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Abstract

:

Wastewater ingredients present risks to the environment and can cause health problems. The aim of this study was to identify the toxicological effects of influent and effluent wastewater from Konya Urban Wastewater Treatment Plant (KU WWTP) and Konya Organized Industrial Zone Wastewater Treatment Plant (KOI WWTP). Three different trophic level toxicity tests were conducted to determine the possible harmful effects of wastewater on the environment. The base toxic unit values of the Lepidium sativum toxicity test for the inlet and outlet samples of KU WWTP were found to be 1.43 and 1.10, respectively. Both values classified the analyzed wastewater into the “toxic” category. Wastewater entering the KU wastewater treatment facility was classified as “toxic” for the presence of toxic substances according to the Vibrio fischeri toxicity testing. Influent samples from the KOI wastewater treatment plant were classified as “toxic” with the Vibrio fischeri toxicity test. In addition, based on the fish bioassay value (TDF), wastewater from the KOI treatment facility was also classified as “toxic”. It was concluded that increased chemical oxygen demand and concentrations of total nitrogen and phosphorus and of certain heavy metals above the limits played a decisive role in classifying the samples as “toxic”. The results of this study suggest that all three tests have the potential to assess wastewater toxicity and that changes in wastewater properties may result in differences in test sensitivity.
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1. Introduction


Toxicology is a science branch related to poisons. Poison is a term describing any material that harmfully affects living organisms. Any substance unconsumed in the appropriate dosage and manner results in a toxic effect. Numerous chemicals that are nutrients for living organisms are released in excrement and urine into sewers without being altered. However, in addition to untreated and treated effluent wastewater from treatment plants, high concentrations of such chemicals are potentially observable in drinking water and in surface and underground waters [1]. One of the primary sources of water pollution is uncontrolled wastewater released from various industries into water masses and other environments. Wastewater is primarily produced by the industrial sector, which is advancing quickly and is essential for the growth and expansion of national economies [2]. Despite the rapid improvements in analytical chemistry, constraints such as cost and time prevent analyzing and identifying all pollutants in wastewater [3]. Pollutant removal efficiency, based on chemical oxygen demand (COD) and biochemical oxygen demand (BOD), is evaluated to assess the efficacy of wastewater treatment plants (WWTP) and optimize wastewater treatment processes [4]. However, the systematic COD and BOD monitoring is relatively expensive and time-consuming [5]. Only toxicity testing can reveal the unknown and often otherwise undetectable toxic effects of components in complex mixtures or the possible synergistic effects of compounds in wastewater [6]. In some cases, even if chemical concentrations in wastewater do not exceed the discharge limits, wastewater may be toxic [7]. Testing is used to identify and predict the harmful effects of chemicals on populations, communities, and ecosystems [8]. It is now clear that toxicity testing is essential for risk assessment of waste, wastewater and industrial chemicals [9]. Toxicity tests are used to identify waste toxicity level, the impact of wastewater treatment technologies on tested species, the effect of environmental factors on the toxicity of waste for aquatic life, the degree of treatment required, and the permissible wastewater discharge rates in water pollution control experiments [10].



This study aimed to evaluate the influent and effluent wastewater from KU WWTP and KOI WWTP and analyze its toxicological effects by employing three different methods, namely, the Lepidium sativum, fish bioassay (TDF), and Vibrio fischeri toxicity tests, which designate diverse trophic levels and were conducted to define the potentially harmful effects of wastewater toxic matter on the environment. Two distinct characterizations of the wastewater toxicity levels indicated the conditions of the receiving environment. The relevance of the toxicity test methods used in this study is great in terms of their utilization in studies on wastewater toxicity.




