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ABSTRACT

The expansion of aquaculture and the need for its development in tandem with environmental criteria demonstrate
this importance. Among these effects is the introduction of untreated sewage from salmon breeding centers into
river water, which can negatively impact aquatic ecosystems. The present study was conducted to assess the
impact of salmon breeding facilities on the Iragi Euphrates River's water quality. The physical and chemical
parameters of river water were measured at ten stations during the environmental surveys to determine the scope
and limits of pollution changes. Six samples were collected from each station over one year, from January 2020
to January 2021. SPSS 23 software was used to conduct statistical analyses using analysis of variance (ANOVA)
and Duncan's post hoc test. According to the ANOVA test's significant values, there was no statistically significant
difference in the amount of TDS (p < 0.05). The remaining parameters sampled in different months exhibited
significant differences (p > 0.05). Nitrate (F = 67.12), Phosphate (F = 96.53), DO (F = 22.08), BOD (F = 6.81),
COD (F=17.48) and TSS (F = 32.92) were determined to be the parameter values. The study's findings generally
confirm the significant impact of fish breeding ponds on the quality of surface water resources. As a result, special
attention should be prevent environmental complications through correct and principled aquaculture.
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INTRODUCTION

As a natural resource subject to a high concentration of human activity, rivers absorb a great deal of chemical and
biological pollution (Kroglund et al. 2008). Due to the activity of bacteria and its reduction, the excessive entry
of organic and carbonaceous substances in sewage and sewage into water body's results in the excessive
consumption of dissolved oxygen (Kristensen et al. 2009). Among the solutions to improve and control the water
quality of rivers are the control of pollutant sources at their source, aeration, and release of the flow, biological
treatment, and so on. Pollution can enter the water from a variety of sources and routes (Rahbar et al. 2011). Water
is considered polluted when the amount of foreign substances in it is sufficient to make its use hazardous
(Quifones et al. 2019). Investigating the process of environmental pollution and land destruction, as well as its
consequences, such as global warming and climate change, has become increasingly important in recent years
(Gholami et al. 2010; Burke et al. 2021). Diverse uses of river water resulting from the development of human
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societies and the expansion of industries have always contributed to the degradation of river water quality (Encina-
Montoya et al. 2020). Since rivers are the only water sources that travel a considerable distance through cities,
villages, and industrial and agricultural areas, river pollution can be viewed as an indicator of environmental
pollution caused by human activities (Thorstad et al. 2021). Physicochemical and biological parameters determine
the quality of river water (Kochalski et al. 2019). In addition to human resources, a significant amount of time is
devoted to testing and analyzing chemical factors, which results in astronomical costs each year (Davidson et al.
2022). Management and quality protection of surface water resources has become an environmental challenge
due to the expansion of human activities along riverbanks (Farabi et al. 2022). Compliance with the rules and
standards regarding properly discharging the pollution load is viewed as a legal means of addressing this issue.
There are two general approaches to the controlling and monitoring surface water quality (Hukom et al. 2020). In
the conventional command control method, the legislative organization considers the amount of pollution load
reduction at the output of all polluting sources, particularly a point, to be a default, and the excess discharge is
subject to a fine (Hause et al. 2022). In environment-oriented standards, as opposed to command control methods,
since monitoring and quality monitoring occurs at a specific point of the water body, conditions are created in
which the proper amount of organic load discharge from polluting sources is determined by the self-purification
capacity of the river and its location (Yilmaz & Ko¢ 2014). Therefore, interaction and access to the most
economical model for discharging the pollution load are possible (Koed et al. 2020). Typically, it is recommended
to use decision-making algorithms to allocate wastewater and pollution load in conjunction with simulation
models in an area to reduce the costs associated with the construction and operation of wastewater treatment
facilities and maintain environmental standards (Compton et al. 2006; Varol 2019). A section of the Euphrates
River has been chosen as the study area for this investigation. Human activities and environmental contamination
have significantly impacted the river. For instance, the increase in the construction of residential houses and
restaurants along the riverside and the direct discharge of sewage from residential houses and restaurants into the
river contribute to its pollution (Meshesha et al. 2020). It increases the load of pathogenic and non-pathogenic
microorganisms. Additionally, the disposal of waste and garbage in the vicinity of this river has not only resulted
in a foul odor, but by directly discharging leachate into the river. It has disrupted the river's ecosystem, endangered
the lives of aquatic animals, and eliminated bottom organisms or allowed resistant species to predominate (Saltveit
et al. 2019). Fish hatcheries are among the most polluting sources in the Euphrates River basin. The quantitative
and qualitative investigation of rivers is one of the most crucial factors that should be investigated. Since rivers
are the most accessible water source required by various industries, they should be protected. Therefore, this type
of study plays an essential role in the sustainable management of river ecosystems. It leads to identifying polluting
sources and developing solutions to mitigate their adverse effects, thereby enhancing the quality of water
resources. Therefore, the quality of the Euphrates River under the influence of salmon breeding centers was
investigated in the current study. The investigation of different physicochemical parameters at different times is
one of the novel aspects of the present study. Similar study has not previously been conducted in the area under
study.

