
 

 

Original Research Article 
 

PHYSICO-CHEMICAL ANALYSIS AND AEROBIC BIOREMEDIATION OF PAINT 

EFFLUENT USING Pseudomonas aeruginosa and Bacillus subtilis  

 

 

 

ABSTRACT 

Bioremediation uses biological techniques for reducing the harmful effects of pollutants in the 

environment, including wastewater. It is a handy tool for various applications in environmental 

protection. In developing strategies for bioremediation of paint effluent, untreated paint effluent 

from Dulux Plc was inoculated with two aerobic microorganisms, Pseudomonas aeruginosa and 

Bacillus subtilis. Microbiological and physicochemical analysis was carried out for five weeks 

upon inoculation of effluent with Pseudomonas aeruginosa P, Bacillus subtilis B, in separate 

setups, effluent sample inoculated with both organisms M, to observe their synergy and effluent 

sample without inoculation C, served as a control sample to compare the abilities of the native 

effluent microflora with that of the introduced microorganisms. The cultures of microorganisms 

were observed in nutrient broth until the exponential phase before their inoculation into the 

effluent sample. The bacterial cultures of Pseudomonas aeruginosa, Bacillus subtilis and 

consortium contained 4.2 x 108cfu/ml, 3.8 x 109cfu/ml and 5.2 x 109cfu/ml, respectively, when 

inoculated into the experimental setups P, B and M, in the experimental samples, BOD and all 

the inorganic nutrient sources tested decreased rapidly with a proportional increase in the 

population densities. This trend was firm for PO4
3-

 and NO3, which eventually became limiting 

in the experimental and control samples. Inoculating microorganisms with the addition of 

appropriate inorganic nutrients may be a suitable method for rapid bioremediation of paint 

effluent. 
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1.0 INTRODUCTION 

There is no primary stream of wastewater associated with the production of paint and allied 

products because all the constituents entering mixers or reactors come out as products. Cleaning 

operations of mixers, reactors, blenders, packing machines and floors are the primary wastewater 

sources. Wastewater contains concentrations of biological oxygen demand (BOD), chemical 



 

 

oxygen demand (COD), suspended solids, toxic compounds and colour because of the varying 

degree of chemicals used [1]. The discharge of such coloured wastewater into the environment is 

aesthetically displeasing, but impedes light penetration, damages the quality of the receiving 

streams, and maybe toxic to treatment processes, food chain organisms and aquatic life [2]. 

Before they discharge into the environment, effluent treatment is necessary. 

Bioremediation uses living microorganisms or microbial processes to detoxify and degrade 

environmental pollutants to revive the environment [3]. This biotechnological process helps to 

facilitate the biodegradation of contaminants or toxic materials, causing environmental pollution 

and health hazards [3]. Biodegradation of pollutants in the effluent is becoming an increasingly 

important wastewater treatment method [4], thus restoring the original surroundings [5]. 

Pollutants are degraded naturally using active microbial strains. The merits of these options 

include that they appear to be the most environmentally friendly method for removing pollutants 

since other methods, such as chemicals, introduce more toxic compounds to the environment [5]. 

Biological treatment is advantageous for removing pollutants, mainly when the wastewater 

contains considerable amounts of organic solvent found in paint effluent. However, paint effluent 

is co-contaminated with organic and metal pollutants. Metallic powders used as additives have a 

biostatic and biocidal effect on microorganisms [6]. Hence, this study aimed at the aerobic 

bioremediation of paint effluent. 

2.0. MATERIALS AND METHODS 

2.1 Sources of effluent 

For this study, untreated paint effluent was collected from Dulux Cap Plc 2, Adeniyi Jones 

Avenue, Ikeja Lagos, Nigeria. The sample was collected in a clean 5 Liters bottle and repeatedly 



 

 

rinsed with the wastewater. Afterwards, the sample was transported in an ice chest and 

transported to the laboratory. On arrival, it was stored in the refrigerator prior to analysis. 

2.2 Source of microorganisms  

The microorganisms used – Pseudomonas aeruginosa and Bacillus subtilis were collected 

onnutrient agar slants manufactured by Titan Biotech Limited in India prepared in labelled 

different McCartney bottles. These microorganisms were obtained from FIIRO (Federal Institute 

of Industrial Research, Oshodi). Thereafter, they were transported to the laboratory on the slant 

and stored a 4
0
C. Confirmation of organisms was done by culturing the organisms overnight at 

37
0
C using cetrimide agar and chloramphenicol (5mg/ml) supplemented Luria-Bertani (L.B.) 

agar,which are selective for Pseudomonas aeruginosa and Bacillus subtilis respectively. All 

media used were prepared according to the manufacturers' instructions. 

