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Evaporating basins are common storage for industrial effluent in most renewable power plants. Various
types of research on the environmental consequences and issues of this experience have suggested this
method of disposal to prevent industrial effluents withdrawal into the ocean, and dams and prevent
water contamination.
Nevertheless, this approach may have significant worldwide environmental implications. Focusing on

dedicated research methods for a power plant in the south of Morocco that employed evaporating basins
for storing its effluent, we evaluated the development of the effluent’s Physico-chemical characteristics
over a timeframe of one year.
The evaporation basins undergo thorough assessment to evaluate the effects of industrial effluents,

leading to the observation of a significant increase in the physicochemical characteristics of the dis-
charged effluents, mainly EC, BOD5, Na, and Cl2. This rise in water contamination can be attributed to
the aforementioned factors. Statistical analysis, specifically correlation and regression, was employed
to examine the coefficients of the primary physicochemical properties. The objective was to determine
the effluent characteristics that exhibited strong associations and close relationships.The primary goal
of this study is to highlight the drawbacks associated with storing wastewater in evaporation ponds, a
common practice among many industrial companies. It is crucial to consider that these ponds attract a
diverse range of bird and animal species, and any contamination of the water can pose significant envi-
ronmental and ecological risks in the event of an accidental leakage or spill, potentially harming wildlife.
To mitigate these potential issues, it is recommended to explore alternatives such as industrial effluent
reuse and recycling, which can help minimize the environmental and ecological impacts.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Resource extraction deterioration and permanent resource
shortages, especially with regard to groundwater, remain key
problems in the twenty-first decade.

Earthen ponds with a liner where the concentration sponta-
neously increases due to direct sunlight are known as evaporating
basins. As when the surface water evaporated out from pools,
which are regularly collected and discharged off-site, the chemicals
in the concentrates crystallize into the brine (Abdeljalil et al.,
2022).

Water from saline treatments has long been removed using
evaporating basins. There are several benefits to disposing of waste
seawater in evaporating basins (Pontius et al., 1996).

They assert that evaporating basins are less complicated to con-
struct, a need less upkeep, and user supervision than mechanical
equipment (Salzman et al., 2001).

The necessity for big areas of land whenever the evaporating
rate has dropped or the disposing rates are very high, as well as
the demand for these huge parcels of land when these conditions
exist, seem to be some negatives of using evaporating basins
(Amoatey et al., 2021; Abdeljalil et al., 2022).

Industrial effluents can be properly disposed of in evaporating
basins, particularly in hot regions, and inexpensive territories. It
is possible to seal evaporating basins in order to minimize the like-
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lihood of polluting the groundwater (Ahmed et al., 2000; Adam
et al., 2023).

Effluents are concentrated in evaporating basins for this reason.
As a result, they attempt to reduce the amount of effluent by evap-
oration, which might lead to the formation of salt (Adam et al.,
2023).

(Adam et al., 2023) studied the possibility for groundwater infil-
tration, management and surveillance frequencies, re-use, and
other factors were taken into account while creating a grading sys-
tem to evaluate disposal basins (Sustainable water management
and climate change, 2009).

Industrial effluents can be treated by injecting them into large
ponds where they gradually evaporate under the sun’s direct rays
(Dehghani and Taleb Beydokhti, 2018). They are a widely utilized
method of managing salty water in various nations throughout
the world (Al-Ismaili and Jayasuriya, 2016).

According to study (Curiel-Esparza et al., 2014), industrial efflu-
ent may be handled by being dumped into sizable basins with the
proper risk strategy approach, where it will be subjected to intense
sunlight and eventually evaporate.

Evaporating basins may raise a number of ecological and envi-
ronmental issues despite their many advantages (Dehghani and
Taleb Beydokhti, 2018). For instance, any effluent spill from the
evaporating basins might be extremely harmful to the ecology
(soil, surface water, and groundwater). Evaporating basins also
attract wildlife since they are open water surfaces, resulting in a
rise in the deaths of some wildlife if the wastewater they collect
seems to be of poor quality and exceeds the permitted levels
(Martínez-Gallardo et al., 2022).

