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ABSTRACT

The textile dyeing industries discharge untreated effluent into nearby surface water bodies and introduce large numbers of inorganic, organic toxic
compounds containing suspended solids, color, etc., which pose a threat to use for irrigated agricultural lands and human health. The study aimed to
assess the irrigation water quality of textile dyeing industry effluent-contaminated canal water. The canal water samples were collected from several
locations, analyzed for various physicochemical parameters, and assessed for water quality using multivariate statistical analysis and several water
quality indices. The analysis results illustrated that the high levels of electrical conductivity (EC), total suspended solids (TSS), turbidity, Na+, NO3-,
PO43-, HCO3-, BOD, and COD in the wastewater samples exceeded the DoE-BD standard limits, indicating a higher level of pollution of the canal
water. Concerning heavy metal concentrations, Pb was found to be at a higher level in the water. Moreover, irrigation water quality indices such as
permeability index (PI), Kelly’s ratio (KR), sodium adsorption ratio (SAR), and magnesium adsorption ratio (MAR) were found to be higher than the
standard limits. The multivariate cluster analysis showed that the two clusters were found among the eighteen sampling sites that included heavily
contaminated sites. The discharge of industrial effluent into canal water has a detrimental effect on agricultural products. The study observed that the
canal water is not suitable for irrigation purposes, and thus the textile dyeing industrial effluent must be treated by installing an environmentally
friendly effluent treatment plant (ETP) before being dumped into surface water bodies, which will help reduce environmental pollution as well as
develop sustainable surface water resource management.

Keywords: Effluent; BOD; COD; Water quality indices; Physicochemical parameters; Statistical analysis.

1. Introduction

The textile industry has made a significant contribution to uplifting Bangladesh’s economic status. When
processing and finishing raw materials, these industries employ a range of chemicals and azo dyes (direct, reactive,
fast, mordant, premetallized, etc.). The textile industry typically utilizes enormous amounts of water throughout the
production process, and after the process is complete, contaminated liquids are discharged into sewers or drains
without any kind of pretreatment (Kant, 2012; Chindah et al., 2004; Islam, M.R., and Mostafa, 2018). Moreover, a
significant amount of wastewater containing untreated textile dyes is discharged into surface water bodies.
Undoubtedly, the direct release of contaminated water reduces soil productivity and negatively affects crop yield in
the surrounding agricultural areas (Islam et al., 2006; Islam, M.R., and Mostafa, 2020). Industrial wastewater,
or sewage water, is discharged into surface water bodies and used as irrigation water in some areas of Siddhirganj
Upazila in Narayanganj district. This irrigation water may pose a risk to human health and other applications if it is
not treated before being discharged into the environment. Untreated or insufficiently treated textile effluent can
have long-term adverse health effects and negatively impact the natural ecosystem, endangering aquatic and
terrestrial species (APHA, 2002). High levels of BOD, COD, color, toxicity, surfactants, turbidity, and possibly
heavy metals are all taken into consideration in the dye baths (Wynne et al., 2001; Shakil and Mostafa, 2021b).
Several inorganic and organic compounds, suspended particles, dissolved solids, etc., are present in the discharge
effluent. The canal water around the industrial zone is severely polluted and poses a huge threat to human health,
crop production, soil fertility, and the environment (Monira and Mostafa, 2023; Yusuf et al., 2004; AEPA, 1998).
Some of these may contain heavy metals, including chromium, copper, zinc, and mercury, while others may

contaminate water with oils, greases, and waxes (EPA, 1974; Monira et al., 2023). Gazipur and Narayanganj's
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textile dyeing industry regularly produces a significant volume of effluent sewage sludge. They eventually find
their way into the Turag and Shitalakkhya Rivers after being dumped directly into the nearby channel, agricultural
fields, irrigation canals, and surface water (Sultana et. al., 2009; Islam and Mostafa, 2021a; Islam and Mostafa,
2022a & b). This study aimed to evaluate the textile dyeing industry effluent-contaminated canal water for
irrigation purposes. The study considered the characterization of the canal water and assessed the degree of
pollution using several indices.

