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 ABSTRACT 

There is a growing problem around mining contamination by tailings in the Peruvian territory, cyanide 
is used in mining and represents a poison for human life and the environment; In this sense, the present 
investigation contributes in the search for strategies that allow the decontamination of cyanide. The 
objective of the study is to evaluate the efficacy and the correlation of the pH of the culture medium 
with the concentration of Sodium Cyanide in the degradation by Pseudomonas sp. In the methodology, a 
bubble column bioreactor was used where pH values of 8, 9 and 10 were handled with cyanide 
concentrations of 250ppm, 500ppm and 750ppm, the calculation of free cyanide was determined 
volumetrically with AgNO3 and KI, the study variables were analyzed using the non-parametric 
Spearman's Rho test. The results showed that the higher efficiency of cyanide (CN) degradation by 
Pseudomonas sp. was 92.50% and this occurs at a pH of 8 and a concentration of 500 ppm of CN in the 
medium, also observing a high strength of inverse correlation between the two variables of -0.949 
through the coefficient of Spearman's rho.  
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1. INTRODUCTION 

Sodium cyanide is a highly toxic chemical com-
pound, found in various forms such as hydrogen 
cyanide gas (HCN) or cyanogen chloride (ClCN) 
or sodium salt (NaCN) or potassium (KCN), this 
compound acts quickly blocking cell respiration 
and causing death in minutes. It is widely used in 
the chemical industry and laboratory, in glues, 
paints, solvent and in the processing of gold, 
reason why it is contaminated in mining tailings 
(Zapata, 2020). 

Informal mining produces approximately 24 

Tons of gold annually;  detecting areas with 

this type of illegal activity in Amazonas, Lore-

to, La Libertad, Huanuco, Ica, Arequipa, Ca-

jamarca among other parts.(Piscoya, 2019). 

Informal mining in Peru through leaching pro-

cesses to extract gold, use cyanide which pro-

duces large areas of contamination by this 

substance, some ability has been described in 

some bacteria to degrade this compound into 

less toxic products; however, it is necessary to 
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maintain certain conditions. 

Agurto & Arzapalo, (2021), state that the use 

of microorganisms to reduce cyanide pollution 

in waters from mining sites is a viable and effi-

cient alternative for decontamination. 

Similarly, Apaza et al, (2021) explain that among 
the microorganisms that excel in the bio-
degradation of cyanide we have Pseudomonas 
and Bacillus, there are conditioning factors for 
their efficiency such as pH, temperature, bio-
mass, cyanide concentration and  

nutrients.(Apaza et al., 2021) 

On the other hand, Aguilar & Martínez, (2022) 

explains that cyanide waste is treated by che-

mical processes to reduce pollution, but unfor-

tunately the investment for processing by these 

means is high and can cause products with 

higher toxicity; reason why research is aimed 

at finding other techniques that allow cyanide 

to be degraded without producing more toxic 

products, in this sense, bioremediation can re-

place these processes and improve the envi-

ronment through the use of microorganisms 

that metabolize cyanide at lower cost.(Aguilar 

& Martínez, 2022) 

In this sense, the present research seeks to eva-

luate the efficiency of sodium cyanide degrada-

tion and the correlation of the pH of the culture 

medium as a function of the concentration of 

sodium cyanide degraded by Pseudomonas sp. 

and in this way, determine the influence that 

exists between these factors with the objective 

that can be used in the treatment of cyanide de-

contamination that occurs generally in the tai-

lings of the mines or factories. The results ob-

tained will serve as a basis for projects to de-

contaminate the environment, reduce the risk 

of diseases in the inhabitants, improve health 

conditions which will bring a benefit to the 

community, the Health Sector and above all to 

the environment, reducing the risk of environ-

mental impact produced by cyanide. 

Therefore, the objective was to evaluate the effi-
cacy and the correlation of the pH of the culture 
medium with the concentration of Sodium Cya-
nide in the degradation by Pseudomonas sp. 

 

 

2. MATERIALS AND METHODS 

2.1. Biological Material: 

Pseudomonas sp, which were provided by the 

National University of Trujillo. 

Equipment: Bioreactor in Bubbling Column. 

 

2.2. Methods: 

Independent variables: 

V1: Sodium cyanide concentration (250ppm, 
500ppm, 750ppm) 

V2: PH  (8,0; 9,0; 10,0) 

Dependent variable: 

V3: Percentage of degradation. 

 

2.3. Experimental design: 

The design used for the analysis of the varia-

bles was the correlation design, in which 

Spearman’s Rho test was used for its analysis. 

