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Article Info Abstract: Increasing pressure on water resources in the world has revealed the 
necessity of using marginal water resources in irrigation. With the use of 
wastewater, which is one of the marginal water resources, the pressure on 
freshwater resources is alleviated, the discharge problems of wastewater are 
solved, and soil and crop productivity increase with the high nutritive effect of 
wastewater. However, salinity, heavy metals, some harmful chemicals, and the 
pathogen risks of wastewater should not be ignored. In this context, in this study, 
the effluent of the wastewater treatment plant located in the central Edremit 
district of Van province was evaluated in terms of usability in irrigation. Samples 
were taken from treated wastewater during the vegetation period in 2020 and 2021 
and pH, EC, cation and anions, micro elements and heavy metal, total nitrogen 
and phosphorus, total suspended solids, chemical oxygen demand, biological 
oxygen demand, fecal coliform, percent sodium, sodium adsorption rate, residual 
sodium carbonate and Langelier saturation index were determined by analysis and 
calculations. As a result of the study, the treated wastewater does not pose a risk 
in terms of pH, EC, cation and anions, micro elements and heavy metal, total 
suspended solids, percent sodium, sodium adsorption rate, residual sodium 
carbonate, langelier saturation index and fecal coliform, but attention should be 
paid to the total nitrogen and phosphorus, chemical and biological oxygen demand 
contents. It was concluded that the treated wastewater is in compliance with 
national and international standards, and there is no harm in its use in irrigation 
and thus treated wastewater can be recommended as a reliable water source for 
irrigation in the semi-arid province of Van/Edremit. However, in order to ensure 
safe and sustainable management in irrigation with wastewater, it is necessary to 
monitor water quality and make necessary inspections of soil, crop and irrigation 
systems. 
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1. Introduction  

The increasing pressure on water resources in the world has revealed the necessity of using 
marginal water resources in the agricultural sector, which is the largest consumer of fresh water. Treated 
wastewater, which is one of the marginal water resources (Çakmakcı et al., 2016), can be defined as 



YYU J AGR SCI 32 (3): 497-506 
Yerli and Sahin. / Quality Proficiency to Crop, Soil and Irrigation System of Recycled Wastewater from the Van/Edremit Wastewater Treatment Plant 

498 

water that has been polluted as a result of different uses and whose properties have changed completely 
or slightly. Although the content of typical wastewater varies depending on the source and time, 
approximately 99% is water and the remainder is composed of colloidal and dissolved solid particles 
(UN, 2014). 

Treated wastewater is a source of water and nutrients that can be used all year round, regardless 
of seasonality. Irrigation with treated wastewater provides higher yield, especially in arid and semi-arid 
regions, and also provides the opportunity to grow crops with high economic value (Qadir et al., 2015). 
Wastewaters are separated from other waters due to their rich organic matter, nitrogen, phosphorus, and 
potassium contents, and with these aspects, they increase soil and crop productivity with their use in 
irrigation (Becerra-Castro et al., 2015; Rivas et al., 2017; Yerli et al., 2022). In addition, considering the 
heavy metal and pathogen risks in the use of wastewater in irrigation, it is of great importance to carry 
out irrigations (Dogan Demir and Sahin, 2017; Demir, 2021). In a study, it was stated that untreated 
wastewater contains more macro and micro elements than a chemical fertilizer (Qin and Horvath, 2020). 
When irrigating 1000 m3 per hectare with domestic wastewater, an average of 16 to 62 kg of nitrogen, 
4 to 24 kg of phosphorus, and 2 to 96 kg of potassium can be added to the soil (Qadir et al., 2007). With 
the use of treated wastewater in irrigation, the need for synthetic fertilizers decreases, and this 
contributes to economic production by reducing the chemical fertilizer input as well as the 
environmental impact. In a study, it was reported that in conditions where wastewater is used in 
irrigation, approximately 135 dollars per hectare is saved in fertilizer costs (Jimenez et al., 2010). 
Treated wastewater, which acts as a natural fertilizer with its high organic and inorganic substance 
contents, improves and develops the soil structure and provides an increase in yield and quality in crop 
production. In addition, with the use of treated wastewater in irrigation, environmental contributions are 
provided, and the discharge problems of wastewater are solved. 

