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ABSTRACT

This paper deals with the environmental impact of effluents released by denim garment
washing factories in Bangladesh. Both untreated and treated effluent samples were collected
from five denim washing factories identified as representative cases and were subjected to
chemical testing as a part of the case study. The results were compared against the acceptable
limits of parameters-chemical oxygen demand (COD), dissolved oxygen (DO), biochemical
oxygen demand (BOD), total dissolved solids (TDS), total suspended solids (TSS), the
potential of hydrogen (pH) and color. Findings show that COD and BOD values are well within
the acceptable limit in all of the factories studied but only 20% of the factories could achieve
acceptable DO levels. Around 40-60% of the studied washing factories showed evidence of

improved filtration systems for TDS and TSS values, but only 40% of factories produced clear
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wastewater. 60% of the factories met an acceptable pH level of 6-8 before releasing their
effluent to the environment. The study reveals the technical limitations of effluent treatment
practices of the denim garment washing factories in Bangladesh. The findings will appeal to
all stakeholders, including academics and researchers, to give serious attention to reducing
environmental impact of industrial garment washing process. They will help industry
practitioners with more comprehensive information to take strategic action in making denim

garment washing factories in Bangladesh more sustainable.

Keywords: “Denim garments, washing factories, effluents, chemical tests, environmental
sustainability.”

1.0 Introduction

The fashion industry is considered as the second highest polluting industry after oil, accounting
for nearly 10% of global CO: emissions and approximately 20% of waste generation
(UNCTAD, 2019). Bangladesh's textiles and apparel industry is an important sector for the
socio-economic development of the country, and also considered as a key global fashion
supplier (Islam et al., 2020). Bangladesh is the world's second-biggest exporter of clothing
after China and its apparel export generates above 84 % of its foreign income (Mohammad
Ishaque, 2019). While the apparel industry earns the lion share of export earnings for
Bangladesh, its textile and apparel washing industry is considered the major industrial waste
generator (Hossain, 2019) due to the use of a very high amount of water and chemicals. Textile
wastewater contains oil, grease, caustic soda, glauber salt, ammonia, sulphide, lead, heavy
metals, etc. (Muthukumarana et al., 2018). These elements control the parameters like
Chemical Oxygen Demand (COD), Dissolved Oxygen (DO), Biochemical Oxygen Demand
(BOD), Total Dissolved Solids (TDS), Total Suspended Solids (TSS) and, Potential of
Hydrogen (pH) (Hossain et al., 2018). Denim apparel production process involves a series of
mechanical and chemicals of treatments. Washing is an important process which is done after
the assembling stage to add values, modify the appearance, and feel of the garments (Solaiman
et al., 2015). The application of dry treatments (e.g. sandblasting, hand sanding, whiskering,
tagging, grinding, destroying, potassium permanganate (PP) spray, colour spray/sponging)
(Kan, 2015), and wet treatments (e.g., normal wash, pigment wash, caustic soda wash, stone
wash, enzyme wash, bleach wash) are pretty common in denim garment manufacturing

(Choudhury, 2017).



There are 30 denim garment washing factories in Bangladesh, with a total investment of over
USD 834 M (Nayeem, 2015). Experts predict that Bangladesh will become an unavoidable
destination for sourcing denim garments because of its strong production capacity of a vast
garment volume at a competitive price (Hasan, 2018). Bangladesh's economic emancipation
largely depends on the textiles and RMG sector, despite many barriers and challenges (Islam
et al., 2013). The sector is recognised as strategically vital for the socio-economic
development of the country including industrialisation, job creations, economic accelerations
etc. (Rasel et. al, 2020). Unfortunately, denim garment processing factories have significant
impact polluting the nearby environment through unsustainable practices (karthik and
Gopalakrishnan, 2014). Research estimates that by 2021, Bangladesh will be producing
approximately 2900 M kg of fabric, which will generate 349 M m® of wastewater (Hossain,
2019).

The denim washing factories in Bangladesh are substantially producing a large amount of
effluents and sludge (Selim, 2018). They are responsible for environmental and health hazards,
corrosion of sewer lines, groundwater pollution, and large capital investment in mitigating
multidimensional negative impact (Periyasamy et al., 2017). In 2016, textile factories in
Bangladesh generated almost 217 M m?® of wastewater containing different pollutants. The
production of wastewater may cross 350 M m> by 2021 (Hossain et al., 2018). Therefore, it is
essential to quantify effluents released by denim washing industry to devise effective solutions
for the mitigation of environmental problems. To our knowledge, there are inadequate studies
that focused specifically on determining the quality of discharged effluent from the denim
garments washing plants in Bangladesh. Therefore, this study investigates the quality of both
untreated and treated effluent from denim washing factories and quantifies accordingly. The
specific objective of the research is to investigate the quality parameter of effluents in terms of
COD, DO, BOD, TDS, TSS, Turbidity and pH values of wastewater, quantify and compare
them against government-prescribed standard levels of those parameters, and propose useful
solutions for Bangladesh denim washing industry practitioners to adopt sustainable practices

in terms of effluents treatments and management.
2.0 Literature review
2.1 Denim and its impact on the environment

The fashion industry thrives for new diversified products to which fashionable denim apparels

through diverse finishing techniques are important inclusions (Khan et al., 2020). Denim is
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considered one of the oldest fabrics in the world that remains trendy until today and has
undergone significant development, innovation, and variations. Since its inception, it has been
conventionally produced from 100% cotton, but the different production process variations

have evolved (Fig. 1), making denim garments fashionable.
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Fig. 1: Typical denim fabrics manufacturing processes

Textiles and apparel, including denim manufacturing, have a significant environmental
impact in the life cycle stages, among which washing stages contribute significantly (Khan
and Islam, 2015). A Greenpeace report (2016) says that for producing 2 G pairs of jeans,
factories need about 1700 M kg of different chemicals and 11.4 G litre of water. The
production process releases carbon dioxide and different wastes in liquid and concrete
forms (Greenpeace, 2016). Denim wet finishing causes 80% of effluents discharged into

local water sources responsible for health, environmental, and climate-related hazards.

