Occurrence and Distribution of Some Contaminants of Emerging Concern in the Sediments from Imo River Nigeria: A Non-Targeted Analysis Approach


ABSTRACT
This is a non–targeted assessment of the occurrence and distribution of contaminants of emerging concern in sediment samples of the Imo River, Nigeria. Three (3) sampling locations—Ekenobizi (Imo State), Owerrinta (Abia State), and Oyigbo (Rivers State) — along the Imo River were selected for the study based on their high human population and numerous anthropogenic activities. Sediment samples (9) were collected from upstream, midstream, and downstream of each of the sampled locations using the grab sampling method and taken to the laboratory for analysis within three hours after sampling.  A non-targeted screening for Contaminants of Emerging Concerns (CECs) was done using gas chromatography – mass spectrometry (GC-MS) after preparation of the samples. The results showed contamination of the river with eighty-four (84) unique CECs distributed as follows: 21 CECs at Ekenobizi axis, 32 CECs at Owerrinta axis and 34 CECs at Oyigbo axis across the upper stream (US), midstream (MS) and downstream (DS) points. Some of the CECs were location-specific, while some were detected across the three sampling points of each location. Three of the detected CECs were common to both the Owerrinta and Oyigbo axes. Among the detected compounds were siloxanes, fatty acids, amines, hydrocarbons, and other organic chemicals. These chemicals are traceable to pharmaceutical and personal care products, agro-chemicals, and other industrial chemicals, and they exhibit varying degrees of ecological risks. There was no significant difference among the CECs concentrations of the sampled locations (where p > 0.05, p = 0.909).  The detection and concentration CECs in the study area indicate a critical trend of environmental contamination and potential ecological risks, consistent with global studies.
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INTRODUCTION
The rapid rate of global urbanization along with increased population growth, agricultural practices, and industrialisation are all well-known driving forces of introducing a rising number of organic chemical pollutants into the natural environment (Archer et al., 2023). The source of such chemical pollutants entering the natural environment have mainly been attributed to originate from wastewater treatment works (WWTW) (Archer et al., 2023; Shehu et al., 2022).
“Contaminants of emerging concern (CECs), also referred to as emerging contaminants (ECs) or emerging pollutants (EPs), can be defined as newly identified synthetic or naturally occurring chemicals or biological agents that are detected in the environment and are potentially hazardous or recently determined to be hazardous to humans and ecosystems. The risks associated with these contaminants are not fully understood; their toxicological significance is difficult to assess, and generally accepted concentration limits for drinking water and discharge limits for wastewater effluent have not yet been established” (Pal et al., 2014). “They may include pharmaceuticals and personal care products (PPCPs), per- and polyfluoroalkyl substances (PFAS), endocrine disruptors (EDs),  emerging pathogens, cyanotoxins and other natural toxins, pesticides, industrial chemicals, micro/nano plastics, nanomaterials, antibiotic resistance genes (ARGs), and other exogenous substances that are found in the environment but are not yet well understood in terms of their impacts on humans and natural ecosystems” (Fang et al., 2024; Enyoh et al., 2020; Ebele et al., 2017). 
“The increasing presence of contaminants of emerging concern (CECs) in the aquatic environment has become a global concern due to potential adverse effects CECs could have on aquatic life, human health and the entire environment, even at low concentrations” (Sauve & Desrosiers, 2014; Yuange et al., 2024; Jianglu et al., 2024). “Previous studies have indicated that the aquatic environment and its sediment serve as sinks for these CECs, which have the potential to persist and accumulate, posing risks to benthic organisms and potentially affecting human health through bioaccumulation and biomagnification in the food chain” (Fairbairn et al., 2015; Afolabi et al., 2024). In a study by Jobling et al (2006), the presence of CECs was linked to adverse effects like developmental and reproductive problems in aquatic species.
“The Imo River, located in southeastern Nigeria, is a very important water resource that supports different human activities, including, but not limited to, fishing, agriculture, and domestic usage” (Ogbonna et al., 2021). This study aims to assess the occurrence and distribution of contaminants of emerging concern in Imo River sediments, using a non-targeted approach in order to give insights into the types and levels of CECs present in the river and possible ecological risks. This study contributes to the growing body of knowledge on these contaminants, which is necessary to inform strategies for mitigation of their impacts.

