Concentrations and Risk Assessment of Dioxins and Furans (PCDD/Fs) in Sediments of the Lower Reaches of River Ethiope, Delta State, Nigeria

ABSTRACT
This study assessed concentrations of dioxins and furans (PCDD/Fs) in sediments from the lower reaches of River Ethiope, Delta State, Nigeria, and evaluated the associated ecological and human health risks. Sediment extracts were obtained by ultrasonic extraction with a hexane/dichloromethane solvent mixture and analysed by gas chromatography–mass spectrometry. Concentrations of the seventeen PCDD/F congeners (∑17PCDD/F) in the sediments ranged from 9.53 to 57.5 µg kg⁻¹. Computed toxic equivalency (TEQ) values exceeded the 21.5 pg TEQ g⁻¹ guideline of the Canadian Council of Ministers of the Environment, and the 20 ng WHO-TEQ kg⁻¹ benchmark of the World Health Organization, indicating a considerable ecological risk to organisms inhabiting the sediment. Health risk assessment using non-cancer and cancer risk models indicated a substantial health risk to humans exposed to PCDD/F-contaminated sediment along the lower reaches of River Ethiope. These findings show that sediments in the lower reaches of River Ethiope pose both ecological and human health concerns, underscoring the need for continuous monitoring and remediation to curb PCDD/F contamination arising from petroleum-handling and related activities along the river.	Comment by HC: 21.5 pg TEQ/g = 21.5 ng TEQ/kg,	Comment by HC: ?
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Introduction
Sediments function as an important environmental reservoir for persistent contaminants, including dioxins and furans (PCDD/Fs), governing their environmental cycling and serving as a pathway through which humans and other organisms are exposed. PCDD/Fs are not intentionally manufactured but arise as unwanted by-products of combustion and thermal processes, including metal smelting, cement production, coal-fired power generation, and the incineration of chlorine-containing waste (Themba et al., 2023; Meng et al., 2016). Because of their hydrophobicity and capacity to travel long distances in air and water, these compounds persist and disperse widely once released into the environment (Klees et al., 2015). Owing to this persistence and toxicity, PCDD/Fs were among the original twelve substances targeted for elimination under the 2001 Stockholm Convention on persistent organic pollutants, and they accumulate and magnify in concentration as they move up the food chain (Baqar et al., 2017).	Comment by HC: In general the old reference should be the fir first 
The lower reaches of River Ethiope, in Delta State, Nigeria, form a vital waterway that supports fishing, farming, and the transport of petroleum products. The river is nonetheless under considerable environmental pressure: it periodically overflows its banks, carrying domestic and industrial waste into the surrounding floodplain during the rainy season. The lower reaches of the River Ethiope is flanked by nine different tank farms, which includes Rain Oil, Cybernetics Oil and Gas, Dutchess Energy, Nepal Oil and Gas, Othinel Brooks Energy, Prudent Energy, Gas Black Light Energy, and Fredo Energy Limited, all of which handle petrol, diesel, and kerosene on a daily basis. Product transfer through riverbank jetties creates a recurring risk of leakage into both the water column and the underlying sediment. The area is further impacted by sand dredging, illegal fuel bunkering, artisanal crude oil refining, palm oil processing, and timber sawing, while runoff from adjoining farmland adds to the contaminant load entering the river. Together, these activities have raised concern among communities that depend on the river, given the potential for adverse effects on public health. The objectives of the study were to determine the concentrations of the seventeen PCDD/F congeners in sediments collected from the lower reaches of River Ethiope, compute the toxic equivalency (TEQ) values of PCDD/Fs in the sediments and evaluate them against ecological guideline values recommended by the CCME and WHO, and assess the non-cancer and cancer health risks posed to children and adults through ingestion and dermal contact with PCDD/F-contaminated sediments in the study area.

