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A B S T R A C T

Toxicity studies in the aquatic ecosystem have shown that petrol and its product have adverse effects on aquatic
biota. They are able to easily absorb these toxic substances into their bodies from sediment, water or even food
items that are contaminated, thus impacting the food chain. In this study, water, sediment and fish (Heterotis
niloticus) from the Epe Lagoon were investigated for the presence of BTEX (benzene, toluene, ethylbenzene and
the three xylene isomers m, o and p-xylenes), and PAHs using GC-MS. Total concentration of BTEX in sediment
and water was respectively 32.37 � 1.07 μg/g, 49.86 � 7.30 μg/L; while total concentration of BTEX in fish liver
and intestine was 33.75 � 10.09 and 40.16 � 9.64 μg/g respectively. Benzene, 1,2-Dichlorobenzene and 1,3-
Dichlorobenzene components of BTEX were not detected in both sediment and water. Total concentration of
PAH in sediment and water was 7.46 � 1.73 μg/g and 19.33 � 1.31 μg/L respectively. Total PAHs concentration
in liver and fish intestine was 141.23 � 5.89 and 173.34 � 4.677 μg/g respectively. Majority of the PAHs con-
geners were found to be higher than the acceptable limits. Findings from this study shows the need for continuous
monitoring of our natural waters as the present situation portends a potential concern for ecological risk.
1. Introduction

PAHs are a class of environmental pollutants that are formed when
organic materials such as fossil fuels, coal and wood do not combust
completely. They are also derived from volcanoes, petroleum seeps and
forest fires [1, 2, 3, 4, 5]. They are among the priority pollutant list of US
Environmental Protection Agency (EPA) and European Union because
they exhibit carcinogenic and mutagenic properties [6, 7]. Damage to the
liver, kidney disease, jaundice and cataracts are some of the conse-
quences of exposure to PAHs on human health. One of the major PAHs,
Naphthalene, is capable of destroying the erythrocytes if taken in large
quantities [8].

BTEX are a group of pollutants that find their way into surface and
groundwater through improper discharge of contaminated industrial
effluents and accidental oil and pipeline spills and leakages respectively
[9, 10, 11, 12]. BTEX compounds have also been reported to be persistent
in air and are easily transported into the natural water bodies during
rains [13, 14]. Some of the health impacts that may arise from exposure
to BTEX compounds include cancer, liver cirrhosis, and organ irritation
[14, 15].
rsity.edu.ng (I.O. Ayanda).

orm 13 January 2020; Accepted
vier Ltd. This is an open access ar
The petroleum hydrocarbons causing adverse effects in aquatic or-
ganisms are considered to be BTEX and PAH [16, 17]. They are capable of
triggering multiple disturbances at varying biological organization levels
in the aquatic environment [16, 18, 19, 20]. PAHs and BTEX continues to
cause a menace to existence of the organisms and the state of the envi-
ronment. The entry of BTEX and PAHs into the aquatic food chain via the
process of bioaccumulation results in morbidities and mortalities.

The contribution of anthropogenic activities to the continuing rise of
these pollutants have been documented. According to Zhang and Tao
[21], in 2004, about 520 000 tons of the 16 priority PAHs were released
in Africa alone corresponding to about 19% of the total emissions glob-
ally. Man-made activities such as badmanagement of water resources has
largely impacted the aquatic ecosystem leading to pollution, and conse-
quently reducing the quality of ecosystem health [22].

The aquatic ecosystem which is a source of livelihood and food to a
large population living along the coastal region. The Lagos lagoon,
especially the Epe fishing community and the neighbouring communities
rely on the fish harvested from her waters as a source of food. It is
therefore imperative to investigate the extent to which human activities
have affected the pollution status of the particular water body. Hence,
this study was designed to determine the level of BTEX and PAHs
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accumulated in water, sediment and fish from the Epe Lagoon and
establish whether or not it is within limit maximally acceptable by in-
ternational regulatory agencies.

