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Abstract 

Cyanide Degrading Bacteria (CDB) colonies were isolated from soil and water that collected into 

an Artisanal Small scale Gold Mining (ASGM) area. The biological degradation of the free 

cyanide (FCN) in laboratory scale was investigated using these CDB colonies. FCN test was 

conducted under various cultural conditions as pH, ranging from 5 to 10.5, carbon and nitrogen 

sources. After 24h, it was found that FCN removal efficiency was varied between 99.2 % for pH 

= 10.5 and 99.8 % for pH = 9.5. Glucose and ammonium sulphate were given a maximum FCN 

removal efficiency 100 % and 99.8 %, respectively, as carbon and nitrogen sources. All of 

nutrients sources have FCN removal efficiency above 94 %. The Michaelis–Menten kinetics 

enzymatic parameters were determined. The CDB colonies enzyme had a half-saturation 

constant, 𝐾𝑀 of 14 mmol  CN - degraded L-1 for FCN and a specific activity of 28.4 mmol NH4+ 

formed mol-1 CN- initial min-1. It was conclude that the CDB colonies were highly promising for 

bioremediation environmental application. They could support a large pH range and a various 

nutrients available in natural environment.  
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1 Introduction 

Cyanide is a chemical compounds that is widely used in mining and jewellery industries for gold 

extraction and recovery from crushed ores or electroplating residues (Huertas et al., 2010; 

Luque-Almagro et al., 2016). The mining industry releases large amounts of cyanide-containing 

liquid waste which often contains significant amounts of heavy metals as arsenic, lead, mercury, 

cadmium, chromium and sulphuric acid (Luque-Almagro et al., 2011, 2016) These hazardous 

effluents are a highly toxic (Huertas et al., 2010; White et al., 2000) to living organisms via at 

least three known mechanisms which involve the formation of (a) complexes with di- or tri-

valent metals at the active site of metallo-enzymes such as cytochrome oxidase (Luque-Almagro 

et al.,  2016; Solomonson & Spehar, 1981; Watanabe & Yano, 1993); (b) Schiff base 

intermediates leading to stable nitrile derivatives during enzyme catalysis; or (c) cyanohydrins 

with metabolic keto groups (Huertas et al., 2010; Solomonson & Spehar, 1981) . Knowing that 

the acute lethal dose of cyanide for mammals is as low as 0.5mg CN/kg of the body weight, the 

acute oral lethal dose of HCN for humans is reported to be 0.5– 3.5mg/kg of body weight 

(Chaouali et al., 2013). These toxic liquid residues must be treated by chemical and/or  biological 

method to minimize the health and environmental risks (Luque-Almagro et al., 2016). Biological 

method that is less expensive and environmental friendly is often applied (Akcil, 2003; Pandey 

& Jain, 2002; Shete & Kapdnis, 2012). In order to apply the bioremediation in the natural 

environmental, studies of CDB colonies efficiency for removing cyanide have been paid more 

attentions (Kumar et al., 2016; Kumar et al., 2013; Safari et al., 2014; Van Zyl et al. 2011) 

Several parameters as pH, temperature and nutrients were more considered and varied for 

showing their ability to grow and survive under these conditions (Diaz & Caizaguano, 1999; 

Huertas et al., 2010; Nybom, 2013; Vieira & Nahas, 2005). 



 

 

In this context, indigenous microorganisms could be able to degrade FCN in laboratory scale  

have been reported into the ASGM sites in Burkina Faso (Razanamahandry et al., 2016).  

Cyanide is used for extracting gold in these sites. The optimal conditions of CDB colonies needs 

to know deeply before their application in natural environment for remediating the entity 

polluted by cyanide. In which, factors that influence these CDB colonies activities and their 

enzymatic kinetics need to investigate. .  

The aim of this study was to identify the factors influencing the cyanide biodegradation for the 

first time and to establish an enzymatic kinetics model of the cyanide biodegradation in second 

time.  

2 Materials and Methods 

2.1 Microorganisms source 

Microorganisms were isolated from the water that collected in the artisanal small scale gold 

mining (ASGM) sites. The isolation procedure was shown in Razanamahandry et al. (2016)  

2.2 Chemical reagents and analytical methods 

The chemical reagents used, FCN and ammonium concentrations analytical methods and the 

living bacterial species measurement were described in Razanamahandry et al. (2016) .  

Total cyanide (TCN) was determined by using Flow Injection Analysis (FIA) method.  

