 Assessment of the Level of Biocide Residues in Atavu River Stretch Passing through Akpugo and Amodu, Nigeria
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Abstract
The presence of biocidal agents in aquatic environments raises significant concerns due to their potential impacts on water quality and human health. This study aimed to detect residues of various biocides, in the Atavu River. Samples were collected from two distinct communities, Akpugo and Amodu, along the river stretch, as well as from a spring water source located on the same river site at Akpugo, Enugu. Fourteen (14) biocides from the rivers randomly collected from the head, mid, and tail regions and spring water were analyzed using a Gas Chromatography Flame Ionization Detector (GC-FID). Different levels of biocides were recorded in the head, mid and tail regions of the river within both communities. Notably, concentration of tetracycline among all detected biocides in the river samples from Akpugo, and Amodu ranges from 0.10-0.19ug/ml and 0.50-0.65ug/ml, respectively. Other biocides which include penicillin, dicloxacillin, oxacillin, Amoxacillin, Ampicillin, Avilamycin, Gentamycin, Colistin, Lincomycin and Tylosin gave a concentration range of 0.01 – 0.18ug/ml together with some pesticides and antimalarial parent compound that were detected. As the river is used for drinking and agriculture, persistent exposure to biocide suggests a potential adverse health effects and the development of resistance in microbial populations, highlighting need for urgent intervention.
KEY WORDS: Biocide Residues, Atavu River, Water Quality, Human Health and GC-FID
INTRODUCTION
Water bodies worldwide, including rivers, lakes, and streams, are increasingly threatened by pollution from various anthropogenic activities. Among these, the contamination of water resources by biocides, such as pesticides, fungicides, and antimicrobial agents, has emerged as a significant environmental and public health concern. Biocides are widely used in agriculture, industry, and domestic settings to control pests, diseases, and microbial growth. However, their indiscriminate use and improper disposal have led to their accumulation in the environment, particularly in water bodies, through runoff, leaching, and effluent discharge (Akhta et al., 2021; Salovey et al., 2000; Watson & Rayner, 1920).
The Atavu River stretch passing through Akpugo and Amodu in Nigeria is a vital water resource supporting local communities, agriculture, and ecosystems. Despite its importance, this river stretch is potentially vulnerable to pollution from agricultural runoff, industrial effluents, and domestic waste, which may contain residues of biocides. The presence of these residues in water bodies can have detrimental effects on aquatic life, human health, and the overall ecosystem balance (Kübler-Ross, 1969/2014; Seligman & Maier, 1967).
Given the critical role of water quality in sustaining life and the environment, it is essential to monitor and assess the levels of biocide residues in water resources. Recent studies emphasize the importance of understanding the environmental and health implications of biocide use (Tomasello et al., 2003; Fiske et al., 1998). This study aims to evaluate the extent of biocide contamination in the Atavu River stretch and a spring water, providing valuable insights into the environmental and health implications of biocide use in the region.
METHODOLOGY 
Study Area and Sampling Design
Water samples were collected in May 2024 during a single sampling campaign conducted in the wet season, a period characteristic of tropical regions. The first part of the experiment was carried out on the water samples gotten from  river atavu located at Akpugo, while the second phase consists of the water samples gotten from the same river atavu but located at Amodu both in Nkanu west LGA, Enugu State, Nigeria . This season was intentionally chosen because it coincides with increased water flow, agricultural runoff, and variations in antibiotic consumption patterns due to changes in disease incidence and tourism activity.