Research note that consumers are shifting buying intentions towards the products that are
manufactured in eco-friendly ways (Sobuj at el., 2020). Consumption rate for the fashion
product is increasing globally that requires more natural resources. Study by Jamy retrace
(2020), reveals that approximately 2.3 G jeans will consume about 11,000 liters of water,
travel 65,000 kilometers in the earth, and have a significant environmental impact at
different stages. However, figure 2 shows the environmental impact of a typical pair of jeans

in the life cycle stages.
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Fig. 2: The life cycle impact of a pair of jeans- adapted from Levi & Strauss (2015)

As mentioned earlier, in order to impart worn out or used look to denim garments, they are
subjected to different types of wet industrial processes (Hossain et al., 2017). Normal wash,
enzyme wash and potassium permanganate spray are widely used among them (Choudhury,
2017). The reductive stripping process etc. also considered as viable wet processing approaches
that contributes to the modifications of apparel properties (Uddin et al., 2015). These washing
techniques are responsible for generating a significant effluent volume containing different
chemical residues. The discharged chemicals affect air, water, and soil and cause severe injury
and even death to human and aquatic animals (Greenpeace, 2016). Their water system presence
causes hindrance to light penetration to the lower depth of water, thus preventing
photosynthesis in aquatic plants, which has increased the toxicity levels in the aquatic

ecosystem (Mani et al., 2018).
2.2. Effluent characteristics and acceptable limits

The effluent discharged by textile mills, including denim garments washing plants, is a source
of high COD, BOD, TDS, TSS, Turbidity etc. of the water and contains both organic and
inorganic compounds out of standard range (Kabir et al, 2019). When such wastewater is mixed
up with a freshwater source, it will increase toxicity (Senthil and Gunasundari, 2018) that can
cause skin diseases, including dermatitis, liver damage, and kidneys carcinogenic problems
(Dadi et al., 2016). If eco-friendly dyes and chemicals are used widely in the finishing
processing of garments, environmental pollution could be minimized to a greater extent (Khan

et al., 2014).



Bangladesh's government has set an effluent treatment policy for textiles and garments, and
issued specific acceptable wastewater parameters before releasing it to the open environment
(Table 1). However, the accepted values differ from country to country by the atmosphere's
distinct natures (such as soil, water, temperature, etc.), operation types, and final destination of
release (Table 2). For example, US and China do their best practices and set parameters
compared to other listed countries (Table 2). However, the parameters approved by the

Bangladeshi government are found competitive with other Asian countries (Table 2).

Table 1Wastewater parameters set by the Government of Bangladesh (Guide for Assessment

of Effluent Treatment Plants’, 2008)

Parameters Accepted and Grading
Approved by Excellent Good Range  Poor Range
Government of Range
Bangladesh
COD (mg/L) 200 <100 100-200 >200
DO (mg/L) 9 >9 5-9 <4
BOD (mg/L) 50 <10 10-20 >30
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
Table 2 Standard parameters for wastewater for some key textiles and apparel

manufacturing countries (Guide for Assessment of Effluent Treatment Plants’, 2008)

Parameter EU uUs China India Pakistan  Bangladesh
pH 6-9 6-9 6-9 6-9 6-10 6-9
COD (mg/L) 160 100 100 156-400 150 200
BOD (mg/L) 30 30 25 80-250 80 50
TSS (mg/L) 30 30 70 200 150 150

2.3. Impact of effluents

Industrial effluent and other discharges are a great concern for the environment and can have

detrimental effects.



iii)

Water Pollution: The polluted wastewater from industry has become a severe threat
for the aquatic ecosystems, including death risks. (Kanan et al., 2014).

Soil Pollution: The agriculture system and local vegetation get affected by effluents
causing chronic health issues since soil gets polluted while being in contact with
wastewater (Madhav et al., 2018)

Air Pollution: Air pollution increases various illness and affects daily basis. The
toxic gases are released to the environment by small, mid, and large scale factories,
causing health hazards for the people (Kanan et al., 2014).

Wildlife Extinction: Industrial pollution severely causes wildlife extinction,
sacrifices of the lives of habitants, and it becomes harder to recover from each
natural disaster (Madhav et al., 2018).

Global Warming: Global warming has been increasing since pollution is increasing
by the industry. The release of smoke and greenhouse gases causes global warming,
responsible for the melting of glaciers, extinction of polar bears, floods, tsunamis,

hurricanes, etc. (Singh and Tiwari, 2019).

