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Abstract: One of the distilleries in Unnao, India, was sampled for analysis in the laboratory to
determine its physicochemical characteristics and pollution level. A fixed spot at the distillery was used
for the collection of samples for a period of one year, from May 2021 to April 2022. Observations of
high chemical loads in the effluent discharged from the above-stated distillery included carbonate,
bicarbonate, iron, calcium, magnesium, chloride, and BOD and COD. Results showed that there are
certain relationships between the physicochemical characteristics of positive and negative effluents
every month.
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1. Introduction

People had always lived near water sources, such as rivers, lakes, or groundwater
springs when they first settled in one place and started growing crops [1-3]. In order to be able
to drink, prepare food, bathe, clean, irrigate crops, and perform a variety of other tasks, it was
essential to have easy access to water. However, a problem with the water sources used to
supply water in the past and treating drinking water to make it better smelling, tasting, clearer,
or eliminating disease-causing pathogens has occurred throughout recorded history in one form
or another. Human well-being is directly linked to water quality, so its quality is a vital concern
for humanity. Pollution occurs when water deviates from its natural condition, affecting its
properties and functions [4]. Various biological, chemical, and physical interactions affect
water quality and aquatic environment characteristics. With respect to their geological age and
geochemical characteristics, estuaries, water bodies, lakes, and rivers are continuously
changing. As a result of human activities disrupting this dynamic balance in the aquatic
ecosystem, pollution manifests itself dramatically in fish kills offensive tastes, and odors.
Industrial pollution is a type of pollution caused by effluents generated by industries [5].

Among the seventeen most polluting industries listed by the CPCB are distilleries.
Distillery effluent is the liquid flow from the distilleries’ wastewater treatment systems. India
currently has 319 distilleries with a capacity of 3.29 billion liters of alcohol. Over 40% of the
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total installed capacity is in cane-growing states such as Uttar Pradesh and Maharashtra,
followed by Madhya Pradesh (14.2%) and Tamil Nadu (9.5%). Distilleries using molasses
frequently produce high amounts of BOD and COD wastewater per liter of alcohol produced
[6,7]. The total amount of wastewater produced per liter of alcohol is between 40 and 50 liters
[8]. Distilleries in India generate 40.72 million/m3 of spent water annually [9,10].

In the human body, blood is similar to water in our environment. As a result of
urbanization and industrialization, humans pollute the Earth's blood, which is water, making it
look like a sterile, desolate, grey hunk of rock orbiting the sun [11]. The nature of these
industries may vary widely, but industrial processes primarily cause water pollution.
Wastewater from industries includes wastewater from manufacturing units, employees'
sanitary wastes, and water discharged for cleaning factory floors. It also includes relatively
uncontaminated heating and cooling water [12].

Raw distillery effluent is commonly discharged into municipal sewage systems [13-
15]. Environmental pollution has become a major problem worldwide because of urbanization
and industrialization. Stringent regulations must be followed before effluents can be disposed
of [16-18]. Water pollution is mainly caused by effluents released into receiving waters [19].
Humans and ecosystems are exposed to pollutants when contaminating aquatic ecosystems
such as rivers, ponds, and lakes.

Increasing urbanization and industrialization have made environmental pollution one
of the world's biggest problems. In recent decades, the use of chemicals in various human
activities has increased rapidly, especially in nations like India [20]. Groundwater is crucial to
delivering potable water, agricultural irrigation, and industrial production. Groundwater
resources are threatened by urbanization, industrial development, and agricultural practices
[21].

As a result of the expansion of industry in the modern world, global water
contamination has become a major concern [22]. Water pollution is primarily caused by the
discharge of effluents into bodies of water. These contaminants end up in aquatic ecosystems
such as lakes, ponds, and rivers, posing a threat to human and ecosystem health. Every industry
releases waste-containing water at some point in its production process. Industrial waste varies
depending on the situation. As a result, water contaminants cause a number of physicochemical
parameters to differ from those typically prescribed [23]. Water quality can be negatively
impacted by increasing turbidity, color, nutrient load, and hazardous and persistent chemicals
[24-26]. Tannery effluent has a wide range of physical, chemical, and biological characteristics
that each effluent habitat requires its study.

Studying polluted water released from distilleries aims to compare its chemical
characteristics.

2. Materials and Methods

There were no chemicals other than AR grade used. MAC Digital Portable Kit (MSW-
551) was used to measure pH, electrical conductivity, and turbidity. A flame photometer
(Model Systronic 128) was utilized to determine metal ions Na*, K*, and Ca?*. Chloride in
water samples was estimated with the silver nitrate method. Using the turbidimetric method,
sulfate was determined. Total hardness was calculated by complexometric titration with EDTA.
The distillery effluent characterization has been carried out for parameters like pH, alkalinity,
TDS, TH, Ca?*, and Mg?" as per the Bureau of Indian Standard 10500 (BIS-2012) [27].
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2.1. Samples and sampling sites.

An analysis was conducted on samples taken from a distillery in Unnao, India, using
the following methods:

(i) Visit the distillery and surrounding areas and

(if) On-site assessments and interviews with relevant personnel, including workers,
managers, and other stakeholders.

