


EVALUATION OF THE BIODEGRADATION POTENTIAL OF SURFACTANTS FROM COMMERCIAL LIQUID DETERGENTS




Abstract
This study evaluated the biodegradation potential of surfactants in selected commercial liquid detergents using water samples and a river water die-away test. Six liquid detergents (LB Wash ‘N’ Wax, Classic Hand Wash, Morning Fresh, Mama Lemon, Newday Fresh and Lily Fresh) and sodium dodecyl sulphate (SDS) as a standard were examined. Total viable heterotrophic bacterial counts, detergent-utilising bacterial counts, bacterial isolates, pH, chemical oxygen demand (COD), sulphate, nitrate and percentage surfactant remaining were assessed over a 28-day period. The total viable heterotrophic bacterial counts recorded for River Niger water and tap water were 1.57 x 10^6 and 3.4 x 10^5 cfu/ml, respectively. Detergent-utilising bacterial counts were higher in river water than in tap water, ranging from 3.0 x 10^4 to 1.04 x 10^6 cfu/ml in river water and from 5.0 x 10^2 to 9.3 x 10^3 cfu/ml in tap water. The corresponding percentages ranged from 1.9 to 66.2% and 0.1 to 2.7%, respectively. The bacterial genera associated with detergent utilisation included Escherichia, Pseudomonas, Staphylococcus, Bacillus, Salmonella, Flavobacterium, Enterobacter and Citrobacter, with Pseudomonas spp. showing the highest frequency of isolation (28.57%). During the die-away test, pH values generally increased, while COD, sulphate, nitrate and surfactant concentrations decreased. By day 28, COD values in the detergent treatments declined to 25-45 mg/L, and the percentage surfactant remaining ranged from 10.00 to 50.00%. Total viable counts generally increased up to day 20 before declining. These findings indicate variable biodegradation among the detergent formulations and suggest that indigenous river water bacteria contributed to the utilisation of detergent constituents under the test conditions.
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Introduction


Biodegradation refers to the intricate microbial process through which complex substances are decomposed or mineralised into simpler inorganic products, including carbon dioxide, water, and various mineral constituents (Okpokwasili and Mbipom, 2004). This process encompasses the natural decomposition and recycling of materials by a diverse range of organisms, particularly microorganisms, and is widely regarded as an environmentally beneficial phenomenon (Ogu et al., 2016). As most natural environments are predominantly aerobic, research has historically concentrated on understanding the biodegradation behaviour of chemical substances under aerobic conditions.
The efficiency of microbial degradation is often seriously impeded by two major factors, namely the poor accessibility of lipophilic compounds to microorganisms and the toxic effects that substrates may exert on them (Schwatz and Bar, 1995).


Surfactants are amphiphilic compounds characterised by their ability to lower the interfacial tension between two immiscible phases. These substances may be synthesised chemically, resulting in synthetic surfactants, or derived from biological sources, in which case they are referred to as biosurfactants (Aguirre-Ramírez et al., 2021). Owing to their extensive production and widespread utilisation, surfactants are considered environmentally significant contaminants. Their primary route of entry into the environment is through wastewater discharges, either following treatment in wastewater treatment facilities or directly in regions lacking adequate treatment infrastructure (Obuebite & Okwonna, 2022). Consequently, various environmental compartments, including freshwater systems (water bodies and sediments), soils receiving surfactant-containing sewage sludge, and marine ecosystems, may be affected by their presence.

