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Abstract
Kumarkhali upazila in Kushtia district of western Bangladesh has become especially vulnerable to dye-effluent pollution 
over the last two decades. Twenty dyeing effluent samples were obtained at random from various dyeing units and used to 
determine the heavy metal concentration. The effluent pH, electrical conductivity and total dissolved solids ranged from 
3.69 to 13.68, 627 to 7160 mS cm−1 and 4140 to 19800 mg L−1, respectively. In dyeing effluents, the average concentrations 
of Zn, Cu, Pb, Mn, Fe and Cr ions were 5.50, 82.75, 6.80, 14.27, 66.03 and 65.28 μg mL−1, respectively, while the amount 
of Cd was barely detectable. Total annual discharges of Cu, Zn, Pb, Mn, Fe and Cr were found to be 21.52, 1.43, 1.77, 3.71, 
17.12 and 16.98 kg year−1, respectively, which were high enough to pollute the local environment. According to the survey 
report, only a minority were aware of public safety measures and proper disposal procedures, though many respondents were 
conscious of the dangers associated with dyes and chemical substances. Most interviewees (58.33%) used synthetic dyes and 
other dangerous chemicals throughout the dyeing process, despite the fact that 43.33% did not use hand gloves. A remark-
able 80% of respondents were improperly disposing of unused dyes and chemicals. Overall, there was a lack of awareness, 
right attitude and appropriate behavioural patterns about using dyeing chemicals. To prevent the negative effects of dyeing 
effluents on the community in the research area, environmental conservation rules should be appropriately implemented.
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Introduction

Water and soil contamination has a detrimental influence 
on the ecosystem, wildlife, and human health. Contamina-
tions occur as a result of a variety of pollution-promoting 
activities carried out by both point and non-point sources, 
including industrial effluents, factory solid waste discharge, 

automobile exhaust, dissolvable salts, agrochemical use, and 
the disposal of mechanical and metropolitan wastes in the 
biological system (Zakir et al. 2008; McGrath et al. 2001; 
Nriagu and Pacyna 1988; Schalscha and Ahumada 1998). 
It is a significant concern associated with dumping heavy 
metal–containing industrial effluents into waterbodies and 
soils because of the metals’ environmental persistence and 
carcinogenic characteristics (Garbisu and Alkorta 2001; Gis-
bert et al. 2003). Heavy metals such as Cr, Pb, Cd, and As 
exhibit outrageous toxicity even at trace levels, and they are 
shown to harm the water-biological system and soil-plant 
ecosystem (Rahim et al. 2016; Akter et al. 2010; Türkmen 
et al. 2009). It is well-known that biologically destroying 
metal elements is likewise challenging due to their affinity 
for altering their oxidation state (Gisbert et al. 2003; Garbisu 
and Alkorta 2001). The most well-known aquatic poisons 
are heavy metals, and their presence in waterways and biota 
implies their natural or human origins (Ali et al. 2019). Their 
aggregation and distribution in soil, water, and other bio-
logical compartments continue to accelerate, resulting in 
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sedimentation and deposition in water bodies, threatening 
sea-going species (Hobbelen et al. 2004; Koukal et al. 2004).

The textile and loom-dyeing industries of Bangladesh 
have expanded rapidly in recent years. These industries 
effluents are released unpredictably, either directly or after 
mixing with domestic wastewater. The widespread usage of 
these wastewaters on agricultural fields in distant areas of 
Bangladesh has resulted in the bioaccumulation of metals in 
cereals and vegetables (Saha et al. 2021; Sharma et al. 2007). 
When industrial waste-effluents are incorrectly managed and 
disposed of, they may constitute a severe threat to human 
health and the environment (Khan et al. 2001). The textile 
and dyeing industry is a significant environmental concern 
due to the large quantity of water and dyes needed through-
out the production process (Rahman et al. 2020). The efflu-
ent dyes reduced from these industries are composed chiefly 
of many synthetic compounds. Copper, Zn, Cr, and Cd are 
the most significant metal pollutants created by metal-dye 
complexes and by Cr salt, an oxidising agent used in sulphur 
dyeing (Chavan 2001). Prolonged exposure to these hazard-
ous heavy metals may cause serious health issues in humans 
(Yusuff and Sonibare 2004). The indiscriminate discharge 
of industrial dye wastewater also incorporates harmful met-
als into several environmental compartments, degrading the 
suitability of surface water (Ouali et al. 2018; Khan et al. 
2008). On the other hand, health risks related to dyes’ expo-
sure depend on the employers’ proper attitude towards the 
significant influence of dye effluents on humans and the 
environment (Rahman et al. 2020; Paramasivam et al. 2010). 
Many dyeing employees come into regular contact with 
chemical dyes due to their lack of information and negative 
attitudes to their detrimental consequences (Rahman et al. 
2020; Paramasivam et al. 2010; Haldiya et al. 2005). As a 
result of dyeing chemical exposure frequently, several com-
mon ailments such as respiratory problems, skin allergies, 
and musculoskeletal disorders have appeared (Upadhyay and 
Pandey 2016). Thus, in the present world, one of the most 
significant challenges is to protect industrial employers’ 
health and safety (Ghiasi and Ghiasi 2017).

Kumarkhali in the Kushtia district is a significant hub for 
the Bangladesh Handloom Board, with about 5020 hand-
loom factories and 11,288 loom units situated here, but 20% 
of loom units are unproductive (BBS 2020). The majority 
of hand-loom factories and loom units in Kumarkhali are 
lack of adequate dyeing facilities. Each year, the dyeing 
industries in this region generate many effluents deposited 
straight into the neighbouring soil, farmland, and surface 
water, eventually ending up in the Garai river stream, a 
major waterway of this area. As a result, a huge number of 
villagers are now at risk due to pollution. Contamination 
of water and soils by different metallic and non-metallic 
chemicals is quite widespread in the country’s dyeing indus-
trial zones. Metallic salts and basic and acidic chemicals 

are the most common inorganic contaminants. In the land 
and river, these inorganic components interact chemically 
and biochemically, degrading the water and soil quality of 
the surrounding area. As a result of this environmental con-
tamination, the population of Kumarkhali upazila is now 
going to be threatened. Because of the above, this study was 
planned to fulfil two major objectives: (i) to determine the 
concentration of different heavy metals and to estimate their 
annual discharge load of hand-loom dyeing effluents of the 
study area, and (ii) to assess the impact of handloom dyeing 
industries on local community by studying their knowledge, 
attitudes and behavioural patterns regarding dyeing chemi-
cal usage. This study will contribute to the scientific com-
munity in two ways: (i) by giving information on pollution 
levels in the study region as well as their community health 
impacts and (ii) by establishing a clear perspective on future 
awareness for good policy-making that would protect the 
environment. As this research is the pioneer in this area, the 
authorities may soon propose a new level of environmental 
safeguards for dyeing industry contamination.

Literature review

Our research is very first in the study area. Some literatures 
on health impacts on dyeing effluent pollution are available 
to support our study. Massive amounts of natural resources 
are wasted in deforestation and agriculture, causing envi-
ronmental damage (Muhammad et al. 2021). Generally, 
the textile industries use a variety of potentially hazardous 
substances. Some of these compounds have been shown to 
accumulate in the body and are even carcinogenic (Azeez 
2001). Azo dyes and reactive dyes are two examples of com-
monly used dyes in the textile industry that have been or are 
currently in use (Christie 2001). Sodium hydroxide, NaClO, 
Na2S, HCl and reactive dyes are some of the most essential 
chemicals in the dyeing and bleaching industries (Oguntade 
et al. 2018). A significant portion of dyeing chemicals is 
discarded as liquid, solid and gaseous waste, resulting in 
contamination of the water, land and air (Prabakaran and 
Thangavel 2002). Rahman et al. (2020) and Akter et al. 
(2010) found Pb concentrations as more than DoE wastewa-
ter standard levels, but some trace elements were found to be 
below the allowed range. Lead, Cd, Cu and Cr are often uti-
lized in the manufacture of colour pigments for textile dyes 
and are hence frequent pollutants (Manzoor et al. 2006).

The liver glycogen and blood glucose levels of fish 
show that the water in the dam is more hazardous to them 
than the water downstream (MSE 2002). The most preva-
lent concern associated with reactive dyes is respiratory 
problems caused by dye particle inhalation. Occasionally, 
they might impair a person’s immune system, which can 
result in a strong reaction when the individual inhales the 
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dye repeatedly. This is referred to as respiratory sensiti-
sation, and itching, watery eyes, sneezing and asthmatic 
symptoms such as coughing and wheezing are common 
symptoms (Ahmed et al. 1998). Substances that are harm-
ful when moist, such as Na2S2O4, may induce violent reac-
tions (Hydros). Hot liquids may result in scorching inju-
ries (Ahmed et al. 1998). Dye and metal compounds cause 
both direct and indirect toxicity in the form of cancer, 
allergies and inhibition of development at various trophic 
levels (Kant 2012). Some of the dyeing effluents of textile 
industries act as irritant to the mucous membrane of the 
respiratory tract, and they may cause anything from slight 
bronchial irritation to a fatal pulmonary oedema (DoE 
2008). Discharge of dye-containing effluents into the water 

environment is undesirable not only for their colour, but 
also because many of the dyes released and their break-
down products are toxic, carcinogenic, or mutagenic to liv-
ing organisms, primarily due to carcinogens such as ben-
zidine, naphthalene and other aromatic compounds (Suteu 
et al. 2009; Zaharia et al. 2009). Apart from dyes, the 
principal sources of heavy metals in waste water include 
different salts and chemicals. Sediments, suspended par-
ticles and dissolved solids all act as reservoirs for harmful 
heavy metals and dyes, rapidly depleting dissolved oxygen 
and resulting in oxygen sag in the receiving water (Aliha-
meed and Ahmed 2008). Alongside these above literatures, 
we found some related studies which are presented below 
(Fig. 1).

