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Toxic chemical contaminants released from industrial, agricultural, and municipal sources continues to threaten 
aquatic ecosystems. Aquatic ecosystems act as the final sinks accumulating and transporting numerous 
chemicals such as octylphenol (OP), nonylphenol (NP) and bisphenol-A (BPA). These chemicals are 
undesirable as they have been reported to possess endocrine disrupting properties. This study therefore assesses 
the distribution and bioaccumulation of  endocrine disrupting chemicals (EDCs) in Lagos Lagoon. Water and 
sediment samples were collected at nine different locations on the lagoon. Five different species of  fishes were 
also collected, identified and homogenized prior to sample pre-treatment. Samples were extracted, clean-up, 
derivatized and analysed by gas chromatography–mass spectrometry. Physicochemical properties of  the 
samples were also determined. In the water samples, BPA was not detected in all the samples collected at the 
different locations while the concentrations of  NP and OP ranged from ND-102 ng/L and ND-127 ng/L, 
respectively. The concentrations of  the targeted compounds in the sediment samples ranged from ND- 5.08 
µg/g BPA, ND-1.90 µg/g NP, and ND- 2.51 µg/g OP while the concentrations ranged from ND-1139 ng/g 
BPA, ND-476 ng/g NP, and ND-643 ng/g OP in the fish samples. This study revealed the occurrence of  EDCs 
in Lagos lagoon water and their accumulation in biota therein, which can have detrimental effects on other 
organisms across the food chain. Thus, the need to monitor these endocrine disrupting chemicals is imperative.
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INTRODUCTION 
The concentrations and types of  different man-
made xenobiotic pollutants continues to be on the 
increase in aquatic environment (Lecomte et al., 
2017). Some of  these pollutants are reported to be 
present in the tissues of  aquatic organisms 
including fish, wildlife and humans (Ali et al., 2019; 
ESA, 2004). Recently, wide varieties of  chemicals, 
some of  which are emerging contaminants, were 
reported of  capable of  disrupting the endocrine 
system of  higher life forms by mimicking the 
hormones (Lauretta, 2019). These substances are 
unregulated or not completely regulated even in 
the most developed countries of  the world 
(Esplugas et al., 2007) and can be a hazard to the 
surroundings and humans. Endocrine disrupting 
chemicals (EDCs) are a large and varied group of  
chemicals that are able to cause endocrine-
mediated abnormalities in invertebrates, fish, 
avian, reptilian and mammalian including humans 
(Giulivo et al., 2016; Ferraz et al., 2007). These 
category of  chemicals can be synthetic or naturally 
occurring and may be directly or indirectly 

released into the aquatic environment (Vilela et al., 
2018; Norman, 2017; Petrie et al., 2017). They are 
classified as heavy metals and organic chemicals 
such as polychlorinated biphenyls (PCBs), 
organochlorine pest icides,  plast ic izers,  
surfactants, pharmaceuticals, natural and synthetic 
estrogens as well as phyto- and myco-estrogens 
(Burkhardt-Holm, 2010; La Farré et al., 2008).

Some of  the reported wildlife and human health 
effects of  these chemicals include dermal toxicity, 
i m m u n o t o x i c i t y ,  c a r c i n o g e n i c i t y ,  
neurobehavioural abnormalities, altered or 
r educed  s exua l  behav iou r ,  a t t en t ion  
deficit/hyperactivity disorder, altered thyroid and 
adrenal cortical function, pathological changes to 
the spleen, and damaged digestive systems 
amongst others (Sweeney et al., 2016; Gallo et al., 
2016; Sheikh et al., 2016; Dmitruk et al., 2008; 
Vogel, 2004). The EDCs mimic or antagonize the 
action of  endogenous hormones, interfere with 
the synthesis, metabolism, transport and excretion 
of  natural hormones; and also alter the hormone 
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receptor levels, causing adverse effects (Sheikh et 
al., 2017; Baker, 2001; EC, 1999). The sources of  
exposure to EDCs are diverse and vary widely 
with the main sources in aquatic environment 
include industrial, agricultural, and municipal 
sources such as sewage, effluent and agricultural 
chemicals from runoff  (Grieshaber et al., 2018; 
Carmalin and Lima, 2018; Scholz and Mayer, 
2008; Barnhoorn et al., 2004).  EDCs present a 
potential threat to aquatic organisms even at low 