2. Materials and Methods


2.1. Wastewater Samples


In this study, the toxic effects of wastewater samples were defined with two different methods. Inlet and outlet wastewater samples were collected from Konya Organized Industrial Zone Wastewater Treatment Plant and Konya Urban Wastewater Treatment Plant. Konya Urban Wastewater Treatment Plant uses the 4-stage biological Bardenpho treatment process. Konya Organized Industrial Zone Wastewater Treatment Facility uses biological and chemical procedures. Wastewater from both facilities can be very harmful to the environment. The treatment plants where the samples were taken are shown in Figure 1 and Figure 2.




2.2. Physical and Chemical Properties of the Wastewater Samples


The characterization of the wastewater samples was performed, including the determination of pH, electrical conductivity (EC), chemical oxygen demand (COD), suspended solids (SS), total nitrogen (TN), total phosphorus (TP) and toxic effects in different bioassays. COD and SS were measured using the technique suggested in the APHA Standard Methods for the Examination of Wastewater. pH and EC were measured with the WTW Multi 340i device. Total phosphorus (TP) was analyzed with Hach LCK349 TP test kits [11]. Heavy metals were analyzed with an ICP-MS instrument. Total nitrogen (TN) was determined with Hach Lange Dr 5000 TN kits.




2.3. Bioassays


Three different biotests for different trophic levels were chosen for this study. L. sativum, a terrestrial plant, was selected to represent the trophic level of producers. V. fischeri, a bacterium, was selected to represent the decomposers. The fish toxicity test was selected to represent secondary consumers. Wastewater samples were collected from the treatment plants and analyzed by the Lepidium sativum, Vibrio fischeri, and fish bioassays.



2.3.1. Lepidium sativum


Different dilutions of wastewater samples (6.25%, 12.5%, 25%, 50%, and 100%) were used for the Lepidium sativum toxicity test. A total of six control groups were prepared for each wastewater sample. Two Whatman filter papers, 90 mm in diameter, were positioned into 9 cm glass Petri dishes. Five milliliters of distilled water or five milliliters of wastewater at varying dilutions was applied to a filter paper for the control group and the experimental group, respectively. Air bubbles were removed from the filter papers carefully. Each Petri dish contained 25 Lepidium sativum seeds with equal spacing; the dishes were closed with their lids and incubated at 25 °C in the dark for 72 h. After 72 h, the 20 seeds in each Petri dish that grew the fastest were selected to measure their root and stem lengths. The mean values of root and stem length were determined for the control and the experimental Petri dishes and were compared. The inhibition rates in “%” and the EC50 values were calculated according to the measured lengths. The EC50 values were employed to determine the toxic unit values [12].




2.3.2. Vibrio fischeri Toxicity Test


The Vibrio fischeri toxicity test was employed to examine the influent and effluent samples taken from Konya Industrial Zone Wastewater Treatment Plant and Konya Urban Wastewater Treatment Plant. The toxicity test was carried out in the accredited Dokuz Eylul University Microbiology Laboratory using the SM 8050 A-B method.



Vibrio fischeri is a Gram-negative heterotrophic bacterium belonging to the Vibrionaceae family, a large family of gamma-proteobacteria, characterized by their pathogenic interactions and consisting of many species. The frozen bacterial strain NRRL-B-11177 of Vibrio fischeri was employed in the LUMIStox toxicity test to analyze the toxicity of wastewater by performing four different characterizations. According to the standard approach recommended by the Lange company, acute toxicity tests were performed by determining the decline in light transmittance with time (typically, in 5, 10, and 30 min). Standard bacteria cultures of Vibrio fischeri were obtained from Dr. Lange Company (Düsseldorf, Germany), and their luminescence levels were measured using the LUMIStox system [13]. The inhibition rate was calculated by comparing the inhibitory effects of the tested dilutions with those of a toxin-free control. The acquired value was plotted against the dilution factor, and the resulting curve was used to calculate the EC50 of the samples [14].




2.3.3. Fish Bioassay (TDF) Toxicity Test


The influent and effluent samples acquired from Konya Organized Industrial Zone were subjected to the fish bioassay (TDF) toxicity test. The toxicity test was performed in the accredited Envirolab Measurement and Analysis Laboratory according to the proposed procedure of the TS 5676 WPCR Sampling and Analysis Methods Communiqué [15].



