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Abstract 

Industrial effluents remain a practical but often under-managed threat to surface water quality, especially in fast-growing 
urban and industrial centres. This study assessed the physicochemical quality of normal water, untreated effluents and treated 
effluents from two food-processing industries in Port Harcourt, Nigeria. Sixty juvenile Clarias gariepinus were obtained from 
the African Regional Aquaculture Research Centre, University of Port Harcourt, acclimatised for three days and assigned to 
six exposure groups for two weeks. The measured variables included pH, temperature, conductivity, total dissolved solids, 
salinity, dissolved oxygen, biochemical oxygen demand, chemical oxygen demand, total suspended solids, turbidity, nitrate, 
nitrite, sulphate, phosphate, total nitrogen, ammonia, chloride, total chlorine, hardness and oil and grease. Data were analysed 
with IBM SPSS version 21, and statistical significance was accepted at p < 0.05. The results showed clear differences between 
control water and effluent samples. Untreated effluents generally had higher organic load, suspended solids and nutrient 
concentrations, while treatment reduced several pollutants but did not fully normalise all parameters. Dufil Prima effluents 
showed marked increases in conductivity, dissolved solids, salinity, chloride, phosphate, TSS and turbidity, whereas Mac-
Cannon samples were more acidic, with untreated effluent showing low dissolved oxygen and elevated phosphate. In my 
view, the most concerning pattern is not a single extreme value but the persistence of nutrients, particulate matter and 
residual organic contamination after treatment. These findings suggest that the current treatment systems offer partial 
protection, yet still require optimisation, tighter operational control and routine independent monitoring before discharge 
into receiving environments. 
Keywords: industrial effluents; physicochemical parameters; wastewater treatment; food-processing industries; aquatic 
ecology; Port Harcourt. 

 
Introduction 

Water pollution is not an abstract environmental idea. In industrial cities such as Port Harcourt, it can be seen in the colour 
of receiving drains, the smell around discharge points and, in some cases, the thin oily layer that forms on the surface of 
nearby water bodies. UNEP has repeatedly linked deteriorating water quality to rising wastewater discharge, urban growth 
and weak pollution control, and this pattern is particularly relevant in developing regions where monitoring capacity is 
uneven [1]. Water becomes environmentally unsafe when human activities shift its physical, chemical or biological properties 
beyond levels that aquatic organisms and people can tolerate [2]. 
Food-processing industries use water for washing, cooking, cooling, extraction, cleaning and transport of raw materials. That 
said, the same operations generate wastewater with variable amounts of biodegradable organic matter, suspended solids, 
nutrients, salts, detergents, fats, oils and grease. Recent reviews of food-industry wastewater show that BOD, COD, TSS, 
pH, conductivity and nutrients are among the most useful screening indicators because they give a quick picture of pollution 
strength and treatment performance [3,4]. 
Physicochemical parameters tell different parts of the story. pH influences chemical speciation and metal solubility. Dissolved 
oxygen gives a direct clue about whether aquatic life can be sustained. BOD and COD point to the oxygen demand created 
by organic matter, while TSS and turbidity describe the particulate load that can reduce light penetration and smother benthic 
habitats. Conductivity, TDS, salinity and chloride, on the other hand, reflect ionic enrichment, which may arise from raw 
materials, processing salts, cleaning agents or treatment chemicals [2,5]. 
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Nutrients need particular attention. Even when nitrate or total nitrogen appears moderate, phosphate enrichment can still 
promote eutrophication, especially in slow-moving receiving waters. In a way, a small food-processing discharge can become 
ecologically important if it enters a creek or wetland with limited dilution. Phosphorus-driven algal growth may later reduce 
dissolved oxygen as organic material decomposes, creating stress for fish and invertebrates [6,7]. 
Nigeria's industrial corridors face a familiar problem: industries are expected to treat wastewater, but the efficiency of 
treatment systems is not always consistent. The issue is not simply whether a plant has an effluent treatment unit; the harder 
question is whether that unit consistently removes pollutants under real operating conditions. For food-processing facilities, 
where wastewater composition can change with production schedule, cleaning cycle and raw material load, routine effluent 
testing is essential [4,8]. 
This study therefore evaluated the physicochemical properties of normal water, untreated effluents and treated effluents from 
Dufil Prima Foods Plc and Mac-Cannon Nigeria Limited in Port Harcourt. The aim was to assess how treatment affected 
key water-quality indicators and to interpret the ecological implications of the measured changes. We argued that this kind 
of site-specific evidence is useful because it moves the discussion from general concern about industrial pollution to 
measurable discharge characteristics that regulators and plant operators can act on. 

