattle, declining milk production, and forced or underpriced livestock sales. 
This, in turn, increases livestock and dairy food scarcity. In addition, farmers have noticed that rice 
has become inedible, and vegetables have lost their taste, resulting from spoiled grains after 
harvesting.

4.1.2. Stakeholders perceptions of the resource Nexus
Despite a clear understanding of water, agri-food security, and the negative impacts of wastewater 
on these resources, farming and fishing community stakeholders fail to recognise the interconnect
edness and trade-offs between resources, particularly in terms of agri-food and the health of aquatic 
ecosystems. The participants in the focus groups conveyed a meaningful understanding of the 
relationship between textile wastewater and the WEEF Resource Nexus, aligning with the current lit
erature. Figure 4 shows the percentages of participants’ perceptions of fishing and farming groups 
pertaining to the WEEF Nexus. A point found to be of note for this study is that energy is provided to 
these communities by the national power grid, and using renewable energy is an objective of neigh
bouring communities, although there are some potential scopes, such as solar and biomass energy. 
The stakeholders of the communities acknowledge the significant energy strains in the production 
chain, highlighting the potential infrastructure of renewable sources such as solar energy as a prom
ising solution to address the energy supply crisis and support irrigation needs in the communities. 
They recognise that the textile industry possesses an opportunity to create rooftop solar energy 
infrastructure, enabling the generation of abundant renewable green energy. This study finds that 
local communities have transformed the traditional methods of energy usage into contemporary 
forms of energy usage. For example, electricity or gas is now available to the community, 
whereas oil-fuelled lamps or biofuel like timber was previously used.

The participants of the discussions acknowledged water pollution, the decline in fish abundance 
and species, and the shortage of agri-food security as significant consequences of inadequate regu
latory and monitoring measures. They iterate the immediate need for sustainable textile wastewater 

LOCAL ENVIRONMENT 243



management practices, along with fostering synergies and collaborations among industry-commu
nity, government, and regulatory authorities as being crucial to decision-making to enhance 
environmental resilience and promote socio-ecological sustainability.

5. Discussion

The study defines the connections between those communities located near the textile production 
value chain in Bangladesh and their synergies with socio-ecological sustainability. The study intro
duces new insights into the negative perceptions and critiques from neighboring communities 
regarding the textile industry’s environmental practices, particularly the concerns over ineffective 
ETPs and lack of government oversight. The qualitative methodology enriches existing knowledge 
by revealing previously overlooked frustrations and a critical lack of relationship between the indus
try and neighbouring communities, and underscores the urgent need for monitoring and regu
lations from the government, along with proactive measures and stricter policies for water quality 
to control the threat posed by textile wastewater discharge and its environmental performance, 
offering a deeper understanding of the socio-ecological impacts within the WEEF Resource Nexus. 
The results highlight the significant impact of stakeholders’ perceptions of government monitoring 
and regulations regarding the sustainability of wastewater management practices, despite the 
importance of the industry. This supports the previous research of Canessa et al. (2022), which ident
ified the absence of proactive ecological practices within the textile industry, a need for more strin
gent governmental monitoring and enforcement, and a lack of collective active action to engage 
neighbouring communities as key challenges to maintaining sustainable livelihoods and resources. 

Figure 4. WEEF Resource Nexus perceptions in the wastewater management of the textile industry in Bangladesh.
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It is evident that community stakeholders also hold the perception of ETPs in the textile industry 
operating improperly for economic benefits, thus circumventing the problems of environmental 
and health pollution in the region. These findings are supported by studies from Sakamoto et al. 
(2019) and Abbas et al. (2020). Neighbouring communities also showed concern for the lack of trans
parent collaboration among policymakers, decision-makers, industry-community stakeholders, and 
government monitoring agencies; this transparency is crucial to achieving sustainable wastewater 
management and overall socioeconomic sustainability, in line with studies from Albrecht et al. 
(2018); Engström et al. (2017) and Geressu et al. (2020).

