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A B S T R A C T

This study examines the environmental sustainability of three textile factories in Bangladesh with varying levels 
of LEED certification: Platinum LEED-certified (Factory A), Gold LEED-certified (Factory B), and non-LEED- 
certified (Factory C). Following LEED standards for water usage and pollution control, both untreated and 
treated effluents were collected from these factories and subjected to chemical analysis. The findings were 
assessed against established limits for parameters including Chemical Oxygen Demand (COD), Dissolved Oxygen 
(DO), Biochemical Oxygen Demand (BOD), Total Dissolved Solids (TDS), Total Suspended Solids (TSS), pH, and 
color. Effluent samples were collected three times a month, and average values were used in the analysis. The 
results indicated that LEED-certified factories possess greater capacity for effective water use and treatment 
system design compared to non-certified factories. Significant increases in key metrics such as BOD, TSS, TDS, 
turbidity, and pH are recorded across all factories after ETP treatment, demonstrating the efficacy of wastewater 
treatment techniques. Although initial (untreated) effluent samples from all factories exceeded acceptable 
standards, post-treatment results for Factories A and B achieved compliance with standard parameters, while 
Factory C was found to require a comprehensive overhaul to meet environmental sustainability requirements. 
The research shows that LEED certification greatly inspires factory managers to adopt and execute sustainable 
practices in manufacturing, water management, and effluent treatment. It highlights the necessity of effective 
wastewater treatment techniques in reducing environmental impact and meeting compliance with regulations in 
fashion manufacturing. It also emphasizes the technical constraints faced by non-LEED-certified facilities in 
Bangladesh. Findings will inspire a wide range of stakeholders, including academics, researchers, and industry 
practitioners, to emphasize reducing the environmental effect of knit textile production. Furthermore, findings 
will assist industry practitioners in making viable strategic decisions to improve the environmental sustainability 
of fashion manufacturing.

1. Introduction

Every year, between 80 to 150 billion clothes are produced globally, 
with over 300 million people actively engaged in this industry (One 
Planet, 2021; Karpova et al., 2021). This is due to the increase in fast 
fashion manufacturing and product diversification. This trend has fueled 
demand for frequent updates to fashion collections, driving manufac
turers to increase output to meet client expectations for novelty and 
diversity (Rasel et al., 2020). Along with socioeconomic progress, it 
poses questions regarding environmental sustainability. The fashion 
business is regarded as the second most polluting industry after the oil 
industry, responsible for more than 10 % of global CO2 emissions and 

nearly 20 % of waste output (Khan and Islam, 2015). Around 92 million 
tons of fashion and textile waste are created annually, greatly contrib
uting to environmental degradation (Akter et al., 2022; Shamsuzzaman 
et al., 2025).

Sustainable textile production become a top priority in response to 
rising demand for apparel due to the concept of non-hazardous, non- 
polluting, energy and natural resource efficient, economically viable, 
and safe for workers, communities, and customers (Shamsuzzaman 
et al., 2025; Saha et al., 2022). The United Nations and the European 
Union (EU) have provided a complete map of sustainability, recom
mending to development sustainable garment value chain at the bilat
eral, regional, and global levels through collaboration (Shamsuzzaman 
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et al., 2023, 2025). This can mitigate potential risk factors associated 
with fashion manufacturing (United Nations, 2023; European Parlia
ment, 2023). To monitor these activities several regulatory bodies like 
Sustainable Apparel Coalition (SAC), Leadership in Energy and Envi
ronmental Design (LEED) certification, SANE Standard, Better Cotton 
Initiative – BCI, Bluesign, Cradle to Cradle - C2C, OEKO-TEX, MADE 
SAFE® etc. has been established (Das and Das, 2024; bluesign, 2023; 
Business intelligence, 2020). Using certification criteria, brands, sus
tainability efforts in production and supply chain including raw mate
rials, finished goods, and/or procedures can be measured and assessed 
(Islam et al., 2025). Any fashion sector focusing on fibre standards, 
chemical control, worker rights, circular standards, and fair trade is 
eligible for eco-label certification that may help to maintain trans
parency and negotiate a complicated business market (Mousavi et al., 
2024; Zhu, 2024).

The LEED certification provides a standardized framework for eval
uating and benchmarking sustainability practices in various categories 
such as energy efficiency, water conservation, material selection, indoor 
environmental quality, and design innovation (Brem et al., 2020; Li 
et al., 2020). This certification is acknowledged as a symbol of envi
ronmental stewardship and sustainability, with implications for 
customer perceptions, market competitiveness, and regulatory compli
ance (Hallas, 2024; Fahim et al., 2024). Globally, although precise sta
tistics on the total number of LEED-certified textile facilities are not 
easily accessible, Bangladesh’s significance is apparent. As of January 
The Daily Star (2025), Bangladesh has obtained LEED certification for 
233 factories, of which 93 have achieved Platinum status and 126 have 
secured Gold certification. Besides, the nation hosts 62 of the top 100 
highest-rated LEED-certified facilities globally, underscoring its promi
nence in sustainable manufacturing efforts and solidifying its commit
ment to environmental stewardship. This certification is awarded based 
on distinct compliance requirements and specific core threshold (Dhaka 
Tribune, 2023; The Business Standard, 2023; Tayyab et al., 2020).