In order to protect water resources and preserve the environ-
ment, it is advisable for industries utilizing evaporation ponds to
explore sustainable alternatives for wastewater management
instead of relying on them as a final disposal method. By investi-
gating the potential of recycling wastewater, the industry can
move away from the practice of dumping it into evaporation
ponds.

This research focused on examining the effluent from a Moroc-
can power plant to shed light on the drawbacks associated with
industries that currently dispose of their effluent in evaporation
ponds. Additionally, a comprehensive physico-chemical assess-
ment was conducted to identify the presence of water contami-
nants. Statistical analysis was employed to establish correlations
between the physicochemical parameters and to identify key fac-
tors influencing the effluent’s characteristics.
2. Material & method

2.1. Overview of the research region

To collect a sampling of effluent from two evaporating basins
during 2021/ 2022, a renewable solar power plant in the south of
Morocco that uses an indoor water treatment facility was selected
to perform the experiences. Fig. 1 depicts the precise location of
the study area as presented in the map.

The evaporation ponds constructed using geomembrane mate-
rials have dimensions of 165 m in length, 85 m in width, and
2 m in depth.
2.1.1. Meteorological pattern
The Moroccan southern region is known for its arid climate and

continental characteristics. Both the south-western Ocean and
desert air currents have an impact, although the former predomi-
nates (Web, 2020).

� Annual rainfall:
2

Limited precipitation is a distinctive feature of the region. About
187 mm of rainfalls on average each year.

The climate variability dispersion of precipitation pattern has a
highly irregular pattern. The area has both hot seasons, with just a
seasonal rainfall of 65 mm, together with warmer seasons, with
average annual precipitation as high as 293 mm.

There are just a few days with hail in the area each year on aver-
age, and there are only a few days with thunderstorms. The project
location and its immediate environs seldom get snow.

� The region’s temperatures:

The region maintains a global average temperature of 26.8 �C.
The warmest months of the year, July and August, experience aver-
age high temperatures reaching 40.0 �C. In contrast, January exhi-
bits the coolest median high temperature, recorded at 15.0 �C. The
wintertime ranges in temperature from 10 �C up to 26.0 �C. The
extent of summertime temperatures is 26.0 �C up to 41.2 �C. Just
a handful of days during the seasons, the temperatures are lower
than zero degrees.

This region had temperatures as high as 42.5 �C and as low as
09.0 �C, all in 2021 (Fig. 2.).

� Humidity:

The levels of the average humidity decreased when the average
temperature increases. Relative humidity varies by month, from
41% in July to 63% in December, according to data gathered in
the area between 2000 and 2018.

The maximum level of evaporation exceeds 1.8 m/year, is con-
sidered the greatest in Morocco, in this region, a peak in July and
the highest concentration of evaporation from May to September
(which accounts for 50% of the total evaporation).
2.2. Sampling’s effluent analysis

The sampling was gathered between April 2022 and November
2021 using a certified automated tester, the SIGMA type 940P.

We used conventional techniques at the Laboratory of chemical
and environmental to do the Physicochemical study of the
wastewater.

All the sampling was delivered in several unique bottles since
the effluent from the evaporating basin included oil residues (type
glass bottle). This sampling was analyzed on the same day they
were collected from the power plant.

The Common Techniques for the Examination of Effluent pro-
vides a complete description of standard processes for wastewater
analysis. (Silva et al., 2022).

The measurements for the physicochemical analysis are high-
lighted below (Table 1):
3. Effluent parameters analysis using statistical tools

3.1. Statistical regression and correlation

When evaluating effluent conformity in the evaporating basin,
regression and correlation examination is helpful. This statistical
evaluation was conducted using Minitab software.The correlation
coefficients (r) between physicochemical parameters in industrial
effluents were computed for this study using the Pearson correla-
tion method. The most common correlation types employed in the
main statistical analysis are Pearson and Spearman. The most com-
mon method for determining how closely two variables are con-
nected linearly is Pearson correlation. The following equation is



Fig. 1. Location map of the study area.
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Fig. 2. Umbro rainfall and heat graph in the south region of Morocco (Web, 2020).
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Table 1
Devices used for effluent analysis.