2.4. Effluent treatment and chemicals used

Figure

3 shows effluent processing flow chart of an effluent treatment plant (ETP). The

following chemicals are used to treat wastewater in an ETP (Wang et al, 2008).

v

v
v
v

<\

H2S04: dispensed in the neutralization tank to neutralize the pH of wastewater
Polyelectrolyte: coagulates/sediments the sludge and also kills bacteria

Antifoaming Agent: reduces/controls foam formation

De-colorant: applied in the sedimentation feeding tank for removal of colouring
material.

Sodium Hypochlorite: used in the biological oxidant tank to kill harmful chemicals
Aluminium Sulphate: generally purifies the wastewater by reacting with chemicals and
produces antigens that break down hazardous and water-insoluble chemicals

Polymer: coagulates solid dirt, works in diluted water to free materials from suspension.
Sodium Hydroxide: works as pH stabilizer, metal precipitant and alkaline cleaner
Ferric Chloride: It is used to corrosive chemicals and removes the metal substance from
waste that is highly prone to harm the environment and living being.

Hydrochloric Acid: Elevates the pH level of effluents.
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3.0 Research Methodology

A case study was conducted on the existing denim garment washing plants in Bangladesh.
Effluent samples from five (05) different denim garment washing factories (approximately
17% of the total) sampled as A, B, C, D and E, were collected. The factories were performing
normal wash, enzyme wash and P.P. spray to the denim garments during that time in line with
research design. Factories were located in different areas of Bangladesh. Table 3 shows the

case factories' general specifications, washing capacity and type of wash they perform.

Table 3 Sample studied factories with washing capacity and type of washes they perform

Factory Factory  Types of denim garment wash
Name  Capacity,

pcs/day
A 300,000 Laser fading, sandblasting, hand sanding, whiskering, tagging, grinding,
destroying, potassium permanganate (PP) spray, normal wash, pigment wash,
caustic soda wash, stone wash, enzyme wash, bleach wash
B 40,000 Whiskering, potassium permanganate (PP) spray, normal wash, pigment wash,
stone wash, enzyme wash, bleach wash
C 60,000 Whiskering, tagging, grinding, destroying, potassium permanganate (PP)

spray, normal wash, pigment wash, caustic soda wash, stone wash, enzyme
wash, bleach wash

D 15,000 Whiskering, potassium permanganate (PP) spray, normal wash, caustic soda
wash, stone wash, enzyme wash.




E 120,000  Ozone Fading, sandblasting, hand sanding, whiskering, tagging, grinding,
destroying, potassium permanganate (PP) spray, normal wash, pigment wash,
caustic soda wash, stone wash, enzyme wash, bleach wash

The inlet ETP wastewater samples consisting of normal wash, enzyme wash, and PP spray

were collected. A brief description of them each of these processes is presented below.

Normal Wash: The purpose of normal wash is to remove soils, dust, dirt and stains from the
garments’ surface. The wash starts with the direct application of detergent and softener in hot
water in the washing tank. Then the garments are rinsed with plain water and dried in a tumble
dryer. The temperature of washing, detergent, and softener ratio is adjusted as per types of

fabrics and origin of fibres (Choudhury, 2017).

Enzyme Wash: The application of enzymes breaks cellulosic materials (known as sizing
materials applied on warp yarns before weaving) from the fabric's surface and removes them
during washing. Depending on the types of fabrics, liquid and dry enzymes are applied. The
temperature of the washing bath lies between 40°C and 70°C. Very high or low temperature
stops the functioning of enzymes. The rest of the enzyme washing processes included final

rinsing and softening and then followed by hydro-extracting and drying (Hossain et al., 2017).

Potassium permanganate (PP) Spray: PP whitens the background indigo color shade when
applied by spraying or brushing on the garments' desired area. The garment is mounted on
dummy according to their sizes and shapes, followed by spraying and neutralization. The

concentration of PP depends on the requirements of fading effects (Dakuri et al., 2013).
3.1 Collection of effluent samples

Both untreated and treated effluents were collected in glass containers and coded, as presented
in table 4. The untreated effluents were collected from the equalization tank of ETP plant, and

treated effluents were collected at the plants' releasing point after treatment.



Table 4 Sample coding from different factories.

Factory  Untreated Treated

Codes Effluents Effluents Note: The factories had shown reluctance to

expose their names and data due to privacy or
A Ay As other compliance-related issues. The effluent
B B, B samples from denim garment processing factories
C Ci (@) have been named A, B, C, D, and E. These
D Dy D, factories were conducting normal wash, enzyme
E Ei E> wash, and P.P. spray during the time of sampling

as per research design.

Fig. 4: Samples collected from different denim garments processing factories
3.2. Preparation and preservation of effluents for test

The samples were preserved in a refrigerator at around 4° C and tested within 24-60 hours of
collection for effluent analysis. The ratio of normal wash, enzyme wash, and P.P. spray was
unknown since generated effluents passed directly to the ETP plant and released after

treatment. Parameters such as TDS, pH were determined soon after sampling.
3.3. Chemical preparation
The following chemicals were prepared before conducting the tests.

a) Preparation of 0.025N Sodium thiosulfate (Na2S203) 250 ml solution

The following formula (Eq. 1) was used to measure the weight of Na>S>O3, which was dissolved

in distilled water to make a solution of 250 ml.

molecular weight xNormality _ 248.2 x0.025
4

Formula = =1.5513 gm. Eq. (1)

b) Preparation of 0.5M Potassium lodide (KI) 200 ml solution

10



Eq. 2 was used to measure the weight of KI which was dissolved in distilled water to make a

solution of 200 ml.

molecular weight xMolality _ 166.0 X0.5
5 5

Formula = =16.6 gm. Eq. (2)

¢) Preparation of 0.5M Manganese Sulfate (MnSO4) 200 ml solution

The following formula (Eq. 3) was used to measure the weight of MnSO4which was dissolved

in distilled water to prepare a solution of 200 ml.

