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Introduction
Excessive water production in the Petrochad field is one of the 
major problems in terms of oil droplet entrainment and those in 
solution. [1]. It affects oil recovery and requires high treatment and 
disposal costs [2]. Oils are held in solution by surface tensions that 
remain high [3]. A significant amount remains in the form of fine 
droplets in solution which constitutes a stable inverse emulsion, 
the continuous phase of which is water. These waters are regularly 
discharged into the environment or buried underground [4]. This 
way of managing them causes irreversible and considerable 
impacts on the environment despite the physicochemical treatment 
inflicted. One of the most effective methods is biological treatment.

The objective of this work is to submit theisolatesRPG14, 
RPG18 and RPG20 were selected following a screening test, to 
be optimized by physicochemical and nutritional parameters to 
increase the ability to lower the surface tensions that persist in 
keeping the oils in solution. Subsequently, an extraction of the 
biosurfactants was carried out, taken and added to a quantity of raw 
production water under the action of temperature in order to release 

the oils still remaining in solution. A physicochemical analysis 
of the purified water under the action ofisolates RPG14, RPG18, 
RPG20, are carried out and compared to the EPPG discharge 
standards on the Badila field.

Materials and Methods
Location of the Study Site
The Petrochad (Mangara) Limited field consists of two sites 
(Mangara and Badila). These two fields are located in the Doba 
Basin south ofthe capital N’Djamena. This field was discovered in 
1978 by the American company CONOCO and put into operation 
in 2013 by the company Griffiths International Energy (GIE). The 
Badila field is located mainly in the department of Nya Pendé. 
It is located between 08° 20’ 25.25’’ North latitude and 16° 19’ 
40.32’’ East longitude, in the southwest of Chad. In other words, 
it is located approximately 430 km southwest of N’Djamena, and 
60 km from the city of Moundou, the economic capital of Chad. 
This field is located in the province ofLogone Oriental, capital 
of Doba, borders the Central African Republic and the Republic 
of Cameroon. The map below shows the location of the Badila 
Field, which houses all the oil processing and shipping facilities 
for the Mangara project, Petrochad site.

ABSTRACT
RPG14, RPG18 and RPG20 isolates selected at the end of a screening test were subjected to optimization of physicochemical and nutritional parameters. 
As a result, a 3-liter extraction for each culture medium was launched. The optimal yield after 20 days of incubation is estimated for RPG14 is 68.62 g/l, for 
RPG18 is 60.42 g/l and for RPG20 is 69.85 g/l. Five graduated tubes containing 150 ml each of oil and gas production water and therefore 25, 30 and 50 ml 
of supernatant of each isolates RPG14, RPG18 and RPG20 are added to each tube. The whole is placed on an electric centrifuge heater type MPW-260RH 
and rotates at 300 rpm for 15 minutes. At each centrifugation under a temperature (55, 70 and 75°C), the tubes are passed to a mini-wastewater decanter 
type 6016-SIMOP. The volume of the oil layer in the tube is read after 20min, 40min and 60min of decantation. The purification rate is calculated. The results 
reveal that biosurfactants can sanitize the EPP 100%. However, the quantity of biosurfactants does not have an influence on the purification. However, the 
longer the residence time of biosurfactants in the EPP, the higher the purification rate. The purified EPP is collected and subjected to a physicochemical 
analysis, these waters comply with the IFC 2007, WHO and FAO discharge standards.
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Figure 1: Map of The Study Site

Samples: Thirty-seven (37) samples from the EPPG and quagmires 
were taken in May and June 2022. However, the samples were 
taken with a spatula, taking the usual precautions for disinfecting 
the tools (flaming with 90° ethyl alcohol) to avoid any risk of 
contamination of the samples which were collected in sterile 
plastic containers.

Cultivation and Isolation
The approach followed for the isolation of Haloanaerobium is that 
of it is ensured by a preliminary enrichment, where 10 ml of the 
waters are introduced into 90 ml of the liquid Sehgal-Gibbons (SG) 
medium, contained in a 250 ml Erlenmeyer flask. The mixture is 
then stirred for 30 minutes to obtain a good dilaceration of the 
particles and incubated at 37 ° C for 15 days. Then, a dilution 
series is carried out, where 100 µl of the dilutions 10-1 up to 10-
3, are inoculated on the surface on the solid culture medium SG 
[5].The Petri dishes are incubated at 37°C for 15 to 20 days in 
plastic bags, in order to avoid rapid drying of the culture medium 
and crystallization of its salts.

Purification and Conservation of Isolates
The isolates are first purified by successive subcultures of well-
separated and macroscopically distinct colonies on the solid 
culture medium SG. Once purified, each isolate is designated by 
a code number, which consists of the three letters RPG, followed 
by a serial number. The preservation of the microorganisms thus 
designated is done by several methods depending on the purpose. 
Generally, two preservation techniques have been carried out, 
one is for short-term preservation, it most often consists of 
subcultures on agar slants with storage at 4 ° C, and the culture 
will be subcultured every 03 to 06 months. However, the second 
technique is for long-term preservation, where the purified isolates 
are transferred into sterile 1.5 ml Eppendorf microtubes, containing 
20% glycerol, storage is done at -10 ° C.

