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ABSTRACT: Adverse effects of exposure of human to benzene, toluene, ethylbenzene and xylene (BTEX) are enormous.
Therefore, this study was conducted to examine and compare BTEX in water, sediment and fishes (Chrysichthys
nigrodigitatus, Oreochromis niloticus and llishia africana) from Badagry, Ojo and Ologe Lagoons in Lagos State, Nigeria,
and to investigate if consumption of the fish has any human health risks problem. Fish, water and sediment samples were
collected for three months (May - July 2023) using standard procedures. Data were computed using Statistical Package
for Social Sciences (SPSS version 22) and analyzed with analysis of variance while the differences in mean were
separated using Least Significant Difference at p<0.05 being considered significant. There were no significant (p>0.05)
spatial variations in the BTEX concentration in the water column, sediment and fish collected from Badagry, Ojo and Ologe
Lagoons. Levels of BTEX in water, sediment and fish across the three sampling Lagoons were lower than the standard
maximum permissible levels. Benzene with 3.57x108, 3.57x108 and 7.13 x 108 represent the highest hazard quotient
(HQ) in C. nigrodigitatus from Badagry, Ojo and Ologe Lagoons respectively. Similarly, benzene with 7.13 x 108, 7.13 x
108 and 1.07x107 had the highest HQ in O. niloticus from Badagry, Ojo and Ologe Lagoons respectively. For I. africana,
same value of benzene (3.57x10-8) was obtained as the highest HQ across Badagry, Ojo and Ologe Lagoons. Xylene had
the least HQ in C. nigrodigitatus (Badagry and Ologe), O. niloticus (Ologe and Ojo) and I. Africana (Badagry and Ojo).
However, HQ of toluene was the least for C. nigrodigitatus (Ojo), O. niloticus (Badagry), while ethylbenzene had lowest
HQ in I. africana from Ologe lagoon. The estimated hazard index (HI) which ranged from 4.14x10-8 in C. nigrodigitatus
(from Badagry lagoon) to 1.14x107in O. niloticus (from Ologe lagoon) inferred no likelihood of non-carcinogenic and
carcinogenic incidents when the fish species are consumed. Hence, the examined fishes are safe for human consumption.

Keywords: Safety assessment, BTEX, aquatic habitat, C. nigrodigitatus, I. africana, O. niloticus.

INTRODUCTION

Benzene, toluene, ethylbenzene and xylene (BTEX) are
compounds that enter the surface and groundwater via
accidental releases of industrial effluents as well as leaks
and spills of oil and pipelines (Costa et al., 2012). Whitaker
and Penn (2018) have noted that the three main sources
of BTEX in natural waters were sewage discharge, water
transport, and oil leaks. BTEX compounds are known to

be airborne and could be readily carried into natural water
bodies through rainfall (Zhang et al., 2012). Although
BTEX usually evaporates rapidly into the air, yet, have the
tendency to pollute water resources (Chen et al., 2011).
BTEX chemicals have been found in a wide range of home
products such as cleaners, herbicides, insecticides,
personal hygiene products, and medications to mention
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but a few (Fayemiwo et al., 2017).

The levels of BTEX in natural waterways are affected by
different factors. For instance, as the temperature and
water discharge increase in the seas along the
Mediterranean coast, lower amounts of BTEX pollutants
were seen (Moliner-Martinez et al., 2013) while low wind
speeds and strong sun irradiation were associated with the
highest BTEX concentrations (Moliner-Martinez et al.,
2013).

Wendelaar-Bonga and Lock (2008) and Akinsanya et al.
(2020) have avowed that pollutants, when introduced into
water, can lead to adverse effects such as sickness and
mortality of organisms as they bio-accumulate up the food
chain. It can also prevent the regulation of hydro-minerals
at the gills of fish. As a result, fish are likely to absorb less
oxygen because branchial function will be significantly
reduced. Oxygen pressure gradient will also be impacted,
and there may be a reduction or increase in the mean
blood-to-water or mean water-to-blood diffusion distance.

The detection of BTEX in aquatic environments has
become a worry due to the possibility of bioaccumulation
and bio-magnification of these pollutants. Therefore, this
study aims to investigate the presence as well as compare
the concentration of BTEX in water, sediment, and fish
(Chrysichthys nigrodigitatus, Oreochromis niloticus and
llishia africana) across Badagry, Ologe and Ojo Lagoons
in Lagos State, Nigeria with a view of determining the
safety status of the afore-mentioned fishes for human
consumption.