2.3 Sub-culturing of Microorganisms 

The stored microorganisms on slants were revived on freshly prepared separate nutrient agar 

plates labelled P and B for Pseudomonas aeruginosa and Bacillus subtilis, respectively, using the 

streak plate techniques with a sterile wire loop, and incubated overnight at 37
0
C. To obtain pure 

isolates of the microorganisms, isolates were sub-cultured onto fresh labelled nutrient agar plates 

and incubated overnight at 37
0
C. The sub-culturing was done according to the labels on the 

plates. Eight nutrient agar plates were prepared; four were labelled B1, B2, B3, B4 and the other 

four were P1, P2, P3, and P4. Isolates from P were sub-cultured in replicates on the Ps, while 

isolates from B were sub-cultured on the Bs.  

2.4 INOCULATION OF NUTRIENT BROTH WITH MICROORGANISMS 

Four conical flasks (calibrated 500mls) containing 250mls of prepared nutrient broth were 

labelled separately as P1, P2 – Pseudomonas and B1, B2 for Bacillus. The eight nutrient agar 



 

 

plates were used; four plates were inoculated with Bacillus subtilis, while the other four were 

with Pseudomonas aeruginosa. 2mls of sterile distilled water were poured into each plate under 

aseptic conditions. Afterwards,a flamed inoculating loop was used to scrape the microbial 

growth displayed on plates and was poured into the conical flasks as directed by the labels. The 

flasks were incubated overnight at 37
0
C after inoculation. After incubation, microbial growth 

was measured by taking the turbidity reading twice at a daily interval of 6 hours, using the UV-

Vis spectrophotometer (Model: 1-290). Reading was taken aseptic condition using Bunsen 

burner and cleaning the bench with cotton wool moistened with 70% alcohol.  

2.5 INOCULATION OF EFFLUENT WITH BROTH  

Four clean plastic containers washed with detergent (so Klin, Nigeria) were labelled P-

Pseudomonas, B-Bacillus, C-Control containing effluent alone, and M-Bacillus + Pseudomonas. 

Two (2) liters of fresh untreated effluent were then measured using a measuring cylinder and 

poured into each bowl. The inoculated nutrient broths in conical flasks were poured into the 

bowls as directed by the labels. The setup (samples) was opened and placed in a confined area in 

the laboratory,where it was monitored for five weeks. 

 

 

 

2.6 ENUMERATION OF MICROBIAL POPULATION 

2.6.1 Total bacteria (viable) count 

The total bacterial counts of the samples were obtained by aseptically introducing aliquots 

(0.1ml) of appropriate dilution on a sterile nutrient agar plate by spread plate technique after 

serial dilution. The plates were incubated at 37
0
C for 18-24 hours. The total viable count of the 



 

 

samples was estimated based on the colony counts and multiplied by the reciprocal of the 

dilution factor and reported as a colony-forming unit. This was taken from each of the labelled 

containers from which the mean population was taken using the formula; 

CFU/mL=
                                    

                       
 

2.7 DETERMINATION OF PHYSICO-CHEMICAL PARAMETERS 

2.7.1 Hydrogen ion concentration 

The pH of the wastewater samples was determined using a portable pH meter with combined 

glass and calomel electrodes. The pH meter was standardized with buffer solution pH 4.0, 9.2 

and 7.0, after which the samples were tested in turn. 

2.7.2 Electrical conductivity  

The electrical conductivity was measured using a portable electrical conductivity meter (H.M. 

Digital COM-100). The electrical conductivity meter was standard with 342 ppm sodium 

chloride solution, after which the different samples solution were analyzed for electrical 

conductivity. 

2.7.3 Temperature 

The temperature of effluent samples was determined using the mercury bulk thermometer. The 

probe was dipped into the effluent samples left for 3 minutes. Readings were determined from 

the rise in the level of mercury. The samples were stirred using a stirring rod before analyzing 

the temperature. 

2.7.4 Appearance and odour 

The appearance and odour of the samples were determined by an organoleptic method using 

physical observation and by smelling the samples. 

2.7.5 Titratable acidity 



 

 

The titratable acidity of the sample solution was determined by the methyl orange method. To 

50cm
3
 of the sample, 2 drops of methyl orange indicator were added in a conical flask placed 

over a white surface. The solution was then titrated with standard 0.02N sodium hydroxide 

(NaOH) until the colour became faint orange. 

2.7.6 Sulphate (SO4
2-

), Nitrate (NO3-) and Phosphate (PO4
3-

) 

The SO4
2-

, NO3- and PO4
3-

 were determined using the HACH DR 2000 direct reading 

spectrophotometer, which is internally calibrated. For each of the parameters, the HACH 

reagents in pillows were added to 25ml of water samples, and after the reaction time, the 

concentration was read directly in the spectrophotometer after zeroing with the blank. Each 

parameter, SO4
2-

, NO3- and PO4
3-

 has their respective wavelength of best absorption, SO4
2-

(450nm), NO3- (500nm) and PO4
3-

 (890nm). 