Screening of Biosurfactant-Producing Isolates
For screening, ten isolates (RPG11, RPG12, RPG13, RPG14, 
RPG15, RPG16, RPG17, RPG18, RPG19, RPG20) were selected 
from each sampling site. Biosurfactant-producing isolates were 
selected using the following four methods: Drop collapse assay, 
Oil spreeding assay, Emulsion stability (ES%) test, and Surface 
tension measurement. The experiments were performed in three 
replicates.

Drop Collapse Test
This test is based on the destabilization of an oil droplet by 

surfactants. It consists of using a 96-well microplate, each 
containing 100µl of an oily phase. However, the oils that were tested 
are: sunflower oil, olive oil, mineral oil, car oil and diesel. These 
oils were equilibrated for one hour at room temperature. 10µl of 
the culture of each of the isolates to be tested is added to the wells, 
observation is made after 1 min using a binocular microscope. 
If the liquid does not contain surfactants (biosurfactants), the 
polar water molecules repel from the hydrophobic surface and 
the drop remains stable. If the liquid contains surfactants, the 
drop spreads because the interfacial force or tension between 
the aqueous phase and the oil phase is reduced. The results were 
interpreted as follows: from “+” to “++++” corresponding to 
partial or total diffusion on the oil surface. Droplets that gave 
a rounded shape were marked as “-” indicating the absence of 
biosurfactant production [6- 8].

Oil Dispersion Test
In the oil dispersion test, 50 ml of synthetic seawater was added 
to the surface of a glass Petri dish of (90 × 15 mm) dimension, 
plus a volume of 20 µl of crude oil or mineral oil, making a thin 
layer on the water surface. 10 µl of the culture was added on the 
oil surface, the tests were carried out due to three repetitions for 
each sample [9-11]

Emulsification Test
This test consists of mixing 2 ml of the culture with 2 ml of diesel 
in a test tube (15×125 mm). The mixture was stirred for 4 minutes 
and left to stand. The emulsion volume (EV%) and emulsion 
stability (ES%) were measured as follows:

The emulsions formed by the bacterial cultures were compared 
with those formed by a 1% solution of a synthetic surfactant (SDS) 
as a positive control and by the sterile culture medium as a negative 
control [12-13]. A criterion cited to confirm the production of 
biosurfactants is the ability to maintain at least 50% of the initial 
volume of the emulsion after 24 hours of its formation [14-15].

Measurement of Surface And Interfacial Tensio n: Surface 
tension measurements of the bacterial cell-free supernatants were 
determined using a tensiometer (TD1C LAUDA). The reported 
values are the average of three measurements. Samples of 50 ml 
were collected at 24-h intervals and centrifuged at (10,000 × g for 
25 min) at room temperature. The criterion used for the selection 
of biosurfactant-producing isolates was the reduction of the surface 
tension of the medium over time below 40 mN.m-1[16].

Optimization of Physicochemical Conditions
LThe production of biosurfactants can be influenced by culture 
conditions such as temperature, pH, agitation speeds and salinity 
levels (NaCl and MgSO4.7H2O).

Effect of pH
LpH is an important factor, it can limit or promote the production 
of biosurfactants. For this, we tested several pH values: 6, 6.5, 
7, 7.5 and 8 (the incubation temperature is 37°C with shaking at 
120 rpm).

Procedure: The experimental conditions for isolate RPG14 are: 
NaCl (250 g/l), agitation of (120 rpm) and temperature of (37°C) 
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for 13 days of incubation. The experimental conditions for isolate 
RPG18 and RPG20 are: NaCl (250 g/l), agitation of (120 rpm) 
and temperature of (37°C) for 13 days of incubation.

Effect of Temperature
In order to determine the optimal temperature for the synthesis 
of biosurfactants, we propose to test the following temperatures: 
27, 30, 37, 40 and 45°C (optimized pH and stirring at 120 rpm).

Procedure:The experimental conditions for isolate RPG14 are: 
pH (7), agitation (120 rpm) and NaCl (250 g/l) for 13 days of 
incubation. The experimental conditions for isolate RPG18 and 
RPG20 are: pH (7.5), agitation (120 rpm) and NaCl (250 g/l) for 
13 days of incubation.

Effect of Agitation
The agThe aim of this process is to ensure mass transfer between 
the three phases: liquid, consisting of the culture medium; solid 
(the cells); and gas. Therefore, we tested three stirring speeds: 50, 
100 and 150 rpm (optimized temperature and pH).

Procedure: The experimental conditions for isolate RPG14 are: 
pH (7), T (37°C) and NaCl (250 g/l) for 13 days of incubation. 
The experimental conditions for isolates RPG18 and RPG20 are: 
pH (7.5), T (45°C) and NaCl (250 g/l) for 13 days of incubation.

Effect of NaCl (%) 
Different NaCl concentrations were tested (8%, 15%, 20%, 25% 
and 30%), the optimized values of temperature, pH, and agitation 
were taken into consideration.

