
Available online at   www.worldnewsnaturalsciences.com 

 

 
WNOFNS 1 (2015) 1-9                                                                                   EISSN 2543-5426 

 

 
 

Total alkaline phosphatase activity (ALP-EC 3.1.3.1) 
of water in the River Odra estuary  

(North-West Poland) 
 

  
Piotr Daniszewski 

Faculty of Biology, University of Szczecin, 
13 Waska Street, 71-415 Szczecin, Poland 

E-mail address: daniszewski73@gmail.com 

 

 
ABSTRACT   

The Odra estuary includes, as its major part, the brackish Szczecin Lagoon. This consists of two 

parts: the Kleines Haff (located in Germany) and the Wielki Zalew located in Poland. The Lagoon 

receives the River Odra water supplied from the south; prior to being discharged into the Lagoon, part 

of the Odra flow passes through Lake Dąbie. In its northern part, the Lagoon connects – via three 

straits (the Peene, Świna and Dziwna) - with the Pomeranian Bay, a Baltic embayment. Water in the 

lakes of the River Odra estuary were the subjects of a five-year study (2008-2012). Total alkaline 

phosphatase activity was determined seven times a year in these environments. The zonal study 

demonstrated that the top sub littoral layer (1 m) featured the highest alkaline phosphatase activity 

among all the analyzed zones. A study of seasonal fluctuations showed that a maximum total alkaline 

phosphatase activity occurred in spring (May) and summer (July, August). Basing on this parameter, 

no increase in eutrophication process in the River Odra estuary was determined in the course of a 5-

year study.   
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1.  INTRODUCTION   

 

To address the increasing degradation of surface waters in the European Union, the 

approach to the evaluation and protection of water resources was changed. This approach was 

formulated in the European Union Water Framework  

Directive (2000/60/EC), which calls for the protection of water, as well as an 

environment- friendly and comprehensive approach to water assessment. 

The ecological status of surface waters and groundwater is assessed on the basis of the 

ecological potential of the biological and physico-chemical and hydromorphological 

indicators. Phosphorous plays a key role in biological production and thereby in the 

eutrophication of the water environment. One of the important processes impacting on the 

level of available mineral phosphorous is enzymatic hydrolysis of organic bonds of this 

element. 

Phosphatase enzymes are attached to cell surfaces or are freely dissolved in the water 

column resulting from cell lysis or excretion. Upon enzyme hydrolysis, PMEs release 

inorganic phosphate into thewater, along with their organic moiety, thereby increasing 

inorganic P availability for planktonic, as well as benthic organisms in shallow marine 

systems]. 

A majority of previous studies shows that alkaline phosphatase is chiefly responsible for 

the rate of organic phosphorous mineralization, both in the pelagic zone and in the bottom 

sediment of water bodies with pH > 7. 

However, some authors report, e.g. Yiyong15, that abiotic factors can also play a part in 

the process. Jones suggests that the level of phosphatase activity in the water is linked to the 

degree of lake trophicity. The objective of this paper was to observe in the course of a 5-year 

period the level and dynamics of annual oscillations and seasonal activity of total alkaline 

phosphatase in the River Odra estuary. The assumption for this cycle of study was also to 

demonstrate the usefulness of the applied enzymatic test as a biological indicator of the 

degree of lake trophicity and possibly of progressing eutrophication of the analyzed water 

bodies.   

 

 

2.  EXPERIMENTAL  

 

The Odra estuary includes, as its major part, the brackish Szczecin Lagoon which 

consists of two parts: the Kleines Haff (located in Germany) and the Wielki Zalew located in 

Poland (Figure 1). The Lagoon receives the River Odra water supplied from the south; prior 

to being discharged into the Lagoon, part of the Odra flow passes through Lake Dąbie.  

In its northern part, the Lagoon connects – via three straits (the Peene, Świna, and 

Dziwna) - with the Pomeranian Bay, a Baltic embayment. The Odra (German: Oder) estuary 

is located at the southern Baltic Sea (German - Polish border). It consists of the Szczecin 

(Oder-) Lagoon and the Pomeranian Bay. The Szczecin Lagoon (687 km2) can be subdivided 

into the “Large Lagoon” (Polish: Wielki Zalew) on the Polish territory and the “Small 

Lagoon” (German: Kleines Haff) on the German side. The Lagoon is connected to the 

Pomeranian Bay via 3 outlets. 

The entire estuary is dominated by the discharge of the River Odra (Oder) into the 

Lagoon. With its length of 854 km and basin area of 120,000 km², the Odra is one of the most 
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important rivers in the Baltic region. The average annual Odra discharge is 17 km³ (530 m³ s 

1) and it contributes at least 94% to the lagoon’s water budget.  

   

 
Figure 1. River Odra estuary and sampling Figure sites location.   

   

 

Samples of littoral and sublittoral water were taken with a Ruttner sampler with a 

capacity of 2 dm3. Water were stored for 24 hours at 4 °C. After that time total alkaline 

phosphatase activity in water was determined with the use of Jones’s method15, which 

involves detecting coloured p-nitrophenol formed from p-nitrophenol phosphate dissolved in 

a buffered solution (0.1 M Tris-HCl of pH 8.5).  