METHODS
Study Area
The Imo River, located in Southeastern Nigeria, originates from Imo State, and flows through Abia, Rivers and Akwa-Ibom states of Nigeria into the  Atlantic Ocean (Ogbonna et al., 2021).
According to the location/topographic map of the study region, the Imo River Basin is located between latitudes 4° 38'N and 6° 01'N and between longitudes 6° 53'E and 7° 32'E. It has an approximate area of 9100 km2 (Uma, 1989). Three (3) sampling locations along the Imo River were selected for the study based on high human density with many anthropogenic activities. The three locations were Ekenobizi (Imo State), Owerrinta (Abia State) and Oyigbo (Rivers State) (Figure 1).

Sampling 



Sediment samples were collected upstream, midstream and downstream from each of the locations (Ekenobizi, Owerrinta and Oyigbo axes of the river) using the grab sampling method as described in Blomqvist, S. (1991) with the help of skilled local fishermen. These samples were placed in properly labelled polythene bags and taken to the laboratory for analysis within three hours after sampling.



[image: ]
Figure 1: Map of the Study Area and Sampling Points

Laboratory Analysis
Sediment samples (9) were analysed using Gas Chromatography–Mass Spectrometry (GC–MS) to identify contaminants of emerging concern (CECs). The Gas Chromatography/Mass Spectrometry (GC/MS) instrument separates chemical mixtures (the GC component) and identifies the components at a molecular level (the MS component). 10g from each of the sediment samples was used for extraction using methanol as solvent. The extract was allowed to concentrate in the fume hood and packed in the GC vial at exactly 1ml concentration. The extraction was carried out by mechanical agitation for 30 minutes and followed by sonication to enhance the desorption of analytes from sediment particles. The extracts were filtered through 0.45 µm PTFE membrane filters and concentrated under a fume hood to a final volume of 1 mL using gentle nitrogen evaporation. The concentrated extract was then transferred into a 1 mL GC vial for instrumental analysis. The approach is similar to that of Abafe et al. (2023) for a similar study.
As the distinct substances exit the column, they enter the MS. Mass spectrometry recognizes compounds based on the mass of the analyte molecule. A database of recognized mass spectra, encompassing several thousand substances, is kept on a computer. A mass spectrometry detector recognizes these analytes and correlates them with the database. Identification relies on the molecular structure, molecular weight, and deduced fragments revealed by the MS Quadrupole mass analyzer, which is filtered according to mass to charge ratio by the HED (High energy diode). They are qualitatively analyzed using the National Institute of Standards and Technology (NIST) spectrum database NIST 08 model. The components' name, molecular weight, and structure of the material are determined using the library. The relative percentage of each component was derived by comparing its average peak area to the overall area. The unknown components' spectrum is analyzed against the 2008 version, from which different spectra extractions and interpretations are derived.


Statistical Analysis
The study adopted a tabular representation of findings and the use of a pie chart to summarise and describe findings for clarity.
The hypotheses of the study were formulated and tested using the Analysis of Variance (ANOVA) at a 95% level of significance. As inferential statistics, ANOVA allows for exploring the statistically significant differences between two or more groups. One-ANOVA was adopted for the hypothesis testing, and it is expressed as thus;
                                                                                     

   
                                             
Where;
F= Variance ratio of the overall test
MST= Mean Square due to treatment /groups (between groups)
MSE= Mean square due to error (within groups, residual mean square)
Yij= an Observation
Ti= Group total
G= Grand total of all observations
ni= number in the group i and n is the total number of observations

RESULTS
Contaminants of emerging concerns (CECs) in sediment samples along the Imo River
The CECs in the sediment across the sampled points/axis of the Imo River are presented in Table 1a to 1c, and the percentage distribution of the CECs across the sampling points is presented in Figure 2. From the outcome, a total of eighty-four (84) CECs were detected, which were detailed as 21 CECs at Ekenobizi axis (24%), 32CECs at Owerrinta axis (37%) and 34 CECs at Oyigbo axis (39%) across the U.S., MS and D.S points. The sediment samples from Owerrinta and Oyigbo axis had in common three (3) CECs: Hexadecane, 2,6,10,14-tetramethyl-, Heptacosane and Dodecane, 2,6,10-trimethyl-.

