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ABSTRACT. This article represents the results on the determination of the different forms of phosphorus in 

waters of the urban wastewater treatment plant in Kavaje. Samples for the analysis were taken during three 

expeditions in different periods, respectively in June, July and September 2019. In order to get e clearer 

observation on the level of pollution, samples were collected before treatment, after treatment and in the 

wetland. Collection, storage and transport of samples was carried out in accordance with standard recommended 

methods. During this study, several forms of phosphorus, such as orthophosphates, total phosphorus, condensed 

phosphorus and organic phosphorus, were determined with contemporary standard methods recommended by 

APHA, DIN and EPA. For each analyzed parameter, the analytical performance of the method used was 

evaluated, including calibration curves and the accuracy of the methods. The obtained results were processed 

based on statistical methods and were compared with the allowed limits according to DCM No. 177, dated 

31.03.2005 "On the permitted norms of liquid discharge and zoning criteria for receiving water environments" 

and EU Directive 91/271/EEC. Obtained results revealed that concentrations of the determined parameters in 

waters of the urban wastewater treatment plant in Kavaja, resulted to be high, exceeding the allowed limits, 

according to DCM "On the permitted norms of liquid discharges and zoning criteria of receiving water 

environments" and the EU Directive 91/271/EEC  in all the analyzed samples,  before treatment, after treatment 

or in the wetlands.  
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INTRODUCTION 
 

The discharge of untreated urban wastewater into surface waters causes pollution, 

reduction of water transparency and siltation of lakes and rivers. The discharge of 

biodegradable substances promotes biological activity in water streams, which leads to a 

decrease in the concentration of dissolved oxygen and even asphyxiation of flowing waters. 

Nitrogen and phosphorus discharges promote eutrophication phenomena [1]. 

Eutrophication, or over enrichment with nutrients, is an environmental issue of 

concern for wetlands, streams, rivers, lakes, and reservoirs worldwide. These inland surface 

waters are embedded in landscapes that vary extensively in their natural fertility. In addition, 

the supply rates of two key plant nutrients – nitrogen (N) and phosphorus (P) – can be greatly 

increased by human activities. Nutrient exports derived directly or indirectly from human 

activities can cause rapid and sometimes extreme eutrophication in previously infertile 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/eutrophication
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/swamps
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/eutrophication
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waters. Similarly, naturally productive lakes can be fertilized further by human-derived point 

and nonpoint nutrient sources. This acceleration of nutrient inputs to surface waters is termed 

cultural eutrophication [2].  

Phosphorus is a nutrient that increases plant growth; it’s great for food crops, but it’s 

not great for aquatic systems because it enhances the growth of plants over the growth of 

other wildlife eutrophication. One of the most significant consequences of eutrophication is 

the growth of algal blooms(cyanobacteria), some of which produce toxins that are harmful 

to humans and animals. [3] 

In natural waters and in urban wastewater, phosphorus is found in different forms 

which are in dissolved and particulate forms. Dissolved phosphorus is readily available for 

plants, and consists of inorganic orthophosphate (e.g. H2PO4
-, HPO4

2-, PO4
3-) and organic 

phosphorus-containing compounds (DOP). The particulate phosphorus pool consists of 

plants and animals, and their remains, phosphorus in minerals (e.g. fluorapatite) 

and phosphate adsorbed onto iron oxyhydroxides on mineral surfaces. Particulate 

phosphorus can be found in suspension or in the sediment (see sediment organic matter). The 

adsorption and desorption of phosphate from mineral surfaces forms a buffering mechanism 

that regulates dissolved phosphate concentrations in rivers and estuaries[4] Total 

phosphorous (abbreviated TP) is a measure of all the various forms of phosphorus (dissolved 

and particulate) found in water [5]. 

The different forms of phosphorus can measure: total phosphorus (P) - all of the 

phosphorus present in the sample regardless of forms, as measured by the persulfate digestion 

procedure. Total Orthophosphate (P-ortho) - inorganic phosphorus [(PO4) 
-3] in the sample 

as measured by the direct colorimetric analysis procedure [6, 7]. Total Hydrolysable 

Phosphorus (P-hydro) - phosphorus in the sample as measured by the sulfuric acid hydrolysis 

procedure, and minus predetermined orthophosphates. This hydrolysable phosphorus 

includes plus some organic phosphorus. Total Organic Phosphorus (P-org) - phosphorus 

(inorganic plus oxidizable organic) in the sample as measured by the persulfate digestion 

procedure, and minus hydrolysable phosphorus and orthophosphate. Dissolved Phosphorus 

(P-D) - all of the phosphorus present in the filtrate of a sample filtered through a phosphorus-

free filter of 0.45-micron pore size and measured by the persulfate digestion procedure. 