Wastewaters can meet 30 to 70% of the irrigation water demand according to different regions 
(Raschid-Sally and Jayakody, 2009). It is known that 20 million hectares of agricultural land in the 
world are irrigated with wastewater (Koc et al., 2022). Winpenny et al. (2010) reported that 
approximately 10% of the irrigated agricultural lands around the world are irrigated with wastewater, 
and a total of 20 million hectares of agricultural land in 50 countries is irrigated with wastewater. 
Globally, wastewater use in agricultural lands accounts for approximately 11% of all irrigated 
agricultural land (Thebo et al., 2017). In addition to the insufficient data on the use of wastewater in 
irrigation in Türkiye, not much progress has been made. However, WHO (2006) stated that the reuse of 
wastewater would become the most important issue in Türkiye. The annual amount of treated 
wastewater in Türkiye is approximately 4.2 billion m3 (TSI, 2018), which is an indicator of an important 
potential in terms of meeting the irrigation needs of agricultural lands in Türkiye. 

 Although the use of wastewater in irrigation brings high yield and quality, the risks they create 
should not be ignored. Wastewaters contain dissolved salts, heavy metals, and some other harmful 
chemicals and pathogens apart from nutrients (Dogan Demir and Sahin, 2019; Cakmakci and Sahin, 
2021). This situation can reveal many negativities in soil quality, crop production, and live health. The 
sustainability of irrigation with wastewater can only be achieved by managing the effects of the crop, 
soil, irrigation system, and live health in irrigation with wastewater. In this context, in the use of recycled 
wastewater in irrigation, water quality must be evaluated, electrical conductivity and heavy metal 
content must be monitored, and pathogen and chemical risks must be followed. Dogan Demir and Sahin 
(2017) stated that the heavy metal content of tomato crops irrigated with wastewater increased. 
Similarly, Demir (2021) stated that heavy metal accumulation in the soil increased under wastewater 
irrigation conditions, and heavy metal accumulation in the soil should be monitored in irrigation with 
wastewater. 

The following measures can be taken to reduce the risk of salinity caused by irrigation with 
wastewater; highly resistant to soil salinity; washing the salt from the soil, diluting the salinity in the 
active root zone by allowing salts to be transported outside the wet front using drip irrigation method; 
not sowing on the furrow ridge, which may be affected by salinity in seed sowing; ensuring that osmotic 
pressure remains at low levels by keeping soil moisture close to field capacity with frequent irrigation 
intervals; reducing the effect of salinity by irrigation cycles with wastewater and freshwater or irrigation 
by diluting wastewater with fresh water.  
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Precautions can be taken against the risk of Na accumulation, such as using treated wastewater 
only on soils with a sandy texture, adding organic matter to the soil (Pagliai et al., 2004), or adding a Ca 
source to the soil or irrigation water in use in clay soils against the risk of deterioration of the structure. 
(Hopkins et al., 2007). If there is a precipitated Ca source in the soil, Ca should be dissolved by reducing 
the pH value of the water in a controlled manner, taking into account the heavy metal mobility (Kanber 
and Unlu, 2010). Controlled nitrogen fertilizer or humic acid supplementation can be provided to 
promote leafing in crops against heavy metal risks and toxicity effects (Ding et al., 2019). In order to 
reduce the risks of pathogens and some harmful chemicals originating from wastewater, drip irrigation 
methods should be preferred instead of surface and sprinkler irrigation methods, and wastewater should 
not be preferred for irrigation of raw consumed crops. Filtration, dilute acid, and chlorine treatments are 
among the main measures to be taken, respectively, against possible physical, chemical, and biological 
cloggings in irrigation systems, especially drip irrigation, originating from wastewater (Sahin et al., 
2005; Eroglu et al., 2009; Eroglu et al., 2012; Dandie et al., 2020; Hashem et al., 2021; Qiu et al., 2022). 