Immediately after sampling, the samples were corked in glass bottles (1.0 liters).All
samples were stored at 4°C in refrigerators until they were analyzed. All chemical tests were
completed the same day or the next evening. All four or five samples were merged for the
experiments below to obtain a comprehensive water sample. This study collected samples in
glass bottles (1 liter) and corked immediately after collection, according to the Indian Standard
Methods for Sampling and Testing Water for Industries, 1.S.l. New Delhi, India. All samples
were stored at 4°C in refrigerators until they were analyzed. All chemical assays were
completed the same day or the following evening. This sample was used in the experiments
listed below. All four or five samples were blended to obtain a comprehensive water sample.
As per the Indian Standard Methods of Sampling and Testing for Water Used in Industries,
I.S.1. New Delhi, India, the sampling method was the same.

Using procedures outlined in IBH Handbook No. 8, a pH and temperature measurement
was performed on color, temperature, pH, carbonate, bicarbonate, chloride, total alkalinity,
nitrite, total hardness, total suspended solids (TSS), alkaline hardness, total solids (TS), total
dissolved solids (TDS), BOD, dissolved oxygen (DO), oxygen consumed by potassium
permanganate, calcium, chromium, potassium, magnesium, phosphorus, sulfur, nitrogen, iron,
and manganese. According to IBH Handbook No. 8 [28], USDA Handbook No. 60 [29], and
Laboratory Methods for Blue Green Algae, respectively [30], the pH and temperature of each
component were measured. In water sampling and testing, the 1SI New Delhi 2490 standard
[31] is used, which was developed by Choubey [32,33]. In this study, various characteristics of
wastewater testing were analyzed in relation to each other. In effluent samples, dissolved
oxygen (DO) was assessed with the Winkler technique. As a means of measuring alkalinity,
sodium thiosulfate was employed [34,35]. Effluent samples were measured for BOD, TDS,
and TS using established techniques. According to Ademoroti, COD was calculated [36].

The significance of all data was assessed statistically using the 5% and 10% probability
levels with one and two asterisks indicating significant and very significant 'r' values.

2.2. Statistical analysis.

Two parameters are required to describe the situation in a linear regression model for
estimating water quality. A correlation analysis compares independent and dependent variables
to determine how close they are to each other [37,38]. If the correlation coefficient approaches
+1 or 1, it indicates a linear relationship between variables x and y.

In terms of correlation, the parameters are categorized as strong, moderate, and weak.
Strong parameters lie between +0.8 and 1.0, moderate parameters lie between +0.5 and 0.8,
weak parameters lie between +0.0 and 0.5, and weak parameters lie between —0.0 and —0.5
[39]. As a result of correlation analysis, forecasts and predictions can be made based on the
relationship between variables [40]. The present study used Pearson correlation coefficients,
commonly known as Pearson ‘r’ tests, to measure the strength of relationships between
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variables. The coefficient correlation value can be used to evaluate the strength of relationships
between two variables:
L Ia-DO-P)
VI =022 - 7)?

where, x (X = values of x-variable, = average value of x) and y (y = values of y-variable,
= average value of y) represent two different water quality parameters. There is a high degree
of correlation between two variables X and Y, when their correlation coefficient 'r" is high. A
straight line can be used to calculate linear regression using the following equation:

y=a+bx

The dependent variable in this equation is y, the independent variable is x, and the slope
and intercept on the y axis are ‘a’ and ‘b’, respectively. For calculating the empirical parameters
'a"and 'b', here is the equation:

2Oy —XXY)
Tx?—xXy
a=y—bx

In statistics, correlation measures the relationship between two variables. Relationships
can be discovered through correlation studies in practical situations. In order to determine the
significance of an association between two or more water quality parameters, its statistical
significance can be measured [41]. For the purpose of studying the correlation between
different water quality parameters, regression analysis has been conducted using the past-4
software versions.

3. Results and Discussion

As shown in Table 1, the Bureau of Indian Standards (BIS 2012) and World Health
Organization (WHO 2002) recommend acceptable and minimum limits for individual
parameters for drinking water. Table 2 illustrates that tannery effluents differ significantly from
month to month regarding their physical and chemical properties. The following correlations
were found between traits in Table 3.

3.1. Positive correlation ships.

Positive correlation coefficients were found between temperature with each of the
chloride, TA, chromium, TH, AH, TS, TDS, TSS, OC, P, S and Mn; pH with each of the
carbonate, chloride, TA, chromium, AH, TS, TDS, TSS, OC, Ca, Mg, P, S and Mn; carbonate
with each of the bicarbonate, chromium, DO, COD, K, N and Fe; bicarbonate with each of the
chloride, chromium, DO, COD, K, Mg and P; chloride with each of the TA, chromium, TH,
AH, TS, TDS, TSS, OC, P, S and Mn; total alkalinity with each of the TH, AH, TS, TDS, TSS,
BOD, COD, OC, Ca, K, P and S; total chromium with each of the TH, AH, TS, TDS, TSS and
Fe; total hardness with each of the AH, TS, TDS, TSS, OC, P and S; alkaline hardness with
each of the TS, TDS, TSS, OC, S and Mn; total solids with each of the TDS, TSS, OC, P, S
and Mn; total dissolved solids with each of the TSS, OC, Ca, P, Mg, P, S and Mn; total
suspended solids with of the each OC, P, S and Mn; dissolved oxygen with each of the BOD,
COD, P, K, Mg, S, N and Fe; biological oxygen demand with each of the COD, OC, Ca, K, P,
N and Mn; chemical oxygen demand with each of the Ca, K, Mg, P, N and Fe; oxygen
consumed with each of the Ca, S and Mn; calcium with each of the K, Mg, S, N and Mn; P
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with each of the Mg, N and Fe; Mg with each of the P, S, Fe and Mn; P with S and Mn; sulphur
with Mn [42].