Fig. 1   Literature review of the study
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Materials and methods

Geographical information of study area

Kumarkhali is an upazila of Kushtia district in the division 
of Khulna, Bangladesh. Kumarkhali is located at 23.8542° 
N 89.2417° E having the total area of 286.77 km2 (BNIW 
2022). Among the total area, 10.5 km2 is municipality 
area (BBS 2020). This upazila is bordered on the east by 
Kushtia’s Khoksa upazila, on the west by Kushtia Sadar 
upazila, on the north by Pabna Sadar upazila and on the 
south by Jhenaidah’s Shailkupa upazila. According to 
Bangladesh National Information Window (BNIW 2022), 
Kumarkhali had a population of 3,41,255 having a literacy 
rate of 82.07%. There are two rivers, i.e. Garai and Padma, 
in this area. Major crops in this area are paddy, jute, sug-
arcane and wheat.

Sampling

Twenty locations were selected for sampling of dye effluents. 
Three samples were collected from each location of various 
loom-dyeing industries in Kumarkhali, Kushtia, as seen in 
Fig. 2. Because of personal dyeing protection of the indus-
try’s owner, their precise global positioning system (GPS) 
cannot be specified here. Dyeing-effluent samples of about 
500 mL were collected from each location in plastic bot-
tles rinsed previously (APHA 2012). It was winter of the 
year 2016 for sampling because of ensuring dry weather to 
avoid rainy water. To avoid air exposure of the samples, the 
bottles were immediately sealed and brought to the labora-
tory. Then, HNO3 (3–4 drops) was added to stay away from 
any growth of microbes. The chemical analyses of the sam-
ples were performed at the post-graduate laboratory of the 
Department of Agricultural Chemistry, Bangladesh Agricul-
tural University, Mymensingh.

Fig. 2   Collection sites for 
dyeing effluent samples in 
Kumarkhali upazila, Kushtia, 
Bangladesh
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Analytical methods used for dyeing effluents

The temperature, pH, total dissolved solids (TDS), and elec-
trical conductivity (EC) of the effluent samples were meas-
ured by the electrode of thermometer, pH, EC, and TDS 
meter (Model-HACH sensION™ + EC5, USA), respec-
tively (Singh and Parwana 1999; Ghosh et al. 1983). An 
atomic absorption spectrophotometer (AAS) (SHIMADZU, 
AA-7000; Japan) was used to estimate the trace metals’ con-
centration with a standard set-up (Supplementary Table 1). 
For chemical analyses, precisely 10 mL of the effluent sam-
ple was digested with 10 mL of the tri-acid mixture (HNO3 : 
H2SO4 : HClO4 = 10 :1: 4) in digestion tube using stand-
ard methods. The digest was then filtered using filter paper 
(Whatman no. 42), and 100 mL of the filtrate was rendered 
using purified water (Rahman et al. 2020). Quality assur-
ance (QA) or quality control (QC) statement was maintained 
properly to avoid sample contamination throughout the ana-
lytical process (USEPA 1995).

The estimation of THMD

For estimating the total discharge of heavy metal from dye-
ing effluents, some key points were kept in mind as follows:

1.	 The number of dyeing industries in the concerned area
2.	 The volume of effluent discharge per dyeing industry
3.	 The average amount of different heavy metals in the 

effluent

Heavy metal discharge from the loom dyeing industries 
of Kumarkhali, Kushtia, is being measured easily using 
these points. In Kumarkhali, Kushtia, approximately 100 
loom-dyeing small units are open 5 days a week. Each loom 
dyeing industry can produce about 10 L of effluent per day 
based on the interview of the respondents. For calculating, 
the total discharge of each heavy metal, the following for-
mula was used (Islam 2016):

Respondents’ awareness, attitudes and behaviour 
patterns

During January and February 2016, sixty people partici-
pating in various dyeing and weaving activities were asked 
to respond to the survey. This survey was performed with 
the help of a research assistant. A three-time pilot test was 
done using a specially designed questionnaire to determine 
the amount of time taken to complete the questionnaire 

Total heavy metal discharge (THMDN) = Number of dyeing industries × Volume of effluent discharge per day per dyeing industry (L)

× Average amount of that metal in the effluent
(

mg L−1
)

× number of opening days per year

at the respondent stage. Individual data including age, 
education, occupation, training, and working experience 
were additionally gathered. We collected data on the 
socio-demographic status of the respondents and their 
awareness, attitude and behavioural patterns on dyeing 
activities. The denoted signs for awareness, attitudes and 
behavioural patterns of the respondents are AWAR, ATTI 
and BHP, respectively, for their short-expression in the 
“Results and discussion” section.

Statistical analysis

Data analysis for effluent samples and survey studies was 
conducted by using Minitab version 17.0 software tool 
(Minitab Inc., Pennsylvania, USA). The Kolmogorov-
Smirnov goodness of fit test was used to check the data 
for normality, and the modified Levene’s test was used to 
check for equality of variances. The survey data on the 
respondents’ awareness, attitudes and behaviour patterns 
were analyzed using proper coding of the data.

The detail methodology can be presented in a graphical 
format as the following Fig. 3.

Benefits of the study

Because of the high population density, fast industrializa-
tion and urbanization that have occurred in Kumarkhali 
during the past two decades, the area is very vulnerable 
to environmental degradation. A major source of pollu-
tion is believed to be the dyeing industry, which is one of 
the most significant sources of pollution. As a result, the 
soil and water bodies in this area are becoming increas-
ingly polluted. It is essential to conduct a chemical analy-
sis of dyeing industrial effluent in order to determine the 
concentration by heavy metals present in it. The current 
investigation will look at the current state of physico-
chemical qualities and the amount of contamination of 

heavy metals, especially Cu, Zn, Pb, Cr, Fe, Mn and Cd, 
in dyeing effluent samples collected from different places. 
The research will also provide light on the health effects 
of dyeing effluent, a significant contaminant, on the local 
population. To improve the health and well-being of the 
regional environment, researchers will be more inclined to 
focus on this subject area. Government policymakers and 
environmental protection agencies will become more care-
ful in taking appropriate steps and financing to preserve 
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the environment and human health and creating awareness 
among stakeholders. The authority will take on the task of 
establishing an effluent treatment plant (ETP) as quickly 
as possible.

Results

In our study, we focused on assessing the pollution of heavy 
metals present in hand-loom–dyeing effluents and their 
impacts on local community by studying the respondents’ 
knowledge, attitudes and behavioural patterns. Actually, 
it was initially observed that a huge number of effluents 
from dyeing operations in the area are dumped directly into 
nearby soil, crops and surface waters, eventually ending up 
in the Garai river. For this reason, it was assumed that the 
heavy metal pollution thorough this dye-effluent would be a 
problematic situation and thus would harm the community 
health. The findings of this study will be useful to policy-
makers and the general public as well as workers to become 

more aware and protective. These reports will also serve 
the scientific community by giving information on pollution 
levels in the study area and their consequences on human 
health. A roadmap to resolve this problem will be probably 
implemented by the authority easily. In summary, the results 
of this study consist mainly in the following sections: (1) 
“Characteristics of hand-loom dye effluents in terms of phys-
icochemical properties”; (2) “Heavy metals in hand-loom 
dyeing effluents”; (3) “The estimation of the total discharge 
of heavy metals”; (4) “Principal component and cluster anal-
yses” and (5) “Awareness, attitudes and behavioural patterns 
of the respondents on loom-dyeing practices”.

Characteristics of hand‑loom dye effluents in terms 
of physicochemical properties

Physicochemical properties, i.e. temperature, pH, EC and 
TDS of loam dye effluents, are presented in Table 1. Tem-
perature was ranged between 34.7 and 44.8 °C with an aver-
age value of 39.3 ± 2.86 °C (Table 1). The estimated pH of 

Fig. 3   Outline of the research 
methodology of the study
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the effluent samples differed from 3.69 to 13.68 with a mean 
of 12.05 (Table 1). Out of 20 samples, 17 were strongly 
basic (pH 11.16–13.68), and the rest of the three samples 
were acidic to neutral (pH 3.69–7.85) (Supplementary 
Table 2). The EC value of the samples ranging between 627 
and 7160 μScm−1 with a mean value of 4238.65 μScm−1 
(Table 1). However, the average amount of total dissolved 
solids was 8032 mgL−1, ranging from 4140 to 19800 mg 
L−1 (Table 1).