This study aims to investigate insights into the environmental sus
tainability landscape of knitted garment production by comparing and 
contrasting the practices and outcomes of LEED and non-LEED certified 
facilities. In this study, researchers investigated the performance of three 
knitted facilities in Bangladesh through wastewater characterization 
namely: (i) platinum LEED certified, (ii) gold LEED certified, and (iii) 
non-LEED certified, considering LEED components including water 
quality management and waste reduction. The specific water quality 
parameters like Chemical Oxygen Demand (COD), Dissolved Oxygen 
(DO), Biochemical/biological Oxygen Demand (BOD), Total Dissolved 
Solid (TDS), Total Suspended Solid (TSS), turbidity, and pH values from 
both untreated and after-treated wastewater were quantified and 
compared with government prescribed levels (Gomes et al., 2024; Nahar 
et al., 2024; Shamsuzzaman et al., 2021). These tests will be conducted, 
encompassing critical LEED environmental metrics such as water effi
ciency, energy consumption, and Indoor Environmental Quality, 
thereby positioning LEED-certified companies as the focus of this study. 
LEED-certified facilities were chosen for their dedication to environ
mental sustainability and compliance with rules, even though our 
research focused on wastewater treatment. Organizations certified by 
LEED need to adopt sophisticated environmental measures, including 
wastewater treatment, to demonstrate their commitment to sustainable 
industrial operations (USGBC, 2022). The research examines the influ
ence of certification on wastewater management practices by focusing 
on certified companies. This method provides a practical standard for 
assessing certified and non-certified factories. Furthermore, LEED cer
tification has shown an improvement in cleanliness and environmental 
standards in industrial facilities, particularly in resource-intensive in
dustries like textiles (Kwan et al., 2024; Rashid and Haque, 2024). This 
will help us to address critical wastewater management challenges by 
conducting a comparative evaluation between globally certified fac
tories (LEED) and non-certified textile manufacturing facilities. This 
approach allowed us to assess their respective performances in 

wastewater treatment and highlighted the actual industry scenario.
The uniqueness of this study is its systematic evaluation of waste

water management practices covering a wide range of indicators for 
LEED-certified and non-LEED-certified factories, which provides an 
empirical assessment of whether LEED certification improves environ
mental performance in industrial effluent treatment. By doing so, we can 
provide empirical evidence on the effectiveness of LEED certification in 
enhancing wastewater management practices (Sagnak et al., 2024; 
Tolentino-Zondervan and DiVito, 2024). Unlike previous research, 
which mostly focused on LEED certification as a framework for sus
tainable building design and energy efficiency, this study examines its 
real-world implications for wastewater management in the textile in
dustry. This study fills critical research gaps by examining the actual 
execution of effluent treatment plant (ETP) operations, thereby offering 
concrete insights into the environmental benefits of sustainability cer
tificates. Besides, it will provide momentum to knit producers to solve 
environmental issues, improve brand reputation, and satisfy changing 
customer expectations for sustainable products (Fahim et al., 2024; Ali 
et al., 2024). Furthermore, this study advances our understanding of 
policy effectiveness by shedding light on whether businesses with LEED 
certification adhere more strictly to water quality regulation (Bungau 
et al., 2022). By adopting these changes, we hope to provide a more 
exact and academically rigorous picture of the role of LEED certification 
in the textile sector, emphasizing its importance in environmental 
stewardship and sustainable production methods. Two specific research 
objectives (RQ) have been set:

RO1: To analyze, and assess environmental sustainability perfor
mance of fashion manufacturing, focusing on wastewater management 
strategies

RO2: To compare LEED and non-LEED certified fashion 
manufacturing factories, identifying risks, poor practices, and opportu
nities for improving wastewater management

The remainder of the research involves in reviewing important 
literature and theoretical background in the knitted LEED and non-LEED 
textile industries, and their environmental sustainability problems. The 
methodology section outlines a multi-case study’s data collection and 
analysis approach. Finally, the results, discussions, and research impli
cations (both theoretical and practical) are presented, followed by 
conclusions and recommendations.

2. Literature review

2.1. Environmental sustainability issues of knitted facilities in Bangladesh

The textile industry in Bangladesh, comprising over 3000 knitting 
facilities and employing approximately one million individuals, has 
faced increasing scrutiny for its considerable environmental footprint. 
This sector is criticized for excessive consumption of water and energy, 
substantial chemical pollution, and waste generation (Masud Sumaiya, 
2022; Rahman and Chowdhury, 2020). Textile production processes 
predominantly generate two types of waste: solid waste, including fiber, 
fabric, and garment remnants, and liquid waste, particularly effluent or 
wastewater. The dyeing and finishing stages alone release approxi
mately 280,000 tons of chemicals into the environment each year 
through effluent discharge. Additionally, the fashion manufacturing 
facilities in Bangladesh are estimated to produce 350 million cubic 
meters of wastewater annually, a figure projected to increase to 450 
million cubic meters by 2030 (Rafiq et al., 2024). Textile effluent con
tains oil, grease, caustic soda, Glauber salt, ammonia, sulfide, lead, 
heavy metals, and other substances that affect parameters like COD, DO, 
BOD, TDS, TSS, and pH. These are liable for environmental and health 
risks, sewage line corrosion, groundwater contamination, and signifi
cant capital expenditure in reducing multifaceted negative re
percussions (Shamsuzzaman et al., 2023; 2023; Uddin et al., 2015). 
Untreated effluent may contain a variety of contaminants, including 
heavy metals, toxic chemicals, organic pollutants, and pathogens, all of 
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which are detrimental to aquatic ecosystems and people.
Therefore, standard ETP treatment plant is strongly recommended to 

lessen the environmental impact of discharged wastewater (Maity et al., 
2021). It will assist in the removal of dangerous chemicals from indus
trial wastewater before it is discharged into natural water sources. In
dustries that handle wastewater may significantly reduce the levels of 
these hazardous substances, lowering water pollution and protecting 
biodiversity (Sachidhanandham and Periyasamy, 2021). Effective 
effluent treatment processes, such as filtration, chemical treatment, and 
biological treatment, ensure that discharged water meets environmental 
standards (Saravanan et al., 2021). This not only ensures the quality of 
water supplies, but it also helps local communities remain viable by 
supplying cleaner drinking, agricultural, and recreational water. 
Furthermore, cleansing wastewater lowers the likelihood of legal fines 
and boosts the reputation of firms committed to environmental re
sponsibility (Maity et al., 2021).

