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Abstract

The tests’ target was a classification of the polymers with respect to their denitrification capacity, long-term stability and practicability of the process. For polymer blends denitrification performance was high at the beginning, no3- concentration decreases rapidly. After 2 – 7 weeks the material was exhausted and no3- in​creased again. The use of pcl and phb/pcl-blend showed the best long-term stability with respect to the denitrification performance. In the reference Aquarium with glass beads instead of polymers, pH decreased with time due to nitrification and had to be readjusted. In aquaria with denitrification pH was stable. In a test-period of more than one year fish in all aquaria were in a good conditions. Experiments with those systems proved a good performance, simplicity of application and low maintenance. 

Résumé

Le but de cette étude était d’établir une classification de quelques polymères biodégradables, en fonction de leur capacité de dénitrification, de leur stabilité de performance à long terme et de la fiabilité technique du procédé. Pour les polymères "blends" l'activité dénitrificatrice était élevée au début, la teneur en no3- baissait, mais la capacité de ces polymères était vite épuisée après une période de 2 à 7 semaines. Par contre l'emploi de pcl et un mélange phb/pcl donnait des résultats très prometteurs aussi à long terme. 

Normalement la baisse de pH doit être constamment ajustée à cause de la nitrification, ce qui était bien démontré avec l'aquarium référence sans dénitrification. Par contre, avec les unités dénitrificatrices, le pH est resté stable. Pendant une période test de plus d'un an, tous les poissons sont restés en bonne santé. C'est ce qui nous emmène à conclure que le procédé de dénitrification présenté, basé sur l'emploi de polymères biodégradables, se distingue par sa simplicité, sa sécurité et un entretien minime.

Introduction

Nitrification is an essential process for the survival of fish within an aquarium. Ammonia, toxic as nh3, is oxidized by bacteria via nitrite to less toxic nitrate. High levels of nitrate however are not conducive to the health of sensitive organisms. To avoid increasing no3--concentrations either a frequent renewal of water, or a simple denitrification treatment system with biodegradable polymers – as presented here - is possible. In contrast to conventional denitrification with the use of soluble organic substrates, in this treatment unit microorganisms use polymer granules as biofilm carrier and simultaneously as insoluble carbon source. Previous examinations with phbv (Poly-ß-Hydroxy-Butyric-Co-Hydroxy-Valerate-acid) as biode​gradable polymer for denitrification in drinking water and aquaculture have been made earlier (Heinemann, 1995, Wurmthaler, 1995 and Boley, Müller & Haider, 2000).

The aim of this study was to select polymers, which are best suited for denitrification of aquarium water.

Methods

Experimental

The evaluation of biodegradable polymers for denitrification in aq​uaria has been carried out in simple lab-scale test systems (Fig. 1). They have already been used in former experiments (Boley, Müller & Haider, 2000). Each of the aquaria (water volume: 80 L) was equipped with an aerobic biofilter-unit for nitrification and carbon removal. The temperature was adjusted to ( 25 °C, illumination was performed 10 h/d. Each aquarium contained 14 fish (Leuciscus idus) with an initial total biomass of 145 ((10) g. The feeding rate for one tank was 1.5 g/d with «Trouvit pro aqua Brut 00» (Milkivit-Werke GmbH, Burgheim, protein content 60 %, according to manufacturer). 

The first period of the experiment was performed to determine the rate of no3- produced in the system, which originates from nh4+-excretion of the fish and conversion to no3- via nitrification.

In the second pe​riod the denitrification units were installed. They consisted of small fixed bed reactors (denitrification ​reac​tors dn1...dn5) with a void volume of 375 mL. Four of them, dn1...dn4, were filled with different biodegrad​able polymer granules, dn5 served as refer​ence and contained inert glass beads (Tab. 1). The water to be treated was directed from each aquarium to the respective dn and back to the aquarium with flow rates of QD = 0.2 - 0.5 L/h (hydraulic surface load: 0.1 - 0.2 m/h, Fig. 2). Total oxygen consumption of the aquarium water by aerobic biodegradation of the polymers is required to enable biodegradation under denitrifying conditions. The temperature in dn1...4 was about 20 °C.
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Fig. 1: Aquarium system for testing biodegradable polymers for denitrification 
(NF: Nitrification unit; dn: Denitrification unit) 
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Fig. 2: A denitrification column with pcl (Poly-(-Caprolactone) as carrier & carbon-source after 2 a of opera​tion.