Heavy metals in hand‑loom–dyeing effluents

The concentrations of various trace metals (Cr, Pb, Cd, Fe, 
Cu, Zn, and Mn) have been analysed and presented in Fig. 4 
and Supplementary Table 3. All of the dye-effluent samples 
obtained from various loom units of Kumarkhali, Kushtia, 
contained less than the detectable level (below detectable 
limit, BDL) of Cd (Table 3). We found a very high amount 

of Fe ranging between 39.97 and 228.64 μg mL−1 with the 
mean concentration of 66.03 μg mL−1 (Fig. 4). The effluent 
samples showed a disproportionately high quantity of Mn, 
ranging from 11.55 to 17.24 g mL−1, with a mean value of 
14.27 g m−1. About 50% of samples had less than the mean 
value, and the rest 50% of samples contained higher than 
the mean value (Supplementary Table 3). The dye-effluent 
samples represented a very high Cr ranging from 62.76 to 
69.42 μg mL−1 with a mean of 65.28 μg mL−1. Zinc contents 
ranged from 0.15 to 16.72 μg mL−1 with a mean value of 
5.50 μg mL−1 in the effluent samples (Fig. 4). Among 20 
samples, 14 samples had less than the average value, and 
the rest of the six samples contained higher than the average 
value (Supplementary Table 3). The average concentration 
of Cu was 82.74 μg mL−1 (Fig. 4). A comparatively very 
high amount of Pb ranging from 5.99 to 17.72 μg mL−1 
with a mean value of 6.80 μg mL−1 was estimated from the 
collected effluents (Fig. 4).

Table 1   Physicochemical 
characteristics of dye-effluents 
of hand-loom industries 
of Kumarkhali, Kushtia, 
Bangladesh

ISWS inland surface water standards, IWGV irrigation water guideline value, NS non-significant
**Significance at 5% level
a ECR (1997)
b Ayers and Westcot (1985)
c ADB (1994).

Parameters Range Mean ± SD Level of 
significance

ISWS IWGV

Temperature (°C) 34.7–44.8 39.3 ± 2.86 NS 40 (summer) 45 
(winter)a

-

pH 3.69–13.68 12.05 ± 2.92 ** 6.0–9.0a 6.0~8.4b

EC (mS cm−1) 627–7160 4238.65 ± 2180.63 ** 1200a 750c

TDS (mg L−1) 4140–19800 8032 ± 3680.63 ** 2100a –

Table 2   PCA of temperature, pH, EC, TDS, Mn, Cr, Fe, Zn, Cu and Pb of collected loom-dyeing effluent samples of Kumarkhali, Kushtia, 
Bangladesh

Parameters PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10

Temperature − 0.455 0.000 0.013 0.036 − 0.224 0.215 0.635 − 0.445 − 0.276 0.134
pH 0.295 − 0.426 − 0.186 − 0.351 0.123 0.433 0.093 − 0.125 0.343 0.478
EC 0.214 − 0.467 0.150 − 0.242 − 0.455 0.111 − 0.301 − 0.210 − 0.437 − 0.332
TDS 0.144 0.568 − 0.155 − 0.081 − 0.308 0.186 − 0.324 − 0.003 − 0.348 0.520
Mn 0.451 0.039 0.058 0.166 − 0.179 0.278 0.514 0.586 − 0.178 − 0.125
Cr − 0.375 0.068 0.442 0.142 − 0.078 0.667 − 0.286 0.168 0.260 − 0.103
Fe 0.309 0.453 − 0.222 − 0.142 0.150 0.311 0.066 − 0.431 0.165 − 0.542
Zn − 0.314 − 0.155 − 0.554 − 0.042 0.423 0.289 − 0.136 0.264 − 0.443 − 0.148
Cu − 0.301 0.051 − 0.434 − 0.363 − 0.567 − 0.100 0.048 0.283 0.378 − 0.174
Pb 0.107 − 0.200 − 0.419 0.780 − 0.268 0.083 − 0.145 − 0.189 0.168 0.018
Eigenvalue 3.4923 2.2598 1.1365 0.9529 0.9157 0.4637 0.3656 0.2616 0.1206 0.0314
Proportion 0.349 0.226 0.114 0.095 0.092 0.046 0.037 0.026 0.012 0.003
Cumulative 0.349 0.575 0.689 0.784 0.876 0.922 0.959 0.985 0.997 1.000
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The estimation of the total discharge of heavy 
metals

The dyeing effluent samples of the study contained a trace 
amount of Cd and a comparatively very high Fe. The 
calculated total annual discharge of Fe from dyeings of 
Kumarkhali was about 17.12 kg year−1 (Fig. 5). A compara-
tively high Mn (3.71 kg year−1) was also present in the efflu-
ent samples. A significant amount of Cr was found in the 
effluent with total discharge (16.98 kg Cr year−1) (Fig. 5). 
On the other hand, the calculated total annual discharge of 
Zn was about 1.43 kg year−1 whereas Cu was about 21.52 
kg year−1. The effluents contained a higher Pb as discharged 
1.77 kg year−1 (Fig. 5).

Fig. 4   Level of trace metal in 
the hand-loom dye-effluent of 
Kumarkhali, Kushtia, Bang-
ladesh. BDL below detect-
able limit; NS non-significant, 
**significance at 5% level; 
ISWSa: inland surface water 
standards of Bangladesh (ECR 
1997); IWGVβ: irrigation water 
guideline value proposed by: Cd 
and Mn — Ayers and Westcot 
(1985); Cr and Fe — USEPA 
(1999); Pb — DoE (2005)
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Fig. 5   Estimated total discharge of each heavy metal from dyeing 
effluents of Kumarkhali, Kushtia, Bangladesh

Table 3   Behavioural patterns on using toxic chemical substances and synthetic dyes in the dyeing practices (n = 60)

Items Variables of behavioural patterns Response (%)

Yes No Unknown

BHP 1 In the dyeing process, artificial dyes and chemicals are used. 58.33 8.33 33.33
BHP 2 Gloves are worn during the dyeing process. 48.33 43.33 8.33
BHP 3 Working with artificial dyes causes itchiness and inflammation in the body. 38.33 55.00 6.67
BHP 4 After finishing the dyeing work and before feeding, wash your hands. 61.67 38.33 0.00
BHP 5 Having skin problems or other chronic illnesses. 20.00 75.00 5.00
BHP 6 Admitted to the hospital within 6 months due to illness. 20.00 75.00 5.00
BHP 7 Disposing of unused dyes, additives and effluents in an environmentally responsi-

ble manner.
11.67 81.67 6.67

BHP 8 Over the last 6 months, noticed dead fish or animals in local water bodies. 20.00 51.67 28.33
BHP 9 In the last 6 months, observed destroyed crops in nearby fields. 15.00 36.67 48.33
BHP 10 Domestic animals have died in the surrounding region in the last 6 months. 3.33 13.33 83.33

66497Environmental Science and Pollution Research  (2022) 29:66490–66506

1 3



Principal component and cluster analyses

Principal component analysis (PCA) is a method to reduce 
dataset dimensionality, enhance interpretability, and at the 
same time reduce information loss (Jolliffe and Cadima 
2016). The findings of Table 2 show that the first three 
main components have a value higher than 1.00. These 
three components account for 68.9% of the data variance. 
From the PCA value table, Table 2 can be observed that 
over 35% of the pattern variance is described by the first 
three PCs, 34.9% by PC1, 57.5% by PC2, and 68.9% by 
PC3. In the PCA analysis, the first main component is 
associated to a significant negative temperature connection 
and a positive combination of Mn. The second component 
has huge negative associations with pH and EC, while 
TDS and Fe have larger positive PC2 loads. The third com-
ponent is associated with Cr, whereas Zn, Cu and Pb were 
very negative, which mainly gauges the presence of heavy 
metals in loom-dye effluents. Mn and Cr are essential to 
understand PC1 based on the loading diagram (Fig. 6). 
The loading of the Cr, Zn, Cu and Pb (PC3) compared to 
that of the other elements in the group (Fig. 6; Table 2) is 
seen; thus, this may mean a nearly independent behaviour 
in the group.

By showing the clusters created by grouping observa-
tions at different stages, a dendrogram may show how 
similar or dissimilar groups are to each other. The degree 
of resemblance between the two things is represented by 
the vertical axis. A total of 10 observations were used for 
this cluster analysis. To begin, two clusters (Cu and Mn 
in the worksheet) are connected together to create a new 
cluster with an 87.42 similarity level and a 0.252 distance 
level (Fig. 7). Despite the high levels of similarity and dis-
tance, there are simply too many clusters to be useful. As 
additional clusters are formed, the similarity level drops 
and the distance level rises. A single cluster is created by 

adding all of the observations together at the end. Fig. 7 
indicates that reducing the number of clusters from four to 
three causes the similarity between Cr and Fe to decrease 
even more, suggesting that three clusters may be sufficient 
for the final partition (similarity 56.28).