Parameter Analysis Device

Temperature (T�) CDC641T Analyzer
Potential of hydrogen (pH) HQ2200 Analyzer
Total Nitrogen (TN) Nitrogen 250,494 Analyzer
Total suspended solids (TSS) TSS analyzer HQ0490
COD ‘‘Chemical Oxygen demand” COD Z7000 Analyzer
BOD5 ‘‘Biochemical Oxygen Demand” BOD5 Z7100 Analyzer
Zinc (Zn) Zinc EZ1040 analyzer
Sodium (Na) Na 9240 analyzer
Adsorbable Organically bound

halogens (AOX)
AOX analyzer

Oil and grease (OAG) INFRACAL 2 ATR-SP
Chlorine (Cl2) XPLORER analyzer (TE Instrument)
Electrical conductivity (EC) EC HQ2200 Analyzer
Iron (Fe) Fe EZ2308 Analyzer
Total Phosphorus (P) EZ7801 Total Phosphorus, 0.025–––

5 mg/L
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used to compute the Pearson coefficient (r) correlation:
(Javadzadeh et al., 2020):

r ¼ NRxy� RxRyffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N
P

x2 � ðP xÞ2
h i

N
P

y2 � ðP yÞ2
h ir

In this equation, r is the Pearson correlation coefficient, N rep-
resents the number of data points, x represents the values of a vari-
able and y represents the values of the other variable.P

x and
P

y are the sum of all � and y scores respectively,
P

x2

and
P

y2 are the sum of � and y squared scores, where
P

xy is the
sum of the products of � and y paired scores.

This least-squares regression method in statistical data is used
to predict how reliant factors will change over time. Amongst data-
sets, there must be one that perfectly matches the trend being
taken into account, according to the least-squares approach.
Regression analysis may be used to see the association between
the dependent variable and several independent ones (Amaral
and Ferreira, 2005). The following regression equation was created
using the parameter estimates and the proposed model for this
relationship (Stoichev et al., 2020):

y ¼ ax þ b

In this equation, y is the dependent, x is the independent, a is
the coefficient of linear correlation and b is the constant at the

origin.
Table 2
Outcomes of effluent Physicochemical evaluation.

Parameter Unit Limit value (Moroccan
limit-values-of-discharges, 2017)

Apr-21

T� �C 30 14.8
pH PH unit 5.5–9.5 8.19
TN mg/l 40 8.4
TSS mg/l 100 12
DCO mg O2/l 500 48
DBO5 mg O2/l 100 20
Zn mg/l 05 0.15
Na mg/l 09 (for irrigation) 358
AOX ug/l 5000 170
OAG mg/l 30 5
Cl2 mg/l 0.05 0.08
EC mS/cm 2.7 4.5
Fe mg/l 5 0.1
P mg/l 15 0.2

4

The aim of this statistical study is to assess relationships
between the physico-chemical properties of effluent. This study
uses a bivariate correlation research to evaluate the strength of
the link between two factors as well as the direction of the connec-
tion (Javadzadeh et al., 2020).

The coefficient (r) of �1 or + 1 indicates the largest negative and
positive link for two variables; furthermore, when the obtained
value is close to 1, the linear connection level for the variables is
extremely strong. And when the correlation coefficient value
decreases toward zero, the linear association among those vari-
ables will diminish in significance (Kumar et al., 2006).

Through using p-value, the linear correlation’s strength was
therefore evaluated. Consequently, the correlation in this instance
is strong when the p-value is lower than 0.05 or lower than 0.01.
Nevertheless, the linear connection is not strong if the p-value is
above 0.05. At 0.01 and 0.05 values, the relevance is assessed (sec-
ond tailed assessment) (Shroff et al., 2015).
4. Results & discussion

4.1. Evolution of the physico-chemical characteristics of the effluents
over time

Table 2 presents the outcomes regarding Physicochemical
examination of the effluent for a year.