2. Materials and method

2.1. Study area

Lagos is located in the low-lying coastal zone of Nigeria (Figure 1);
rivers, creeks lagoons and estuaries being dominant in this coastal
landscape. Twenty five percent of the landmass of the State is water [23].
Wastes from industries located in the state are disposed of in these water
bodies [24]. Epe, Lekki, Lagos and Ologe lagoons are the four major la-
goons in the state. Epe Lagoon lies between latitudes 6�29 N and 6�38 N;
and longitudes 3�30 E and 4�05 E [25]. A large part of the lagoon has
maximum depth of about 6.0 m. The area is a rural settlement, where
human population are being concentrated along the lagoon bank. Raphia
palms and shrubs characterize the plant community in the lagoon area.
There are lots of floating vegetation around the edges of the lagoon; at
the same time, there is an abundance of coconut trees that surround the
villages nearby.
2.2. Fish, water and sediment collection

A total of 100 samples of Heterotis niloticus were freshly obtained
(randomly for a period of six months) from Epe axis of Lagos lagoon,
using appropriate fishing gears with the assistance of fishermen and were
immediately transported to the laboratory. Morphometric and meristic
features were measured and recorded to the nearest centimetres. Sex of
the fish was determined by visual examination of the anal opening and
further determined by physical observation of the gonads after dissec-
tion. Sediment and water samples were collected in triplicates from the
Lagos lagoon at low tide at a distance of>100m from the shoreline under
sunny weather conditions using acid-washed glass jar and plastic
container and samples were further refrigerated and stored in pre-
cleaned bottles at 4 �C, prior to laboratory analysis. The in-situ param-
eters of pH, temperature, electrical conductivity, salinity, total dissolved
solids and dissolved oxygen were read immediately using a multimeter
probe. Chemical oxygen demand and biological oxygen demand were
measured using closed reflux titration and titrimetric method respec-
tively. A spectrophotometer was used to analyse other parameters.
Figure 1. Map of the Epe
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2.3. Extraction of BTEX and PAHs in samples

For water samples, 100mL of the water sample was measured into
250mL funnel and extracted three times with 20mL of methylene chlo-
ride, giving ~60mL of final extracting solvent. The water and DCM
mixture was shaken vigorously in a separatory funnel for 1–2 min,
periodically venting the funnel to remove excess pressure. The water
phase and organic layer were then given time to separate and thereafter
decanted into a flask. The extracts further concentrated to about 1–2 mL
using a rotary evaporator prior to cleanup. Finally, 1–3 spatula full of
activated sodium sulphate was added to the concentrated extract so as to
remove the liquid portions, where present.

For sediment samples, about ten grams of sediment was weighed into
a Teflon bottle of 250mL. Activated sodium sulphate of about 1–3 spatula
full was mixed with the samples in the Teflon bottles to ensure removal of
any liquid that may be present. Extraction was done using 20 ml of
acetone/hexane in the ration 1:1 three times, totalling 60 ml of the
extraction solvent. Teflon bottles that had been covered were vigorously
shaken for 30 min at 70 �C in an ultrasonic bath. Sodium sulphate was
thereafter used to dry the decanted organic layer.

For biological samples, the method used was the KOH Refluxing/
Vortex Extraction EPA Method 3611C where 30g–50g wet weight of
tissue sample was weighed, macerated and homogenized. 10g–15g of the
homogenized tissue was placed in a 50mL centrifuge tube. 15mL of 6N
KOH was added to it and transferred into sealed tubes and incubated for
18h in a 35 �C water bath, while shaking vigorously for 30 s for every ½
hour for the first 4 h. Thereafter, 15mL of methylene was added to the
centrifuge tube and centrifuged at 2000rpm for 5 min to facilitate phase
separation. The upper aliquot layer was removed using Pasteur pipettes
into a 250mL round-bottom flask. Sample extracts concentration to about
5–10 mL is carried out by rotary evaporator prior to fractionation for
aliphatic hydrocarbons and PAHs using alumina gel column fractionation
and clean up procedure.

2.3.1. Sample purification
To purify samples, EPA Method 3630C (Silica Gel Cleanup) and

3610B (Alumina Gel Cleanup) was employed. To prepare a column, 11g
� 0.01g of activated silica/alumina gel was weighed into a beaker,
Hexane/Methylene chloride was added to form a slurry that is poured
into the chromatographic column with a based glass wool, rinsing all the
silica/alumina gel into the columnwith the solvent used. 10mL of hexane
was used to condition the column, while 20mL of methylene chloride
axis of Lagos Lagoon.