Awareness, attitudes and behavioural patterns 
of the respondents on loom‑dyeing practices

Characteristics of the respondents

A total of 60 individuals were interviewed to assess the 
awareness, attitudes and behaviour patterns regarding dye-
ing activities. The age range of the studied population was 
from < 20 to > 60 years (Fig. 8). The educational charac-
teristics of the study population were also assessed, and 
the majority of respondents (79%) had none or primary 
education; 21% had above secondary education (Fig. 9A). 
Categories of individuals included 23% hand-loom worker, 
13% owner, and 3% cloth weaving labour, and most of the 
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population (59%) was thread dyeing labourers, and 2% 
others or the merchants (Fig. 9B).

Awareness regarding the loom dyeing practices

The respondents’ awareness of the use of chemical dyes 
was assessed using a questionnaire, and the result is pre-
sented in Fig. 10. The findings revealed that approxi-
mately one-third of the population was aware of the use 
of synthetic dyes, while the other half were unaware 
(Fig. 10). However, 65% of the general public was con-
scious of the dangers of synthetic dyes. Around 70% of 
respondents were aware of the environmental contamina-
tion caused by the direct dumping of dye effluents, while 
half were aware of the dyeing effluent disposal technique 
and treatment methods. Around 40% of the population 
blamed toxic synthetic dyes for skin issues, but 60% were 
conscious of the importance of wearing hand gloves to 
protect their bodies.

A collection of questions about attitudes of risks and 
effluents control was used to determine the respondents’ 
attitudes on using poisonous artificial dyes and chemical 
substances and their effects on the environment and human 
health. Almost half of those interviewers, toxic synthetic 
dyes are unsafe for human wellbeing and the environment. 
Almost 60% of those polled agreed that wearing hand gloves 
for personal safety when dyeing was a good idea. Approxi-
mately two-thirds of the population agreed that direct dis-
posal of dyeing effluents is dangerous and that dyeing efflu-
ents must be managed or treated before being disposed of in 
the setting (Fig. 11).

Observed behavioural patterns of the population responses 
to loom‑dyeing practices

The questionnaire’s segment included questions about work-
ers’, weavers’ and owners’ current behavioural patterns on 
chemicals and synthetic dyes used in dyeing practices along 
with their health and environmental consequences. In the 
dyeing phase, most respondents (58.33%) used artificial 
dyes and other harmful chemicals, even though 43.33% of 
respondents did not wear hand gloves while working with 
synthetic dyes (Table 3). Only 38.33% reported itchiness 
and pain in their bodies. However, after finishing the dyeing 
and before eating, most studied populations (61.67%) wash 
their hands. These attributes may be the reason for a slower 
response to illness (only 20%). More than 80% of respond-
ents were not properly discharging unwanted dye effluents 
and chemicals. A significant response (15–20%) was found 
in the observation of certain environmental impacts associ-
ated with inappropriate disposal of unused dyes and chemi-
cals and effluents (Table 3).

Discussion

Physicochemical properties and heavy metal 
contents in dyeing‑effluents

Among different physicochemical properties, range of efflu-
ent temperature was lower than the suggested value (ECR 
1997), whereas pH was higher than the recommended val-
ues (ECR 1997; DoE 2008) (Table 1). Most of the samples 

A B

Fig. 9   Level of education (A) and loom dyeing involvement (B) of the studied population
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were strongly basic. The recommended permissible pH 
ranged from 6.5 to 9.0 for irrigation water (Ayers and West-
cot 1985). Our findings surpass the standard value. The pH 
of the current research was higher than the previous obser-
vations of Razu et al. (2013). The obtained pH value was 
the most diversified range of the value recorded in earlier 
researches (Rahman et al. 2020; Nahar et al. 2018; Kaur et al. 
2010; Prasad and Rao 2010; Ranganathan et al. 2007). In the 
textile industry of Rawalpindi, a slightly higher pH has been 
noticed (Ali et al. 2009). The EC value of the samples was 
higher than the proposed inland surface water standards of 
Bangladesh (ECR 1997) (Table 1). The EC values remaining 
in the range of textile effluent of Bangladesh (250–63750) 
μS cm−1 as reported by Dey and Islam (2015). However, 
our outcome was lower than Tamil Nadu’s textile-industry 

effluents (Ranganathan et al. 2007). In addition to that Nahar 
et al. (2018) and Rahman et al. (2020), estimated EC value 
are two times higher in loom-dyeing effluents of Narsingdi 
and Sirajganj of Bangladesh, respectively. According to 
ECR (1997), standard TDS limit is 2100 mg L−1 in textile 
effluent. However, the average amount of total dissolved sol-
ids of our study was higher than this standard (Table 1). TDS 
levels for irrigation usually ranged of 450 to 2000 mg L−1 
(Ayers & Wescot 1985). The obtained result exceeds both 
standards. The current study’s TDS value is almost identi-
cal to the findings of Nahar et al. (2018) and Rahman et al. 
(2020). The average value of TDS was more significant 
than the values recorded by Rahman et al. (2019), Prasad 
and Rao (2010), Ali et al. (2009) and Ranganathan et al. 
(2007). The effluent test results of TDS > 2000 mgL−1 are 

Fig. 10   Respondents’ awareness 
on loom-dyes and their effects 
on the environment and human 
health (n = 60). The attitudes 
of the interviewees on used 
chemicals and loom dyes
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considered “unsuitable” for watering purposes which might 
be ultimately harmful to soil health and crop production. The 
obtained mean pH, EC and TDS values were higher than the 
standard irrigation limits that might cause deleterious effects 
on agricultural crop production and human health (Rah-
man et al. 2020; Rahman et al. 2019). According to earlier 
research, higher pH may be observed as a consequence of 
the use of different dyes, salts and solvents (Wood and Kel-
logg 1988) that settle down as toxic mixtures of organic and 
inorganic substances (Rahman et al. 2020; Nahar et al. 2018; 
Rahman et al. 2018). Electrical conductivity indicates the 
overall intensity of dissolved salts in the collected samples; 
it confirms water system salinity and is an essential aspect 
of water system use (Tchobanoglous et al. 2013). Significant 
concentrations of HCO3

−, SO4
2− and Cl− of Ca, Mg and Na 

also indicate high TDS level (Karanth 1994).

In general, Fe, Cu, Zn and Mn are heavy metals needed 
in low concentrations for the proper growth and advance-
ment of living creatures, but when they surpass the accept-
able limits, they negatively affect the ecology and health 
of human being. Results revealed that Cd in dye-effluent 
samples in the study area, contained less than the detect-
able level (below detectable limit, BDL) (Table 3) indicat-
ing that all of the effluent samples could be used safely for 
various purposes. The recommended concentration of Fe for 
inland surface water is about 2.0 mg L−1 (ECR 1997; DoE 
2005) and for irrigation is 5.00 mg L−1 (Ayers and Westcot 
1985). This data is concomitant with the earlier findings 
of Rahman et al. (2020), Ohioma et al. (2009) and Nahar 
et al. (2018). All of the samples had higher Fe contents and 
that was far more than the recommended levels. The con-
centration of Fe in this study exceeded the values reported 

Fig. 11   Respondents’ attitudes 
on the use of toxic synthetic 
dyes and chemicals along with 
environmental and health con-
sequences
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by Nahar et al. (2018), Rahman et al. (2020), Sivakumar 
et al. (2011), Akter et al. (2010), Tariq et al. (2006), Kau-
shik (2003) and Yusuff and Sonibare (2004) in the effluents 
of textile, dyeing, bleaching and tannery industries. Das 
and Borah (1983) reported that the higher Fe content might 
create unwanted effects like the astringent taste, staining, 
turbidity, deposits and development of microbes in pipes 
influencing the acceptability of water for home-grown usage. 
Mn is known as the least toxic heavy metals when swal-
lowed (USEPA 1988). However, it can reach the brain in 
two ways when breathed in / by olfactory (nasal aviation 
route) that gives a direct path to cerebrum tissue and lung 
take-up that may provide a wellspring of progressing with 
exposure (Weiss 2006). The effluent samples showed a dis-
proportionately high quantity of Mn, where about 50% of 
samples had less than the mean value, and the rest 50% of 
samples contained higher than the mean value (Supplemen-
tary Table 3). According to ECR (1997) and DoE (2005), for 
inland surface runoff, the standard value for Mn content is 
5.0 mg L−1. In contrast, the appropriate limit for agriculture 
is 0.20 mg L−1, as reported by Ayers and Westcot (1985). 
All of the samples had Mn concentrations far higher than 
the irrigation and industrial effluent normal limits. The con-
centration of Mn of dyeing effluents was a few folds higher 
than in some previous studies (Rahman et al. 2020; Rahman 
et al. 2019; Prasad and Rao 2010; Akter et al. 2010; Ali 
et al. 2009; Ohioma et al. 2009). On the other hand, Sivaku-
mar et al. (2011) noticed a higher Mn concentration (13.20 
mg L−1) in the effluent of Tamil Nadu’s dyeing and tanning 
industry segments.