Four effluent parameters (EC, BOD5, Na, and Cl2) surpass the
limit maximum values established by Moroccan regulations for
effluents discharged into surface resources, according to Table 2
(Moroccan limit-values-of-discharges, 2017):

The average EC value of 16.2 ms/cm is greater than the maxi-
mum limit value which is 2.7 ms/cm.

The average BOD5 value of 108 mg O2/l is more than the max-
imum fixed limit which is 100 mg O2/l.

The average of Na value of 603 mg/l is pretty high.
The median chlorine value of 0.09 mg/l is more than the limit

value of 0.05 mg/l.
The bacteriological investigation demonstrates that there are no

microorganisms in this effluent.
The following Figs. 3–6 illustrate the yearly variations in the

Physicochemical properties of non-compliant effluent as compared
to limit criteria.
4.2. Correlation results

The correlation data for the entire year (winter and summer)
are summarized in Table 3.
Jun-21 Aug-21 Oct-
21

Dec-21 Feb-22 Apr-22

24 27 22 21 20 17.8
8.58 8.8 8.7 8.85 8.9 8.22
9.2 8.2 10.3 11.5 11.6 9.6
23 41 36 18 11 19
112 241 56 87 123 145
36 145 178 153 98 126
0.25 0.36 0.18 0.75 0.63 0.28
456 1025 985 456 526 415
210 325 165 254 326 415
6 4 3 5 8 3
0.1 0.1 0.09 0.07 0.1 0.1
15.6 21 23 13.5 12.8 23
0.13 0.21 0.32 0.25 0.28 0.18
0.3 1.2 2.3 0.9 1.8 2.1
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4.2.1. Results interpretation
The data analysis data described in Table 3 demonstrates that

effluent temperature has a positive association with TSS, DCO,
5

and Na; whereas, the linear correlation between T� and TN, Zn,
AOX, OAG, and P is low.

The temperature has an impact on the liberation of TSS and Na
in effluent is significant, although its linear correlation with TN, Zn,
AOX, and P is minimal. This might be understood by the evaporat-
ing impacts on effluent, that raise the concentration of water and
saline.

pH shows a strong link with TN, DBO5, Zn, and Fe, but perhaps a
weak correlation with chlorine and AOX.

The impact of pH demonstrated that the release of Fe, DBO5, TN,
and Zn rises when wastewater conditions are alkaline.

TN has a strong positive correlation with Zn and Fe, and has a
very weak correlation with EC, AOX, Na and Cl2.

TN is an indispensable component for all living organisms.
However, an overabundance of nitrogen in the effluent can result
in low amounts of dissolved oxygen and severely impact several
plant and animal species.

TSS demonstrates a weak association with AOX, Cl2, and P. TSS,
in fact, has a high positive correlation with Na, EC, DBO5, and a neg-
ative correlation with OAG.

The oxidation of some heavy metals with ambient oxygen can
also lead to an increase in total suspended solids in the evaporating
basins.

COD has a strong linear association with AOX and Cl2, whereas
its linear correlation with Fe and OAG is minor.

High COD concentrations might be understood by the oxidation
resilience of organic matter into evaporating basins in addition to
the accumulation of sodium (Lee et al., 2016; Sukmawati et al.,
2021).

BOD5 shows a positive linear relationship with Na, EC, P, and Fe,
and a negative linear relationship with OAG; however, its linear
correlation with AOX and Cl2 is relatively weak.

This relationship might be read as the BOD5 result being under-
estimated if the effluent is nutrient-deficient. If this nutrient level
is excessively high, however, nitrification occurs and the BOD is
exaggerated.

The presence of non-biodegradable or minimally biodegradable
organic substances requires the bacteria to adapt for an extended
period of time before they can degrade the organic molecules.

Zn shows a positive linear relationship with Fe, OAG, whereas
its linear relationship with EC, Na and P is very weak.

The presence of Zn in effluent may produce hydrogen, which
interacts exponentially with oxygen. In higher quantities, zinc salts
result in the turbidity and Fe release in effluent. Additionally, zinc
may provide a bitter odor to effluent in the evaporation basins.