2.2. Standard wastewater parameters and their impact

Since the effluent contains organic and inorganic materials, it re
quires successive treatment processes. The effluent treatment plant 
(ETP) in a knitted textile facility has standard criteria for the treatment, 
and even after the treatment, it needs to follow the prescribed param
eters of effluent (Table 1).

The effluent was generally found to discolor and affect the above- 
mentioned effluent parameters. The chemical oxygen demand (COD) 
represents the quantity of oxygen required to break down organic 
matter. Higher COD values result in hazardous and anaerobic water 
conditions (Rafiq et al., 2024). The amount of oxygen found in water as 
dissolved condition is known as dissolved oxygen (DO). A healthy DO 
level maintains a balanced ecosystem, allowing fish, invertebrates, 
bacteria, and underwater plants to thrive. The usual concentration is 
9 mg/L or more; below 4 mg/L, aquatic species struggle to live. 
Furthermore, DO levels range from 1 to 20 mg/L during diffusion, 
aeration, photosynthesis, respiration, and decomposition (Wang et al., 
2022). The biological oxygen demand (BOD) measures the oxygen 
degradation after a certain period. The maximum allowable BOD con
centration for direct discharge into the environment is 10 mg/l. It is 
mostly governed by Dissolved Organic Carbon (DOC), Particulate 
Organic Carbon (POC), and Total Organic Carbon (TOC) concentrations 
(Han et al., 2024). When the organic (carbonates, nitrates, bicarbonates, 
chlorides, and sulfates) and inorganic (calcium, potassium, magnesium, 
and sodium) particles are found in a dissolved state, known as total 
dissolved solids (TDS). This mostly increases the toxicity of water by 
increasing salinity and modifying ion composition. If these particles are 
found in a suspended solids state, known as total suspended solids (TSS). 
These large particles absorb a lot of light, decreasing oxygen levels while 
raising water temperature and turbidity. Because of the high TDS and 
TSS levels in the water, the effluents were opaque, foggy, or muddy, 
inhibiting light from reaching deeper depths and affecting 

photosynthesis, free movement, and aquatic life diseases (World Health 
Organization, 2017). Larger particles hinder light from passing through 
water. The standard turbidity for drinking water is < 1 NTU, whereas 
wastewater is < 10 NTU. However, water becomes murky around 100 
NTU and completely opaque at 2000 NTU. The potential of hydrogen 
(pH) presence in water may vary due to temperature, water movement, 
and chemical mixture. Extreme alkalinity clogs metal pipelines, cor
rodes water-carrying equipment and produces unpleasant odors or tastes 
in effluents. However, the acidity of water degrades its nutritional value, 
making it dangerous to drink and making the land unproductive (World 
Health Organization, 2011; Panhwar et al., 2024).

2.3. Overview of certifications in textile factories and impact in 
wastewater management

Certification promotes industrial innovation and collaboration by 
establishing standards and encouraging continual development. The 
popular certification including GOTS (Global Organic Textile Standard), 
OEKO-TEX Standard 100, Fair Trade, Cradle to Cradle, LEED etc. focuses 
on distinct areas of sustainability (Sagnak et al., 2024; 
Tolentino-Zondervan and DiVito, 2024). Their provided framework 
significantly improves sustainability practices in the fashion and textile 
industries by encouraging openness, accountability, and beneficial 
environmental and social results (Wu et al., 2017). The following 
Table 2 displays the key contributions of certifications in wastewater 
management in the textile industry.

2.4. LEED certification in textile industry: links to wastewater 
management and environmental performance

The U.S. Green Building Council (USGBC) promotes LEED certifica
tion for manufacturing industries by transforming the built environ
ment. In the textile sector, gaining LEED certification entails 
incorporating sustainable practices throughout the manufacturing pro
cess. Although textile factories in Bangladesh have started getting their 
LEED-certifications from 2011, it has seen a rapid increase from 2017, 
indicating an increasing dedication to sustainable practices within 
Bangladesh’s textile industry. This trend corresponds with worldwide 
market demands for environmentally sustainable production and un
derscores the sector’s continuous transition toward internationally 
acknowledged green building standards. LEED accreditation in the 
textile sector emphasizes sustainable practices across every step of the 
production chain, from raw material procurement to manufacture and 
distribution (Di Gaetano et al., 2023). Textile companies may get LEED 
certification by using ecologically responsible techniques to reduce en
ergy use, water usage, water quality, and waste disposal. This not only 
indicates a dedication to environmental stewardship, but it also brings 
concrete benefits such as cost savings, improved brand recognition, and 
access to new markets (Islam et al., 2021; Pushkar, 2023). The following 
Fig. 1 displays the year-wise certifications by Bangladeshi factories, 
emphasizing the importance of LEED certification for sustainability.

LEED certification is given to facilities in four categories: (i) LEED 
Basic, (ii) LEED Silver, (iii) LEED Gold, and (iv) LEED Platinum (Fig. 2). 
The LEED Platinum level accreditation is the highest accolade, while the 
LEED Certified level indicates fundamental, essential performance. To 
achieve this accreditation, a manufacturer must fulfill several criteria 
and receive standard ratings. Out of 100 points, 40–49 gain basic LEED 
certification, 50–59 earn silver-level certification, 60–79 earn gold-level 
certification, and 80 or more receive platinum certification (Hafez et al., 
2023; Mosaddeque, 2022).

In LEED certification, performance is evaluated in five components 
shown in Fig. 3.

Fig. 3 displays key features of LEED certification for sustainable 
textile manufacturing methods, including energy efficiency, water 
management, and environmental impact. Manufacturers should prefer 
organic fibers like cotton and wool, recycled fibers, and low-impact dyes 

Table 1 
Parameters of standard effluent (Von Sperling et al., 2020; Qasim, 2017).