Tab. 1: Material characterization

Denitrification Reactor
DN1
DN2
DN3
DN4
DN5

Short Name
PCL
PHB/PCL
Bioplast GF
Bioplast GS
Reference

Trade Name,

type
TONE P 767
-
Bioplast GF 103/51
Bioplast GS

902/P
Glass-beads (( 6 mm)

Mass (g)

per unit
250
250
250
250
556

Total granule surface (m²)
0.35
0.35
0.33
0.36
0.22

Manufacturer
Union Carbide Düsseldorf,

DE
Biomer,

Krailling,

DE
Biotec,

Emmerich,

DE
Biotec

Emmerich,

DE


Results & Discussion

In period 1 (Start up to 36 d) no3- concentrations showed a linear increase (Fig. 3). The rate of nitrate produced could be determined to 90 (( 7) mg/d n-no3- during this time in all five units.

After start-up of the denitrification units, the development of nitrate concentrations showed major differences. A comparison of the n-no3- concentrations in the tanks in relation to the reference aquarium showed, that the denitrification with Bioplast gf and Bioplast gs started immediately. Nitrate concentrations began to raise again 18 d resp 64 d after start-up. This was probably due to rapid biodegradable compounds in the polymers, which then were exhausted. The consequences were short periods of low nitrate concentrations of only 12 d for Bioplast gf resp. 37 d for Bioplast gs.

In the fixed bed reactor with pcl/phb denitrification started after 8 d. With pcl a slight difference between the slope of no3--concentrations to the reference could be observed 18 d after start-up. A distinct decrease of nitrate concentrations however was observed only after 64 d.

After the first rapid decrease, n-no3--concentrations in both aquaria with dn1 (pcl) and dn2 (phb/pcl) remained rather constant in the range of 20 to 30 mg/l n-no3- for more than one year of operation. After an initial maximum, the overall denitrification velocity (including the aerobic and anoxic zone) at equilibrium related to the active reactor volume reached (10 mg/(L( h) n-no3-. This value was determined by the n-no3- produced in the system. The denitrification capacity of the material may be much higher, for details see Boley et al. (2000).

Due to nitrification, pH-values de​creased with increasing nitrate concentrations (Fig. 4), ac​cording to the stoichiometric relationship (see eq. (1), Forster & Goldstein, 1969). Whenever the ph dropped below 6.0, nahco3 was added. In 200 d of operation ph in dn5 (reference) was adjusted with 79 g nahco3, whereas dn1...dn4 needed lower amounts (dn1: 30 g, dn2: 20 g, dn3: 60 g, dn4: 50 g). For dn1 and dn2 the addition of nahco3 was mainly necessary before denitrification started. The higher amount for dn3 and dn4 was due, when the respective polymer substrate was exhausted. The denitrification activity observed led to a stabilization of ph in the range of 8.1...8.4 in dn1 and dn2, see eq. 2.

Nitrification:

nh4+ + hco3- + 2 o2 ( h+ + co2 + 2h2o + no3-                                                   (1)

Denitrification:

0,17 c6h10o2 + no3- ( 0,5 n2 + co2 + 0,33 h2o + oh-                                        (2)

(with pcl)
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Fig. 3 : n-no3- concentrations in the aquaria with biodegradable polymers (dn1...dn4) and reference reactor (dn5), t( 20 °C.
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Fig. 4 : ph development in the aquaria with (dn1, dn2) and without (dn5) denitrification units

The fish were observed daily. Over the period of examination all fishes were in good condition, and showed normal behavior. 

We conclude that denitrification with biodegradable polymers did not affect the health of the test-fish. This simple and safe low technology contributes to diminish the water change cycles in aquaria, keeps nitrate concentrations low and maintains ph values constant, without adding chemicals. 
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