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Abstract 

Partially treated wastewater can potentially provide a reliable and constant source of water 

and nutrients for hydroponic crop production. It is essential to determine the macronutrient 

content of the effluent, such as nitrogen (N), phosphorus (P), and potassium (K), to maximize 

the yield. Nitrogen (N) and phosphorus (P) measurements are essential daily tasks to be 

fulfilled, measurements were applied for multiple sources of K content only in this study, 

determining the exact daily content and concentration pattern. Influent and effluent K levels 

were measured separately. 

According to measurements, it was observed that the concentration of K decreased 

significantly during treatment, with varying values as the wastewater passed through different 

treatment stages. Two locations with dissimilar technologies were sampled: Etyek, Hungary, 

semi-continuous batch system with suspended sludge, and South-Pest, Hungary, a continuous 

activated sludge system. The results were 39,7 mg/l in the influent and 7,5 mg/l in the effluent 

in Etyek, while South-Pest contained 28,9 mg/l in the influent and 24,5 mg/l K in the effluent 

respectively. Furthermore, the potassium content was measured in the Return Activated Sludge 

(RAS) line of South-Pest and found 50,8 mg/l concentration, however, it is being removed from 

wastewater with the Wasted Activated Sludge (WAS) in activated sludge systems.  

Keywords: Potassium (K) content, wastewater treatment, hydroculture 

JEL Code: Q15, Q53, Q55 

Összefoglalás 

A részlegesen kezelt szennyvíz megbízható és állandó víz- és tápanyagforrást biztosíthat a 

hidroponikus növénytermesztés számára. A maximális hozam elérése érdekében 

elengedhetetlen a makro tápanyagok, mint a nitrogén (N), a foszfor (P) és a kálium (K) 

mennyiségének ismerete a kezelt vízben. A nitrogén (N) és foszfor (P) mérése napi 

rendszerességgel végzett alapvető feladat, míg a K tartalom mérése a befolyó, elfolyó és 

különböző rendeltetésű szakaszokon jelen kutatás keretében történt.  

A mérések alapján megfigyeltük, hogy a K koncentrációja a vízkezelés során szignifikánsan 

csökkent, különböző mértékben, ahogy a szennyvíz különböző kezelési szakaszokon haladt át. 

Két eltérő technológiával rendelkező helyszínen vettünk mintákat: Etyeken, egy fél-folytonos, 

lebegő iszapos rendszerből, valamint Dél-Pesten, egy folyamatos eleveniszapos rendszerből. 

Az eredmények szerint az összes K mennyisége Etyeken 39,7 mg/l volt a befolyó vízben és 7,5 
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mg/l a kifolyó vízben, míg Dél-Pesten a befolyó 28,9 mg/l-t, az kifolyó pedig 24,5 mg/l K-t 

tartalmazott. Ezenfelül a káliumtartalmat megmértük a Dél-pesti recirkulált aktivált iszap 

(RAS) vonalában is, ahol 50,8 mg/l koncentrációt találtunk. A kálium a rendszerből a 

fölösiszap-eltávolítás során (WAS) is távozik. 

Kulcsszavak: Kálium (K) tartalom, szennyvízkezelés, hidrokultúra 

Introduction 

Discharging untreated wastewater into natural water bodies may cause eutrophication: Based 

on the COUNCIL DIRECTIVE (1991) Urban Wastewater Treatment Directive definition of 

eutrophication is ‘the enrichment of water by nutrients, especially nitrogen and/or phosphorus, 

causing an accelerated growth of algae and higher forms of plant life to produce an undesirable 

disturbance to the balance of organisms present in the water and to the quality of water 

concerned (ANDERSEN et al., 2006, NAGY-MEZEI et al., 2024). This phenomenon leads to 

rapid algae overgrowth, water quality issues, accelerated sedimentation, decreased diversity, 

and even further undesirable environmental events. Eutrophication is primarily regarded to be 

caused by phosphorus and nitrogen, potassium has been considered less significant in the 

context of natural water quality (ALFARO et al., 2004).  

Unlike sodium, potassium was not reported to increase phosphorus uptake, as the effect of 

sodium could be detrimental to the environment, as it was reported to increase phosphorus 

uptake by algae, inevitably leading to overgrowth. The effects of potassium and sodium on 

wastewater treatment processes and their impact on natural flora are still not properly defined 

(GRASSO et al., 1992). As the presence of wastewater treatment is partly triggered by the 

necessity to prevent eutrophication, the principal objective is the removal of BOD, N, and P 

(METCALF et al., 1991). Nitrogen, phosphorous, and organic matter can be controlled/treated 

by typical treatment processes. The concentration of potassium has received less attention and 

is claimed to not be reduced during treatment processes. (ARIENZO et al., 2009, BESZÉDES 

et al., 2020, GWENZI et al., 2016, HORVÁTH et al., 2024, KIRCHMANN et al., 2017). 

