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CHANGES IN THE ALKALINE PHOSPHATASE ACTIVITY IN THE LITTORAL WATER 

OF LAKE PIASECZNO (THE ŁĘCZNA-WŁODAWA LAKELAND) BETWEEN 1996 AND 

2016 AS AN INDICATOR OF TRANSFORMATIONS IN THE WATER ENVIRONMENT  

IN AGRICULTURAL AREAS 
 

Summary 
 

Between 1996 and 2016 the activity of alkaline phosphatase in the littoral water of Lake Piaseczno was researched in five-

year measurement cycles. Samples of water from the area corresponding to the agricultural sector of the lake catchment 

area were used as the research material. Simultaneously, the content of nitrogen and phosphorus compounds in the soils of 

the agricultural sector of Lake Piaseczno was investigated. Between 1996 and 2006 the activity of alkaline phosphatase in 

the water under study was similar and exhibited a slight increasing tendency. In the consecutive measurement cycles (2011 

and 2016) the activity of the enzyme in the water increased significantly. The research also proved that every year the con-

tent of mineral forms of nitrogen and assimilable phosphorus in the soil surrounding the lake tended to increase. The enzy-

matic parameter under study was used as an indicator of lake eutrophication. The research revealed that during the period 

under analysis the trophicity of Lake Piaseczno increased. 
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ZMIANY AKTYWNOŚCI FOSFATAZY ZASADOWEJ W WODZIE LITORALNEJ JEZIORA 

PIASECZNO (POJEZIERZE ŁĘCZYŃSKO-WŁODAWSKIE) W LATACH 1996-2016 JAKO 

WSKAŹNIK PRZEOBRAŻEŃ ŚRODOWISK WODNYCH NA TERENACH ROLNICZYCH  
 

Streszczenie 
 

W latach 1996-2016, w 5-letnim cyklu pomiarowym, badano aktywność fosfatazy zasadowej w wodzie litoralnej Jeziora 

Piaseczno. Obiektem badań były próbki wody pochodzące z obszaru odpowiadającego sektorowi rolniczemu zlewni jeziora. 

Równolegle badano także zawartość związków azotu i fosforu w glebach przybrzeżnych sektora rolniczego Jeziora Piasecz-

no. W latach 1996-2006 aktywność fosfatazy zasadowej w badanych wodach utrzymywała się na zbliżonym poziomie, wyka-

zując niewielką tendencje wzrostową. Natomiast w kolejnych cyklach pomiarowych (2011 i 2016) zanotowano istotny 

wzrost aktywności tego enzymu w badanej wodzie. Wykazano także wzrastającą z roku na rok zawartość mineralnych form 

azotu i fosforu przyswajalnego w glebie przybrzeżnej jeziora. Opierając się na badanym parametrze enzymatycznym jako 

jednym ze wskaźników eutrofizacji jezior stwierdzono, że w analizowanym okresie wystąpił wzrost troficzności zbiornika 

Piaseczno. 

Słowa kluczowe: aktywność fosfatazy alkalicznej, środowiska wodne, obszary rolnicze 

 

 

1. Introduction 

 

 Bodies of water in agricultural areas have important 

ecological, economic and recreational functions. They are 

particularly significant for maintenance of biodiversity as 

they positively modify the microclimate [9]. The two main 

nutrients responsible for the eutrophication of water habi-

tats are nitrates (V) and, above all, phosphates – due to con-

temporary transformations in rural areas (V) [1, 7]. The im-

balance between the flow of biogenic substances to the wa-

ter habitat and the growth of biomass caused by the accu-

mulation of phosphorus and nitrogen reserves in water can 

chiefly be observed in lakes, because the minimal flow of 

water and exchange of matter favour its development [3, 

12]. These conditions generate anaerobic decay processes, 

which disorder biological life in the water environment [8, 

17]. The alkaline phosphatase activity in water is an indica-

tor of lake eutrophication [5, 7, 11]. The aim of the study 

was to determine the possible changes in the trophicity of 

Lake Piaseczno during the long-term period on the basis of 

the alkaline phosphatase activity in the littoral water 

 

2. Materials and methods 

 

 The research was located in the agricultural sector of the 

Lake Piaseczno catchment area. The area of Lake Piaseczno 

is about 84 ha. Its maximum depth is about 39 m. It is lo-

cated in the south of the Łęczna-Włodawa Lakeland, about 

45 km east of Lublin. The Lake Piaseczno catchment area is 

flat and small (240 ha). It is mostly covered by podzolic 

soils composed of sand, characterised by low fertility and 

low sorption. Only in the north there are peat soils made 

from a low peat bog adjacent to the lake [3, 16]. Depending 

on the land use, the lake habitat was contractually divided 

into three sectors (partial catchment areas): an agricultural 

sector, a forest and recreation sector and a peat sector. A 

specific part of the shore and the littoral zone of the lake 

was allocated to each sector [15]. Until the 1980s the sector 
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of the Lake Piaseczno catchment area under study was 

mostly used for farming [19]. At present, due to the increas-

ing number of holiday plots it is chiefly used for tourism 

and recreation. The natural tourist absorption capacity in 

this part of the lake catchment area has been exceeded more 

than 4 times [10]. 