The molecular structure of surfactants is commonly described using the tail–head model, in which the hydrophobic tail represents the non-polar moiety and the hydrophilic head corresponds to the polar functional group. Since detergent surfactants are predominantly employed in aqueous environments, they are generally classified according to the chemical characteristics of their hydrophilic group, which remains following dissociation in aqueous solution. The amphiphilic nature of these molecules enables them to interact simultaneously with water and non-polar substances, thereby reducing surface tension and enhancing the solubilisation and emulsification of otherwise water-insoluble compounds (Ohalete et al., 2024). As organic compounds that modify the interfacial properties of liquids, surfactants play a fundamental role in detergent formulations and are principally responsible for their cleansing effectiveness (Osadebe et al., 2018).
Anionic surfactants are present in large amounts in most detergents. These surface-active agents possess negatively charged (anionic) functional groups within their hydrophilic moiety, accompanied by small counter ions such as sodium or potassium. The presence of these counter ions exerts only a minimal influence on the physicochemical properties of the surfactant. The utilisation of anionic surfactants derived from renewable natural resources, particularly plant-based oils, in liquid detergent formulations has been associated with enhanced biodegradability and reduced reliance on petroleum-derived feedstocks (Villota-Paz et al., 2022). The most important anionic surfactants used in laundry detergents are soaps, alkylbenzene sulphonates, alkyl sulphates, alkyl ether sulphates and secondary alkane sulphonates.

The contribution of non-ionic surfactants to global surfactant production and consumption has increased steadily since the 1970s. This growth has been driven primarily by the widespread use of ethoxylated derivatives of fatty alcohols, oxo alcohols, and secondary alcohols, which are produced through the reaction of the corresponding alcohols with ethylene oxide. The increasing incorporation of non-ionic surfactants into detergent formulations has been associated with a shift towards lower-temperature washing practices, as well as changes in the relative utilisation of different textile fibres. Among the most significant classes of non-ionic surfactants are alcohol ethoxylates, alkylphenol ethoxylates, fatty acid alkanolamides, alkylamine oxides, N-methylglucamides, and alkyl polyglycosides (Kosswig, 2009).

Cationic surfactants are primarily employed in detergent formulations as fabric-softening agents during laundering processes. The most commonly used compounds within this category include quaternary ammonium compounds, comprising mono- and di-alkyl quaternary derivatives, esterified mono- and di-alkyl quaternary compounds (esterquats), and imidazole-based derivatives. Esterquats are particularly valued due to their favourable toxicological and ecotoxicological characteristics. In addition, alkylated imidazole derivatives are utilised not only as fabric softeners but also in personal care formulations owing to their dermatological compatibility (Merrettig-Bruns and Jelen, 2009).

Detergents are defined as substances or formulations containing soaps and/or other surfactants designed for water-based laundering and dishwashing applications. They are commercially available in a variety of forms, including liquids, powders, pastes, and bars, and are extensively used in household laundry products, domestic and industrial cleaning agents, cosmetic formulations, and numerous industrial applications. Contemporary detergent formulations may contain surfactants at concentrations of up to one-third of the total composition, together with substantial quantities of fragrances, colourants, optical brighteners, enzymes, and other functional additives (Smulders et al., 2009).

The extensive production, application, and environmental release of surfactants have generated considerable interest in understanding their biodegradability. Research into the biodegradation of these compounds has become increasingly important due to patterns of consumer usage and disposal of detergent-related chemicals, which frequently enter aquatic ecosystems, including rivers and estuaries, following discharge into the environment (Okpokwasili and Mbipom, 2004).

Environmental pollution remains a significant challenge in many developing nations, including Nigeria, where the presence of industrial chemicals poses substantial risks to ecosystem integrity, biodiversity, and human well-being. Nevertheless, indigenous microbial communities inhabiting natural environments such as soils and aquatic systems play a crucial role in the natural attenuation and degradation of environmental contaminants. Through their metabolic activities, these microorganisms contribute significantly to the reduction and transformation of pollutants, thereby supporting ecosystem resilience and environmental quality.
Although surfactant biodegradation has been widely examined, information remains limited on the comparative biodegradation behaviour of commonly used liquid detergent brands in River Niger water and on the accompanying changes in microbial counts, pH, COD, sulphate, nitrate and surfactant residues during a 28-day die-away test. This study was therefore designed to evaluate the biodegradation potential of surfactants from selected commercial liquid detergents under the stated experimental conditions.