MATERIALS AND METHODS

The study area's topography, geology, hydrology, soil science, land use, and access roads were prepared and
examined to carry out the sampling. The sampling stations were chosen based on natural conditions and access to
the river, as well as natural and human effects such as the river's sub-branches, changes in geological structures,
and polluting sources such as fish breeding ponds, agricultural lands, the establishment of residential centers, and
existing industries. In general, the five criteria used in the station selection were: (i) before the connection of the
side streams to the river and after that in the place where the water is entirely mixed, i.e., the exit and entrance of
fish breeding ponds; (ii) before and after separation of a side stream from the river; (iii) places where a specific
change occurs in the geology or soil of the area, and (iv) before and after the discharge of point pollutants (Maest
et al. 2020). Several factors, such as the rate at which a pollutant creates a risk, the public's special concern and
attention toward a particular pollutant, were considered when determining the order of importance for the
examined parameters. In the environmental surveys, the physical and chemical parameters of the river water were
measured at ten stations to ascertain the scope and limits of pollution changes. From January 2020 to January
2021, six samples were collected from each station over a one-year sampling period. The sampling was conducted
using glass bottles. The sampling containers were washed with nitric acid and distilled water before being used.
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Before transferring the samples to the laboratory, preparatory tasks such as stabilizing the samples with the
necessary chemicals, determining the temperature of the air and water, and preparing the adhesive, including
station specifications, sampling time, and weather conditions, were completed. The samples were transported to
the laboratory under the appropriate temperature conditions and in the shortest time possible, where they were
stored in the refrigerator until the test was conducted. Seven pollutant parameters, nitrate (N), phosphate (P),
dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total dissolved
solids (TDS), and total suspended solids (TSS), were analyzed. Several physical and chemical parameters were
measured on-site with portable measuring instruments. On specialized forms, the results of the field measurements
were recorded. The information recorded on said forms pertains to the sampling day, including the sampling date
and time, the weather condition, the source type, and the monitored station's code. The description related to the
water samples prepared for shipment to the laboratory so that other parameters could be measured. Before
performing the statistical analysis, the Kolmogorov-Smirnov test was used to examine the normality and fit of the
data obtained from evaluating the studied parameters. After ensuring that the data had a normal distribution,
analysis of variance (ANOVA) was used to compare the stations in terms of changes in the number of parameters.
Duncan's post hoc test was also utilized in the following situations. It was assumed that the significance level was
equal to 0.05, and SPSS 23 was used for calculations.

RESULTS AND DISCUSSION

Water quality analysis

In the current study, by selecting practical factors such as sampling point locations, water quality parameters,
sampling periods, laboratory methods, and data analysis, it was hoped that the results would reveal the quality of
the river in the study area and the sources of its pollution. Table 1 provides a statistical description (central indices
and dispersion indices) of the sampling results and measuring the quality variables of river water in terms of
physicochemical parameters over one year of sampling.