5.1. Perception of neighbouring communities regarding the sustainability of natural 
resources

Neighbouring communities continue to uphold negative perceptions regarding the textile industry 
concerning environmental monitoring and downstream resources. The findings of this research align 
with those previously from Stone et al. (2020) and Cong et al. (2021) regarding the reluctance to 
comply with existing environmental regulations and good wastewater management practices. In 
these cases, stakeholders in Bangladesh appear to have no faith in the ability of the government 
or other environmental regulators to be transparent. Canessa et al. (2022) make recommendations 
on the adoption of participatory processes for environmental protection decision-making to mitigate 
environmental and economic trade-offs. In the case of water, neighbouring communities featured in 
the study frequently blamed the textile industry for extensive water pollution, perceiving it as sig
nificantly impacting their livelihoods. Implementing environmentally- and eco-friendly textile waste
water management remains a challenge and can only be addressed through strict governmental 
action that assesses the interconnected effects of ecological resources (in this case, water, agri- 
food, and health of aquatic ecosystems). Potential solutions are also proposed by De Roo et al. 
(2021) and González-Rosell et al. (2023), such as reusing wastewater for irrigation; they also acknowl
edge the possibility of treated wastewater reuse in agri-food production, which could mitigate water 
scarcity and encourage eco-friendly wastewater. Implementing these practices in industrial practices 
is integral to fostering synergies with neighbouring communities, thereby meeting their 
expectations.

The findings from this research are consistent with previous research highlighting the impact of 
high biochemical oxygen demand (BOD) and chemical oxygen demand (COD) on agricultural and 
food systems, in turn, influencing soil microbial diversity, deteriorating soil health, and ultimately, 
impacting the food web (Khan and Malik 2018). Previous research is also expanded upon by explor
ing the perceptions of neighbouring communities and the effects on their livelihoods. The neigh
bouring communities put forward that rather than discharging treated wastewater into the river 
basin, textile industries have the potential to provide substantial quantities directly through pipe
lines to support irrigation or livestock production. Such methods would help reduce pressure on 
groundwater supplies, benefiting the neighbouring communities; a failure to act could mean impli
cations for the overall health of aquatic ecosystems, as toxicity in wastewater can cause biodiversity 
degradation and reduced flora-fauna, as well as fish production. Furthermore, more efficient use of 
treated wastewater for irrigation purposes can help to reduce energy demands associated with tra
ditional irrigation measures, while greater government regulation and monitoring could lead to the 
implementation of more stringent industrial sustainability strategies to increase clean energy 
deployment.

5.2 Interdependencies between the WEEF resource Nexus in textile wastewater 
management

During the interviews, community stakeholders emphasised the importance of textile waste
water management, and discussed both the positive synergies and potential trade-offs in the 
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neighbouring community, as depicted in Figure 5, illustrating the positive outcomes of effective 
wastewater management for water (W), energy (E), ecosystems (E), and food (F) security in the 
downstream community, all of which promote socio-ecological sustainability. These connections 
can be applied to the textile production value chain to enhance proactive decision-making, 
resulting in enhanced resilience in the socio-ecological system. However, this study also 
raises questions regarding the interdependencies between the WEEF Resource Nexus in the 
context of textile wastewater management’s impact on the industry and neighbouring 
communities.

Firstly, community stakeholders perceive that the socio-ecological sustainability of downstream 
systems is imbalanced due to the textile industry discharging huge amounts of poorly treated or 
untreated (potentially toxic) wastewater into the environment, impacting aquatic ecosystems and 
agri-food systems. Secondly, environmental sustainability is of concern to the downstream commu
nities due to their acknowledgment of the adverse environmental effects resulting from wastewater. 
Thirdly, the study highlights knowledge gaps for stakeholders regarding the interrelationships and 
interdependencies of the Resource Nexus, particularly for fishing communities dependent on the 
health of aquatic ecosystems (e.g. flora and fauna), and now impacted by wastewater and water 
quality issues. Fourth, the research findings introduce profound stakeholder insights that critique 
government monitoring and regulatory systems – and which have previously been overlooked. 
This aligns with previous findings from Kaddoura and El Khatib (2017), who discussed how unfavour
able and weak environmental regulations hinder the motivation of pro-environmental behaviour. 