According to the "Communique on Technical Procedures for Wastewater Treatment Plants" 
published in the Official Newspaper No. 27527 on 20.03.2010 in Türkiye, in the evaluation of the use 
of wastewater in irrigation, the amount of total solids and dissolved substances, electrical conductivity, 
sodium amount and the ratio of sodium to other cations, boron, heavy metals, and other toxic substances, 
organic matter load and the amount of floating substances such as oil and grease, pathogens and in some 
cases the total amount of calcium and magnesium should be examined (Anonymous, 2010). Although 
Türkiye has not come a long way regarding the use of wastewater in irrigation, studies on this subject 
are also very limited. In addition, in the literature review, no study was found in which the water quality 
of a treatment plant for the use of treated wastewater for irrigation was evaluated. In this context, in this 
study, the evaluation of the effluent of the wastewater treatment plant located in the central Edremit 
district of Van province in terms of usability in irrigation was determined according to the regulations 
in Türkiye and other international criteria. In addition, the measures that can be taken against possible 
problems are also mentioned. 

2. Material and Methods  

The recycled wastewater was taken from the biological wastewater treatment plant (38◦24’53" 
N and 43◦14’09" E) with a daily capacity of 10 400 m3, located in the central Edremit district of Van 
province, which started operating in 2013. The inlet water of the treatment plant contains only domestic 
pollution elements of approximately 130 000 population and does not contain industrial and industrial 
wastes since there are no large-scale industrial facilities in the region. After entering the facility, the 
wastewater carried by the sewage line passes through the sand trap, coarse and fine screen, and is 
transferred to the pre-sedimentation pool and the aeration pool, respectively. After being aerated, the 
wastewater passing through the bacteria pool is transferred to the final settling unit and then discharged 
into the Lake Van. There are no farmers in the Van region who use wastewater for irrigation, and also 
the region has not made much progress in this regard. 

The majority of the soils of Edremit district of Van province (38◦42’28" N and 43◦24’26" E) 
consist of alluvial soils with high CaCO3 content, rich organic matter, mineral content, and medium 
textured (Turna and Eski, 2016). During the active crop production period (May-September) the 
precipitation amount is 92.2 mm, and the average temperature is 18.5oC (Anonymous, 2021). In the 
region consisting of approximately 124 000 decares of land, 101 000 decares of land are used as 
agricultural land, and more than half of this area is irrigated (Anonymous, 2022). The fruit trees and 
vegetable cultivation such as apples, pears, apricots, plums, walnuts, tomatoes, peppers, cucumbers, 
beans, cabbage, lettuce, and also alfalfa and silage corn production as forage crops and field crops are 
cultivated in the central Edremit district of Van province (Turna and Eski, 2016; Anonymous, 2022). 

The samples were collected from treated wastewater in 3 periods (July, August, and September) 
in the vegetation period of 2020 and in 2 periods (July and August) in the vegetation period of 2021. 
Water samples were taken from the discharge point of the treatment plant. Then pH, electrical 
conductivity (EC), cations (Ca, Mg, Na, and K) and anions (CO3, HCO3, SO4 , Cl and NO3), micro 
elements and heavy metal contents (B, Fe, Cu, Mn, Zn, Pb, Cd, Cr, and Ni), total nitrogen (TN), total 
phosphorus (TP), total suspended solids (TSS), chemical oxygen demand (COD), biological oxygen 
demand (BOD5), fecal coliform, percent sodium (Na%), sodium adsorption rate (SAR), residual sodium 
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carbonate (RSC) and Langelier saturation index (LSI) values were determined by analysis and 
calculations. 

pH and EC are directly measured by pH and EC meter (Ayyildiz, 1983). Cations, micro elements 
and heavy metals; after being prepared for analysis with chemicals, measuring in an ICP-OES 
(Anonymous, 2007). CO3 and HCO3; using phenolphthalein and bromocrocel green indicators (Tuzuner, 
1990). TP, SO4, NO3 and B; in Hach Lange Dr 5000 UV/VIS spectrophotometer, phosphor reagent no. 
HACH 8048 (Powder Pillow), SulfaVer 4 no. HACH 8051, Cadmium Reduction-HR no. HACH 8039, 
HACH 8015 Carmine methods with the help of ready kits (HACH, 2010). TN; Kjeldahl nitrogen 
determination method (APHA-AWWA-WEF, 1989). Cl; by titration with silver nitrate using potassium 
chromate indicator (Tuzuner, 1990). TSS; The residue left by the filtered water samples was dried at 
105°C and weighed (APHA, 1995). COD; in HACH LCI 400 COD cuvette test with the help of Hach 
Lange Dr 5000 UV/VIS spectrophotometer and HACH LT 200 thermoreactor using Merck ready-made 
test kits (HACH, 2005). BOD5; before the estimated BOD5 value was obtained by performing COD 
analysis and the sample volumes determined according to this value were obtained by putting them in 
the Hach Lange Dr 5000 UV/VIS for 5 days and keeping them in the absorption incubator for 5 days 
(HACH, 2010). Fecal coliform; after the water sample was passed through the membrane filtration 
device, it was determined by analysis as the most probable number (MPN) (APHA, 1995). 