Figure 2: Total CECs in Sediments across the Sampled Axes of the Imo River 



[bookmark: _Hlk201180848]Table 1a: CEC Concentrations in the Sediment Samples at Ekenobizi Axis of Imo River
	[bookmark: _Hlk201179021]

	Name Of Compound

	Formulae
	Sediment Conc.(mg/kg)

	
	
	
	U.S
	M.S
	D.S

	1
	Eicosamethyl cyclodecasiloxane, -
	C20H60O10Si10
	4.43
	7.62
	ND

	2
	
[bookmark: _Hlk201247798]Ethyl 2-((diethoxyphosphoryl)oxy)- 3,3,3 trifluoropropanoate
	[bookmark: _Hlk201247811]C9H16F3O6P
	761
	1162
	ND

	3
	[bookmark: _Hlk201249698]2-methyl Adenosine, -
	[bookmark: _Hlk201249733]C11H15N5O4
	522.5
	567
	524

	4
	1-Heptadecanamine
	C17H37N
	458
	371
	ND

	5
	
Hexadecanoic acid, 2,2,3,3,4,4,5,5 ,6,6,7,7 dodecafluoroheptyl ester
	C23H34F12O2
	589
	473
	ND

	6
	[bookmark: _Hlk201249790]1-Butanamine
	[bookmark: _Hlk201249804]C4H11N
	673
	1020
	619

	7
	[bookmark: _Hlk201249841]N-Ethylformamide
	[bookmark: _Hlk201249855]C3H7NO
	883.5
	393.5
	220

	8
	Nonadecylamine
	C19H41N
	ND
	322
	ND

	9
	Tridecylamine
	C13H29N
	ND
	ND
	439

	10
	
2-Methyl-1,5-(4H)-dihydropyrido-(2 ,3-b)1,4- diazepine-4-one
	C9H9N3O
	957
	320
	ND

	11
	
7-methyloct-3-yn-5- yl propyl ester Phthalic acid
	C20H26O4
	ND
	ND
	329

	12
	Tributyl(pentafluorophenyl)- Stannane
	C18H27F5Sn
	1194
	397
	ND

	13
	Glycyl-L-phenyl alanine
	C11H14N2O3
	365
	364
	ND

	14
	
4,5-dimethyl-3-(1-pyrrolyl)-thiophene-2-carboxylic acid,
	C11H11NO2S
	405
	699
	ND

	15
	Hydantoic acid
	C3H6N2O3
	ND
	ND
	720

	16
	L-Alanine, 3-[(aminocarbonyl)amino ]-
	C4H9N3O3
	ND
	ND
	344

	17
	4,6-dimethoxy-5-nitro- Pyrimidine
	C6H7N3O4
	ND
	ND
	935.5

	18
	N-glycyl-DL-Leucine,
	C8H16N2O3
	ND
	ND
	817

	19
	Hex-5-enylamine
	C6H13N
	ND
	ND
	320


U.S = Up Stream, M.S = Mid Stream, D.S = Down Stream, ND = Not detected

From table 1a (Ekenobizi axis), Ethyl 2-((diethoxyphosphoryl)oxy) - 3,3,3 trifluoropropanoate (C9H16F3O6P) was 761 mg/kg (U.S), 1162 mg/kg (M.S). Highest values included Tributyl (pentafluorophenyl)stannane at 1194 mg/kg (U.S). Other CECs, like Hydantoic acid, N-glycyl-DL-Leucine, and 4,6-dimethoxy-5-nitro-Pyrimidine appeared only downstream, suggesting accumulation and sedimentation downstream. From the outcome, 2-methyl Adenosine (C11H15N5O4), 1-Butanamine (C4H11N), N-Ethylformamide (C3H7NO) were detected across upstream, midstream and downstream.
 