Materials and Methods
Description of Study Area
This study was conducted in the Oghareki-Oghara community, within Ethiope West Local Government Area of Delta State, Nigeria (Latitude 5°57'2"N, Longitude 5°38'25"E). The community lies along the lower course of River Ethiope, a freshwater river that originates at Umuaja in Ukwuani Local Government Area and flows more than 50 kilometres, passing through Abraka, Mosogar, and Sapele before reaching Oghareki, where it joins the Benin River. Residents of the area depend heavily on the river for fishing, washing, bathing, swimming, and other domestic and occupational activities. Figure 1 is a map of the study area.
Sample Collection
Twenty sediment samples were obtained from twenty sampling points positioned at distances of 100 metres to 1 kilometre from the tank farms, using an Ekman grab sampler. Each sample was wrapped in aluminium foil, sealed in a labelled zip-lock polyethylene bag, and stored in an ice-packed cooler for transport to the laboratory.	Comment by HC: The date and year of sampling
[image: ]	Comment by HC: The name of sampling area is not clear
[bookmark: _Hlk223294289]Figure 1: Map of the study area showing the sampling points

Extraction of Sediment Samples for Dioxins and Furans
Sediment extracts for PCDD/F analysis were prepared following the ultrasonic solvent extraction procedure of US EPA Method 3550C (US EPA, 2007). A 10.0 g portion of each sediment sample was combined with an equal mass of anhydrous Na₂SO₄ and ultrasonically extracted at 30 °C for 30 minutes using 50 mL of a 1:1 (v/v) hexane/dichloromethane mixture. The filtered extract was subjected to two further rounds of sonication, each with a fresh acetone/dichloromethane mixture. Combined extracts were concentrated to 1 mL by rotary evaporation, then cleaned up by solid-phase extraction on 2 g of partially deactivated (5%) aluminium oxide, eluting sequentially with 15 mL hexane, 15 mL of a 9:1 hexane/dichloromethane mixture, and 20 mL of a 4:1 hexane/dichloromethane mixture. The pooled eluate was concentrated under a gentle nitrogen stream to approximately 0.5 mL. PCBs, PBDEs, and PCDD/F congeners in the resulting extract were quantified using gas chromatography (Hewlett-Packard 6890, Palo Alto, CA, USA) coupled to a mass-spectrometric detector, with separation achieved on an HP-5 cross-linked phenyl-methyl siloxane capillary column (0.25 µm film thickness, 0.25 mm × 30 m). Helium carrier gas was delivered at a linear velocity of 30 cm/s. The oven temperature programme began at 200 °C and was ramped at 4 °C/min to a final temperature of 310 °C, while the injector was held at 250 °C, 200 °C, and 240 °C for the respective injections; sample introduction was by 2.0 µL splitless injection. Quantification relied on an external calibration curve constructed from PCDD/F standard solutions at five concentration levels.	Comment by HC: Method 3550C is a general ultrasonic extraction procedure and does not, by itself, constitute a complete validated method for trace-level PCDD/F determination.	Comment by HC: Please provide the exact solvent composition and volume used in each of the three extraction cycles.	Comment by HC: What type of gc-mass used and what ionization and monitoring  mode were used? Clarify them	Comment by HC: Clarify which EPA method used 
provide sufficient information demonstrating that the extraction.
Quality Control/Assurance
Method performance was verified by monitoring recoveries of isotopically labelled PCDD/F surrogate standards. Previously analysed sediment samples were additionally fortified with PCDD/F standards at three concentration levels, each in triplicate, and re-analysed alongside the study samples using the same extraction and quantification procedure.	Comment by HC: Clarify which labeled congress, what standard added? And report the recovery acceptance criteria and actually acceptance range
Assessment of Human Health Risk from Exposure to PCDD/Fs in Sediments
Human health risk from sediment-associated PCDD/Fs was evaluated for three exposure routes － ingestion, dermal contact, and inhalation － using exposure models developed by the United States Environmental Protection Agency (USEPA). These models, previously applied to assess PAH exposure risk in soil, dust, and sediment (Yang et al., 2012; Tesi et al., 2016; Iwegbue and Obi, 2016; Odali et al., 2024), were adapted here for PCDD/F congeners.
Non-Cancer and Cancer Risk Assessment from PCDD/Fs
Non-cancer and cancer risks from dermal contact and inhalation exposure were calculated using the standard USEPA equations below (USEPA, 1989; USEPA, 2009).
For non-cancer risk:
Hazard index (HI) = + HQ dermal  		(1)
HQ =                                                                               (2)
CDIing-nc =        × 10-6                                      (3)
CDIdermal-nc =  × 10-6 		            (4)  
Cancer risk assessment:
ILCRing = 				(5)
ILCRderm = 		(6)
Where CDIing, CDIinh, and CDIderm are the chronic daily intakes for ingestion, inhalation, and dermal contact, respectively; ILCRing, ILCRinh, and ILCRderm are the incremental lifetime cancer risks for ingestion, inhalation, and dermal contact, respectively. ILCR values were computed for each exposure route using the parameters in Tables 1 and 2.
Table 1: Values of variables used for estimation of human health risk
	Variable
	Unit
	Definition
	Child
	Adult
	Reference