Furthermore, potassium in wastewater is occasionally undesirable as it may affect water 

treatment processes such as sedimentation and dewatering characteristics (HIGGINS – 

NOVAK, 1997). Potassium is required for a particular process in wastewater treatment. A 

wastewater treatment plant (WWTP) designed for biological phosphorus removal may have a 

short or long-term shortage of potassium in the influent. WWTPs designed to remove 

phosphorus have been exposed to varying ratios of potassium to phosphorus in the influent 

water. By simulating realistic conditions, it has been demonstrated that potassium is an essential 

factor in biological phosphorus removal processes (BRDJANOVIC et al., 1996, NDOUNG et 

al, 2023, PANTOJA, et al., 2023, QADIR et al., 2020). 

Experimental measurement demonstrated that the addition of moderate amounts of potassium 

effectively alleviates the inhibiting effect of high salt levels on the process of Anaerobic 

Digestion. Potassium, like other ions, is potentially toxic above specific concentrations, which 

is an ecological concern when the range of toxicity is overlapping with concentrations released 

into natural water bodies (TALLING, 2010). The natural sources of potassium can be 

summarized as follows: the potassium content of precipitation is negligible, ranging from 0.1 

to 4 mg/l in different geographic regions. The annual averages in 1991 and 1992 are in a range 

between 0.2 and 0.9 mg/l, thus remaining below 1 mg/l. The potassium released during rock 

weathering predominantly binds to the solid phase of the soil, so the K concentration in standing 

and running waters also remains low, rarely exceeding 10 mg/l. The potassium content of 

precipitation does not reach 1 mg/l at any sampled site, and the annual load in kg/ha is only 3 

kg. The K concentration of water percolating through the soil is around 1-2 mg/l. It is generally 
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considered that other parameters might be more relevant to monitor contamination, although K 

concentrations in drinking water and groundwater do not exceed 12 ppm, even in intensively 

cultivated agricultural areas (KÁDÁR, 1993). Urine is a significant source of K+ in the effluent 

of municipal WWTPs, however other industrial and agricultural applications (such as olive oil 

mills, piggeries, and vineries) are also responsible for environmental potassium loading 

(NÖDLER et al., 2011).  

The design of sanitation technologies for agricultural systems is an emerging topic. 

Combining the two systems (sanitation and agriculture) has the potential of creating an 

integrated, closed-loop system in which nutrients and water required for plant growth can be 

recycled from municipal wastewater and reused in crop production. However, the shortage of 

land for crop production is frequently limiting the agricultural reuse of wastewater. Hydroponic 

systems provide an opportunity for municipal wastewater treatment to recover water and 

nutrients from sanitation technologies and reuse them for horticulture (MAGWAZA et al., 

2020, AL RAMAHI et al., 2020, CALABRIA, 2014, KARDOS et al., 2022). 

While potassium is rarely considered as a substance subject to nutrient removal, it is common 

knowledge that it is considered as one of the plantal macronutrients. There are 14 inorganic 

elements required by plants to complete a full life cycle. These are the essential plant nutrients, 

grouped into macronutrients and micronutrients based on their concentration in plant dry 

matter. The macronutrients are: nitrogen (N), phosphorus (P), sulfur (S), potassium (K), 

calcium (Ca), and magnesium (Mg) (DE BANG et al., 2021). According to TALLING – 

LEMOALLE (1998) K is required by aquatic macrophytes in 2 to 4% of their dry matter, which 

is approximately the same magnitude as their Nitrogen content, therefore its importance is not 

negligible.  

Wastewater is considered to be an efficient source of nutrients, although AKHTAR et al. 

(2012), for instance, reported that it could not meet the total nutrient requirements of wheat 

entirely. However, it reduced the N/P/K fertilizer doses, thus solving the irrigation water and 

nutrient source for the plants, bridging the gap between water demand and water availability. 

In three experiments, 80 kg·N·ha-1, 40 kg·P·ha-1 and 30 kg·K·ha-1 in combination with 100% 

wastewater proved optimum doses, respectively. Similar results were gathered by 

CARVALHO et al. (2018), where they found that lettuce raised in a wastewater hydroponic 

system suffered well-identifiable potassium deprivation syndromes.  

Available knowledge about the fate of potassium during wastewater treatment processes 

promotes the development of solutions and technologies necessary for its use in agricultural 

applications.  