Table 1b: CEC Concentrations in the Sediment Samples at Owerrinta Axis of Imo River
	

	Name Of Compound

	Formulae
	Sediment Conc.(mg/kg)

	
	
	
	U.S
	M.S
	D.S

	1
	n-Hexadecanoic acid 
	C16H32O2
	2764
	547
	ND

	2
	Hexadecane, 2,6,10,14-tetramethyl- 
	C20H42
	ND
	ND
	8166

	3
	Hexadecane, 2,6,11,15-tetramethyl- 
	C20H42
	ND
	ND
	1306

	4
	Octatriacontyl pentafluoropropionate 
	C41H77F5O2
	ND
	481.5
	2

	5
	cis-Vaccenic acid 
	C18H34O2
	3042
	ND
	ND

	6
	Oleic Acid 
	C18H34O2
	79
	ND
	ND

	7
	1-Nonadecene 
	C19H38
	178.5
	1705
	ND

	8
	Sebacic acid, di(2-propylpentyl) ester 
	C26H50O4
	ND
	860
	ND

	9
	Heptacosane 
	C27H56
	ND
	312
	ND

	10
	Tridecane 
	C13H28
	ND
	ND
	380

	11
	
L-Serine, N-(trifluoroacetyl)-, 1- methylpropyl ester, trifluoroacetate (ester) 
	
C11H13F6NO5
	
ND
	
ND
	
3

	12
	Decanoic acid, 10-(2-hexylcyclopropyl) 
	C19H36O2
	ND
	ND
	1

	13
	Bicyclo[4.4.1]undeca-1,3,5,7,9-pen taene 
	C11H10
	ND
	ND
	3

	14
	
Spiro[furan-2(3H),1'(3'H)-isobenzofuran]-3,3'-dione, 4- phenyl
	
C17H10O4
	
ND
	
ND
	
1

	15
	i-Propyl 11,12-methylene-octadecan oate 
	C22H42O2
	ND
	ND
	1

	16
	Dodecane, 2,6,10-trimethyl- 
	C15H32
	ND
	ND
	66

	17
	
3-Methyl-4-(methoxycarbonyl)hexa-2,4-dienoic acid 
	
C9H12O4
	
ND
	
ND
	
72

	18
	Cyclohexane, 1-(1,5-dimethylhexyl) 
	C20H40
	207
	ND
	ND

	19
	Octadecane, 1-(ethenyloxy)- 
	C20H40O
	116
	ND
	ND

	20
	Octadecanoic acid 
	C18H36O2
	623
	ND
	ND

	21
	
2-Pentene-1,4-dione, 1-(1,2,2-trim ethylcyclopentyl) 
	
C13H20O2
	
97
	
ND
	
ND

	22
	9,17-Octadecadienal, (Z)- 
	C18H32O
	189
	ND
	ND

	
	
	
	
	
	

	23
	
9-Octadecenoic acid (Z)-, 2-hydrox y-1- (hydroxymethyl)ethyl ester 
	
C21H40O4
	
110
	
ND
	
ND

	24
	13-Octadecenal, (Z)- 
	C18H34O
	153
	ND
	ND

	25
	p-Nitrophenyl nonyl ether 
	C15H23NO3
	500
	ND
	ND

	26
	n-Propyl 11-octadecenoate 
	C21H40O2
	1679
	ND
	ND

	27
	1-Hexacosene 
	C26H52
	ND
	394
	ND

	28
	Pentadec-7-ene, 7-bromomethyl- 
	C16H31Br
	ND
	1972
	ND

	29
	
Pyrrolidine-1,2-dicarboxylic acid 2-(4-tertbutylbenzylamide) 1-phenylamide 
	
C23H29N3O2
	
ND
	
234
	
ND

	30
	2-Dodecen-1-yl(-)succinic anhydride 
	C16H26O3
	ND
	250.5
	ND

	31
	1-Bromo-11-iodoundecane 
	C11H22BrI
	ND
	174
	ND

	32
	17.alpha.(H),21.beta.(H)-Hopane 
	C30H52
	ND
	238
	ND


U.S = Up Stream, M.S = Mid Stream, D.S = Down Stream, ND = Not detected

At Owerrinta Axis (Table 1b), Hexadecane, 2,6,10,14-tetramethyl- dominated with 8166 mg/kg. Others included cis-Vaccenic acid (3042 mg/kg), n-Propyl 11-octadecenoate (1679 mg/kg). Traces of esters and fatty acids, such as Octadecanoic acid (623 mg/kg), were found upstream. Emerging contaminants like Pyrrolidine-1,2-dicarboxylic acid derivatives were detected in moderate levels (234 mg/kg). From the analysis, most of the detected CECs were very specific to just one sampling point each, while a few were detected across two sampling points. 