	C
	mg/kg
	PCDD/F toxic-equivalency (TEQ) concentration in sediments
	-
	-
	Table 4

	ABS
	-
	Dermal absorption factor (default for chlorinated POPs; no TCDD-specific value available)
	0.14
	0.14
	USEPA, 2004 (RAGS Part E)

	AF
	mg/cm²
	Sediment-to-skin adherence factor
	0.2
	0.07
	USEPA, 2011

	BW
	kg
	Average body weight
	15
	60
	Iwegbue et al. (2014)

	ED
	year
	Exposure duration
	6
	30
	USEPA, 2001

	EF
	day/yr
	Exposure frequency
	350
	350
	USEPA, 2001

	IngR
	mg/day
	Sediment ingestion rate
	200
	100
	USDOE, 2011

	SA
	cm²/event
	Skin surface area
	2800
	5700
	USDOE, 2011

	ATnc
	day
	Averaging time (non-carcinogenic) = ED × 365
	2190
	10950
	USDOE, 2011

	ATca
	day
	Averaging time (carcinogenic) = LT × 365
	20075
	20075
	USDOE, 2011

	LT
	year
	Lifetime
	55
	55
	WHO, 2018

	CF
	kg/mg
	Mass-unit conversion factor
	1 × 10⁻⁶
	1 × 10⁻⁶
	USEPA, 1989

	GIABS
	-
	Gastrointestinal absorption factor (default; no TCDD-specific value)
	1
	1
	USEPA, 2004 (RAGS Part E)

	RfDo
	mg/kg/d
	Oral reference dose for 2,3,7,8-TCDD, applied to ∑TEQ
	7 × 10⁻¹⁰
	7 × 10⁻¹⁰
	USEPA IRIS, 2012

	SFO
	(mg/kg/d)⁻¹
	Oral cancer slope factor for 2,3,7,8-TCDD, applied to ∑TEQ
	1.3 × 10⁵
	1.3 × 10⁵
	CalEPA, 1986/2002; USEPA RSL






Table 2: Toxicological parameters of the investigated PCDD/F congeners used for health risk assessment
	Congener
	WHO (2005) TEF

	2,3,7,8-TCDD
	1

	1,2,3,7,8-PCDD
	1

	1,2,3,4,7,8-HxCDD
	0.1

	1,2,3,6,7,8-HxCDD
	0.1

	1,2,3,7,8,9-HxCDD
	0.1

	1,2,3,4,6,7,8-HpCDD
	0.01

	OCDD
	0.0003

	2,3,7,8-TCDF
	0.1

	1,2,3,7,8-PCDF
	0.03

	2,3,4,7,8-PCDF
	0.3

	1,2,3,4,7,8-HxCDF
	0.1

	1,2,3,6,7,8-HxCDF
	0.1

	1,2,3,7,8,9-HxCDF
	0.1

	2,3,4,6,7,8-HxCDF
	0.1

	1,2,3,4,6,7,8-HpCDF
	0.01

	1,2,3,4,7,8,9-HpCDF
	0.01

	OCDF
	0.0003



Results and Discussion
Concentrations of Dioxins and Furans (PCDD/Fs) in Sediments
Concentrations of the seventeen analysed PCDD/F congeners are presented in Table 3 and Figure 2. Total concentrations varied significantly among sampling points (p < 0.05), likely reflecting differences in the strength and history of individual contamination sources as well as post-depositional transformation. Values ranged from 9.53 to 57.5 µg/kg, with the highest total recorded at sampling point 5 and the lowest at point 18. Across the congener profile, OCDD was the dominant dioxin and OCDF the dominant furan. These totals considerably exceed the 253.9–344.2 ng/kg reported for river sediment near a steel-recycling village in northern Vietnam (Hung et al., 2024), the 500–5000 ng/kg range reported for lake and reservoir sediments in the UK (Rose and McKay, 1996), and the mean values of 335 and 941 ng/kg reported for urban sediments elsewhere (Rodrigo et al., 2018).	Comment by HC: The Σ17PCDD/F concentrations varied significantly among sampling points.	Comment by HC: These spatial differences may reflect variations in contaminant inputs, sediment characteristics, and post-depositional processes.	Comment by HC: Values ranged from 9.53 to 57.5 µg/kg”
But the comparison studies are reported in ng/kg

