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Abstract: 

This work focuses on the influence of selected factors (eg, temperature, starting concentration of 

nitrate, dissolved oxygen, and used organic Substrate) on denitrification using biopelet with the trade 

name N/P Reducing BioPellets. This is a 100% biodegradable organic polymer (polyhydroxybutyrate) 

on the surface of the bacteria are immobilized. The effect of the temperature and dissolved oxygen 

concentration on the activity of bacteria. There were no effects on the initial concentration of nitrate 

increased accumulation of nitrite, but in the speed and efficiency of the removal of certain 

concentrations of nitrate in the system, the effect proved. When using different organic substrate is 

shown not to affect the ongoing denitrification. 
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Introduction 

In the modern society a huge importance is given to the increasing attempts for the protection of the 

environment. Several economical and legislative mechanisms are utilized to achieve maximal possible 

protection typically reached by restrictions of exhausts from an industrial process. Strict limits of 

pollutants concentration set for the waste water lead to the establishment of the efficient waste water 

purification focused on the removal of nutrients. The point in waste water purification is the 

concentration of the residual nitrogen and phosphorus in the purified water. Economically most 

valuable and qualitatively still comparable with other methods of water purification is the biological 

water treatment (BWT). 

BWT technique is two step method: I) nitrification - biological oxidation of ammoniacal nitrogen to 

the nitrates and II) denitrification - following the nitrification by the reduction of nitrates to the 

gaseous nitrogen.  

With the increasing interest for the BWT intensification new procedures were developed during last 

year’s. The variant for nitrates removal with the utilization of bio-pellets is described in this 

contribution. It excels mainly from the low-cost point of view suitable for small water purification 

stations. Pellets are made from 100 % degradable biological polymer (polyhydroxybutyrate) with 

immobilized bacteria on its surface.  

 

Methodics 

 

Biopellets 

Biopellets used in all experiments are identified under the trade name N / P Reducing BioPellets. They 

are produced and expanded by the company D. van Houten based in the Netherlands. Biopellets are 

utilized as commonly accessible commercial product for aquarists. Pellets are made from the polymer 

polyhydroxybutyrate which serves primarily as a source of the carbon. There are mixed denitrifying 

cultures on the surface of the pellets. These cultures are trapped in the lyophilized state, but they are 

not bound to the carrier. The bacteria use the pellets as a source of carbon. 

 
 



 

 

Effect of temperature 

Effect of the temperature on the denitrification was monitored for the four samples, which are here 

denoted as T1, T2, T3 and T4. All four samples were prepared in the vessels where 20 g of biopelets 

were added to 700 ml of the waste water. The initial concentration of nitrates was 300 mg/l. The 

phosphorus concentration was maintained at 0.3 mg/l. During the experiments the demineralized water 

was supplied because of losses caused by the evaporation from the system. Also in the nitrate removal 

case the water was supplied as needed. Experiment labeled T1 was carried in the temperature range 

33-36 °C, T2 in the temperature range 18-22 °C, T3 in the temperature range 12-14 °C and T4 in the 

temperature range 8-9 °C. In batch containers were estimated nitrate, nitrite and phosphate 

concentration, temperature, dissolved oxygen, pH and redox potential. 

Effect of the dissolved oxygen 

Effect of the aeration was investigated as follows. The two plastic vessels (identified here as A1 and 

A2) were filled with the waste water with concentration of nitrates of 300 mg/l (this concentration of 

the system was adjusted during the whole experiment) and 20 g of biopellets were added in them.  

Phosphorus was dosed to maintained the concentration of 0.3 mg/l. Bacteria were inoculated from 

bottles with 10 ml of water which already contained active denitrifying bacteria to accelerate their 

adaptation for prepared solutions (the cultivation time was 1 month). 7 days after the experiment 

started the aeration unit was added to the sample A1 and left there till the experiment end. Sample A2 

was left to continue without aeration. The nitrate, nitrite and phosphate concentrations, temperature, 

dissolved oxygen, pH and redox potential were again estimated in the batch containers. 