7 2. Materials and Methods
2.1. Study area

Narayanganj, the most well-known administrative district in Bangladesh, has been the center of
industrialization. Situated on the banks of the Shitalakkhya River. The study area is Siddhirganj, an administrative
area called Upazila in Narayanganj district, mostly recognized as an epicenter for the textile industry. The sampling
area is approximately located at 23°.66'424 North latitude and 90°.49'183 East longitude.

NARAYANGAN.
SADAR UPAZILA

[ A

Industrial Zone

- Industrial Zone
B  Agricultural Field
Bl Wastewater

Figure 1. Sampling Location map of the Study Area
2.2. Sample collection and preparation

The industrial wastewater effluents were collected from textile dyeing units in Narayanganj, Bangladesh, from
pre-monsoon 2022 to post-monsoon 2023. The samples were collected for analyzing the following parameters
(Tables 1 and 2). Special care was taken to reduce air, glassware, and reagent contamination during the overall
process of sample preparation and analysis. The methods and procedures used for data collection, preservation,
analysis, and interpretation are in accordance with APHA (2012) guidelines. The turbidity was measured with a

turbidimeter, and the pH, EC, and DO were measured with a portable multi-meter. Total dissolved solids (TDS) and
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total suspended solids (TSS) were measured using the gravimetric methods of analysis. The biological oxygen
demand (BOD) was assessed using the BODs method. Each sample was analyzed three times to ensure the precision

and accuracy of the measurements obtained.
2.3. Statistical analysis

By applying suitable data dimension reduction (Li et al., 2011), the data sets were statistically evaluated using
principal component analysis (PCA), Pearson's correlation, and hierarchical Cluster analysis (CA) to investigate the
quality of effluents and potential sources of different pollutants in the study area (Islam et al., 2023; Rahman et al.,
2017; Xiao et al., 2014). To show their average behaviors and dispersions, descriptive statistics were also produced,
such as the parameters' mean and standard deviation. SPSS software (version 20) was used for all statistical

analyses of the data.
2.4. Irrigation Water Quality Indices

The four most commonly used parameters for assessing irrigation water quality are sodium adsorption ratio (SAR),
EC or TDS, residual sodium carbonate (RSC), and concentration of certain ions such as Na*, HCOy, and CI’
(Michael 1992; Raghunath, 1987; Islam and Mostafa, 2021b). The following techniques were taken into
consideration for the current irrigation water quality assessment, with the exception of the other physicochemical
parameters (Islam and Mostafa, 2022; Monira et al., 2024):

Gupta (1983) expressed residual sodium bio-carbonate (RSBC) as:
RSBC = HCO3 — Ca?* (1)

Sodium adsorption ratio (SAR) value of irrigation water calculates the relative proportion of Na* to Ca®* and Mg**
(Alrajhi et. al., 2017) and according to Richards (1954), SAR is expressed as:

Nat

SAR = ——— 2)

Ca2++Mg2+
\J 2

Donen (1964) defined permeability index (PI) as:

+ —
Pl = —2 A% 900 )

T (Nat+ca?t+Mg?t)

Kelley’s ratio (KR) (Kelley, 1963) is described as:

Na*t
N @
Magnesium adsorption ratio (MAR) also recognized as a magnesium hazard was calculated (Raghunath 1987) as:

Mg2+

MAR = (Ca2t+Mg2+)

x 100 (5)

The Na% is calculated as the following Eq. (Todd 1980):

Na% = —% 100 ©6)

ca?*+Mg2++Nat

To assess the sodium risk in irrigation water, soluble sodium percentage, or SSP, was utilized.
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Todd (1980) established SSP as:

SSp = (Nat+K™)
T (Ca?t+Mg?t+Nat+K+)

x 100 @)

The concentrations in each equation are expressed as milli-equivalents per liter, or mEg/L, and are computed by
dividing the relevant ion's equivalent weight in milligrams per liter (mEqg/L) by its aqueous concentration, which is

given in milligrams per liter.
773, Results and Discussion
3.1. Effluent Characterization

A description of the physicochemical characteristics and heavy metal content of textile dyeing industry effluent in

Siddhirganj Upazila, Narayanganj, Bangladesh, is shown in Tables 1 and 2.