Parameters Accepted and 
Approved by 
Government of 
Bangladesh

Grading

Excellent 
Range

Good 
Range

Poor 
Range

COD (mg/L) 200 < 100 100–200 > 200
DO (mg/L) 9 ≥ 9 5–9 ≤ 4
BOD (mg/L) 50 ≤ 10 10–20 ≥ 40
TDS (mg/L) 300 < 300 300–600 > 600
TSS (mg/L) 100 < 100 100–200 > 200
Turbidity 

(NTU’s)
10 ≤ 10 10–20 ≥ 100

pH 6–9 7 6–8 < 4 & 
> 9

Colour Light Brownish/watery ​ ​ ​
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and chemicals to promote sustainable sourcing. Energy-saving tech
nologies like LED lighting, solar electricity, and efficient machinery all 
help to reduce carbon emissions. Water conservation technology, such 
as closed-loop recycling and low-flow fixtures, reduces water use and 
waste, wastewater management, thereby improving local ecosystems. 
The waste reduction component emphasizes recycling and waste-to- 
energy initiatives. Finally, the Indoor Environmental Quality Index fo
cuses on improving indoor air quality by reducing volatile organic 
compounds, enhancing ventilation, and creating ergonomic work 
circumstances.

Moreover, effluent analysis, which involves the assessment of 
wastewater or discharge from industrial activities, has a strong 

relationship to LEED certification, notably in terms of environmental 
performance and sustainability, water recycling, and waste reduction. 
LEED certification is primarily concerned with green building design 
and sustainable operations, where environmental performance is spe
cific to wastewater management is one of the prerequisites to get cer
tification and achieve environmental sustainability. Effluent analysis is 
critical for analyzing and mitigating the environmental impact of 
wastewater discharge, aligning with LEED’s goals of reducing environ
mental pollution and fostering sustainability (Lee and Skorski, 2019; 
Debnath et al., 2023). To achieve environmental sustainability, effluent 
management is an important requirement for LEED certification. The 
results can help influence strategies for minimizing water pollution, 
increasing water management efficiency, and assuring environmental 
compliance, which are critical components of attaining LEED certifica
tion. As a result, sustainable practices in effluents management fosters 
certification process by improving environmental performance and 
responsible resource management in building projects (Bungau et al., 
2022).

3. Materials and methodology

3.1. Case factory information

Three knitted production factories were considered for the research 
such as (i) Factory A (Platinum LEED Certified), (iii) Factory B (Gold 
LEED certified), and (iii) Factory C (Non-LEED Certified). The analyzed 
LEED-certified factories in this study received their certifications from 
2017 to United Nations (2023), indicating an increasing dedication to 
sustainable practices within Bangladesh’s textile industry. This trend 
corresponds with worldwide market demands for environmentally sus
tainable production and underscores the sector’s continuous transition 
toward internationally acknowledged green building standards. The 
particulars of these factories are shown in Table 3.

3.2. Sampling and testing

To measure the environmental sustainability performance among 
case factories, LEED components such as water conservation, waste 
reduction, and recycling were considered. Both untreated and treated 
effluents were collected in glass containers and coded from the case 
factory according to the plan. The untreated effluents were collected 
from the equalization tank of the ETP plant, and treated effluents were 
collected at the releasing point of the plant after treatment. The 
collected effluent samples were preserved in a refrigerator at 4-degree 
Celsius temperature and conducted relevant environmentally friendly 
tests within 24–48 hours of collection. The collected effluents were 
tested 3–5 times for a day and average values were considered for that 
day. Similarly, effluents from each factory were tested thrice in a month 
and average calculated values with counted for final analysis and dis
cussion. The whole collection process is shown in Fig. 4 and Fig. 6.

3.3. Methods: effluent treatment and research plan

To measure the performance of water quality, such as COD, DO, 
BOD, TDS, TSS, turbidity, and pH value among case factories, appro
priate chemical and physical methods were conducted according to 
standard methods (Table 4) (Azanaw et al., 2022). Later, test values 
were analyzed and compared with the prescribed standards of effluents 
released to the environment by the Government. Fig. 5 displaying the 
pictorial view of testing.

Fig. 6 depicts the study’s research design and procedures. Specif
ically, effluent samples were collected on three distinct days each 
month, and the average value for each sample was determined. Each 
collection day, at least five different measurements were taken to 
establish a strong and representative average result for effluent quality 
that day. This method seeks to identify any deviations and provide a 

Table 2 
Key certifications and their attributes in textile industry towards sustainability.

Certification Wastewater 
management 
focus

Key requirements Key 
contribution

LEED (Leadership 
in Energy and 
Environmental 
Design)

Indirect but 
includes WE 
Credit 2: 
Innovative 
Wastewater 
Technologies and 
water use credits

Reduction of 
potable water use, 
on-site wastewater 
treatment, efficient 
systems

Promotes holistic 
resource 
efficiency, 
encourages 
advanced 
wastewater 
treatment, and 
water reuse 
strategies

OEKO-TEX® 
STeP

Direct focus on 
chemical and 
wastewater 
management

Implement proper 
wastewater 
treatment systems 
and conduct 
regular monitoring

Ensures safe 
discharge of 
water, promotes 
closed-loop 
water systems, 
and minimizes 
harmful 
chemical release

bluesign® Strong emphasis 
on input stream 
management and 
effluent control

Mandates 
responsible 
chemical usage, 
advanced ETPs 
(Effluent 
Treatment Plants), 
and wastewater 
tracking

Prevents water 
pollution at the 
source, supports 
clean production 
and safe working 
conditions

ZDHC (Zero 
Discharge of 
Hazardous 
Chemicals)

Exclusive focus on 
eliminating 
hazardous 
chemicals and 
managing 
wastewater 
discharge

Adherence to 
wastewater 
guidelines, MRSL 
(Manufacturing 
Restricted 
Substances List), 
and regular 
auditing

Enhances 
transparency, 
ensures zero 
discharge of 
hazardous 
chemicals, and 
elevates global 
effluent 
standards

(ISO, 2019) 
14001 
(Environmental 
Management 
System)

General emphasis 
on compliance 
with 
environmental 
legislation, 
including 
wastewater

