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Abstract 

Water supports life, but it also becomes a direct route for microbial exposure when industrial wastewater is poorly treated 
before discharge. This study assessed faecal and total coliform contamination in treated and untreated effluents from Dufil 
Prima Foods Plc and Mac Cannon Nigeria Limited in Port Harcourt, Nigeria, and examined early biochemical responses in 
juvenile Clarias gariepinus used as aquatic bioindicators. Sixty juvenile fish were obtained from the African Regional 
Aquaculture Research Centre, University of Port Harcourt, acclimatised for 72 h and distributed into six exposure groups. 
Fish were maintained for 14 days in normal water, untreated effluents or treated effluents from the two facilities. Coliform 
counts were determined by standard culture methods, while serum potassium, bicarbonate, aspartate aminotransferase, 
alanine aminotransferase and alkaline phosphatase were measured as indicators of ionic disturbance and tissue stress. Data 
were analysed using IBM SPSS Statistics, with significance accepted at p < 0.05. Faecal coliforms were not detected in normal 
water. Counts were higher in untreated effluents, although the values reported in this study remained below the effluent 
benchmark adopted by the authors. Total coliform contamination was more persistent. Untreated effluents from both 
industries contained 37.00 cfu/100 mL, and treated effluent from Mac Cannon still showed detectable contamination. The 
biochemical data told a sharper story. Fish exposed to untreated effluents, especially from Mac Cannon, showed marked 
increases in serum potassium, AST and ALT by week 2, which is consistent with osmoregulatory strain and hepatocellular 
injury. Treated effluents reduced some responses, but they did not remove all biological effects. In my view, the main finding 
is not simply that treatment helps; it is that the treatment systems, as sampled here, were only partly effective. Stronger 
effluent polishing, routine microbial verification and biomarker-based monitoring are therefore needed before discharge into 
receiving aquatic environments. 
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Introduction 

Aquatic pollution is rarely a single-substance problem. In industrial cities such as Port Harcourt, wastewater may carry 
organic matter, nutrients, oils, suspended particles, metals and microorganisms into rivers and drains that are already under 
pressure from urban growth. Once these materials enter a receiving water body, they can change oxygen demand, microbial 
ecology and sediment chemistry, while also creating exposure routes for fish, other aquatic organisms and nearby 
communities [1,2]. 
Water-quality assessment has long treated biological indicators as essential because chemistry alone does not always show 
how organisms are responding. A sample may look acceptable on paper for one parameter and still contain enough microbial 
or chemical stressors to affect fish physiology. Coliforms remain useful in this context. They do not identify every pathogen, 
but they give a practical signal of sanitary quality and treatment performance, particularly where wastewater enters 
environments used for fishing, irrigation, washing or informal domestic activities [3,4]. 
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Food-processing industries are often viewed as less hazardous than petrochemical or mining operations. That said, their 
effluents can still be ecologically important. Noodle-processing wastewater may contain starch-rich organic residues, salts, 
fats and cleaning agents, while vegetable-oil processing effluent can carry oil films, surfactants and high organic loads. If 
treatment is incomplete, these discharges may increase microbial growth and alter the ionic balance of receiving waters. In a 
way, the risk is quiet: the water may not always look severely contaminated, but fish may still show biochemical stress [5]. 
Clarias gariepinus is a suitable sentinel species for this kind of work because it is common in Nigerian aquaculture, hardy 
enough for laboratory exposure and physiologically responsive to polluted water. Changes in enzymes such as AST, ALT 
and ALP are frequently used to screen for tissue injury or metabolic stress in fish, while electrolyte shifts can point to 
osmoregulatory disruption. These endpoints are not a full toxicological diagnosis on their own, but they help connect water 
contamination with biological effect [6,7]. 
This study therefore evaluated the microbial quality of treated and untreated effluents from Dufil Prima Foods Plc and Mac 
Cannon Nigeria Limited in Port Harcourt, and assessed selected serum biochemical responses in juvenile C. gariepinus after 
short-term exposure. The work specifically compared normal water, untreated effluent and treated effluent from both 
facilities, with attention to coliform counts and fish biomarkers over a two-week exposure period. 

Materials and methods 
Study area and sample sources 

The study was carried out in Port Harcourt, Rivers State, Nigeria. Effluent samples were collected from two food-processing 
facilities: Dufil Prima Foods Plc, an instant-noodle processing company, and Mac Cannon Nigeria Limited, a refined 
vegetable-oil processing company. At each facility, samples were taken from normal water held in reservoir tanks, untreated 
effluent at the collection point and treated effluent at the discharge outlet. This sampling structure allowed direct comparison 
between influent-like wastewater, post-treatment discharge and a local control water source. 