The chemical reagents that used for TCN analysis were formed by: NaOH , Chloramine T-

trihydefficiency, Sulfamic Acid, Citric acid monohydefficiency, Succinic acid, Pyridine-4-

carbonic acid, 1,3-Dimethylbarbituric acid, Tetraethylenepentamine, Disodium ethylenediamine 

tetraacetic acid, Sodium thiosulfate pentahydefficiency, Lead acetate trihydefficiency, Cyanide 



 

 

standard solution 1000 mg L-1, potassium hexacyanoferefficiency II trihydefficiency, potassium 

hexacyanoferefficiency III, KCN. They are purchased at Sigma Aldrich, France.  

2.3 Experimental procedure 

2.3.1 Factor influencing the cyanide biodegradation 

Eleven liquid mediums formed by 200 mL of FCN solutions with a concentration 60 mg CN- L-1 

were prepared in 250 mL Erlenmeyer flasks by using KCN from VWR (France). Note that 1 mg 

KCN equals 0.4 mg CN. 1 mL of CDB colonies was added into the Erlenmeyer flask.  

FCN solutions pH was regulated at 5, 7, 9.5 and 10.5 values for testing the pH influence on the 

FCN biodegradation.  

Nutrients influence was tested by adding 3 mL of nitrogen or carbon sources solutions 10 g L-1, 

that were homogenized and autoclaved at 121 °C for 15 min, into the FCN solution. Nitrogen 

sources added can be divided into:  (1) inorganic sources as ammonium sulphate and (2) organic 

source as meat extract, yeast extract and peptone.  The carbon sources tested were:  (1) 

monosaccharide as glucose, (2) disaccharides as sucrose and (3) monoglycerides as glycerol.  

Then, the mixtures were shaken at 200 rpm during 24 hours by using a magnetic stirrer. 35 mL 

of the mixture were collected at the beginning of the experiment, and every 2 hours for 

monitoring FCN, living bacterial species and ammonium concentrations.  

2.3.2 Enzymatic kinetics 

Eight (08) Liquid mediums for each FCN and TCN solutions with a concentration varying 10, 

20, 30, 40, 50, 60, 70 and 80 mg CN- L-1 were freshly prepared into the Erlenmeyer flask. 1 mL 

of CDB colonies was added into the liquid medium and the mixture was shaken. 35 mL for each 



 

 

liquid medium was taken for analysing the FCN, TCN, living bacteria and NH4
+ product at the 

initial time (t = 0 mn) and after ten minutes (t = 10 mn). 

2.4 Enzymatic kinetics model 

Enzymatic reactions can be described by the Michaelis–Menten kinetics: 

𝑣 = −
𝑑𝑆

𝑑𝑡
=

𝑑𝑃

𝑑𝑡
=

𝑣𝑚𝑎𝑥𝑆

𝐾𝑀 + 𝑆
 

Where: 

𝑣 : disappearance velocity of the substrate efficiency 𝑆 

𝑣𝑚𝑎𝑥 : maximum disappearance velocity 

𝐾𝑀 : half-saturation constant (the substefficiency concentration where the reaction velocity is 

half the maximum).  

𝑃: concentration of the product 

𝑣𝑚𝑎𝑥 and 𝐾𝑀 values  could be evaluated by creating a Lineweaver– Burk plot  in which the plot 

1/𝑣  versus 1/𝑆 was shown, with: 

 𝑣𝑚𝑎𝑥 = 1/𝑏 and 𝐾𝑀 = 𝑎/𝑏  

where  

𝑎  and 𝑏  are the linear trend coefficients of Lineweaver– Burk plot:  y = 𝑎𝑥 + b  

2.5 Factors influencing the cyanide biodegradation 

3 Results and discussion 

3.1 pH influence 

At the first time, the FCN biodegradation and the bacterial growth under various pH values 

during 24 hours were shown on the Figure 1. Two trend tendencies were observed. The first 



 

 

group, in which the curves are in decreased, demonstrate the FCN removal efficiency and in the 

second group, where the curves are increased, relates the bacterial growth. The FCN was highly 

and quickly biodegraded during the first 10 h when the bacterial growth was relatively stable for 

all pH values. Then, the FCN decreased slowly until it’s completely removal within 24 h. Yet, 

the bacterial growth became fast from 10 to 24 h. These curves trend have been reported on 

Razanamahandry et al. (2016) in which these results suggest that the FCN was removed by the 

living microorganisms and it is a biological mechanisms. The curve trends were the same for all 

pH values tested. This result suggests that the FCN was removed by the CDB colonies under 

various pH.   