3.2. Negative correlation ships.

Negative correlation coefficients were found between temperature with each of the
carbonate, bicarbonate, DO, BOD, COD, Ca, K, Mg, N and Fe; pH with each of the
bicarbonate, TH, DO, COD, K, N, and Fe; carbonate with each of the chloride, TA, TH, AH,
TS, TDS, TSS, BOD, OC, Ca, Mg, P, S and Mn; bicarbonate with each of the TA, TH, AH,
TS, TDS, TSS, BOD, OC, Ca, P, S and Mn; ;chloride with each of the DO, BOD, COD, Ca,
K, Mg, and Fe; total alkalinity with each of the total chromium, DO, N, Fe and Mn; total
chromium with each of the DO, BOD, COD, OC, Ca, K, Mg, P, S, N and Mn; total hardness
with each of the DO, BOD, COD, Ca, K, Mg, N, Fe and Mn; alkaline hardness with each of
the DO, BOD, COD, Ca, K, Mg, P, N and Fe; total solids with each of the DO, BOD, COD,
Ca, K, Mg, N and Fe; total dissolved solids with each of the DO, BOD, COD, K, N and Fe;
total suspended solids with of the each DO, BOD, COD, Ca, K, Mg, N and Fe; dissolved
oxygen with each of the OC, Mg, P and Mn; biological oxygen demand with each of the Mg,
P and Mn; chemical oxygen demand with each of the OC, S and Mn; oxygen consumed with
each of the K, Mg, P, N and Fe; calcium with the P and Fe; K with each of the P, S and Mn;
Mg with N; P with N and Fe; sulphur with N and Fe; N with Fe and Mn; Fe with Mn [43].

Temp. = Temperature (°C), TS = Total Solids (meq.L™), TDS = Total Dissolved Solids
(meq.L), pH = potentio Hydrogeni, carbonate = CO3~, bicarbonate = HCO3 ™, chloride =
Cl~, TSS = Total Suspended Solids (meq./L ™), TA = Total Alkalinity as CaCO5, TH = Total
Hardness as CaCO3, AH = Alkaline Hardness as CaCO3, BOD = Biological Oxygen Demand
(meqg.L), DO = Dissolved Oxygen (meg.L™Y), COD = Chemical Oxygen Demand (meq.L™),
OC = Oxygen Consumed by KMnO, in 3 hrs.

Table 1. Water quality standards set by the BIS and WHO.

S. | Parameters BIS standards (BIS 10500:2012) World Health

no. Acceptable limit Permissible limit Organization (WHO)
(2002)

1 pH 6.5-8.5 No relaxation 6.5-9.2

2 Chloride 250 1000 200

3 Magnesium 30 100 200

4 Total alkalinity 200 600 500

5 Total hardness 200 600 300

6 Calcium 75 200 150

7 Total dissolved solids 500 2000 250

Note: All values are in mg.L™, except pH

Table 2. An analysis of tannery effluent's physico-chemical characteristics.

S 2 g o -
f P S g c o (@]
k=) @ c I ] 3 s < = I I n
Q Q ) o o - o = S = < ol
O IS [ 5 I < S}
< O e ®] =
[92] [as]
Yellow May 21 27.5 7.2 14 0.5 520 1250 00 1450 810 1884
Yellow June 21 30.2 7.4 1.0 0.7 505 1290 00 1685 840 1805
Light Brown July 21 30.0 4.9 6.4 11 545 1365 0.05 2208 830 1994
Brown Aug. 21 28.0 5.2 5.0 3.9 490 1215 0.03 1565 690 1850
Brown Sept. 21 30.6 6.2 5.0 4.2 530 1220 1.00 2350 825 1935
Light Brown Oct. 21 28.4 5.8 5.1 3.8 60 1085 0.05 1245 880 1508
Light Brown Nov. 21 23.5 55 4.9 1.9 72 1005 00 650 450 880
Yellowish Dec. 21 21.3 5.6 55 3.0 55 1160 00 810 400 865
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S @ g I S g E < C—L; T I %
o Q. ] o o e = ol = - < ol
© g = g S & =
» O o
Light Brown Jan. 22 215 5.2 5.6 2.8 67 1200 00 830 230 996
Brown Feb. 22 233 6.2 52 2.7 89 1310 0.02 880 310 702
Brown Mar. 22 26.5 6.0 1.6 12 45 1320 00 2325 350 1104
Yellowish Apr. 22 27.0 7.3 1.6 12 530 1295 00 810 784 2035
Table 2. continued....
S %) n a o)
5 8 | 218191988 % |8|a]e| z|g]|5
Yellow 1410 887 00 | 4200 | 5944 | 2.7 | 210 75 155 | 130 | 172 | 1055 | 3.90 | 1.25
Yellow 1415 965 00 3750 | 5245 | 2.2 | 350 60 | 25.7 | 132 | 630 | 1110 | 3.05 | 1.66
Light 1364 980 00 | 4005 | 5575 | 1.6 | 195 78 145 | 155 | 164 | 1165 | 2.80 | 0.65
Brown
Brown 1506 840 | 0.6 | 3890 | 6347 | 1.2 94 50 | 32.7 | 165 | 178 | 1030 | 4.25 | 1.34
Brown 1320 925 | 00 | 3630 | 5884 | 15 90 65 | 234 | 140 | 175 | 1020 | 435 | 0.83
Light 1095 765 | 00 | 3415 | 5320 | 1.6 95 68 | 26.7 | 116 | 164 | 1120 | 4.05 | 0.85
Brown
Light 934 684 | 1.6 | 3965 | 5755 | 1.3 | 190 82 | 265 | 120 | 175 | 1110 | 465 | 1.36
Brown
Yellowish 935 656 | 2.3 | 4405 | 6340 | 15 | 244 | 145 | 224 | 160 | 214 | 1350 | 3.85 | 0.78
Light 1160 790 | 2.2 | 4300 | 6465 | 1.5 | 230 | 124 | 26.7 | 126 | 235 | 1170 | 4.15 | 0.76
Brown
Brown 1454 764 | 24 | 3850 | 6325 | 1.3 | 385 | 170 | 33.0 | 120 | 190 | 1165 | 485 | 0.64
Brown 1510 776 | 1.9 | 3950 | 5812 | 1.4 | 204 74 | 334 | 235 | 260 | 1155 | 455 | 0.82
Yellowish 1220 890 | 00 | 4295 | 6304 | 1.8 | 208 | 86 | 353 | 255 | 282 | 1045 | 3.76 | 1.82
Table 3. Linear correlation coefficients 'r' (Pearson) and statistics table correlation coefficients.
0 o) L
. © = 3 3}
g ez 5| 8| &8 | & |z | E |z || B8]|8]s:s
g = & 3 (&) P
m
Temp. 0.29 - -0.117 0.749 0.353 0.419 0.750 0.873 0.856 0.520 0.820 | -0.888
0.291
pH 0.855 | -0.489 0.392 0.270 0.024 -0.024 0.376 0.344 0.247 0.360 -0.39%4
Carbonate 0.661 -0.303 -0.319 0.192 -0.145 -0.244 -0.315 -0.376 | -0.309 0.305
Bicarbonate 0.259 -0.444 0.490 -0.071 -0.096 -0.176 -0.224 | -0.340 0.159
Chloride 0.476 0.321 0.446 0.760 0.917 0471 0.881 -0.804
TA -0.015 0.509 0.111 0.365 0.768 0.647 -0.158
Total Cr 0.491 0.295 0.308 0.075 0.309 -0.297
TH 0.409 0.513 0.630 0.613 -0.435
AH 0.891 0.184 0.698 -0.979
TS 0.392 0.855 | -0.938
TDS 0.604 -0.244
TSS -0.770
DO
BOD
CoDb
oC
Ca
K
Mg
P
S
N
Fe
Mn
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Table 3. continued....