The study covered four sampling points in total — three from the river and one from a spring water source used for drinking. The river sampling points included: Upstream: representing areas with minimal anthropogenic influence, located away from residential or agricultural activities, Midstream: representing areas moderately influenced by human and agricultural activities, and Downstream: representing areas of higher anthropogenic pressure, located near settlements and livestock farms.	 The spring water sample was obtained from a local drinking-water source situated within the same hydrological catchment.
These sites were selected to reflect a gradient of anthropogenic impact, ranging from low (upstream) to high (downstream), enabling comparison of antibiotic concentrations under varying levels of human, agricultural, and livestock pressure.  
Field Measurements
At each sampling location, in-situ measurements of key physicochemical parameters were taken immediately after sample collection: Water Temperature (°C) and Electrolytic Conductivity (EC at 25°C) were measured using a handheld multiparameter probe. pH was determined on-site using a calibrated digital pH meter.
Sample Collection and Preservation
Water samples were collected in transparent, sterile polypropylene bottles (1 L capacity). Each bottle was filled completely to avoid headspace, minimizing the risk of oxidation or UV degradation of antibiotic residues. To prevent contamination, bottles were rinsed three times with the water from the respective sampling site before final collection. Samples were labeled clearly with the date, time, and site code. Immediately after collection, samples were placed in insulated coolers containing ice packs and transported to the laboratory for analysis. Some analyses were performed on the same day of sampling while others samples were stored at −20°C until further analysis to prevent degradation of antibiotic compounds.
Analytical Procedure
The analytical procedure was performed using a Gas Chromatography–Flame Ionization Detector (GC-FID) following the method described by Kelly and Nelson (2014). The GC-FID instrument was switched on and allowed to stabilize, after which the operating temperature was set at 250°C. A 20 mL portion of each sample was extracted with 100 mL of chloroform for 3 hours. The resulting crude extract was concentrated to dryness using a rotary vacuum evaporator at 40°C. The dried residue was then re-dissolved in ammonium acetate buffer and made up to a final volume of 2 mL for cleanup. After mixing this sample, 10 mL of a 10% v/v ethanol aqueous solution was used to wash it three times. The solution was dried using anhydrous sodium sulfate, and the solvent was evaporated.  After the sample were reconstituted in 1000 µL (1 mL) formic acid, 200 µL (0.2 mL) was placed into a vial for examination.
Chromatographic analysis was carried out on a Buck 530 GC system equipped with an on-column automatic injector and an HSS T3 C18 column (CA, USA). The oven temperature was maintained at 180°C, the detector at 250°C, and the injector at 220°C, with an integrator chart speed set at 2 cm/min
RESULT
[bookmark: _Hlk214565840][image: ]
[bookmark: _Hlk214566074]Figure 1:Google based map of Atavo River Akpugo generated in 2025
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Figure 2: Google based map of Atavo River Amodu generated in 2025
The concentrations of antibiotics detected in the head region of the river water samples are presented in Table 1. A total of seven antibiotics—penicillin, tetracycline, dicloxacillin, oxacillin, ampicillin, amoxicillin, and avilamycin were detected in this section of the river. Among the antibiotics detected, penicillin exhibited the highest concentration (0.18 µg/ml), indicating a relatively high level of contamination in the upstream portion of the river. Amoxicillin recorded the second-highest concentration at 0.14 µg/ml, followed closely by tetracycline with 0.13 µg/ml. Dicloxacillin and avilamycin were both present at 0.04 µg/ml, suggesting moderate contamination levels. In contrast, ampicillin and oxacillin were detected at relatively low concentrations of 0.01 µg/ml each.