The Na%, SAR, and RSC values were calculated according to Kanber and Unlu (2010) by 
considering the ion concentrations with the help of equations 1, 2, and 3, respectively. In order to 
determine whether lime sediment will occur in drippers due to irrigation, the LSI value was obtained 
with the help of equation 4 according to Ayers and Westcot (1994). In this equation, pHa refers to the 
measured pH value, and pHc refers to the theoretical pH value when the water reaches equilibrium with 
lime. This value was determined from ion concentrations according to Kanber and Unlu (2010). 

 
𝑁𝑎% =	

𝑁𝑎
𝑁𝑎 +𝑀𝑔 + 𝐶𝑎 + 𝐾 	𝑥	100   (1) 

𝑆𝐴𝑅 =	
𝑁𝑎

1(𝐶𝑎 +𝑀𝑔)/2
 (2) 

RSC = (CO3 + HCO3) – (Ca + Mg) (3) 

LSI = pHa – pHc (4) 

 
The quality of treated wastewater was evaluated according to the quality criteria according to 

the classes of inland water resources (Anonim, 2008) and irrigation water quality evaluation criteria 
(Anonim, 2010) and heavy metal contents of treated wastewater were evaluated according to permissible 
heavy metal amounts in irrigation water (Anonymous, 2010) and the water quality criteria affecting the 
clogging in the drip irrigation system were evaluated according to the water quality in the evaluation of 
the clogging in the drip irrigation method (Anonymous, 2010) and also some practical measures that 
could be taken were mentioned. 

3. Results and Discussions 

The result of pH, electrical conductivity (EC), cations (Ca, Mg, Na, and K), anions (CO3, HCO3, 
SO4 , Cl, and NO3), micro elements, and heavy metal contents (B, Fe, Cu, Mn, Zn, Pb, Cd, Cr, and Ni), 
total nitrogen (TN), total phosphorus (TP), total suspended solids (TSS), chemical oxygen demand 
(COD), biological oxygen demand (BOD5), fecal coliform, percent sodium (Na%), sodium adsorption 
rate (SAR), residual sodium carbonate (RSC) and langelier saturation index (LSI) values of the recycled 
wastewater based on different periods and years are given in Table 1. 

In terms of soil quality, the pH of irrigation water should be between 6.5 and 8.4 (Ayers and 
Westcot, 1994). While EC values of < 0.7 dS m-1 in irrigation waters do not pose a problem for crop 
nutrition and for the crop to benefit from soil water, a value between 0.7 and 3.0 dS m-1 may cause the 
problem to begin, and a value > 3.0 dS m-1 may cause the problem to be intensified (Kanber and Unlu, 
2010). According to the US Salinity Laboratory System, treated wastewater is classified as C3 (high salt 
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water for irrigation) (0.75 - 2.25 dS m-1). Wastewater is classified as a no problem or low problem 
category in terms of pH, EC, infiltration, ion toxicity, and other effects (Ayers and Westcot, 1994). The 
pH values of the wastewater are included in the I. class water category according to the “Water Pollution 
Control Regulation” inland water resources classification (Anonymous, 2008). The EC values of the 
wastewater were evaluated in the category of water with little-moderate damage in use (II. class) 
according to the “Communique on Technical Procedures for WasteWater Treatment Plants” 
(Anonymous, 2010). In this case, the wastewater can be easily used for irrigation of crops with medium 
and high salinity resistance and for light and medium textured soils (Kanber and Unlu, 2010). The fruit 
trees and vegetable cultivation such as apples, pears, apricots, plums, walnuts, tomatoes, peppers, 
cucumbers, beans, cabbage, lettuce, and also alfalfa and silage corn production as forage crops and field 
crops are common in the region (Anonymous, 2022) and this considering that these crops show medium 
and high resistance to salinity, there will be no risky situation related to salinity in the use of treated 
wastewater in irrigation. In addition, considering that 65% of the region's soils have a loamy texture 
(Karaca et al., 2019), the risk of salinity in the use of treated wastewater in irrigation will decrease. 
However, in the use of treated wastewater in clay textured soils or crops sensitive to salinity, it can be 
specified as the precautions to be taken for the preservation of soil quality and for a reasonable crop 
production, performing irrigation with drip irrigation, reducing osmotic pressure by keeping soil 
moisture close to field capacity in root zone and carrying out washings by following the soil EC in 
certain periods.  