(%2}

<

3 BOD coD ocC Ca K Mg P S N Fe Mn

g
Temp. -0594 | -0.642 0.339 -0.355 | -0.790 | -0.224 | 0.093 | 0.240 | -0.636 | -0.479 | 0.258
pH 00 -0.181 0.723 0.365 -0.143 | 0119 | 0225 | 0565 | -0.363 | -0.140 | 0.626
carbonate -0.091 0.222 -0.655 -0.260 0.354 | -0.205 | -0.461 | 0599 | 0.348 | 0.131 | -0.659
bicarbonate | -0.380 0.274 -0.624 -0.503 0107 [ 0.228 | -0.301 | -0.441 00 0452 | -0.394
chloride -0.030 | -0.145 0.487 0171 | -0557 | -0.299 | 0176 | 0220 | -0.622 | -0572 | 0.479
TA 0.154 0.071 0.235 0.387 0.046 00 | 0444 | 0278 | -0.065 | -0.392 | -0.068
Total Cr -0.403 | -0.067 -0.116 -0.428 | -0.225 | -0.149 | -0.117 | -0.175 | -0.372 | 0.55 | -0.207
TH -0.421 | -0.449 0.087 0310 | -0569 | -0.263 | 0.185 | 0.080 | -0.293 | -0.272 | -0.223
AH 0432 | -0579 0.505 0399 | -0.709 | -0.359 | -0.004 | 0.156 | -0.558 | -0.583 | 0.406
TS 0182 | -0.313 0.481 0416 | -0.734 | -0.272 | 0244 | 0159 | -0.658 | -0.604 | 0.449
TDS 0237 | -0.042 0.176 0.142 0272 | 0.148 | 0219 | 0203 | -0.449 | -0.059 | 0.0208
TSS 0200 | -0.349 0.485 0034 | -0528 | -0.303 | 0.115 | 0.362 | -0563 | -0.647 | 0.273
DO 0.388 0.546 -0.529 0.421 0.767 | 0324 | -0.054 | -0.169 | 0.663 | 0.572 | -0.456
BOD 0.659 0.156 0.276 0430 | -0.096 | 0.361 | -0.067 | 0.399 | -0.118 | 0.114
coD -0.317 0.080 0569 | 0.346 | 0242 | 0375 | 0.156 | 0.432 | -0.100
ocC 0.212 -0.254 | -0501 | -0.075 | 0.383 | -0.222 | -0.499 | 0.405
Ca 0.615 | 0.093 | -0.100 | 0536 | 0410 | -0.097 | 0.035
K 0115 | -0.163 | -0.181 | 0.677 | 0.309 | -0.472
Mg 0467 | 0148 | 0167 | 0546 | 0.271
P 0.090 | -0.083 | -0.058 | 0.316
S -0.007 | -0452 | 0523
N -0.090 | -0.514
Fe -0.219
Mn

Nevertheless, Table 4 lists some parameters with correlation coefficients of r > 0.05.

For tannery effluent parameters, linear regression analysis has been performed, and it has been
found that their correlation coefficient (r > 0.50) has a higher level of significance [44].