__molecular weight xMolality _ 169.06 X 0.5
5

Formula =16.906 gm. Eq. (3)

d) Preparation of 0.02M Potassium per Manganate (KMnOQs4) solution

The following formula presented as Eq. 4 was used to measure the weight of KMnOswhich

was dissolved in 1000 ml distilled water to prepare a solution.
Formula = molecular weight X Molality = 158.034 x 0.02 =3.2 gm. Eq. (4)
e) Preparation of 0.05M Ammonium Oxalate (C2HsN204) solutions

The following formula (Eq. 5) was used to measure the weight of CoHsN>Oswhich was

dissolved in 1000 ml distilled water to prepare a solution.
Formula = molecular weight X Molality = 124.096 X 0.05 =6.2 gm. Eq. (5)
f) Preparation of 1% (w/v) of starch solution

1 gm starch powder was dissolved in 10 ml of distilled water, then boiled until its colour turned

watery, and then cooled.

3.4 Methods of Testing
a) Determination of COD value of wastewater (Winkler method)

Chemical oxygen demand (COD) values were measured according to ISO 6060, 1989 standard
(ISO 6060, 1989) (Fig-5). According to the titration's obtained value (Winkler titration), COD

value was measured by using the following formula (Eq.6).
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_ Titrant values Concentration of PP molecular weight X 10 X 4 X 16 X1000

7500 mg/L. Eq. (6)

Sample preparation for COD test Sample boiled in a water bath

Fig. 5: Sample preparation and testing of COD values of water

b) Determination of Dissolved Oxygen (DO) value of wastewater

According to ASTM D888 (ASTM D888-18), known as Winkler titration (Carpenter, 2006)
method, DO values were measured (fig. 6). Each sample was tested accordingly and used the

following formula (Eq. 7) to calculate DO of effluents.

Dissolved Oxygen (DO) = ml of 0.025M Sodium thiosulphate (Na2S>03) added x 2. Eq. (7)

Sample preparation for DO Test Samples after titration

Fig. 6: Sample preparation and testing of DO values of water

12



¢) Determination of BOD Value of wastewater

Wastewater (approximately 300 ml) was taken to a BOD bottle and kept for five days in a dark
place. After five days, a similar procedure has been carried out to determine the final DOy
(Holenda et al., 2008). The differences between the final DOy and the initial DO; indicate the
BOD values of wastewater (fig.7). The standard method for BOD measurement is 5210
(Gooch, 2011).

Formula-related: as such, BOD = [DO; — DO¢| x D.F. Eq. (8)

Volume of waste water + Dilution water 300 + 0 __

1

D.F. = Dilution Factor =

Volume of wastewater 300

DO; = Initial Dissolved Oxygen
DOr = Final Dissolved Oxygen

Samples preparation for Final DO Test Samples after titration after 5 days

Fig. 7: Testing of DO values (Final) of water after 5 days

a) Determination of Total Dissolved Solids (TDS) of wastewater

According to ASTM D5907 method (ASTM D5907, 2018) the TDS values of effluents were
measured (Eq. 9) (fig. 8).

TDS = Dried wt. of the beal;(:)r —Wt. of the beaker %1000 x 1000 mg/L. Eq. (9)

13



Fig. 8: Total Dissolved Solids (TDS) determination from effluents

b) Determination of Total Suspended Solid (TSS) of wastewater

Total suspended solid values were measured by ASTM D 5907 (ASTM D5907, 2018) method
(Dramais et al., 2018) using theEq.10.

TSS = Final dried wt.of filter paper — Initial wt.of filter paper %
Initial wt.of filter paper

10 x 1000 mg/L. Eq. (10)

¢) Determination of Turbidity of effluents

According to ISO 7027 method (ISO 7027-1:2016), effluents' turbidity was measured in NTU
(Nephelometric Turbidity Unit). Here, the Lovibond tester was used to determine values

determined by scattered light at an angle of 90° (fig. 9) (World Healdth Organization, 2011).

O [ Display NTU Value’s ]

Scattered Light

Fig. 9: Principle of Nephelometric turbidity unit (NTU) of Lovibond Turbidity meter

14



d) Determination of pH of the wastewater

By using HANNA pH 211 microprocessor meter (Hanna Instruments, 2000), pH values were
measured (fig. 10) according to ASTM D1293 method (ASTM D1293-18).

Fig. 10: Hanna pH meter was used during pH test of samples
4.0 Results and Discussion

The resultant parameters obtained from the five factories' effluents were compared with the
standard values set by the Bangladesh government as presented in Table 1 in terms of COD,

DO, BOD, TDS, TSS, pH, and turbidity of the effluents.
4.1 Impact of Chemical Oxygen Demand (COD)

The COD value indicates the amount of oxygen required to breakdown organic matters (Akpor
and OTohinoyi, 2014). Higher COD value results in toxic and anaerobic water conditions, and
lower value can fully oxidize almost any organic compounds to CO2 with lower oxygen

consumption (Edokpayi et al., 2017).The acceptable value of COD is <300 mg/L.