Influences of starting concentration of nitrate 

Eight experiments were carried in plastic vessels marked as K1-K8. The waste water (1 liter) was 

poured to each vessels with different starting concentrations of nitrates. K1 sample contained the 

initial concentration of nitrates 25 mg/l, K2 sample contained 50 mg/l nitrate, K3 sample containing 

200 mg/l nitrate, K4 sample containing 300 mg/l nitrate, K5 sample containing 600 mg/l nitrate-

containing sample K6 900 mg/l nitrate, K7 sample contained 1800 mg/l nitrate and the sample K8 

starting nitrate concentration was 2700 mg/l. 20 g of biopellets were added to each vessels and 

acceleration of the bacteria adaptation runs similarly as in the previous case. The phosphorus 

concentration in the system was 0.3 mg/l. Nitrate, nitrite, phosphate concentration, temperature, 

dissolved oxygen, pH and of redox potential were then estimated. 

Influences of organic substrate to the denitrification process 

Three experiments were carried in plastic vessels marked as S1-S3. The waste water (1 liter) was 

poured to each vessels. The initial concentration of nitrates was 200 mg/l. The phosphorus 

concentration in the system was 0.3 mg/l. In the sample S1 the organic substrate contained 20 g 

biopellets. Ethanol (manufacturer Lach-ner) was used as a substrate in the sample S2. Sample S3 used 

BRENT (this is a mixture of sugar, BRENTA CR Ltd.) as a substrate. Substrates COD value was 

estimated to 300 mg/l (except for biopellets where the COD was not determined). All three flasks were 

again inoculated with 10 ml of water with active denitrifying bacteria. Estimation of nitrate, nitrite, 

phosphate concentration, temperature, dissolved oxygen, pH and of redox potential were then carried. 

Analytical methods 

Spectrometric method with use of sulfosalicylic acid (according to ISO 7890-3) was used to determine 

the nitrates. Nitrite was estimated by the molecular absorption spectrometric method with respect to 

EN 26777. The content of phosphorus and phosphates in water samples was determined by standard 

methods (EN ISO 6878 (757465)) - spectrophotometric determination of the dissolved 

orthophosphate. The oximeter Eutech instrument with accessories was used for measuring of the 

dissolved oxygen. Portable meter Hach Lange series HQ 30d probes INTELLICAL - ORP/redox 

probe MTC 101,103 and pH probe PHC 101-03 were used for the redox potential and pH estimations. 

  



 

 

Results and Discussion 

 

Effect of temperature  

For the sample T1, water temperature was maintained in the range 33-36 °C. It was dosed 1200.01 

mg/l of NO3
- over a period of 49 days and removed 1164.67 mg/l. There was thus achieved the highest 

NO3- removal from all samples. The sample T2 was maintained at room temperature 18 to 22 °C. 

Over a period of 49 days, were removed from a total dosage of from 1095.98 mg/l NO3
- from 1200.01 

mg/l NO3
-. T3 sample was maintained in the temperature range 12-14 °C. Over a period of 49 days, 

were removed from a total dosage of from 900.02 mg/l NO3
- from 890.59 mg/l NO3

-. When comparing 

the sample T3 and T2, we can say that the results are very similar. T4 sample was maintained in the 

temperature range 8-9 °C. It has been removed from the total dose 335.65 mg/l NO3
- only 160.81 mg/l 

NO3
- over a period of 49 days. It is therefore obvious that even at such low temperatures the 

denitrification still takes place, but its speed is about 10 times lower than at temperatures above 20 °C. 

The experiment also shows that the critical temperature from the speed of denitrification point of view 

lies between 8-12 °C. Graphical representation of the denitrification for all four samples is shown in 

Figure 1 (nitrate concentration dependence over time). 

 

The picture number one: Dependence of the nitrate concentration with time for samples T1 - T4 

Dotted line: Added 411.12 mg NaNO3 final concentration of 300 mg/l NO3
- 

Effect of the dissolved oxygen 

The denitrification for the sample A1 was slowed during seven days. The sample was then aerated. 

The oxygen was increased to 6 mg/l. The efficiency of the denitrification decreases by an average of 

40% with respect to the previous week. The efficiency of nitrate removal for sample A2 (vessel 

without aeration) was 99.04% during the experiment. The experimental results demonstrated a 

significant effect of the presence of dissolved oxygen in the system on the speed of the denitrification. 