Safety and sample collection 
Field and laboratory activities were conducted using standard biosafety and industrial safety practices. Personnel wore 
gloves, laboratory coats, coveralls, helmets and safety boots as appropriate. Water and effluent samples were collected 
aseptically into sterile, wide-mouthed plastic containers, labelled immediately and transported to the laboratory without 
delay. The aim was simple but important: to reduce handling contamination and preserve the microbial condition of each 
sample as closely as possible. 

Experimental fish and exposure design 
Sixty juvenile C. gariepinus were obtained from the African Regional Aquaculture Research Centre, University of Port 
Harcourt. The fish were acclimatised for 72 h under laboratory conditions and then randomly assigned to six groups, with 
ten fish per group. The groups were exposed for 14 days to normal water, untreated effluent or treated effluent from Dufil 
Prima Foods Plc, and to normal water, untreated effluent or treated effluent from Mac Cannon Nigeria Limited. Serum 
biochemical indices were measured at baseline, week 1 and week 2. 

Microbiological analysis 
Total and faecal coliform counts were determined using the pour-plate technique on Violet Red Bile Agar and MacConkey 
broth prepared according to standard microbiological procedures. One millilitre of each sample was inoculated into sterile 
Petri dishes and incubated at 37 °C for 48 h. Colonies were counted with a colony counter and checked microscopically. 
Counts were reported as colony-forming units per 100 mL. 

Statistical analysis 
Data are presented as mean ± standard deviation for triplicate determinations unless otherwise stated. Statistical analysis 
was performed with IBM SPSS Statistics, version 21. Differences among groups and time points were tested using post hoc 
multiple comparisons, and p < 0.05 was considered statistically significant. 

Results 
The microbial results showed that untreated effluents carried the greatest coliform burden, while treated effluents generally 
had lower counts. However, the pattern was not uniform across the two industries. Dufil Prima treated effluent had faecal 
and total coliform counts below 2.00 cfu/100 mL, whereas Mac Cannon treated effluent still showed detectable faecal and 
total coliforms. The practical reading is that treatment reduced contamination, but it did not produce the same microbial 
quality in both facilities [8,9]. 
Table 1. Microbial quality of normal water, untreated effluent and treated effluent from Dufil Prima Foods Plc. 

Parameter (cfu/100 
mL) 

Normal water Untreated effluent Treated effluent Study benchmark 

Faecal coliform <0.01 ± 0.00a 21.33 ± 0.58b,c <2.00 ± 0.00b,d 235/100 mL 
Total coliform <0.01 ± 0.00a 37.00 ± 0.00b,c <2.00 ± 0.00b,d 1 cfu/100 mL 

Values are mean ± standard deviation of triplicate determinations. Different superscript letters within a row indicate significant 
differences at p < 0.05. 
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Table 2. Microbial quality of normal water, untreated effluent and treated effluent from Mac Cannon Nigeria 
Limited. 

Parameter (cfu/100 
mL) 

Normal water Untreated effluent Treated effluent Study benchmark 

Faecal coliform <0.01 ± 0.00a 14.67 ± 0.58b,c 2.00 ± 0.00b,d 235/100 mL 
Total coliform <0.01 ± 0.00a 37.00 ± 0.00b,c <2.00 ± 0.00b,d 1 cfu/100 mL 

Values are mean ± standard deviation of triplicate determinations. Different superscript letters within a row indicate significant 
differences at p < 0.05. 
Serum potassium increased most strongly in fish exposed to untreated effluents. By week 2, values reached 6.17 ± 0.21 mg/L 
in the Dufil untreated-effluent group and 7.10 ± 0.26 mg/L in the Mac Cannon untreated-effluent group. The treated Mac 
Cannon effluent also produced a sustained increase, suggesting that the treatment process did not fully remove the stressors 
affecting ionic regulation. 
Table 3. Serum potassium levels in fish exposed to normal water and effluent samples from Dufil Prima Foods Plc 
and Mac Cannon Nigeria Limited. 

Source and exposure 
group 

Day 0 (mg/L) Week 1 (mg/L) Week 2 (mg/L) 

Dufil normal water 4.77 ± 0.45a 4.80 ± 0.26a,c 5.40 ± 0.20b,c 
Dufil untreated effluent 4.77 ± 0.45a 6.10 ± 0.30b,c 6.17 ± 0.21b,c 

Dufil treated effluent 4.77 ± 0.45a 4.87 ± 0.21a,c 5.50 ± 0.26b,c 
Mac Cannon normal water 4.77 ± 0.45a 4.70 ± 0.26a,c 5.33 ± 0.23b,d 

Mac Cannon untreated 
effluent 

4.77 ± 0.45a 6.70 ± 0.46b,c 7.10 ± 0.26b,c 

Mac Cannon treated 
effluent 

4.77 ± 0.45a 6.23 ± 0.21b,c 6.30 ± 0.45b,c 

Values are mean ± standard deviation. Different superscript letters indicate significant differences at p < 0.05. 
Bicarbonate responses were more variable. Most Dufil groups declined at week 1 and partially recovered by week 2. The Mac 
Cannon untreated-effluent group moved in the opposite direction, increasing to 30.67 ± 1.53 mg/L at week 2. That 
divergence is important because it suggests that effluents from different food-processing streams may disturb acid-base 
balance through different mechanisms. 
Table 4. Serum bicarbonate levels in fish exposed to normal water and effluent samples from Dufil Prima Foods 
Plc and Mac Cannon Nigeria Limited. 