Dissolved Orthophosphate (P-D ortho) - as measured by the direct colorimetric analysis 

procedure. Dissolved Hydrolysable Phosphorus (P-D, hydro) - as measured by the sulfuric 

acid hydrolysis procedure and minus predetermined dissolved orthophosphates. Dissolved 

Organic Phosphorus (P-D, org) - as measured by the persulfate digestion procedure, and 

minus dissolved hydrolysable phosphorus and orthophosphate.  The following forms, when 

sufficient amounts of phosphorus are present in the sample to warrant such consideration, 

may be calculated: Insoluble Phosphorus (P-I) = (P) - (P-D). Insoluble Orthophosphate (P-I, 

ortho) = (P, ortho) - (P-D, ortho). Insoluble Hydrolysable Phosphorus (P-I, hydro) = (P, 

hydro) - (P-D, hydro). Insoluble Organic Phosphorus (P-I, org) = (P, org) - (P-D, org). All 

phosphorus forms shall be reported as P, mg/L, to the third place [7]. 

The wastewater treatment plant in Kavaja is the first plant built in Albania and has 

been operating since October 2005 [8]. The location of the plant is in the village of Qerret, 

at a distance of 0.6 km from the sea coast and approximately 6 km from the center of the city 

of Kavaja[8]. This plant treats 75% of the sewage water of the city of Kavaja and the two 

villages of Synej and Rrakëll. Today it treats water for 25,000 equivalent residents. So far, 

https://atsinnovawatertreatment.com/cyanobacteria/
https://www.epa.gov/nutrientpollution/effects
https://www.epa.gov/nutrientpollution/effects
https://ozcoasts.org.au/glossary/particulate-phosphorus/
http://webmineral.com/data/Fluorapatite.shtml
https://ozcoasts.org.au/glossary/phosphate/
https://ozcoasts.org.au/glossary/particulate-phosphorus/
https://ozcoasts.org.au/glossary/particulate-phosphorus/
https://ozcoasts.org.au/indicators/biophysical-indicators/sediment_org_matter/
https://ozcoasts.org.au/glossary/phosphate/
https://ozcoasts.org.au/glossary/phosphate/
https://ozcoasts.org.au/glossary/estuaries/
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only the first part of the first phase has been completed and in the following years a plant will 

be built to cover the treatment needs of 125,000 residents. The average flow is 4,500 m³/day. 

While the total area of the plant is about 13 ha. The water treatment technology in the plant 

is based on entirely physical and biological processes. The special feature of this plant is that 

it is equipped with a special pre-treatment unit that receives all the water produced by the 

septic tanks of individual families, which are not connected to the central sewage system. 

This quantity is injected, at the time when minimum flows are treated in the plant [8].  

The purpose of this article is to present the results of a study on the different forms of 

phosphorus in the waters of the urban wastewater treatment plant in Kavaje. The samples for 

the analysis were taken during three expeditions in the months of June, July and September 

2019. For this, the samples for the analysis were taken during three expeditions in the months 

of June, July and September 2019. The obtained results were processed based on statistical 

methods and were compared with the rates allowed according to DCM No. 177, dated 

31.03.2005 "On the permitted norms of liquid discharge and zoning criteria for receiving 

water environments" [9] and EU Directive 91/271/EEC [10].  
 

 

MATERIALS AND METHODS 

 

Sampling 

Water samples were collected in three different expeditions during in three different 

expeditions, in June, July May and September 2019, at the wastewater treatment plant, 

Kavaja. The sampling stations for the study were labeled: M1 before treatment, M2 after 

treatment and M3 in the wetland. Sampling, storage and conservation was performed in 

accordance with the recommended standard methods. Water samples were taken in 1L 

polyethylene bottles and transported to the laboratory in the refrigerator at 4oC [11,12,13,14] 

 