Table 3: Summary statistics of dioxins and furans (µg/kg) in sediments of the lower reaches of River Ethiope, Delta State
	Congener
	Mean
	SD
	Median
	Min
	Max

	2,3,7,8-TCDF
	0.93
	0.96
	0.48
	0.30
	3.90

	2,3,7,8-TCDD
	0.93
	0.58
	0.72
	0.34
	2.44

	1,2,3,7,8-PCDF
	1.14
	0.97
	1.00
	0.12
	4.30

	2,3,4,7,8-PCDF
	1.03
	0.88
	0.83
	0.03
	3.43

	1,2,3,7,8-PCDD
	1.30
	1.11
	0.73
	0.22
	3.94

	1,2,3,4,7,8-HxCDF
	1.21
	0.91
	1.39
	0.07
	3.52

	1,2,3,6,7,8-HxCDF
	1.61
	1.53
	1.41
	0.16
	6.31

	2,3,4,6,7,8-HxCDF
	1.70
	1.58
	1.50
	0.14
	6.58

	1,2,3,4,7,8-HxCDD
	2.04
	2.05
	1.27
	0.22
	7.07

	1,2,3,6,7,8-HxCDD
	2.00
	1.46
	1.92
	0.23
	5.66

	1,2,3,7,8,9-HxCDD
	1.21
	0.68
	1.03
	0.39
	2.49

	1,2,3,7,8,9-HxCDF
	1.74
	1.32
	1.30
	0.45
	4.56

	1,2,3,4,6,7,8-HpCDF
	2.01
	1.66
	1.84
	0.32
	6.20

	1,2,3,4,6,7,8-HpCDD
	2.63
	1.70
	2.05
	0.70
	5.97

	1,2,3,4,7,8,9-HpCDF
	2.03
	1.29
	1.51
	0.56
	4.76

	OCDD
	2.57
	1.71
	1.77
	0.85
	6.23

	OCDF
	2.29
	1.94
	1.47
	0.45
	7.45

	Total
	28.4
	17.7
	21.0
	9.53
	57.5





Fig 2: Concentrations in ug/kg of PCCD/Fs in sediments of the lower reaches of River Ethiope

Computed TEQ for PCDD/Fs in Sediments
Table 4 presents the computed TEQ values for the PCDD/F congeners in the analysed sediments. ∑TEQ values ranged from 1.34 to 8.52 ng TEQ g⁻¹, with 2,3,7,8-TCDD and 1,2,3,7,8-PCDD contributing most strongly to the total TEQ at most sampling points. These values exceed both the 21.5 pg TEQ g⁻¹ guideline of the Canadian Council of Ministers of the Environment (CCME, 2010) and the 20 ng WHO-TEQ kg⁻¹ benchmark of the World Health Organization, indicating a high potential ecological risk to organisms exposed to PCDD/F-contaminated sediment in the lower reaches of River Ethiope.
Non-Cancer Risk of PCDD/Fs in Sediments
Non-cancer risk was estimated by applying the verified USEPA-IRIS oral reference dose for 2,3,7,8-TCDD (7 × 10⁻¹⁰ mg/kg-day; USEPA, 2012) to the ∑TEQ concentration at each sampling point, following the standard toxic-equivalency approach for dioxin-like compounds, since only 2,3,7,8-TCDD has an established dose–response value. Table 5 summarises the resulting non-cancer risk estimates. Hazard Index (HI) values ranged from 34.1 to 216.6 for children and 4.8 to 30.3 for adults, with children consistently showing higher HI values than adults — a pattern attributable to children's greater hand-to-mouth activity and lower body weight relative to adults. Because every HI value exceeds the threshold of 1, both child and adult populations face an elevated non-carcinogenic health risk from exposure to PCDD/F-contaminated sediment, with children at appreciably higher risk than adults.
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	Table 4: Computed TEQ (ng TEQ g-1) for dioxins and furans in sediments of Lower reaches of River Ethiope