The toxic effect of wastewater on fish is expressed by a dilution factor, referring to the smallest dilution unit at which all fish is potentially alive. In other words, the smallest dilution unit at which all fish survive (no dead fish) is called TDF (toxicity dilution factor). The fish species Lepistes reticulates (Poecilia reticulata) was used in the fish bioassay. This fish is one of the most common species among aquarium fishes. The ichthyologist Wilhelm Peters, who first identified the Lepistes (rainbow fish) in Caracas/Venezuela in 1859, named it Poecilia reticulata and included it in the family Poeciliidae [16].






3. Results


3.1. Physical and Chemical Analysis Results


The results of the physical and chemical analyses of the wastewater samples are presented in Figure 3 and Table 1. Table 2 displays the results of the heavy metal analysis of wastewater from KOI WWTP.



The pH values of the samples varied between 7.10 and 7.70. Considering the influent wastewater COD and SS concentration, the KOI WWTP measurements were higher than those of KU WWTP. The removal efficiency according to the COD and SS parameters for KOI WWTP was 96.21% and 90.42%, respectively. On the basis of the same measurements (COD and SS) the removal efficiency was 93.87% and 94.25% for KU WWTP, respectively. As a result, a higher removal efficiency for KOI WWTP was obtained with the COD measurement, while it was obtained with the SS measurement for KU WWTP. Since Konya provincial domestic wastewater is collected in KU WWTP, the TN and TP concentrations in KU WWTP influent wastewater were greater than those in KOI WWTP wastewater. The N and P removal efficiency according to the TN and TP measurements was 72.23% and 92.94% for KU WWTP and 38.10% and 87.91% for KOI WWTP, respectively. It appeared that the utilization of the four-stage Bardenpho biological treatment method in KU WWTP led to a high N elimination efficiency.



According to the Discharge Standards of Mixed Industrial Wastewaters to the Receiving Environment (small and large organized industrial zones and other industries of undefined sectors) of the Regulation on Water Pollution and Control to which KOI WWTP effluent is subject, the set limit values were as follows: 6–9 for pH, 200 mg/L for SS, 400 mg/L for COD, 20 mg/L for TN, and 2 mg/L for TP. Accordingly, KOI WWTP effluent wastewater seemed to meet the standard values. Based on the Urban Wastewater Treatment Regulation (UWWTR) to which KU WWTP effluent is subject, it was observed that the COD and TP parameters did not exceed the limit values. It was observed that the limit values indicated in the regulation for TN were exceeded.



According to the heavy metal analysis results of KOI WWTP, the removal efficiencies were 70.83% for Cr+6, 70% for Pb, 24.44% for Cd, 54.55% for Fe, 53% for F−, and 85.31% for Cu. The color removal efficiency was 63.15%. Although Zn concentration in the effluent wastewater was higher than in the influent wastewater, it remained within the discharge limits. However, the Cd concentration failed to meet the discharge standards. The analysis results for other heavy metals in the effluent revealed that their concentrations were also within the discharge limits.




3.2. Toxicity Classification of the Samples


The ‘toxic unit’ value is generated based on the ‘%’ inhibition rates or the EC50 figures calculated from the toxicity tests. The determination of toxic units is used to assess the acquired results. The symbol ‘TU’ stands for toxic unit value.



Equation (1) is employed for the EC50-based toxic unit calculation.


TU = ⌠1/L(E)C50⌡ × 100,



(1)







Persoone and Janssen (1997) [12] used the following classification for the toxicity levels in their study: if the toxic unit TU is 0, the sample is non-toxic, if 0 < TU < 1, the sample is slightly toxic, if 1 < TB < 10, the sample is toxic, if 11 < TB < 100, the sample is highly toxic, and if TB > 100, the sample is extremely toxic (Table 3).