Procedure: The experimental conditions for isolate RPG14 are: 
pH (7), agitation of (150 rpm) and temperature of (37°C) for 
13 days of incubation. The experimental conditions for isolates 
RPG18 and RPG20 are: pH (7.5), agitation of (150 rpm) and 
temperature of (45°C) for 13 days of incubation.

Effect of MgSO4, 7H2O (M)
Different concentrations of MgSO4, 7H2O, were tested (0.005M, 
0.01M, 0.05M,
0.1M, 0.2M and 0.3M), the optimized values of temperature, 
pH, stirring and NaCl concentration are taken into consideration.

Procedure: The experimental conditions for isolate RPG14 are: 
NaCl (8%), pH (7), shaking (150 rpm) and temperature (37°C) for 
13 days of incubation. The experimental conditions for isolates 
RPG18 and RPG20 are: NaCl (25%), pH (7.5), shaking (150 rpm) 
and temperature (45°C) for 13 days of incubation.

Optimization of Nutritional Conditions

Effect of Carbon Source
Cultures were carried out on liquid SG medium, in the presence of 
carbon sources: monosaccharide (glucose), disaccharide (lactose), 
polymer (starch) and organic acid (sodium citrate). Each substrate 
was used separately as the sole carbon source at a rate of 4 g/l. In 
addition, diesel and glycerol at a concentration of 4% (v/v). The 
substrate inducing the best production rate was tested at different 
concentrations. Carbohydrates were sterilized by filtration through 
a millipore membrane (0.45µm) and aseptically added to the 
culture medium.

Variation of Concentrations Indiesel 
The experimental conditions for isolate RPG14 and RPG18 are: 
NaCl (8%), MgSO4, 7H2O (0.005 M), pH (7), shaking (150 rpm) 

and temperature (37°C) for 13 days of incubation. The experimental 
conditions for isolate RPG20 are: NaCl (25%), MgSO4, 7H2O (0.1 
M), pH (7.5), shaking (150 rpm) and temperature (45°C) for 13 
days of incubation. The letters represent the significant differences 
between the different concentrations of diesel.

Variation of Csodium Citrate Concentrations
Experimental conditions for the isolateRPG14 and RPG18 are: 
NaCl (8%), MgSO4, 7H2O (0.005 M), pH (7), shaking (150 rpm) 
and temperature (37°C) for 13 days of incubation. The experimental 
conditions for isolate RPG20 are: NaCl (25%), MgSO4, 7H2O 
(0.1 M), pH (7.5), shaking (150 rpm) and temperature (45°C) for 
13 days of incubation.

Variation of The Cglycerol Concentration
The experimental conditions for isolate RPG14 and RPG18 are: 
NaCl (8%), MgSO4, 7H2O (0.005 M), pH (7), shaking (150 rpm) 
and temperature (37°C) for 13 days of incubation. The experimental 
conditions for isolate RPG20 are: NaCl (25%), MgSO4, 7H2O 
(0.1 M), pH (7.5), shaking (150 rpm) and temperature (45°C) for 
13 days of incubation.

Effect of Nitrogen Source
THEThe study of the effect of different nitrogen sources on the 
production of biosurfactants is carried out by cultures on liquid SG 
media, in the presence of various nitrogen sources due to 7g/l of 
sodium nitrate (NaNO3), ammonium sulfate (SO4(NH4)2), yeast 
extract and urea (CH4N2O) separately. The substrate inducing the 
best production rate is tested at different concentrations.

Mesure of The Parameters
PFor both physicochemical and nutritional parameters, after 13 
days of incubation, the culture was centrifuged at 8000×g at 4°C 
for 30 minutes. The supernatant was collected and the surface 
tension was read using a tensiometer, the results were expressed 
as mN.m-1. The surface tension produced by the biosurfactants 
was also expressed as a percentage reduction in surface tension, 
calculated using the following equation:

OrTSavant is the surface tension measured before inoculation of 
the isolate
And is the surface tension measured after inoculation of the isolate 
(Ainon et al., 2013)TSaprès

Extraction of Biosurfactants
The biosurfactant extraction was carried out according to the 
method described by Smyth et al. (2010). The supernatants of the 
RPG14, RPG18 and RPG20 bacterial cultures were obtained after 
centrifugation at 8000 rpm for 15 min and acidified to pH = 4 with 
HCl solution (4.8 N). Then, the extraction was carried out with 
ethyl acetate (v/v) repeated three times. The organic phase was 
dried in the presence of magnesium sulfate (MgSO4) (0.1 G per 
100 ml of solvent) and obtained by evaporation of the extraction 
solvent using a rotovapor (BUCHR R-114) at 45 °C. A partially 
purified biosurfactant was recovered, weighed and expressed in 
(g/l). The yield of biosurfactant production is represented by the 
average of two independent experiments.±standard deviation.