Materials and Methods 
Study area 

The study was carried out in Port Harcourt, Rivers State, Nigeria. Effluent samples were collected from two food-processing 
industries: Dufil Prima Foods Plc, an instant-noodle production facility, and Mac-Cannon Nigeria Limited, a vegetable-oil 
processing facility. Both industries operate wastewater treatment systems, which made it possible to obtain treated and 
untreated effluent samples from the same industrial settings. 

Sample collection 
Normal water, untreated effluent and treated effluent samples were collected in clean plastic containers from reservoir tanks, 
effluent collection points and discharge outlets, respectively. The containers were properly labelled and transported to the 
laboratory immediately after collection to reduce changes in sample integrity. 

Experimental design 
Sixty juvenile Clarias gariepinus were obtained from the African Regional Aquaculture Research Centre, University of Port 
Harcourt. The fish were acclimatised for three days under laboratory conditions before being randomly distributed into six 
groups of ten fish each. The groups were exposed for two weeks to normal water, treated effluent and untreated effluent from 
the two industrial sources. 

Physicochemical analysis 
Physicochemical analyses were carried out using standard laboratory procedures. The measured variables were temperature, 
pH, conductivity, turbidity, total dissolved solids, salinity, dissolved oxygen, biochemical oxygen demand, chemical oxygen 
demand, total suspended solids, nitrate, nitrite, sulphate, phosphate, total nitrogen, chloride, hardness, total chlorine and oil 
and grease. Temperature and pH were measured directly, while conductivity and total dissolved solids were determined with 
appropriate meters. Turbidity, nitrate, nitrite, sulphate, phosphate and chlorine were measured spectrophotometrically. 
Dissolved oxygen was assessed by the modified Winkler method, BOD after five-day incubation at 20°C and COD by 
dichromate digestion. Total nitrogen was determined through digestion, distillation and titration, while chloride and 
hardness were measured titrimetrically. Oil and grease were determined by solvent extraction followed by instrumental 
measurement. 

Safety measures 
Field and laboratory work followed standard safety practice. Gloves, laboratory coats, safety boots and helmets were used 
where appropriate during sample collection, handling and analysis. 

Statistical analysis 
Data were analysed using IBM SPSS Statistics version 21. Results are presented as mean ± standard error of the mean or 
mean ± standard deviation, as indicated in the tables. Differences among groups were assessed using post hoc multiple 
comparison tests, with significance set at p < 0.05. 

Results 
The physicochemical profile of the samples differed clearly between normal water, untreated effluents and treated effluents. 
The results for Dufil Prima Foods Plc are presented first, followed by the corresponding Mac-Cannon Vegetable Oil 
Company results. The tables retain the original mean values and significance notation. 