Methods of analysis 

The parameters that were determined during this study were: orthophosphates, 

condensed poly and organic phosphates and total phosphorus. Only orthophosphate forms a 

blue color in this test. Polyphosphates (and some organic phosphorus compounds) may be 

converted to the orthophosphate form by manual sulfuric acid hydrolysis. Organic 

phosphorus compounds may be converted to the orthophosphate form by manual persulfate 

digestion. The developed color is measured automatically. [11,13] So, the orthophosphates 

analysis should be done immediately after sampling which is filtered immediately after 

sampling [11, 12].  Wastewater samples were acidified to pH<1 using H2SO4 4.5 M, before 

determination of total orthophosphate (dissolved + particulate) to dissolve all the 

orthophosphates particulates [11,12,15]. Dissolved and total orthophosphate concentrations 

were measured immediately after sample collection. To measure condensed poly and organic 

phosphates, acid hydrolysable (ortho + condensed polyphosphates) and total (organic + 

condensed poly + ortho phosphates) phosphorus species had to be converted into 

orthophosphate. Acid hydrolysable phosphorus was converted to orthophosphate by acid 

digestion with a 1 mL H2SO4 4.5M [11,12]. With the help of disaggregation, organically 

bound phosphorus is transferred to orthophosphates by persulphate digestion [11,12,15,16]. 

All phosphorus species, after the above specific treatments, were measured by 
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spectrophotometry technique UV-VIS, using the ascorbic acid method. All phosphorus forms 

shall be reported as P, mg/L. 

 

RESULTS AND DISCUSSIONS 
  

The main criteria we applied during this study were: First, the selection of standard 

methods of analysis and second, the determination of the performance parameters of the 

method. 

The chemical analyzes of concentrations of four forms of phosphorus were performed by 

standard methods obtained from APHA, DIN, EPA. The calibration curve, sensitivity, 

dictation limit and linear range of the measurements were also evaluated for selected 

methods. From the calibration curve, the parameters such as measurement range, linear range 

as well as sensitivity and limit of detection of the method, were calculated.  

 

Table 1. Parameters of the calibration curves for different forms of P. 

 

Table 2 presents the results of statistical processing for the parameters studied in waters of 

the wastewater treatment plant in Kavaja, using the Descriptive Statistics Method. 

(Descriptive statistics include measures of central tendency and variability. Measures of 

central tendency include mean, median, and mode. Measures of variability include range, 

interquartile range, standard deviation, and standard error of the mean) [17]. 
 

Table 2. Results of statistical processing for the parameters studied using Descriptive 

Statistics Method 

  

Orthophosphates 

(mg/L) 

Total Phosphorus 

(mg/L) 

Condensed 

polyphosphates 

(mg/L) 

Organic phosphates 

(mg/L) 

M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3 

Mean 0.806 0.461 0.499 41.422 15.811 19.208 19.159 8.778 11.351 21.457 4.572 7.358 

Median 0.999 0.522 0.544 22.004 20.718 17.825 9.124 4.006 7.031 11.687 2.252 10.06 

Standard 

Deviation 
0.512 0.226 0.260 42.697 8.815 15.516 17.656 8.524 11.674 25.697 5.044 5.138 

Minimum 0.226 0.211 0.219 11.886 5.635 4.429 8.808 3.708 2.452 2.079 1.106 1.433 

Maximum 1.193 0.650 0.732 90.377 21.082 35.369 39.545 18.619 24.570 50.606 10.359 10.58 

 
Equation of the 

calibration curve 
R2 

Measurement 

range 
Working range 

Condensed polyphosphates 

( P-PO4
3- ) 

A = 0.7342x + 0.0042 0.9999 0 – 1 mg/L >0.02 mg/L 

Orthophosphates (P-PO4
3-) A=0.7349x+0.003455 0.9997 0 – 1 mg/L >0.02 mg/L 

P total A=0.6999x+0.007498 0.9983 0 – 1 mg/L >0,005 mg /L 
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         The figure 1 shows the mean, median, standard deviation, minimum and maximum of 

orthophosphates values (PO4 
3 - P mg/L). The mean orthophosphates values (PO4 

3 - P mg /L) 

range from 0.461 mg/L PO4
3- for the M2 station to 0.806 mg/L PO4

3- for the M1 station. It is 

noted that the highest orthophosphates values were measured at the M1 station, which 

belongs to the site of sampling at the plant entrance before treatment. The minimum values 

of PO4
3-were measured at M2 station  

 

 
Fig 1. The mean, median, standard deviation, minimum and maximum values of 

Orthophosphates (PO4 
3--P mg/L) 

 

According to the established standards " On the permitted norms of liquid discharge and 

zoning criteria for receiving water environments " and the Directive of the European Union 

91/271/EEC [9,10], the sample collected at the entrance of the plant before treatment the 

concentration of total P in water before and after treatment is recommended to not exceed 

the values of 5.8 and 2 mg/L, respectively. Results for our samples showed that concentration 

of orthophosphates have resulted below the recommended limits. 