Na has a moderate negative linear association with AOX and
chlorine and a positive linear correlation with EC, Fe, and P.



Table 3
Effluent linear correlation matrices during for the entire year.

T� pH TN TSS DCO DBO5 Zn Na AOX OAG Cl2 EC Fe P

T� 1.000
pH 0.670 1.000
TN �0.102 0.562 1.000
TSS 0.774* 0.300 �0.381 1.000
DCO 0.639 0.268 �0.325 0.478 1.000
DBO5 0.399 0.505 0.399 0.569 0.248 1.000
Zn 0.142 0.688 0.755* �0.306 0.152 0.327 1.000
Na 0.698 0.484 �0.176 0.913** 0.414 0.648 �0.166 1.000
AOX 0.064 0.003 0.105 �0.070 0.693 0.272 0.342 �0.082 1.000
OAG �0.039 0.400 0.399 �0.588 �0.066 �0.493 0.502 �0.400 �0.031 1.000
Cl2 0.380 0.002 �0.263 0.275 0.594 �0.066 �0.298 0.270 0.489 0.088 1.000
EC 0.546 0.183 0.007 0.710* 0.471 0.726* �0.131 0.617 0.424 0.598 0.504 1.000
Fe 0.303 0.715* 0.698 0.312 �0.011 0.826* 0.445 0.563 0.072 �0.035 �0.017 0.477 1.000
P 0.057 0.202 0.414 0.275 0.135 0.746* 0.068 0.443 0.444 �0.340 0.349 0.724* 0.761* 1.000

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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This demonstrates that freshwater and saltwater interact in the
evaporation basins.

AOX has also a positive linear correlation with chlorine, EC and
P. however AOX, shows a very weak linear association with OAG
and Fe.

In addition, the concentration of organic halogens, which are
substances containing chlorine, phosphorus or salt, in a sample
of effluent may be determined by the presence of AOX. Increases
are frequently connected to water pollution.

OAG have a positive linear relationship with EC and a negative
linear relationship with P; and a very weak linear relationship with
Cl2 and Fe.

OAG can produce unattractive deposits and interfere with
organic organisms in surface evaporating basins, and also could
be explained by a decreases of dissolved oxygen and phosphorus.

Cl2 shows a positive linear association with EC and P. however
Cl2 has a very weak linear association with the iron Fe.

The occurrence of Cl2 residue in effluent may be a sign that
enough chlorine has originally injected to the effluent to make
the microorganisms inactive.

In wastewater, the amount of spontaneous residual chlorine is
associated with the lack of pathogens and the presence of a high
EC.

The drop of irons in the evaporation basin could be attributed to
the existence of a chlorine-based oxidant (Amoatey et al., 2021).

EC shows a positive linear correlation with Fe and P. The exces-
sive value of EC, that is proportional to a rise in Fe and P, can be
interpreted by the breakdown of organic matter in the effluent of
the evaporating basins; EC in this case is elevated while a great
deal of organic contamination.

The statistical study indicated the main significant linear asso-
ciations between effluent variables:

The TSS showed a strong positive linear correlation with Na
(r = 0.913, p < 0.05) and EC(r = 0.710, p < 0.05). an increase in
TSS might be interpreted by the Na accumulation into evaporating
basin.

The effluent’ temperature showed a strong negative linear asso-
ciation with TSS (r = 0.774, p < 0.05).

The DBO5 showed a strong positive linear correlation with EC
(r = 0.726, p < 0.05), Fe (r = 0.826, p < 0.05) and P (r = 0.746,
p < 0.05). Because of this, the high EC/BOD5 ratios indicated that
the evaporating basin is now expanding with the non-
biodegradable portion of total organic pollutants.

The TN showed a strong positive linear relationship with Zn
(r = 0.755, p < 0.05) and Fe (r = 0.698, p < 0.05).
6

The pH showed the most significant positive linear correlations
with Zn (r = 0.688, p < 0.01) and Fe (r = 0.715, p < 0.01).