Table 1. Physiochemical parameter of water sample in Epe lagoon.

Parameters Values

pH 7.54 � 0.51

Electrical Conductivity (μS/cm) 28305 � 22.41

Total Dissolved solids (mg/L) 14125 � 12.22

Salinity (ppt) 17.33 � 1.22

Dissolved Oxygen (mg/L) 8.93 � 3.22

Chloride (mg/L) 9571.50 � 8.54

Sulphate (mg/L) 138.60 � 5.68

Total Suspended solids (mg/l) 28.50 � 3.21

Turbidity (NTU) 35.00 � 3.33

Ammonia (mg/L) 8.95 � 2.65

Nitrate (mg/l) 0.1202 � 0.01

Nitrite (mg/L) 0.073 � 0.01

Acidity (mg/L) 7.61 � 1.64

Alkalinity (mg/L) 78 � 4.88

Bicarbonate (mg/L) 95 � 5.88

Phosphorus (mg/L) 0.1426 � 0.02

Total hydrocarbon (mg/L) 2.12 � 0.57

Chemical oxygen demand (mg/L) 32 � 3.36

Table 2. Physiochemical parameter of sediment sample in Epe lagoon.

Parameter Values

pH 7.0 � 1.11

Electrical Conductivity (μS/cm) 7439 � 12.05

SO4
2- (ppm) 3528.49 � 10.45

TOC (%) 0.351 � 0.05

CL� (ppm) 2378.50 � 10.15

Total Nitrogen (%) 2.058 � 0.78

Total Phosphorus (%) 0.005 � 0.000

Exchangeable acidity (cMol/Kg) 0.10 � 0.01

Total hydrocarbon (ppm) 2.822 � 0.08

Table 3. Mean concentration of BTEX in Sediment (μg/g) and Water (μg/L).

Components Sediment Water

Benzene 0.00 � 0.00 0.00 � 0.00

Toluene 10.07 � 0.03 23.06 � 2.19*

Chlorobenzene 0.00 � 0.00 2.09 � 0.95*

Ethylbenzene 7.45 � 0.52 8.19 � 1.60

mþp-Xylene 7.72 � 0.14 8.53 � 1.35

O-Xylene 6.14 � 0.27 7.02 � 0.87

1,3-Dichlorobenzene 0.00 � 0.00 0.00 � 0.00

1,4-Dichlorobenzene 0.98 � 0.11 0.98 � 0.04

1,2-Dichlorobenzene 0.00 � 0.00 0.00 � 0.00

Sum 32.37 ± 1.07 49.86 ± 7.30

Asterisked values are significant.
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used for elution at a rate of 1 drop/sec. The elution was stopped when the
solvent reaches the top of the column after which the eluate was
concentrated to 2ml using rotary evaporator, and about 1g Sodium sul-
phate was added to remove any remaining water in the extract which was
stored in a 2 ml GC vial below 4 �C prior to GC analysis.

2.4. Chemical analysis

Agilent 7890B gas chromatograph coupled to flame ionization de-
tector (FID) was used for PAH determination. To separate the com-
pounds, HP-5 capillary column coated with 5% Phenyl Methyl Siloxane
was used as the stationary phase. Injection was done using 1μL of the
samples, injected at 300 �C, 13.74psi temperature and pressure respec-
tively with a total flow of 21.364 mL min-1. To split vent, purge flow was
set for 0.75 min at 15 mL min�1. Oven was programmed at 40 �C for a
minute, later at 12 �C min�1 and finally set to 300 �C for 10 min. The
temperature of the FID was 300 �C with Hydrogen: Air flow at 30 mL
min�1: 300 mL min�1 while the makeup gas, nitrogen was set at a flow
rate of 22 mL/min. Thereafter, the samples were analyzed and the con-
centration of the corresponding PAHs was obtained.