We substituted the dependent parameters' values for the independent parameters in the
regression equation to determine the various tannery effluent quality characteristics [45]. These
correlations revealed that physical parameters were interrelated with cations, anions, and
physicochemical parameters in the Unnao area [46]. There is a positive correlation
between. Ca?*, Mg?*,C0O3~, HCO3 ™, ClI~ with the majority of water parameters. Most water
parameters have a negative correlation with pH. Highly negative correlation coefficients are
found between DO and AH (r=-0.979) and DO and TS (r =-0.938). There are no differences
in correlation coefficients between regression and correlation relations [47,48].

Table 4. The linear correlation coefficient 'r' and regression equation have been calculated for some
physicochemical parameters with significant correlations.
S. Parameter r value Correlation coefficient Regression equation
No. a b
1 pH-TH -0.024 1509.06439 -17.94169 TH = -17.94169 (Ph) + 1509.06439
2 TA-Ca?* 0.387 -213.5296 0.34369 Ca?* = 0.34369(TA) — 213.5296
3 TA-CI- 0.476 -1048.55802 1.09349 Cl- = 1.09349(TA) — 1048.55802
4 Ca2—Mg?* 0.093 24.9013 0.00681 Mg2* = 0.00681(Ca?") + 24.9013
5 CaZ"—ClI- -0.171 384.62343 -0.44388 Cl- = -0.44388(Ca?") + 384.62343
6 Mg?*—CI- -0.299 571.27487 -10.59943 Cl- =-10.59943(Mg?") + 571.27487
2 DO-AH -0.979 825.63213 -228.05323 AH= -228.05323(DO) + 825.63213

The correlation coefficients between various physicochemical parameters are plotted

which are given in fig.1. Stacked bar charts of various physicochemical parameters in
percentage are given in fig. 2. Matrix of various physico-chemical parameters can be seen in
fig. 3. Auto correlations of various physico-chemical parameters can be seen in fig. 4. Fig. In
fig. 5, there is a significant negative correlation between DO and AH.
https://biointerfaceresearch.com/
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Figure 5. Strong negative correlation between DO and AH (r = -0.979).

4. Conclusion

In addition to being brown, turbid, and having an offensive odor, the distillery effluent
was also assessed and found to have a pH in the near acidic range. The effluent had a high level
of total hardness, total suspended solids, and dissolved solids. According to the Bureau of
Indian Standards (2012), the chemical parameters COD, BOD, carbonate, bicarbonate,
calcium, magnesium, chloride, potassium, nitrite, sulfur, and chrome are higher than the
permissible limits. As distillery pollution rapidly accelerates to cause groundwater pollution,
the degradation of water quality threatens our daily lives as well as aquatic life. New techniques
for effluent treatment can be developed with the help of this study.

Funding

Awarded funding by the Uttar Pradesh Department of Higher Education, Prayagraj, U.P., India,
for a research and development project (Project No. 46/2021/603/70-4-2021-4(56)/2020).

https://biointerfaceresearch.com/ 1 of 26


https://doi.org/10.33263/BRIAC142.038
about:blank

https://doi.org/10.33263/BRIAC142.038

Acknowledgments

Various equipment and laboratory facilities were provided by the Secretary, Board of
Management of D.A.V. P.G. College, Kanpur, U.P., India. For funding [Research and
Development Project No. 46/2021/603/70-4-2021-4(56)/2020], we would like to thank the
Uttar Pradesh, Prayagraj Department of Higher Education.

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Carrard, N.; Foster, T.; Willetts, J. Groundwater as a source of drinking water in Southeast Asia and the
Pacific: A multi-country review of current reliance and resource concerns. Water 2020, 12, 298.
https://doi.org/10.3390/w12010298

Foster, T.; Priadi, C.; Kotra, K.K.; Odagiri K.M.; Rand, E.C.; Willetts, J. Self-supplied drinking water in
low- and middle-income countries in the Asia-Pacific. npj Clean Water 2021, 4, 37.
https://doi.org/10.1038/s41545-021-00121-6

Genter, F.; Putri, G.L.; Suleeman, E.; Darmajanti, L.; Priadi, C.; Foster, T.; Willetts, J. Foster, T.; Rand,
E.C.; Kotra, K.K.; Sami, E.; Willetts, J. Contending with water shortages in the Pacific: Performance of
private rainwater tanks versus communal rainwater tanks in rural Vanuatu. Water Resour. Res. 2021, 57,
€2021WR030350. https://doi.org/10.1029/2021WR030350

Sharma, R.; Kumar, R.; Satapathy, S.C.; Al-Ansari, N.; Singh, K.K.; Mahapatra, R.P.; Agarwal, A.K.; Le,
H.V.; Pham, B.T. Analysis of water pollution using different physicochemical parameters: A study of
Yamuna river. Front. Environ. Sci. 2020, 8, 581591. https://doi.org/10.3389/fenvs.2020.581591

Ike, C.C.; Nwakwasi, E.G.; Emeka-lke, P.C.; Nwakwasi, N.L.; Nwogu, O.G. Effluent quality of a carbonated
soft drink (CSD) company in Owerri, Imo State, Nigeria and the receiving water body. Int. J. Curr.
Microbiol. App. Sci. 2018, 7, 1670-1677. https://doi.org/10.20546/ijcmas.2018.710.191

Kharayat, Y. Distillery wastewater: bioremediation approaches. J. Integra. Environ. Sci. 2012, 9, 69-91.
https://doi.org/10.1080/1943815X.2012.688056