According to the ‘%’ inhibition rates, sample classification is as follows: non-toxic if the inhibition rate is between 0–10%, slightly toxic if it is between 11–49%, and toxic if it is between 50–100% (Table 4). The increase in the inhibition rate over time is an indication of rising toxicity.



This study used the EC50 values to define the toxic unit values in the Lepidium sativum toxicity test, whereas it utilized ‘%’ inhibition rates to calculate the toxic unit values in the Vibrio fischeri toxicity test.




3.3. Results of the Lepidium sativum Toxicity Test


The EC50 values for four different wastewater samples were calculated via the generation of a calibration curve corresponding to the dilution ratios of the ‘%’ inhibition rates estimated at the end of the experiment. Accordingly, the toxic unit classification was determined by the defined EC50 values. Since some organic substances in Konya Urban WWTP and KOI WWTP influents had a favorable effect on the root length of Lepidium sativum plants, their impact on the inhibition rates seemed to be negative. Table 5 lists the EC50 values identified by the Lepidium sativum toxicity test for each of the four different wastewater samples and the toxic unit classification.



The toxic unit values were calculated based on the defined EC50 values and Equation (1). Figure 4 displays the toxic unit graph according to the wastewater type.



This study analyzed the correlation between the average COD, SS, TN, and TP physicochemical measurements and the inhibition of root growth measured for Lepidium sativum treated with influent and effluent wastewater from KU WWTP and KOI WWTP. The COD, AKM, TN, and TP values explicitly indicated toxic effects in the Lepidium sativum toxicity test, since the correlation coefficient p was >0.5 for the four different wastewater parameters.




3.4. Results for the Vibrio fischeri Toxicity Test


The influent and effluent wastewater samples taken from KU WWTP and KOI WWTP were analyzed; their ‘%’ inhibition rates were determined at 6.25%, 12.5%, 25%, and 50% dilution rates and classified according to their toxic unit values, based on the determined inhibition rates. Considering the inhibition rates for KU WWTP and KOI WWTP, the influent wastewater values were higher than those determined for the effluent wastewater. As a result, the influent wastewater from both WWTPs had a higher level of toxicity than the effluent wastewater (Table 6).



The correlation between the physical and chemical parameters of wastewater and the root inhibition rates measured in the Lepidium sativum toxicity test was calculated.



The correlation coefficient (p) for the physicochemical parameters measured for the inlet and outlet samples taken from KOI WWTP was determined to be p > 0.5. This revealed that there was a relationship between the physicochemical parameters and root growth inhibition for KOI WWTP influent and effluent wastewater.




3.5. Results for the Fish Bioassay (TDF) Toxicity Test


The current study employed the fish bioassay (TDF) toxicity test to determine the toxicological effect of the influent and effluent samples from KOI WWTP. Industrial wastewater discharges are toxic to aquatic organisms living in the receiving environment, causing damage to their ecological features [18]. The WPCR (Discharge Standards of Mixed Industrial Wastewaters to the Receiving Environment, small and large organized industrial zones and other industries of undefined sectors) contains sector-specific discharge limits used to control industrial wastewater discharges in Turkey. Yet, the fish bioassay (TDF) analysis provides criteria to be satisfied, reported in pertinent tables, in the evaluation of particular industrial sectors. In this context, the WPCR, reporting the Discharge Standards of Mixed Industrial Wastewaters to the Receiving Environment (small and large organized industrial zones and other industries of undefined sectors), was used to compare the influent and effluent wastewater analysis data from KOI WWTP. Table 7 displays the fish bioassay (TDF) analysis results for the influent and effluent samples of KOI WWTP. As indicated by the analysis results, the values determined with the fish bioassay (TDF) analysis for the effluent wastewater remained below the WPCR limits, satisfying the standard discharge values.