BTEX was analysed using the EPA method 8260B Agilent 7890B gas
chromatograph coupled to a mass spectrophotometer (GC-MS) was used.
The stationary phase of separation of the compounds used was a DB-5
capillary column coated with 95% dimethyl - 5% Diphenyl poly-
siloxane (30 m length � 0.32 mm diameter � 1.0 μm film thickness)
(Agilent Technologies). 1μL of the samples was injected in split mode
with split ratio 100:1 at an injection temperature of 125�, oven was
initially programmed at 35 �C (held for 2 min) then ramped at 4 �C/min
to 50 �C and then 10 �C/min to 220 �C, helium flow rate was set at 1.5 mL
min�1, while the mass range was set at 35–260 amu and scan time at
0.6*2 sec/scan.

2.5. Statistical analysis

Student's t-test was used to compare BTEX and PAH values between
water and sediment and also between fish liver and intestine. All analyses
were considered significant at 5% (p < 0.05) confidence level of using
SPSS, version 20. MS Office Excel was also used where necessary.

3. Result

3.1. Physio chemical parameter of water and sediment in Lekki Lagoon

The values recorded for the water parameters measured are presented
in Table 1. Parameters measured in water from the Epe lagoon include
pH which was found to be within neutral range, dissolved oxygen was
observed to be relatively high at 8.93 mg/lO2, while a low value 32 mg/L
of chemical oxygen demand was recorded. A relatively high turbidity
value of 35 NTU, salinity of 6.452 ppt which is characteristic of estuaries
were recorded. Ammonia was the major form of inorganic compound
measured at 8.949 mg/L while Nitrite NO2–N and Nitrate both occurred
in trace concentrations of 0.12 and 0.07 mg/L respectively. Acidity and
alkalinity of the water complemented the pH values of 7.61 and 78
respectively. Total organic hydrocarbon was also low in concordance
with the low COD.

The values observed for the sediment physicochemical parameters as
seen in Table 2 also showed a neutral pH of 7, electrical conductivity of
7439 μS/cm with a moderate sulphate concentration of 3528.49ppm,
total organic carbon of 0.351%, chloride concentration of 2378.50ppm,
total nitrogen of 2.06%, total phosphorus of 0.005% and total organic
matter of 2.822ppm.

3.2. Mean concentration of BTEX in sediment and water samples

The concentrations of the individual components of BTEX and the
total concentration is presented in Table 3. Total concentration of BTEX
3

even though higher in water than in sediment, this difference is not
significant. 1,2-Dichlorobenzene, 1,3-dichlorobenzene and Benzene
were not detected in both sediment and water samples. In addition,
Chlorobenzene was also not detected in sediment.

3.3. Mean concentration of BTEX in fish tissues

BTEX concentration in the liver of fish shows that ethylbenzene had
the highest concentration, followed by benzene while toluene, chloro-
benzene, xylene, and O-xylene were all in a similar range of values. 1,4-
dichlorobenzene had the least concentration of BTEX in fish liver. Also,



Table 4. Mean concentration of BTEX (μg/g) in fish wet weight.

Components Fish Liver Fish Intestine

Benzene 5.8 � 1.6 7.71 � 1.89

Toluene 4.2 � 1.3 5.89 � 1.10

Chlorobenzene 4.1 � 1.58 4.17 � 1.14

Ethylbenzene 9.51 � 2.16 10.5 � 1.97

mþp-Xylene 4.8 � 1.5 6.15 � 1.42

O-Xylene 4.48 � 1.2 4.67 � 1.30

1,3-Dichlorobenzene ND 0.03 � 0.09

1,4-Dichlorobenzene 0.86 � 0.75 1.04 � 0.73

1,2-Dichlorobenzene ND ND

Sum 33.75 ± 10.09 40.16 ± 9.64

Table 6. USEPA regulatory standards for polycyclic aromatic hydrocarbons
(PAHs) in water.

PAH LEVEL (mg/L)

Benz(a)anthracene 0.0001

Benzo(a)pyrene, Benzo(b)fluoranthene,
Benzo(k)fluoranthene, Chrysene

0.0002

Dibenz(a,h)anthracene 0.0003

Indo(1, 2,3-c, d)pyrene 0.0004
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1,2-Dichlorobenzene and 1,3-dichlorobenzene were also not detected in
fish liver.

Concentration of BTEX in the intestine of Heterotis niloticus shows that
Ethylbenzene had the highest value, followed by Benzene and then mþp
xylene. 1,3-dichlorobenzene had the lowest value while as observed in
both intestine and liver, 1,2-Dichlorobenzene was not detected at all
(Table 4).