MATERIALS AND METHODS
Study area and sampling stations

The study area is Lagos State which is situated within the
geographical coordinates of latitude 6°25'0°N and
6°32’30”N and longitudes 3°20°0"E and 3°25’0"E. Lagos is
located in the low-lying coastal zone of Nigeria with rivers,
creeks, lagoons and estuaries being dominant in this
coastal landscape. Three sampling stations (Badagry, Ojo
and Ologe Lagoons) were selected for this study. Badagry
Lagoon is on latitude 6.411566°N and longitude
2.882037°E, Ojo Lagoon is on latitude 6°55'60"N and
longitude 3°24’0"E while Ologe Lagoon is on latitude
6°28’14”N and longitude 3°4’59”E as shown in Figure 1.

Collection of water, sediment and fish samples

The water and sediment samples were collected from
three (3) different points of each sampling station
(Badagry, Ojo, and Ologe Lagoons) fortnightly for 3
months (May - July, 2023) following procedures of APHA
(1998) and Mekuleyi et al. (2021). A total of 18 water and
18 sediment samples were collected from the three
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sampling stations with the aid of 2.5L polycarbonate
bottles and corer respectively. A total of twenty seven (27)
samples of fish were collected at landing from the
fishermen from the three sampling stations. Precisely,
three (3) samples each of Chrysichthys nigrodigitatus,
Oreochromis niloticus and llishia africana were collected
from each sampling station for 3 months and they were
identified by fisheries experts in Lagos State University,
Ojo. These fish species were selected for this study due to
their relative abundance in the sampled lagoons as well as
their notable economic and commercial importance to
fisherfolks and fish consumers within Badagry Division in
Lagos State.

Reagents, standard solutions and calibration

standards stock solutions

All experiments were conducted using analytical and Gas
Chromatography (GC)-pesticide grade compounds. The
following reagents were used for this study: Silica gel 60-
120 mesh, baked at 130°C for 8 hours, Dichloromethane
(DCM Methylene chloride), n-hexane, Sodium sulfate
Anhydrous, Glass wool etc. All reagents were utilized in
accordance with the protocols. The equipment utilized
includes analytical balance (Gulfex FA 2104), Gas
chromatograph (Agilent, 6890 A), Freezer- capable of
maintaining 4°C, Hot plate with variable heat settings,
Ultrasonic Bath, Teflon stop-cocks, Rotary Evaporator
(Buchi), Oven (Capable of 130°C) and Graduated
measuring cylinders. The Calibration standard solutions
were prepared in DCM to contain 1.0-10.0 pg/mL of each
of the EPA 6-components of BTEX mix while the stock
(1000 pg/mL) mix was purchased commercially from
AccuStandard, Inc, USA (AOAC, 2016).

Extraction of BTEX in the specimen

Sediment samples were allowed to air dry for an entire
night at room temperature (25°C) in the laboratory. Fish
samples were homogenised individually in a lab blender at
a temperature precisely regulated between 20 and 25
degrees Celsius. Next, the samples were extracted using
an ultrasonicator, or ultrasonic bath. Ten grammes of
homogenised fish sample and sediment were put into a 50
millilitre (mL) glass vial. Then 25 mL of methylene chloride
were sonicated over each sample for 10 minutes while the
two phases were separated by standing for 15 minutes. A
rotary evaporator was used to concentrate the organic
phase down to 2 mL. After that, a 1pL aliquot of the
concentrate was injected into the GC.

Using the liquid-liquid extraction method, the water
sample was extracted. A 200 mL aliquot of the water
sample was extracted with 20 mL of methylene chloride.
For phase separation, the extract was left to stand for thirty
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Figure 1. A map showing the location of the three sampling stations (Badagry, Ologe and Ojo Lagoons) in Lagos, Nigeria.

minutes. After being decanted, the organic phase was
concentrated to 2 mL. Also, to check for the presence of
BTEX compounds, an aliquot of the concentrate was
injected into a GC-FID (USEPA, 2007).

Preparation and calibration of standard BTEX

Using the stock standard solution, five BTEX standard
solutions (5, 10, 20, 40, and 80 mg/L) were created by
appropriately diluting it in a volumetric flask. After injecting
an aliquot of the BTEX standard (1 pL) mix into the GC-
FID, a calibration curve was produced that could be used
to quantify the amounts of BTEX in the samples (AOAC,
2016).