Table 1. Physicochemical parameters of t the contaminated canal water samples in Narayanganj, Bangladesh

Parameter Pre-Monsoon 1 Monsoon Post Monsoon Mean£STD DoE standard limit
2022-2023 2022-2023 | 2022-2023
Temp. (°C) 34.02 30.35 27.70 30.69+3.17 40°C
pH 7.00 7.20 7.72 7.30£0.37 6.5-8.5
EC (uS/cm) 1511.67 1079.67 1951.67 1514.33+436.01 | 2250.00
TSS (mg/L) 778.00 564.00 990.83 777.61£213.42 | 100.00
TDS (mg/L) 1328.33 1631.17 2032.50 1664.00£353.23 | 2100.00
Turbidity (NTU) | 44.69 24.89 16.16 28.58+14.62 10.00
TH (mg/L) 345.67 349.34 261.17 318.72+49.88 200-500
Ca”* Hardness | 148.97 135.19 146.67 143.61+7.38
Mg** Hardness | 196.70 214.17 114.50 175.12453.22
DO (mg/L) 1.57 1.65 2.69 1.97+0.62 6.00
BODs (mg/L) 187.68 454.45 150.65 264.26+165.75 | 30.00
COD (mg/L) 294.49 573.02 263.11 376.87+170.59 | 200.00

The temperature of the samples varies from 27.70°C to 34.02°C, as shown in Table 1, within the standard limit.
Whereas the pH values in this study varied between 7.00 and 7.72, which were within the standard limit for
discharge wastewater (DoE, 2023). At various sampling intervals, EC values ranging from 1079.67 to 1951.67
mS/cm were recorded; these values were often less than DoE standards (Table 1). In the study, total suspended
solids (TSS) were found to be significantly greater than the DoE (2023) standard, ranging from 564 to 990.83 mg/L.

The high TSS reported might be the cause of various dyeing compounds being used in the textile mills as well as
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textile fibers released during dyeing processes (Islam, M.R., and Mostafa, 2022; Kambole 2003). The average value
found in this study was less than the average value found in Nigerian textile effluent (Ohioma et al., 2009).

In this study, the amounts of TDS in the effluent were between 1328.33 and 2032.50 mg/L, which was within the
permissible limit. Various turbidity concentrations were observed in this characterization study. The samples
showed a high turbidity level of 16.16 to 44.69 NTU, which was higher than the DoE standard (2023). In numerous
cases, turbidity can have a detrimental impact on the quality of water. For example, it can reduce the amount of light
that plants receive and harm fish and other aquatic species' delicate gill structures. Since the samples include a large
number of total solids, the water becomes less clear due to a rise in turbidity, and photosynthesis rates also drop.
Total hardness (TH) is the sum of the magnesium (114.50-214.17 mg/L) and calcium (135.17-98.97 mg/L)
hardness values found in the samples. TH ranges from 261.17 to 349.34 mg/L. The harder the water, the more likely
it is to react with soap. The average TH values were less than those that Ntuli et al. (2009) and Hussain et al. (2004)
had reported.

In this research, the values for DO were between 1.57 and 2.69 mg/L, which were lower than the DoE standard
(2023). An excessive organic load entering the water and causing oxygen depletion could be the cause of the
reduced DO level (Mohabansi et al., 2011). Kale (2016) states that the temperature of the water, the time of day, the
season, depth, altitude, and flow rate are some of the variables that affect DO levels. As a result of the high levels of
BOD and COD in the waste water sample, the DO content was extremely low. Low DO readings in the current
study could be the result of increased microbial activity. Since organic material decomposes more quickly in warm
temperatures, this process may have a significant role in the consumption of DO. Additionally, flow is decreased
during dry spells, which lessens the quantity of oxygen agitated into the water. Ahmed (2007) reported DO values
in textile effluent near the DEPZ area higher than the present study area.