Chromium is generally found as the hexavalent and tri-
valent form in plants, soils, animals and rocks. They might 
enter into the environmental compartments from different 
industrial production system like metal plating, steelmak-
ing, corrosion inhibitors, leather tanning, dyes, paints and 
wood additives (Huang et al. 2004). Chromium concentra-
tion highly exceeded the values reported earlier in different 
effluent samples (Rahman et al. 2020; Nahar et al. 2018; 
Razu et al. 2013; Sivakumar et al. 2011; Akter et al. 2010). 
Inland surface water should have a Cr content of 2.0 mg L−1, 
according to ECR (1997). On the other hand, the standard 
limit of Cr for irrigation usage is 0.011 mg L−1, as reported 
by USEPA (1999). About 97% and 100% of the samples 
contained higher Cr contents than that of the industrial efflu-
ent and irrigation standard limit, respectively. The standard 
content of Zn for inland surface water is about 5.0 mg L−1 
(ECR 1997). Considering this limit, 13 samples of our analy-
ses remained below the range. The legally allowable limit 
of Zn in irrigation water is 2.00 mg L−1 (Ayers and Westcot 
1985). Only three samples were found to be acceptable for 
irrigation compared to the prescribed level, whilst the others 
were found to be unsuitable. Our study’s Zn concentration 
was higher than those recorded by Rahman et al. (2020), 

Rahman et al. (2019) and Nahar et al. (2018), but lower than 
the value of 8.7 mg L−1 reported by Sivakumar et al. (2011).

Adverse health effects can be raised with high-level 
exposure to Cu (Bremner 1998). According to ECR (1997), 
inland surface water’s standard level of Cu content is about 
5.0 mg L−1, whereas 0.20 mg L−1 is the prescribed threshold 
for agricultural irrigation (Ayers and Westcot 1985). All the 
effluent samples contained Cu as higher than the recom-
mended limit for inland water use and irrigation (Fig. 4). 
Several studies have previously recorded lower Cu concen-
trations than ours (Nahar et al. 2018; Rahman et al. 2020; 
Sivakumar et al. 2011; Yusuff and Sonibare 2004; Akter 
et al. 2010; Aslam et al. 2004), which expressed a fall of 
more than 90%, in comparison to the value mentioned above 
of the present study. About 64% higher Pb concentration 
(19.0 mg L−1) in textile wastewater was reported previously 
(Sivakumar et al. 2011) compared to the present study. The 
standard value of Pb for fishing, industrial, agricultural irri-
gation and livestock water is 0.05 mg L−1, 0.01 mg L−1, 
0.05 mg L−1 and 0.05 mg L−1, respectively (ADB 1994). 
According to DoE (2005), irrigation water can contain 
0.01 mg L−1 Pb. According to the findings of this report, 
dye-effluent samples can be harmful to the atmosphere, 
biodiversity and human health due to their high Pb content 
(Rahman et al. 2020). The standard limit for inland surface 
water for Pb is about 0.1 mg L−1 (ECR 1997; DoE 2005). 
The mean Pb concentration exceeds the values reported by 
Rahman et al. (2020), Akter et al. (2010), Rahman et al. 
(2018), Prasad and Rao (2010), Ali et al. (2009), Ohioma 
et al. (2009) and Mountassir et al. (2013). These effluents are 
often discharged indiscriminately into surrounding waters 
and then combined with irrigation water for field irrigation, 
resulting in soil accumulation (Nahar et al. 2018). Heavy 
metals impair the activity of microbes and other biological 
processes, so their deposition in soil and water bodies over 
time may affect soil biology and texture (Babich and Stotzky 
1985). From the loading plot, it is seen that the pH, EC and 
TDS of the effluent samples were positive for Pb, Fe and Mn, 
while the concentration of Cr, Cu and Zn is negative (Fig. 6). 
It is clear from this finding that greater pH and EC may be 
causing more Pb and higher TDS for a larger concentration 
of Cr and may eventually lead to pollution of the food chain 
that may cause damage for human health. By showing the 
clusters created by grouping observations at different stages, 
a dendrogram may show how similar or dissimilar groups 
are each other. Despite the high levels of similarity and dis-
tance, there are simply too many clusters to be useful. As 
additional clusters are formed, the similarity level drops, and 
the distance level rises. A single cluster is created by adding 
all of the observations together at the end. With regard to 
temperature and other factors such as EC and TDS as well as 
Pb, it is apparent from the clusters that Cr and Zn may have 
had a strong connection with them (Fig. 7).
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Awareness, attitudes and behavioural patterns 
of the respondents on loom‑dyeing practices

Awareness, attitudes and behaviour patterns regarding dyeing 
activities differed from person to person of the respondents. 
In our study, around quarter of the respondents had secondary 
or above education level. Previously, Rahman et al. (2020) 
surveyed in Belkuchi, Sirajganj loom-dyeing area and found 
that 35% respondents of that area had secondary education 
whereas 43.33% had primary education. Our study found 
approximately 33.3% of the population is aware of synthetic 
dye use, whereas nearly two-thirds was conscious of health 
dangers of synthetic dyes. According to the combined scor-
ing of the awareness portion, approximately one-thirds of the 
respondents had sufficient awareness on ecology and human 
health. A survey of printing staff in Hong Kong showed a 
clear understanding of the harmful effects of chemical dyes 
(62%). According to a previous study (Rahman et al. 2020), 
most respondents in Belkuchi, Sirajganj had medium to high 
awareness and low to medium consciousness on agro-envi-
ronmental adverse effects of synthetic dyes. Our findings are 
consistent with those of the survey. Akintayo (2013) discov-
ered that the majority of the studied population was mindful 
of the harmful effects of dyes, caustic soda and hydrogen sul-
phite; however, only 26.80% were aware that dyes were poi-
sonous to animals’ respiratory system and other body parts.

Almost 60% of the studied people agreed on the impor-
tance of wearing hand gloves for personal safety, and harm-
ful effects of direct disposal of dyeing effluents are danger-
ous and that dyeing effluents (Fig. 11). Previously, Rahman 
et al. (2020) observed that about half of the sample popula-
tions acknowledged that toxic loom dyes cause harm and 
that most respondents believed that safety precautions are 
expected. Human health can be harmed by a lack of aware-
ness and attitudes towards various loom-dyeing practices 
(Haldiya et al. 2005). According to Akintayo (2013), the 
awareness and beliefs about the adverse effects of dye expo-
sure may affect human health. Our findings are consistent 
with Rahman et al. (2020), who reported that more than 
58.33% of dyeing staff were unaware of the proper discharge 
of discarded dyes, effluents and chemical substances.

Policy Suggestions

Loom dyeing’s broad adoption is contingent on public 
demand, feasibility, economics and governmental poli-
cies. To avoid any kinds of pollution, consciousness is the 
best policy. Awareness build up is important among the 
industrialists about the pollution problem and their legal 
responsibility to prevent it. In the earlier, several govern-
ments supported the dyeing sector after the advent of syn-
thetic loom dyes and their ease of application. There were 

no restrictions on dye testing or dye effluent discharge in 
the past. In the 1990s, the textile dye industry expressed 
concerns about synthetic dyes’ environmental impact. All 
dyeing industry leaders have a responsibility to manage 
the textile fabric supply chain responsibly. If we want to 
retain proper dyeing facilities for future generations, we 
need to simplify our approach for the industries. First of 
all, dyeing effluents must be treated before dumping which 
should be imposed by making law. For this purpose, efflu-
ent treatment plant (ETP) establishment should be more 
emphasized. The personnel involved in handloom dyeing 
industries should also be trained regarding safety measures 
and appropriate disposal techniques. Generally, the dye-
ing workers discharge their effluents without considering 
any environmental issues, which is a traditional technique. 
Government and no-government organisations should come 
forward to ban this traditional methods with introducing the 
modern techniques. Secondly, national and community level 
bodies should be formed and validated to monitor soils and 
water sources near the industries, and remediation measure 
should be taken. To strengthen policy suggestions, future 
study might disaggregate globalization and trade compo-
nents where ecological footprint might be a good compre-
hensive indicator (Alvarado et al. 2021). One of the other 
distinctive and essential policy recommendations that come 
out of this research is to improve worker understanding of 
efficient technical attitudes and behaviours with sustainable 
production together with increased industrial revenue. Since 
economic growth, industrial production and overall reserve 
contribute to environmental degradation in many countries, 
renewable energy and natural resources may help to reduce 
the environmental pollution issue (Dagar et al. 2021). The 
policy suggestions may assist policymakers in the research 
area as well as nations experiencing comparable difficul-
ties with environmental contamination; this requires a com-
prehensive structural and technological change in order to 
improve the country’s loom-dyeing system.

Managerial implications

The significant consequences on environmental compart-
ments happened as a result of industrialization and the 
continued use of ancient effluent disposal practices. Thus, 
the necessary knowledge for improving attitudes and behav-
ioural patterns related to dyeing activities should be achieved 
through various types of training and workshops organized 
by GOs and NGOs or other environmental agencies, as well 
as through social media platforms such as Facebook, Twitter 
and YouTube. Another significant managerial implication is 
to recommend a second-best alternative dyeing method in 
which the effluent is treated and utilized as irrigation water. 
Government funding should be used to develop ETP-facil-
itated loom-dyeing, since the garment industry contributed 
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significantly to the national GDP (gross domestic product). 
Successful execution of government policies is crucial for 
improving the technical efficiency of dyeing personnel. 
These policies will also assist workers involved in dyeing 
processes in selecting the most environmentally friendly 
alternatives. Additionally, loom-dyeing facilities may be 
enhanced with the aid of subsidies provided via different 
government programs aimed at managing the sustainable 
garment sector.