This fact is associated with the metabolic processes in cells of bacteria which prefer to use easily 

accessible electron donor (in this case the dissolved oxygen) and cannot split greater extent of nitrates. 

The results of the experiment are shown in Figure 2. 
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The picture number two: Comparison of rate of loss of nitrate, depending on the aeration system 

Dotted line: Added 411.12 mg NaNO3 final concentration of 300 mg/l NO3
- 

Influences of starting concentration of nitrate 

While carrying out these experiments, the quantity of the emerging nitrite (nitrate reduction to 

intermediate nitrogen), which may be formed at excessively high initial concentrations, inhibits 

bacterial activity and slows down the process of the denitrification. We also investigated that the 

nitrate removal rate and removed amount depends on the amount of the nitrate concentration in the 

system. There was not observed a significant accumulation of the nitrite concentration with respect to 

the initial nitrate concentration. The concentration of produced nitrite ranged from 30 mg/l in all 

samples and was rapidly decreased by the bacteria present. With respect to the speed of removal of 

nitrate it was confirmed that at higher concentrations of nitrate the denitrification proceeded rapidly. 

After 24 hours the microorganisms were able to remove 90% of nitrates from the sample containing 

2700 mg/l nitrate. For the sample with 200 mg/l it was only 60%. In the case of very low initial 

concentrations (25-50 mg/l nitrates) it was always removed only 40-50% of present nitrates. The 

concentration was not further reduced even after three more days in the presence of denitrifying 

microorganisms. 

Influences of organic substrate to the denitrification process  

Biopellets serve as a 100% biodegradable biopolymer. Therefore, they were tested and compared 

using the other two substrates (BRENT and ethanol). Denitrification proceeded better when using 

biopellets. Over a period of 13 days the total sample weight was 399.99 mg/l NO3
- and removed 

384.93 mg/l NO3
-. While using organic substrates Brent and ethanol the denitrification proceeded very 

similarly. A sample of the used substrate for BRENT reduced for 13 days from the total sample weight 

399.99 mg/l NO3
- contained nitrates of 340.82 mg/l NO3

-. The sample with the use of ethanol reduced 

nitrate content of 399.99 mg/l NO3
- to 342.28 mg/l NO3

-. This result can be distorted but the fact that 

the COD value is not known at biopelets and it is possible that the higher efficacy in experimental S1 

associated with a possibly higher COD biopelets. Graphical representations of removing nitrates are 

shown in figure three. 
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Picture number three: Comparison changing nitrate concentration over time for samples S1- S3 

Dotted line: Added 274.11 mg NaNO3 final concentration of 200 mg/l NO3
- 

Bacterial composition of the activated sludge 

The composition of activated sludge is not yet known. Company D. van Houten in order to maintain 

their know-how did not indicate the exact composition of lyophilized cultures captured on the surface 

of the pellets. The actual cultivation and biochemical the tests were not finished when the contribution 

available. 

Conclusion 

The aim of this study was to monitor the effect of selected factors on the denitrification with use of 

BioPellets. 

Influence of the temperature was monitored in the activities of denitrifying organisms. Experiments 

were conducted at four different temperatures. Fastest denitrification proceeded at 37, respectively. 22 

°C, whereas the slowest at 8 °C. Furthermore, it was found that the critical temperature for the 

denitrification rate in the temperature range 8-12 °C. 

Oxygen present in the system in high concentrations slowed denitrification. In the case of the 

experiment, when one sample is aerated. When increase in the dissolved oxygen concentration to a 

value of 6 mg/l (values of less than 0.5 mg/l). Efficacy denitrification decreased by 40%. 

Experiments where the influence of the initial concentration of nitrate at nitrite formation. 

Experiments have shown that the initial concentration of nitrate in Experimental observation range 

(25-2700 mg/l) does not affect the emergence of nitrite. It also showed that the higher nitrate 

concentrations (2700mg/l) present in the system are removed faster and more efficient than at lower 

concentrations. 

As organic carbon source were tested three different substrates (biopellets, ethanol and BRENTA). 

Experiments demonstrated no significant effect of the substrate on the denitrification. 
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