Source and exposure 
group 

Day 0 (mg/L) Week 1 (mg/L) Week 2 (mg/L) 

Dufil normal water 25.00 ± 1.00a 18.67 ± 1.15b,c 21.00 ± 2.00b,c 
Dufil untreated effluent 25.00 ± 1.00a 19.00 ± 1.73b,c 22.00 ± 1.73b,c 

Dufil treated effluent 25.00 ± 1.00a 21.33 ± 1.53b,c 23.00 ± 1.00a,c 
Mac Cannon normal water 25.00 ± 1.00a 18.00 ± 2.00b,c 17.67 ± 1.53b,c 

Mac Cannon untreated 
effluent 

25.00 ± 1.00a 26.00 ± 1.00a,c 30.67 ± 1.53b,d 

Mac Cannon treated 
effluent 

25.00 ± 1.00a 17.67 ± 1.52b,c 17.67 ± 1.53b,c 

Values are mean ± standard deviation. Different superscript letters indicate significant differences at p < 0.05. 
The liver-associated enzymes showed clearer evidence of stress. AST rose sharply in untreated-effluent groups, reaching 
170.33 ± 10.01 mg/L for Dufil and 230.00 ± 30.00 mg/L for Mac Cannon by week 2. ALT followed a similar direction, with 
the largest changes again observed under untreated Mac Cannon effluent. ALP increased in most groups, although the 
pattern was less specific than AST and ALT. 
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Table 5. Serum aspartate aminotransferase levels in fish exposed to normal water and effluent samples from Dufil 
Prima Foods Plc and Mac Cannon Nigeria Limited. 

Source and exposure 
group 

Day 0 (mg/L) Week 1 (mg/L) Week 2 (mg/L) 

Dufil normal water 89.33 ± 25.32a 63.33 ± 9.87b,c 76.67 ± 4.04b,c 
Dufil untreated effluent 89.33 ± 25.32a 132.67 ± 6.43b,c 170.33 ± 10.01b,d 

Dufil treated effluent 89.33 ± 25.32a 72.00 ± 9.84a,c 76.67 ± 9.84a,c 
Mac Cannon normal water 89.33 ± 25.32a 81.00 ± 7.21a,c 130.67 ± 5.03b,d 

Mac Cannon untreated 
effluent 

89.33 ± 25.32a 217.00 ± 21.38b,c 230.00 ± 30.00b,c 

Mac Cannon treated 
effluent 

89.33 ± 25.32a 132.33 ± 4.51b,c 145.00 ± 3.60b,c 

Values are mean ± standard deviation. Different superscript letters indicate significant differences at p < 0.05. 
Table 6. Serum alanine aminotransferase levels in fish exposed to normal water and effluent samples from Dufil 
Prima Foods Plc and Mac Cannon Nigeria Limited. 

Source and exposure 
group 

Day 0 (mg/L) Week 1 (mg/L) Week 2 (mg/L) 

Dufil normal water 20.67 ± 4.04a 18.00 ± 2.00a,c 25.00 ± 2.64a,d 
Dufil untreated effluent 20.67 ± 4.04a 24.67 ± 2.08a,c 48.67 ± 4.72b,d 

Dufil treated effluent 20.67 ± 4.04a 17.33 ± 1.53a,c 25.33 ± 1.52a,d 
Mac Cannon normal water 20.67 ± 4.04a 18.67 ± 2.08a,c 32.67 ± 5.50b,d 

Mac Cannon untreated 
effluent 

20.67 ± 4.04a 46.33 ± 5.50b,c 58.00 ± 4.58b,d 

Mac Cannon treated 
effluent 

20.67 ± 4.04a 21.67 ± 2.51a,c 25.00 ± 1.73a,d 

Values are mean ± standard deviation. Different superscript letters indicate significant differences at p < 0.05. 
Table 7. Serum alkaline phosphatase levels in fish exposed to normal water and effluent samples from Dufil Prima 
Foods Plc and Mac Cannon Nigeria Limited. 