Production Water Purification Rate After Action of Isolates
Five graduated tubes containing 150ml each of oil and gas 
production water and therefore 25, 30 and 50ml of supernatant 
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of each isolate RPG14, RPG18 and RPG20 are added to each tube. 
The whole is placed on an electric centrifuge heater type MPW-
260RH and rotates at 300rpm for 15min. At each centrifugation 
under a temperature (55, 70 and 75°C), the tubes are transmitted 
to a mini-wastewater decanter type 6016-SIMOP, the volume of 
the oil layer in the tube is read after 20min, 40min and 60min. 
During these three periods, the purification rate is calculated 
according to the formula:

OrV huile is the volume of oil measured decantation
And is the volume of raw production water measured before 
settlingVtotal

Oil Extraction and Analysis of Decanted Water:
In the 6016-SIMOP mini wastewater decanter, the decanted water 
is extracted and stored in sterilized tubes at 4°C. Samples are then 
taken and analyzed by spectrometry.

Sampling And Physicochemical Analyses
The samples taken were first subjected to a physicochemical 
analysis, so the pH and electrical conductivity were measured by the 
HANNA type multi parameter, the sodium, potassium, magnesium, 
sulfate, chloride, ammonium, total hydrocarbon, phenol, barium, 
manganese ions are analyzed by flame spectrometer and the DR 
2400 spectrophotometer.

Principle: The DR 2400 is a simple and comfortable photometer. 
Its spectral range is between 400 and 880 nm with an operating 
temperature range of 0 to 40°C. When a monochromatic light beam 
of wavelength λ of intensity Io passes through a solution to be 
analyzed, it undergoes absorption and comes out with a weakened 
intensity I. This decrease in intensity is due to the absorption of one 
or more frequencies by the medium crossed. From the proportion of 
light intensity absorbed by the solution, the concentration C (mg/l) 
of the absorbing substance can be deduced by the Beer-Lamber 
relationship according to the expression: D = log = alc Where a 

is the molar absorption coefficient; it depends on the nature of the 
absorbing substance, the wavelength. L is the optical path of the 
radiation through the solution. C: is the concentration of the solution. 
The inorganic components of the water sample are placed in the 
presence of special reagents. The intensity of the color produced is 
measured. This is a measure of the concentration of inorganic ions 
to be analyzed. For each test, a blank analysis is carried out with 
                                                                                                            distilled water and the reagents

.

The Flame Spectrophotometer: Potassium and sodium ions 
were analyzed by this device.
Principle: This method uses the property of neutral atoms to 
absorb a quantum of energy at a certain wavelength. The flame 
photometer “BWB-XP” is an instrument for the simultaneous 
determination of 5 elements: Na, K, Ca, Li and Ba in clear water. 
The photometer “BWB-XP” uses a low-temperature flame using 
a mixture of air and fuel (propane or butane).

Results And Discussion
Optimization Of Physicochemical Parameters
Table 1 presents the summaries of the optimization of the 
physicochemical parameters of biosurfactant production by 
RPG14, RPG18 and RPG20 isolates. Parameters such as pH, 
temperature, agitation and mineral salts showed very appreciable 
reductions in surface tensions with high percentages of reductions. 
They are extremely important for the yield and characteristics 
of biosurfactants. Obtaining large quantities of biosurfactants 
required the optimization of parameters such as temperature 
(45, 50 and 55°C), pH (7.5 and 8), aeration and agitation speeds 
(100 to 150 rpm). Previous work has shown that most optimal 
biosurfactant production is carried out at temperatures of 25 to 
30°C [17-21]. Our results are close [22].

who argued that the best production occurred when the pH was 
8. There best value of biosurfactant production is 45.5 g/l, was 
obtained when the air flow rate was 1 v/v and the dissolved oxygen 
concentration was maintained at 50% of saturation [23-24].

Table 1: Summary of the Optimization of Physicochemical Parameters of Biosurfactant Production by Rpg14, Rpg18 And 
Rpg20 Isolates
Condition of culture Culture condi-tions 

(Before op-timization)
Culture condi-tions 

(After op-timization) 
RPG14

Culture condi-tions 
(After op-timization) 

RPG18

Culture condi-tions 
(After op-timization) 

RPG20
Mineral salts NaCl = 250g/l 

MgSO4.7H2O = 200g/l
NaCl = 150g/l 

MgSO4.7H2O = 0.009MF
NaCl = 250g/l 

MgSO4.7H2O = 0.09 MF
NaCl = 200g/l 

MgSO4.7H2O = 0.05 M
Ph 7.2 7.5 8 8.0
Agitation (rpm) 120 150 150 100
Temperature (°C) 37 50 55 45
TS (mN/m) TSRPG14 = 23.7 