 Between 1996 and 2016 the alkaline phosphatase activi-

ty in the littoral water of the agricultural sector of the Lake 

Piaseczno catchment area was researched in five-year 

measurement cycles. Simultaneously the content of mineral 

forms of nitrogen and assimilable forms of phosphorus in 

the soils surrounding the agricultural sector of the shore of 

lake was studied. Samples of water and soil were collected 

three times a year (in early May, mid-July and late Septem-

ber) in 1996, 2001, 2006, 2011 and 2016. Water samples 

were collected with a 5 dm3 Bernatowicz dipper and stored 

at 4°C for about 24 hours. Soil samples were collected 

along the surface water flow line running next to the shore. 

The samples under analysis were the average of 5 samples 

collected from the selected research stations. The alkaline 

phosphatase activity in the water was measured with the 

method developed by Jones [11]. The content of ammoni-

um nitrogen and nitrate nitrogen [ISO 14255] and assimila-

ble forms of phosphorus in the soil samples were measured 

with the method developed by Egner et al. [6]. 

 The results were statistically analysed with Microsoft 

Office Excel 2003 spreadsheet and Statistica v. 10PL soft-

ware. The variability of the results was estimated with the 

two-way analysis of variance. The significance of differ-

ences between the mean values was verified with Tukey’s t-

test at a significance level of α ≤ 0.05. For some parame-

ters, the value of the Pearson correlation coefficient (r) was 

calculated at p ˂ 0.05. A maximum 5% dispersion of meas-

urements in the biochemical and chemical analysis was as-

sumed in the study. 
 

3. Results and discussion  
 

 During the twenty-year period under study alkaline 

phosphatase activity in the littoral water of Lake Piaseczno 

was characterised by high spread as it ranged from 298.1 to 

2,858.6 nmol PO4∙dm-3∙h-1 (Table 1). The observations 

made between 1996 and 2006 proved that the alkaline 

phosphatase activity in the water under study was similar 

and exhibited a slight increasing tendency. In the consecu-

tive measurement cycles (2011 and 2016) the enzyme activ-

ity in the littoral water of the agricultural sector of the Lake 

Piaseczno catchment area increased significantly. In 2011 

the alkaline phosphatase activity was about 3-4 times great-

er than in 1996, whereas in 2016 it was 6-7 times greater 

(Table 1). The increase resulted from the amount of nitro-

gen and phosphorus compounds flowing to the lake and 

stimulating the enzymatic activity. Between 2011 and 2016 

there was a significant increase in the content of mineral 

forms of nitrogen and assimilable phosphorus in the soil 

around the shore of the lake (Table 2). The flow of biogenic 

substances to the water environment stimulates the devel-

opment of heterotrophic bacteria and fungi, which are one 

of the sources of phosphatase [2, 7, 14]. Our study proved a 

highly significant positive correlation between the alkaline 

phosphatase activity in the littoral water and the content of 

mineral forms of nitrogen and assimilable phosphorus in 

the soil around the shore of the lake (Table 3). It indicates 

the increasing trophicity of Lake Piaseczno and the eu-

trophication of the lake shoreline habitat, generated by the 

increasing anthropogenic pressure. The character of rural 

areas is changing – they are being transformed from the 

space of agricultural production into the space of multifunc-

tional consumption, in which recreation, tourism, housing 

and non-productive use of natural resources are increasing-

ly important while agriculture is in decline, both in the 

functional aspect and in terms of land use [4]. 

 The alkaline phosphatase activity in the water under 

study was characterised by seasonal fluctuations, which 

were particularly noticeable in 2011 and 2016. The enzyme 

activity was significantly higher in July (Table 1). The 

study by Furczak and Bielińska [7] proved that the high 

phosphatase activity in the water in July was related with 

larger populations of heterotrophic bacteria and high inflow 

of biogenic substances to the littoral water of Lake Piasec-

zno. Other authors also observed the maximum alkaline 

phosphatase activity in lake water during the summer stag-

nation [5, 14]. In our study the decrease in the alkaline 

phosphatase activity in water in spring and autumn may 

have been caused by low temperatures and lower demand 

of the biocenosis for phosphates [2]. 

 During our observations the content of mineral forms of 

nitrogen and assimilable phosphorus in the soil around the 

shore of Lake Piaseczno increased noticeably as time 

elapsed (Table 2). Between 1996 and 2006 the differences 

were not statistically significant. However, in the consecu-

tive measurement cycles (2011 and 2016) the content of 

these components in the soil surrounding the shore of the 

lake increased several times. It was caused by the pressure 

of recreation, which became more intense as time elapsed. 