3.4. Mean concentration of PAH in sediment and water samples

The result of the presence of PAH in sediment and water samples are
presented in Table 5. The total concentration of PAH was significantly
higher in water than in sediment. Dibenzo(a,h)pyrene and Dibenzo(a,i)
pyrene were not detected in both water and sediment. Furthermore,
Acenaphthene and Benzo(j)fluoranthene were not detected in sediment
and water sample respectively. Pyrene was the lowest in sediment while
Benzo(c)phenanthrene was the lowest in water. The PAH values are
Table 5. Mean concentration of PAHs in Sediment (μg/g) and Water (μg/L).

Components Sediment Water

Naphthalene 0.10 � 0.01 0.23 � 0.014

Acenaphthylene 0.00 � 0.00 0.12 � 0.02

Acenaphthene 0.08 � 0.01 0.18 � 0.03

Fluorene 0.23 � 0.05 0.52 � 0.05

Anthracene 0.10 � 0.01 0.18 � 0.00

Phenanthrene 0.21 � 0.02 0.17 � 0.01

Fluoranthene 0.10 � 0.03 0.24 � 0.12

Pyrene 0.02 � 0.03 0.55 � 0.08

Benzo(c)phenanthrene 0.03 � 0.00 0.01 � 0.01

Chrysene 0.24 � 0.07 0.46 � 0.03

Benz(a)anthracene 0.23 � 0.03 0.49 � 0.17

Benzo(e)pyrene 2.55 � 0.71 12.38 � 0.22

Benzo(b)fluoranthene 0.22 � 0.02 0.47 � 0.05

Benzo(j)fluoranthene 0.22 � 0.01 0.00 � 0.00

Benzo(a)pyrene 0.21 � 0.01 0.38 � 0.02

Benzo(k)fluoranthene 0.42 � 0.01 0.20 � 0.03

7,12-Dimethylbenz(a)anthracene 0.36 � 0.04 0.69 � 0.14

3-Methylcholanthrene 0.31 � 0.06 0.38 � 0.04

Indo(1,2,3-c, d)pyrene 0.13 � 0.09 0.30 � 0.02

Dibenz(a,h)anthracene 0.51 � 0.07 0.52 � 0.10

Benzo(g,h,i)perylene 0.70 � 0.38 0.49 � 0.13

Dibenzo(a,l)pyrene 0.49 � 0.07 0.37 � 0.03

Dibenzo(a,h)pyrene 0.00 � 0.00 0.00 � 0.00

Dibenzo(a,i)pyrene 0.00 � 0.00 0.00 � 0.00

Sum 7.46 ± 1.73 19.33 ± 1.31*

Asterisked values are significant at 5% confidence level.
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higher than maximum values acceptable by international regulatory
agencies (Table 6).

3.5. Mean concentration of PAH in fish tissues

The mean concentration of PAHs in the liver and intestine of fish are
as presented in Table 7. Total PAHs was higher in fish intestine than in
fish liver; however, this difference was found not to be significant.
Indo(1,2,3-cd)pyrene and Pyrene were the highest in fish liver and fish
intestine respectively. Furthermore, benzo(j)fluoranthene values were
found to be same in both fish liver and intestine.

4. Discussion

The values recorded for the water parameters measured as seen in
Table 1 do not show too much variability from standard range. The
relatively high dissolved oxygen content of 8.93 mg/lO2 can be attrib-
uted to the shallowness of the water body, lack of thermal stratification
and an effective regular mixing due to tidal movement which are features
of a well aerated water body and a corresponding low COD value of 32
mg/L. Total suspended solids value of 28.50 mg/l infers a reduced
Table 7. Mean concentration of PAHs (μg/g) in fish wet weight.