The study was conducted during 2008-2012. The analyses were carried out 7 times a 

year (April, May, June, July, August, September and October), in three repetitions. The 

results presented in the paper constitute mean value calculated from the repetitions.   
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3.  RESULTS AND DISCUSSION    

 

The experimental data on activity of total alkaline phosphatase in water samples 

collected along the in lakes of the River Odra estuary from the month of 2008 – 2012 (April 

to October) is presented in Table 1.  

The results presented in table 1 demonstrate that total alkaline phosphatase activity in 

the waters of River Odra estuary over the three-year period of study oscillated between 234.4 

– 623.8 nmol p-NP·dm–3·h1. The oscillation range in both zones of the analyzed water body 

was similar. In the littoral it ranged from 314.8 to 623.8 nmol p-NP·dm–3·h1and in sublittoral 

from 234.4 to 549.6 nmol p-NP·dm–3·h1. The annual average concentration of total alkaline 

phosphatase (littoral) in the water samples was observed to be 437.5 nmol p-NP·dm–3·h1 in 

2008 of the year, 443.6 nmol p-NP·dm– 3·h1ppm in 2009 of the year, 491.3 nmol p-NP·dm–

3·h1 in 2010 of the year, 482.8 nmol pNP·dm–3·h1 in 2011 of the year and 463.4 nmol p-

NP·dm–3·h1 in 2012 of the year. The annual average concentration of total alkaline 

phosphatase (sublittoral) in the water samples was observed to be 358.1 nmol p-NP·dm–3·h1 

in 2008 of the year, 375.3 nmol pNP·dm–3·h1ppm in 2009 of the year, 410.1 nmol p-NP·dm–

3·h1 in 2010 of the year, 410.4 nmol p-NP·dm–3·h1 in 2011 of the year and 392.2 nmol p-

NP·dm–3·h1 in 2012 of the year.   

 

Table 1. The total alkaline phosphatase activity in water River Odra estuary 

(nmol p-NP·dm–3·h1) 

 

No Analysis terming Litoral Sublitoral 

2008 1 m 4 m 

1. April 348.3 266.1 

2. May 382.1 324.9 

3. June 478.9 367.5 

4. July 558.6 472.6 

5. August 527.4 449.4 

6. September 452.5 374.7 

7. October 314.8 251.5 

Annual mean 437.5 358.1 

2009 1 m 4 m 

1. April 364.9 234.4 

2. May 382.3 367.6 

3. June 452.6 403.9 
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4. July 572.1 521.6 

5. August 519.7 477.1 

6. September 463.5 449.7 

7. October 343.2 272.9 

Annual mean 443.6 375.3 

2010 1 m 4 m 

1. April 386.1 281.5 

2. May 443.5 334.8 

3. June 481.8 431.7 

4. July 607.3 549.6 

5. August 563.7 484.2 

6. September 527.2 467.5 

7. October 429.6 321.7 

 Annual mean 491.3 410.1 

 2011 1 m 4 m 

1. April 364.7 317.1 

2. May 466.9 379.5 

3. June 498.1 434.8 

4. July 623.8 527.4 

5. August 586.7 473.1 

6. September 491.3 432.8 

7. October 348.1 307.9 

 
Annual 

mean 
482.8 410.4 

 2012 1 m 4 m 

1. April 341.5 285.7 

2. May 426.8 371.2 

3. June 483.9 437.5 
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4. July 590.2 516.9 

5. August 559.4 489.1 

6. September 472.6 327.0 

7. October 369.5 318.3 

Annual mean 463.4 463.4 392.2 

 

 

 

Comparing 5-year average values of the analyzed activity in the waters of selected of 

River Odra estuary zones, it was established that it was lower in the sublittoral than in the 

littoral. Among the analyzed litoral and sublittoral layers, the surface layer (1 m) featured a 

higher total alkaline phosphatase activity than the deeper layer (4 m), where an average value 

of the parameter was only slightly lower than the one recorded in the littoral.  Results of more 

extensive research conducted in the reservoir of River Odra estuary (conducted by the author) 

demonstrate that algae phosphatase was chiefly responsible for the high level of total alkaline 

phosphatase activity in the top sublittoral zone, while bacterial and free phosphatase were 

much less so. It appears that the participation of another group of heterotrophic 

microorganisms in the activity, namely that of fungi, was also insignificant.  

Both in the water a higher level of the activity was determined in spring (May) and in 

full summer period (July and August). What is noteworthy is the fact that higher values of the 

studied activity were not always accompanied by larger number of bacteria and saprophytic 

fungi, which would confirm the importance of algae affecting its level.   

 

 

4.  CONCLUSIONS   

 

Comparing 5-year average values of the analyzed activity in the waters of selected lakes 

of the River Odra estuary zones, it was established that it was lower in the sublittoral than in 

the littoral. Among the analyzed litoral and sublittoral layers, the surface layer (1 m) featured 

a higher total alkaline phosphatase activity than the deeper layer (4 m), where an average 

value of the parameter was only slightly lower than the one recorded in the littoral. Results of 

more extensive research conducted in the reservoir of lakes of the River Odra estuary 

(conducted by the author) demonstrate that algae phosphatase was chiefly responsible for the 

high level of total alkaline phosphatase activity in the top sublittoral zone, while bacterial and 

 free phosphatase were much less so. It appears that the participation of another group of 

heterotrophic microorganisms in the activity, namely that of fungi, was also insignificant.  
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