2.7.7 Dissolved oxygen (D.O.) 

The D.O. of the water sample was determined using a portable dissolved oxygen meter. 

2.7.8 Total bicarbonate (HCO
3-

) 

The total bicarbonate was determined by titrating 50cm
3
 of the wastes water sample with 

0.1NH2SO4 in a conical flask using 5 drops of phenolphthalein indicator until a colourless 

solution was obtained (V1). At the end of the titration, 2 drops of methyl red were added to the 

same flask. The titration continued until the solution changed from yellow to rose red (V2). 

Calculation 

1ml of 0.1N H2SO4 = 0.0061g HCO
3-

 

V1 = Vol. of 0.1N H2SO4 used in phenolphthalein titration 

V2 = Vol. of 0.1N H2SO4 used in red methyl titration. 

2.7.9 Residual oil content (ROC)  



 

 

The residual oil content was determined by extraction of samples with N-hexane followed by 

quantification by gravimetric method. About 100cm
3
 water sample was extracted with 50cm of 

n-hexane twice, and the extract collected was passed through a packed column of anhydrous 

sodium sulphate to remove water (dehydration) and collected in a dry beaker. The resulting 

solution was then evaporated to dryness over a hot water bath. The increase in the mass of the 

beaker gave the mass of oil extracted from the 100cm
3
 of the wastewater sample. 

Calculation  

ROC (mg/l)  = (M2 – M2) x 104 

M2   = Mass of oil + beaker 

M1   = Mass of beak 

2.8 BIOCHEMICAL OXYGEN DEMAND (BODS
20

) 

The BODs
20

 was carried out by determining the dissolved oxygen content of the sample at 

zerodays, day of sampling and the fifth day after incubation at 20
0
C in a dark bottle. The 

difference between dissolved oxygen at zero and that of the firth, multiplied by the dilution 

factor, gives the BODs
20

. 

 



 

 

3.0 RESULT 

Changes in Physicochemical and Microbiological Parameters 

The table below shows the changes in the mean population of the microorganisms as well as the physicochemical parameters, which 

include sulphate, phosphate, nitrate, total bicarbonate, residual oil content, dissolved oxygen, biochemical oxygen demand, and pH of 

the three samples P, B, and M compared with the control (C).  

Table 1: Mean changes in Physicochemical and Microbiological Parameters. 

Week

s 

Sampl

e 

SO4
-2

 

mg/l 

NO3
-

1
 

mg/l 

PO4
-

3
 

mg/l 

HC

O3    

mg/l 

RO

C 

mg/l 

Ph Conductivi

ty   Scm-1 

Titratab

le 

acidity 

Mean 

populatio

n 

1 P 

B 

M 

C 

4.0 

6.0 

6.0 

6.9 

48 

46 

46 

48 

43 

43 

48 

46 

0.06 

1.0 

1.90 

1.20 

0.02 

1.0 

1.90 

1.20 

7.4 

7.4 

6.9 

7.2 

2200 

2190 

2000 

2200 

210 

272 

200 

272 

3.2 x 10
9
 

4.1 x 10
8
 

5.0 x 10
5
 

3.1 x 10
2
 

2 P 

B 

M 

C 

7.2 

5.1 

5.8 

6.2 

37 

32 

43 

46 

40 

41 

32 

37 

0.10 

0.2 

1.02 

1.10 

0.05 

0.03 

0.01 

0.02 

7.1 

7.2 

7.1 

7.2 

2250 

2230 

1887 

2187 

240 

279 

188 

270 

3.8 x 10
9
 

4.7 x 10
9
 

4.7 x 10
11

 

4.2 x 10
7
 

3 P 

B 

M 

C 

6.0 

6.2 

5.6 

5.0 

30 

32 

30 

25 

32 

36 

26 

32 

0.34 

0.2 

0.56 

1.02 

0.03 

0.025 

0.01 

0.01 

6.8 

7.1 

7.1 

6.6 

1950 

2100 

1880 

2192 

270 

289 

164 

274 

4.5 x 10
9
 

5.2 x 10
9
 

6.8 x 10
11

 

3.4 x 10
10

 

4 P 

B 

M 

C 

3.2 

5.1 

4.2 

4.2 

28 

30 

26 

25 

30 

30 

16 

30 

0.54 

ND 

0.21 

0.56 

0.04 

0.01 

0.01 

0.01 

6.8 

6.6 

6.9 

6.9 

1940 

2050 

1740 

2050 

290 

269 

140 

281 

2.6 x 10
11

 

3.2 x 10
11

 

6.9 x 10
11

 

4.0 x 10
8
 



 

 

5 P 

B 

M 

C 

3.0 

4.9 

4.1 

1.6 

22 

26 

20 

20 

27 

27 

6 

27 

0.33 

ND 

0.21 

0.56 

0.02 

0.01 

0.03 

0.002 

6.9 

7.2 

6.9 

7.1 

1930 

1900 

1650 

1990 

275 

288 

125 

200 

1.8 x 10
11

 

1.8 x 10
10

 

6.9 x 10
11

 

3.5 x 10
4
 

 

 

Dissolved Oxygen (D.O.) 