Table 1c: CEC Concentration in the Sediment Samples around Oyigbo Axis of Imo River
	

	Name Of Compound

	Formulae
	Sediment Conc.(mg/kg)

	
	
	
	U.S
	M.S
	D.S

	1
	Pentadecane, 2,6,10,14-tetramethyl
	C19H40
	3518
	ND
	1024

	2
	Hexadecane, 2,6,10,14-tetramethyl-
	C20H42
	ND
	ND
	924

	3
	Dodecane, 2,6,10-trimethyl-
	C15H32
	3945
	ND
	ND

	4
	2-Methyl-7-phenylindole
	C15H13N
	ND
	9635
	ND

	5
	Nonadecane
	C19H40
	ND
	ND
	924

	6
	Eicosane
	C20H42
	ND
	ND
	956

	7
	Heneicosane
	C21H44
	ND
	ND
	936

	8
	Docosane
	C22H46
	ND
	ND
	802

	9
	Tricosane
	C23H48
	ND
	ND
	772

	10
	Tetracosane
	C24H50
	ND
	ND
	625

	11
	Tetradecane, 2,6,10-trimethyl-
	C17H36
	ND
	ND
	252

	12
	Hexadecane
	C16H34
	ND
	ND
	279

	13
	Pentadecane, 2-methyl-
	C16H34
	ND
	ND
	404

	14
	Heptacosane
	C27H56
	ND
	ND
	460

	15
	Octacosane
	C28H58
	ND
	ND
	390

	16
	Methylene chloride
	CH2Cl2
	39
	ND
	ND

	17
	3,4-Dichlorobutane nitrile
	C4H5Cl2N
	3
	ND
	ND

	18
	
2(1H)-Naphthalenone, octahydro-1,4 a-dimethyl- , (1.alpha.,4a.beta.,8a.alpha.)-
	C12H20O
	42
	ND
	ND

	19
	Pentadecane, 3-methyl-
	C16H34
	624
	ND
	ND

	20
	Sebacic acid, di(2-propylpentyl) ester
	C26H50O4
	1136
	ND
	ND

	21
	9-Oxabicyclo[3.3.1]nonan-2-ol, acetate
	C10H16O3
	83
	ND
	ND

	22
	28-Nor-17.alpha.(H)-hopane
	C29H50
	95
	ND
	ND

	23
	2-(Acetoxymethyl)-3-(methoxycarbonyl)biphenylene
	C17H14O4
	51
	14
	ND

	24
	Benzo[h]quinoline, 2,4-dimethyl-
	C15H13N
	342
	ND
	ND

	25
	Silicic acid, diethyl bis(trimethylsilyl) ester
	C10H28O4Si3
	60
	ND
	ND

	26
	5-(p-Aminophenyl)-4-(p-tolyl)-2-thiazolamine
	C16H15N3S
	41
	ND
	ND

	27
	Methyl 3-bromo-1-adamantaneacetate
	C13H19BrO2
	34
	ND
	ND

	28
	Ethanol, 2,2,2-trichloro-
	C2H3Cl3O
	ND
	83
	ND

	

29
	
3-(4-N,N-Dimethylaminophenyl)propenoic acid, 2- (diethoxyphosphinyl)-,ethyl ester
	

C17H26NO5P
	

ND
	

17
	

ND

	30
	Cyclononasiloxane, octadecamethyl-
	C18H54O9Si9
	ND
	4
	ND

	31
	
Heptasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13- tetradecamethyl
	C14H44O6Si7
	ND
	4
	ND

	32
	
1,1,1,5,7,7,7-Heptamethyl-3,3- bis(trimethylsiloxy)tetrasiloxane
	C13H40O5Si6
	ND
	35
	ND

	33
	
Octasiloxane, 1,1,3,3,5,5,7,7,9,9, 11,11,13,13,15,15-hexadecamethyl
	C16H50O7Si8
	ND
	107
	ND