MATERIALS AND METHODS
Sources of samples
The liquid detergents (LB Wash ‘N’ Wax, Newday Fresh, Morning Fresh, Mama Lemon, Classic Hand Wash and Lily Fresh) were purchased from the three major markets in Onitsha metropolis, Anambra State, Nigeria. Sodium dodecyl sulphate (SDS), used as the standard, was obtained from Sigma Chemical Company, St Louis, Missouri, USA. The river water sample was collected from River Niger, located at Onitsha, Anambra State, and the tap water sample was taken from the Quality Control Microbiology Laboratory of Kingsize Pharmaceuticals Nigeria Limited, Ogidi, Anambra State.
Microbiological analysis
Isolation of pure cultures from the water samples was carried out by plating 0.1 ml of dilutions 10^-2 to 10^-4 for each sample using the pour plate technique on nutrient agar, and the total aerobic count was determined (Chesbrough, 2006).

Detergent-utilising bacterial count
Bacteria from the river and tap water samples that could grow on agar medium (KCl 0.6 g, MgSO4.7H2O 7.0 g, NaCl 5.0 g, NH4NO3 1.0 g, detergent 10 ml, agar 20 g and deionised water 1 ml) containing a test liquid detergent as the sole carbon source were investigated. Serial dilutions of the water samples were prepared, and 0.1 ml of the dilutions was spread-plated in duplicate onto the detergent agar medium. The plates were then incubated for 72 h at room temperature. Organisms growing on the plates were counted, subcultured and stored for identification.
Characterisation and identification of detergent-utilising isolates
Bacterial isolates were characterised and identified on the basis of cultural, morphological and biochemical tests (Gram staining, indole, catalase, Voges-Proskauer, methyl red, urease, motility, oxidase, spore staining, citrate utilisation and sugar utilisation), according to Chesbrough (2006).

RESULTS AND DISCUSSION
Table 1: Total viable heterotrophic bacterial counts
	Sample
	Counts (cfu/ml)

	River Niger Water
	1.57 x 106

	Tap Water
	3.4 x 105



	Table 2: Mean counts of detergent-utilising bacteria (cfu/ml)

	Sample
	River water 
	%
	Tap water  
	%

	
	
	
	
	

	LB wash 'N' wax
	8.2. x 104
	5.2
	2.9 x 103
	0.9

	Classic hand wash
	7.7 x 104
	4.9
	1.1 x 103
	0.3

	Morning Fresh
	6.4 x 104
	4.1
	9 x 102
	0.2

	Mama Lemon
	8.0 x 104
	5.1
	1.3 x 103
	0.4

	Newday Fresh
	1.0 x 106
	63.7
	7.5 x 103
	2.2

	Lily Fresh
SDS
	1.04 x 106
3 x 104
	66.2
1.9
	9.3 x 103
5 x102
	2.7
0.1

	
	
	
	
	





Table 3: Characteristics of bacterial isolates
__________________________________________________________________________
Characteristics		Isolate1	Isolate2	Isolate3	Isolate4	Isolate5 Isolate6	Isolate7	Isolate8
_____________________________________________________________________________________________Morphology		Moist	Smooth		Smooth		Smooth		Smooth			
			Small	Slightly		Slightly	Small	Small		Shiny
			Single	Curved	In Pairs	Curved	Moist	Slender	Straight	Rough
Microscopic morphology	Rods	Rods	Cocci	Rods	Rods	Rods	Rods	
Gram reaction		-	-	+	+	-	-	-	-
Motility			-	+	-	+	+	-	-	-
Catalase			+	+	-	+	+	+	+	+
Voges Proskaeur		-	-	-	-	-	-	+	-
Methyl Red		+	-	-	-	-	-	-	+
Citrate			-	-	+			+	-	-
Urease			+	-	-	-	-	-	+	+
Oxidase			-	+	-			+	-	-
Indole			+	-	-	+	-	+	+	+
Spore stain		-	-	-	-	-	-	+	-
Glucose			A	A-	A-	-	AG	A-	-	AG
Fructose			A-	-	-	AG	-	A-	AG	AG
Maltose			AG	-		AG	-	A-	AG	AG
Lactose			AG	AG	A-	AG	AG	A-	AG	AG
Probable Identity		E.coli	Pseudo	Staphy	Bacci	Salmo	Flavo	Entero	Citro
				Monas	lococcus	 lus	nella	bacte	bacter	bacter 
				spp.	spp	 spp.	spp.	rium	spp.	spp.
								spp.
_____________________________________________________________________________________________