TSRPG18 = 22.45
TSRPG20=22.75

TS=18.92±0.2
TS=10.68±0.6
TS=7.77±.6

TS=10.75±0.6
TS=11.30±0.01

TS=9.31± 0.2
TS=10.37±0.8
TS=7.94±0.6
TS=6.94±0.6
TS=11.60±0.7

TS=11.60±0.2
TS=6.15±0.03
TS=21.14± 0.6
TS=5.96±0.6
TS=4.40±0.7

%RTS %RTSRPG14 = 57.65 
%RTSRPG18 = 59.89 
%RTSRPG20=59.35

%RTS=70.5± 0.6
%RTS=70.5± 0.6
%RTS =71.02±0.1
%RTS=71.02±0.7
%RTS=71.02±0.01

%RTS=70.03±0.8
%RTS=70.03±0.8
%RTS =62.3±0.9
%RTS=75.3±0.7

%RTS = 71.03±0.01

%RTS=70± 0.03
%RTS=70± 0.03
%RTS =62.4±0.1
%RTS=81.01±0.6
%RTS = 81.01±0.7
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Optimization of Nutritional Parameters
Table 2 presents Summary of optimization of nutritional parameters of biosurfactant production by isolates RPG14, RPG18 and 
RPG20 The composition and emulsifying activity of biosurfactants does not only depend on the producing strain, but also on the 
culture conditions including the nature of carbon and nitrogen sources, as well as the C:N ratio [25-26]. However, the quality and 
quantity of biosurfactants produced are affected and influenced by the nature of the carbon substrate: diesel (5%), sodium citrate 
(5.5%) and glycerol (5.5%) produced very low surface tensions with high percentages of reductions. Varieties of nitrogen sources were 
used that allowed to obtain the optimal production of biosurfactants, in the form of urea (5.5%), yeast extracts (5.5%), ammonium 
sulfates (5%). For carbon sources these results allowed to sufficiently reduce the surface tensions half as much as those obtained 
before optimization with high percentages of reductions of more than 70%. For nitrogen sources of all three isolates, yeast extract 
seems basically the best culture medium with high percentages of reduction of more than 80%. Culture medium sources of saline 
origin are better producers of biosurfactant [27]. These sources also give them a power of resistance to degradation [28-29].

Painting 2: Summary of the Optimization of Nutritional Parameters of Biosurfactant Production by Rpg14, Rpg18 And 
Rpg20 Isolates
Condition of culture Culture conditions 

(Before optimiza-tion)
Culture condi-tions 

(After op-timization) 
RPG14

Culture condi-tions 
(After op-timization) 

RPG18

Culture condi-tions 
(After op-timization) 

RPG20
Carbon source Na citrate = 3g/l Diesel = 5%

Na citrate = 5.5% 
Glycerol = 5.5%

Diesel = 5%
Na citrate = 5.5%
Glycerol = 5.5%

Diesel = 5%
Citrate Na=5.5% Glycerol 

= 5.5%
TS
mN/m

TSRPG14 = 23.7 
TSRPG18 = 22.45
TSRPG20=22.75

TS=6.24± 0.6
TS=9.35±0.6
TS=9.35±0.6

TS=5.72±0.6
TS=6.89±0.6
TS=6.89± 0.5

TS=5.90± 0.6
TS=10.06±0.6
TS=10.06±0.5

%RTS %RTSRPG14 = 57.65 
%RTSRPG18 = 59.89 
%RTSRPG20=59.35

%RTS =70.29± 0.6
%RTS=71.67±0.6
%RTS=71.67±0.6

%RTS =69.92±0.6
%RTS=70.03±0.6
%RTS=70.03±0.6

%RTS =70± 0.6
%RTS=64.09±0.6
%RTS=64.09±0.6

Nitrogen source E. Yeast = 8.5% E. Yeast = 5.5%
Urea = 5.5%

(NH4)2SO45%

E. Yeast = 4.5%
Urea = 4.5%

(NH4)2SO45.5%

E. Yeast = 4.5%
Urea = 4.5%

(NH4)2SO45.5%
TS
mN/m

TSRPG14 = 23.7 
TSRPG18 = 22.45
TSRPG20=22.75

TS=6.50±0.6
TS=7.35±0.6
TS=5.93±0.5

TS=2.22±0.5
TS=4.25±0.5
TS=6.89± 0.5

TS=2.45±0.5
TS=2.95±0.5
TS=10.06±0.5

%RTS %RTSRPG14 = 57.65 
%RTSRPG18 = 59.89 
%RTSRPG20=59.35

%RTS=80.30±0.5
%RTS=76.29±0.5
%RTS=74.69±0.5

%RTS=91.29±0.5
%RTS=85.34±0.5
%RTS=80.86±0.6

%RTS=88.39±0.5
%RTS=86.65±0.5
%RTS=68.57±0.5

Extraction of Biosurfactants from Rpg14, Rpg20 And Rpg20 Isolates
Once the optimization of the biosurfactant production conditions was completed, including physicochemical factors (temperature, pH, 
agitation, NaCl and MgSO4,7H2O) and nutritional factors (carbon source and nitrogen source); an extraction of a volume of 3 liters 
of culture medium was started under optimized conditions for each isolate, the objective of which is to recover the largest possible 
amount of biosurfactants. Several incubation periods were tested. Only after 20 days of incubation, an extraction of biosurfactants 
was carried out according to the extraction protocol mentioned above. The extract was recovered and then concentrated with complete 
evaporation. The amount of biosurfactants that was produced by the isolates RPG14, RPG18 and RPG20 was weighed using the 
analytical balance. The optimal yield is estimated for RPG14 to be 68.62 g/l, for RPG18 to be 60.42 g/l, and for RPG20 to be 69.85 
g/l. Beyond 20 days, biosurfactant production becomes increasingly low. Similar work has shown that at periods as short as 20 days, 
production is excellent [30]. It can also be very poor with the activity of microorganisms [31].