Table 1. Quality analysis results of recycled wastewater 

Parameter July August  September 
2020 2021 2020 2021 2020 

pH 7.49 7.65 7.45 7.79 7.37 
EC (dS m-1)  1.131 1.143 1.009 1.135 1.184 
Ca (me l-1) 2.17 2.42 2.05 2.57 2.19 
Mg (me l-1) 2.98 3.21 3.13 2.78 3.21 
Na (me l-1) 4.11 4.09 4.19 4.25 4.02 
K (me l-1) 0.92 1.25 1.01 1.36 0.95 
CO3 (me l-1) - - - - - 
HCO3 (me l-1) 4.91 5.11 5.05 5.24 5.21 
Cl (me l-1) 1.94 1.84 2.11 2.13 2.07 
SO4 (me l-1) 1.68 1.35 1.74 1.67 1.81 
NO3 (me l-1) 1.54 1.45 1.67 1.68 1.52 
B (mg l-1) 0.51 0.42 0.59 0.49 0.56 
Fe (mg l-1) 0.397 0.425 0.429 0.412 0.411 
Cu (mg l-1) 0.011 0.011 0.012 0.010 0.010 
Mn (mg l-1) 0.081 0.099 0.072 0.091 0.061 
Zn (mg l-1) 0.015 0.015 0.015 0.015 0.016 
Pb (mg l-1) 0.001 0.002 0.001 0.001 0.002 
Cd (mg l-1) 0.002 - 0.002 - - 
Cr (mg l-1) - - 0.001 0.001 0.001 
Ni (mg l-1) 0.036 0.045 0.038 0.049 0.041 
TN (mg l-1) 12.65 10.35 9.93 11.27 10.27 
TP (mg l-1) 1.51 1.15 1.87 1.21 1.69 
TSS (mg l-1) 19.3 31.2 21.8 28.5 24.5 
COD (mg l-1) 36.5 41.9 35.2 35.5 37.1 
BOD5 (mg l-1) 22.4 25.8 21.1 22.8 22.6 
SAR 2.56 2.43 2.60 2.59 2.45 
RSC (me l-1) -0.24 -0.52 -0.13 -0.11 -0.19 
Na% 40.4 37.3 40.4 38.8 38.8 
LSI 0.324 0.599 0.299 0.664 0.247 
Fecal coliform (MPN 100 ml-1) 145 167 121 149 139 

‘‘-’’: Not detected. 

When the values of Na, which has a high toxic effect, are examined, according to the 
"Communique on Technical Procedures for Wastewater Treatment Plants" (Anonymous, 2010), 
wastewater II. class belongs to the group. Thus, the level of damage to be caused by the use of 
wastewater in irrigation is considered as low-moderate. In addition, Na% and SAR values are calculated 
in order to determine the negative effect of Na on the soil structure (Pacci et al., 2022). Considering the 
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Na% and SAR values of the wastewater, it is seen that it is within the usable limits for irrigation (Kanber 
and Unlu, 2010). Another parameter evaluating the negative impact on soils is RSC. The RSC value in 
waters should be lower than 2.5 me l-1 (Kanber and Unlu, 2010). All RSC values in wastewater are 
negative and show that it does not pose a risk. 