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	2,3,7,8-TCDF
	5E-02
	1E-01
	4E-01
	3E-01
	2E-01
	8E-02
	7E-02
	4E-02
	4E-02
	4E-02
	5E-02
	5E-02
	3E-02
	3E-02
	4E-02
	4E-02
	5E-02
	4E-02
	7E-02
	2E-01

	2,3,7,8-TCDD
	2.44
	7E-01
	1.27
	1.72
	1.78
	5E-01
	1.68
	5E-01
	3E-01
	1.05
	1.28
	6E-01
	8E-01
	5E-01
	7E-01
	5E-01
	7E-01
	3E-01
	6E-01
	5E-01

	1,2,3,7,8-PCDF
	5E-02
	6E-02
	5E-02
	1E-01
	6E-02
	3E-02
	6E-02
	2E-02
	3E-02
	5E-03
	3E-02
	4E-02
	3E-02
	4E-02
	5E-03
	4E-03
	4E-03
	4E-03
	3E-02
	2E-02

	2,3,4,7,8-PCDF
	6E-01
	5E-01
	3E-01
	1E+00
	6E-01
	3E-01
	5E-01
	5E-01
	2E-01
	8E-03
	1E-02
	2E-01
	2E-01
	4E-01
	1E-01
	1E-01
	1E-02
	2E-02
	1E-01
	3E-01

	1,2,3,7,8-PCDD
	1.87
	2.96
	2.22
	2.35
	3.94
	2.32
	2.33
	5E-01
	5E-01
	2E-01
	4E-01
	3E-01
	1.54
	1.82
	0.96
	4E-01
	2E-01
	5E-01
	3E-01
	3E-01

	1,2,3,4,7,8-HxCDF
	4E-01
	2E-01
	2E-01
	2E-01
	1E-01
	2E-01
	1E-01
	1E-01
	3E-02
	7E-03
	7E-02
	2E-01
	2E-01
	1E-01
	1E-01
	7E-02
	1E-02
	3E-02
	1E-02
	2E-02

	1,2,3,6,7,8-HxCDF
	2E-01
	6E-01
	3E-01
	2E-01
	5E-02
	9E-02
	4E-01
	2E-01
	1E-01
	2E-01
	4E-02
	1E-01
	5E-02
	2E-01
	5E-02
	8E-02
	4E-02
	1E-01
	2E-02
	3E-02

	1,2,3,4,7,8-HxCDD
	2E-01
	4E-01
	4E-01
	5E-01
	5E-01
	7E-01
	3E-01
	4E-02
	4E-02
	2E-01
	3E-02
	5E-02
	3E-01
	2E-01
	3E-02
	9E-02
	2E-02
	2E-02
	3E-02
	4E-02

	1,2,3,6,7,8-HxCDD
	2E-01
	4E-01
	6E-01
	3E-01
	4E-01
	2E-01
	2E-01
	2E-01
	2E-01
	2E-02
	2E-01
	2E-01
	1E-01
	1E-01
	2E-01
	2E-02
	4E-02
	1E-01
	6E-02
	4E-02

	1,2,3,7,8,9-HxCDD
	7E-02
	2E-01
	2E-01
	2E-01
	2E-01
	2E-01
	2E-01
	4E-02
	1E-01
	1E-01
	9E-02
	5E-02
	1E-01
	1E-01
	5E-02
	4E-02
	9E-02
	4E-02
	1E-01
	1E-01

	1,2,3,7,8,9-HxCDF
	3E-01
	3E-01
	4E-01
	4E-01
	5E-01
	1E-01
	2E-01
	5E-02
	6E-02
	2E-01
	2E-01
	1E-01
	2E-01
	5E-02
	6E-02
	1E-01
	9E-02
	6E-02
	6E-02
	5E-02

	1,2,3,4,6,7,8-HpCDF
	6E-02
	6E-02
	3E-02
	2E-02
	2E-02
	3E-02
	2E-02
	3E-02
	1E-02
	5E-03
	1E-02
	2E-02
	2E-02
	2E-02
	2E-02
	3E-03
	5E-03
	3E-03
	5E-03
	9E-03