Material and Methods  

Locations 

The samples were collected from two locations, from two different systems in Hungary between 

February and June of 2024.  
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Figure 1. Process scheme of Organica Fed Batch Reactor, semi-continuous system with 

sampling points (red dots) 

 

 

 
 

 
Figure 2. Planted Fed Batch Reactor surface in Etyek Wastewater Treatment Plant 

(EWTP), Hungary 
 

First group of samples were collected in Etyek (Hungary) Wastewater Treatment Plant 

(EWTP) (Fig. 1 and 2), from an Organica Fed Batch Reactor (FBR) which is a semi-continuous 

batch system. The system consists of three vessels, a 29 m3 deoxygenation chamber, a 157 m3 

anaerobic/anoxic tank and a 463 m3 aeration tank. The deoxygenation chamber is connected to 

the aeration tank through a collection weir along the aerated reactor’s long edge, opening into 

the deoxygenation chamber with a pipe below the waterline. The water is leaving to the 

anaerobic/anoxic through a slit close to the basin bottom. The water flow is therefore vertical 

downwards. The water’s dissolved oxygen (DO) content is depleted during the short hydraulic 

retention time (HRT). The anaerobic/anoxic chamber is equipped with a mixer and a treated 

water collection system, which extends to the aerated tank. The anaerobic/anoxic tank has a 

wall opening towards the aerated tank with a propeller pump to sustain recirculation during the 

reaction phase. The aeration tank is equipped with tube diffusers, DO, and depth sensors.  



László Tutor – András Béres – András Barczi – Márk Kálmán Horváth – Gábor Géczi 

42 

 

The sequence of operation is 132 m3 filling for a batch (into the ana/anox tank), 

approximately for 45 min, without recirculation. After 180 minutes of reaction phase (aeration 

and recirculation) a 45 min settling phase and a 30 minute effluent decanting is following. 

Internal circulation is continuous and the wasted activated sludge (WAS) is drained every ~5 

hours. The treated effluent (EFF) is sent to the recipient body. 

The second group of samples were collected at South Pest Wastewater Treatment Plant 

(SPWTP), from an Activated Sludge (AS) continuous system (Fig. 3 and 4.). The reactors are 

in an arrangement of eight, their volumes are 295 m3 each, two reactors without aeration and 

six reactors including aeration, an average feed of 10 985 m3/d, and also a Nitrate recirculation 

line of 5000 m3/d. The average sludge concentration was around 2,4 g/l.  

Both systems are Organica-designed systems, including installed vegetation, with additional 

root surface in the water.  

 

 
Figure 3. Process scheme of the sampled part of the continuous activated sludge 

wastewater treatment plant with sampling points (red dots) 

 
 

 
Figure 4. South Pest Wastewater Treatment Plant (SPWTP), Hungary 

Sampling 

The influent samples (INF) were taken from the treated influent, the treatments were in case of 

Etyek 3 mm hole size screen, in case of South Pest 10 mm bar screen and primary clarifier. The 

effluent samples (EFF) were taken from the treated water tank in EWTP and from the secondary 

clarifiers in SPWTP. Both locations had partial vegetation coverage as Organica designs have 

in general. In 2024 five sets of samples from the SPWTP were taken from the sampling points 

shown on the Fig. 3. Three sets of samples from EWTP were taken paralelly (Fig. 1). All sludge 

samples are taken from SPWTP. 
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Samples were transported to and analyzed by Laboratory of MATE Gödöllő, Department of 

Environmental Analysis and Technologies; by standard of MSZ 1484-3:2006 and MSZ 1484-

3:2006 for identifying Total K content. The wastewater samples were received in plastic 

containers and were stored cold.  

The samples were homogenized and warmed to room temperature (20±2°C), then aliquots of 

10 ml transferred directly into the liner of the microwave digester’s (MARS5, CEM, North 

Carolina, USA) liner using an autopipette. 5 ml of 65 m/m% HNO3 and 3 ml of 30 m/m% H2O2 

reagents were added to the samples. Samples were filtered (MN640, Macherey-Nagel, France) 

after full digestion, topped up to 25 ml (dilution of 2,5 times) and were transferred to centrifuge 

pipes. The measurements of K and P were performed using a HORIBA JobinYvon ACTIVA-

M ICP-OES device (Horiba Ltd, UK). The calibration curve points were prepared from VWR 

85025.180 multi-element standard solution, and for the QC sample, we used CPA-Chem CRM 

(Certified Reference Materials). 

Statistical methods 

Descriptive statistics were applied for evaluation of the results, and the significant decrease in 

potassium content was confirmed using a two-sample t-test. The hypothesis is that the expected 

value of the potassium content in samples taken from the influent and the effluent is the same, 

meaning that the potassium content of the wastewater does not change significantly during the 

process. 
 