 

2.4. Preparation of the bacterial inoculum 

The previously identified and reactivated bacte-
rium in the culture broth was adapted by apply-
ing  successively 25 ml of Mineral Salts-Glucose 
Base Medium (MBSMG) at pH 9.5 with succes-
sive concentrations of 250ppm, 500ppm and 
750ppm in bubbling column and then its adapta-
tion was verified by seeding in plate. 

2.5. Biomass preparation. 

The adapted culture was added in 25ml, 50ml, 

100ml and 250ml every 48 hours with a  

concentration of 75ppm of sodium cyanide, 

then the latter was centrifuged for 10 min at 

3500rpm and washed with S.S.F. 

2.6. Bioreactor manufacturing 

The bioreactors used were manufactured from 
glass containers with a capacity of 500 ml,  

adjusted to the following design of a standard 
fermenter, as shown below. 
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Fig. 1: Bioreactor design 

Source: Villanueva, C. (2008)(Villanueva, 

2008) 

 

2.7. Beginning of the Degradation: 

The bioreactors contained 450ml of MBSMG 
with concentrations of 250ppm, 500ppm and 
750ppm; with pH of 8.0; 9.0 and 10.0; the inocu-
lum was added in 15% of the total volume, the 
equipment operated with constant agitation and 

aeration for 3 days. At the end, samples were 
collected to proceed with cyanide concentration. 

2.8. Determination of the cyanide concentration. 

The volumetric method was used, taking as ti-
trant agent AgNO3 and KI as an indicator, the 
change from colorless to yellowish indicates the 
end of the titration. 

2.9.   Efficiency of degradation: 

The following formula was applied: 

Ci - Cf 

E = -----------  x 100.............................(1) 

            Ci 

Where:  

E =    Percentage of degradation 

Ci = Initial concentration 

Cf =  Final concentration 

 

3. RESULTS AND DISCUSSION 

Table 1. Effectiveness of cyanide degradation as a function of concentration and Ph. 

Trials 

 N°  

VARIABLES 

Efficiency 

(%)  

Cyanide 

Concentration 

(ppm) pH 

Degraded  

cyanide 

1  250 8 178,02 71,21 

2 250 8 182,10 72,84 

3 250 9 148,75 59,50 

4 250 9 140,20 56,08 

5 250 10 31,75 12,70 

6 500 8 462,50 92,50 

7 500 9 421,10 84,22 

8 500 9 418,22 83,64 

9 500 10 376,02 75,20 

10 500 10 331,02 66,20 

11 750 8 393,75 52,50 

12 750 8 362,02 48,27 

13 750 9 271,02 36,14 

14 750 10 93,55 12,47 

15 750 10 78,48 10,46 
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Figure 1. Effectiveness of cyanide degradation as a function of concentration and pH 

 

In the table 1 and Figure 1 show the degradation 
efficiency of sodium cyanide by Pseudomonas 
sp. depending on the pH and the concentration 
in the culture medium during 3 days, the highest 
efficiency percentages are presented at a pH of 8 
for the initial concentrations of 250ppm, 
500ppm and 750ppm with efficiencies of 72,84; 

92,50 and 52,10 for pH values=8, pH=9 and 
pH=10 

respectively. 

Table 2. Determination of degradation efficiency 
(%) in relation to cyanide concentration and pH 
variables. 

 

N° Trials 

VARIABLES  

Ci 
(ppm) 

Cf 

(ppm) 

Cd  

(ppm) 

Efficiency 

(Ci - Cf)/Ci x 100 (%) 
Cyanide con-

centration 
(ppm) 

pH 

 

 

 

Group 1 

250 8 250 71,98 178,02 71,21 

250 8 250 67,90 182,10 72,84 

250 9 250 101,25 148,75 59,50 

250 9 250 109,80 140,20 56,08 

250 10 250 218,25 31,75 12,70 

500 8 250 37,50 462,50 92,50 

500 9 250 78,90 421,10 84,22 

Group 2 500 9 500 81,78 418,22 83,64 

500 10 500 123,98 376,02 75,20 

500 10 500 168,98 331,02 66,20 

750 8 500 356,25 393,75 52,50 

 

Group 3 

750 8 750 387,98 362,02 48,27 

750 9 750 478,98 271,02 36,14 

750 10 750 656,45 93,55 12,47 

750 10 750 671,52 78,48 10,46 

 

http://www.neuroquantology.com/


Neuro Quantology | August 2022 | Volume 20 | Issue 9 | Page 210-216 | doi: 10.14704/nq.2022.20.9.NQ440023 
Chávez Pasco Gaudhy Sujhey/Influence of pH and concentration, on the degradation of Sodium Cyanide by Pseudomonas sp. 