3.6. Evaluation of the Toxicity Tests by Toxic Unit Classes


Different toxicity tests were utilized in this study in consideration of their growing validity and availability in the market. among wastewater tests based on diverse characterizations. The analysis of the test results indicated different sensitivities, depending on the wastewater type. The primary reason for these variations in sensitivity related to the test organisms used in the toxicity tests was the different chemical compositions of the examined wastewater samples.



The toxic unit values were calculated and then used for the acute toxicity classification shown in Table 3 and Table 4 of the wastewater samples. Additionally, Table 8 lists the four different wastewater samples categorized based on their “toxic unit” and “% inhibition” values.



Table 8 indicates that the different acute toxicity tests of the wastewater samples led to potentially different toxic unit-based classifications. When KU WWTP influent wastewater was analyzed, it displayed acute toxicity in the Lepidium sativum and Vibrio fischeri toxicity tests; accordingly, it was categorized as Class 3. The Lepidium sativum toxicity test also revealed acute toxicity of the KU WWTP effluent, which led to its classification as Class 3. However, the Vibrio fischeri toxicity test for the same effluent samples resulted in no toxicity effect; as a result, the sample was categorized in Class 1. Similar to the experiment mentioned above, the KOI WWTP influent revealed slightly acute toxicity in the Lepidium sativum toxicity test and was classified in Class 2; however, the same influent sample displayed acute toxicity in the Vibrio fischeri and fish bioassay tests and was classified in Class 3 in this case. Strikingly, the same effluent of KOI WWTP revealed different sensitivities of the three toxicity tests. While the Lepidium sativum toxicity test and the Vibrio fischeri toxicity test revealed slightly acute toxicity of the sample (Class 2), the Fish bioassay found no toxicity (Class 1).



Toxicity analyses were carried out by Aydın et al. using the Lepidium sativum toxicity test for the inlet and outlet wastewater of Konya First Organized Industrial Zone [9]. Accordingly, the Lepidium sativum test showed a greater germination rate in the KOI WWTP effluent wastewater than in the influent wastewater. As a result, the influent wastewater of KOI WWTP appeared as more toxic than the effluent wastewater. Studies in the literature reported that the Vibrio fischeri toxicity test is more sensitive than other toxicity assays [19]. Similarly, studies emphasized that the Vibrio fischeri luminescence inhibition test, one of the many bioassays available, has been acknowledged to offer significant advantages over other toxicity tests in terms of sensitivity, speed, and reproducibility [20,21,22]. Sponza used test microorganisms such as protozoa (Vorticella campanula), algae (Chlorella vulgaris), fish (Lebistes—Poecilia reticulata), and bacteria (coliform, Escherichia coli and floc, Zoogloea ramigera) to determine the toxicity of wastewater from chemical dye plants [23,24]. The results showed that bacteria and fish were the most susceptible organisms.



In conclusion, considering the sensitivity levels, this study found that the Vibrio fischeri toxicity test, employing bacteria, was the most sensitive approach among the three toxicity tests used to determine the toxicity levels of wastewater. Nevertheless, the Vibrio fischeri toxicity test appears to have a disadvantage, albeit its best suitability and efficacy, as it is the most expensive test method. Among the toxicity test assays used in this context, the Lepidium sativum test was the least costly. The current study also established that the fish bioassay (TDF) test has low sensitivity, requires experienced personnel, large sample volumes and special equipment, and is labor-insensitive [25,26]. In the overall assessment, however, all three toxicity tests utilized in this study were shown to possess the potential to analyze wastewater samples by performing different characterizations.