Analysis procedure, Gas Chromatography (GC) set-up
conditions for BTEX and BTEX Quantification

The extracts were transferred to labelled GC auto-sampler
vials for determination of BTEX by GC/FID following the
procedures specified in the standard methods (USEPA,
2007). Thereafter, the BTEX extracts were analyzed using
the Agilent GC (Agilent 6890 A, with Flame lonization
Detector (FID) and HP-5 columns. The carrier gas was
Helium and the chromatography operating conditions were
as follows: Column: DB 5 MS (15 m x 0.25 mm x 0.5 um)

capillary column; Oven Program: 40°C, hold 5 minutes,
ramped at 7°C/min to 120°C; Detector: Flame lonisation
Detector (FID) 300°C; Carrier Gas: Helium, 1 ml/min;
constant flow; Injection Port temperature: 250°C; Injection
volume: 1 uL, splitless, (hold 2 min).

A 1uL aliquot of the final solution was injected into the
GC, set up for the quantitation of BTEX using the Agilent
Chemstation Software. The quantification of compounds
was based on the area of the analyte peak, compared with
that of the calibration standards.

Calculation of daily intake (DI) of BTEX in fish
Daily intake of BTEX in fish was calculated using the
formula by Copat et al. (2012) and Mekuleyi et al. (2021)

with little modification.

Dl = EFXED xFIRx CFxCBx 1073
B WAB x TA

Where: EF = Exposure frequency taken as 365 days/year;
ED = Exposure duration, equivalent to verge lifetime (65
years) (Ali and Hau, 2001); FIR = Fresh food ingestion rate
(g/person/day) being taken as 48 g/person/day (Ali and
Hau, 2001); CF = Conversion factor = 0.208; CB = BTEX
concentration in the fish stuff (mg/kgd"); WAB = Average
body weight (bw) of consumer (adult) taken as 60kg



(Copat et al., 2012; Mekuleyi et al., 2021); TA = Average
exposure of time for non-carcinogens which is equal to (EF
x ED) as used by Wang et al. (2005).

Cancer risks

The possibility of cancer risks in Chrysichthys
nigrodigitatus, Oreochromis niloticus and llishia africana
from Badagry, Ojo, and Ologe Lagoons through intake of
carcinogenic BTEX was estimated using the Incremental
Lifetime Cancer Risk (ILCR) (Liu et al., 2013)

ILCR = CDI x CSF

Where CDI is chronic daily intake of chemical carcinogen,
mg/kg BW/day which represents the lifetime average daily
dose of exposure to the chemical carcinogen and cancer
slope factor (CSF) is the risk produced by a lifetime
average dose of 1 mg/kg BW/day and is contaminant
specific (Bamuwamye et al., 2015).

The CDI value was calculated as:
CDI = (EDI x EFx EDtot) /AT

Where EDI is the estimated daily intake of BTEX via
consumption of fish; EF; is the exposure frequency (365
days/year); EDwt is the exposure duration 65years,
average lifetime for Nigerian; AT is the period of exposure
for non-carcinogenic effects (EF..EDwt) and 70years life
time for carcinogenic effect (Bamuwamye et al., 2015).

The cumulative cancer risk as a result of exposure to
multiple carcinogenic BTEX due to consumption of a
particular type of fish was assumed to be the sum of the
individual BTEX increment risks and calculated by the
following equation (Liu et al., 2013).

JILCR = ILCR1 + ILCR2 + ---+ ILCRn
Where n =1, 2,...,nis the individual carcinogenic BTEX in
fish species while the level of acceptable cancer risk

(ILCR) for regulatory purposes is considered within the
range of 1076 to 10 (Li and Zhang, 2010; USEPA, 2002).

Non-cancer risks
Non-carcinogenic risks for individual BTEX were evaluated
by computing the target hazard quotient (THQ) using the
following equation:

THQ = CDI/RfD (Bamuwamye et al., 2015)

Where CDI is the chronic daily BTEX and RfD is the oral
reference dose (mg/kg/day) which is an estimation of the
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maximum permissible risk on human population via daily
exposure (Li and Zhang, 2010). The RfD values of
benzene, toluene, ethylbenzene, and xylene are 4x10-3,
8x102, 1x10* and 2x10-* mg/kg/day respectively (USEPA,
2002).