Table 1:Concentration (µg/ml) of antibiotics in the examined head surface water sample (Akpugo)



	Antibiotics
	Concentration

	Penicillin
	0.18

	Tetracycline
	0.13

	Dicloxacillin
	0.04

	Oxacillin
	0.01

	Tylosin
	-

	Amoxicillin
	0.14

	Avilamycin
	0.04

	*Aldrin
	-

	Ampicillin
	0.01

	Macrolide
	-

	Gentamicin
	-

	*Quinoline
	-

	Colistin
	-

	Lincomycin
	-




The concentration of antibiotics detected in the mid-section of the river water samples is presented in [Table 2]. Among the antibiotics analyzed, tetracycline exhibited the highest concentration, measured at 0.10 µg/ml. This indicates that tetracycline is the most dominant antibiotic residue within this region of the river. The second highest concentration was recorded for lincomycin at 0.04 µg/ml, followed by colistin, which showed a concentration of 0.03 µg/ml. Both aldrin and gentamicin were detected at relatively low but equal concentrations of 0.01 µg/ml each. In total, five antibiotics were detected in the midstream samples. Notably, penicillin, dicloxacillin, oxacillin, ampicillin, amoxicillin, quinoline, avilamycin, tylosin, and macrolide were not detected in the mid-section of the river.
Table 2: Concentration (µg/ml) of antibiotics in the examined mid surface water sample (Akpugo)
	Antibiotics
	Concentration	

	Penicillin
	-

	Tetracycline
	0.10

	Dicloxacillin
	-

	Oxacillin
	-

	Ampicillin
	-

	Amoxicillin
	-

	Avilamycin
	-

	*Aldrin
	0.01

	Tylosin
	-

	Macrolide
	-

	Gentamicin
	0.01

	*Quinoline
	-

	Colistin
	0.03

	Lincomycin
	0.04


*Aldrin is not an antibiotic but a pesticide it was detected during analysis of the sample. This means a total of 12 antibiotics were studied with 4 antibiotics being detected and 1 pesticide detected.


In the downstream region of the river, a total of seven antibiotics were detected as shown in [Table 3]. Among these, tetracycline recorded the highest concentration at 0.19 µg/ml, representing the most significant level of contamination observed. The concentrations of the detected antibiotics in descending order were as follows: tetracycline (0.19 µg/ml), penicillin (0.08 µg/ml), amoxicillin (0.05 µg/ml), dicloxacillin (0.04 µg/ml), ampicillin (0.03 µg/ml), avilamycin (0.03 µg/ml), and oxacillin (0.01 µg/ml). Other antibiotics, including tylosin, macrolide, gentamicin, colistin, and lincomycin, were not detected in the downstream samples.





Table 3: Concentration (µg/ml) of antibiotics in the examined downstream water sample (Akpugo)
	Antibiotics
	Concentration

	Penicillin
	0.08

	Tetracycline
	0.19

	Dicloxacillin
	0.04

	Oxacillin
	0.01

	Ampicillin
	0.03

	Amoxicillin
	0.05

	Avilamycin
	0.03

	*Aldrin
	-

	Tylosin
	-

	Macrolide
	-

	*Quinoline
	-

	Gentamicin
	-

	Colistin
	-

	Lincomycin
	-




The spring water sample contained little to no detectable levels of antibiotics. Among all the antibiotics analyzed, only lincomycin showed a measurable concentration of 0.01 mg/ml, as presented in [Table 4]. Other antibiotics, including tetracycline, macrolide, avilamycin, colistin, tylosin, penicillin, and ampicillin, were not detected. Additionally, an impurity identified as quinoline was detected in the sample at a concentration of 0.01 mg/ml, identical to that of lincomycin.
Table 4: Concentration (µg/ml) of antibiotics in the examined spring water sample (Akpugo)
	Antibiotics
	Concentration

	Penicillin
	0.00

	Tetracycline
	0.00

	Dicloxacillin
	-

	Oxacillin
	-

	Ampicillin
	0.00

	Amoxicillin
	-

	Avilamycin
	0.00

	*Aldrin
	-

	Tylosin
	0.00

	Macrolide
	0.00

	*Quinoline
	0.01

	Gentamicin
	-

	Colistin
	0.00

	Lincomycin
	0.01


*Quinoline is not an antibiotic but a major compound present in antimalarial drugs; it was detected in the sample during analysis.