4. Discussion


The escalating economy is causing an annual rise in municipal wastewater discharge volumes, resulting in substantial water source contamination and exacerbating water pollution. The sustainable discharge of wastewater without harming the environment aims to ensure the safety and protection of the aquatic ecosystems [27,28]. Pollutants in wastewater are generally complex and include pathogens and microorganisms and chemicals, such as those from personal care products, pharmaceuticals, polycyclic aromatic hydrocarbons, pesticides, phenolic compounds, steroids, and hormones [29,30]. Industrial pollutants are xenobiotic compounds that occur in the environment but are not routinely monitored, and their fate, behavior, and ecological toxic effects are not fully understood [31]. Additionally, the presence of drug and personal care product residues, food additives, and endocrine disruptors pose challenges and responsibilities for wastewater treatment [32]. Removing these toxic and persistent pollutants from urban wastewater is a priority for the stability, safety, and sustainable development of the aquatic ecosystems. Therefore, the analysis of water quality and organic pollutants in urban wastewater treatment plants is of great importance. Traditional parameters are commonly evaluated to assess the pollution status of municipal wastewater treatment plants. However, the analysis of toxic compounds in wastewater is often expensive and time-consuming due to the complexity of municipal wastewater and the presence of low concentrations of unknown chemicals in wastewater [33]. Instead of testing each parameter individually, obtaining information about wastewater properties through acute toxicity testing is a more economical and practical approach [34]. Therefore, the use of acute toxicity tests is becoming more important day by day. Recent studies showed that the Vibrio fischeri toxicity test has high sensitivity compared to other toxicity tests. Erbe et al. (2011) highlighted the superiority of the Vibrio fischeri luminescence inhibition test compared to other toxicity tests, citing sensitivity, speed, and reproducibility evaluations [20]. The Vibrio fischeri toxicity test was found to be more sensitive and yield faster results compared to the Lepidium Sativum and fish bioassay (TDF) toxicity tests. In another study, Arienzo et al. (2009) attempted to measure the phytotoxicity of winery wastewater using the Lepidium sativum toxicity test [35]. Lepidium sativum toxicity testing was found to be applicable for wastewater toxicity assessment in the wine industry. Our study also found that Lepidium sativum toxicity testing is applicable to wastewater. When compared with other toxicity tests used in this study, it was found to be advantageous in terms of availability and cost-effectiveness. In the past, fish bioassays conducted on inlet and outlet samples from the KOI wastewater treatment plant showed that the toxicity levels met the discharge standards [9]. Approximately 15 years later, a survey at the same sampling site showed that the influent wastewater values exceeded the accepted limits. This highlights the importance of the long-term monitoring of wastewater through toxicity testing. In the same study, Aydın et al. (2015) evaluated the ThamnotoxFTM and DaphtoxFTM toxicity tests in comparison to the fish bioassay (TDF), considering factors such as cost, labor, and sample volume [9]. Sponza (2003) used a variety of test organisms, including protozoa (Trigana), algae (Chlorella vulgaris), fish (guppies—Poecilia reticulata) and bacteria (coliforms—Escherichia coli) to improve the production of chemical dyes. They evaluated the toxicity of wastewater and found that the bacterium Zoogloea ramigera and some fish were the most susceptible organisms [7]. This study found that the fish bioassay (TDF) has drawbacks, as it requires large sample volumes, qualified personnel, special equipment, and extensive labor. This study suggests that although the fish toxicity bioassay (TDF) is recommended to test the emission limits in certain industrial sectors in our country, alternative toxicity tests should also be applied. The study by Häder Friedrich (2018) focused on domestic and industrial wastewater. Samples were taken from the inlet and outlet wastewater of a treatment equipment, and toxicity tests were conducted. Measurements with ECOTOX showed a significant decrease in toxicity after each pre-treatment step. This result highlighted the effectiveness of pre-treatment processes for industrial wastewater before its transfer to municipal wastewater treatment facilities [18,36,37]. Similarly, in this study, a decrease in toxicity levels was observed between inlet and outlet samples, indicating the effectiveness of the treatment. However, this also suggests the need for advanced treatments for some parameters that cannot be addressed by conventional treatments. Treatment remains a challenge around the world, as the substances contained in both municipal and industrial wastewater are highly toxic to all life forms. This situation has led to the search for new sustainable and energy-efficient treatments [38,39,40]. Toxicity control with these new methods is also important. In this study, similar to the literature, we found that assays commonly used in toxicity studies differ in sensitivity.