The P showed a significant positive linear correlation with Fe
(r = 0.761, p < 0.05) and EC (r = 0.724, p < 0.05).

Table 4 reveals the appropriate statistical outcomes of the
potential linear association between effluent properties and the
climate of the region. These results indicate that the ambient tem-
perature of the region shows a negative linear relationship along
with pH, TN, Zn, oil and grease, and Fe; and a positive linear rela-
tionship with Temperature, TSS, and chlorine; in addition, this
temperature shows a very weak linear association with DCO,
BOD5, AOX, and P.

The area’s relative humidity shows a favorable linear connec-
tion with Temperature and TSS, otherwise, it shows a negative lin-
ear correlation with TN and a very weak linear correlation with Zn,
Fe and P.

The region precipitation shows a positive linear association
with Temperature, pH, DBO5, Zn, and a negative linear association
with Cl2, whereas it shows a very weak linear association with
AOX, OAG.

The significant linear association has revealed for humidity with
DCO (r = 0.843, p < 0.05), for ambient temperature with Zn (r = -
0.803, p < 0.05), and for ambient temperature with TN (r = 0.754,
p < 0.05).
4.3. Regression analysis outcomes

Employing a statistical tool, the regression model for the efflu-
ent characteristics was undertaken.

Table 5 presents the regression model’s last square focused on
effluent variables with statistically strong correlations.

� Regression graphs:

The Figs. 7–19 illustrate linear relationships between effluent
Physico-chemical variables:

The plots demonstrated that TSS has a direct linear and positive
connection with EC and Na, but a negative association with T�.
Using linear regression, the regression coefficients (R) and (R2)
for these relationships were determined.

The graph reveals that Na and EC are dependent on TSS, with an
increase in TSS leading to an increase in EC and Na.

Also, BOD5 with EC,P and Fe have a direct linear and positive
connection; hence, EC,P and Fe are dependent on BOD5, with an
increase in BOD5 leading to an increase in EC,P and Fe.
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TN has a positive direct linear relationship with Zn and Fe, with
an increase in TN leading to a rise in Zn and Fe.

pH with Zn and Fe and have the same positive direct linear
relationship, a simple increase of pH resulting in another increase
of Zn and Fe.

P has a positive direct linear relationship with EC and Fe, with a
rise in P leading to an increase in EC and Fe.

DCO and AOX and have a positive direct linear relationship,
with an increase of DCO resulting in another increase of AOX.

Ordinarily, a regression analysis is conducted primarily for one
of two reasons: to anticipate the significance of the effluent
physicochemical dependent parameters for those for whom some
information about the response variable is available, or to esti-
mate the impact of some explanatory physicochemical parame-
ters on the dependent ones, hence have complete understanding
of the wastewater pollutants.

4.4. Analysis of results

The outcomes of evaluating Physico-Chemical Characteristics
of the effluent released in evaporating basins indicate that evapo-
ration concept shows a negative impact on wastewater, as demon-
strated by a huge rise in different effluent properties (EC, Na, TSS..
etc). Such impact may have adverse environmental and ecological
consequences.

The large impact of the temperature on the generation of Na,
Fe, and TSS in effluent can be understood by evaporation factors
that increase the salinity and saturation of the effluent.

The oxidation of Fe ions by atmospheric oxygen can also result
in elevated TSS and Na levels in the evaporating basins.

AOX may be used to measure the quantity of organic halogens,
which are compounds comprising chlorine, phosphorus, or salt, in
an effluent test. Typically, increases are associated with water
contamination.

Microbial degradation in the effluent of evaporating basins
might underlie the high EC level, which would be associated to
a rise in several physicochemical variables; EC is increased in case
of a plenty of organic contaminants.

Hydrogen may be produced through the concentration of Zn in
the effluent, which reacts significantly with oxygen. In wastewa-
ter, zinc ions in high concentrations cause turbulence and the lib-
eration of iron. In consequence, zinc may provide an unpleasant
odor to the effluent in the evaporation basins.