	Table 4: Changes in pH (mean) during the river water die-away test

	Time (day)
	LB wash 'N' wax
	Classic hard wash
	Morning fresh
	Mama lemon
	New day fresh
	Lily fresh
	SDS
	Control

	0
	7.20
	7.50
	7.30
	6.80
	6.70
	6.75
	6.52
	6.30

	4
	6.80
	6.90
	6.70
	6.95
	6.85
	6.80
	6.69
	6.35

	8
	7.30
	6.60
	7.10
	7.20
	6.93
	6.85
	7.24
	6.42

	12
	6.6
	6.40
	7.40
	7.53
	7.25
	6.92
	7.76
	6.48

	16
	7.50
	6.20
	7.80
	7.90
	7.56
	7.32
	7.85
	6.53

	20
	7.60
	6.70
	8.20
	8.32
	7.73
	7.65
	8.22
	6.60

	24
	7.65
	6.80
	8.45
	8.50
	7.95
	7.98
	8.35
	6.62

	28
	7.72
	7.60
	8.60
	8.64
	8.70
	8.25
	8.50
	6.65



Table 5: Changes in total viable counts (mean) during the river water die-away test (cfu/ml)
	Time (day)
	LB wash 'N' wax
	Classic hard wash
	Morning fresh
	Mama lemon
	New day fresh
	Lily fresh
	SDS
	Control

	0
	1.0 x 104
	1.3 x 104
	1.2 x 104
	 1.3x104
	1.5. x 104
	1.6 x 104
	1.4 x 104
	2.0 x 104

	4
	4.1. x 104
	6.2 x 104
	7.1. x 104
	5.8 x 104
	8.6 x 104
	9.2 x 104
	3.0 x 104
	2.5 x 104

	8
	5.3 x 104
	7.0 x 104
	9.2 x 104
	7.5 x 104
	9.0 x 104
	1.01 x 105
	4.5 x 104
	3.6 x 104

	12
	6.2 x 104
	7.9 x 104
	9.7 x 104
	8.0 x 104
	9.7 x 104
	1.28 x 105
	6.2 x 104
	4.5 x 104

	16
	9.2 x 104
	8.8 x 104
	1.0 x 105
	9.0 x 104
	1.08 x 105
	1.42 x 105
	8.0 x 104
	4.0 x 104

	20
	9.4 x 104
	9.0 x 104
	1.13 x 105
	9.8 x 104
	1.33 x 105
	1.65 x 105
	8.7 x 104
	3.0 x 104

	24
	8.0 x 104
	7.7 x 104
	9.9 x 104
	8.5 x 104
	1.01 x 105
	1.48 x 105
	7.8 x 104
	3.0 x 104

	28
	7.6 x 104
	7.1 x 104
	9.4 x 104
	7.8 x 104
	9.8 x 104
	1.26 x 105
	6.0 x 104
	2.7 x 104



	Table 6: Chemical oxygen demand, inorganic sulphate and nitrate concentrations of the original liquid detergents (before addition into river water)

	Sample
	COD (mg/L)
	Sulphate
(mg/L)
	Nitrate
(mg/L)

	LB wash 'N' wax
	1650
	750
	300

	Classic hand wash
	2150
	960
	200

	Morning Fresh
	1560
	650
	250

	Mama Lemon
	1920
	840
	150

	New day Fresh
	3250
	1250
	350

	Lily Fresh
	3900
	1500
	300

	Sodium dodecyl sulphate (SDS)
	2000
	800
	250



	Table 7: Frequencies of isolation of detergent-utilising bacteria

	Genus
	Number of positive samples
	Frequency of isolation (%)
	