[bookmark: _Hlk211496668]In the head region of the river (upstream), a total of six different antibiotic residues were detected in the analyzed water sample, as presented in [Table 5]. Among these, tetracycline exhibited the highest concentration at 0.50 µg/ml, representing the most dominant antibiotic detected in this region. Several other antibiotics selected for this study were not detected in the sample. The antibiotics identified in the head region, arranged in descending order of their concentrations, include: tetracycline (0.50 µg/ml), colistin (0.10 µg/ml), avilamycin (0.04 µg/ml), tylosin (0.04 µg/ml), and ampicillin (0.01 µg/ml).

[bookmark: _Hlk211496493]Table 5: Concentration (µg/ml) of antibiotics in the examined Upstream (Amodu)  
	Antibiotics 
	Concentration 

	Penicillin                                                             
	-

	Tetracycline 
	0.50

	Dicloxacillin 
	-

	Oxacillin 
	-

	Ampicillin 
	0.01

	Amoxicillin 
	-

	Avilamycin 
	0.04

	Tylosin
	0.04

	*Aldrin
	-

	Gentamicin 
	-

	Colistin 
	0.10

	Macrolide 
	-

	*Quinoline 
	0.03

	Lycomycin 
	-



[bookmark: _Hlk211497603]The concentration of antibiotics in the midstream region of the river is presented in Table 6. A total of five antibiotics were detected in this section, representing the lowest number of antibiotics found among all the sampled regions. Penicillin recorded the highest concentration at 0.13 µg/ml, followed by lincomycin (0.10 µg/ml), colistin (0.03 µg/ml), amoxicillin (0.02 µg/ml), and gentamicin (0.01 µg/ml). Antibiotics such as tetracycline, dicloxacillin, oxacillin, ampicillin, avilamycin, tylosin, and macrolide were not detected in this region.

[bookmark: _Hlk211497241]Table 6: Concentration (µg/ml) of antibiotics in the examined mid region (Amodu) 
	Antibiotics
	Concentration

	Penicillin
	0.13

	Tetracycline
	-

	Dicloxacillin
	-

	Oxacillin
	-

	Ampicillin
	-

	Amoxicillin
	0.02

	Avilamycin
	-

	*Aldrin
	-

	Tylosin
	-

	Macrolide
	-

	*Quinoline
	-

	Gentamicin
	0.01

	Colistin
	0.03

	Lincomycin
	0.10




[bookmark: _Hlk211498123]The final sample collected from the tail region (downstream) of the river contained six different antibiotics, as presented in Table 7. Interestingly, the antibiotics detected in this section were identical to those found in the head region, though their concentrations varied. Tetracycline recorded the highest concentration at 0.65 µg/ml, followed by colistin at 0.10 µg/ml. Tylosin, avilamycin, and quinoline were detected at concentrations of 0.06 µg/ml, 0.04 µg/ml, and 0.03 µg/ml, respectively, while ampicillin had the lowest concentration of 0.02 µg/ml.


Table 7: Concentration (µg/ml) of antibiotics in the examined tail region (Amodu)
	Antibiotics
	Concentration