Notably, in Narayanganj, Bangladesh, textile effluent was found to have BOD values ranging from 150.65 to
454.45 mg/L. This is three to ten times higher than the BOD limit that is permitted for wastewater to be released into
inland surface water. Multiple studies have demonstrated that the composite textile mill generates a significant
amount of waste that requires oxygen for biochemistry. BOD is the rate at which, throughout the course of an
aerobic five-day disintegration process, bacteria in water extract oxygen from dissolved organic matter. The large
discharge of industrial wastewater effluent, which contains a significant amount of organic matter, may be the cause
of an increase in BOD. Patel and Vashi (2015) claim that the untreated textile effluent is the reason for the high
BOD value, which quickly depletes the surface water source of DO. As a result, there is less DO in water when
BOD is high.

The measured COD value ranged from 263.11 mg/L to 573.02 mg/L, above the standard limit set by the DoE.
Increases in COD may be caused by a large volume of industrial waste, which includes softeners, detergents,
formaldehyde-based dye fixing agents, non-biodegradable dyeing chemicals, and more. Significant amounts of
toxicants, such as heavy metals, may be present in the wastewater, as indicated by the notable rise in COD levels
relative to BOD (Uwidia and Ejeomo, 2013). Similar COD values were found in the textile effluent near Savar
Upazila (Roy et al., 2010) and in the Bangladeshi DEPZ area (Ahmed, 2007) in a small number of additional
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studies. According to the study, a higher COD indicates that there are more compounds in the water body with a
higher EC.

Table 2. Major cations, anions, and heavy metals of the effluent samples of textile dyeing industry in Narayanganj,

Bangladesh

Parameter Pre-Monsoon | Monsoon Post Monsoon Mean+STD DoE standard limit
2022-2023 2022-2023 2022-2023

K 11.87 3.92 7.85 7.88+3.98 12.00
Ca™* 59.59 54.00 57.07 56.89+2.80 75.00
Mg~ 48.00 52.26 23.06 41.10+15.77 25-50
Na 289.77 425.10 871.83 528.90+304.60 | 200.00
NOs 50.34 41.90 55.64 49.29+6.93 5.00
PO,” 6.25 7.16 7.16 6.86+0.53 2.00
S0~ 125.07 89.14 155.93 123.38+33.43 400.00
HCO3'(mg/L) 440.83 495.30 561.34 499.15+60.35
Cl'(mg/L) 229.53 275.29 229.67 244.83+26.38 150-600
Cr 0.11 0.03 0.08 0.07+0.04 0.50
Mn 0.51 0.49 0.51 0.50+0.01 2.00
Fe 0.74 0.73 0.73 0.73+0.00 3.00
Ni 0.06 0.05 0.05 0.05+0.00 1.00
Cu 0.07 0.07 0.07 0.07+0.00 3.00
Zn 0.18 0.20 0.20 0.19+0.01 5.00
Cd 0.02 0.02 0.01 0.02+0.00 2.00
Pb 0.14 0.14 0.11 0.13+0.02 0.10