Components Fish Liver Fish Intestine

Naphthalene 2.1 � 0.12 3.2 � 0.06

Acenaphthylene 2.3 � 0.06 3.1 � 0.17

Acenaphthene 3.5 � 0.27 3.8 � 0.23

Fluorene 6.1 � 0.18 7.6 � 0.26

Anthracene 3.5 � 0.21 7.3 � 0.06

Phenanthrene 3.6 � 0.20 5.4 � 0.15

Fluoranthene 22.0 � 0.50* 10.9 � 0.18

Pyrene 8.5 � 0.16 29.2 � 1.05*

Benzo(c)phenanthrene 4.1 � 0.16 7.8 � 0.12

Chrysene 3.9 � 0.17 9.8 � 0.18*

Benz(a)anthracene 2.7 � 0.18 2.4 � 0.09

Benzo(e)pyrene 3.1 � 0.07 3.4 � 0.11

Benzo(b)fluoranthene 2.9 � 0.04 3.0 � 0.019

Benzo(j)fluoranthene 1.7 � 0.03 2.3 � 0.03

Benzo(a)pyrene 3.4 � 0.09 4.3 � 0.14

Benzo(k)fluoranthene 2.8 � .0.07 2.8 � 0.04

7,12-Dimethylbenz
(a)anthracene

6.9 � 0.18* 3.0 � 0.016

3-Methylcholanthrene 10.3 � 0.38 6.0 � 0.105

Indo(1,2,3-c,d)pyrene 5.13 � 1.02 18.8 � 1.09*

Dibenz(a,h)anthracene 13.6 � 1.02 10.9 � 0.07

Benzo(g,h,i)perylene 8.0 � 0.16 7.01 � 0.05

Dibenzo(a,l)pyrene 5.7 � 0.05 4.47 � 0.097

Dibenzo(a,h)pyrene 5.6 � 0.19 7.96 � 0.22

Dibenzo(a,i)pyrene 9.8 � 0.38 8.9 � 0.14

Sum 141.23 ± 5.89 173.34 ± 4.677

Asterisked values are significant at 5% confidence level.
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visibility as confirmed by the high turbidity of 35 NTU, total dissolved
solids value of 14125 mg/l is probably an indication of high nutrient
content. Total organic hydrocarbon content was low, suggesting little
presence of organic compound at the time of sample collection in
concordance with the low COD.

Comparison of the total BTEX content in water and sediment shows
that it was higher in the former (Table 3). One plausible reason for this
might be that the BTEX will easily get into water first before reaching
sediment. Even when they bind in sediment, they can also easily be
released back into water. In addition, effluents from industries release
BTEX into water bodies, as they are being used as solvents especially
those that are involved in oil and gas. Furthermore, even domestic haz-
ardous wastes have also been implicated as sources of BTEX. Robinson
et al. [26] reported the presence of BTEX in human care products, pes-
ticides, pharmaceuticals, some detergents. All these increase the con-
centration of these compounds in municipal waters, hence may explain
the reason for the higher BTEX content in water over sediment. Doherty
and Otitoloju [27] also reported higher total BTEX content in water in
comparison with sediment from the Lagos lagoon. According to Faye-
miwo [28], the occurrence of BTEX compounds in water is an alarming
trend, especially in vulnerable parts of the world such as South-East Asia
and Africa where these water bodies are directly relied upon for drinking
and other potable uses. The presence of these chemicals in sediment is
also on the whole, not a good indication. These chemicals may get into
underground water via seepage and contaminate it. Underground water
serves a lot of domestic purposes. Hence the implication of the presence
of these chemicals in either water or sediment, and the consequent health
risks posed cannot be overemphasized.

The acceptable limits for Benzene, Toluene, Ethylbenzene and Xylene
in water are 10, 700, 300 and 500 μg/L respectively [29]. Although the
presence of the BTEX compounds in water and sediment may seem low in
comparison with standards, the potential for bioaccumulation cannot be
taken for granted. The presence of these chemicals in fish pose some
problems for normal functioning of the fish. The branchial tissue regu-
lates water, ions and the balance of acid-base in fish and this organ has
direct contact with water [30, 31]. Wendelaar-Bonga and Lock [32],
opined that toxic agents in water have the ability to impede hydro-
mineral regulation at the gills. Therefore, a reduction in O2 uptake by fish
under these conditions is likely, as branchial function will greatly
decrease. Additionally, there may be an increase in mean blood-to-water
or decrease in mean water-to-blood diffusion distance while O2 pressure
gradient will also be affected [31].