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

Factory I Differences 2nd Differences Average COD
Burette Burette differences value
reading reading (mg/L)

Al 252 - 1.4 26.6-28.2 1.6 1.5 19.20
26.6
A 28.2-29.9 1.7 29.9-31.7 1.8 1.8 23.04
B, 31.7-33.1 1.4 33.1-34.6 1.5 1.5 19.20
B: 34.6-36.3 1.7 36.3-37.9 1.6 1.7 21.76
Ci 37.9-40.7 2.8 40.7-43.3 2.6 2.7 34.56
C 25.0-26.8 1.8 26.8-28.5 1.7 1.8 23.04
D 28.5-29.9 1.4 29.9-31.3 1.4 1.4 17.92
D 31.3-333 2.0 33.3-35.6 2.3 2.2 28.16
E 35.6-38.8 3.2 38.8-41.7 2.9 3.0 38.40
E» 41.7-43.9 2.2 43.9-46.2 2.3 2.3 29.44

15



Table 5 shows the total test values stepwise with detailed calculations i.e. the titrant value of
the effluent. The burette reading differences indicate the required amount of potassium per
manganite solution for the effluents to turn into light pink color during titration. We conducted
titration twice and taken the average value to calculate the final results. It shows that detergents,
softeners during processing, and impurities in the denim garments contribute to the COD

values.

45 - Excellent < 100 mg/L
Good = 100-200 mg/L
40 - 38.4 Poor>200 mg/L
34.56

35 A

" 28 16 29.44
23.04
25 - 23.04 21.76 m Before treated
19.2 19.2
20 - 17.92 H After ETP
treated
15 4
10
5 -
0 - - - '

Factory A Factory B Factory C Factory D Factory E
Wastewater samples

COD values, mg/L

Fig. 11: Impact of COD values of wastewater

We found comparatively lower COD values in each case due to the non-toxic and non-
hazardous dyes and environment-friendly wash chemicals used in the particular washing
process. Therefore, chemical and organic matters are properly oxidized to CO2 from the
wastewater samples (Figure 11) and not degrading water quality. However, the investigation
revealed fluctuated values over the factories A, B and D. The reason behind are (i) the presence
of potassium dichromate or potassium per manganite and (ii) delay of the treatment process
which have oxidised to KMnOg4 (although it is a strong oxidant) that deteriorate the COD
values. To sum up, all (100%) of the factories under scrutiny have ensured excellent COD
values having less affect to the aquatic animals, plants, growth of microbial and plankton,

human being and so on.

16



4.2 Impact of Dissolved Oxygen (DO)

A healthy DO level ensures a balanced ecosystem for the survival of fish, invertebrates,

bacteria and underwater plants (Priyanka and Sujata, 2014). The standard value is 9 mg/L and

above; below 4 mg/L aquatic species can hardly sustain (Edokpayi et al., 2017). Moreover, DO

value changes from 1 mg/L to 20 mg/L at the time of diffusion, aeration, photosynthesis,

respiration and decomposition. Table 6 has shown the initial DO (DO;) values of tested

effluents.

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

Factory I Difference | 2" Burette | Difference Average DO; =ml of

Burette reading Difference | 0.025M Na,S,03
reading added x 2

Al 11.0-11.7 0.7 11.7-12.2 0.5 0.6 1.2

A 12.2-13.5 1.3 13.5-15.1 1.6 1.5 3.0

B, 15.1-16.9 1.8 16.9-18.8 1.9 1.9 3.8

B 18.8-21.3 2.5 21.3-24.0 2.7 2.6 52

Ci 24.0-24.6 0.6 24.6-25.1 0.5 0.6 1.2

C 25.1-26.3 1.2 26.3-27.4 1.1 1.1 2.2

Dy 27.4-28.1 0.7 28.1-28.7 0.6 0.7 1.4

D» 28.7-30.5 1.8 30.5-32.2 1.7 1.7 34

E; 32.2-33.3 1.1 33.3-34.5 1.2 1.2 2.4

Ey 34.3-36.3 1.8 36.3-38.1 1.8 1..8 3.6

The effluents turn into watery colour after titration. The burette reading differences indicate

the amount of sodium thiosulphate (Na>S>03) required to turn the effluents to watery color

(Table 6). Average titrant values were taken to determine the DO level in the wastewater. The

grading scale in figure 12 indicates only factory B having achieved the standard DO level, i.e.,

only one fifth (20%) of the factories under observation. The faulty (i) diffusion, aeration, and

decomposition, (ii) inaccurate addition of calcium peroxide, and (iii) re-oxidation of potassium

permanganate are responsible for the deteriorated DO value even after ETP treatment. These

factors enhance the faster growth of bacteria and micro-organisms since partial or no

photosynthesis takes place. Eventually, the water turns toxic and deteriorates the quality of

neighbouring water sources.
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Fig. 12: Impact of DO values of wastewater

4.3 Impact of Biological/Biochemical Oxygen Demand (BOD)

The amount of DO required by aerobic microorganisms during the decomposition of organic

matter is known as BOD of water. The presence of active microbial, plankton, etc. consume
dissolved oxygen over time. So, the amount of DOt (i.e. final dissolved oxygen) degraded and
is always lower than DO; (i.e. initial dissolved oxygen). As a result, water becomes toxic and

converts to dead zones for aquatic plants, algae photosynthesis, and diffusion (Akpor and

oTohinoyi, 2014). Generally, the allowable concentration of BOD is 10 mg/L for direct release

to the environment. However, it largely depends on the Dissolved Organic Carbon (DOC),

Particulate Organic Carbon (POC) and Total Organic Carbon (TOC) value of water. The

following Table 7 indicates the DOt values, and table 8 indicates BOD values.