In this study, the range of potassium was 3.92 to 11.98 mg/L, which was below the standard limit, while the range of
calcium was 54.00 to 59.59 mg/L, which was also below the standard limit. Moreover, the range of magnesium was
23.06 to 52.26 mg/L, which was below the standard limit (DoE, 2023). Na* concentrations in textile dyeing effluent
ranged from 289.77 to 871.83 mg/L, exceeding DoE's permissible limit (2023). The sodium compounds, which are
utilized in practically every stage of wet processes, are the cause of the wastewater's increased Na* concentration.
Sodium chloride is one of the sodium compounds that is widely used in the textile industry to soften water (Hussain
et al., 2004).
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In this study, the range of nitrate was observed from 41.90 to 55.64, which was higher than the standard limit (DoE,
2023), while the range of phosphate was found to be 6.25 to 7.16, which was also higher than the DoE standard
(2023). Higher values of nitrate in industrial effluent can occur due to fertilizer runoff, leakage from septic tanks,
erosion of animal manure, and also due to the effluent from wastewater treatment plants (ETP). Moreover, higher
levels of phosphate might be found while using industrial chemicals and detergents, agricultural runoff, and
stormwater that carries pollutants into local waterways. The bicarbonate ion remains as Na, Mg, and Ca
bicarbonate, and these are the most common and abundant minerals in the aquifer system (Islam and Mostafa,
2024). Bicarbonate is correlated with the overall hardness of the water and has no recognized national or
international standard levels. The average concentration of bicarbonate in the textile dyeing effluent was found to
be 440.83 to 561.34 mg/L in different sampling periods of the study area (Table 3). The concentration of sulfate
varied from 89.14 to 155.93 mg/L, and that of chloride varied from 229.53 to 275.29 mg/L, which was within the
permissible limit (DoE, 2023).

The mean concentrations of Cr, Mn, Fe, Ni, Cu, Zn, and Cd in textile dyeing effluents were found to be within the
DoE (2023) permitted limit (except for Pb), as shown in Table 2. The prolonged build-up of lead from motor
vehicle emissions may be one of the main causes of the elevated lead content in the water. Based on these findings,

it can be said that the water is too polluted to be used for irrigation because of the effluent levels from textile dyeing.

Table 3. Irrigation Water Quality Indices of the effluent samples of textile dyeing industry in Narayanganj,

Bangladesh
Parameter Pre-monsoon | Monsoon Post Monsoon Mean+Std Standard limit
2022-2023 2022-2023 2022-23
<5-safe, 5-10=
RSBC 6.48 7.44 8.49 7.47+1.00 marginal,
>10=unsatisfactory
SAR 59.97 63.57 76.99 66.84+8.97 between 3to 9
Pl 56.85 59.31 68.33 61.50+6.04 <1
KR 31.77 35.41 35.85 34.35+2.24 >1
MAR 72.05 73.89 68.32 71.42+2.84 50.00
% of Na 87.97 90.34 96.95 91.75+4.65 <40 recommended
SSP 87.98 90.35 96.96 91.76+4.65 >60

In the present study, the RSBC value was found to be marginal. The excess concentration of HCO5™ over Ca*" is
shown by RSBC (Hussain and Hussain, 2004). The post-monsoon period in the study area had the highest SAR value
and the highest concentration of Na* of any other sample period (Table 3). There is a substantial correlation

between the SAR values of irrigation water and the amount of Na* absorbed by the soil (Raihan and Alam, 2008).
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The cation change complex could become saturated with Na* if the irrigation water has a high Na* content and a low
Ca" content. Due to the clay particles' dispersion, this may completely damage the soil's structure (Todd, 1980).
Higher Na" levels lead to the formation of alkaline soil, whereas irrigation water containing Na* reacts with the soil
to decrease permeability. The soil becomes impervious when the water is used repeatedly. High Na* saturation is
another direct cause of Ca*" deficiency. When the soil is repeatedly irrigated for a prolonged length of time with
high Na* water, under wet conditions it becomes plastic and sticky, and in dry conditions it forms crusts and clouds.
However, the addition of Ca** or Mg** salts in irrigation water reduces the adverse effects of sodium by increasing

the soil’s permeability (Punmia and Lal, 1981; Asaduzzaman, 1985).

The amount of water that is suitable for irrigation depends on several aspects, but in general, the higher the SAR, the
less suitable the water is. Soil additives may be necessary for irrigation utilizing water with a high SAR in order to
prevent long-term soil damage. Years of application of irrigation water with a high SAR can cause the sodium in the
water to replace the calcium and magnesium in the soil. This will result in a loss of soil structure and tilth, as well as
a reduction in the soil's capacity to create stable aggregates. Moreover, this will result in less soil permeability and
infiltration, which will negatively impact crop productivity. If SAR is higher than 9, fine-textured soils will have
severe issues, while sandy soils will experience fewer problems. There won't be an issue if SAR is less than 3. Given
that all SAR values in this study region exceeded the standard limit, we can conclude that there is a serious issue

there.