 

214 

eISSN 1303-5150 www.neuroquantology.com 

 

Ci = Initial sodium cyanide  (ppm) 

Cf = Final sodium cyanide (ppm)  

Cd = Degraded sodium cyanide (ppm)  

 

Table 2 presents the simple effects of each of the 
variables studied on cyanide degradation effi-
ciency (%), highlighting the maximum values 

achieved for degradation efficiency for the dif-
ferent interactions of the variables. The maxi-
mum degradation value (efficiency) was ob-
tained at a concentration of 500 ppm NC 
(92.50%), followed by obtained degradation at a 
concentration of 250 ppm NC and finally at a 
concentration of 750 ppm NC, all at a pH of 8. 

 

Table 3. Correlation of the pH of the culture medium with the concentration of sodium cyanide in the 
degradation by Pseudomonas sp 
 
Correlation coefficient Sig. (bilateral) 
 

      Concentration of CN 

Ph of the  

medium 

Spearman’s Rho Concentration 

of cyanide 

(CN-) 

Correlation coefficient 1,000 -0,949 

Sig. (bilateral)   0,014 

N 5 5 

pH del medio Correlation 

Coefficient Sig 

(bilateral) 
 

-0,949 

 

0,014 

1,000 

  N 5 5  

                   

 

Table 3 shows the correlation between the sodi-
um cyanide concentration and pH variables of 
the medium, using the Spearman non-
parametric Rho test, which determined a high 
degree of negative correlation (-0.949) between 
the variables under study, the negative correla-
tion indicates that the variables show inversely 
proportional relationship existing strength of 
association, therefore, the relationship between 
these variables is significant. 

Coronado & Vargas (2018) in his research ob-
tained that the combination of pH=12 and hy-
draulic retention time 20 and 30 are the most 
acceptable to improve the degradation efficiency 
of cyanide, the results are similar to the pH=10 
ratio of our study; however, on the other hand 
the degradation at lower pH was not analyzed, 
being complemented by this study by the pre-
sent research. 

Likewise, Incacayo & Salas, (2019), when evalu-
ating the time, pH and temperature variables in 
cyanide degradation, found that the highest per-

centage of degradation was 98.3% correspond-
ing to a pH = 9.5 at a concentration of 11,46 
ppm, a temperature of 28°C and a time of 384 
hours;  

similarly the study confirms the pH ratio shown 
in our study, with variants on the concentration 
values. 

Castillo & Vega (2018), through their research 
they determined that the pH and time parame-
ters are significant for the bioremediation of cy-
anide at a concentration of 250 ppm, observing 
the best results with a reduction of 165 ppm and 
a pH of 10,0 and an incubation time of 48 hours, 
finding a degradation rate of 34.0%. 

It is known that, the pH of tailings is 10.12, how-
ever, Pseudomonas sp, tends to decrease this pH 
level because it prefers neutral means, for this 
reason it should always be controlled this pa-
rameter and adjust it.(Quispeayala & Zárate, 
2020). 
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Studies claim that different species of microor-
ganisms have the power to degrade cyanide and 
metabolize it into less toxic products and pollu-
tants for the environment, these procedures re-
quire controlled means, they are economical, 
effective and easily accessible, however they 
need the  

participation of specialized professionals to pro-
vide security, indicating that the pH of greater 
efficiency is between 9 to 11; however, in the 
present study it was determined that at a con-
centration of 500 ppm sodium cyanide the high-
est degradation efficiency occurs at a pH of 8, 
being the species of the genus Pseudomonas the 
most used what necessarily requires the availa-
bility of oxygen for being aerobic.(Zapata, 2020).  

 

4.CONCLUSIONS 

Degradation of cyanide evaluated at concentra-

tions of 250ppm, 500ppm and 750 ppm showed 

higher degradation efficiency (92.50%) at pH 8 

with a cyanide concentration of 500ppm, which 

was determined by the non-parametric Spear-

man’s Rho test. 

Cyanide contamination caused by industrial or 

mining activities can be treated by the use of 

microorganisms such as Pseudomonas sp. as 

shown in the study.  

Future research is expected to analyze the ways 

and means of putting this knowledge into prac-

tice and using bioremediation as an alternative 

to reduce cyanide pollution. 
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