 
Figure 5. Average Potassium content with minimum and maximum values of influent 

(INF) and effluent (EFF) wastewater in the SPWTP in 2024 

Results and Discussion 

Based on the K values measured in the samples collected at SPWTP the K content of the 

wastewater is decreased during treatment, as it is presented by Figure 5.  
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Table 1. Statistical analysis to verify the significant decrease in potassium in the SPWTP 
  06/02/2024 19/04/2024 10/05/2024 24/05/2024 07/06/2024 

Expected value 28.92 24.50 27.84 24.24 27.11 24.12 28.96 22.78 28.74 23.02 

Variance 0.20 0.78 0.57 0.44 0.32 0.72 0.28 0.56 0.10 0.35 

Fsz value 0.25 1.30 0.45 0.51 0.28 

Fp value 0.35 2.82 0.35 0.35 0.35 

tsz value 15.48 12.39 10.14 23.44 29.51 

tp
 value 2.07 2.07 2.09 2.09 2.07 

Results |tsz| > tp |tsz| > tp |tsz| > tp |tsz| > tp |tsz| > tp 

F – The value of F-test for comparing the deviation of the two sample groups 

t – The value of the t-test for comparing the average of the two sample groups 

sz(index) – calculated value from the dataset 

p(index) – lookup value for a significance level of p < 0.05 

 

According to Table 1. since all the calculated t-value is above the t-value corresponding to a 

significance level of 0.05, the hypothesis is rejected and conclude that the technology shows a 

significant K-drop. 

 

 
Figure 6. Average Potassium content with minimum and maximum values of the 

influent (INF) and effluent (EFF) measurement points in 2024 at the EWTP 

 

The samples taken from EWTP show an even more pronounced decrease in K. The influent 

contains slightly more K than in SPWTP; but the effluent shows an even more significant 

decrease, as demonstrated on Figure 6. 

Similar to SPWTP since all the calculated t-value is above the t-value (Table 2.) corresponding 

to a significance level of 0.05, the previous rejection of the hypothesis is confirmed here as 

well, and conclude that the technology shows a significant K content decreasing. 
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Table 2 Statistical analysis to verify the significant decrease in potassium in the EWTP 

  06/02/2024 04/04/2024 15/05/2024 

Expected 

value 

38.35 7.57 36.04 12.81 39.45 9.63 

Variance 25.32 0.01 2.54 1.12 6.77 0.47 

Fsz value 2046.48 2.27 14.28 

Fp value 4.28 4.28 4.28 

tsz value 16.18 32.13 29.31 

tp
 value 2.45 2.18 2.36 

Results |tsz| > tp |tsz| > tp |tsz| > tp 

F – The value of F-test for comparing the deviation of the two sample groups 

t – The value of the t-test for comparing the average of the two sample groups 

sz(index) – calculated value from the dataset 

p(index) – lookup value for a significance level of p < 0.05 

 

At the SPWTP, the K content was measured at designated points in the technology as shown 

in Figure 3 to calculate the NPK ratio for the main hydroponic related test series. The results 

on Figure 7 presents that the initial K content is immediately increased as the Return Activated 

Sludge (RAS) got mixed to the wastewater stream. The total potassium concentrations were 

stagnant throughout the process, and post-settling they dropped below the initial influent values. 

It demonstrates that the total potassium content of the influent is removed through the treatment 

by the AS treatment. The K content of RAS based on the measurements of this study was 

50.84±1.87 mg/l. (The N and P data is not shown.) 
 

 
Figure 7 The change in K content along the technological process of SPWTP 

 

This research demonstrates that K is consumed during the treatment process and is transferred 

to the RAS system and discharged from the system through the sludge loss process, causing 

partial K removal, and resulting in a considerable K decrease in the effluent. The decrease is 

dependent on the applied technology. 

The results form a contrast to the statements of ARIENZO et al. (2009) as they state that the 

levels of potassium are not reduced during typical treatment processes, in fact, the concentration 

often increases due to evaporation from wastewater treatment and storage ponds. Our results of 

this research disprove this statement. 
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Conclusions  

As it is found by BRDJANOVIC et al. (1996) and TALLING (2010) certain treatment processes 

require the presence of a certain level of K in the wastewater being processed. The presence of 

K in wastewater is not irrelevant, and its decrease marks its necessity. This study can contribute 

to further optimizing wastewater treatment processes. As two AS-based but dissimilar 

technologies were evaluated, it would be necessary to extend the research to other non-AS-

based technologies, such as moving bed biofilm reactors, fixed bed biofilm reactors, trickling 

filters, membrane bioreactors, artificial wetlands, etc. The methods applied have been used for 

the determination of total potassium and are currently focused on the forms of potassium 

accessible to plants; adjustments to the methods may be necessary. 
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