Wastewater is in the class of water that does not pose any risk in irrigation in terms of SO4 
content. Considering the quality criteria according to inland water resources classification (Anonymous, 
2008), the wastewater is evaluated in the category of I. class waters in terms of SO4. SO4 content in 
irrigation waters is lower than 4 me l-1 in Scofield-1936 classification shows that the irrigation water 
class is very good, and there will be no problem with its use in irrigation (Kanber and Unlu, 2010). High 
concentration of HCO3 causes Ca to precipitate and Na to become dominant, increasing Na damage 
(Kanber and Unlu, 2010). Ayers and Westcot (1994) reported that severe problems would occur if the 
HCO3 content was > 8.5 me l-1. In order to reduce the risk of Ca precipitate, it may be recommended to 
reduce the pH of the treated wastewater and thus to perform irrigations or to add Ca to the soil to prevent 
Na from becoming dominant. In addition, organic matter additives can also be effective. However, high 
organic matter (BOD5) entry into the soil with treated wastewater will also reduce the negative effect of 
Na (Kanber and Unlu, 2010). The high organic matter contribution of the treated wastewater used in the 
study also eliminates this situation. Considering the toxicity effect of Na, the N supplied to the soil with 
the treated wastewater will reduce the negative effect of Na by promoting the growth and leafing of the 
crop (Ibrahim et al., 2018). Singh et al. (2016) reported that the negative effect of Na on the crop 
improved with the addition of N. However, in this study, the HCO3 content was found below the limit 
values. 

Cl ion, which has a high amount of toxic effect, is in the category of I. class waters that do not 
cause any problems in irrigation according to the “Communique on Technical Procedures for 
Wastewater Treatment Plants" (Anonymous, 2010). In addition, in terms of Cl ion, the wastewater was 
evaluated in I. class waters in Scofield-1936 (< 4 me l-1), Doneen-1954 (< 5 me l-1) and Christiansen-
1977 (< 3 me l-1) classifications (Kanber and Unlu, 2010). However, considering the "Water Pollution 
Control Regulation" inland water resources classification (Anonymous, 2008) in terms of Cl content, 
wastewater in the II. category of quality. According to the same regulation, wastewater in terms of NO3 
content is classified as IV. water quality. In this context, the pollution load of NO3 should be monitored, 
and it would be beneficial to use the drip irrigation method with high efficiency in order to prevent 
leakage into groundwater in the use of treated wastewater in irrigation. 

B is an essential element for crop growth in low amounts but is a special ion that has high 
toxicity in even low amounts (Yerli et al., 2020). When the concentrations of B in wastewater are 
examined, it has been evaluated in the class of water that does not pose any inconvenience to use, 
according to the "Communique on Technical Procedures for Wastewater Treatment Plants" 
(Anonymous, 2010). According to FAO (Ayers and Westcot, 1994) and the US Environmental 
Protection Agency (EPA, 2004), the amount of B in irrigation waters lower than 0.75 mg l-1 does not 
pose a problem in even long-term irrigation. However, attention should be paid to the sensitivity of the 
crop irrigated with wastewater to B toxicity. Stone fruits are more easily damaged by B than pome fruits 
(Kanber and Unlu, 2010). Considering that the resistance to B toxicity of apples, pears, apricots, plums, 
walnuts, cucumbers, and beans grown in the region is sensitive or semi-sensitive, precautions should be 
taken against B toxicity in irrigation with treated wastewater. In this context, the growth and leafing of 
the crop should be encouraged by supplementing with N from the outside, and its resistance to stress 
should be increased (Ding et al., 2019). However, since N already obtained from wastewater can provide 
this benefit, there is no need to give N from outside. 

The Mn, Cu, Fe, Zn, Cr, Cd, Ni, and Pb contents of treated wastewater are below the maximum 
allowable values permitted by the "Communique on Technical Procedures for Wastewater Treatment 
Plants" (Anonymous, 2010) and the US Environmental Protection Agency (EPA, 2004). In addition, 
according to the "Water Pollution Control Regulation" inland water resources classification 
(Anonymous, 2008), treated wastewater does not pose a risk in its use in irrigation since it is in the class 
of water of good quality. However, in the long-term use of wastewater in the same region, possible 
accumulations in the soil and crops should be followed up. In addition, since some crops such as corn 
cultivated in the region absorb heavy metal more and accumulate it in their bodies (Ab Rhaman et al., 
2021), it may be recommended to irrigate these crops with wastewater by diluting them with fresh water 
instead of directly treated wastewater. In long-term irrigation with wastewater, heavy metal risks can be 
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reduced by using phytoremediation techniques with accumulator crops (Bhargava et al., 2012; Sharma 
et al., 2018). 