Nevertheless, it was insufficient for irrigation, despite taking the study area's permeability index (PI) into account.
Donen's chart (Raghunath 1987) indicates that the PI should be less than 1, but the study area’s Pl value was 100
times higher (Table 3). The equilibrium between the ions Na*, Ca®*, and Mg®" in water is shown by Kelley's ratio
(KR). An excessive amount of Na is present in the water when the KR is greater than 1. According to Kelley's (1963)
recommendation, the ratio of irrigation water should not be greater than 1, even though the study area's ratio was
five to thirty times higher (Table 3).

When the magnesium adsorption ratio (MAR) is higher than 50, it is detrimental to the soil (Gupta and Gupta 1987).
The pre-monsoon and post-monsoon months had the highest MAR recorded in the study area. Such elevated SSP in
irrigation water may decrease soil permeability and hinder plant growth (Joshi et al., 2009). Moreover, SSP is
employed to assess salt risks. Water containing more than 60% SSP might lead to sodium buildup, which can
deteriorate the physical characteristics of the soil. The percentage of SSP > 60 in this study suggests that the study
area's soil quality was extremely low and unfit for irrigation. Sodicity, permeability, and shifting soil structure are
the three hazard areas that are most affected by the values of Na%, saturated sodium percentage (SSP), sodium
adsorption ratio (SAR), and permeability index (PI). These parameter values show the total Na-hazard in the soil,
which hardens the soil, lowers the rate of infiltration, decreases plant water adsorption capacity in the root zone, and

produces an alkaline (with HCO3/COg") and saline (with CI") environment in the soil.

The study observed that the contaminated soil of these textile industrial locations is insufficient for farming based
on a variety of indices of textile dyeing effluent. As was said before, as textile dyeing effluents damage the

environment, they must be appropriately treated before being disposed of.
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“ 4. Multivariate statistical analysis
4.1. Pearson Correlations

Table 4 displays the results of an analysis using Pearson's correlation coefficient between the chemical parameters
of irrigation water samples. In Table 4, pH showed significant positive correlations with K, Na, and DO. Similarly,
a close relationship was noted between EC- K, EC-Ca*, EC- NO3, EC- SO,* and EC- HCO3 (p<0.01), suggesting a
common source of these ions. A good correlation between TSS-TDS, TSS-Na, TSS-NO;™ and TSS- DO (p<0.01)
was also observed in water samples. TDS showed a high positive connection (p<0.01) with K-Na-DO, and a strong
positive correlation (p<0.01) with the other parameters (K, N, SO4, and DO), according to the matrix data for this
study. A strong positive correlation was found between Na, DO (p<0.01), and C-Mg-HCOj5'. At a significant level
of 0.01, a strong correlation was also found between Pb and the other parameters that were studied. It was evident
that BOD and COD had a considerable correlation significant at the 0.01 level with other metrics. In Table 4,
correlation coefficients between the physicochemical characteristics and heavy metal content in effluent samples,
Pb concentration was substantially and positively related to COD and BOD. The concentrations of pH, TDS, K,

Na®, NO; and DO were significantly and negatively correlated with Pb.

Table 4. Pearson correlation among the physicochemical parameters of the effluent samples from textile dyeing

