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Abstract 
Industrial wastewater is a complex combination of multiple types of 

contaminants, including diverse synthetic compounds, hydrocarbons, and 

heavy metals. The aim of this research is to evaluate wastewater 

management procedures in the paint industry in order to offer guidance and 

recommendations on the impact of effluent on neighboring streams and 

rivers. Wastewater samples were gathered from a Lagos paint factory. The 

samples for this investigation were taken before, during, and after the 

treatment plant to determine the differences in physicochemical parameters 

at each segment of the treatment areas. The samples were immediately 

collected in 2L bottles and correctly labeled on the spot, taken to the 

laboratory and kept at 4°C prior to analyses. Standard procedures were 

used to examine the samples for physicochemical characteristics. The 

results obtained were pH (8.9 to 7.08); DO (2.1 to 10.6 mg/l); BOD (180 to 

65 mg/l); COD (750 to 224 mg/l); nitrates (26 to 1.01 mg/l); phosphate(0.02 

to 0.30 mg/l); alkalinity (990 to 170 mg/l); acidity (330 to 24 mg/l); calcium 

hardness: (506-390 mg/l). The physicochemical parameters' values were 

found to be greater than the FEPA acceptable effluent limits. Due to various 

stages of wastewater treatment plant, there is a high COD concentration in 

African Scholar 

Publications & 

Research  

International  

VOL. 22 NO. 9 
ISSN: 2278-1897 
SEPTEMBER, 2021 
 

African Scholars Journal of pure and Applied Science (JPAS-9) 



200  africascholarpublications@gmail.com                                                                               

 2021 
 

raw sewage and a low concentration in final treated waste water. The 

wastewater plant's performance was assessed using its percentage 

reduction capabilities, which demonstrated its capacity to reduce all of the 

effluent parameters. It is therefore advised that treated water be discharged 

into surrounding bodies of water after passing through a wastewater 

treatment plant, in order to remove the pollutants. As a result, wastewater 

treatment is critical for preserving and sustaining water quality, and the 

treated wastewater can subsequently be used for secondary applications 

including irrigation, gardening, and industrial cooling. 

 

Key: Paint industry, wastewater, wastewater management, 

physicochemical parameters 

 

 

Introduction 
Potable water is man's most basic 

requirement for survival. Water 

lubricates joints, maintains body 

temperature, and acts as the 

foundation for body fluids and 

metabolism (Staci, 2005). Water is a 

good solvent because it readily 

absorbs contaminants, changing the 

taste, color, and aroma. Water's 

regular functioning and qualities are 

harmed when it is polluted, as is 

widely known (Trivedi et al., 2010). 

Water's physical, chemical, and 

biological qualities are thought to be a 

major determinant of health and 

sickness in living creatures (Kazi et 

al., 2009). Water that flows across the 

land in the form of streamlets, springs, 

streams, and rivers, or collects to 

create ponds, lakes, and seas, is 

referred to as surface water. 

Groundwater, on the other hand, is 

found underground in aquifers and is 

connected to surface water by 

penetration and springs. Water 

characteristics are influenced by 

anthropogenic activities such as 

urbanisation, industrialisation, 

agriculture, and deforestation (Munab 

et al., 2009). Water pollution by 

effluent has become a question of 

considerable public and scientific 

concern in the light of evidence of 

their extreme toxicity to human health 

and to biological ecosystems (Katsuro 

et al., 2004). The occurrence of heavy 

of metals in industrial and municipal 

sewage effluents constitute a major 

source of the heavy metals entering 

aquatic media. Hence there should be 
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regular assessment of these sewage effluents to ensure that adequate measures 

are taken to reduce pollution level to the minimum (Katsuro et al., 2004). 

Worldwide water bodies are primary means for disposal of waste, especially the 

effluents from industrial, municipal sewage and agricultural practices that are 

near them. This effluent can alter the physical, chemical, and biological nature 

of receiving water body (Sandoyin, 1991). In view of this, this study aims at 

assessing wastewater management practices in paint industry with a view to 

providing advice and recommendation on the impact of effluent in nearby 

streams and rivers. 

 

MATERIALS AND METHOD 

Sampling 

Wastewater samples were collected from a paint industry in Lagos. The samples 

were collected before the treatment plant, at the treatment plant and after the 

treatment plant in order to ascertain the variations in the physicochemical 

parameters at each section of the treatment areas. The samples were collected 

in 2L bottles and properly labeled immediately at the spot. Thereafter, the 

samples were taken to the laboratory and stored at 40C prior to analysis.  