Identify 
environmental 
aspects and 
impacts, including 
water discharge

Provides a 
systematic 
framework for 
continual 
improvement in 
wastewater and 
resource 
management

GOTS (Global 
Organic Textile 
Standard)

Moderate focus; 
mandates 
wastewater 
treatment in wet 
processing units

Requires 
functional ETPs, 
monitoring of 
discharge quality, 
and environmental 
compliance

Supports organic 
production 
integrity while 
controlling water 
pollution in 
processing stages

SA8000 No direct 
requirements; 
focuses on social 
accountability

Emphasizes worker 
safety and rights, 
which may 
indirectly 
encourage better 
environmental 
practices

Encourages 
ethical 
operations, 
which can align 
with sustainable 
wastewater 
practices in 
responsible 
factories
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more accurate and reliable assessment of effluent qualities. The option 
to collect effluent data on three distinct days on a month was deliberated 
to avoid potential biases and account for changes in wastewater qualities 
over time. This methodology helps to optimize effluent data by ensuring 
that the results are indicative of typical operational settings and are not 

influenced by outliers or irregular sampling. We thought that by 
combining many measurements collected on different days, we could 
increase the data’s validity and representativeness, resulting in a more 
thorough and scientifically sound analysis of the wastewater treatment 
processes utilized by the industries under investigation.

4. Results and discussion

The analysis compared the environmental sustainability perfor
mance among three case factories in terms of water quality manage
ment. Several important water quality parameters, such as COD, DO, 
BOD, TDS, TSS, pH, and turbidity were assessed to ascertain between 
LEED and non-LEED certified facilities. The comparison was made ac
cording to the prescribed standard by the Bangladeshi government 
(shown in Table 1). Results show a gradual underscoring in performance 
from factory A to factory C. The details of the outcomes are discussed in 
Sections 4.1 to 4.8.

4.1. Impact of chemical oxygen demand (COD)

The COD value represents the amount of oxygen required to break 
down the organic matter in the effluent. The following Table 5 shows the 
calculation of COD values for three different days from the case factory, 
and Fig. 7 shows environmental sustainability performance in terms of 
COD value.

Fig. 7, showed a gradual decrease in COD values after ETP treatment 
indicating the successful elimination of organic pollutants from waste
water. LEED-certified factories A (platinum) and B (Gold) satisfied the 
standard limits and achieved values 53.15 mg/L and 99.29 mg/L, 
respectively. This refers to the sophisticated and large decrease of 
organic components from the wastewater following treatment. Although 
factory C (non-LEED) had shown greater potential after treatment, un
able to meet the basic requirements even after treatment, indicating 

Fig. 1. Yearly distribution of LEED certification by Bangladeshi factory.

Fig. 2. Categorize of LEED certification.

Fig. 3. Components of LEED certification.

Table 3 
The particulars of the tested knit factories.

Site’s Name Site’s main 
operations

Factory 
Capacity 
(pcs/day)

Types of operation Virgin, 
certified 
organic 
content %

Chemical impact 
reduction

Green chemistry 
third-party 
verification

Wastewater 
Management

Factory A 
(Platinum 
LEED 
Certified)

Knit 
composite

80,000 Knit fabric production, 
dyeing, printing, finishing, 
garment manufacturing

0 % Yes, used 
environmental 
friendly chemicals

Yes, OEKO Tex 
standard 100, 
LEED-certified

Chemical ETP, Capacity 
lies from 5 to 1000 
Kiloliters/day

Factory B 
(Gold LEED 
Certified)

Knit 
composite

80,000 Knit fabric production, 
dyeing, printing, finishing, 
garment manufacturing

0 % Yes, used 
environmental 
friendly chemicals

Yes, OEKO Tex 
standard 100, 
LEED-certified

Chemical ETP, Capacity 
lies from 5 to 1000 
Kiloliters/day

Factory C (Non- 
LEED 
certified)

Knit 
composite

60,000 Knit fabric production, 
dyeing, printing, finishing, 
garment manufacturing

0 % Not defined Yes, OEKO Tex 
standard 100, 
Non-LEED 
certified

Chemical ETP, Capacity 
lies from 5 to 1000 
Kiloliters/day
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possible inefficiencies in the treatment process. Factory-wise COD dif
fers focusing on individual factory responsibilities on actioning and 
managing effluent treatment plant, emphasizing the importance of LEED 
certification and management.

4.2. Impact of dissolved oxygen (DO)

The DO value represents the amount of oxygen dissolved in the 
effluent. The following Table 6 shows the calculation of DO values for 
three different days from the case factory and Fig. 8 shows environ
mental sustainability performance in terms of DO value.

The DO level increased substantially following ETP treatment, 
showing the increase of oxygen, and promoting an adaptable environ
ment to aerobic organisms in the water (Fig. 8). The DO level after post- 
treatment varied across all factories, with platinum-certified factory A 
and gold-certified factory B falling somewhere between good and poor. 
This suggested a greater improvement in water quality after treatment, 
and microorganisms can be sustained there. Interestingly, factory C 

Fig. 4. Effluent collection process.

Table 4 
Test name and standards.

Sl. 
No.

Name of the effluent test Methods/standards of test 
(References)

1 Determination of COD value of effluent Winkler titration (ISO 6060, 
1989)

2 Determination of Dissolved Oxygen (DO) 
value of effluent

ASTM, D888− 18 (2018)

3 Determination of BOD Value of effluent Chemical test (titration)
4 Determination of Total Dissolved Solids 

(TDS) of effluent
ASTM D(5907), (2018)

5 Determination of Total Suspended Solid 
(TSS) of effluent

ASTM D(5907), (2018)

6 Determination of Turbidity of effluents ISO, (7027)− 1, (2016)
7 Determination of pH of effluents ASTM D(1293)− 18 (2018)

Fig. 5. Testing of effluents: Determination of (a) COD, (b) BOD, (c), DO, (d) Turbidity, (e) TDS, (f) pH value.
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showed the greatest rise afterwards treatment, reaching 2.7 from 1.3, 
however, no animals can survive in this water. This showed excellent 
performance involving modern aeration technologies or biological 
treatments among case factories, though LEED-certified factories per
formed over non-LEED-certified factories.