5. Conclusions


Wastewater released by various production-based and other activities in industries retains hazardous chemicals depending on the manufacturing processes. Without any treatment, discharging wastewater directly into the receiving environment restricts aquatic organisms’ ability to perform their ecological functions and worsens the quality of surface waters. Considering that water is an indispensable resource, it is critical to properly treat and dispose of the domestic and industrial wastewater generated by various usages appropriately. As described in the literature and underlined in this study, the tests typically utilized in toxicity experiments have varying sensitivities. The current study showed that the fish bioassay (TDF) toxicity test provided values among the discharge limits for particular industrial sectors in Turkey; however, alternative toxicity assays should also be considered for the evaluation of common toxicity parameters. This study emphasizes the potential of bacteria and fish toxicity tests as promising approaches to enhance the application of advanced treatment technologies in wastewater treatment plants to avoid toxic effects in the receiving environment and control domestic/industrial wastewater discharges.
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Figure 1. Konya Urban Wastewater Treatment Plant (KU WWTP). 
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Figure 2. Konya Organized Industrial Zone Wastewater Treatment Plant (KOI WWTP). 
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Figure 3. Physicochemical properties of KU WWTP and KOI WWTP wastewater [17]. (a) COD: chemical oxygen demand; (b) TN: total nitrogen (c) SS: suspended solid; (d) TP: total phosphorus. 
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Figure 4. Toxic unit values by wastewater type [17]. KOI WWTP: Konya Organized Industrial Zone Wastewater Treatment Plant; KU WWTP: Konya Urban Wastewater Treatment Plant. 
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Table 1. Physicochemical properties of KU WWTP and KOI WWTP wastewater [17].
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	Wastewater Type
	pH
	COD (mg/L)
	SS (mg/L)
	TN (mg/L)
	TP (mg/L)





	KOI WWTP influent
	7.11 ± 0.3
	1113.63 ± 100
	484.12 ± 50
	11.13 ± 2
	4.59 ± 2



	KOI WWTP effluent
	7.58 ± 0.5
	42.19 ± 10
	46.39 ± 10
	6.89 ± 0.5
	0.56 ± 0.2



	KU WWTP influent
	7.47 ± 0.4
	996.36 ± 100
	314.00 ± 60
	71.58 ± 5
	9.64 ± 3



	KU WWTP effluent
	7.67 ± 0.5
	61.05 ± 15
	18.07 ± 7
	19.88 ± 2
	0.68 ± 0.3







KOI WWTP: Konya Organized Industrial Zone Wastewater Treatment Plant; KU WWTP: Konya Urban Wastewater Treatment Plant. COD: chemical oxygen demand; TN: total nitrogen; SS: suspended solid; TP: total phosphorus.













 





Table 2. Heavy metal analysis results of KOI WWTP influent and effluent wastewater [17].
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	Parameter
	Influent Values
	Effluent Values
	Unit
	WPCR Table 19.

(2-h)





	Chromium (Cr+6)
	0.48 ± 0.4
	0.14 ± 0.4
	mg/L
	0.5



	Lead (Pb)
	1.9 ± 0.1
	0.57 ± 0.1
	mg/L
	2



	Cadmium (Cd)
	0.45 ± 0.1
	0.34 ± 0.1
	mg/L
	0.1



	Iron (Fe)
	4.4 ± 0.3
	2 ± 0.3
	mg/L
	10



	Fluoride (F−)
	13.4 ± 0.3
	6.3 ± 0.3
	mg/L
	15



	Copper (Cu)
	2.86 ± 0.2
	0.42 ± 0.2
	mg/L
	3



	Zinc (Zn)
	1.99 ± 0.4
	3.61 ± 0.4
	mg/L
	5



	Sulfate (SO4)
	1000 ± 300
	1000 ± 300
	mg/L
	1500



	Color
	1.9 ± 0.5
	0.7 ± 0.5
	(Pt-Co)
	280







KOI WWTP: Konya Organized Industrial Zone Wastewater Treatment Plant. WPCR Table 19: Discharge standards of mixed industrial wastewaters to the receiving environment (small and large organized industrial zones and other industries in undefined sectors).