 

Physicochemical analysis 

The water from samples were analysed for alkalinity, pH, acidity, biochemical 

oxygen demand, hardness, chemical oxygen demand, nitrite, phosphate demand 

sulphate and nitrite as describe by FAO (1997). 

 

Alkalinity Determination 

50 ml of water sample was taken in a 250-ml conical flask, mixed indicator 

added and then titrated with 0.1 M HCl solution to a pink endpoint. 

Calculation: 

Alkalinity (mg/l) = Titre value x Molarity 50,000 

                                   Volume of sample 

 

Acidity Determination  

50 ml of water sample was accurately measured into a 250-ml conical flask. 

Two drops of phenolphthalein indicator added and then titrated with 0.02 N 

NaOH solution to light pink. 

Calculation: 
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Acidity (mg/l) = Titre value x Molarity x 50000 

 Volume of sample 

 

Determination of pH 

The pH meter was initially calibrated with buffer 4.0 solution, and then with 

buffer 7.0 solutions and finally with buffer 9.21 solutions. This was done in 

order to ensure the accuracy and workability of the pH meter. Thereafter, the 

pH values of the water samples were determined directly. 

 

Dissolved Oxygen Determination 

The water sample was poured into a 250-ml bottle until the bottle was filled to 

the brim. 1 ml of MnSO4 solution and 1 ml of alkali-iodide-azide reagent were 

added well below the surface of the sample. The bottle was stoppered and its 

content mixed by inverting it several times and allowed to settle for 2 min, 2 ml 

of concentrated H2SO4 was added and the solution mixed. Thereafter, 50 ml 

aliquot of the solution was taken and titrated with sodium thiosulphate until a 

straw colour was reached. Then, two drops of starch solution were added and 

the blue solution titrated with standard sodium thiosulphate solution to 

colourless endpoint. 

Calculation: 

DO (mg/l) = 

( )2

000,16

1

1

2 −V
V

V

VxMx
 

 

Biochemical Oxygen Demand Determination  

10 ml each of phosphate buffer, magnesium sulphate, calcium chloride, ferric 

chloride, sodium sulphite and ammonium chloride was added to 10 litre of tap 

water in a polyethylene bucket to make dilution water. The dilution water was 

stirred for three minutes to enable complete dissolution of atmospheric oxygen 

into it. Then, a clean standard flask was filled halfway with the dilution water, 

15 ml of water sample added and the standard flask was filled to the 1 litre mark. 

Thereafter, a 300 ml amber bottle was filled to the brim with the diluted sample 

and the bottle was stoppered and incubated at 200C for 5 days. Another 

transparent 300 ml bottle was filled to the brim with the remaining diluted 

sample. 1 ml of MnS04 solution and 1ml of alkali-iodide-azide reagent were 

added below the surface of the diluted sample in the transparent bottle, the bottle 
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was stoppered, shaken by inverting it several times and allowed to settle for 2 

minutes. 2 ml of concentrated sulphuric acid was added and the solution was 

mixed by inverting the bottle severally. 50 ml aliquot of the solution was taken 

for titration and two drops of starch solution was added and solution titrated 

with standard sodium thiosulphate solution to a colourless end-point to 

determine dissolved oxygen zero (DO0) at the beginning of the twenty days. At 

the end of the 5 days, the sample in the incubator was brought out and opened. 

1 ml of MnS04 solution and 1 ml of alkali iodide-azide reagent were added well 

below the surface of the sample in the amber bottle. The bottle was stoppered 

and allowed to settle for 2 min. 2 ml of concentrated sulphuric acid was added 

and the solution was mixed by inverting the bottle several times. 50 ml aliquot 

of the solution was titrated with sodium thiosulphate until a straw colour was 

reached, 2 drops of starch solution added and the blue solution was titrated with 

standard sodium thiosulphate solution to a colourless endpoint to determine 

dissolved oxygen five (DO5).  A blank sample was prepared in all the cases. 

Calculation: 

BOD (mg/l) = DO0 – DO5 

Dilution Factor 

 

Hardness Determination 

25 ml of water sample was accurately measured into a 250-ml conical flask, 4 

ml of the buffer solution added and two drops of the indicator added. The 

resulting solution was titrated with 0.01 M EDTA to blue endpoint. 