Discussion 
The findings show that treatment improved several water-quality variables, but the improvement was uneven. This is the 
central message of the study. A treated effluent sample may look acceptable in one parameter and still remain problematic in 
another. For instance, Dufil Prima's treated effluent had lower BOD, COD, turbidity, TSS and phosphate than its untreated 
effluent, yet conductivity, TDS, salinity and chloride remained high. Mac-Cannon showed a different pattern: the treated 
sample had a near-neutral pH and lower turbidity, but phosphate remained above the usual low background level expected 
for surface-water protection. 
The pH results deserve a little attention. Dufil Prima samples were close to neutral and fell within the commonly accepted 
drinking-water pH range of 6.5-8.5, while Mac-Cannon untreated effluent was acidic. Acidic wastewater can alter enzyme 
function in aquatic organisms and may also increase the mobility of some metals in water and sediment. In practical terms, a 
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creek receiving acidic discharge is less able to buffer additional pollution, especially during low-flow periods when dilution is 
weak [2,9]. 
Temperature was fairly stable across most samples, so thermal pollution does not appear to be the main concern here. Even 
so, small temperature shifts should not be ignored completely. Warmer water holds less oxygen, and where organic matter 
is also present, this can worsen oxygen stress. That is why temperature is best interpreted alongside DO, BOD and COD 
rather than treated as a stand-alone result [5,10]. 
Dissolved oxygen was one of the clearer warning signals. Untreated effluents from both industries had much lower DO than 
normal water, with Dufil Prima untreated effluent at 1.81 mg/L and Mac-Cannon untreated effluent at 2.05 mg/L. These 
values suggest oxygen depletion linked to organic loading. The elevated BOD and COD values support that interpretation. 
Although the COD values were below the listed guideline threshold, the combination of low DO and raised BOD still 
indicates that untreated discharge could create local hypoxic stress in receiving water bodies [5,10]. 
The conductivity, TDS, salinity and chloride results point towards ionic enrichment, especially in Dufil Prima effluents. 
Treated effluent from Dufil Prima recorded conductivity of 994.00 µS/cm and chloride of 480.00 mg/L, both higher than the 
normal water value. This pattern may reflect salts from processing inputs, cleaning operations or treatment chemicals, 
including chlorination. Chloride is not usually the most toxic contaminant in effluent, but at elevated concentrations it can 
affect taste, contribute to salinity stress and change the ionic balance of freshwater habitats [2,11]. 
Suspended solids and turbidity were also important. Dufil Prima untreated effluent had TSS of 75.00 mg/L and turbidity of 
14.30 NTU, while its treated effluent still showed 38.80 mg/L TSS and 7.63 NTU. These are not trivial values. Suspended 
solids can shade aquatic plants, settle over benthic organisms and carry adsorbed contaminants such as hydrocarbons or 
metals. Mac-Cannon showed lower turbidity after treatment, suggesting better particle removal in that stream, or simply a 
lower starting particulate load [5,12]. 
The nutrient results are arguably the most ecologically relevant part of the dataset. Nitrate and sulphate were generally 
within the stated limits, but phosphate was elevated in untreated effluents from both industries and remained high in Mac-
Cannon treated effluent. Phosphate concentrations of 7.03 mg/L in Dufil Prima untreated effluent and 4.03 mg/L in Mac-
Cannon untreated effluent are high enough to raise concern about eutrophication if discharged repeatedly into poorly flushed 
receiving waters. Excess phosphorus can stimulate algal growth, and the later breakdown of algal biomass consumes oxygen, 
worsening the same DO problem already suggested by the effluent data [6,7]. 
Oil and grease values were below the stated limit, but their presence in untreated and treated samples still matters. In a food-
processing context, fats, oils and grease can form surface films, interfere with oxygen transfer and coat sediments or aquatic 
organisms. Treatment reduced oil and grease in both industrial streams, which is encouraging, but residual levels show that 
the systems are not fully polishing the effluent [4,13]. 
Taken together, the results suggest partial treatment efficiency rather than complete remediation. This distinction matters 
for regulation. A wastewater treatment plant should not only reduce pollution relative to the raw effluent; it should 
consistently produce an effluent that is safe for the receiving environment. In my view, the persistent elevation of phosphate, 
conductivity, chloride, TSS and turbidity in some treated samples indicates that the current treatment processes need 
operational review, possibly including better primary clarification, improved nutrient removal, stricter control of chemical 
dosing and routine performance auditing [4,8]. 

