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INTRODUCTION 

 

Treatment of Nitrogen containing wastewater have gained more attention in the previous years ever 

since it was shown to poses severe complications to aquatic life (Ge et al., 2015; Duan et al., 2015). 

Thus, there are standard in place to ensure that this type of water is treated before it is disposed. The 

conventional methods used for removing total nitrogenous compounds in wastewater treatment 

plants (WWTP) is biological treatment which is highly efficient and cost effective compared to 

other methods. Biological processes consist of nitrification followed by denitrification (Shoda & 

Ishikawa, 2014). Nitrification is known to be a sensitive method to organic matter (Joo et al., 2005), 

being inhibited by spent caustic soda, cyanides (CN-), heavy metals, sulphides, sodium chloride and 

other substances, with free cyanide (FCN-) being reported to possess highest toxicity effect towards 

nitrification and denitrification (Wild et al., 1994). It affects respiratory system of the microbial 

population, however, it is biodegradable and some microorganisms are able to use it as nitrogen 

source (Inglezakis et al., 2017). The inhibition effect of FCN- towards nitrification and 

denitrification have been eradicated by addition of activated carbon which absorb FCN-, 

nevertheless, this method does not have significant effect on FCN- due to low absorption ability of 

activated carbon to FCN-, furthermore, this results in additional cost (Han et al., 2013). Hence, 

WWTP evolved from sole COD removal to simultaneous COD removal (Leyva-Díaz et al., 2015). 

Simultaneous COD removal is as the result of microbial ability to grow on multiple substrates, these 

phenomena is known as dauxic growth, and this is an important phenomena in biological 

wastewater treatment since biological oxygen demand may be composed of different carbon 

sources. However diauxic growth have only been studied in multiple carbon sources and have never 

been explored in multiple nitrogenous source, thus this study investigate application of diauxic 

growth phenomena into total removal of nitrogen in cyanide containing samples in order to mitigate 

the inhibitory effect of cyanide towards nitrification and denitrification. 

 

MATERIALS AND METHODS 

 

Isolation of strains 

 

The bacterial strain used in this study was isolated in cyanide containing waste. It was then sub-

cultured to obtain pure colonies. For identification, the isolated strain was sent to Inqaba Biotech 

SA. 

 

Diauxic growth experiments 

 

A basal medium containing 1.5 g KH2PO4, 7.9 g Na2HPO4, 0.5 g MgSO4.7H2O and 1 mL trace 

elemental per litre was used for this experiment. The trace element solution contained (per litre): 50 

g EDTA, 2.2 g ZnSO4.7H2O, 5.5 g CaCl2, 5.06 g MnCl2.4H2O, 5.0 g FeSO4.7H2O, 1.1 g 

(NH4)6Mo7O2.4H2O, 1.57 g CuSO4.5H2O, 1.61 g CoCl2.6H2O. Yeast extract (5 g/L) was used as the 
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sole carbon source. The media was filter-sterilised using a 0.22 µm filter and the pH was adjusted to 

pH 7. 150 ml of the freshly prepared medium was added into 250 ml of Erlenmeyer flasks and 

inoculated with a loop full of a 24 hours old culture and incubated at 34 oC. 2 ml samples were 

withdrawn every 24 hrs for analysis of residual CN-, NH4-N, NO2-N, NO3-N using Merck SA test 

kit and a Merck Spectroquant Nova 60 instrument.  

 

RESULTS AND DISCUSSION 

 

The microbe used for this study was isolated from the CN- waste at Bioresource Engineering 

research group, Cape Town, South Africa. It was sub-cultured into a nutrient agar and subjected to 

gram staining the strain was found to be gram positive rod. The 16sRNA identification was 

conducted to identify the strain and it was found to be Acinetobacter courvalini. Nitrification and 

denitrification kinetics results indicated Acinetobacter courvalinii detoxify CN- to concentration 

below 3 mg/L prior commence with nitrification which is the concentration above the inhibition 

limit that was reported by Kim et al.,(2008); Kim et al (2007); furthermore, microbial growth 

monitored with spectrophotometer at wavelength 660 nm indicated that Acinetobacter courvalini 

grow in dual logarithmic (log) phase, with the first log phase being associated with CN- degradation 

and the second log phase associated with NH4-N degradation. The occurrence of two log phase is an 

indication of diauxic growth. This ability to undergo diauxic growth represent a potentially solution 

to the inhibitory effect of cyanide to nitrification and denitrification. 
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