Table 7 Final DO test table for wastewater samples after five days (DOyx)

Factory I Difference 2nd Difference Average DO¢=2 %
Burette Burette Difference Difference
reading reading

Ay 9.0-9.9 0.9 9.9-10.6 0.7 0.8 1.6
A 10.6-11.9 1.3 11.9-12.9 1.0 1.15 2.3
B, 12.9-13.5 0.6 13.5-14.3 0.8 0.7 1.4
B> 14.3-15.8 1.5 15.8-17.4 1.6 1.5 3.1
Ci 17.4-18.0 0.6 18.0-18.5 0.5 0.5 1.0
C 18.5-19.3 0.8 19.3-20.1 0.9 0.8 1.6
D, 20.1-20.8 0.7 20.8-21.4 0.6 0.7 1.4
D, 21.4-22.9 1.5 22.9-24.6 1.7 1.6 3.2
Ei 24.6-25.5 0.9 25.5-26.6 1.1 1.0 2.0
Es 26.6-28.0 1.4 28.0-29.3 1.3 1.3 2.6
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Bacteria and micro-organisms consumed almost 50% of dissolved oxygen at five days period

(Table 7). The poorer TDS and TSS value have generated turbidity and hampered oxygen

generation. As a result, higher toxicity in water was obtained for which no aquatic life can

sustain there.

Table 8 BOD table from initial and final DO calculation

Before ETP treated After ETP treated
Factory | DO DO¢ BOD = DO; | DO«(Final | BOD = (DO;
(Initial | (Final | (DO;—DOy) | (Initial DO) —DOy) x
DO) DO) xD.F. DO) D.F.
A 1.2 1.6 0.4 3.0 2.3 0.7
B 3.8 1.4 2.4 5.2 3.1 2.1
C 1.2 1.0 0.2 2.2 1.6 0.6
D 1.4 1.4 0.0 34 32 0.2
E 2.4 2.0 04 3.6 2.6 1.0

[Note: DO; = Initial DO value, results took from table 5 and DOy from table 6]

3 -
Excellent <10 mg/L
24 Good = 10-20 mg/L
2.5 1 : Poor > 30 mg/L
2.1

2 -
=
D Before ETP treated
g After ETP treated
g 1.5 4
=
g

1
8 11
/M 0.7
0.6
05 4 04 0.4
0.2 0.2
0
0 T T T T 1
Factory A Factory B  Factory C  Factory D  Factory E
Wastewater samples; before and after ETP treatment

Fig.13: Impact of BOD values of wastewater

The presence of oxygen-consuming organisms reduced DO value with time (Figure 13)

although BOD value was found under acceptable range (<10 mg/L). However, lower oxygen
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hampered the photosynthesis and turned to dead zones for aquatic, algae, and others. Thus, it

indicates the supplementary wind and wave’s action to be deficient during ETP treatment.

4.4 Impact of Total Dissolved Solids (TDS) values

TDS depends on organic (carbonates, nitrates, bicarbonates, chlorides and sulphates, which are
anions) and inorganic (calcium, potassium, magnesium, and sodium) cations) chemicals
present in wastewater/effluent. This mainly increases toxicity to water through increasing in
salinity and changing in ionic composition. A higher TDS value leads to turbid and causes
various diseases to aquatic plants, fisheries. living there (Hussain and Rao, 2013). Table 9
describes the stepwise calculated values to measure total solids' quantity in dissolved

conditions in effluents.

Table 9 Data table of TDS values of wastewater samples after the test

Wt. of the Dried wt. of | Differences, | Tpg=W2-WL
Factory | beaker, Wi gm. | the beaker, Wo-Wi 1000 x 1 0026) mg/L
W, gm.

A 109.1 109.152 0.052 2600
A 101.62 101.653 0.033 1650
B: 103.0 103.0382 0.00382 1910
B> 103.90 103.923 0.023 1150
Ci 108.828 108.898 0.07 3500
C 101.055 101.059 0.004 200
D, 102.92 103.014 0.094 4700
D> 103.554 103.578 0.024 1200
E, 101.632 101.682 0.05 2500
E» 101.962 101.996 0.034 1700
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Fig.14: Impact of TDS values of wastewater

The effluents have shown great potentiality to turn into pure conditions after ETP treatment
(figure 14). Unfortunately, only Factory C met the standard TDS value, which is only 20% of
Bangladeshi denim washing factories under the observation. Inorganic salts and minerals such
as calcium, magnesium, potassium and sodium were not properly removed or purified at ETP
treatment causing the haziness of water which hinders the free movement of aquatic species,
spreads bad odour to the surrounding and increases higher level of salinity. Besides, oxygen

generation for photosynthesis may disrupt since light cannot reach to the lower depth properly.
4.5 Impact of Total Suspended Solids (TSS) value