However, at the pH = 5 and 10.5, the bacterial growth is not very higher than under another pH 

value and the CDB colonies have a difficulty to remove completely the FCN from 10 to 24h. At 

the pH = 7, a little increase of CDB colonies density was observed and the FCN removal became 

more interesting, but FCN was completely removed at 24 h. At the pH = 9.5, FCN was 

completely removed by the CDB colonies from 15 to 24 h. The CDB activity was limited on the 

high acidity and alkalinity conditions. The pH 9.5 is the optimum pH obtained in which the 

bacterial growth is very high and the FCN removal efficiency is near the 100 %. Nevertheless, all 

of pH values were given FCN removal efficiency more than 95 % during 24h for 60 mg CN - L-1. 

Mekuto et al. (2013) have been reported at the same pH = 9.5 a maximum FCN removal 

efficiency 89.5 % over 8 days  for degrading  FCN concentration  200 mg CN- L-1 by using 

Bacillus sp. consortium.  

The CDB colonies that used have a large pH ranging (acidic, neutral and alkaline). The 

bioremediation application in environmental conditions of these CDB colonies is more 



 

 

advantageous because whatever the pH range they could be remove with a high efficiency the 

FCN.  

In addition, the large pH rang could be explained by the presence of several CDB bacterial 

species in the colonies. Some authors have been found an optimal pH 6, 7, 5, 10 for FCN 

removal by using respectively the bacterial Serretia marcescens RL2b  (Kumar et al., 2013) , 

Rhodococcus sp. UKMP-5M (Maniyam et al., 2011), Pseudonomas Fluorescens (Dursun et al., 

1999), Bulkhoderia cepacia (Adjei and Ohta, 2000) . Yet, most of them were demonstrated at the 

presence of Pseudomonas sp. (Akcil et al., 2003; Huertas et al., 2010; Kao et al., 2003; 

Kiruthika, 2008) and Bacillus sp. (Mekuto et al., 2013; Wu et al., 2014) at the pH around 9.5.   

FCN biodegradations were associated by an ammonium product during 24 h. The results are the 

same reported in Razanamahandry et al. (2016) that have been reported the FCN removed was 

converted into ammonium product that the living microorganisms degrade finally to form 

another product as nitrate as a final by-product (Chapatwala et al., 1998; Ingvorsen & 

Godtfredsen, 1991; Kao et al., 2003; Meyers et al., 1991; Potivichayanon & Kitleartpornpairoat, 

2010; Watanabe & Yano, 1993) 

Figure 2 shows that at the pH = 9.5 the cyanide removal efficiency is very high (99.8 %) after 

24h. But, the maximum cyanide removal efficiencys are almost the same for each pH value. 

CDB colonies have not preferencies in term of pH. CDB colonies have a large range of pH 

(acidic – neutral- basic) for survival. This is an advantage for our CDB colonies because they 

could be easily adapted in the nature for either application of the bioremediation. Species that 

formed the consortium need to identify for knowing what are the species could be supported the 

acidic or neutral or basic conditions.  



 

 

 
Figure 1 : FCN removal and CDB growth in liquid medium under various pH 

 
Figure 2: Effect of pH on the FCN biodegradation 

3.2. Nutrients influence 

Figure 3 below demonstrates the FCN removal and the CDB growth under various nutrients 

sources. Decreased curves illustrate the FCN removal and increased curves for the CDB growth. 

For the first 10 h where the initial FCN concentration is 60 mg CN- L-1, the FCN removal 

decreased quickly but the CDB increased slowly. Then, between 10 and 24h, the FCN was 
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completely removed and the CDB growth became very intense. The FCN was almost totally 

removed for the mediums where glucose and ammonium sulphate nutrients were added on 10h 

and 15 h respectively. Nevertheless under other nutrients the FCN removal was completely on 

exactly 24 h where the CDB growths are on the peak for all nutrients. But in the medium 

containing glucose and ammonium sulphate, the CDB growth is very high and have an optimal 

density respectively OD600nm = 0.025 and OD600nm = 0.011. Two hours after 24h, CDB growth 

declined. NH4
+ production was detected during the entire test.   

The CDB colonies could be able to degrade FCN under all of nutrients tested. They have been 

converted the FCN to another compounds less toxic. FCN removal was quickly by using glucose 

and ammonium sulphate nutrients as carbon and nitrogen source respectively. The CDB colonies 

have more ability to growth in the medium with nitrogen sources than the medium with carbon 

sources. CDB could not survive without FCN and nutrients. 