Conclusions

Metal contaminants are of concern worldwide and are mainly 
associated with increasing urbanization and anthropogenic 
activities, besides the other natural geogenic sources. Dis-
charge and loading of untreated effluent disposes, contain-
ing toxic non- essential elements, into the soil, water and 
ambient air, have well known and documented health effects 
on exposed humans and other organisms. The overall pic-
ture of heavy metal concentration in dyeing effluents of 
Kumarkhali Kushtia’s hand loom–dyeing industries was a 
matter of concern. In dyeing effluents, toxic metals such as 
Pb, Cr, Cu, Zn, Fe and Mn were found at significant lev-
els. Furthermore, it is apparent that the effluent exceeds the 
recommended limits and is poisonous and needs treatment 
before being disposed of on land or water. The findings of 
the annual discharge load of metals predict that there might 
be high levels of contaminants in Kumarkhali, Kushtia’s 
waterways and soil, sediment. The adverse effect of many 
chemicals and dye intermediates used in the clothing indus-
try is severe, as their effects on the environment and public 
health take time to manifest. Since the respondents are regu-
larly exposed to dyes with little or no control over the dura-
tion or extent of exposure, it is also crucial that the loom-dye 
workers become mindful of the harmful consequences of 
dyes when they are not appropriately treated. The improper 
discharge of dye-effluent should also be banned at all costs. 
Therefore, inventories on metal sources are of relevance in 
understanding exposure risks, developing alternative control 
strategies and efficient and environmentally friendly treat-
ment technologies. The limitations of this research might be 
the inconsideration for the study of contamination of agri-
cultural crops through dye-effluents. Another problem was 
found to be that the respondents did not agree to give their 
personal and health-related information easily. This limita-
tion restricts us to increase our survey respondents. To know 
the actual public health problem, it is also wise to study 
health status of the respondents by day to day medical check-
up. It was also a vital point that would be considered. So, 
we can do further deep research in this area including heavy 
metal accumulation in crops and regular health diagnosis of 
the respondents as vital recommendations.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11356-​022-​20425-5.

Acknowledgements  The authors are grateful for the laboratory facili-
ties provided by the Department of Agricultural Chemistry at Bangla-
desh Agricultural University, Mymensingh, Bangladesh.

Author contribution  Md. Shafiqul Islam conducted the research and 
prepared the initial manuscript; Md. Arifur Rahman analysed the data 
with graphical presentation, manuscript writing and improving the 
draft, English editing and critical revising; Kamrun Nahar helped in 
manuscript writing and corrections; Md. Saljar Rahman Chowdhury 
helped in manuscript formatting and revised the manuscript; Istiaq 
Ahmed revised the manuscript and improved with English corrections; 
K. M. Mohiuddin planned and supervised the research work.

Funding  The research work was completed with the financial assis-
tance of the Bangladesh Agricultural University Research System 
(BAURES, BAU, Project No.: 2015/106/BAU).

Availability of data and materials  Not applicable.

Declarations 

Ethics approval and consent to participate  Not Applicable

Consent for publication  Not applicable.

Conflict of interest  The authors declare no competing interests.

References

ADB (1994) Asian Development Bank. In: Training Manual for Environmental 
Monitoring. Engineering Science Inc., San Bernardino, pp 2–16

Ahmed S, Tapley K, Clemett A, Chadwick M (1998) Health and safety 
in the textile dyeing industry. Genesis (Pvt.) Ltd, Dhaka, Bang-
ladesh 80(5):993–997

Akintayo WL (2013) Knowledge, attitude and practice on the use of 
personal protective equipment by traditional resist fabrics work-
ers in Abeokuta, Nigeria. Arabian J Bus Manag Review (Kuwait 
Chapter) 2(7):27–37. https://​doi.​org/​10.​12816/​00012​15

Akter MS, Islam MN, Fardous Z, Khan MH, Rahman MA (2010) Assess-
ment of heavy metals in handloom cottage, dyeing and printing indus-
trial effluents in Belkuchi, Sirajganj. J Appl Sci Tech 7(2):85–90

Ali N, Hameed A, Ahmed S (2009) Physicochemical characterization 
and bioremediation perspective of textile effluent, dyes and metals 
by indigenous bacteria. J Hazard Mater 164(1):322–328. https://​
doi.​org/​10.​1016/j.​jhazm​at.​2008.​08.​006

Ali H, Khan E, Ilahi I (2019) Environmental chemistry and ecotoxicol-
ogy of hazardous heavy metals: environmental persistence, toxic-
ity, and bioaccumulation. J Chem 2019:1–14. 6730305. https://​
doi.​org/​10.​1155/​2019/​67303​05

Alihameed N, Ahmed A (2008) Physicochemical characterization and 
bioremediation perspective of textile effluent dyes and metals by 
indigenous bacteria. J Hazard Mater 164:322–328. https://​doi.​org/​
10.​1016/j.​jhazm​at.​2008.​08.​006

Alvarado R, Tillaguango B, Dagar V, Ahmad M, Işık C, Méndez P, 
Toledo E (2021) Ecological footprint, economic complexity and 
natural resources rents in Latin America: empirical evidence using 
quantile regressions. J Clean Prod 318:128585. https://​doi.​org/​10.​
1016/j.​jclep​ro.​2021.​128585

66504 Environmental Science and Pollution Research  (2022) 29:66490–66506

1 3

https://doi.org/10.1007/s11356-022-20425-5
https://doi.org/10.12816/0001215
https://doi.org/10.1016/j.jhazmat.2008.08.006
https://doi.org/10.1016/j.jhazmat.2008.08.006
https://doi.org/10.1155/2019/6730305
https://doi.org/10.1155/2019/6730305
https://doi.org/10.1016/j.jhazmat.2008.08.006
https://doi.org/10.1016/j.jhazmat.2008.08.006
https://doi.org/10.1016/j.jclepro.2021.128585
https://doi.org/10.1016/j.jclepro.2021.128585


APHA (American Public Health Association) (2012) Standard Meth-
ods for the Examination of Water and Wastewater, 22nd edn. 
American Public Health Association, Washington

Aslam MM, Baig MA, Hassan I, Qazi IA, Malik M, Saeed H (2004) 
Textile wastewater characterisation and reduction of its COD and 
BOD by oxidation. Elec J Env Agricult Food Chem 3(6):804–811

Ayers RS, Westcot DW (1985) FAO irrigation and drainage paper. 
Water Quality for Agriculture 29:8–96

Azeez PA (2001) Environmental implications of untreated effluents 
from bleaching and dyeing. Eco-friendly Technology for Waste 
Minimisationin in Textile Industry. Centre for Environment Edu-
cation, Tiruppur and Public Works Department Water Resources 
Organisation, Coimbatore

Babich H, Stotzky G (1985) Heavy metal toxicity to microbe-mediated 
ecologic processes: a review and potential application to regula-
tory policies. Environ Res 36(1):111–137. https://​doi.​org/​10.​1016/​
0013-​9351(85)​90011-8

BBS (Bangladesh Bureau of Statistics) (2020) Statistical Pocketbook 
2020. Statistics and Informatics Division, Ministry of Planning, 
Government of The People’s Republic of Bangladesh

BNIW (2022) Bangladesh National Information Window. Government 
of the people's republic of Bangladesh. Website: http://​kumar​
khali.​kusht​ia.​gov.​bd. Accessed 21 January 2022

Bremner I (1998) Manifestations of copper excess. Am J Clin Nutr 
67(5):1069S–1073S. https://​doi.​org/​10.​1093/​ajcn/​67.5.​1069S

Brown R (2010) The role of the International Chemical Safety Cards 
in occupational health and safety. Afr Newsl Occup Health Saf 
20(2):30–32

Chavan RB (2001) Indian textile industry-environmental issues. Indian 
J Fibre Tex Res 26:11–21

Christie RM (2001) Colour chemistry. The Royal Society of Chemistry, 
Cambridge, pp 1–229

Dagar V, Khan MK, Alvarado R, Rehman A, Irfan M, Adekoya OB, 
Fahad S (2021) Impact of renewable energy consumption, finan-
cial development and natural resources on environmental degra-
dation in OECD countries with dynamic panel data. Environ Sci 
Pollut Res. https://​doi.​org/​10.​1007/​s11356-​021-​16861-4

Das HB, Borah K (1983) Iron excess in drinking water of Darrang Dis-
trict of Assam and some adjoining areas. Defence Sci J 33(1):31–37

Dey S, Islam A (2015) A review on textile wastewater characterization 
in Bangladesh. Resour Environ 5:15–44

DoE (2005) Government of the People’s Republic of Bangladesh, Minis-
try of Environment and Forest, Department of Environment, Dhaka.