	Pseudomonas spp
	4
	28.57
	

	Staphylococcus spp
	1
	7.14
	

	Escherichia spp
	2
	14.29
	

	Salmonella spp.
	1
	7.14
	

	Flavobacterium spp.
	2
	14.29
	

	Enterobacter spp.
	1
	7.14
	

	Bacillus spp.
	2
	14.29
	

	Citrobacter spp.
	1
	7.14
	



Table 8: Bacterial isolates and the detergents utilised
	Genus
	Detergents utilised

	
	LB
	CW
	MF
	ML
	NF
	LF
	SDS

	Pseudomonas spp.
	-
	+
	-
	-
	+
	+
	+

	Staphylococcus spp
	-
	-
	-
	-
	-
	+
	-

	Escherichia spp
	-
	-
	-
	-
	+
	+
	_

	Salmonella spp
	-
	-
	-
	-
	-
	+
	-

	Flavobacterium spp
	-
	-
	-
	-
	-
	+
	+

	Enterobacter spp
	-
	-
	-
	-
	-
	+
	-

	Bacillus spp
	+
	-
	+
	-
	-
	-
	-

	Citrobacter spp
	-
	-
	-
	+
	-
	-
	-


Key: + = utilised; - = not utilised
Table 9: Changes in COD levels during the river water die-away test
	Time (days)
	LB wash 'N' wax
	Classic hand wash
	Morning fresh
	Mama lemon
	New day fresh
	Lily fresh
	SDS
	Control

	0
	165
	200
	140
	150
	200
	250
	200
	100

	4
	160
	170
	125
	130
	180
	220
	170
	80

	8
	140
	155
	115
	110
	160
	190
	170
	70

	12
	120
	140
	100
	90
	125
	170
	130
	60

	16
	90
	120
	80
	90
	100
	150
	85
	50

	20
	70
	100
	60
	90
	70
	110
	60
	25

	24
	50
	80
	50
	70
	40
	70
	45
	25

	28
	25
	30
	35
	45
	30
	45
	35
	20


Table 10: Changes in sulphate concentration during the river water die-away test
	Time (days)
	LB wash 'N' wax
	Classic hand wash
	Morning fresh
	Mama lemon
	New day fresh
	Lily fresh
	SDS
	Control

	0
	75
	95
	65
	84
	120
	150
	80
	45

	4
	65
	80
	50
	75
	100
	115
	70
	40

	8
	50
	70
	40
	60
	80
	90.50
	60
	33

	12
	35
	55
	30.50
	50
	65
	75
	50.50
	30

	16
	25
	40
	25
	40
	50.50
	60
	40
	20

	20
	20
	25
	20
	23
	35.50
	40
	30
	15

	24
	10
	15
	10
	14.50
	20
	35
	20
	12

	28
	5
	8
	6
	7.50
	10
	10.50
	9.50
	10


 
Table 11: Changes in nitrate concentration during the river water die-away test

	Time (days)
	LB wash 'N' wax
	Classic hand wash
	Morning fresh
	Mama lemon
	New day fresh
	Lily fresh
	SDS
	Control

	0
	30.00
	20.30
	25.00
	15.00
	30.00
	30.35
	20.50
	10.00

	4
	24.35
	16.47
	20.56
	12.50
	25.20
	25.00
	15.00
	8.50

	8
	20.00
	11.00
	22.00
	10.00
	18.15
	20.14
	10.31
	7.00

	12
	15.22
	7.84
	13.86
	7.32
	11.83
	13.52
	7.50
	6.00

	16
	8.63
	6.51
	9.01
	5.64
	9.20
	8.90
	6.00
	5.50

	20
	5.84
	5.03
	6.72
	4.08
	6.21
	6.37
	4.80
	4.10

	24
	3.55
	3.00
	3.60
	3.00
	4.00
	3.22
	2.94
	3.25

	28
	3.21
	2.62
	1.85
	2.13
	3.05
	2.45
	2.40
	1.80


Table 12: Changes in percentage surfactant remaining during the river water die-away test
	Time (days)
	LB wash 'N' wax
	Classic hand wash
	Morning fresh
	Mama lemon
	New day fresh
	Lily fresh
	SDS
	Control