Tamminen, M.; Spaak, J.; Tlili, A.; Eggen, R.; Stamm, C.; R&sénen, K. Wastewater constituents impact
biofilm microbial community in receiving streams. Sci. Total Environ. 2022, 807, 151080.
https://doi.org/10.1016/j.scitotenv.2021.151080

Carles, L.; Wullschleger, S.; Joss, A.; Eggen, R.I.L.; Schirmer, K.; Schuwirth,N.; Stamm, C.; Tlili, A.
Wastewater microorganisms impact microbial diversity and important ecological functions of stream
periphyton. Water Res. 2022, 225, 119119. https://doi.org/10.1016/j.watres.2022.119119

Usmani, Z.; Kulp, M.; Lukk, T. Bioremediation of lindane contaminated soil: Exploring the potential of
Actinobacterial strains. Chemosphere 2021, 278, 130468.
http://dx.doi.org/10.1016/j.chemosphere.2021.130468

Shanthi, T.R.; Vasanthy, M.; Mohamed Hatha, A.A. Bioremediation of Lindane-contaminated soil and water
ecosystems: A Review. In: Vasanthy, M., Sivasankar, V., Sunitha, T.G. (eds) Organic Pollutants. Emerging
Contaminants and Associated Treatment Technologies. Springer, Cham. 2022. https://doi.org/10.1007/978-
3-030-72441-2_8

Spellman, F.R. The science of environmental pollution. ~ CRC  Press, 2017.
https://doi.org/10.1201/9781315226149

Sahu, A.; Silori, R.; Bilouhan, V. Qualitative and comparative assessment of pharmaceutical industry
effluents in Selaqui region. Sustainable infrastructure development. Lecture Notes in Civil Engineering
2022, 199. Springer, Singapore. https://doi.org/10.1007/978-981-16-6647-6_13

Christen, E.W.; Quayle, W.C.; Marcoux, M.A.; Arienzo, M.; Jayawardane, N.S. Winery wastewater
treatment using the land filter technique. J. Environ. Manage. 2010, 91, 1665-1673.
https://doi.org/10.1016/j.jenvman.2010.03.006

Szolnoki, G. A cross-national comparison of sustainability in the wine industry. J. Clean. Prod. 2013, 53,
243-251. https://doi.org/10.1016/j.jclepro.2013.03.045

https://biointerfaceresearch.com/ 1 of 26


https://doi.org/10.33263/BRIAC142.038
about:blank
https://doi.org/10.3390/w12010298
https://doi.org/10.1038/s41545-021-00121-6
https://doi.org/10.1029/2021WR030350
https://doi.org/10.3389/fenvs.2020.581591
https://doi.org/10.20546/ijcmas.2018.710.191
https://doi.org/10.1080/1943815X.2012.688056
https://doi.org/10.1016/j.scitotenv.2021.151080
https://doi.org/10.1016/j.watres.2022.119119
http://dx.doi.org/10.1016/j.chemosphere.2021.130468
https://doi.org/10.1007/978-3-030-72441-2_8
https://doi.org/10.1007/978-3-030-72441-2_8
https://doi.org/10.1201/9781315226149
https://doi.org/10.1007/978-981-16-6647-6_13
https://doi.org/10.1016/j.jenvman.2010.03.006
https://doi.org/10.1016/j.jclepro.2013.03.045

https://doi.org/10.33263/BRIAC142.038

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

Ahmad, B.; Yadav, V.; Yadav, A.; Rahman, M.U.; Yuan, W.Z,; Li, Z.; Wang, X. Integrated biorefinery
approach to valorize winery waste: A review from waste to energy perspectives. Sci. Total Environ. 2020,
719, 137315. https://doi.org/10.1016/j.scitotenv.2020.137315

Schellenberg, T.; Subramanian V.; Ganeshan G.; Tompkins D.; Pradeep R. Wastewater discharge standards
in the evolving context of urban sustainability-The case of India. Front. Environ. Sci. 2020, 8, 30.
https://doi.org/10.3389/fenvs.2020.00030

Arienzo, M.; Christen, E.W.; Quayle, W.C. Phytotoxicity testing of winery wastewater for constructed
wetland treatment. J. Hazard. Mater. 2009, 169, 94-99. https://doi.org/10.1016/j.jhazmat.2009.03.069
Quayle, W.C.; Fattore, A.; Zandona, R.; Christen, E.W.; Arienzo, M. Evaluation of organic matter
concentration in winery wastewater: a case study from Australia. Water Sci. Technol. 2009, 60, 2521-2528.
https://doi.org/10.2166/wst.2009.688

Molaie, S.; Lino, P. Review of the newly developed, mobile optical sensors for real-time measurement of
the  atmospheric  particulate  matter ~ concentration. ~ Micromachines 2021, 12, 416.
https://doi.org/10.3390/mi12040416

Lakshmi, K.; Jenifer, G.; Aishwarya, C.; Divya, K.; Josephine, J.J.; Putra, K.G.D.; Malliga, P. Chapter 20 -
New approaches in bioremediation of heavy metals from tannery effluent using microorganisms. New Trends
in Removal of Heavy Metals from Industrial Wastewater, 2021, 487-524. https://doi.org/10.1016/B978-0-
12-822965-1.00020-9