Table 1. Statistical characteristics of water quality parameters (units based on mg L™).
Parameter Minimum Maximum Mean  Standard deviation

Nitrate 0.07 7.43 2.28 0.76
Phosphate 0.03 3.18 0.89 0.23
DO 3.84 8.54 571 242
BOD 2.06 137.15 49.13 8.45
COD 3.48 481.97 104.76 42.18
TDS 105.81 1294.56 540.12 114.63
TSS 36.42 1947.41 619.71 127.15

Phosphate levels were lowest in January, at 0.03 mg L in stations 5 and 6. The cold weather and the region's
mountainous terrain contributed to a decrease in phosphate concentration. The month of February had the lowest
amount of nitrate, equal to 0.07 mg L. In September, the lowest DO level measured at stations 9 and 10 (3.84
mg L1). The BOD of human sewage in the vicinity of the sand and sand workshops, and waste materials from
fish breeding ponds (mostly organic substances) into the river, are among the primary causes of the drop in
dissolved oxygen in the abovementioned stations. Analyzing the statistical characteristics of water quality
variables in different months revealed that in September, the BOD level at station 3 was the lowest (2.06 mg L1),
indicating that the river water was clean. In December, the lowest COD concentration was 3.48 mg L™ at stations
5 and 6. In the mountainous region, the high intensity of the river water flow and the cold weather led to the
elimination of pollution. In addition, the lower population density (as a result of the mountainous terrain and cold
climate) has led to a reduction in sewage production. The lowest amount of TDS in June was 105.81 mg L,
measured at stations 2 and 3 in the upstream areas of fish breeding centers which may be due to the high rate of
precipitation and the reduction of pollution in the aforementioned stations (Malik et al. 2020). The highest
concentration of nitrate in June was 7.43 mg L™, measured at Station 8, since several fish breeding centers are
located in this area. The highest phosphate level was measured in August at Station 8 (3.18 mg L), due to the
placement of several fish breeding ponds in this station and the increase of salts and nutrients inside the ponds.
BOD and COD levels were highest in August at Station 9, with 137.15 and 481.97 mg L%, respectively. Elevating
BOD and COD values may be due to the grouping several fish farms and rising the speed of reactions due to the
high air temperature. The highest amount of TSS (1947.41 mg L) was reported in August at Station 10. High
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salts, proximity to sand workshops, and increased sand activity this month may be reasons for this elevation (Chow
et al. 2019).

Statistical analysis

For the obtained data, all parameters were analyzed in 10 sampling stations based on a completely randomized
block design, and SPSS 23 software was used to ANOVA. There was a statistically significant difference between
sampling stations and periods, as indicated by the analysis of variance results for parameters measured at different
stations and during different time intervals. To ensure the correct evaluation of the changes in the parameters
measured at the stations, Duncan's test was conducted at a significance level of 5%. The results of ANOVA test
are presented in Table 2.

Table 2. ANOVA test and comparison of parameters value in different months.

Parameter SS* DF* MS* F-value p-value

Nitrate Between Groups 142.78 11 12.98 53.19 <0.001
Within Groups 594.31 54 11.01 - -
Total 737.09 65 - - -

Phosphate  Between Groups 72.19 11 6.56 83.47 <0.001
Within Groups 88.04 54 1.63 - -
Total 160.23 65 - - -

DO Between Groups 139.43 11 12.68 14.08 0.01
Within Groups 97.01 54 1.80 - -
Total 236.44 65 -

BOD Between Groups 128607.56 11 11691.60 451 0.03
Within Groups 94822.83 54 1755.98 - -
Total 223430.39 65 - -
COoD Between Groups  2018646.12 11 183513.28 12.73 0.01
Within Groups 1820394.79 54 33711.01 - -
Total 3839040.91 65 - -
TDS Between Groups  3125465.09 11 284133.19 1.67 0.34
Within Groups ~ 19037486.71 54  352546.05 - -
Total 22162951.8 65 - -
TSS Between Groups ~ 6526745.34 11 59334049  24.68 <0.001
Within Groups ~ 46514597.26 54  861381.43 - -
Total 53041342.60 65 -
*SS= Sum of squares, DF= Degrees of freedom, MS= Mean of squares.