DoE (2008) Guide for assessment of effluent treatment plants in EMP/ 
EIA reports for textile industries. Department of Environment, 
Ministry of Environment and Forest, Bangladesh, pp 1–2

ECR (1997) The Environment Conservation Rules, 1997. Department 
of Environment, Government of the People’s Republic of Bang-
ladesh, Poribesh Bhaban E–16, Agargaon, Shere Bangla Nagar, 
Dhaka 1207, Bangladesh, pp 179–226

Garbisu C, Alkorta I (2001) Phytoextraction: a cost-effective plant-
based technology for the removal of metals from the environment. 
Bioresour Technol 77(3):229–236

Ghiasi FG, Ghiasi FG (2017) Analysis of factors affecting health and safety 
behaviour of farmers (work-related complications) case study of Qaz-
vin city. QUID: Investigación. Ciencia y Tecnología 1:542–548

Ghosh AB, Bajaj JC, Hasan R, Singh D (1983) Soil and water testing 
methods: a laboratory manual. In: Division of Soil Science and 
Agricultural Chemistry. IARI, New Delhi, pp 1–48

Gisbert C, Ros R, De Haro A, Walker DJ, Bernal MP, Serrano R, 
Navarro-Aviñó J (2003) A plant genetically modified that accu-
mulates Pb is especially promising for phytoremediation. Biochem 
Biophys Res Commun 303(2):440–445

Haldiya KR, Sachdev R, Mathur ML, Saiyed HN (2005) Awareness, 
attitude and behaviour patterns related to occupational health 
problems among salt workers working in the desert of Rajasthan. 

India. J Occup Health 47(1):85–88. https://​doi.​org/​10.​1539/​joh.​
47.​85

Hobbelen PHF, Koolhaas JE, Van Gestel CAM (2004) Risk assessment 
of heavy metal pollution for detritivores in floodplain soils in the 
Biesbosch, The Netherlands, taking bioavailability into account. 
Environ Pollut 129(3):409–419. https://​doi.​org/​10.​1016/j.​envpol.​
2003.​11.​010

Huang KL, Holsen TM, Chou TC, Yang MC (2004) The use of air fuel 
cell cathodes to remove contaminants from spent chromium plat-
ing solutions. Environmental Technology 25(1):39–49

Islam MS (2016) Assessment of heavy metal pollution load in the effluent 
of hand-loom dyeing industries in Kumarkhali, Kushtia and their 
impact on local community. MS thesis. Department of Agricultural 
Chemistry, Bangladesh Agricultural University, Mymensingh, pp 
1–54

Islam MM, Halim MA, Islam MS, Biswas CK (2009) Analysis the 
plant nutrients and organic matter in textile sludge in Gazipur, 
Bangladesh. Journal of Environmental Science and Technology. 
2(1):63–67

Jolliffe IT, Cadima J (2016) Principal component analysis: a review 
and recent developments. Phil. Trans. R. Soc. A 374:20150202. 
https://​doi.​org/​10.​1098/​rsta.​2015.​0202

Kant R (2012) Textile dyeing industry and environmental hazard. Natu-
ral Science 4(1):12–26

Karanth KR (1994) Ground water assessment: development and man-
agement. Tata McGraw-Hill Publishing Company Ltd., New 
Delhi, pp 248–250

Kaur A, Vats S, Rekhi S, Bhardwaj A, Goel J, Tanwar RS, Gaur KK 
(2010) Physico-chemical analysis of the industrial effluents and 
their impact on the soil microflora. Procedia Environ Sci 2:595–
599. https://​doi.​org/​10.​1016/j.​proenv.​2010.​10.​065

Kaushik S (2003) Bio-sorption of hexavalent chromium using bacte-
rial isolates. In: Phil M, Dissertation. (eds) School of Energy and 
Environment Studies. Devi AhliyaVishwavidyalaya, Indore

Khan TI, Singh N, Yadav R, Solomon DM (2001) Heavy metals in the 
vegetables from textile industrial area Sanganer. In: Bora KK, 
Karan S, Arvind K (eds) Stress and Environmental Plant Physiol-
ogy. Avishkar Publishers, Jaipur, pp 51–55

Khan S, Cao Q, Zheng YM, Huang YZ, Zhu YG (2008) Health risks of 
heavy metals in contaminated soils and food crops irrigated with 
wastewater in Beijing. China. Environ pollut 152(3):686–692. 
https://​doi.​org/​10.​1016/j.​envpol.​2007.​06.​056

Koukal B, Dominik J, Vignati D, Arpagaus P, Santiago S, Ouddane B, 
Benaabidate L (2004) Assessment of water quality and toxicity of 
polluted Rivers Fez and Sebou in the region of Fez (Morocco). Environ 
Pollut 131(1):163–172. https://​doi.​org/​10.​1016/j.​envpol.​2004.​01.​014

Manzoor S, Shah MH, Shaheen N, Khalique A, Jaffar M (2006) Multi-
variate analysis of trace metals in textile effluents in relation to soil 
and groundwater. Journal of hazardous materials. 137(1):31–37

Mathur N, Bhatnagar P (2007) Mutagenicity assessment of textile dyes 
from Sanganer (Rajasthan). Journal of Environmental Biology. 
28(1):123–126

McGrath SP, Zhao FJ, Lombi E (2001) Plant and rhizosphere processes 
involved in phytoremediation of metal-contaminated soils. Plant 
Soil 232(1):207–214

Mia R, Selim M, Shamim A, Chowdhury M, Sultana S, Armin M, 
Hossain M, Akter R, Dey S, Naznin H (2019) Review on various 
types of pollution problem in textile dyeing & printing industries 
of Bangladesh and recommandation for mitigation. J Text Eng 
Fash Technol 5(4):220–226

Mountassir Y, Benyaich A, Rezrazi M, Berçot P, Gebrati L (2013) Waste-
water effluent characteristics from Moroccan textile industry. Water 
Sci Technol 67(12):2791–2799. https://​doi.​org/​10.​2166/​wst.​2013.​205

Mountouris A, Voutsas E, Tassios D (2002) Bioconcentration of heavy 
metals in aquatic environments: the importance of bioavailability. 
Mar Pollut Bull 44(10):1136–1141

66505Environmental Science and Pollution Research  (2022) 29:66490–66506

1 3

https://doi.org/10.1016/0013-9351(85)90011-8
https://doi.org/10.1016/0013-9351(85)90011-8
http://kumarkhali.kushtia.gov.bd
http://kumarkhali.kushtia.gov.bd
https://doi.org/10.1093/ajcn/67.5.1069S
https://doi.org/10.1007/s11356-021-16861-4
https://doi.org/10.1539/joh.47.85
https://doi.org/10.1539/joh.47.85
https://doi.org/10.1016/j.envpol.2003.11.010
https://doi.org/10.1016/j.envpol.2003.11.010
https://doi.org/10.1098/rsta.2015.0202
https://doi.org/10.1016/j.proenv.2010.10.065
https://doi.org/10.1016/j.envpol.2007.06.056
https://doi.org/10.1016/j.envpol.2004.01.014
https://doi.org/10.2166/wst.2013.205


MSE (Madras School of Economics) (2002) Environmental impact 
of industrial effluents in Noyyal river basin- Final report. Water 
Resources research fund institute for water studies, Chennai

Muhammad B, Khan MK, Khan MI, Khan S (2021) Impact of foreign 
direct investment, natural resources, renewable energy consump-
tion, and economic growth on environmental degradation: evi-
dence from BRICS, developing, developed and global countries. 
Environ Sci Pollut Res 28:21789–21798. https://​doi.​org/​10.​1007/​
s11356-​020-​12084-1

Nahar K, Chowdhury MAK, Chowdhury MAH, Rahman A, Mohiud-
din KM (2018) Heavy metals in handloom-dyeing effluents and 
their biosorption by agricultural byproducts. Environ Sci Pollut 
Res 25(8):7954–7967. https://​doi.​org/​10.​1007/​s11356-​017-​1166-9

Nriagu JO, Pacyna JM (1988) Quantitative assessment of worldwide 
contamination of air, water and soils by trace metals. Nature 
333(6169):134–139

Oguntade OA, Adetunji MT, Salako FK, Arowolo TA, Azeez JO (2018) 
Growth, dry matter and heavy metal uptake of potted Amaranthus 
cruentus L. as influenced by dye-laden wastewater. Trop Agric 
(Trinidad) 95(2):132–145

Ohioma AI, Luke NO, Amraibure O (2009) Studies on the pollu-
tion potential of wastewater from textile processing factories in 
Kaduna. Nigeria. J Toxicol Environ Health Sci 1(2):034–037

Ouali N, Belabed BE, Chenchouni H (2018) Modelling environment 
contamination with heavy metals in flathead grey mullet Mugil 
cephalus and upper sediments from north African coasts of the 
Mediterranean Sea. Sci Total Environ 639:156–174. https://​doi.​
org/​10.​1016/j.​scito​tenv.​2018.​04.​377

Paramasivam P, Raghavan PM, Srinivasan PD, Kumar GA (2010) 
Awareness, attitude, and practice of dyeing and printing workers. 
Indian J Community Med 35(4):498–502