The organic and inorganic matters in effluents clog together as suspended solids which are
removed through screening, filtration or settling/flotation. These large particles absorb light in
a significant amount, decrease oxygen level, increase water temperature and turbidity level.
According to the National Pollutant Discharge Elimination System (NPDES), TSS level should
be less than 200 mg/L (Gaba, 2007). The data in Table 10 shows the stepwise calculated values
to measure the amount of suspended solution in the water. Moreover, a comparative analysis

of TSS values of wastewater both before and after ETP treatment has shown in figure 15.
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Table 10 Data table of TSS test result of effluents

Factory | Before wt. of After dried wt. of | Differences | Tgg = W2-W1
filter paper, Wi filter paper, W» Wo— W, %10 x 1‘6"010
gm. gm. gm. mg/L
Ay 0.86 0.89 0.03 350
A 0.87 0.885 0.015 175
B: 0.87 0.912 0.042 485
B> 0.87 0.896 0.026 300
Ci 0.87 0.908 0.038 440
C 0.87 0.897 0.027 310
D, 0.86 0.902 0.042 490
D, 0.87 0.886 0.016 185
E, 0.87 0.924 0.054 620
E, 0.86 0.894 0.034 400

Excellent < 100 mg/L

700 - 620 Good =100-200 mg/L
Poor >200 mg/L
600 -
Before ETP treated
500 - 485 440 490 m After ETP treated

400 4 350

400
- 300 310
200 - 175 85
100 - III III
0 . . . .

Factory A Factory B Factory C ~ Factory D  Factory E

Total Suspended Solids, mg/L

Wastewater samples; before and after ETP treatment

Fig.15: Impact of TSS values of wastewater

Around 40% of denim washing factories (A and C) have met the standard TSS values after
ETP treatment, where others are out of range (Figure 15). The faulty sedimentation, clarifiers
and coagulation during ETP treatment are responsible for this outcome. This hinders the light
reaching the lower depth of water, obstructs photosynthesis, and infertile the soil by lowering

the nutrition.
4.6 Impact of Turbidity values

The effluents turned opaque, hazy, or muddy due to higher TDS and TSS in the water, which

resists the light reaching the lower depth, which is responsible for hindrance in photosynthesis,
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free movement and also diseases of aquatic life (World Health Organization 2017). Sometimes
larger particles scatter the light passing through the water. Standard turbidity for drinking water
is <1 NTU and wastewater is < 10 NTU. However, at 100 NTU, water becomes muddy, and
at 2000 NTU, water is completely opaque (World Healdth Organization, 2011).

Table 11 Data table for turbidity of effluents

Factory NTU’s Values
Before ETP treated effluents | After ETP treated effluents
A 87.10 5.50
B 177.0 18.20
C 21.50 6.98
D 508.0 19.10
E 248.0 25.50

At the initial stage, wastewater was found very turbid; only factory A and C could turn into
standard values (table 11). The faulty sedimentation, grit chamber, coagulation and filtration
during ETP treatment is supposed to be responsible for low turbidity. Besides, higher TDS,
TSS and pH value will be responsible for a significant threat to the respiratory system and free

movement of aquatic species in water.

4.7 Impact of pH value

The contamination of chemical or metal pollutants cause a low or high pH value of effluents
(Baldwin and Campbell, 2001). The pH of water depends mainly on temperature (Nyanti et al.,
2018), water flow, and chemical mixed up. Extreme alkalinity blocks metal pipes and corrodes
water carrying appliances, generates bad smells or tastes of the effluents. However, water's
acidity destroys water's nutrition and is unsafe to drink and makes the soil infertile (Dey and

Islam, 2015). Figure 16 illustrates the pH value both before and after ETP treatment.
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Fig.16: Impact of pH value of the effluents

Figure 16 reveals the alkalinity of wastewater except for factory B. Factory C and E have
extreme alkaline conditions. This is due to the improper addition of buffer solution during
neutralization treatment. The favourable conditions and nutrition supply flourish the growth of
microbial organisms that have consumed dissolved oxygen and hampered photosynthesis. It
will also be responsible for corrosion to metal that will hinder the flow of water. If the
wastewater of A, C, and E is released to the croplands, it will destroy the nutrition and turn the

soil infertile for cultivation.

4.8 Summary of the key findings

It is noticeable that the effluent parameters under observation exceeded the Bangladesh
standards, specifically in case of DO, TDS, TSS, and pH values. Analysis of the COD, DO,
BOD, TDS, TSS, pH, and turbidity of the effluents from denim garment washing factories
indicates the technical limitations of wastewater management to mitigate environmental
impact. The COD and BOD values of the effluents categorised as excellent for the factories
under observation are the eco-friendly dyes and chemicals used in the washing process. DO
values were recorded low for 80% factories and good for 20% factories respectively under
observation. Poor DO values will become a threat to aquatic species. Likewise, 80% and 60%
of the factories showed poor TDS and TSS values, respectively. It indicates that it will hinder
the aquatic animal movement and damage soil nutrition quality. The presence of higher TDS

and TSS in the water turned the effluents opaque, hazy or muddy. The improved filtration
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system, color removal and proper neutralisation were needed to achieve acceptable TDS and
TSS values. Turbidity values were not at satisfactory levels by most of the factories. Key
factors impacting low turbidity values are sedimentation, coagulation and filtration during ETP
treatment. Lastly, pH values were not at a satisfactory level for most of the factories. Proper
controlling of temperature, water flow and chemical mixing is necessary on which pH level
depends. To overcome the technical limitations of effluents management, proper controlling,
continuous monitoring and effective ETP, plant management is mandatory. Therefore, relevant
parties, including factory top management, middle management, workers, supplier, trainer,

government inspection team, and other stakeholders should work efficiently and proactively.