	Penicillin
	-

	Tetracycline
	0.65

	Dicloxacillin
	-

	Oxacillin
	-

	Ampicillin
	0.02

	Amoxicillin
	-

	Avilamycin
	0.04

	*Aldrin
	-

	Tylosin
	0.06

	Macrolide
	-

	*Quinoline
	0.03

	Gentamicin
	-

	Colistin
	0.10

	Lincomycin
	-






 
DISCUSSION
Antibiotics are natural, semi-synthetic, or synthetic compounds capable of combating bacterial infections by either killing the bacteria (bactericidal) or inhibiting their growth and reproduction (bacteriostatic), thereby aiding the body’s natural defense mechanisms in eliminating them (Bansal, 2022). They have been widely used across the world in the prevention and treatment of diseases in both humans and animals (Baralla et al., 2021). However, the presence of antibiotics in environmental or spring water poses a significant threat to human health. Water is considered a vital natural resource essential for various human activities, including drinking, irrigation of food crops, and recreational purposes, among others (Felis et al., 2020, Emamgholizadeh, 2014).
In this study, tetracycline was detected in all river water samples collected from both Akpugo and Amodu, with a net concentrations of 0.14 μg/ml and 0.60 μg/ml, respectively. It recorded the highest concentration among all antibiotics analyzed in samples from both communities but was not detected in the drinking water sample. This finding is consistent with the report by Lenart-Borón et al. (2022), who identified tetracycline as one of the most persistent antibiotics in the aquatic environment of the Białka River. Tetracycline is known for its ability to inhibit protein synthesis in bacteria and treat a wide range of bacterial infections (Ahmad et al., 2021). However, its presence in water bodies poses significant environmental and public health concerns. It can accumulate through the food chain, induce toxicity in microbial communities, promote the development and dissemination of antibiotic resistance, threaten the safety of drinking and irrigation water, and disrupt the natural microbial flora in the human intestine (Amangelsin et al., 2023).
Amoxicillin was detected in the surface water samples, specifically in the downstream (0.05 µg/mL) and head (0.14 µg/mL) regions of the river at Akpugo. However, it was completely absent in all the samples collected from the river at Amodu. This observation aligns with the findings of Akhter et al. (2023), who reported an amoxicillin concentration of 1.2347 ng/mL in surface water samples. Amoxicillin was also not detected in the spring water. According to Armando et al. (2016), the presence of such compounds in water bodies can have toxic effects on aquatic organisms across different trophic levels, potentially leading to ecological imbalances. These effects may include the bioaccumulation of antibiotics in fish muscle tissues, which could result in their entry into the food chain and the inadvertent consumption of these drugs by humans, possibly causing adverse health effects such as immunoallergic responses.
Ampicillin was detected in the surface water samples collected from the river at Akpugo, specifically in the head and downstream regions, with concentrations of 0.01 µg/ml and 0.03 µg/ml, respectively. Similarly, in samples obtained from the river at Amodu, ampicillin was present at relatively low concentrations—0.01 µg/ml in the head region and 0.02 µg/ml in the tail region. No traces of ampicillin were detected in the spring water sample. This observation aligns with the findings of Squiggins et al. (2024), who reported that the presence of ampicillin-resistant coliforms in urban floodwaters increases the potential risk of human exposure to these pathogenic microorganisms.
[bookmark: _Hlk211533747]The concentration of gentamicin in the mid-surface water samples from Akpugo was found to be as low as 0.01 µg/ml. This finding contrasts with the study by Lenart-Borón et al. 2022, where gentamicin was among the few antibiotics not detected. In the present study, gentamicin was also detected in the mid-region of the river at Amodu, with a similarly low concentration of 0.01 µg/ml. Antibiotics remain a major cause of concern due to their persistent nature, incomplete metabolism, and ability to move easily through various environmental compartments (Kümmerer, 2009).
[bookmark: _Hlk219704256]Penicillins are organic acids characterized by a β-lactam ring attached to a side chain and a thiazolidine ring. They act by inhibiting bacterial cell wall synthesis, specifically by blocking the transpeptidase reaction essential for cell wall formation (Lobanovska and Pilla, 2017). In this study, penicillin recorded the second-highest overall concentration among all antibiotics detected in samples from Akpugo, with a value of 0.13 µg/ml. The antibiotic was also identified in the mid-region water sample from Amodu at the same concentration of 0.13 µg/ml, which represents a relatively high level compared to other antibiotics detected in this research. The persistence of antibiotics in aquatic environments is often due to their rate of introduction exceeding their rate of degradation or removal. Prolonged exposure to sub-inhibitory concentrations of antibiotics in water systems can induce genomic changes in microorganisms, facilitating the development of antibiotic resistance and the transfer of resistance genes (Kulik et al., 2023). The primary sources of these antibiotics in the environment include domestic misuse, agricultural and aquaculture practices, as well as clinical waste (Sosa-Hernández et al., 2021).