This fact is proved by seasonal changes in the content of 

nitrogen and phosphorus compounds in the soil under 

study. The content of these components in the soil around 

the shore of the lake was noticeably higher in summer and 

autumn than in spring (Table 2). Studies conducted by other 

authors [13, 18, 19] proved that changes in the use of land 

in the Lake Piaseczno catchment area from agricultural to 

recreational inhibited the flow of biogenic substances of 

agricultural origin and simultaneously increased the flow of 

nutrients related with tourism and recreation. 

 

Table 1. The alkaline phosphatase activity in water (nmol PO4∙dm-3∙h-1) 

Tab. 1. Aktywność fosfatazy zasadowej w wodzie (nmol PO4∙dm-3∙h-1) 
 

Term 
Year 

1996 2001 2006 2011 2016 

May 298.1a 382.8a 354.6a 780.1b 1,893.8c 

July 372.4a 480.6a 569.2a 1,437.7c 2,858.6cd 

September 348.9a 412.8a 512.9a 944.5b 2,204.3c 

 
339.8a 425.4a 478.9a 1,054.1b 2,318.9c 

 

The values followed by the same letter in the column are not significant at p < 0.05, ‘t’- test. 
 

Source: own work / Źródło: opracowanie własne  



Elżbieta Jolanta BIELIŃSKA, Barbara FUTA, Agnieszka MOCEK-PŁÓCINIAK, „Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(3) 
Szymon CHMIELEWSKI, Sylwia WESOŁOWSKA, Joanna NOWAKIEWICZ 32 

Table 2. The content of particular nitrogen and assimilable 

phosphorus forms (P) in the soil around the shore of the lake 

Tab. 2. Zawartość poszczególnych form azotu i przyswajal-

nego fosforu (P) w glebie otaczającej brzeg jeziora 
 

Year Term 
N-NH4

+ N-NO3
- P 

[mg·kg-1] 

1996 

May 24.5a 10.2a 33.2a 

July 58.1a 27.3a 40.1a 

September 41.3a 19.1a 38.6a 

2001 

May 18.9a 6.9a 39.8a 

July 47.6a 24.8a 42.3a 

September 33.8a 25.1a 40.9a 

2006 

May 44.7a 20.5a 54.5a 

July 69.4ab 42.1b 60.4a 

September 52.1a 38.9b 59.3a 

2011 

May 108.5b 72.1c 82.5b 

July 122.8b 83.8c 93.4b 

September 99.4b 85.6c 89.7b 

2016 

May 137.3b 101.4c 122.1bc 

July 148.1b 138.9c 134.9bc 

September 150.3b 144.1c 128.6bc 
 

The values followed by the same letter in the column are not sig-

nificant at p < 0.05, ‘t’- test. 
 

Source: own work / Źródło: opracowanie własne  
 

 

Table 3. The coefficients of correlation between the alka-

line phosphatase activity in water and the concentration of 

nitrogen (NH4
+ and NO3

-) and assimilable phosphorus 

forms (P) in the soil around the shore of the lake  

Tab. 3. Współczynniki korelacji pomiędzy aktywnością en-

zymatyczną a zawartością mineralnych form azotu (NH4
+  

i NO3
-) oraz fosforu przyswajalnego (P) w glebie przy-

brzeżnej jeziora 
 

Alkaline phosphatase 
N-NH4

+ N-NO3
- P 

0.91* 0.94* 0.95* 
 

* significant at p = 0.05. 
 

Source: own work / Źródło: opracowanie własne  
 
 

4. Conclusions 

 

1. The significant increase in the alkaline phosphatase ac-

tivity in the littoral water of the agricultural sector of the 

Lake Piaseczno catchment area observed over the period of 

twenty years (1996-2016) points to rapid eutrophication of 

the lake caused by the pressure of recreation. 

2. The increasing content of mineral forms of nitrogen and 

assimilable phosphorus in the soil surrounding the shore of 

Lake Piaseczno points to the increasing anthropogenic pres-

sure, which generates eutrophication of the lake ecosystem. 

3. Measurements of the alkaline phosphatase activity in 

lake water enable determination of the rate of eutrophica-

tion of shoreline habitats. 

4. The results of long-term observations point to the need 

to undertake renaturing and preventive actions in order to 

determine the optimal values of the compensational capaci-

ty of the Lake Piaseczno catchment area and the recreation-

al capacity of this ecosystem. 

5. References 

 
[1] Bielińska E.J., Ligęza S.: Changes of enzymatic activity of soils 

in a Catchment basin of a mesotrophic lake (differences after 20 

years). Polish J. of Environ. Stud., 2006, 15, 5d, 271-275. 