	1,2,3,4,6,7,8-HpCDD
	5E-02
	5E-02
	6E-02
	5E-02
	5E-02
	2E-02
	4E-02
	2E-02
	3E-02
	3E-02
	1E-02
	3E-02
	9E-03
	2E-02
	1E-02
	2E-02
	8E-03
	7E-03
	1E-02
	1E-02

	1,2,3,4,7,8,9-HpCDF
	4E-02
	3E-02
	3E-02
	4E-02
	3E-02
	2E-02
	5E-02
	1E-02
	1E-02
	6E-03
	1E-02
	1E-02
	1E-02
	3E-02
	9E-03
	2E-02
	2E-02
	7E-03
	1E-02
	6E-03

	OCDD
	5E-02
	3E-02
	5E-02
	6E-02
	4E-02
	5E-02
	3E-02
	3E-02
	1E-02
	2E-02
	1E-02
	1E-02
	1E-02
	2E-02
	3E-02
	9E-03
	2E-02
	9E-03
	1E-02
	1E-02

	∑TEQ
	6.53
	6.70
	6.49
	7.46
	8.52
	4.94
	6.29
	2.27
	1.81
	2.14
	2.45
	2.05
	3.69
	3.63
	2.46
	1.47
	1.36
	1.34
	1.46
	1.57



Table 5: Non-cancer risk of PCDD/Fs in sediments
	Point
	Child HQing
	Child HQderm
	Child HI
	Adult HQing
	Adult HQderm
	Adult HI

	1
	119.3
	46.8
	166
	14.91
	8.33
	23.24

	2
	122.4
	48
	170.3
	15.3
	8.54
	23.84

	3
	118.5
	46.5
	165
	14.82
	8.28
	23.09

	4
	136.3
	53.4
	189.7
	17.03
	9.51
	26.55

	5
	155.6
	61
	216.6
	19.45
	10.87
	30.32

	6
	90.2
	35.4
	125.6
	11.28
	6.3
	17.58

	7
	114.9
	45
	159.9
	14.36
	8.02
	22.38

	8
	41.5
	16.3
	57.7
	5.18
	2.9
	8.08

	9
	33.1
	13
	46
	4.13
	2.31
	6.44

	10
	39.1
	15.3
	54.4
	4.89
	2.73
	7.62

	11
	44.7
	17.5
	62.3
	5.59
	3.12
	8.72

	12
	37.4
	14.7
	52.1
	4.68
	2.61
	7.29

	13
	67.4
	26.4
	93.8
	8.42
	4.71
	13.13

	14
	66.3
	26
	92.3
	8.29
	4.63
	12.92

	15
	44.9
	17.6
	62.5
	5.62
	3.14
	8.75

	16
	26.8
	10.5
	37.4
	3.36
	1.87
	5.23

	17
	24.8
	9.7
	34.6
	3.11
	1.73
	4.84

	18
	24.5
	9.6
	34.1
	3.06
	1.71
	4.77

	19
	26.7
	10.5
	37.1
	3.33
	1.86
	5.2

	20
	28.7
	11.2
	39.9
	3.58
	2
	5.59



Total Cancer Risk of PCDD/Fs in Sediments
Cancer risk was similarly estimated by applying an oral cancer slope factor of 1.3 × 10⁵ (mg/kg-day)⁻¹ for 2,3,7,8-TCDD to the ∑TEQ concentration at each point. This slope factor is not an IRIS value (since EPA's IRIS carcinogenicity assessment for TCDD remains unresolved for oral exposure) but is the CalEPA (2002)-derived value that USEPA's own Regional Screening Level tables adopt as the standard default in the absence of an IRIS figure. Table 6 shows the resulting cancer risk estimates. Total cancer risk (TCR) values ranged from 3.4 × 10⁻⁴ to 2.2 × 10⁻³ for children and 2.4 × 10⁻⁴ to 1.5 × 10⁻³ for adults, again with higher values recorded for children. All TCR values exceed the 10⁻⁶ acceptable risk threshold, by roughly two to three orders of magnitude, across every sampled location, indicating a substantial carcinogenic risk associated with human exposure to PCDD/F in the sediment of River Ethiope.	Comment by HC: Please provide the detailed calculation of ΣTEQ, including the TEFs used for each congener, the TEF reference/version, treatment of non-detects, and the units used. The rationale for applying the TCDD toxicity value to the resulting TEQ concentration should also be explicitly justified
Table 6: Cancer risk of PCDD/Fs in sediments 	Comment by HC: The Methods section states that human health risks were assessed through ingestion, dermal contact, and inhalation pathways but there is no inhalation
	Point
	Child ILCRing
	Child ILCRderm
	Child TCR
	Adult ILCRing
	Adult ILCRderm
	Adult TCR