Chellaiah, G.; Basker; Pravin, H.; Joshi, S.K.; Gautam, S. Geochemical and statistical evaluation of
groundwater in the Thamirabarani river basin, south India. 2021. https://doi.org/10.21203/rs.3.rs-163816/v1
Bramhaiah, M.; Kumari, M.K.; Dakshayani, L.; Gowd, S.S.; Chandra, M.S.; Reddy, S.A.; Reddy, C.M.;
Chandrasekhar, T. Assessment of heavy metals (Cd, Co, Cr and Pb) effects on in vitro seed germination and
seedling growth of Vigna mungo: Life Sciences-Environment science for better human health. Int. J. Life
Sci. Pharma Res. 2021, 11, 153-158. https://doi.org/10.22376/ijpbs/Ipr.2021.11.4.L.153-158

Rehman, A., Sohail Anjum, M. Cadmium Uptake by Yeast, Candida tropicalis, isolated from industrial
effluents and its potential use in wastewater clean-up operations. Water Air Soil Pollut. 2010, 205, 149-159.
https://doi.org/10.1007/s11270-009-0062-4

Sahmoune, M.; Louhab, K.; Boukhiar, A. Biosorption of Cr (I11) from Aqueous solutions using bacterium
biomass Streptomyces rimosus. Int. J. Environ. Res. 2009, 3, 229-238. https://doi.org/10.22059/ijer.2009.50.
Arka, A.; Dawit, C.; Befekadu, A; Debela, S.K.; Asaithambi, P. Wastewater treatment using sono-
electrocoagulation process: optimization through response surface methodology. Sustain. Water Resour.
Manag. 2022, 8, 61. https://doi.org/10.1007/s40899-022-00649-6

Jamal, A.; Mehmood, A.; Khatoon, F.; Putus, T.; Savolainen, H.; Liesivuori, J. Prevalence of respiratory
symptoms, bronchial asthma and obstructive lung disease among tannery workers. Annals Environ. Sci.
Toxicol. 2017, 2, 33-42. https://doi.org/10.17352/aest.000010

Shweta Tyagi, Prashant Singh, Bhavtosh Sharma, Rakesh Singh. Assessment of water quality for drinking
purpose in district Pauri of Uttarakhand, India. Appl. Ecol. Environ. Sci. 2014, 2, 94-99.
https://doi.org/10.12691/aees-2-4-2

Golterman, H.L.; Clymo, R.S.; Ohnstadt, M.A.M. ‘Methods for physical and chemical analysis of
freshwater’ 1BP Handbook No 8, 2nd ed. - Oxford, Edinburgh, London, Melbourne: Blackwell Scientific
Publications 1978, 213. https://doi.org/10.1002/iroh.19800650113

Richards, L.A. “Diagnosis and improvement of saline and alkali soils.” United State Salinity Laboratory
Staff, United States Department of Agriculture, Agriculture Handbook No. 60, USDA and IBH Pub. Coy
Ltd., New Delhi, 1954, 98-99. http://dx.doi.org/10.1097/00010694-195408000-00012

Batabyal, A.A. Tanneries in Kanpur and pollution in the Ganges: A theoretical analysis. Reg. Sci. Policy
Pract. 2022, 1-10. http://dx.doi.org/10.1111/rsp3.12593

Keraita, B.; Konradsen, F.; Drechsel, P.; Abaidoo, R.C. Effect of low-cost irrigation methods on microbial
contamination of lettuce irrigated with untreated wastewater. Trop. Med. Int. Health 2007, 12, 15-22.
https://doi.org/10.1111/j.1365-3156.2007.01937.x

Choubey, S. Bioremediation of organic gasses from waste water of food industries. Int. J. Sci. Res. 2022, 11,
37-38. http://dx.doi.org/10.36106/ijsr/8624249

Suleiman, U.F.; Ibrahim, S. Spatial and temporal patterns of phytoplankton composition in zobe reservoir,
Dutsinma, Katsina state, Nigeria. Bayero J. Pure Appl. Sci. 2019, 12, 51-56.
http://dx.doi.org/10.4314/bajopas.v12i1.9S

https://biointerfaceresearch.com/ 1 of 26


https://doi.org/10.33263/BRIAC142.038
about:blank
https://doi.org/10.1016/j.scitotenv.2020.137315
https://doi.org/10.3389/fenvs.2020.00030
https://doi.org/10.1016/j.jhazmat.2009.03.069
https://doi.org/10.2166/wst.2009.688
https://doi.org/10.3390/mi12040416
https://doi.org/10.1016/B978-0-12-822965-1.00020-9
https://doi.org/10.1016/B978-0-12-822965-1.00020-9
https://doi.org/10.21203/rs.3.rs-163816/v1
https://doi.org/10.22376/ijpbs/lpr.2021.11.4.L153-158
https://doi.org/10.1007/s11270-009-0062-4
https://doi.org/10.22059/ijer.2009.50
https://doi.org/10.1007/s40899-022-00649-6
https://doi.org/10.17352/aest.000010
https://doi.org/10.12691/aees-2-4-2
https://doi.org/10.1002/iroh.19800650113
http://dx.doi.org/10.1097/00010694-195408000-00012
http://dx.doi.org/10.1111/rsp3.12593
https://doi.org/10.1111/j.1365-3156.2007.01937.x
http://dx.doi.org/10.36106/ijsr/8624249
http://dx.doi.org/10.4314/bajopas.v12i1.9S

https://doi.org/10.33263/BRIAC142.038

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

Ghimire, N.; Jha, P.; Caravello, G. Physico-chemical parameters of high-altitude rivers in the Sagarmatha
(Everest)  National Park, Nepal, J.  Water Resource Prot. 2013, 5, 761-767.
http://dx.doi.org/10.4236/jwarp.2013.58077