[2] Bielińska E.J., Mocek-Płóciniak A.: Fosfatazy w środowisku 

glebowym. Wyd. UP w Poznaniu, 2009. 

[3] Bielińska E.J., Smal H., Misztal M., Ligęza S.: Aktywność enzy-

matyczna w glebach strefy przybrzeżnej jezior: Piaseczno, Łukie 

i Moszne. Acta Agrophysica, 2003, 88, 1(3), 369-375. 

[4] Bielińska E.J., Futa B., Baran S., Żukowska G., Pawłowska M., 

Cel W., Zhang T.: Integrating Role of Sustainable Development 

Paradigm in Shaping the Human-landscape Relation. Problems 

of Sustainable Development, 2015, vol. 10, 2, 159-168.  

[5] Chróst R.J., Siuda W.: A method for determining enzymatic hy-

drolysable phosphate (EHP) in natural waters. Limnol. Oce-

onogr., 1986, 31, 662-667. 

[6] Egner H., Riehm H., Domingo W.R.: Untersuchungen über die 

chemische Bodenanalyse als Grundlage für die Beurteilung des 

Nährstoffzustandes der Böden: II Chemische Extraktions-

methoden zur Phosphor-und Kalium Bestimmung. Kungl. Lant-

brukshögskolans Annaler, 1960, 26, 45.  

[7] Furczak J., Bielińska E.J.: Aktywność ogólnej fosfatazy zasado-

wej w wodzie i osadzie dennym niektórych jezior Pojezierza Łę-

czyńsko-Włodawskiego. Cz. I. Mezotroficzne Jezioro Piaseczno. 

Acta Agrophysica, 2001, 56, 125-136. 

[8] Furczak J., Szember A., Bielińska E.J.: Aktywność enzymatycz-

na strefy przybrzeżnej jezior Piaseczno i Głębokie różniących się 

troficznością (Pojezierze Łęczyńsko-Włodawskie). Studia 

Ośrodka Dokumentacji Fizjograficznej, 1994, 19, 307-325. 

[9] Gołdyn H.: Zróżnicowanie fitocenotyczne środowisk wodnych – 

zagrożenia i znaczenie dla zrównoważonego rozwoju terenów 

rolniczych. W: Ochrona środowiska rolniczego w świetle pro-

gramów rolno-środowiskowych Unii Europejskiej, red. Bałazy 

S., Gmiąt A., Brzesko-Poznań-Turew 2007, 104-109. 

[10] GUS 2015: Główny Urząd Statystyczny. Ochrona Środowiska, 

Warszawa 2015. 

[11] Jones J.G.: Studies on freshwater microorganisms: phosphatase 

activity in lakes of differing degrees of eutrophication. J. Ecol., 

1972, 60, 777-791.  

[12] Kotowska U., Włodarczyk T.: Przemiany mineralnych form azo-

tu w glebie nawadnianej oczyszczonymi ściekami. Acta 

Agrophysica, 2005, 119. 

[13] Krupa D., Czernaś K.: Długoletnie badania zbiorowisk glonów 

planktonowych i ich produktywności w jeziorach Piaseczno i 

Moszne. Wyd. UMCS, PTE, Lublin, 1997, 293-299. 

[14] Miettinen I.T., Vartiainen T., Martikainen P.J.: Bacterial enzyme 

activities in ground water during bank filtration of lake water. 

Wat. Res. 1996, 30, 2495-2501. 

[15] Misztal M., Smal H.: Skład chemiczny wód gruntowych i wy-

ciągów glebowych w terenach różnie użytkowanych. Roczn. 

Glebozn., 1980, 31, 271-279.  

[16] Misztal M., Smal H.: Ocena wielkości dopływu wybranych 

pierwiastków do jezior z różnie zagospodarowanych części 

zlewni na tle warunków glebowych. Studia Ośr. Dok. Fizjogr. 

PAN, 1991, 19, 193-207. 

[17] Ozimek T., Renman G.: Rola helofitów w oczyszczalniach hy-

drobotanicznych. II Międzynarodowa Konf. Nauk.-Techn., Po-

znań, 1996, 109-117. 

[18] Serafin A., Czernaś K.: Sezonowe zmiany produkcyjności pier-

wotnej i koncentracji chlorofilu-a glonów śródjezierza i strefy 

przybrzeżnej mezotroficznego jeziora Piaseczno w latach 2001-

2002. Acta Agrophysica, 2003, 88, 1(3), 521-527. 

[19] Szember A., Korniłłowicz T., Szwed A., Bielińska E.J., Wiel-

gosz E., Wyczółkowski A.: Procesy mikrobiologiczne w glebach 

przybrzeżnych dwóch jezior Pojezierza Łęczyńsko-

Włodawskiego. Ann. UMCS, E, 1994, 49, 26,191-202.  

 