       The figure 2 show the mean, median, standard deviation, minimum and maximum values 

of the total phosphorus. 

 

 
Fig 2. The mean, median, standard deviation, minimum and maximum values of Total 

Phosphorus (P mg/L) 
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From the graph, it can be seen that the mean values of total phosphorus vary from 15.81 mg/L 

PO4
3-P for M2 station (after treatment) to 41.42 mg/L PO4

3-P for M1 station (before 

treatment). 

From these graphs, it is noticed that the highest values of the total phosphorus (90.378 mg/L 

PO4
3-P in the first expedition) were measured at the M1 station, which belongs to the 

sampling site at the entrance of the plant before treatment. These high values are followed 

by the M3 station and further the M2 station,  Compared to the established standards " On 

the permitted norms of liquid discharge and zoning criteria for receiving water environments 

", and the Directive of the European Union 91/271 / EEC [9,10], we can say that the found 

values of total phosphorus in waters of the wastewater treatment plant, Kavaja, before and 

after treatment, do not meet these standards, which means that a continuous monitoring of 

these parameters is needed, and the performance of measurements in a more frequent time 

interval. 

    The Figure 3, show the mean, median, standard deviation, minimum and maximum of the 

Condensed Polyphosphates values (PO4 
3--P mg/L). From the graph, it is observed that the 

condensed polyphosphates concentrations mean values range from 8.78 mg/L PO4 
3--P for 

the M2 station (after treatment) to 19.16 mg/L PO4 
3--P for M1 station (before treatment). 

Thus, the highest condensed polyphosphates values resulted in the M1 station, during the 

three expeditions carried out during the study. These values of the condensed polyphosphates 

concentrations are very high compared to the standards established for the waters of the 

wastewater treatment plants [9,10]. 

 

 
Fig 3. The mean, median, standard deviation, minimum and maximum values of Condensed 

Polyphosphates (PO4 
3--P mg/L) 

 

       The Figure 4 shows the mean, median, standard deviation, minimum and maximum of 

the Organic Phosphates values (PO4 
3--P mg/L). It is observed that the organic phosphates 

concentrations mean values range 1.11mg/L-50.61 mg/L. The highest values for organic 

phosphorus resulted in the station M1 (in the first expedition, the highest), which refers to 

the station at the entrance of the plant before treatment, during the three expeditions carried 

out during the study. These high values are also followed by M2 station (after treatment) and 

further M3 station, during the three expeditions carried out during the study. 
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Thus, the values of organic phosphorus concentrations for the sampling site before treatment 

exceed the norms allowed by the established standards for the waters of wastewater treatment 

plants. For the sampling site after treatment in some expeditions the values of organic 

phosphorus concentration are within the norms allowed by the established standards for 

wastewater treatment plant waters [9,10]. 
 

 
Fig 4. The mean, median, standard deviation, minimum and maximum values of Organic 

Phosphates (PO4 
3--P mg/L) 

 

        Figure 5 presents a comparison of the mean concentration values of each phosphorus 

species we studied. At all three stations, the total phosphorus concentrations were higher, and 

the orthophosphates concentrations were lower. Ranking starting from the species with the 

highest concentration is: 

the total phosphorus> the condensed phosphates >the organic phosphates >the 

orthophosphates 

 

 
 

Fig 5. Comparison of the mean concentration values of each phosphorus species 
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CONCLUSIONS 

  

From this study, we conclude that: The mean values of the studied parameters indicate a 

significant impact and sustainability of urban and industrial discharges in water quality at the 

urban wastewater treatment plant in Kavaja. This significantly affects the quality of the 

waters where these waters flow, as a result of the impact and pressure of urban and industrial 

discharges. During this study, it is observed that in the waters of the urban wastewater 

treatment plant in Kavaja, the studied parameters resulted in higher concentrations both in 

the sampling site before treatment, after treatment or in the wetland, not meeting the allowed 

norms according to "On the permitted norms of liquid discharges and zoning criteria of 

receiving water environments", and the European Union directive 91/271/EEC, in almost all 

expeditions. Therefore, we recommend serious investments regarding the chemical treatment 

of polluted urban waters in the Kavaja plant. 
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