Calculation: 

Hardness (mg CaCO3/l) = Molarity of EDTA x Volume of EDTA x 100000 

Volume of sample 

 

Chemical Oxygen Demand Determination 

25 ml of sample was accurately measured into a reflux flask. 0.5 g HgSO4, 

several glass beads and 2.5 ml sulphuric acid reagent were added. The resulting 

solution was shaken to dissolve the HgSO4 and then cooled to avoid loss of 

volatile materials. 12.5 ml of 0.0417 M K2Cr2O7 solution was added and mixed. 

The flask was attached to a condenser and 35 mL sulphuric acid reagent was 

added through open end of condenser. Swirling and mixing continued while 

adding acid. 
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Thereafter, the mixture was thoroughly mixed before applying heat to prevent 

blow-out of flask. Open end of reflux was covered to prevent entrance of foreign 

material. Mixture was refluxed for 2hours, cooled and the condenser washed 

down with distilled water. The reflux condenser was disconnected and mixture 

was diluted twice its size (with total of 70 ml distilled water), cooled to room 

temperature and excess K2Cr2O7 was titrated with ferrous ammonium sulphate 

(FAS) using 2 to 3 drops Ferroin indicator to reddish brown endpoint. Similarly, 

a blank with all reagents added to 25 ml of distilled water was titrated.  

 

Calculation: 

COD (mg O2/l) = (A –B) x M x 8000 

Volume of sample 

A = ml FAS for blank 

B = ml FAS for sample 

M = Molarity of FAS 

 

Nitrate Determination 

Nitrate standards were prepared in the range 0.1–1.0 mg N/l diluting 1.00, 2.00, 

4.00, 7.00 and 10.0ml standard nitrate solution to 10 ml with distilled water. A 

series of reaction test tubes in test tube stand were set up and 10 ml sample was 

added to the reaction test tubes. The stand was placed in a cool water bath. 2 ml 

NaCl solution, 10ml H2SO4 solution and 0.5ml brucine-sulphanilic acid were 

added and the tubes swirled and then placed in boiling water bath at temperature 

95°C. After 20 minutes the tubes were removed and immerse in cool water bath 

and the resulting solution poured into cuvette to read the concentration of the 

standards and samples against the reagent blank at 410nm. A standard curve of 

absorbance value against the concentration of NO-3-N of the standard was 

prepared and then the concentration of NO-3-N in the sample from the known 

value of absorbance determined. 

 

Phosphate Determination 

50ml sample was measured into a dry test tube, 1 drop of phenolphthalein 

indicator added and then 1 ml of 5 N H2SO4 solutions added to discharge the 

red coloration. Thereafter, 8ml of combined reagents was added and mixed 

thoroughly. After about 20 minutes, the absorbance of each sample was 

measured at 880nm, using reagent blank as the reference solution. For highly 
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colored or turbid waters, a blank was prepared by adding all reagents except 

ascorbic acid and potassium antimonyl tartrate to the sample. Blank absorbance 

was then subtracted from absorbance of each sample to correct the turbidity or 

interfering color. 

 

Sulphate Determination 

100ml water sample was measured into 250ml conical flask and 20ml buffer 

solution was added and mixed in stirring apparatus. A spoonful of barium 

chloride crystals was added while stirring and the stirring was done for 

60seconds. Thereafter, the resulting solution was poured into a cuvette and the 

sulphate concentration determined with ultraviolet-visible spectrophotometer at 

wavelength of 420 nm. 

 

RESULTS AND DISCUSSION 

Results 

Table 1: Results of the physicochemical parameters of the effluent 

Parameters Raw 

effluent  

(1) 

Addition of chlorine, alum, lime and 

polyelectrolyte (2) 

Filter tank 

(3) 

Treated 

water (4) 

FEPA 

Calcium Hardness 

(mg/l) 

506 411 355 390 NS 

pH 8.9 7.43 7.93 7.08 5.5-

9.5 

BOD (mg/l) 180 126 80 65 50 

COD (mg/l) 750 480 351 224 80 

NO3-N (mg/l) 26 14 1.11 1.01 20 

PO4-P (mg/l) 0.30 0.06 0.03 0.02 5 

SO4 (mg/l) 782 601 388 241 500 

Acidity (mg/l) 330 200 46 24 NS 

Alkalinity (mg/l) 990 540 210 170 NS 

DO 2.1 7.7 9.5 10.6 NS 

BOD = Biochemical Oxygen Demand, COD = Chemical Oxygen Demand, DO 

= Dissolved oxygen 

 