According to the ANOVA test's significant values, there was no statistically significant difference in the amount
of TDS (p < 0.05). The remaining parameters sampled in different months exhibited significant differences (p >
0.05). Consequently, using Duncan's post hoc test to compare TDS parameter values across different months was
unnecessary. A significant difference (p > 0.05) was reported for the remaining parameters sampled in other
months, and two-way comparisons of the sampled parameters were conducted using Duncan's post hoc test. The
results of Duncan's post hoc test are presented in Table 3. According to Duncan's test in Table 3, there was a 95%
confidence level in the significant difference for nitrate parameter in different months. February, April, July, and
March exhibited the lowest nitrate levels caused by the effluent from fish breeding ponds. The highest amount of
nitrates was recorded in June, caused by fish breeding ponds' food and waste consumption (Belliard et al. 2020).
The results of Duncan's test for comparing the phosphate parameter indicated a 95% confidence level in the
significance difference between the concentrations in different months. September and August exhibited the
highest phosphate levels due to the increase in food consumption and metabolism in fish breeding ponds during
the year's warmest months. Due to cold weather, February, April, July, and March recorded the lowest phosphate
levels. Fish food and pond production were more significant during the warmer months of the year; consequently,
the concentration of DO was lower in August and September which may be due to an elevation in the consumption
of dissolved oxygen in fish breeding ponds, which is caused by an upraise in production and metabolism during
these months (Holmes et al. 2021). BOD alterations were enormous during the hot months of the year, peaking in
September which may be due to an elevation in the fish breeding pond production, an upraise in food consumption
to feed the fish, an enhance in pond output, including fish waste, and an increase in pond pollution (Koralay &
Omer 2018). Warm weather has also contributed to an elevation in BOD during these times, since warming the
air promotes the increased metabolism and, as a result, elevated biological oxygen consumption. The difference
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between COD amounts in different months of the year was also statistically significant at the 95% confidence
level. August was the month that yielded the most significant quantity of COD. The high value of this parameter
during this month can be attributed to the heat and increase in oxygen caused by the use of chemicals in fish ponds
and industrial areas (Hamilton et al. 2022). In October, November, December, and June, COD was lower due to
the cold and the decreased consumption of chemicals. Using Duncan's method to compare data, it was determined
that the amount of TSS in different months of the year differs significantly at a 95% confidence level. Fish
breeding and sandy facilities produced the most total suspended solids (TSS) in August. In September, April,
March, February, and November, total suspended solids (TSS) were lower due to the cold and the decline in
pollution.
Table 3. Duncan's post hoc test to compare parameters in different stations.

Parameter SS* DF* MS* F-value P-value
Nitrate Between Groups 571.38 9 63.49 67.12 <0.001
Within Groups 236.76 66 3.59 - -
Total 808.14 75 - - -
Phosphate  Between Groups 58.62 9 6.51 96.53 <0.001
Within Groups 113.65 66 1.72 - -
Total 172.27 75 - - -
DO Between Groups 71.52 9 7.95 23.08 <0.001
Within Groups 154.19 66 2.34 - -
Total 225.71 75 - - -
BOD Between Groups 53267.41 9 5918.60 6.81 0.02
Within Groups 196439.08 66 2976.35 - -
Total 249706.49 75 -

COoD Between Groups 584132.35 9 64903.59 17.48 0.007
Within Groups 3436289.13 66 52064.99 - -
Total 4020421.48 75 - -
TSS Between Groups  33648214.06 9 3738690.45 32.92 <0.001
Within Groups 14285604.83 66 216448.56 - -
Total 47933818.89 75 -

*SS= Sum of squares, DF= Degrees of freedom, MS= Mean of squares.

CONCLUSION

As one of the most critical water resources available to humanity, the problem of river pollution has always been
one of the most important topics of research and study in inventing and applying methods to identify and control
pollution. In order to apply effective techniques and methods, as well as proper management, to combat these
problems, it is necessary and inevitable to understand the reality of the problem and to use models and paths that
are as close to and consistent with this reality as possible. Examining the trend of physicochemical parameter
alterations in the studied stations revealed that the number of fish breeding ponds has exceeded the permissible
limit. Reports indicate that the concentration of pollutants in certain stations is exceptionally high. This is due to
the proximity of multiple fish farms. In addition, the concentration of DO in the aforementioned stations has
decreased significantly due to an elevation in water oxygen consumption attributable to an upraise in the number
of fish breeding ponds in these stations. In general, the study suggested that fish breeding ponds significantly
impact the quality of surface water resources. This demonstrates the importance of implementing environmental
guidelines and regulations to control the pollution caused by this industry. Special consideration should be given
to implementing appropriate management measures to prevent the introduction of pollutants into receiving water
resources. In this regard, it is necessary for organizations or institutions issuing licenses to establish fish breeding
ponds to consider their environmental impacts prior to issuing the licenses along with conditioning the issuance
of licenses on compliance with all applicable environmental regulations and finally, preventing the occurrence of
environmental issues in the future through the implementation of correct and principled aquaculture.
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