Mirizadeh et al. (2014) have been reported that the CDB colonies could be able to grow in the 

FCN medium that containing carbon and/ or nitrogen source as nutrients. They suggest the CDB 

colonies were formed by two groups of bacteria such as heterotroph and lithotroph bacteria. The 

CDB colonies that could be oxidizing respectively an organic and inorganic form were called 

heterotroph and lithotroph bacteria. The optimum FCN removal condition was obtained by using 

the nutrients:  glucose and ammonium sulphate. Yet, the bacterial growth was OD600 nm = 0.011  

at the end of FCN substrate.  

Glucose was found by many authors as a nutrient that give an optimum FCN removal (Kiruthika, 

2008; Kumar et al., 2013; Mirizadeh et al., 2014). In addition, the same authors also have been 

found that when the nutrients are unavailable the CDB growth decreased.  



 

 

The CDB colonies used during the test were formed by two groups of bacteria such as 

heterotroph and lithotroph bacteria.  They need nutrients as glucose and ammonium sulphate for 

more removing FCN in short time. Their enzymes activities are not inhibited by the carbon and 

nitrogen sources used (Brandt et al., 2014; Couto & Toca-Herrera, 2007; Li et al., 2012) 

[A] 

 
[B] 

 

Figure 3: FCN removal and CDB growth in liquid medium enriched by nutrients: carbon sources 
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Figure 4 illustrate the FCN removal efficiency for all nutrients tested. Optimum FCN removal 

efficiency was observed with the presence of glucose and ammonium sulphate with a FCN 

removal efficiency respectively 100 % and 99.8 % after 24 h. Yet, the entire nutrients used have 

shown FCN removal efficiency more than 94 %. Three nutrients have the minimal and the same 

value, around the 94 %, of the FCN efficiency as peptone, meat extract and yeast extract.  

The FCN degradation quickly by glucose and ammonium sulphate on ten 10 h could be 

explaining by these best FCN removal efficiency. Alavi (2011) have been reported that glucose 

is a monosaccharide sugar that could be degraded easily by the CDB colonies than another 

sugars as sucrose and glycerol. In addition, the ammonium sulphate was constituted by a higher 

nitrogen percentage than another nitrogen sources. Therefore, nitrogen that more available in 

ammonium sulphate could be explain the quickly and highest of CDB growth.  

 
Figure 4: Effects of nutrients sources on the FCN biodegradation, where: Gluc = glucose; Sucr = 

sucrose; Glyc = glycerol; Meat E. = Meat Extract; Yeast E. = Yeast Extract; Amm.S. = 

Ammonium Sulphate; Pept. = Peptone 
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3.3 FCN biodegradation kinetics 

The disappearance velocity 𝑣 of the substrate efficiency 𝑆  was determined by two ways, from 

the substrate concentrations degraded (CN- degraded) and from the product formed (NH4+ 

formed) as shown in Figure 5. Figure 5a shows the typical Michaelis– Menten-type kinetics for 

enzyme activity increasing with FCN concentrations tested. The Lineweaver–Burk plot (Figure 

5b) obtained for the conversion of FCN shows that the Km for FCN is 14 mM. CDB colonies 

tested have a specific activity of 28.4 mmol NH4+ formed mol-1 CN- initial min-1.  

[a] [b] 

From substrate 

  

y = 12.114𝑥 + 861.6 

𝑅² = 0.9989 

Vmax = 1.16 mmol CN - degraded mol-1 CN initial min-1 
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y = 0.1217x + 35.239 

R² = 0.9329 
Vmax = 28,4 mmol NH4+ formed mol-1 CN- initial min-1 

Km = 3 mmol  NH4+ formed L-1 

Figure 5: Determination of Michaelis–Menten parameters of FCN removal by CDB colonies in liquid medium. [a] 

Non-linear regression, [b] Lineweaver– Burk plot 

4 Conclusions 

After 24 h, the bacteria consortium seems to prefer the nutrients glucose and ammonium sulfate 

as a carbon and nitrogen source respectively with FCN removal efficiency 100 % and 99.82 %. 

Nevertheless, the FCN removal efficiency is more than 94 % for all of nutrients. The CDB 

colonies tested could be survive under large pH ranging (acidic – neutral – alkaline) and use 

different carbon and nitrogen sources. All of carbon and nitrogen sources have not been caused 

the oxidative stress in the cells. Their enzymatic activity was not inhibited. They could be easily 

adapted in several type of soil for further future application of the bioremediation. Yet, the 

organic matter in the site soil needs to study before applying this bioremediation on the first 

time. In the second time, the enzymatic and proteins type for each species will be to determine 

after its isolation and identification.  
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