Figure 5. WEEF Nexus relationships illustrate the industry-community synergies and trade-offs of socio-ecological sustainability.
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Fifth, the study explores stakeholders perceptions as to how monitoring and regulatory watchdogs 
and technology can support sustainable and operational ETP, consistent with findings by 
Kavithayeni et al. (2019).

In the context of research connecting the WEEF Resource Nexus contributing to sustainable 
transitions in industry-community synergies, the five points of this study implies the need for 
industry-community sustainability to balance downstream systems and lessen the effects on 
the health of aquatic ecosystems. Through the analysis of perspectives from downstream commu
nity stakeholders, Figure 6 details the gaps identified to support decision-making and robust pol
icymaking to implement stricter monitoring of textile wastewater management. Additionally 
important aspects such as water, energy, aquatic ecosystem health, and agri-food security are 
addressed in this study – all of which are significantly impacted by textile wastewater manage
ment. Urgent reforms are needed in the textile industry of Bangladesh, where a significant discon
nect has been exposed between government regulatory agencies, the textile industry, and 

Figure 6. Water-Energy-Ecosystems-Food (WEEF) Nexus interconnectedness between textile and ecological resources. The 
coloured lines within the Resource Nexus highlight industrial-community interrelationships synergies, guiding policymakers in 
robust decisions for eco-technology, regulation, and monitoring in textile wastewater management for sustainable socio- 
ecology.

LOCAL ENVIRONMENT 247



neighbouring communities. Currently, regulatory and industry agencies have not adequately 
engaged with the livelihoods of the studied communities, with an absence of scrutiny leading 
to environmental pollution, financial hardship, and mistrust among affected communities regard
ing the functionality of ETPs and the presence of hidden wastewater pipelines. By fostering col
laboration and implementing robust monitoring systems and regulations, stakeholders can 
mitigate environmental damage, protect livelihood goals, and promote the SDGs in Bangladesh, 
following the framework introduced by Brouwer et al. (2024). Incorporating stakeholders’ perspec
tives and empowering their voices within the WEEF Nexus approach can fill gaps in knowledge 
and holistically consider the effects of textile wastewater management on water, energy, health 
of aquatic ecosystems, and agri-food security, whilst identifying the trade-offs between resource 
use and availability.

6. Conclusion

This paper examined the attitudes and perceptions of farming and fishing communities towards 
industrial wastewater and socio-ecological sustainability, observing ecological impacts felt by neigh
bouring communities from the textile industry. The findings argue that there is a clear deficiency in 
the relationship between the textile industry and neighbouring communities, especially regarding 
ecological impacts felt by community groups. Addressing these impacts requires greater govern
ment resources relating to industry environmental performance, including monitoring and regulat
ing water quality in the river basin and the wetlands. Such efforts are needed for both compliant and 
non-compliant textile industries in Bangladesh.

It is evident that stricter measures and enforcement for wastewater management are required 
that consider the interrelations between the Water-Energy-Ecosytems-Food Resource Network, 
which to date have not been clearly defined, and remained fragmented when considering the 
impact of textile wastewater from the Bangladesh textile industry. Using a Resource Nexus perspec
tive underscores the significance of incorporating community stakeholders’ perspectives into policy 
decision-making for developing regulation and surveillance. Strengthening the relationship 
between the textile industry and neighbouring communities is crucial for the continued economic 
development in Bangladesh whilst responding to the environmental (and social) challenges that the 
industry brings.

The data from this study arose from interviews with fishing and farming communities in Bangla
desh. Future research could expand to capture voices from a broader set of stakeholder groups to 
provide a more comprehensive understanding of the impacts of wastewater on socio-ecological sus
tainability. Focus could also be extended to identify practical applications of a Resource Nexus per
spective to assist decision-makers in achieving improved socio-ecological performance by 
measuring the trade-offs and interconnected impacts on different aspects of the Nexus. Applying 
the findings towards different contexts and countries would help to advance further research 
aspects and implementation of the WEEF Nexus.
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