4.3. Impact of biological/biochemical oxygen demand (BOD)

The differentiation of initial DOi and final DOf expresses the BOD 
value of effluent. Table 7 shows the final DOf which is measured simi
larly to the initial DOi. Then Table 8 is calculated for the determination 
of BOD. By considering the average value Fig. 8 is for the final DOf and 
Fig. 9 is for BOD.

After five days, water quality both treated and untreated has fallen 
down considerably, demonstrating a drop in dissolved oxygen levels in 
the effluent even after ETP treatment (Fig. 9). That is why DOf (final 
dissolved oxygen) is always less than DOi (initial dissolved oxygen). This 
indicates that the water is becoming poisonous and turning into dead 
zones for aquatic plants, algal photosynthesis, and diffusion with time.

Since the oxygen-consuming organisms reduced DO levels over time, 
a lowered BOD value is seen and remained below acceptable limits 
(<10 mg/L) (Fig. 10). This indicates a lack of supplementary airflow and 
wave motion during the ETP treatment, hampering photosynthesis and 
creating dead zones for aquatic and algal life. Furthermore, lowered 
BOD values could affect Dissolved Organic Carbon (DOC), Particulate 
Organic Carbon (POC), and Total Organic Carbon (TOC) levels in water.

4.4. Impact of total dissolved solids (TDS) values

The TDS value represents the amount of organic and inorganic 
compounds present in dissolved form in the effluent. The following 
Table 9 shows the calculation of TDS values for three different days from 
the case factories, and Fig. 11 shows environmental sustainability per
formance in terms of TDS value.

Untreated effluents contained more organic and inorganic sub
stances in dissolved form, however, no factories have met the standard 
parameters of TDS even after treatment (Fig. 11). Factory A (Platinum) 
is very close to standard parameters whereas factory B (Gold) needs a 
few more actions and factory C (non-LEED) is out of standard though 
dissolved organic and inorganic substances were removed after the 
treatment significantly. This indicates inefficiencies/improper treat
ment action taken by the case factories.

4.5. Impact of total suspended solids (TSS) value

The TSS value represents the amount of organic and inorganic solid 
matter found in the effluent. The following Table 10 shows the calcu
lation of DO values for three different days from the case factory, and 
Fig. 12 shows environmental sustainability performance in terms of TSS 
value.

Total suspended solids in effluents decreased considerably after the 
treatment, however, no factories achieved satisfactory levels except 
factory A which is close enough to meet standard parameters (Fig. 12). 
Factory B’s TSS levels are nearly double those of the required criteria, 

Fig. 6. Research plan.

Table 5 
Data table of the COD value test result of effluents.

Day Factory A (Platinum 
LEED certified)

Factory B (Gold LEED 
certified)

Factory C (Non-LEED 
certified)

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Day 1 114.62 39.44 256.62 68.16 565.26 286.61
Day 2 156.35 52.63 291.35 109.92 551.53 284.29
Day 3 144.51 67.39 384.51 119.78 448.15 219.87
Average 138.49 53.15 310.83 99.29 521.65 263.59

Fig. 7. COD value of effluent.

Table 6 
Initial dissolved oxygen values (DOi) values of wastewater samples.

Day Factory A (Platinum 
LEED certified)

Factory B (Gold LEED 
certified)

Factory C (Non-LEED 
certified)

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Day 1 3.2 5.1 2.9 4.7 1.2 2.8
Day 2 4.1 5.8 3.8 5.6 1.6 2.6
Day 3 3.9 4.8 3.2 5.4 1.1 2.6
Average 3.7 5.3 3.3 5.2 1.3 2.7

M. Shamsuzzaman and M. Islam                                                                                                                                                                                                            Cleaner Water 3 (2025) 100085 

7 



whereas factory C’s are three times as high. Although it indicates robust 
treatment processes by stringent environmental requirements, its value 
is out of the standard by many metrics. This indicates that the entire 
concentration of particles suspended in water, including organic and 
inorganic matter, fibers, and other solid components, was not 
adequately eliminated. These findings illustrate the effectiveness of 
treatment procedures used by LEED and non-LEED-certified factories to 
reduce the concentration of suspended particles in textile wastewater, 
which is insufficient.

Fig. 8. DO value of effluent.

Table 7 
5 days later DOf value of effluent.

Day Factory A (Platinum 
LEED certified)

Factory B (Gold LEED 
certified)

Factory C (Non-LEED 
certified)

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Day 1 2.8 4.1 2.6 3.2 2.2 2.9
Day 2 2.4 3.6 2.2 2.9 1.8 2.1
Day 3 2.2 2.9 1.8 2.6 1.8 2.3
Average 2.5 3.5 2.2 2.9 1.9 2.4

Table 8 
BOD value of effluent.

Day Factory A (Platinum 
LEED certified)

Factory B (Gold LEED 
certified)

Factory B (Non-LEED 
certified)

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Day 1 0.4 1 0.3 1.5 1 0.1
Day 2 1.7 2.2 1.6 2.7 0.2 0.5
Day 3 1.7 1.9 1.4 2.8 0.7 0.1
Average 1.2 1.7 1.1 2.3 0.6 0.3

Fig. 9. Final DOf value of effluent.

Fig. 10. BOD value of effluent.

Table 9 
TDS value of effluent.

Day Factory A (Platinum 
LEED certified)

Factory B (Gold LEED 
certified)

Factory C (Non-LEED 
certified)

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Day 1 1228 418 1886 669 2612 1268
Day 2 1544 686 1650 841 2832 1455
Day 3 1722 754 2156 957 3260 1662
Average 1498 619 1897 822 2901 1462

Fig. 11. TDS value of effluent.
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4.6. Impact of turbidity values

The turbidity value represents the number of light resists to pass 
inside the effluent. The following Table 11 shows the calculation of 
turbidity values for three different days from the case factory and Fig. 13
shown environmental sustainability performance in terms of COD value.