Table 4: Results of Optimal Extraction of Biosurfactants from Rpg14, Rpg18 And Rpg20 Isolates at Different Incubation Periods
Incubation (days) /(4°C) Yield (g/l)

RPG14 RPG18 RPG20
15
20
25
30

46.32
68.62
57.65
48.23

45.80
60.42
57.12
47.68

46.20
69.85
57.25
48.75

Eppg Purification Rate under the Influence of Biosurfactant Variation and Temperature.
Tables 4, 5 and 6 reproduce the results of the tests carried out on Badila EPPG, i.e. the oil in solution at a density of 38°API. With 
the different concentrations of biodemulsifiers, the temperature underwent a variation. The results show a preponderant influence of 
the isolates with the variation of the temperature on the settling time of oil and gas production water. We varied the concentration of 
the biodemulsifiers under different temperatures to determine the settling rate in 20 min, 40 min and 60 min.
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Purificationunder the action of Biosurfactants Produced by the Rpg14 Isolate
Table 4 shows the results of the reproduction of the tests carried out on the oil production waters of the Petrochad (Mangara) Limited 
field in Badila. We varied the concentration of the supernatant of the RPG14 isolates according to the temperature, the volume of the 
oil was measured after 20, 40 and 60 min. As a result, the rate of the decanted water is calculated by the method described above. In 
this table 4, it was found that at the same temperature of 55°C, with variation of the biosurfactant concentration of the RPG14 isolate 
from 50 to 25 mg/l, the decantation rate varied in accordance with the retention time. However, the amount of biodemulsifiers did not 
have an influence on the separation. The same test was repeated with a temperature of 70°C with the inverse of the variation of the 
RPG14 supernatant content, the same result was observed. But at a temperature of 75°C with a concentration of 30mg/l, the settling 
rate evolved in accordance with the retention time over all three periods. Previous work has shown that the longer the residence time 
of the biosurfactants in the solution, the better the separation [33-34]. Oils in solution leave the liquid center as the surface tension 
decreases [35].

Table 5: Results of Purification Tests Carried out on Oil and Gas Production Waters using Isolate Rpg18
Temperature (°C) Supernatant of isolate 

RPG18 (mg/l)
Water purification rate
20 min 40 min 60 min

55
55
70
70
75

50
25
50
25
30

95%
96%
99%
99%
95%

98%
98%
99%
98%
99%

94%
99%
99%
99%
100%

Purificationunder the action of Biosurfactants Produced by the Rpg20 Isolate
Regarding Table 6, we note that at the same temperature of 55°C, with variation of the RPG20 isolate content from 50 to 25 mg/l, 
the settling rate varied in accordance with the retention time, but the amount of demulsifiers always remains without influence on the 
separation. The same test was repeated with a temperature of 70°C with the inverse of the variation of the RPG20 isolate content, 
the same result was observed. However, at a temperature of 75°C with a concentration of 30 mg/l, the settling rate underwent an 
increase in all three periods with a jump after 60 min. 

Generally speaking, for all three isolates, depending on the temperature variation, the settling rate is a function of residence time. 
The longer the time, the more complete the settling [38-39]. However, the amount of supernatant has no influence on the settling 
rate [40]. By keeping the temperature constant at 55°C and varying the volume of biodemulsifiers from 50 to 25 ml after 40 min of 
decantation the purification percentage decreased from 85% to 80%, this confirms the influence of temperature on the reduction of 
surface tension and consequently on purification [41].

Table 6: Results of Purification Tests carried out on Oil And Gas Production Waters using Rpg20 Isolate
Temperature (°C) RPG20 isolate supernatant (mg/l) Water purification rate

20 min 40 min 60 min
55
55
70
70
75

50
25
50
25
30

38%
35%
94%
91%
94%

85%
80%
95%
92%
95%

99%
99%
97%
100%
100%

Physicochemical Qualities of Oil and Gas Production Waters after the Action of Biosurfactants Produced by Isolates.
Before purification using biosurfactants produced by isolates RPG14, RPG18 and RPG20, these waters collected in tubes underwent 
a physicochemical analysis before and after purification. After these analyses, a purification efficiency (E) was estimated for each 
parameter.

Physicochemical Qualities of Eppgs After Action of Biosurfactants Produced by Isolate Rpg14
According to Table 7 and the illustration in Figure 2, almost all the concentration of oils and metals was drastically reduced after 
mixing the produced water and the RPG14 isolate. These reductions went from simple to quarter in all four tubes. In tube 1 the action 
of the RPG14 isolate allowed us to observe that the lowest reduction in concentration was noted for total hydrocarbons which were 
eliminated at the height of 82%. In tube 2, the low elimination was noted at a height of 81% in total hydrocarbons while manganese 
was eliminated at 92.7% in the same tube. In tube 3, phenol was eliminated at 77.7%, while manganese was eliminated at 91.7%. In 
tube 4, barium is removed at 85.8% while total hydrocarbons are removed at a rate of 89.7% and finally in tube 5 we observe total 
hydrocarbons which are removed at 83.4% while manganese has been removed at 94.5%. Figure 23 illustrates the efficiency of the 
reduction of the constituents in the EPPG by the RPG14 isolate in the tubes. Overall, total hydrocarbons were not reduced to the 
same level as the other parameters. This is related to the residence time of the isolates in the EPPG [42]. While other parameters are 
strongly eliminated like the case of barium. This elimination will considerably reduce the phenomenon of tartar [43].
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Table 7: Results of The Physicochemical Quality of Eppg before and after Purification By Rpg14 Isolates
Tubes Reduction rate of oil and metal concentrations in EPPG after purification by RPG14 isolate (mg/l)