Hryniszyn, A.; Skonieczna, M.; Wiszniowski, J. Methods for detection of viruses in water and wastewater.
Adv. Microbiol. 2013, 3, 442-449. http://dx.doi.org/10.4236/aim.2013.35060

Singh, S.N.; Srivastava, G.; Bhatt, A. Physicochemical determination of pollutants in wastewater in
Dheradun. Curr. World Environ. 2012, 7, 133-138. http://dx.doi.org/10.12944/CWE.7.1.20

Gouda, B.K.; Tripathy, U.P. Fluoride concentration and correlation coefficients between physico-chemical
parameters of ground water in Berhampur Ganjam, Odisha, India. Int. J. Agric. Environ. Sci. 2019, 6, 44-49.
https://doi.org/10.14445/23942568/1JAES-V615P109

Singh, M.; Singh, P.K.; Yadav, K.K.; Kothari, M.; Bhakar, S.R. Fluoride distribution in the groundwater of
upper Banas river Basin, Rajasthan, India. I. Res. J. Humanities Interdiscipl. Stud. 2021, 2, 74-85, http://doi-
ds.org/doilink/06.2021-85348761/IRJH1S2106011

Nair, G.A.; Bohjuari, J.A.; Al-Mariami ,M.A.; Attia, F.A.; EI-Toumi, F.F. Groundwater quality of north-east
Libya. J. Environ. Biol. 2006, 27, 695-700. PMID: 17405333, https://pubmed.ncbi.nlm.nih.gov/17405333/.
Shukla, M.; Arya, S.; Agarwal, S. Study of correlation coefficient for physico-chemical parameter to assess
the water quality of river Ganga at Kanpur, India. Int. J. Innov. Res. Sci. Eng. Tech. 2017, 6, 17165-17170.
http://dx.doi.org/10.15680/1JIRSET.2016.0608212

Unnisa, S.A.; Bi, S.Z. Groundwater quality characterization around Jawaharnagar open dumpsite, Telangana
State. Appl. Water Sci. 2017, 7, 3911-3918. https://doi.org/10.1007/s13201-017-0544-2

Baba, A.; Garba, S.T.; Bello, H.S. Bioremediation potential of immobilized Corynebacterium kutsceri in the
treatment of tannery industrial effluent from Challawa industrial estate, Kano state, Nigeria. J. Turk. Chem.
Soc. A: Chem. 2020, 7, 335-350. https://doi.org/10.18596/jotcsa.643771

Selvi, A.; Rajasekar, A.; Theerthagiri, J.; Ananthaselvam, A.; Sathishkumar, K.; Madhavan, J.d.; Rahman,
P.K.S.M. Integrated remediation processes toward heavy metal removal/recovery from various
environments-A review. Front. Environ. Sci. 2019, 7, 66. https://doi.org/10.3389/fenvs.2019.00066

Raut, E.; Sudame, A.M. Study of physico-chemical parameters of water sample of mahal area of Nagpur
city. Int. J. Appl. Sci. Eng. 2020, 4, 321-323 http://dx.doi.org/10.33564/1JEAST.2020.v04i12.056

Shah, M.C.; Shilpkar, P.G.; Acharya, P.B. Ground water quality of Gandhinagar Taluka, Gujarat, India.
Journal of Chemistry, 2008, 5, 12, Article ID 481694. https://doi.org/10.1155/2008/481694

Sharma, S.; Dixit, S.; Jain, P.; Shah, K.W.; Vishwakarma, R. Statistical evaluation of hydrobiological
parameters of Narmada River water at Hoshangabad City, India. Environ. Monit. Assess. 2008, 143, 195-
202. https://doi.org/10.1007/s10661-007-9968-8

Ogbozige, F.J.; Sani, S.M. Geophysical investigation of groundwater potentials using resistivity method: A
case study of ABU phase II student’s hostel. J. Eng. Stud. Res. 2022, 28, 48-56.
https://doi.org/10.29081/jesr.v28i2.005

Brahmi, S; Baali, F; Hadji, R; Brahmi, S; Hamad, A; Rahal, O; Zerrouki, H; Saadali, B; Hamed, Y.
Assessment of groundwater and soil pollution by leachate using electrical resistivity and induced polarization
imaging survey, case of Tebessa municipal landfill, NE Algeria. Arab. J. Geosci. 2021, 14, 249.
http://dx.doi.org/10.1007/s12517-021-06571-z

https://biointerfaceresearch.com/ 1 of 26


https://doi.org/10.33263/BRIAC142.038
about:blank
http://dx.doi.org/10.4236/jwarp.2013.58077
http://dx.doi.org/10.4236/aim.2013.35060
http://dx.doi.org/10.12944/CWE.7.1.20
https://doi.org/10.14445/23942568/IJAES-V6I5P109
http://doi-ds.org/doilink/06.2021-85348761/IRJHIS2106011
http://doi-ds.org/doilink/06.2021-85348761/IRJHIS2106011
https://pubmed.ncbi.nlm.nih.gov/17405333/
http://dx.doi.org/10.15680/IJIRSET.2016.0608212
https://doi.org/10.1007/s13201-017-0544-2
https://doi.org/10.18596/jotcsa.643771
https://doi.org/10.3389/fenvs.2019.00066
http://dx.doi.org/10.33564/IJEAST.2020.v04i12.056
https://doi.org/10.1155/2008/481694
https://doi.org/10.1007/s10661-007-9968-8
https://doi.org/10.29081/jesr.v28i2.005
http://dx.doi.org/10.1007/s12517-021-06571-z