	34
	
Pyrido[1,2-a][1,3]benzimidazole-3- acetic acid, 4- cyano-1,5-dihydro- -oxo-, methyl ester
	C15H11N3O3
	ND
	28
	ND


U.S = Up Stream, M.S = Mid Stream, D.S = Down Stream, ND = Not detected

At Oyigbo Axis (Table 1c), Dodecane, 2,6,10-trimethyl- had a high concentration of 3945 mg/kg, 2-Methyl-7-phenylindole recorded the highest value of 9635 mg/kg at M.S. various hydrocarbons were present, ranging from 252 – 956mg/kg. Some esters and derivatives of carboxylic acids were also common. Siloxanes such as Heptasiloxane and Octasiloxane) ranged from 4 to 107 mg/kg. From the result, most of the detected CECs were very specific to just one sampling point each, while a few were detected across two sampling points. 

Research Hypothesis 
[bookmark: _Hlk168870773][bookmark: _Hlk130758542]From Table 2, the study’s hypothesis was tested using the ANOVA. The hypothesis was tested based on the following statement:
H0: 	There is no significant difference in the CECs concentrations in the sediment samples along the Imo River
H1: 	There is a significant difference in the CECs concentrations in the sediment samples along the Imo River
Based on the outcome, the null hypothesis (Ho) which stated that there is no significant difference in the CECs concentrations in the surface water of samples along the Imo River, was accepted (where p > 0.05, p = 0.909). 
Table 2: Significant Difference Analysis of CECs in Sediments
	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Sediment
	Between Groups
	159848.762
	2
	79924.381
	0.095
	0.909

	
	Within Groups
	218975114.678
	260
	842211.980
	
	

	
	Total
	219134963.440
	262
	
	
	



DISCUSSION AND CONCLUSION
The non-targeted assessment of sediment samples from the Imo River, Nigeria, using the GC-MS established the presence of eighty-four (84) unique CECs. The outcome corroborates with the submission of Afolabi (2024), which indicated that sediment is the sinker of various pollutants in the aquatic environment. High concentrations of aliphatic amines, such as Nonadecylamine (322 mg/kg), indicate industrial effluent contributions, as similar findings have been reported in contaminated sediments of the Pearl River Delta, China. Siloxanes, including Cycloheptasiloxane and Heptamethyltrisiloxane, recorded significant levels, particularly at Oyigbo, confirming their sediment-binding potential as demonstrated in European river studies. The detection of siloxanes in significant amounts reflects the increasing use of personal care products, lubricants, and industrial materials, consistent with global reports of siloxane pollution in aquatic environments. Fatty acids, notably n-Hexadecanoic acid (up to 2764 mg/kg in Owerrinta sediment), and their esters, such as cis-Vaccenic acid, detected at significant concentrations, reinforce findings from aquatic environments impacted by agricultural and municipal waste.
In summary, the non-target analysis (NTA) of surface water from the Imo River at Ekenobizi, Owerrinta and Oyigbo using Gas Chromatography/Mass Spectrometry (GC-MS) was able to establish the presence of various contaminant compounds of emerging concerns. A total of 84 unique CECs were detected. The detected compounds were of diverse parent/functional groups with diverse chemical characteristics.
Finally, the detection and concentration patterns of Contaminants of Emerging Concern (CECs) in the Imo River sediments indicate significant contamination of the Imo River system with a broad spectrum of emerging organic pollutants, including siloxanes, fatty acids, amines, fluorinated compounds and others. The study reveals critical trends of environmental contamination and potential ecological risks, consistent with global studies.
RECOMMENDATIONS
1. The non-targeted analysis of detected CECs should encourage the setting of permissible health limits and standards for waste discharge into the aquatic environments.
2. Implementation of stricter monitoring and control of industrial effluents, especially from manufacturing, petroleum, and personal care product industries, which are known sources of siloxanes, amines, and fatty acids should be encouraged.
3. Promotion of sustainable farming practices to reduce the discharge of fatty acids and nutrient-rich compounds into the river, as supported by global mitigation strategies.
4. Replacement of high-risk compounds, particularly persistent siloxanes and fluorinated esters, with biodegradable alternatives, aligning with global green chemistry initiatives.
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