 





Table 3. Acute toxicity classification based on “toxic unit” values [17].
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	Acute Toxicity Classes
	Toxic Unit
	Toxicity Assessment





	Class 1
	No toxic effect
	Non-toxic



	Class 2
	<1
	Slightly acute toxicity



	Class 3
	1–10
	Acute toxicity



	Class 4
	10–100
	Highly acute toxicity



	Class 5
	>100
	Extremely acute toxicity










 





Table 4. Acute toxicity classification according to “% inhibition” rates [17].
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	Acute Toxicity Classes
	Inhibition Rates (%)
	Toxicity Assessment





	Class 1
	0–10%
	Non-Toxic



	Class 2
	11–49%
	Slightly Acute Toxicity



	Class 3
	50–100%
	Acute Toxicity










 





Table 5. EC50 and toxic unit values based on the average root length values by wastewater type [17].






Table 5. EC50 and toxic unit values based on the average root length values by wastewater type [17].





	Wastewater Types
	EC50 (%)
	Toxic Unit
	Classification





	KU WWTP influent
	70.17 ± 30
	1.43 ± 0.3
	Toxic



	KU WWTP effluent
	91.05 ± 50
	1.10 ± 0.5
	Toxic



	KOI WWTP influent
	163.47 ± 30
	0.61 ± 0.3
	Slightly Toxic



	KOI WWTP effluent
	101.55 ± 10
	0.98 ± 0.1
	Slightly Toxic







KOI WWTP: Konya Organized Industrial Zone Wastewater Treatment Plant; KU WWTP: Konya Urban Wastewater Treatment Plant.













 





Table 6. Inhibition rates and toxicity classification of wastewater types according to the Vibrio Fischeri toxicity test [17].
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	Wastewater Type
	Test Period
	Inhibition Rate (%)
	Classification





	KU WWTP influent
	For 30 min
	79–100%
	Toxic



	KU WWTP effluent
	For 30 min
	6–9%
	Non-toxic



	KOI WWTP influent
	For 30 min
	70–100%
	Toxic



	KOI WWTP effluent
	For 30 min
	30–48%
	Slightly Toxic







KOI WWTP: Konya Organized Industrial Zone Wastewater Treatment Plant; KU WWTP: Konya Urban Wastewater Treatment Plant.













 





Table 7. Fish bioassay (TDF) analysis results for KOI WWTP influent and effluent wastewater [17].
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Wastewater Type

	
Analysis Result for Fish Bioassay (TDF)

	
WPCR (Discharge Standards of Mixed Industrial Wastewaters to the Receiving Environment, Small and Large Organized Industrial Zones and Other Industries of Undefined Sectors)

	
Classification




	
Composite Sample 2-h






	
Influent Wastewater

	
13

	
10

	
Toxic




	
Effluent Wastewater

	
4

	
Non-toxic











 





Table 8. Acute toxicity classification of the examined wastewater samples [17].
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	Wastewater Type
	Lepidium sativum
	Vibrio fischeri
	Fish Bioassay





	KU WWTP influent
	Class 3
	Class 3
	*



	KU WWTP effluent
	Class 3
	Class 1
	*



	KOI WWTP influent
	Class 2
	Class 3
	Class 3



	KOI WWTP effluent
	Class 2
	Class 2
	Class 1







KOI WWTP: Konya Organized Industrial Zone Wastewater Treatment Plant; KU WWTP: Konya Urban Wastewater Treatment Plant. * The meaning can be given as not analyzed or not measured.
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