Table 12: Key summary of findings from the effluent tests

Parameters No. of factories in percentage
Excellent  Good Poor Comments
COD 100% X X Organic matters can be fully oxidized to
COschemically
DO 0% 20% (B) 80% Aquatic species can hardly sustain growth over
there
BOD 100% x x Excellent BOD value; but poorer DO; and DOy
degraded the water quality
TDS 20% (C) X 80% With the increase of water temperature turns
turbidity levels
TSS X 40%(A, D) 60% (B, Hinders the movement of aquatic animals and
C, E) damages the nutrition of the soil
Turbidity 40% (A, 60% (B, D, x Water turned turbid and responsible for water
O E) borne diseases
pH 20% (B) 40% (A, D) 40% Disrupt soil fertility and drainage systems
(C.E)

5.0 Theoretical and Industrial Implication

We claim this work to be novel regarding the effluent analysis of the garments washing industry
from Bangladesh contexts. Most research studies have covered effluent analysis from textiles
dyeing, printing and finishing processes with less focus in garment washing. The outcome of
this research will draw the decision-makers' attention, which will guide especially industry
practitioners and policy-makers for reforming existing effluents treatment policy and
management to achieve sustainable performances. Factories should trace the problems and
prepare a data bank on effluent treatment, which will guide themselves to upgrade overall
performance towards the sustainable approach. The critical areas that need attention in reducing
the denim industry's life cycle impacts can be identified through this approach. Besides, this

information can be used to explore sustainability measures and assess the feasibility of
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implementing such strategies to facilitate denim production and washing innovation. Thus, it
will help practitioners in denim manufacturing through eco-friendly wash processes in
Bangladesh that can compete with global market challenges in futures. Besides, research output

would be economically emancipative if the findings can be fully implemented.

Furthermore, the government, industry management and technologists can use these findings
to initiate and implement a viable action plan for formulating policies on promoting sustainable
denim production in Bangladesh. Environmental quantification can also encourage in
developing master-plan to produce eco-friendly products and systems through ETP treatment
practices and technologies. Moreover, the researchers and academics will get more scopes for
further research considering the Bangladeshi environmental sustainability and that of the other
countries. Besides, they will get strategic technical knowledge to work for other textile
processing units to determine the causes and remedies for implementing a model regarding

environmental sustainability while managing wastewater and effluent treatment.

6.0 Conclusions and Recommendations

The overall finding reveals the effluent quality scenario of the denim garments washing
industry from the quantified parameters and their potential environmental impact under study.
The findings show that the existing operations of filtration, purification, sedimentation,
clarifiers and coagulations cannot eliminate solids from the water. It indicates faulty diffusion,
aeration and decomposition that hinder light from reaching the lower depth of water causing
inferior DO and BOD values even after effluent treatment. Moreover, water remains turbid,
mostly due to the low functioning of the grit chamber. Finally, this study found faulty
neutralization treatment in the ETP plant that could not neutralize water's pH value to a

satisfactory level.

The vast amount of generated waste from apparel washing factories needs to be treated
appropriately; otherwise, the actual impact will be more severe and acute for the environment.
Indeed, many denim washing factories cannot keep the environment safe, which indicates a
low wastewater management policy by factory practitioners. Therefore, it is expected that the
washing phase of denim garments will result in a significant environmental burden for the
surrounding environment by producing significant amount of wastewater to be discharged

without proper effluent treatment. Environmental issues and subsequent impact of denim
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garments washing is on the rise, thus challenging the sustainability of denim industry.
Therefore, considering the effluent quality and the economic factors, strong regulations and
monitoring systems are needed to ensure sustainable denim production from the finishing
perspective. A strategic action plan with measurable outcomes regarding extraction of effluents
and sludge should be appropriately implemented. In this regard, the government, buyers and
industry practitioners should act more responsibly and if necessary, they should be motivated
or compelled to do so. In some cases, the government should seal, penalty and warn some

irresponsible factory management for operating the ETP plant in the faulty way.

This study has some limitations. The types of equipment, factory types, sludge content,
production process, chemical types, dyes content, etc. can vary effluents' characteristics. Thus,
we have limited the generalizability and adaptability of the result, and have focused only on
the key environmental impact. Moreover, cost analysis of wastewater treatment was not
possible because of the time limit to investigate economic and environmental interplay. A
detailed and section-wise investigation is necessary to identify the critical issues related to
effluents based on diverse washing techniques and released effluents. We recommend future
investigation on the running of ETP to identify why some values are within acceptable limits
and some are not in line with the findings. In the future, a comprehensive study is required by
bringing the overall denim washing factories under analytical studies in order to measure the
actual scenarios of environmental and health hazards. Wastage such as effluents and sludge
from knit-dyeing, woven-dyeing, garment washing, etc. are equally responsible for producing
hazards. Hence, a comprehensive investigation is needed to cover all the processes in the

upstream manufacturing stages if sustainable water resources practices are to be achieved.
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