The occurrence of peroxidation reliability of organic sub-
stances, especially in the effluent pit, the appearance of Na might
contribute to the maximum DBO5 and AOX interpretations. Since
some particles are limited or not biodegradable, pathogens could
be required to acclimate for a prolonged period before it can alter
the organic matter.

The presence of Cl2 residual in the effluent may indicate that
sufficient chlorine was initially added to render the bacteria
dormant.

The quantity of unintentional residual Cl2 in the effluent is
related to the absence of microorganisms and the occurrence of
a significant EC.

In surface evaporating basins, oil and grease can generate
unsightly deposits and interfere with living life, which could be
described by a reduction in oxygen concentration and
phosphorus.

Total Nitrogen is essential for all living creatures. Nevertheless,
an excess of nitrogen in the wastewater can lead to low levels of
dissolved oxygen and have devastating effects on a variety of spe-
cies of plants and animals.

The linear correlation between regional climate and effluent
features imply that warm and hot weather has an effect on efflu-
ent characteristics.
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Table 5
Least square of the linear relationship taking into account strongly linked physical and chemical variables.

Y X r R2 a B Y = ax + b

TSS T� 0.774 0.598 2.23 –23.98 TSS = 2.23 T� –23.98
TSS Na 0.913 0.834 0.0377 0.1181 TSS = 0.0377Na + 0.1181
TSS EC 0.710 0.503 1.217 3.139 TSS = 1.217 EC + 3.139
BOD5 EC 0.726 0.527 6.484 2.952 BOD5 = 6.484 EC + 2.952
BOD5 Fe 0.826 0.682 623.68 –22.974 BOD5 = 623.68 Fe � 22.974
BOD5 P 0.746 0.556 53.205 41.114 BOD5 = 53.205P + 41.114
TN Zn 0.755 0.570 4.490 8.160 TN = 4.490 Zn + 8.160
TN Fe 0.698 0.487 12.026 7.303 TN = 12.026 Fe + 7.303
pH Zn 0.688 0.473 0.873 8.281 pH = 0.873 Zn + 8.281
pH Fe 0.715 0.511 2.634 8.052 pH = 2.634 Fe + 8.052
P Fe 0.761 0.579 8.052 �0.433 P = 8.052 Fe � 0.433
P EC 0.724 0.524 0.090 �0.210 P = 0.090 EC � 0.210
DCO AOX 0.693 0.480 0.987 151.88 DCO = 0.987 AOX + 151.88
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Based on these findings, we advocate reusing the effluent recov-
ered in the evaporating basins by applying a sustainable approach
like the solar still techniques, especially in arid and hot regions.
5. Conclusions

The evaluation of the Physico-chemical characteristics of the
discharged effluent into the evaporation pond reveals the negative
effects of evaporation on this industrial wastewater. As a result,
evaporation causes a notable increase in various Physico-
chemical parameters such as EC, Na, Cl2, BOD5, and others. This
rise can be attributed to water contamination caused by external
factors like soil, wildlife, and organic waste from poultry.

According to the results of the correlation study, the Total Sus-
pended Solids (TSS) and 5-Day Biological Oxygen Demand (DBO5)
of the effluent collected in the evaporation basins display a signif-
icant linear relationship with most of the other effluent variables.
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However, the effluent demonstrates the strongest and most signif-
icant linear correlation between Sodium (Na) and TSS, as well as
between DBO5 and Iron (Fe). As a result, regression models were
established to analyze the significant relationships between these
effluent properties, and the details are provided in Table 5.This
study identified a correlation among all the physicochemical prop-
erties of industrial effluents stored in evaporating basins. Addition-
ally, it was observed that the levels of DBO5, Sodium (Na), chlorine,
and Electrical Conductivity (EC) exceed the permissible limits for
effluent in the study area. To mitigate potential ecological and
environmental issues, it is recommended to consider the reuse or
recycling of the effluent using a sustainable technological approach
such as solar still. This approach can help address the challenges
associated with effluent disposal and contribute to more sustain-
able water management practices.
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