Total hydrocarbons Phenols Barium Manganese
Here before Co after E(%) Here before Co after E(%) Here before Co after E(%) Herebefore Co after E(%)

1 28 5.23 82 2.1 0.09 95.8 2.1 0.09 95.8 3.32 0.13 96
2 32 6.67 81 2.3 0.2 91.4 2.3 0.2 91.4 3.54 0.26 92.7
3 32 4.67 87.5 1.8 0.4 77.7 1.8 0.4 77.8 2.57 0.22 91.5
4 29 3.45 89.7 2.0 0.07 96.8 2.0 0.07 85.8 3.01 0.36 88.1
5 30 5.34 83.4 2.1 0.3 85.8 2.1 0.3 85.8 3.26 0.18 94.5

Figure 2: Efficacy of Reduction of Constituents in Eppg by Rpg14 Isolate in Tubes

3-5-2- Physicochemical qualities of EPPGs after action of biosurfactants produced by the RPG18 isolate
Table 8 shows the different concentrations measured before and after the action of the RPG18 isolate. In tube 1, total hydrocarbons 
were slightly eliminated at 75.90% while phenol was eliminated at 96.82%. In tube 2, phenol was eliminated at 78.26% while barium 
was at a 93.04% reduction rate. In tube 3, phenol remained reduced at 78.95% while manganese was eliminated at 90.98%. In tube 
4, total hydrocarbons were eliminated at 88.45%. In tube 5, total hydrocarbons were eliminated at 77% while manganese was at a 
93.87% reduction rate. Figure 24illustrates the efficiency of the reduction of constituents in EPPG by the RPG18 isolate in the tubes. 
At all levels, it can be seen that phenol and heavy metals are significantly removed compared to total hydrocarbon concentrations.

Table 8: Results of the Physicochemical Analysis of Eppg before and after Purification by Rpg18 Isolates
Tubes Reduction rate of oil concentrations in EPPG after purification by RPG18 isolates (mg/l)

Total hydrocarbons Phenol Barium Manganese

Herebefore Co after E(%) Herebefore Co after E (%) Herebefore Co after E (%) Herebefore Co after E (%)

1 30 7.23 75.90 2.2 0.07 96.82 2.2 0.08 96.36 3.26 0.16 95.09

2 31 6.11 80.29 2.3 0.5 78.26 2.3 0.16 93.04 3.54 0.26 92.66

3 32 5.45 82.97 1.9 0.4 78.95 1.9 0.31 83.68 2.55 0.23 90.98

4 29 3.35 88.45 2.0 0.05 97.50 2.0 0.05 97.50 3.12 0.26 91.67

5 31 7.13 77.00 2.2 0.4 81.82 2.2 0.42 80.91 3.26 0.20 93.87
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Figure 3: Efficacy of Reduction of Constituents in Eppg by Rpg18 Isolate in Tubes

Physicochemical Qualities of Eppgs after action of Biosurfactants Produced by the Rpg20 Isolate
Table 9 shows the different concentrations measured before and after the action of the RPG20 isolate. In tube 1, total hydrocarbons 
were slightly eliminated at 80.47% while phenol was eliminated at 98.70%. In tube 2, total hydrocarbons were eliminated at 73.66% 
while phenol was at a 98.70% reduction rate. In tube 3, total hydrocarbons remained reduced at 84.18% while phenol was eliminated at 
98.00%. In tube 4, total hydrocarbons were eliminated at 88.04% while phenol was eliminated at 97.62%. In tube 5, total hydrocarbons 
were eliminated at 77.06% while manganese was at a 93.56% reduction rate. Figure 25illustrates theefficiency of the reduction of 
constituents in EPPG by the RPG20 isolate in the tubes. The same observation was observed as in the previous case, where phenol 
was strongly eliminated followed by heavy metals.

Table 9: Results of the physicochemical analysis of EPPG before and after decantation by RPG20 isolates
Tubes Reduction rate of oil concentrations in EPPG after decantation by RPG20 isolates (mg/l)

Total hydrocarbons Phenols Barium Manganese

Here before Co after E (%) Here before Co after E(%) Here before Co after E(%) Here before Co after E(%)

1 32 6.25 80.47 2.3 0.03 98.70 13 0.83 93.62 4.26 0.22 94.84
2 32 8.43 73.66 2.3 0.04 98.26 10 0.44 95.60 3.34 0.23 93.11
3 33 5.22 84.18 2.0 0.04 98.00 11 1.45 86.82 2.83 0.23 91.87
4 28 3.35 88.04 2.1 0.05 97.62 14 1.65 88.21 3.42 0.26 92.40
5 31 7.11 77.06 2.2 0.4 81.82 12 1.46 87.83 3.26 0.21 93.56

Figure 4: Efficacy of Reduction of Constituents in Eppg By Rpg20 Isolate in Tubes
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Quality of Oil and Gas Production Waters after the action of Isolates
After purification with RPG14, RPG18 and RPG20 isolates, the EPPGs in the lower part of the tubes are collected, analyzed and 
compared to international guidelines for the discharge of oil and gas production water. Compliance with these guidelines results in 
environmentally friendly discharge.