After the ETP treatment, the turbidity value improved; factory A 
showed comparatively better scores than other factories (Fig. 13). Fac
tory B and C had the highest initial turbidity values (374.7 and 581.8), 
which decreased after subsequent treatment whereas factory C showed 
the greatest potential. However, unable to meet the standard value, 
indicating a large amount of suspended and dissolved solid particles 
even after the treatment. The decreased turbidity tendency on post- 
treatment across all factories demonstrates their dedication to envi
ronmental sustainability and regulatory compliance, which is consistent 
with the LEED certification requirements. These findings highlight the 
efficacy of the treatment techniques used by LEED-certified manufac
turers in improving water clarity and reducing the visual impact of 
suspended particles in textile effluent, hence contributing to environ
mental and resource conservation.

4.7. Impact of pH value

The pH value measures the potential of hydrogen found in the 
effluent. The following Table 12 shows the obtained pH values for three 
different days from the case factory and Fig. 14 shows environmental 
sustainability performance in terms of COD value.

The wastewater samples were slightly alkaline before treatment and 
showed a tendency to turn neutral after the treatment (Fig. 14). The 

closer alignment of pH readings to neutral levels by factories A and B 
following treatment demonstrates their dedication to environmental 
sustainability and regulatory compliance. Maintaining pH levels below 
safe limits is critical for sustaining aquatic habitats, preventing infra
structure corrosion, and assuring the efficacy of biological treatment 
methods. However, for non-LEED certified factories C, the effluent 
contained alkalinity both before and after treatment. These findings 
highlight the necessity of robust wastewater treatment in reducing 
environmental impact while achieving severe regulatory standards.

4.8. Summary of the key findings

The summary provides an in-depth assessment of several water 
quality indicators in textile effluent before and after treatment in three 
facilities, identified as A, B, and C (Table 13). Significant increases in key 
metrics such as BOD, TSS, TDS, turbidity, and pH are recorded across all 
factories subsequent ETP treatment, demonstrating the efficacy of 
wastewater treatment techniques executed following ETP and LEED 
certification standards (Habib et al., 2022; Panhwar et al., 2024). 
Non-LEED certified factory C routinely showed a significant decrease in 
pollutant levels after treatment, indicating lack of effective treatment 
mechanisms in place. This includes significant decreases in indicators 
such as BOD, TSS, TDS, turbidity, and pH, demonstrating a dedication to 
environmental sustainability and regulatory compliance. However, even 
after treatment, the effluent quality remains below standard. Similarly, 
though varied degrees, LEED-certified factory A and factory B demon
strate improvements in water quality metrics following treatment 
(Shamsuzzaman et al., 2021).

The constant improvement in water quality measures after treatment 
demonstrates the commitment of LEED-certified factories A and B to 
responsible environmental conservation and sustainability. These find
ings demonstrate the successful removal of contaminants from textile 
wastewater and illustrate the benefits of implementing strong ecological 
regulations in industrial processes. Conversely, non-LEED certified fac
tory C consistently obtains a significant reduction in pollutants across 
multiple criteria, indicating strong treatment techniques; yet insufficient 
to meet the required standards (Ali et al., 2024).

The overall finding suggests that LEED-certified factories A and B 
performed better than non-LEED-certified factory C based on measur
able parameters and their potential impact on the environment. 

Table 10 
TSS value of effluent.

Day Factory A (Platinum 
LEED certified)

Factory B (Gold LEED 
certified)

Factory C (Non-LEED 
certified)

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Day 1 682 228 921 446 1057 568
Day 2 766 245 883 398 1126 642
Day 3 565 182 745 341 1148 699
Average 667 214 849 390 1110 636

Fig. 12. TSS value of effluent.

Table 11 
Turbidity value of effluent.

Day Factory A (Platinum 
LEED certified)

Factory B (Gold LEED 
certified)

Factory C (Non-LEED 
certified)

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Day 1 87.1 5.5 508 60.4 628.5 112.7
Day 2 177 18.2 248 25.5 545.6 63.2
Day 3 21.5 6.98 368 40.2 571.2 84.4
Average 95.2 10.3 374.7 42.1 581.8 86.8

Fig. 13. Turbidity value of effluent.

Table 12 
pH value of effluent.

Day Factory A (Platinum 
LEED certified)

Factory B (Gold 
LEED certified)

Factory C (Non- 
LEED certified)

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Before 
ETP 
Treated

After 
ETP 
Treated

Day 1 8.35 7.54 8.22 7.76 10.69 9.24
Day 2 7.87 7.35 7.66 6.5 11.92 10.38
Day 3 8.13 7.91 8.9 8.1 9.68 7.56
Average 8.12 7.6 8.26 7.45 10.76 9.06
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Although all knitted textile facilities embrace an effective effluent 
treatment plant (ETP), we have identified gaps in existing operations 
such as filtration, purification, sedimentation, clarifiers, and co
agulations, which cannot efficiently remove solids from water, partic
ularly in non-LEED certified factories. Also, inadequate diffusion, 
aeration, and decomposition prevent light from reaching lower depths of 
water, resulting in lower DO and BOD readings even after effluent 
treatment. Furthermore, the water remains opaque due to inefficient grit 
chamber operation. The findings are aligned with the existing body of 
knowledge (Shamsuzzaman et al., 2021) but differ from a LEED and 
Non-LEED certification factory contexts. This analysis showed insuffi
cient neutralization treatment in the ETP plant for factory C, which 
resulted in unacceptable water pH values. Therefore, we highlight the 
necessity of effective wastewater treatment techniques in reducing 
environmental impact and guaranteeing compliance with regulations in 
the textile industry. Furthermore, they emphasize the benefits of 
implementing severe environmental standards, such as LEED certifica
tion, on industrial operations, resulting in a more sustainable and 
ecologically responsible manufacturing industry. The key findings are 
recommended below-

✓ Resource efficient practices in effluents treatment reduce 
environmental impact, for example, LEED-certified factory perfor
mance overweigh non-LEED-certified ones; factories A and B have 
shown greater potential than factory C

✓ Identified environmental standards of water quality manage
ment i.e. filtration, purification, sedimentation, clarifiers, and coagula
tion for case factories A and B.