N and P contained in wastewater have a positive effect on soil and crop growth. TN and TP 
contents of treated wastewater are listed as the lowest grade IV. category of class waters in the “Water 
Pollution Control Regulation” inland water resources classification (Anonymous, 2008). When the 
Chemical Oxygen Demand (COD) and Biological Oxygen Demand (BOD5) of the wastewater are 
examined, according to the "Water Pollution Control Regulation" inland water resources classification 
(Anonymous, 2008), COD and BOD5 are evaluated in the II. and IV.  water categories, respectively. 
The excess of BOD5 is considered as the input of dissolved organic matter into the soil. This improves 
the structure of the soil. Especially for agricultural lands where crop production is widespread and soil 
structure is deteriorated, the structure of the soil will be improved with the use of treated wastewater 
and it will become an alternative water source (Barbera et al., 2013; Çakmakcı and Sahin, 2019;2020). 

Fecal coliforms contained in wastewater are the main source of many diseases in terms of health 
as a microbiological parameter. In general, its amount in water is expressed as the most probable number 
in 100 ml (MPN 100 ml-1). According to the fecal coliform values of the treated wastewater, the quality 
of the wastewater is classified as II. class and is considered as water that has no objection to use in 
"Water Pollution Control Regulation" inland water resources classification (Anonymous, 2008). In 
addition, the limit values (1000 EMS 100 ml-1) determined by the US Environmental Protection Agency 
(EPA, 2004) show that it will not cause any problems in using it in irrigation. However, in order to 
reduce possible risks, it may be recommended to prefer drip irrigation instead of surface and sprinkler 
irrigation methods in irrigation with treated wastewater and not to use treated wastewater for irrigation 
of raw consumed crops. 

Although crops need cations in terms of development and growth, especially in conditions 
where the pH is > 8.0 in water, also the sum of Ca and Mg content is > 3, causing clogging in the 
irrigation system (Kanber and Unlu, 2010). Considering that the pH values of the wastewater are below 
8 and the salinity values are < 2000 mg l-1, the risk of clogging in the irrigation system has decreased. 
Another factor affecting clogging in the drip irrigation system is the amount of total suspended solids. 
According to the “Communique on Technical Procedures for Wastewater Treatment Plants” 
(Anonymous, 2010), the upper limit of the amount of total suspended solids that can be used in the drip 
irrigation system is 50 mg l-1, thus reducing the risk of clogging in the use of wastewater in irrigation. 
According to the water quality criteria affecting the clogging in the drip irrigation system in the same 
communique, the wastewater was also included in the category of waters in which the risk of clogging 
is low or low-moderate in terms of Mn and Fe. In addition, the LSI values of the wastewater are positive 
and close to zero in the study indicating that there will be no risk in terms of lime accumulation. Dilute 
acid treatments are one of the precautions to be taken against possible clogging risks. Although strong 
acids prevent lime accumulation in drippers by lowering the pH of the water, crop nutrients may have 
an antagonistic or synergistic effect with each other depending on the decreasing pH. In addition, organic 
acids are also used in lime (Sahin et al., 2005; Eroglu et al., 2009; Eroglu et al., 2012; Dandie et al., 
2020; Hashem et al., 2021; Qiu et al., 2022). 

Conclusion 

According to the analyzes of the wastewater evaluated during the irrigation seasons, it was seen 
that there were similarities in terms of quality criteria in both years of the study (2020 and 2021) and 
values close to each other were obtained. As a result of the evaluation of wastewater according to the 
"Water Pollution Control Regulation" inland water resources classification (Anonymous, 2008), 
"Communique on Technical Procedures for Wastewater Treatment Plants" (Anonymous, 2010), and 
other international criteria, it was concluded that there is generally no harm in its use in irrigation. In 
this context, treated wastewater was found to be recommendable as a reliable water source for 
agricultural irrigation in the Van/Edremit region. However, in regions where wastewater is irrigated for 
a long time, a quality control by matching the results obtained by keeping records by making follow ups 
in soil, crop, and drip irrigation systems with the quality parameters of treated wastewater will be 
important in terms of ensuring sustainability and environmental safety in wastewater irrigated 
agriculture in the region. 
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