Conclusion 
This study shows that industrial effluents from the two food-processing facilities altered several physicochemical properties 
of water in measurable ways. Treatment reduced organic load, turbidity, suspended solids and some nutrient concentrations, 
but it did not consistently bring all parameters to environmentally desirable levels. Dufil Prima effluents were mainly 
characterised by ionic enrichment, elevated chloride, high conductivity, suspended solids and phosphate, while Mac-Cannon 
untreated effluent was more acidic and showed clear oxygen depletion. The persistence of phosphate and residual organic or 
particulate contamination after treatment is the strongest ecological concern because it may encourage eutrophication, 
oxygen stress and habitat degradation in receiving waters. A more robust effluent-management approach is therefore needed. 
This should include process-specific treatment optimisation, routine independent monitoring, nutrient-focused removal 
strategies and stronger regulatory follow-up. Without these measures, treated effluent may continue to look improved on 
paper while still carrying enough residual pollution to affect aquatic ecosystems over time [2,4,6,8]. 
Results 
 

 

 

 

 

 



 
https://www.inosr.net/inosr-applied-sciences/                                                                                                     Uzoefuna et al 

58 

 

Table 1: Physicochemical parameters of normal water, untreated effluent and treated effluent from Dufil Prima 
Foods Company 

Parameter Normal water Untreated effluent Treated effluent 

pH 7.10 ± 0.10ᵃ 6.72 ± 0.01ᵇ 7.26 ± 0.04ᵇ 

Temperature (°C) 26.22 ± 0.02ᵃ 26.11 ± 0.01ᵇ 26.39 ± 0.01ᵇ 

Conductivity (µS/cm) 80.00 ± 0.00ᵃ 531.33 ± 1.15ᵇ 994.00 ± 1.00ᵇ 

TDS (mg/L) 39.67 ± 0.58ᵃ 260.00 ± 0.00ᵇ 497.33 ± 0.58ᵇ 

Salinity (mg/L) 35.03 ± 0.06ᵃ 249.00 ± 0.58ᵇ 488.00 ± 0.00ᵇ 

Dissolved oxygen (mg/L) 6.72 ± 0.02ᵃ 1.81 ± 0.02ᵇ 3.50 ± 0.00ᵇ 

COD (mg/L) <0.01 ± 0.00ᵃ 15.13 ± 0.12ᵇ 4.65 ± 0.02ᵇ 

BOD (mg/L) <0.01 ± 0.00ᵃ 8.77 ± 0.06ᵇ 2.32 ± 0.02ᵇ 

TSS (mg/L) <0.01 ± 0.00ᵃ 75.00 ± 0.00ᵇ 38.80 ± 0.69ᵇ 

Turbidity (NTU) <0.01 ± 0.00ᵃ 14.30 ± 0.00ᵇ 7.63 ± 0.06ᵇ 

Nitrate (mg/L) 1.00 ± 0.00ᵃ 11.45 ± 0.05ᵇ 2.53 ± 0.06ᵇ 

Nitrite (mg/L) <0.01 ± 0.00ᵃ <0.01 ± 0.00ᵃ <0.01 ± 0.00ᵃ 

Sulphate (mg/L) 2.00 ± 0.00ᵃ 8.67 ± 0.58ᵇ 2.67 ± 0.58ᵇ 

Phosphate (mg/L) 0.70 ± 0.02ᵃ 7.03 ± 0.06ᵇ 0.45 ± 0.02ᵇ 

Total nitrogen (mg/L) <0.01 ± 0.00ᵃ 2.46 ± 0.11ᵇ <0.01 ± 0.00ᵃ 

Ammonia (mg/L) <0.01 ± 0.00ᵃ <0.01 ± 0.00ᵃ <0.01 ± 0.00ᵃ 

Chloride (mg/L) 30.67 ± 0.58ᵃ 241.33 ± 1.15ᵇ 480.00 ± 0.00ᵇ 

Total oil and grease 
(TOG) 

<0.01 ± 0.00ᵃ 2.32 ± 0.27ᵇ 0.58 ± 0.35ᵃ 

Note: Values are presented as mean ± standard deviation of triplicate determinations (n = 3). Values in the same row with 
different superscript letters differ significantly at p < .05. Superscripts a and b compare untreated and treated samples with 
normal water. 
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Table 2: Physico -Chemical Parameters Of The Normal Water, Untreated And Treated Effluents From Dufil 
Prima Food Company 