✓ Empowering workers and stakeholders in the supply chain 
through education, training, workshops, and technical upskilling can 
enhance sustainability efforts.

✓ Incentives for green technologies and regulations on waste 
management can encourage businesses to adopt more sustainable 
operations

5. Research implications and future directions

This research highlights the critical role of wastewater management 
in advancing environmental sustainability within textile manufacturing. 
It highlights the practical importance of LEED certification, especially 
the acquisition of specific credits like sustainable practices in improving 
wastewater management through a range of aspects in the textile sector. 
By emphasizing these specific credits, LEED-certified factories are 
incentivized to adopt sophisticated wastewater treatment systems that 
diminish potable water consumption and facilitate the on-site reuse and 
recycling of treated water. These practices correspond with sustainable 
industrial operations, resulting in enhanced environmental performance 
and adherence to regulatory standards. The incorporation of these 
particular LEED credits into manufacturing processes provides a tar
geted guidance for producers seeking to implement sustainable prac
tices, thus advancing the overarching objectives of environmental 
stewardship and resource conservation. This research elucidates the 
impact of environmental certifications, specifically LEED, on sustainable 
operational practices within resource-intensive sectors such as textiles. 
This study enhances environmental management theories by demon
strating how voluntary standards can affect organizational behavior and 
promote ecological innovation through specific credits. It indicates that 
both regulatory and non-regulatory mechanisms, such as green building 
certifications, adopt diverse strategic approaches to implement more 
sustainable practices. This research empirically validates the connection 
between certification status and enhanced wastewater management 
outcomes, thereby advancing the discourse on certification-driven 
environmental performance. These findings illustrate that certifica
tions serve as strategic instruments for environmental compliance, 
performance benchmarking, and corporate legitimacy within global 
supply chains, thereby enriching environmental sustainability theory. 
By examining LEED-certified facilities, it underscores the potential of 
green certifications to drive improved effluent treatment and water 
quality practices. Future research should explore scalable, cost-effective 
wastewater technologies and assess their adoption across diverse 
manufacturing contexts. Comparative studies between certified and 
non-certified factories can further clarify best practices. Additionally, 
integrating digital monitoring tools and circular water systems presents 
promising directions. Strengthening policy frameworks and industry 
incentives will be essential to align wastewater management with 
broader Sustainable Development Goals (SDGs).

6. Conclusion

According to the investigation of parameters associated with water 
quality in textile effluent treatment across LEED-certified facilities, 
various recommendations may be made for the future application and 

Fig. 14. pH value of effluent.

Table 13 
Summary of the key findings.

Parameters Factory A (Platinum LEED) Factory B (Gold LEED) Factory C (Non LEED) Key Findings

Before ETP 
treated (mg/L)

After ETP 
treated (mg/L)

Before ETP 
treated (mg/L)

After ETP 
treated (mg/L)

Before ETP 
treated (mg/L)

After ETP 
treated (mg/L)

COD 138.49 53.15 310.83 99.29 521.65 263.59 Organic materials can be completely oxidized 
to CO2 chemically for factories A, B

DOi 3.7 5.3 3.3 5.2 1.3 2.7 Aquatic species can survive in Factory A, B 
whereas hardly sustain and grow in Factory C

DOf 2.5 3.5 2.2 2.9 1.9 2.4 Aquatic species can rarely survive and grow 
over there.

BOD 1.2 1.7 1.1 2.3 0.6 0.3 Poor BOD value due to lower DOf, degraded 
the water quality

TDS 1498 619 1897 822 2901 1462 Water turns turbid due to dissolved solids
TSS 667 214 849 390 1110 636 Restricts aquatic animal mobility and harms 

soil nourishment.
Turbidity 95.2 10.3 374.7 42.1 581.8 86.8 Water becomes hazy and none can sustain 

there
pH 8.12 7.6 8.26 7.45 10.76 9.06 Disrupt soil fertility and drainage systems
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enhancement of wastewater treatment in the textile industry. 
Leveraging best practices from factories A and B can serve as a model for 
other companies, particularly those that are not LEED-certified. Imple
menting sophisticated treatment methods, such as biological treatment 
and improved oxidation processes, may enhance organic matter removal 
while also increasing overall treatment efficiency. Furthermore, regular 
monitoring and refinement of treatment procedures are required to 
maintain consistent compliance with environmental legislation and 
sustainability objectives. Special consideration should be given to those 
who are not LEED-certified for real-time monitoring systems. This could 
allow firms to discover areas for improvement and optimize treatment 
processes for optimal efficiency and efficacy. Furthermore, investing in 
R&D activities to persuade the majority of textile factories to obtain 
certification from a globally recognized agency could build a culture of 
sustainability practices. This can foster a shared commitment to 
decreasing the environmental footprint and encouraging good industrial 
practices. This study highlighted several limitations to environmental 
sustainability, particularly for non-LEED certified enterprises. This is 
due to few key sustainability requirements imposed by LEED-certified 
manufacturers, which have a substantial influence on areas such as 
energy efficiency, water conservation, waste reduction, and interior 
environmental quality. Non-LEED certified firms lack strong sustain
ability requirements and may use old, inefficient methods that lead to 
increased pollution, waste, and resource depletion. These are the major 
reasons why non-LEED certified enterprises should implement extensive 
sustainability measures to maintain long-term environmental and eco
nomic viability.
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