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1. Introduction – Soilless tomato cultivations isolated from the soil, and fertigation installations have 

come into widespread use [1]. Most of them are operated under open fertilization systems, where the 

excess of the nutrient medium, called soilless tomato cultivation greenhouse wastewater (GW), is 

discharged directly into the environment. General feature of GW is a high content of nitrates, phosphorus, 

and a very low organic compound content (COD). This prevents the direct application of any processes of 

nitrogen removal using heterotrophic microorganisms without the use of an external carbon source [2]. 

Recently, solid-phase denitrification process has been wildly exploited and developed via solid carbon 

source as electron donor and biofilm carrier for nitrate removal. Biodegradable synthetic polymers and 

natural biopolymers have been attracted the attention of researchers. In the group of synthetic polymers, 

polybutylene succinate (PBS) is an interesting material [3]. Woodchips (shredded wood) are the most 

popular among natural materials. They are considered as attractive due to high C/N ratio, low cost, and 

availability. In our opinion the use of reactors filled with solid carbon sources to remove nitrates is the 

simplest technological solution for GW. The possibility of using solid carbon sources in the treatment of 

GW has not been investigated so far. Paulownia Clon in vitro 112® (Oxytree) chips also have never been 

considered as a carbon source. The aim of the investigation was to determine the influence of the type of 

a solid carbon source on GW treatment efficiency. 

 

2. Experimental - The tests were carried out in four 1 L reactors filled with: beech wood, Paulownia 

Clon in vitro 112® (Oxytree) and two kinds of biodegradable synthetic polymers (polybutylene succinate 

– PBS1 and PBS2 (with higher rate of biodegradability). GW from commercial greenhouses were treated. 

Laboratory investigations were conducted at temperature 20.0 ± 1°C and hydraulic retention time 24 h. 

The inflow and the effluent were analysed for concentrations of total nitrogen (TN), ammonia nitrogen, 

nitrate nitrogen, nitrite nitrogen, total phosphorus, chemical oxygen demand (COD), pH value, 

temperature. Average wastewater concentration was COD - 34.4 mgO2/L, TN-729.8 mgN/L, nitrate 

nitrogen - 717.0 mgN/L TP - 42.35 mgP/L. 

 

3. Results and Discussion - Generally, denitrification process using synthetic biodegradable polymers 

were characterized by higher nitrogen removal efficiency. The highest efficiency of TN removal was in 

the PBS2 reactor (39.5%). The efficiency of reactors with natural polymers (wood) was about 10, 1% 

whereas for synthetic PBS1 12.3%. Similar results were earlier obtained for other types of wastewaters. 

The lowest nitrate concentration was in PBS2 reactor effluent (376.9 mgN/L), the highest value was for 

beech wood (594.8 mgN/L). It was surprising that nitrate concentration from the PBS1 reactor was higher 

than for Oxytree reactor, respectively 565.0 and 529.3 mgN/L. An explanation is incomplete 

denitrification, confirmed by nitrite concentration, which for the RB1 reactor was 5.9 mgN/L while for 

Oxitree reactor it was 1.0 mgN/L. The lowest TP concentration was in the effluent from reactor with 

PBS2 (23.6 mgP/L), the highest value was for PBS1 (32.8 mgP/L). The efficiency of TP removal was 

between 22.4% and 44.3% respectively for PBS1 and PBS2, whereas in both reactors with woodchips 

was about 29.1%. According to the literature, the amount of the released organic carbon is regulated by 

bacteria responding to nitrate levels in the aqueous phase. Therefore, there are not the risks of overdosing 

or insufficient dose. COD concentration showed that regardless of the type of carbon source, a very high 

concentration of organic compounds was observed in the reactor’s effluent. COD concentration was in the 

range of 354.0 and 537.0 mgO2/L, which confirmed a significant carbon overdose. 

4. Conclusions - Synthetic biodegradable polymers were more effective in nitrogen removal. 

Polybutylene succinate PBS2 (with higher rate of biodegradability) was the most effective in TP and TN 

removal. For a retention time of 24 hours, a high carbon overdose was observed regardless of the type of 

polymers used. 
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