industry in Narayanganj, Bangladesh

pH EC TSS TDS K Na Ca®*  Mg” NO; PO SO HCOs CI DO BODs COD Pb

pH 1

EC 0131 1

TSS 0305 0347 1

TDS 0292 0462 0559 1

K 0805 0511 0492 0772 1

Na 0786 0444 0672 0785 0963 1

Ca®* 0291 0551 -0.322 -0.074 -0.068 -0.273 1

Mg?* 0549 0010 -0.889 -0476 -0539 -0.723 0.609 1

NO; 0426 0516 0.822 0247 0444 0598 -0.257 -0.686 1

PO 0235 0389 -0612 -0.192 0169 -0.037 0477 0.637 -0.185 1

SO/ -0.186 0877 0467 0624 0355 0357 0402 -0.060 0431 0033 1

HCO; -0.138 0.749 -0247 0391 0290 0113 0678 0529 -0.139 0.647 0690 1

cr 0571 0059 -0.329 0400 -0.126 -0.197 0.99 0463 -0579 0044 0369 0580 1

DO 0790 0136 0790 0514 0748 0879 -0561 -0.933 0725 -0.320 0067 -0.354 -0516 1

BODs -0.268 -0.690 -0.695 -0.119 -0.331 -0410 -0.169 0441 -0.900 0044 -0539 -0051 0578 -0470 1
COD  -0.243 -0.715 -0.661 -0.103 -0.313 -0.383 -0.209 0.392 -0.883 0004 -0.557 -0.093 0557 -0428 0998 1

Pb -0.862 -0.600 -0.456 -0.537 -0.936 -0.883 -0.064 0472 -0.568 -0.318 -0.311 -0.265 0.388 -0.718 0538 0527 1

4.2. Cluster analysis

Using a dendrogram with Ward’s method and hierarchical Cluster analysis, the research area's sampling points are

classified (Figure 2). Sample sites within the same cluster have characteristics related to the parameters under study.
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It is possible that the parameters that are part of the same cluster were extracted from the same source (Islam and
Mostafa, 2022c). Cluster analysis for data sets depending on the parameters of the water samples that were
examined resulted in two separate clusters (Figure 2). The only four variables that make up Cluster 1 are pH, Na,
DO, and TSS, which showed positive loading on PC2, where, only TSS showed a negative loading on PC6 (Table
5). Temperature, turbidity, BOD, COD, NOg, and PO,*, as well as Mg hardness, Mg, TH, HCO3, CI', and TDS,
were used to create Cluster 2. Hence, the same cluster contained the parameters from sources of the same kind.

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

0 5 10 15 20 25
| | | | |
caH M
Ca 13J
EC 3
S04 18J
MgH 12—|
TH 7 Cluster 2
Hco3 19 |
Cl 20
, TDS '-;)
Temp
Tur 5?34
BOD 9
CcoD 10—]
NO3 16
PO4 1?Q
pH 2
Na 15J — Cluster 1
DO 8
TSS 4

Figure 2. Hierarchical cluster analysis based on the physicochemical

parameters in contaminated canal water
4.3. Principal component analysis

Principal Component Analysis (PCA) is mostly employed when most of the variables have a higher correlation with
each other, and it is preferable to minimize their number to an independent set. The association seen in the clustered
variables could be explained via PCA. In Table 5, the total 90.64% of the variance in the study area explores six
controlling factors that were identified from the data sets with Eigenvalues greater than one (Liu et al., 2003). The
structure of the underlying parameters, a scree plot (Figure 3) was used to determine the number of PCs to be kept
for analysis. In Figure 3, the number of principal components is shown along the x-axis, which is 20 in this case.
Whereas, the percentage of the variance per PC (eigenvalues) is presented along the y-axis. Here, the curve appears
at the 10™ PC, which is COD. Table 5 displays the factor loadings that have been determined, the cumulative
percentage of variation, and the percentages of total variance that each component accounts for. The loading factors
with loaded absolute values of >0.75, 0.75-0.50, and 0.50-0.30, respectively, were classified as "strong,"

"moderate," or "weak" (Islam and Mostafa, 2022¢c Gao et.al., 2016). The variance explanations of the PCs, PC1,
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PC2, PC3, PC4, PC5, and PC6 were 31.222%, 24.592%, 10.901%, 10.409%, 7.660%, and 5.860%, respectively
(Table 5).