Table 2: Comparison of the results obtained raw effluent and treated water 

Parameter Raw effluent Treated water % Reduction 

Calcium Hardness (mg/l) 506 390 23 

pH 8.9 7.08 20 

BOD (mg/l) 180 65 64 

COD (mg/l) 750 224 70 
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NO3-N (mg/l) 26 1.01 96 

PO4-P (mg/l) 0.30 0.02 93 

SO4 (mg/l) 782 241 69 

Acidity (mg/l) 330 24 93 

Alkalinity (mg/l) 990 170 83 

DO 2.1 10.6 80 

BOD = Biochemical Oxygen Demand, COD = Chemical Oxygen Demand, DO 

= Dissolved oxygen 

 

Discussion  

pH 

The pH values obtained in this study ranges from 8.9 to 7.08 with the raw 

effluent having the pH value of 8.9 while the treated water had pH value of 7.08. 

Both were alkaline but the raw effluent was more alkaline than the treated water. 

The pH values obtained were within the Federal Environmental Protection 

Agency (FEPA) (1991) (5.5-9.5) and World Health Organization (WHO) (7.0-

8.5) allowable limits for effluent. pH is among the physicochemical factors 

influencing the growth of bacteria in waste stabilization ponds (Mayo and 

Noike, 1996). 

 

Dissolved Oxygen 

Throughout the period, the dissolved oxygen profile ranges from 2.1 to 10.6 

mg/l, and the results were not within the FEPA (1991) effluent limit (not less 

than 2.0). The presence of degradable organic matter, which resulted in a 

tendency to be more oxygen demanding, was found to cause the DO content in 

the raw effluent to deplete faster than DO in the treated final water. This could 

be attributed to the presence of degradable organic matter, which resulted in a 

tendency to be more oxygen demanding. 

 

Chemical and Biochemical Oxygen Demand 

With each subsequent treatment, the biological oxygen demand was shown to 

decrease (from 180 to 65 mg/l). However, the raw effluent had the highest BOD 

value, which was followed by the treatment plant, where chlorine was added to 

the raw effluent, and the processed water had the lowest BOD value. The results 

were higher than the permissible limit set by FEPA (1991). The treated water 

and raw waste BOD reduction percentage was found to be 64 percent (lower 
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than 70 percent obtained for COD). Because of the oxidation caused by chlorine 

and the bioavailable oxygen in the wastewater sample, this occurs. BOD is a 

measurement of how much oxygen microorganisms need to break down organic 

materials. After treatment, there is a significant reduction in BOD and COD in 

the influent. 

The studied effluent's chemical oxygen demand (COD) ranged from 750 to 224 

mg/l. The raw wastewater had the highest COD value. The COD readings 

measured were higher than the effluent limit set by FEPA (1991). This is 

undesirable since continuous discharge of effluent has impacted the receiving 

water body to some extent and this may have negative effects on the quality of 

the freshwater and subsequently cause harm to the aquatic life especially fish, 

downstream (Morrison et al., 2001). 

When the COD of the raw effluent was compared to that of the treated water 

(as shown in Table 4.2), the percentage reduction was found to be 70%, 

demonstrating the efficacy of the water treatment. When this finding was 

compared to COD values from treated final effluent and receiving water bodies 

in industrialized countries, it was discovered that the COD concentrations 

differed, as reported by WHO (1984). 

This increase in COD could be related to an increase in the addition of both 

organic and inorganic substances from the environment, as well as organic 

pollutant entering the systems via municipal sewage treatment plants, according 

to Ogunfowokan et al. (2005). The findings of this study correspond with those 

of Fatoki et al., (2003) and Morrison et al. (2001), who found that COD 

contributes significantly to effluent and receiving water bodies in Nigeria. 

Both the BOD and COD tests are indicators of a waste contaminant's relative 

oxygen-depletion effect and have been frequently used to assess pollution 

levels. The BOD test determines the oxygen demand of biodegradable 

pollutants, whereas the COD test determines the oxygen demand of oxidizable 

pollutants, as well as the amount of organic matter and carbon in the 

environment. 