Source and exposure 
group 

Day 0 (mg/L) Week 1 (mg/L) Week 2 (mg/L) 

Dufil normal water 38.67 ± 11.80a 58.00 ± 6.00b,c 57.33 ± 3.78b,c 
Dufil untreated effluent 38.67 ± 11.80a 75.33 ± 5.50b,c 88.00 ± 3.60b,d 

Dufil treated effluent 38.67 ± 11.80a 71.33 ± 5.69b,c 78.67 ± 3.51b,c 
Mac Cannon normal water 38.67 ± 11.80a 77.33 ± 3.05b,c 87.00 ± 5.57b,d 

Mac Cannon untreated 
effluent 

38.67 ± 11.80a 99.33 ± 3.05b,c 118.33 ± 3.06b,d 

Mac Cannon treated 
effluent 

38.67 ± 11.80a 78.67 ± 4.16b,c 95.00 ± 4.36b,d 

Values are mean ± standard deviation. Different superscript letters indicate significant differences at p < 0.05. 
Discussion 

The results show a consistent difference between untreated and treated effluents, but the difference is not strong enough to 
suggest that treatment eliminated risk. Untreated samples from both industries had the highest total coliform counts. Dufil 
treated effluent performed better microbiologically than Mac Cannon treated effluent, at least in the samples analysed here. 
Still, detectable total coliforms after treatment are not a trivial finding. For a receiving water body, repeated low-level 
discharge can matter, especially where dilution is limited or where communities have direct contact with the water [3,4,5]. 
The faecal coliform results should be read carefully. The study benchmark used in the original dataset permitted higher 
values than the stricter drinking-water expectation that Escherichia coli or thermotolerant coliforms should not be detected 
in any 100 mL sample. Because these samples are industrial effluents rather than finished drinking water, a direct drinking-
water interpretation would be too harsh. Even so, the absence of faecal indicators in normal water and their appearance in 
untreated effluent point to treatment and hygiene issues that deserve routine surveillance [3,4,8,9]. 
The serum electrolyte data suggest that effluent exposure affected ionic regulation. Potassium increased most clearly in 
untreated-effluent groups, and the effect was strongest in the Mac Cannon exposure. Fish maintain internal ion balance 
through the gills, kidney and intestine, so a sustained shift in serum potassium may reflect altered membrane transport, gill 
stress or broader osmoregulatory disturbance. The bicarbonate pattern was less uniform, which is not surprising. Bicarbonate 
is tied to acid-base status and respiratory compensation, and short-term exposure can produce different responses depending 
on the mixture of organic load, salts and other wastewater constituents [5,6,7]. 
AST and ALT gave the strongest toxicological signal. Both enzymes increased markedly in fish exposed to untreated 
effluents, with Mac Cannon effluent producing the highest AST and ALT activities by week 2. This pattern is commonly 
interpreted as evidence of hepatocellular leakage or tissue injury in exposed fish. I would be cautious about calling it severe 
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liver damage without histopathology, but the enzyme response is enough to show physiological strain. The treated-effluent 
groups generally showed lower enzyme activities than untreated groups, yet some values remained elevated, particularly for 
AST in the Mac Cannon treated-effluent group [5,6,7]. 
ALP also increased across exposure groups, although it was less discriminatory than AST and ALT. ALP can rise during 
membrane stress, altered metabolism or adaptive tissue responses, and the broad increase seen here may reflect a general 
response to handling and exposure as well as effluent chemistry. That said, the highest ALP values again occurred in the 
untreated Mac Cannon group, which supports the wider pattern that untreated vegetable-oil effluent was biologically more 
disruptive in this experiment [6,7]. 
A useful strength of this work is that it combines microbiological assessment with fish biomarkers rather than relying on 
coliform counts alone. The limitation is that the study would be stronger with a wider physicochemical profile, including pH, 
dissolved oxygen, biochemical oxygen demand, chemical oxygen demand, oil and grease, ammonia, phosphate and selected 
metals. Microbial identification beyond total and faecal coliforms would also help. For a Q1-level submission, I would also 
recommend adding the exact effluent-treatment process used by each facility, the dilution or renewal regime in the fish tanks 
and ethical approval details for the fish exposure study [3,4,5,6,7]. 

Conclusion 
Industrial effluents from the two food-processing facilities produced measurable microbial and biochemical effects. Untreated 
effluents carried higher coliform loads and caused stronger alterations in serum potassium, AST, ALT and ALP in juvenile 
C. gariepinus. Treatment reduced some of these responses, particularly in the Dufil samples, but it did not consistently restore 
the effluents to a low-risk biological profile. The evidence therefore supports improved wastewater treatment, regular 
microbial testing and biomarker-based ecological monitoring before treated effluents are released into aquatic environments 
around Port Harcourt [3,4,5,6,7,8]. 
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