Therefore, to evaluate the potential risk to human health
through more than one BTEX, chronic hazard index (HI) is
obtained as sum of all hazard quotients (THQ) calculated
for individual BTEX.

HI = THQu+ THQz+-- + THQn

Where 1, 2, ...,n are the individual BTEX in fish species.
The calculated HI is compared to standard levels while the
population is assumed to be safe when HI < 1 and in a
level of concern when 1 < HI <5 (Guerra et al., 2012).

Statistical analysis

All data for the concentrations of BTEX obtained in water,
sediment and fish from the three aquatic stations were
tested by one-way analysis of variance (ANOVA) and
results expressed as mean standard deviation while the
differences in mean were separated using Least
Significant Difference at level of significance set at p<0.05.

RESULTS

There were no significant (p>0.05) spatial variations in the
concentrations of Benzene and Xylene in the water column
from Badagry, Ojo and Ologe Lagoons as presented in
Figure 2. Although, the concentration of ethylbenzene and
toluene in the water column seems to be relatively high at
Ojo and Ologe Lagoons respectively, however, their
spatial variation was not statistically significant (p>0.05)
when values of these compounds across the sampling
lagoons were statistically compared. The concentrations of
benzene, toluene, ethylbenzene and xylene (BTEX) in
water sample of Badagry, Ojo and Ologe Lagoons
respectively are: Benzene (0.000001 + 0.000001 mg/L,
0.000001 = 0.000001 mg/L and 0.000002 + 0.000001
mg/L), Toluene (0.000001 + 0.000001 mg/L, 0.000001 +
0.000001 mg/L and 0.00019 + 0.000001 mg/L),
Ethylbenzene (0.000001 + 0.000001 mg/L, 0.00055 +
0.000001 mg/L and 0.00041 + 0.000002 mg/L) and Xylene
(0.000002 + 0.000001 mg/L, 0.000001 + 0.000001 mg/L
and 0.000001 + 0.000001 mg/L).

The concentration of BTEX recorded in sediment across
the sampled aquatic stations is presented in Table 1.
There was no significant (p>0.05) spatial variation in the
level of BTEX obtained in the sediment of Badagry, Ojo
and Ologe Lagoons. The distributions of the concentrations
of BTEX in the selected fish (Chrysichthys nigrodigitatus-
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Figure 2. Concentrations of BTEX in water samples from Badagry, Ojo and Ologe Lagoons, Lagos, Nigeria.

Table 1. Concentration of BTEX in sediment from Badagry, Ojo and Ologe Lagoons.

Parameters(mg/kg) Badagry Lagoon Ojo Lagoon Ologe Lagoon
Benzene 8.241+4.7642 8.615+£7.4572 0.501+ 0.2952
Toluene 7.012+3.3292 10.838+7.7692 29.277+14.7512
Ethylbenzene 14.349+ 11.4072 47.737% 45.8792 30.400+ 27.8342
Xylene 0.007+0.0002 0. 005+0.0002 0.005£0.0002

All the values of benzene, toluene, ethylbenzene and xylene should be multiplied by10-3. Mean + STD value with the same
superscript across the rows implies no significant difference (p>0.05).

silver catfish, Oreochromis niloticus — Nile Tilapia, and
llisha africana—West African ilisha is shown in Figure 3. For
the C. nigrodigitatus and I. africana, ethylbenzene had the
highest in term of numerical value and this was recorded
at Ologe Lagoon, while benzene had the highest numerical
value in O. niloticus also from Ologe Lagoon. However,
the differences in the concentrations of BTEX obtained in
C. nigrodigitatus, O. niloticus and I. africana across the
three sites were not statistically significant (p>0.05). The
concentrations of benzene, toluene, ethylbenzene and
xylene (BTEX) in l.africana from Badagry, Ojo and Ologe
Lagoons respectively are: Benzene (0.000001 + 0.000001
mg/kg, 0.000001 + 0.000001 mg/kg and 0.000001 =+
0.000001 mg/kg), toluene (0.000001 + 0.000001 mg/kg,
0.000002 + 0.000001 mg/kg and 0.000002 + 0.000001
mg/kg), ethylbenzene (0.000001 * 0.000001 mg/kg,
0.000002 + 0.000001mg/kg and 0.000003 + 0.000001
mg/kg) and xylene (0.000001 + 0.000001 mg/kg, 0.000001
+ 0.000001 mg/kg and 0.000002 + 0.000001 mg/kg).