[bookmark: _Hlk211536251]Approximately 50–90% of antibiotics consumed by humans and animals undergo only partial metabolism. Consequently, a significant portion of these compounds is excreted in both their parent and metabolite forms through feces and urine, leading to the widespread presence of antibiotics in wastewater and surface water bodies (Tran et al., 2019). Dicloxacillin and Oxacillin were detected in the samples gotten from the river at akpugo with a net concentration of of 0.04 µg/ml  and .01 μg/ml, respectively. Oxacillin at high levels can cause liver injury by elevations in serum ALT (Chalasani et al., 2020). Oxacillin and Dicloxacillin was completely absent in all samples collected from the river at Amodu, as well as in the spring water samples.
Traces of Avilamycin were detected in the surface water samples, specifically in the head and downstream regions of the river at Akpugo. Mean while, the river at Amodu showed traces of Avilamycin and tylosin in both the head and tail regions, No traces of the antibiotic were detected in the spring water samples. According to Koch et al. (2021), the excessive use of antibiotics can negatively impact the gene pool and food chain, leading to the emergence of antibiotic-resistant and multi-drug-resistant bacteria.
Colistin was detected only in the mid-region of the surface water sample from the river at Akpugo, with a concentration of 0.03 µg/ml. No traces of the antibiotic were found in the drinking water samples. In contrast, Colistin was one of the two antibiotics detected in all samples collected from the river at Amodu. It was present in the head, mid, and tail regions, with relatively high concentrations of 0.10 µg/ml recorded at both the head and tail regions, while the mid-region had a lower concentration of 0.03 µg/ml. Previous research has shown that the primary environmental concern associated with Colistin contamination in water bodies is its ability to promote the spread of antibiotic resistance genes, such as mcr genes, among bacteria—posing a significant public health risk (Osisiogu et al., 2025).
[bookmark: _Hlk211593257][bookmark: _Hlk211593432]Lincomycin is an antibiotic commonly used in veterinary medicine (Mehrtens et al., 2021). In this study, Lincomycin was detected in the spring water consumed by the community at a concentration of 0.01 µg/ml, representing the highest antibiotic concentration among all spring water samples. Owing to the scarcity of potable water, particularly in rural areas, people often rely on any available water source that appears clean for drinking, washing, and recreational activities (Emurotu and Habib, 2019). In the river at Amodu, Lincomycin was detected only in the mid-region, where it recorded a concentration of 0.10 µg/ml. The occurrence of Lincomycin in environmental water has been shown to promote antimicrobial resistance, thereby reducing the effectiveness of antibiotics in treating infections and potentially disrupting microbial communities and ecological processes (Mehrtens et al., 2021).
Aldrin and Quinoline are not antibiotics but are classified as an organochlorine pesticide and a compound found in antimalarial drugs, respectively. In this study, Aldrin was detected in the mid-region of the surface water sample from the river at Akpugo, with a concentration of 0.01 µg/ml. Quinoline, on the other hand, was detected in the spring water at Akpugo at a concentration of 0.01 µg/ml. Traces of Quinoline were also found in the head and tail water samples collected from the river at Amodu. According to Luo et al. (2020), Quinoline exhibits carcinogenic, teratogenic, and mutagenic effects in humans through bioaccumulation in the food chain.
Conclusion 
This study investigated the presence and concentration of antibiotics in both the Atavu River and the spring water located at Akpugo and Amodu. Of the 12 antibiotics analyzed, 11 were detected. Among these, tetracycline was the most frequently found and exhibited the highest concentration, followed by penicillin, which is widely utilized in veterinary medicine and various other applications. The distribution of these antibiotics throughout the river likely contributed to their presence in the spring water. The detection of antibiotics in the spring water, which serves as a primary source of drinking water, is particularly alarming, as prolonged exposure may lead to the development of antibiotic resistance and other health conditions that pose serious threats to human life.
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