Parameter Normal water Untreated effluent Treated effluent WHO 

Temperature, oC 26.22 ± 0.02 a 26.11 ± 0.01b,c 26.39 ± 0.01b,c 20-37 

Conductivity, 
µS/cm 

80.00 ± 0.00 a 531.33 ± 1.15 b,c 994.00 ± 1.00b,d 50-500 

TDS, mg/L 39.67 ± 0.58 a 260.00 ± 0.00b,c 497.33 ± 0.58b,d 600-1000 

Salinity, mg/L 35.03 ± 0.06 a 249 ± 0.58b,c 488.00 ± 0.00b,d 600-1000 

Dissolved Oxygen, 
mg/L 

6.72 ± 0.02 a 1.81 ± 0.02 b,c 3.50 ± 0.00 b,d 7-11 

COD, mg/L <0.01 ± 0.00 a 15.13 ± 0.12 b,c 4.65 ± 0.02 b,d 120 

BOD, mg/L <0.01 ± 0.00 a 8.77 ± 0.06 b,c 2.32 ± 0.02 b,d 20 

TSS, mg/L <0.01 ± 0.00 a 75.00 ± 0.00 b,c 38.80 ± 0.69 b,d 30 

Turbidity, NTU <0.01 ± 0.00 a 14.30 ± 0.00 b,c 7.63 ± 0.06 b,d 5 

Nitrate, mg/L 1.00 ± 0.00 a 11.45 ± 0.05 b,c 2.53 ± 0.06 b,d 50 

Nitrite, mg/L <0.01 ± 0.00 a <0.01 ± 0.00a,c <0.01 ± 0.00a,c 50 

Sulfate, mg/L 2.00 ± 0.00 a 8.67 ± 0.58 b,c 2.67 ± 0.58 b,d 200-500 

Phosphate, mg/L 0.70 ± 0.02 a 7.03 ± 0.06 b,c 0.45 ± 0.02 b,d 0.01-0.1 

Total Nitrogen, 
mg/L 

<0.01 ± 0.00 a 2.46 ± 0.11 b,c <0.01 ± 0.00a,d 1-10 

Ammonia, mg/L <0.01 ± 0.00 a <0.01 ± 0.00a,c <0.01 ± 0.00a,c 3 

Chloride, mg/L 30.67 ± 0.58 a 241.33 ± 1.15 b,c 480.00 ± 0.00b,d 200-250 

Note. Values are presented as mean ± standard deviation of triplicate determinations (n = 3). Values in the same row with different 
superscript letters differ significantly at p < .05. 
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Table 3: Physico -Chemical Parameters Of The Normal Water, Untreated And Treated Effluents From Mac 
Cannon Vegetable Oil Company 