For the O. niloticus, the concentrations of BTEX are
benzene (0.000002 + 0.000001 mg/kg, 0.000002 =+
0.000001 mg/kg and 0.000003 + 0.000001 mg/kg), toluene
(0.000002 + 0.000001 mg/kg, 0.000001 + 0.000001 mg/kg
and 0.000001 + 0.000001 mg/kg), ethylbenzene

(0.000001 + 0.000001 mg/kg, 0.000001 + 0.000001 mg/kg
and 0.000002 + 0.000001 mg/kg) and xylene (0.000002 +
0.000001 mg/L, 0.000001 + 0.000001 mg/L and 0.000001
+ 0.000001 mg/kg) at Badagry, Ojo and Ologe respectively.

On the other hand, benzene concentrations in C.
nigrodigitatus from Badagry, Ojo and Ologe were
0.000001 + 0.000001 mg/kg, 0.000001 + 0.000001 mg/kg
and 0.000002 = 0.000001 mg/kg respectively. While the
toluene levels in C. nigrodigitatus from Badagry, Ojo and
Ologe respectively were 0.000002 = 0.000001 mg/kg,
0.000002 + 0.000002 mg/kg and 0.000001 + 0.000001
mg/kg; ethylbenzene (0.000001 + 0.000001 mg/kg,
0.000001 + 0.000001 mg/kg and 0.000003 + 0.000002
mg/kg) and xylene (0.000001 + 0.000001 mg/kg, 0.000002
+ 0.000001 mg/kg and 0.000002 + 0.000002 mg/kg) were
recorded in Badagry, Ojo and Ologe respectively.

The estimated daily intake (DI) of BTEX in C.
nigrodigitatus, O. niloticus and I. africana from Badagry,
Ojo and Ologe Lagoons is presented in Table 2. All the
values of DI of BTEX in C. nigrodigitatus, O. niloticus and
I. africana ranged from 1.426 x 10 to 4.280 x 101°
respectively.

The values of hazard quotient (HQ) and hazard index
(HI) of BTEX in C. nigrodigitatus, O. niloticus and I.
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Figure 3. BTEX Concentrations in C. nigrodigitatus, O. niloticus and I. africana from Badagry, Ojo and
Ologe Lagoons, Lagos, Nigeria.

Table 2. Estimated Daily Intake (EDI) of BTEX in C. nigrodigitatus, O. niloticus and I. africana from Badagry, Ojo and
Ologe Lagoons.

Location Fish Species Benzene Toluene Ethylbenzene Xylene
C. nigrodigitatus 1.426 x 1010 2.853x101° 1.426 x 1020 1.426 x 1010
Badagry O.niloticus 2.853x1010 2.853x1010 1.426 x 10°1° 2.853x1010
l.africana 1.426 x 1010 1.426 x10°1° 1.426 x10°1° 1.426 x10°10
C. nigrodigitatus 1.426 x 1010 2.853x1010 1.426 x 10710 2.853x1010
Ojo O.niloticus 2.853x1010 1.426 x1010 1.426 x 1010 1.426 x 1010
l.africana 1.426 x 1010 2.853x101° 2.853x1010 1.426 x 1010
C. nigrodigitatus 2.853x1010 1.426 x10°1° 4.279x10°10 1.426 x10°10
Ologe O.niloticus 4,280x101° 2.853x1010 2.853x1010 1.426 x10-%0
l.africana 1.426 x10°1° 2.853x1010 4.279x1010 2.853x1010

respectively. Similarly, benzene with 7.13 x 108, 7.13 x 10-
8and 1.07 x 107 had the highest HQ in O. niloticus from
Badagry, Ojo and Ologe Lagoons, respectively. For I.
africana, the same value of benzene (3.57 x 10%) was

africana from Badagry, Ojo and Ologe Lagoons is
presented in Table 3. Benzene with 3.57 x 108, 3.57 x 10-
8 and 7.13 x 10°% represent the highest HQ in C.
nigrodigitatus from Badagry, Ojo and Ologe Lagoons,
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Table 3. Hazard quotient (HQ) and hazard index (HI) of BTEX in C. nigrodigitatus, O. niloticusand I. africana from

Badagry, Ojo and Ologe Lagoons.