The figure below shows the measures of dissolved oxygen in the samples for the five weeks. Dissolved oxygen measurement in 

wastewater is essential and serves as an indicator for ecosystem conditions and the survival of aquatic life (State of Narragansett Bay 

and its Watershed 2017 Technical Report). 



 

 

 

Fig 1: Dissolved Oxygen 
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Biochemical Oxygen Demand (BOD) 

The amount of oxygen used by microbes in water to decompose organic matter is called BOD, 

and it is essential in determining the extent of wastewater pollution and the effectiveness of the 

treatment method used. The figure below shows the BOD of the samples compared with the 

control for five weeks. 

 

 

Fig 2: Biochemical Oxygen Demand. 
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4.0 DISCUSSION 

Not with standing that water is an abundant natural resource making up 71% of the earth [8], 

only 3% of it is freshwater. Furthermore, about 5% of the freshwater, equivalent to 0.15% of the 

entire global waters, is readily accessible for beneficial purposes [9]. This shows the 

insufficiency of water for domestic uses and the harm it may cause in the future, just as estimated 

by a recent U.N. report that indicates that by 2025, two-thirds of the world's population could 

face water stress. Out of this little water accessible for use, industries consume a reasonable 

amount, mostly in cleaning, which returns into the environment as effluents/wastewater after 

treatment. This present study analyzes Pseudomonas aeruginosa and Bacillus subtilis in the 

microbial treatment of wastewater, which can restore the original natural surroundings, save cost, 

and prevent further pollution [10]. This study shows that the effluents of paint can be treated 

using P. aeruginosa and B. subtilis. In this present study, the analysis results of the microbial 

inorganic sources, namely HCO3-, PO4
-3

, NO3
-1

 and SO4
-2

, were low in effluent samples at week 

5 (Table 1), which is low in agreement with the studies of Tolulopeet al. [11].A significant 

amount of remediation was recorded in M with PO4 almost completely deleted, showing that the 

organisms' synergistic degradation of the effluents is more efficient and effective. Nitrate and 

phosphate are given special attention in water pollution because they play a significant role in 

eutrophication, leading to algae growth enhancement if not handled, which causes the death of 

aquatic animals [12]. 

Fig. 1 and 2 deplete the changes in D.O. and BOD over time in the setups. In M dissolved 

oxygen, data obtained showed increasing trends with a corresponding significant decrease in 

BOD;a similar inverse relationship between D.O. and BOD has been reported by Ram et al. [13] 

and Aboulhassanet al. [14]. In P and B, the BOD reduction was not so rapid compared with M. 



 

 

In C, the trends of the results were different, particularly in the BOD, as there was no appreciable 

reduction compared with the experimental samples.A high BOD level in water means a problem, 

and higher aquatic animals suffer from stress, suffocate and die due to low dissolved oxygen 

[11]. 

The mean changes in the population of bacteria displayed a similar growth pattern in P, B, and C 

in week 3, suggesting the presence of contaminants in C from the laboratory environment as 

microbial load in the control sample was infinitesimal in week 1. The changes in ROC and pH in 

the setup over time are summarized in Table 1. Finally, there was an observable decrease in the 

volume of effluent and week 5,and the effluent was utterly dried up, probably due to evaporation 

as raw materials used in paint formulations contain effervescent chemicals. 

5.0 CONCLUSION 

Just as in other developing countries, waste and its management are a significant problem in 

Nigeria due to urbanization and industrialization. Presently, wastewater management is done 

poorly or even not in existence in Nigeria. This causes a significant hazard to the environment, 

especially to water bodies where most industries channel their wastewater, causing 

eutrophication, algal boom, reduction in dissolved oxygen, and an inverse rise in biochemical 

oxygen demand. This results inthe death of aquatic life, causing a reduction in aquatic food and 

environmental pollution. Instead of using chemicals to treat paint effluents, this study suggests 

using P. aeruginosa and B. subtilis, an environmentally friendly approach that is efficient 

through their ability to increase the D.O. while decreasing the BOD of the paint effluent studied. 
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