Prabakaran J, Thangavel P (2002) Colour removal from textile indus-
trial effluents by bioremediation and reuse of treated effluents for 
agriculture. Sponsored by Water Resource Organisation (PWD), 
Environmental Cell Divisions. Department of Environmental Sci-
ences, Tamil Nadu Agricultural University, Coimbatore

Prasad AA, Rao KB (2010) Physico chemical characterisation of tex-
tile effluent and screening for dye decolorising bacteria. Global J 
Biotech Biochem 5(2):55–62

Rahim M, Ullah I, Khan A, Haris MRHM (2016) Health risk from 
heavy metals via consumption of food crops in the vicinity of 
District Shangla. J Chem Soc Pak 38(1):17–185

Rahman MA, Rayhan MYH, Chowdhury MAH, Mohiuddin KM, 
Chowdhury MAK (2018) Phytotoxic effect of synthetic dye efflu-
ents on seed germination and early growth of red amaranth. Fun-
dam Appl Agric 3(2):480–490. https://​doi.​org/​10.​5455/​faa.​299239

Rahman MA, Rahman MS, Mohiuddin KM, Chowdhury MAH, 
Chowdhury MAK (2019) Germination and seedling growth 
of rice (Oryza sativa L.) as affected by varying concentrations 
of loom-dye effluent. J Bangladesh Agril Univ 17(2):153–160. 
https://​doi.​org/​10.​3329/​jbau.​v17i2.​41938

Rahman MA, Saha BK, Chowdhury MAH, Chowdhury MAK, Mohi-
uddin KM (2020) Public perception and health implication of 
loom-dye effluent irrigation on growth of rice (Oryza sativa L.) 
and red amaranth (Amaranthus tricolor L.) seedlings. Environ Sci 
Pollut Res 27:1–18. https://​doi.​org/​10.​1007/​s11356-​020-​08377-0

Ranganathan K, Karunagaran K, Sharma DC (2007) Recycling of 
wastewaters of textile dyeing industries using advanced treatment 
technology and cost analysis-case studies. Resour Conserv Recy 
50(3):306–318. https://​doi.​org/​10.​1016/j.​resco​nrec.​2006.​06.​004

Razu SMH, Azad AK, Bari QH, Rahman M (2013) Analysis and 
treatment of waste water of textile dyeing industry: a study on 
Bulbul Textile, Kushtia, Bangladesh. International Conference 
on Mechanical, Industrial and Materials Engineering 33:520–525

Saha P, Rahman MA, Chowdhury MSR, Nahar K, Ahmed I, Mohi-
uddin KM (2021) Mineral Nutritional status and health risk 

assessment of red amaranth (Amaranthus cruentus) collected 
from a water-logged area of Bangladesh. J Bangladesh Agril Univ 
19(2):168–177. https://​doi.​org/​10.​5455/​JBAU.​55279

Schalscha BE, Ahumada TI (1998) Heavy metals in rivers and soils of 
central Chile. Water Sci Technol 37(8):251–255

Shanthi E, Vigneshpriya D (2015) Physicochemical characterization 
of textile waste water. Int J Innov Res Dev 4:48–51

Sharma RK, Agrawal M, Marshall F (2007) Heavy metal contamina-
tion of soil and vegetables in suburban areas of Varanasi. India. 
Ecotoxicol Environ Saf 66(2):258–266. https://​doi.​org/​10.​1016/j.​
ecoenv.​2005.​11.​007

Singh KP, Parwana HK (1999) Groundwater pollution due to industrial 
wastewater in Punjab state and strategies for its control. Indian J 
Environ Prot 19:241–244

Sivakumar KK, Balamurugan C, Ramakrishnan D, Bhai LH (2011) 
Assessment studies on wastewater pollution by textile dyeing 
and bleaching industries at Karur. Tamil Nadu. Rasayan J Chem 
4(2):264–269

Suteu D, Zaharia C, Bilba D, Muresan R, Popescu A, Muresan A 
(2009) Decolorization waste waters from the textile industry-phys-
ical methods, chemical methods. Industria Textila 60(5):254–263

Tariq SR, Shah MH, Shaheen N, Khalique A, Manzoor S, Jaffar M 
(2006) Multivariate analysis of trace metal levels in tannery 
effluents in relation to soil and water: a case study from Pesha-
war. Pakistan. J Environ Manage 79(1):20–29. https://​doi.​org/​10.​
1016/j.​jenvm​an.​2005.​05.​009

Tchobanoglous G, Burton FL, Stensel HD (2013) Wastewater engi-
neering: treatment and reuse, 4th edn. McGraw Hill, New York

Türkmen M, Türkmen A, Tepe Y, Töre Y, Ateş A (2009) Determina-
tion of metals in fish species from Aegean and Mediterranean 
seas. Food Chem 113(1):233–237. https://​doi.​org/​10.​1016/j.​foodc​
hem.​2008.​06.​071

Udo EJ, Ibia TO, Ogunwale JA, Ano AO, Esu IE (2009) Manual of soil, 
plant and water analyses. p 183

Upadhyay KK, Pandey AC (2016) Occupational exposure and aware-
ness of occupational safety and health among cloth dyeing work-
ers in Jaipur India. Iran J Health Saf Environ 3(2):540–546

USEPA (1988) Integrated Risk Information System (IRIS): Manganese 
(CASRN 7439-96-5). U.S. Environmental Protection Agency. 
https://​cfpub.​epa.​gov/​ncea/​iris2/​chemi​calla​nding.​cfm?​subst​ance_​
nmbr=​373. Accessed 27 April 2022

USEPA (1995) QA/QC guidance for sampling and analysis of sedi-
ments, water, and tissues for dredged material evaluations. U.S. 
Environmental Protection Agency. Office of Water, Washington, 
p 297

USEPA (1999) Screening Level Ecological Risk Assessment Protocol. 
Appendix E: Toxicity Reference values U.S. EPA Region 6. U.S. 
Environmental Protection Agency. Office of Solid waste.

Weiss B (2006) Economic implications of manganese neurotoxicity. 
Neurotoxic 27(3):362–368

Wood WA, Kellogg ST (1988) Biomass. A: cellulose and hemicel-
lulose. Section I: Cellulose. Methods in Enzymology 160:3–508

Yusuff RO, Sonibare JA (2004) Characterisation of textile industries’ 
effluents in Kaduna, Nigeria and pollution implications. Global 
Nest: Int J 6(3):212–221

Zaharia C, Suteu D, Muresan A, Muresan R, Popescu A (2009) Textile 
wastewater treatment by homogenous oxidation with hydrogen 
peroxide. Environ Eng Manag J 8(6):1359–1369

Zakir HM, Shikazono N, Otomo K (2008) Geochemical distribution of 
trace metals and assessment of anthropogenic pollution in sedi-
ments of Old Nakagawa River, Tokyo, Japan. Am J Environ Sci 
4(6):654–665

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

66506 Environmental Science and Pollution Research  (2022) 29:66490–66506

1 3

https://doi.org/10.1007/s11356-020-12084-1
https://doi.org/10.1007/s11356-020-12084-1
https://doi.org/10.1007/s11356-017-1166-9
https://doi.org/10.1016/j.scitotenv.2018.04.377
https://doi.org/10.1016/j.scitotenv.2018.04.377
https://doi.org/10.5455/faa.299239
https://doi.org/10.3329/jbau.v17i2.41938
https://doi.org/10.1007/s11356-020-08377-0
https://doi.org/10.1016/j.resconrec.2006.06.004
https://doi.org/10.5455/JBAU.55279
https://doi.org/10.1016/j.ecoenv.2005.11.007
https://doi.org/10.1016/j.ecoenv.2005.11.007
https://doi.org/10.1016/j.jenvman.2005.05.009
https://doi.org/10.1016/j.jenvman.2005.05.009
https://doi.org/10.1016/j.foodchem.2008.06.071
https://doi.org/10.1016/j.foodchem.2008.06.071
https://cfpub.epa.gov/ncea/iris2/chemicallanding.cfm?substance_nmbr=373
https://cfpub.epa.gov/ncea/iris2/chemicallanding.cfm?substance_nmbr=373

	Heavy metal pollution through hand loom–dyeing effluents and its effect on the community health
	Abstract
	Introduction
	Literature review
	Materials and methods
	Geographical information of study area
	Sampling
	Analytical methods used for dyeing effluents
	The estimation of THMD
	Respondents’ awareness, attitudes and behaviour patterns
	Statistical analysis
	Benefits of the study

	Results
	Characteristics of hand-loom dye effluents in terms of physicochemical properties
	Heavy metals in hand-loom–dyeing effluents
	The estimation of the total discharge of heavy metals
	Principal component and cluster analyses
	Awareness, attitudes and behavioural patterns of the respondents on loom-dyeing practices
	Characteristics of the respondents
	Awareness regarding the loom dyeing practices
	Observed behavioural patterns of the population responses to loom-dyeing practices


	Discussion
	Physicochemical properties and heavy metal contents in dyeing-effluents
	Awareness, attitudes and behavioural patterns of the respondents on loom-dyeing practices

	Policy Suggestions
	Managerial implications

	Conclusions
	Acknowledgements 
	References