. . . Benzene Toluene Ethylbenzene Xylene

Location Fish Species (HQ) (HQ) (HQ) (HQ) HI
C. nigrodigitatus 3.57x108 3.57x10° 1.43x 10° 7.13 x 1010 4.14x10®

Badagry  O.niloticus 7.13x 108 3.57x10° 1.42 x10° 1.42 x10° 7.77x108
l.africana 3.57x108 1.78x10° 1.42 x 10° 7.13x10° 4.60x108
C. nigrodigitatus 3.57x108 3.57x10° 1.42 x 10° 1.43x 107 4.21x10®

Ojo O.niloticus 7.13x 108 1.78x10° 1.43 x10° 7.13x 1010 7.52x108
l.africana 3.57x108 3.57x10° 2.85x10° 7.13x10° 4.29x10®
C. nigrodigitatus 7.13 x 108 1.78x10°° 4.28x10° 7.13 x10°10 7.80x108

Ologe O.niloticus 1.07x107 3.57x10° 2.85x10° 7.13 x 1010 1.14x107
l.africana 3.57x108 3.57x10° 4.28x10° 1.42x10° 4.50x108

obtained as the highest HQ across Badagry, Ojo and
Ologe Lagoons.

However, the lowest HQ in C. nigrodigitatus from
Badagry and Ologe Lagoons was from xylene with value
of 7.13 x 101 each, while toluene with 3.57 x 10°
represents the lowest HQ in C. nigrodigitatus from Ojo
Lagoon. On the other hand, xylene recorded in O. niloticus
from Ologe and Ojo had the least HQ with the value of 7.13
x 1010 each, while the lowest HQ in O. niloticus from
Badagry was found in toluene with the value of 3.57 x 10
10, For I. africana, the same value of xylene (7.13 x 10°)
was obtained as the least HQ at Badagry and Ojo Lagoons
while the lowest HQ in I. africana from Ologe Lagoon was
found in ethylbenzene with value of 4.28 x 10-°.

The estimated HI as shown in Table 3 ranged from 4.14
x 108in C.nigrodigitatus (from Badagry Lagoon) to 1.14 x
107 in O.niloticus (from Ologe Lagoon). However, all the
values of HI in C. nigrodigitatus, O. niloticus, |. africana
across the three sampling areas are less than 1.

DISCUSSION

The concentrations of benzene, toluene, ethylbenzene
and xylene (BTEX) in the water column and sediment from
Badagry, Ojo and Ologe Lagoons had no significant
spatio-temporal variation. However, the values of BTEX in
sediment and water across the sampling stations in this
study were relatively very low in comparison to those
reported in Lekki Lagoon by Isibor et al. (2020). Unlike the
observation in this study as regards the level of BTEX in
sediment across Badagry, Ojo and Ologe Lagoons, Isibor
et al. (2020) reported higher concentrations of BTEX in the
sediment medium than in the water which they attributed
to the repository nature of the bottom sediment in
conjunction with the hydrophobic nature of the
contaminants. Similarly, the levels of BTEX in water and

sediment in this study were lower than those reported by
Akinsanya et al. (2022) from Lekki Lagoon. The low level
of BTEX in the water and sediment from Badagry, Ojo and
Ologe Lagoons may be a result that none of the sampling
stations had an oil and gas industry around them and
probably the rate of discharge of domestic hazardous
wastes across the sampling stations are very low.
Adesanya et al. (2022) reported that effluents from
industries release BTEX into water bodies, as they are
being used as solvents especially those that are involved
in oil and gas. Also, Doherty and Otitoloju (2016) said that
domestic hazardous wastes have been implicated as
sources of BTEX while Robinson et al. (2005) reported the
presence of BTEX in human care products, pesticides,
pharmaceuticals, and some detergents. As opined by
Mekuleyi et al. (2017) and Adesanya et al. (2022),
anthropogenic activities often made aquatic biota
susceptible to environmental stressors (e.g heavy metals,
benzene, toluene, ethylbenzene and xylene (BTEX),
pharmaceutical effluents etc).