Although BOD is not a pollutant in and of itself, it is a measure of organic 

pollution, and a high BOD load poses a threat to the aquatic environment by 

lowering dissolved oxygen levels to levels that are harmful to aquatic 

organisms, whereas COD is a measure of the amount of oxygen required to 

chemically oxidize the organic matter in water (Garg, 2006). 
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Nitrate, Sulphate and Phosphate 

As the end product of aerobic decomposition of organic nitrogenous materials, 

nitrates are the most highly oxidizable form of nitrogen compounds usually 

found in surface and ground water. The concentration of nitrates in this study 

fell gradually from 26 mg/l (raw wastewater) to 1.01 mg/l (treated water). 

Except for the raw effluent, where the nitrate values were greater than the FEPA 

(1991) limit, the amounts of nitrate acquired in the entire treatment stages were 

determined to be lower than the FEPA (1991) permitted limit for effluent (20 

mg/l). Because it is the ultimate product of aerobic degradation of organic 

nitrogenous matter, the most highly oxidized form of nitrogen compounds is 

widely found in surface and groundwater. Nitrate levels in unpolluted natural 

waterways are normally very low (Jaji et al., 2007). The treatment plant effluent 

could potentially be a source of nitrate in the receiving water body. The elevated 

nutrient levels in the receiving water's upstream discharge point could be due to 

diffuse sources such as settlement and agricultural runoff. 

The most highly oxidized form of nitrogen compounds is extensively found in 

surface and groundwater because it is the end product of aerobic breakdown of 

organic nitrogenous materials. Nitrate levels are generally quite low in 

unpolluted natural streams (Jaji et al., 2007). The effluent from the treatment 

facility could be a source of nitrate in the receiving water body. Diffuse sources 

such as settlement and agricultural runoff could be to blame for the elevated 

nutrient levels in the receiving water's upstream discharge point. Phosphate 

values in the effluent ranged from 0.02 to 0.30 mg/l, while sulphate contents 

ranged from 782 to 241 mg/l. The phosphate readings obtained for both the raw 

effluent and the treated water fell short of the FEPA (1991) acceptable limit of 

phosphate in effluent before disposal (5 mg/l), but the sulphate values obtained 

were substantially over the FEPA (1991) allowable limit of sulphate (500.0 

mg/l). As shown in Table 2, the phosphate and sulphate values obtained for the 

treated water were lower than those found for the effluent, indicating some 

amount of purification (93 percent and 69 percent, respectively). 

Human-produced nutrients (such as nitrogen and phosphorus) can cause lake 

eutrophication and nitrite contamination of drinking water (NBMA, 1999), and 

an excess of these nutrients is known to cause major water pollution problems 

in streams, lakes, and the coastal marine environment in many countries. 

Diatoms are favored in nutrient-rich habitats, particularly nitrate-rich 

environments, according to Adesalu and Nwankwo (2010), whereas Nwankwo 
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(2004) noted that high levels of nutrients usually result in high abundance of 

some microalgal species in aquatic water environments. 

 

Alkalinity, Acidity and Calcium Hardness 

The alkalinity, acidity, and calcium hardness values obtained for the effluent 

dropped gradually (990-170 mg/l alkalinity; 330-24 mg/l acidity; 506-390 mg/l 

calcium hardness). The untreated effluent had the highest alkalinity and acidity 

values (990 mg/l alkalinity; 330 mg/l acidity; 506 mg/l hardness), whereas the 

treated water had the lowest alkalinity value (170 mg/l alkalinity; 24 mg/l 

acidity; 390 mg/l calcium hardness) and the percentage reduction was found to 

be 83 percent and 93 percent respectively for alkalinity and acidity as shown in 

the table 2. 

 

CONCLUSION 

Wastewater effluents are dumped into the environment without being treated, 

which is not a sustainable situation that demands immediate action. The 

assessment of physicochemical characteristics such as pH, calcium hardness, 

BOD, COD, nitrate, sulphate, phosphate, acidity, and alkalinity is shown in this 

study. Due to various stages of waste water treatment plant, there is a high COD 

concentration in raw sewage and a low concentration in final treated waste 

water. The waste water treatment plant's performance was assessed, and it was 

found to be capable of lowering all of the effluent parameters. 
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