Qualities of Eppgs after Action of Rpg14 Isolate
The results of the analyses and the standards used are recorded in Table 10 below. The measured total hydrocarbon contents of the 
water extracted from the tubes are all below the discharge standards (limit of quantification). The phenol contents quantified in tubes 
1 and 2 are below the IFC 2007, WHO and FAO standards. While that quantified in tube 3 is slightly above the WHO and FAO 
guidelines. The barium contents fully comply with the IFC 2007, WHO and FAO standards and are all below 0.7 mg/l. The manganese 
contents do not comply with the WHO guidelines. In Figure 26, when compared to the WHO standards for drinking water - Risks to 
human and animal health, oil and gas production waters after the action of the RPG14 isolate (even if they meet the IFC 2007 and 
FAO standards for discharges) are not intended for human or animal consumption. They present a high health risk. However, they 
can be irrigated properly in agricultural plots and are not dangerous for plants[44-47].

Table 10: Results of the Comparison with The Standards of Rejections after Decantation of Eppg by Rpg14 Isolates.
Comparison with standards for discharges of concentrations of oils and heavy metals remaining in EPPGs(mg/l)

Parameters 
(mg/l)

Tube 1 Tube 2 Tube 3 IFC 2007 WHO FAO

Total 
Hydrocarbons

5.23 6.67 4.67 10 15 15

Total phenols 0.09 0.2 0.4 0.5 0.3 0.3
Barium 0.09 0.2 0.4 ≤0,7 0.7 0.7
Manganese 0.13 0.26 0.22 0.5 0.1 <2

Figure5: Qualities of Eppgs After Action of Rpg14 Isolate and Comparison with Rejection Standards.

Qualities of Eppgs After Action of Rpg18 Isolate
The results of the analyses and the standards used are recorded in Table 20 and illustrated by the figure27 which presents the qualities 
of EPPGs after action of the RPG18 isolate and comparison with rejection standards. The measured levels of total hydrocarbons, 
phenol and barium in the water extracted from the tubes are all below the discharge standards (limit of quantification). Except for the 
manganese levels, which are slightly higher than the WHO guidelines; however, they comply with the IFC2007 and FAO standards.

Table 11: Results of The Comparison With The Standards of Rejections after Decantation Of Eppg By Rpg18 Isolates.
Comparison with standards for discharges of concentrations of oils and heavy metals remaining in EPPGs(mg/l)

Parameters 
(mg/l)

Tube 1 Tube 2 Tube 3 IFC 2007 WHO FAO

Total 
Hydrocarbons

7.23 6.11 5.45 10 15 15

Total phenols 0.07 0.5 0.4 0.5 0.3 0.3
Barium 0.08 0.16 0.31 ≤0,7 0.7 0.7
Manganese 0.16 0.26 0.23 0.5 0.1 <2
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Figure 6:Qualities of Eppgs after Action of Rpg18 Isolate and Comparison With Rejection Standards

Qualities of Eppg After Action of Rpg20 Isolate
The results established in Table 21 and illustrated by Figure 28 are edifying. The same observation was noted for isolate RPG20 
where manganese was not completely consumed to the WHO standard. While all other contents respect the rejection standards.

Table 12: Results of the Comparison with the Standards of Rejections after Decantation of Eppg by Rpg20 Isolates.
Comparison with standards for discharges of concentrations of oils and heavy metals remaining in EPPGs(mg/l)

Parameters 
(mg/l)

Tube 1 Tube 2 Tube 3 IFC 2007 WHO FAO

Total 
Hydrocarbons

6.25 8.43 5.22 10 15 15

Total phenols 0.03 0.04 0.4 0.5 0.3 0.3
Barium 0.83 0.44 1.45 ≤0,7 0.7 0.7

Manganese 0.22 0.23 0.23 0.5 0.1 <2

Figure7: Qualities of Eppgs after Action of Rpg20 Isolate and Comparison with Rejection Standards

..........?
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Conclusion: 
The biosurfactants extracted during the optimization of the 
physicochemical and nutritional parameters of the isolates 
RPG14, RPG18 and RPG20 were used to purify the oil and gas 
production waters in the Petrochad (Mangara) Limited field. 
An optimal amount of biosurfactants from these three isolates 
was extracted after 20 days of incubation. The optimal yield is 
estimated for RPG14 is 18.62 g/l, for RPG18 is 20.42 g/l and for 
RPG20 is 19.85 g/l. The volumes of each type of biosurfactants 
were sampled and injected into the oil production waters under the 
effect of temperature variation. Reductions in the concentrations 
of total hydrocarbons, phenols and heavy metals were observed 
and compared to the discharge standards.
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