The crucial position which fish holds in nutritional and
food security in Nigeria cannot be over-emphasized. In this
study, the concentrations of BTEX in the selected fish
(Chrysichthys nigrodigitatus— silver catfish, Oreochromis
niloticus — Nile Tilapia, and llisha africana—West African
ilisha had no spatial significance differences across the
sampling stations. The levels of BTEX in the afore-
mentioned fishes from Badagry, Ojo and Ologe Lagoons
were lower than the standard maximum permissible limits
of BTEX in fish published by USEPA (1989) expressed as:
Benzene-0.000156 mg/kg, toluene-0.000228mg/kg,
ethylbenzene- 0.003905 mg/kg, and xylene- 0.003905
mg/kg. The BTEX recorded in fish for the present study
was lower than those reported in C. nigrodigitatus from
Epe and Lekki Lagoons (Akinsanya et al., 2020; Akinsanya
et al, 2022). Unlike the findings in this study, the
concentration of C. nigrodigitatus recorded at Lekki



Lagoon is unsuitable for consumption as its value exceeds
permissible limits. Some studies have pinpointed the
negative health effects that result from the consumption of
BTEX compounds which include cancer, liver lesions,
drowsiness and irritation of organs (Zhang et al., 2012;
Tunsaringkarn et al., 2012). Mitra and Roy (2011) and
Sogbanmu et al. (2016) further reported that human
exposure to BTEX compounds over a long period of time
could lead to skin and sensory irritation, adverse
respiratory health effects and central nervous system
irritation. Toluene, ethylbenzene, and xylene are often
considered non-carcinogenic compounds, although
benzene is known to be carcinogenic (Sogbanmu et al.,
2016).

The very low level of BTEX in fish from Badagry, Ojo and
Ologe Lagoons may be due to the prevalence of
gastrointestinal parasites in these fishes. A study by Bosch
et al. (2015) has divulged that the concentration of BTEX
may be lessened in the host by gastrointestinal parasites
accumulating toxins from their host. Microbial activity and
photo-degradation lead to the aerobic/anaerobic
biodegradation of benzene (Sei and Fathepure, 2009).

All the values of hazard quotient (HQ) and hazard index
(HD in the three fin fishes- silver catfish, Nile Tilapia and
West African llisha examined in this study were far below
1.0 and this is an indication of a low hazardous exposure
of the consumers to BTEX at the current rate of
consumption of these fishes. Similar results of HQ and Hi
of fish being less than 1 have been reported in some fishes
in Nigeria (Mekuleyi et al., 2021) and Malaysia (Latif et al.,
2019). Whenever the HQ value goes beyond 1, the higher
the likelihood of the hazard risk on the consumers
(USEPA, 1989; Mekuleyi et al., 2021). There are reports
that prolong exposures to concentrations of the BTEX
monoaromatic compounds can cause adverse effects in
humans (Liu et al., 2018). For instance, human exposure
to high concentration of benzene could result into modified
menstrual cycles, decreased immune cells and antibodies,
aberrant sperm production and spontaneous abortion
(Thurston et al., 2000; Uzma et al., 2010; Ji et al., 2012;
Marchetti et al., 2012; Bolden et al., 2015). Human
exposure to high concentration of toluene has been linked
to reductions in follicle stimulating hormone, testosterone,
luteinizing hormone as well as impaired fertility in women
(Bolden et al., 2015) while high xylene was attributed to an
increased risk of oligomenorrhea (Cho et al., 2001), but
effects of exposure to ethylbenzene include an increase in
markers of oxidative stress (Chang et al., 2011). In an
attempt to reduce BTEX in water, Yang et al. (2018) noted
that the use of adsorption technology as separation
method for water treatment compared to traditional
approaches like incineration, oxidation, and
bioremediation has proven to be both economically viable
and efficient in eliminating organic contaminants like BTEX
in water sample.
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Conclusion

A very low concentration of benzene, toluene,
ethylbenzene and xylene (BTEX) in water, sediment and
fish (Chrysichthys nigrodigitatus, llishia africana and
Oreochromis niloticus) from Badagry, Ojo and Ologe was
established in this study. All the values of BTEX in water,
sediment and fish examined in this study were below the
standard maximum permissible limits and this further
implies that the three lagoons are suitable for the fish.
However, there were no significant spatial variations in the
concentrations of BTEX in water, sediment and fish
samples while the estimated hazard quotient and hazard
index of BTEX in C. nigrodigitatus, O. niloticus and 1.
africana from the sampling sites which were far below 1 is
an indication that carcinogenic and non-carcinogenic risk
of BTEX associated with consumption of the fish is not
likely to occur. Hence, the examined fish in this study are
safe for human consumption.
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