In addition, the study found that PC1, PC2, PC3, PC4, PC5, and PC6 for the data set strongly loaded on TH, Mg
hardness, Mg*, CI', pH, Na*, SO,%, BOD, COD, Ca hardness, Ca*, and PO,*suggesting that the contaminated water
samples included more ionic compounds (Islam and Mostafa, 2022c; Ahmed et.al., 2016). In PC1, PC2, PC3, and
PC6, HCOg3, DO, EC, and NO;3™ have substantial factor values, indicating a moderate degree of association between
them. The source of variables on which PC1, PC2, PC4, and PC5 are loaded on might be geogenic, whereas, PC3
and PC6 loading variables might be discharged from anthropogenic sources, especially from industrial effluents
and agricultural activities in the study area. Another potential source of wastewater contamination could come from
natural processes, such as the oxidation of iron (Rahman and Gagnon 2014). All six PCs were weakly and
negatively loaded on temperature TDS, TH, and TSS (Table 5). Furthermore, the PCA results with positive and
negative values suggested whether the extracted loads on a certain component had an impact on the water samples

or not.

Table 5. Varimax rotated principal component analysis of the analyzed parameters of the effluent samples from

textile dyeing industry in Narayanganj, Bangladesh

Rotated Component Matrix®

Component

PC1 PC2 PC3 PC4 PC5 PC6
Temp 125 - 770 -.554 -.044 .235 -.022
pH -.010 925 -.092 -.130 .048 .062
EC .064 .094 .687 -.584 219 128
TSS -.237 323 274 -411 -.094 -.720
TDS 476 .387 .506 .017 .078 -.435
Tur -.075 -.351 - 773 .068 183 -.321
TH .893 -.001 -.100 116 307 142
DO -.317 743 -.009 =217 -.134 -.324
BOD .166 -.154 -.126 943 .059 .080
COD 120 -.087 -.149 .954 .083 .099
CaH 262 -.050 072 .061 .949 074
MgH .936 -.252 -.031 .037 .108 139
Ca .262 -.050 072 .061 .949 074
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Mg .936 -.252 -.031 .037 .108 139
Na -.206 Ja73 476 -127 .036 -.170
NO3 -.051 -.218 .090 428 077 679
PO4 115 .098 141 -.160 .060 837
SO4 .073 -.130 757 -.309 397 -.233
HCO3 731 .014 .540 -.057 .354 142
Cl .835 -.001 220 225 .099 -.247
Eigenvalues 6.244 4,918 2.180 2.082 1.532 1.172
% of Variance | 31.222 24.592 10.901 10.409 7.660 5.860
Cumulative % 31.222 55.815 66.716 77.125 84.785 90.644
Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 9 iterations.

Scree Plot

4

Eigenvalue

T T T T T T T T T T T T T T T T T T T T
123 456 7 8 9 10111213 14 15 16 17 18 19 20
Component Number
Figure 3. Scree Plot based on the physicochemical parameters in contaminated canal water
25, Conclusion
The textile dyeing industry plays an important role in the economic growth of Bangladesh. The textile dye industry

discharges huge volumes of effluent, which is one of the biggest issues that generate pollutants in the environment.
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The mean physicochemical parameters such as temperature, pH, DO, EC, TDS, TH, and CI- were found to be
30.69°C, 7.30, 1.97 mg/L, 1514.33 S/cm, 1664 mg/L, 318.72 mg/L, and 244.83 mg/L, respectively, which are
within the DoE standard (except TSS, BOD, and COD). The concentrations of major cations and anions, including
heavy metals found in the textile effluents, were in the order of Na > Ca>Mg>K >Fe>Mn>Zn>Pb>Cr >Cu >Ni
>Cd, respectively. Moreover, irrigation water quality indices such as permeability index (P1), Kelly’s ratio (KR),
sodium adsorption ratio (SAR), and magnesium adsorption ratio (MAR) were found to be higher than the standard
limits. Through multivariate cluster analysis, two clusters were found among the eighteen sampling sites, which
included heavily contaminated sites. The study observed that the canal water is not suitable for irrigation purposes,
and thus the textile dyeing industrial effluent must be treated by installing an environmentally friendly effluent
treatment plant (ETP) before being dumped into surface water bodies.
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