Parameter Normal water Untreated effluent Treated effluent 

pH 5.28 ± 0.02a 4.59 ± 0.05b 6.51 ± 0.01b 

Temperature, oC 26.12 ± 0.03 a 26.11 ± 0.02 a 29.87 ± 5.74a 

Conductivity, µS/cm 25.67 ± 0.58 a 30.00 ± 0.00 b 14.67 ± 0.58 

TDS, mg/L 11.67 ± 0.58 a 14.33 ± 0.58 b 7.00 ± 0.00b 

Salinity, mg/L 6.33 ± 1.15 a 10.00 ± 0.00 b 5.43 ± 0.06a 

Dissolved Oxygen, mg/L 7.03 ± 0.03 a 2.05 ± 0.02 b 5.44 ± 2.55b 

COD, mg/L 0.01 ± 0.00 a 7.15 ± 0.06 b 2.19 ± 0.02b 

BOD, mg/L 0.01 ± 0.00 a 4.13 ± 0.01 b 1.32 ± 0.01b 

TSS, mg/L 0.01 ± 0.00 a 34.67 ± 0.58 b 2.33 ± 0.58 b 

Turbidity, NTU 0.01 ± 0.00 a 4.53 ± 0.06 b 0.01 ± 0.00 a 

Nitrate, mg/L 0.77 ± 0.06 a 5.45 ± 0.05 b 1.45 ± 0.06 b 

Nitrite, mg/L 0.01 ± 0.00 a 0.01 ± 0.00a 0.01 ± 0.00a 

Sulfate, mg/L 1.00 ± 0.00 a 7.00 ± 0.00 b 2.33 ± 0.00 b 

Phosphate, mg/L 0.59 ± 0.02 a 4.03 ± 0.06b 1.69 ± 0.03b 

Total Nitrogen, mg/L 0.01 ± 0.00 a 0.01 ± 0.00a 0.01 ± 0.00a 

Ammonia, mg/L 0.01 ± 0.00 a 0.01 ± 0.01a 0.01 ± 0.00a 

Chloride, mg/L 4.92 ± 0.90 a 7.30 ± 0.00 b 3.39 ± 0.09 b 

Total oil and grease 
(TOG) 

<0.01 ± 0.00 a 7.11 ± 0.23 b 3.93 ± 0.28 b 

Note: Values are presented as mean ± standard deviation of triplicate determinations (n = 3). Values in the same row with different 
superscript letters differ significantly at p < .05. 
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Table 4: Physico -Chemical Parameters Of The Normal Water, Untreated And Treated Effluents From Mac 
Cannon Vegetable Oil Company 

pH 5.28±0.02a 4.59±0.05b,c 6.51±0.01b,d 6.5-8.5 

Temperature, oC 26.12 ± 0.03 a 26.11 ± 0.02 a,c 29.87 ± 5.74a,d 37 

Conductivity, 
µS/cm 

25.67 ± 0.58 a 30.00 ± 0.00 b,c 14.67 ± 0.58b,d 50-500 

TDS, mg/L 11.67 ± 0.58 a 14.33 ± 0.58 b,c 7.00 ± 0.00b,d 600-1000 

Salinity, mg/L 6.33 ± 1.15 a 10.00 ± 0.00 b,c 5.43 ± 0.06a,d 600-1000 

Dissolved Oxygen, 
mg/L 

7.03 ± 0.03 a 2.05 ± 0.02 b,c 5.44 ± 2.55b,d 7-11 

COD, mg/L <0.01 ± 0.00 a 7.15 ± 0.06 b,c 2.19 ± 0.02b,d 120 

BOD, mg/L <0.01 ± 0.00 a 4.13 ± 0.01 b,c 1.32 ± 0.01b,d 10-20 

TSS, mg/L <0.01 ± 0.00 a 34.67 ± 0.58 b,c 2.33 ± 0.58 b,d 30 

Turbidity, NTU <0.01 ± 0.00 a 4.53 ± 0.06 b,c <0.01 ± 0.00 a,d 5 

Nitrate, mg/L 0.77 ± 0.06 a 5.45 ± 0.05 b,c 1.45 ± 0.06 b,d 50 

Nitrite, mg/L <0.01 ± 0.00 a <0.01 ± 0.00a,c <0.01 ± 0.00a,c 50 

Sulfate, mg/L 1.00 ± 0.00 a 7.00 ± 0.00 b,c 2.33 ± 0.00 b,d 200-500 

Phosphate, mg/L 0.59 ± 0.02 a 4.03 ± 0.06b,c 1.69 ± 0.03b,d 0.01-0.1 

Total Nitrogen, 
mg/L 

<0.01 ± 0.00 a <0.01 ± 0.00a,c <0.01 ± 0.00a,c 1-10 

Ammonia, mg/L <0.01 ± 0.00 a <0.01 ± 0.01a,c <0.01 ± 0.00a,c 3 

Chloride, mg/L 4.92 ± 0.90 a 7.30 ± 0.00 b,c 3.39 ± 0.09 b,d 200-250 

Note. Values are presented as mean ± standard deviation of triplicate determinations (n = 3). Values in the same row with different 
superscript letters differ significantly at p < .05. 
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