	0
	100
	100
	100
	100
	100
	100
	100
	100

	4
	90.31
	94.20
	96.50
	97.63
	93.25
	95.00
	92.50
	100

	8
	85.00
	90.50
	91.12
	93.45
	89.58
	90.25
	85.00
	100

	12
	65.00
	70.00
	83.34
	90.29
	73.60
	80.00
	70.50
	50.00

	16
	58.25
	63.57
	70.69
	80.82
	50.54
	55.40
	45.50
	50.00

	20
	52.50
	57.00
	60.50
	65.00
	35.00
	36.52
	25.00
	50.00

	24
	45.35
	52.85
	55.20
	51.75
	28.30
	25.63
	15.75
	0

	28
	40.00
	49.25
	50.00
	43.00
	22.50
	15.00
	10.00
	0





The findings of this study demonstrated that the liquid detergent formulations were capable of supporting substantial microbial growth. The observed microbial populations on the detergent-containing agar media may reflect either the relative susceptibility of detergent constituents to microbial degradation or the effectiveness of the biocidal agents incorporated into the formulations, rather than solely indicating the bioavailability of the surfactant components. These results are consistent with the observations reported by Okpokwasili and Mbipom (2004).
The mean total viable counts of the cultures increased from the initial day to the 20th day before decreasing during the 28-day monitoring period. The mean total viable counts increased most rapidly with Lily Fresh and Newday Fresh and least rapidly with Classic Hand Wash and sodium dodecyl sulphate. The production of waste products, some of which may be toxic, and their accumulation in the medium over time, together with the gradual depletion of nutrients due to microbial metabolic activities, could account for the general decrease in bacterial counts after day 20.
The increase in pH in the control flask (6.30-6.65) was very gradual compared with the other flasks. This may be because it did not contain detergent, resulting in fewer microbial activities in this flask. However, the slightly alkaline pH values observed in the other samples may be related to their chemical compositions.
All the samples, including the control (river water), contained sulphates and nitrates, although there was a gradual decrease in COD. The reduction in sulphate and nitrate concentrations suggests that the microbial consortium utilised some of these components during metabolic activities. Elevated nitrate concentrations in drinking water may pose significant health risks, particularly to infants, in whom they can cause methaemoglobinaemia, commonly referred to as blue baby syndrome. Owing to its high solubility, nitrate is readily transported through soil profiles and can easily leach into groundwater systems (USEPA, 2010).
The increase in cell numbers as the natural microbial communities in the river water samples utilised the detergents may be attributed to the utilisation of surfactants as sole carbon and energy sources for growth and metabolic processes. The overall increase in bacterial numbers in the river water/detergent cultures may be attributed to the availability of a carbon source for growth, as well as the sulphate concentrations in the various detergents. Lily Fresh and Newday Fresh, with high sulphate concentrations, exhibited higher percentage degradation, whereas Morning Fresh, with the least sulphate concentration, recorded the least percentage degradation. Lily Fresh and Newday Fresh, with high chemical oxygen demand, also exhibited higher percentage degradation, whereas Morning Fresh had the lowest COD and percentage degradation. The difference in the rate of biodegradation may be due to variations in the concentrations of methylene blue active substances used by different industries in the manufacture of different detergent brands. The interactions between surfactants and microorganisms are multifaceted and extend beyond biodegradation. Under suitable environmental conditions, certain surfactants may exhibit both bactericidal and bacteriostatic properties (Smulders, 2009). Nevertheless, the antimicrobial efficacy of a surfactant is influenced by several factors, including the susceptibility of the microbial species involved, the size and structure of the hydrophobic moiety of the surfactant molecule, the degree of organic contamination in the water, such as the presence of sewage-derived matter, and the concentration of divalent metal ions within the aquatic environment (Rosen, 2010).
 