Averagely, the concentration of the chemicals are higher in fish than
in water. This may mean that the fish have taken up these chemicals from
water. The effect of this bioaccumulation would even be higher in fish-
eating birds and other animals, and even in man. However, benzene
was not detected in water but was detected in fish. This would mean that
there are other solid substances in water that the fish feed upon that
harbours these chemicals. Furthermore, some other aquatic animals may
have accumulated these chemicals in their bodies from other habitats,
and have overtime migrated to the water body sampled in this study. The
liver of fish averagely accumulated lower concentrations of BTEX than
the intestine. This may be due to the detoxification function of the liver,
whether by making the chemical more water soluble or by bio trans-
forming it to less harmful substances. Akinsanya et al. [33] also reported
lower average total concentration of BTEX in liver of the fish Chrysichthys
nigrodigitatus compared to the intestine.

The presence of PAH in water column and sediment in the Lagoon is
established in this study (Table 5). It has been reported, Balcıo�glu [34],
that majority of the input of PAHs into the aquatic ecosystem are not
unconnected to human activities – wastes and waters from industries,
urbanization, vehicular emissions and spills from oil fields. All of these
sources can be said to be true of human influence on the Epe lagoon,
hence, the likelihood for it to be polluted with these chemicals. Apart
from Benzo(k)fluoranthene, which had exactly the same maximum
concentration limit (0.0002 mg/L) with USEPA standard, and Indo (1, 2,
5

3-c, d) pyrene, which was lower (at 0.0003 mg/L), all the other PAH
congeners have higher concentrations than permissible standards as seen
in Table 6. This presents a very worrying scenario as there exist the
possibility for further buildup of these chemicals along the food chain.
The total PAH in sediment was lower than in water. This may mean that
most of these chemicals in water have been dispersed or gone into so-
lution, evaporate or biodegrade where possible. Hence, the sediment is
not able to concentrate as much PAHs as is present in water. Two of the
high molecular weight PAHs, Dibenzo(a,h)pyrene and Dibenzo(a,i)pyr-
ene were not detected in both water and sediment. They may have been
lost as a result of photo-oxidation. Benzo(e)pyrene has the highest con-
centration of all the PAH components both in water and in sediment. This
may be suggestive of some of the physical and chemical features of the
high molecular weight PAH viz-a-viz decreasing resistance to oxidation
and reduction, decreased aqueous and vapor pressure. However, it has
been reported that PAHs of varying molecular weights substantially
differ in their distribution and behavioral ability in the environment
[34].

The presence of PAHs in the tissues of Heterotis niloticus corroborates
other studies that have reported [35] these chemicals in fish from other
natural waters. Benson et al. [36] previously reported the presence of
PAH in commercially sold fish. The total PAH concentrations reported in
this study are higher than those reported by Nwaichi and Ntorgbo [37] in
fish caught from coastal waters in Nigeria. It has been reported [38, 39]
that the physiological mechanism of fish is very efficient in the quick
biotransformation of PAH, which can be influenced by factors varying
from length and frequency and route of exposure, fat content in tissues of
the fish, environmental factors, exposure to multiple contaminants, sex,
age and species differences [40] and health conditions of the animals. It
may be that these influencing factors do not favour Heterotis niloticus to
successfully transform these chemicals, hence the relatively high PAHs
values. Benzo[a]pyrene is usually taken as an indicator of PAH level in
samples [6]. The value for Benzo[a]pyrene in this study is 3.4 and 4.3
μg/g in fish liver and intestine respectively. This is higher that the
permissible limit of 0.01 μg/g in food samples by the Joint FAO/WHO
Expert Committee on Food Additives. The liver harbors lower concen-
trations of total PAH in comparison with the intestine. This may be seen
in the light of the function of the liver in its ability to detoxify and bio
transform toxic chemicals.

5. Conclusion

The presence of BTEX and PAHs in water, sediment and fish in the Epe
lagoon, Lagos is established in this study, although not all detected in
levels above allowed limits. Anthropogenic activities have been thought
to contribute largely to the pollution of the water body. Physical char-
acteristics of these toxicants, like hydrophobicity and stability can pro-
gressively accumulate these chemicals in the food chain, a situation that
may negatively impact the health of man. There is need for a focused,
concerted effort towards ensuring that activities that easily discharge
these chemicals into the environment are checked.
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