	1
	1.18E-03
	4.64E-04
	1.65E-03
	7.40E-04
	4.13E-04
	1.15E-03

	2
	1.21E-03
	4.76E-04
	1.69E-03
	7.59E-04
	4.24E-04
	1.18E-03

	3
	1.18E-03
	4.61E-04
	1.64E-03
	7.35E-04
	4.11E-04
	1.15E-03

	4
	1.35E-03
	5.30E-04
	1.88E-03
	8.45E-04
	4.72E-04
	1.32E-03

	5
	1.54E-03
	6.06E-04
	2.15E-03
	9.66E-04
	5.39E-04
	1.50E-03

	6
	8.96E-04
	3.51E-04
	1.25E-03
	5.60E-04
	3.13E-04
	8.73E-04

	7
	1.14E-03
	4.47E-04
	1.59E-03
	7.13E-04
	3.98E-04
	1.11E-03

	8
	4.12E-04
	1.61E-04
	5.73E-04
	2.57E-04
	1.44E-04
	4.01E-04

	9
	3.28E-04
	1.29E-04
	4.57E-04
	2.05E-04
	1.15E-04
	3.20E-04

	10
	3.88E-04
	1.52E-04
	5.40E-04
	2.43E-04
	1.35E-04
	3.78E-04

	11
	4.44E-04
	1.74E-04
	6.18E-04
	2.78E-04
	1.55E-04
	4.33E-04

	12
	3.72E-04
	1.46E-04
	5.17E-04
	2.32E-04
	1.30E-04
	3.62E-04

	13
	6.69E-04
	2.62E-04
	9.31E-04
	4.18E-04
	2.34E-04
	6.52E-04

	14
	6.58E-04
	2.58E-04
	9.16E-04
	4.11E-04
	2.30E-04
	6.41E-04

	15
	4.46E-04
	1.75E-04
	6.21E-04
	2.79E-04
	1.56E-04
	4.35E-04

	16
	2.67E-04
	1.04E-04
	3.71E-04
	1.67E-04
	9.31E-05
	2.60E-04

	17
	2.47E-04
	9.67E-05
	3.43E-04
	1.54E-04
	8.61E-05
	2.40E-04

	18
	2.43E-04
	9.52E-05
	3.38E-04
	1.52E-04
	8.48E-05
	2.37E-04

	19
	2.65E-04
	1.04E-04
	3.69E-04
	1.65E-04
	9.24E-05
	2.58E-04

	20
	2.85E-04
	1.12E-04
	3.96E-04
	1.78E-04
	9.94E-05
	2.77E-04



Conclusion
[bookmark: _GoBack]This study shows that sediments in the lower reaches of River Ethiope carry appreciable concentrations of PCDD/Fs, with total congener levels and TEQ values that exceed international ecological and health-based guidelines. The predominance of OCDD and OCDF, together with elevated hazard index and total cancer risk values for both children and adults, indicates that residents relying on the river for fishing, domestic use, and recreation face a non-negligible risk of adverse health outcomes from ingestion and dermal contact with contaminated sediment, with children consistently more at risk than adults across all measures evaluated. Given the density of petroleum tank farms and associated activities, including dredging, illegal bunkering, and artisanal refining along this stretch of the river, these findings point to industrial and informal petroleum-handling activities as likely contributors to sediment contamination. Continued monitoring, stricter enforcement of environmental safeguards around tank-farm operations, and public health measures to reduce direct sediment contact are recommended to mitigate these risks. Future work should incorporate source apportionment analysis and seasonally varied sampling programme to better characterise temporal variability in PCDD/F loading in the river system.	Comment by HC: with concentrations and TEQ values exceeding selected guideline or screening values	Comment by HC: its better to say potential non-carcinogenic and carcinogenic health risks
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