One important factor that affects surfactant degradation is surfactant structure. Schleheck et al. (2004) showed that the hydrophobic group is a very important determinant of biodegradability. An increased distance between the sulphonate group and the terminal end of the hydrophobic group changes the speed of biodegradation of alkylbenzene sulphonates (ABS). The degree of branching also affects the degradative ability of a given surfactant (Scott, 2000).

Lily Fresh and Newday Fresh, which were readily utilised, may contain compounds that can be directly utilised by microorganisms possessing the appropriate enzymes to catalyse these reactions. Morning Fresh and SDS, which were not readily utilised, may contain recalcitrant components, or the available microorganisms may not be capable of developing matching enzymes to carry out the degradation. These factors may determine a surfactant’s recalcitrance or biodegradability.


The bacterial isolates recovered from the liquid detergent formulations were predominantly Gram-negative rods. This observation suggests that Gram-negative bacteria exhibit greater tolerance to the surfactant concentrations present in the isolation medium compared with Gram-positive bacteria. According to Smulders (2007), many Gram-positive bacterial species are adversely affected by surfactant concentrations as low as 10-20 parts per million (ppm), whereas Gram-negative organisms may remain unaffected even at concentrations reaching several thousand ppm. Furthermore, several of the bacterial genera identified as capable of growing on the liquid detergent formulations have previously been reported to utilise and assimilate specific components of pure anionic surfactant molecules as sources of carbon and energy.

Statistical analysis showed that there was a relationship between the pH values and the total viable counts of the samples. There was also a relationship between the COD values and total viable counts, between the sulphate concentrations and total viable counts, and between the nitrate concentrations and total viable counts of the samples. These findings imply that variations in pH, COD, sulphate and nitrate values were associated with increases in the total viable counts of the samples during the biodegradation test (Scott, 2000).
Conclusions
The study showed that the tested liquid detergent formulations and the SDS standard differed in their biodegradation behaviour under the river water die-away conditions. Indigenous bacteria present in River Niger water were able to grow in media containing the detergents, indicating that components of the formulations could serve as substrates for microbial activity. Detergent-utilising bacterial counts were consistently higher in river water than in tap water, and the isolates recovered included Escherichia, Pseudomonas, Staphylococcus, Bacillus, Salmonella, Flavobacterium, Enterobacter and Citrobacter species. Pseudomonas spp. had the highest frequency of isolation, suggesting an important role in the degradation process observed in this study. During the 28-day incubation period, the detergent treatments showed increases in pH and total viable bacterial counts, with the latter generally rising up to day 20 before declining. Reductions in COD, sulphate, nitrate and percentage surfactant remaining were also recorded, although the extent of reduction varied among the products. Lily Fresh, Newday Fresh and SDS showed comparatively lower surfactant residues by day 28 than some other formulations. Overall, the findings indicate that biodegradation of the tested detergents occurred to different extents and was influenced by the characteristics of each formulation and the available microbial population within the tested system.
Limitations
This study was limited to six commercially available liquid detergents, one SDS standard and water samples obtained from the specified sampling locations. Therefore, the findings may not represent all detergent brands, formulations or aquatic environments. The river water die-away test provided useful information on biodegradation under the conditions used; however, it did not reproduce all physical, chemical and biological variations that may occur in natural water bodies. The study relied on culturable bacterial isolates, so organisms that were not recoverable under the culture conditions may not have been detected. Identification of the isolates was based on cultural, morphological and biochemical characteristics, without molecular confirmation. In addition, the work assessed selected physicochemical parameters, including pH, COD, sulphate, nitrate and percentage surfactant remaining, but did not determine the complete composition of each detergent formulation or identify specific degradation intermediates. These limitations should be considered when interpreting the biodegradation patterns observed in detail.
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