−1
concentrations of  0.1–10 ng L  and tend to 
accumulate more in fish than in the water (Luo et 
al., 2018; Mills and Chichester, 2005). They can 
affect the health of  humans through exposure via 
the food chain (Diao et al., 2017). 

Alkylphenols do not accumulate in water due to 
their high lipophilicity. Instead, they accumulate in 
sewage sludge, sediment and bioaccumulate in 
aquatic biota (Ahel et al., 1994a; 1994b). 
Bisphenol-A (BPA), also known as 4,4'-dihydroxy-
2,2-diphenylpropane is a synthetic, organic, and 
high volume industrial chemical widely used in the 
production of  polycarbonates used for the 
manufacture of  food storage containers, epoxy 
resins, thermal papers, personal care products and 
toys (Park et al. 2018; Lim et al., 2018; Liao et al., 
2012; Oca et al., 2013; Hormann et al. 2014; 
Ballesteros-Go´mez et al. 2007; Bhatnagar and 
Anastopoulos 2007; Gao et al., 2012). Recent 
animal studies revealed that exposure to BPA led 
to obesity, thyroid dysfunction, and cardiovascular 
diseases (Shankar et al. 2012; Desai et al. 2018; 
Teppala et al. 2012; Han and Hong, 2016; Wang et 
al., 2015). Exposure to BPA has been associated 
with type 2 diabetes, leptin levels in pregnant mice 
and their offspring, and interfered with the lipid 
and glucose homeostasis in female mice 
adolescent offsprings (Meng et al., 2018; Schug et 
al., 2012). Fetal reproductive system development 
in humans has been linked to maternal exposure 
to BPA (Miao et al., 2011). It has also been 
reported that BPA has adverse effects on male 
reproductive function (Karnam et al., 2015; 
Sweeney et al., 2015; Manfo et al., 2014) and have 
the capacity to bind with DNA after metabolic 
activation with estrogenic activity even at low 
concentrations (Marwick, 1999). BPA may also 
directly interfere with the mechanics of  cell 
division and exposure to it may result in various 
diseases including carcinogenesis (George et al., 

2008; Suarez et al., 2000) and exposure to higher 
concentrations of  BPA in children of  ages 3, 5 and 
7 increased development of  asthma in the later 
years (Xie et al., 2016).

Nonylphenol (NP) is a degradation product of  
nonylphenol polyethoxylates (NPEOs), which is 
the most widely produced alkylphenol 
polyethoxylates (APEOs) (Acir and Guenther, 
2018; Abafe et al., 2017). NP is a raw material for 
making detergents, pesticides, anti-oxidants in 
plastics and rubbers, as a supplemental 
agent/stabilizer of  polyvinyl chloride (PVC); in 
the production of  lubricants, resins, chemical 
stabilizers, and antioxidants (Tanghe et al., 2001; 
Kuramitz et al., 2002; Federal Register, 1990). Due 
to their common usage in cleaning products and as 
industrial processing aids, NP and NPE can enter 
the aquatic environments via industrial and 
municipal wastewater treatment and discharge 
(Priac et al., 2017; Morales et al., 2009). The high 
production volume and common usage of  NP 
and NPE (Talmage, 1994), the degradation of  
NPE to release more persistent NP (Giger et al., 
1984), the uncertainty of  NP's persistence in 
receiving water and sediment, and the 
documented toxicity of  NP to aquatic organisms 
(Brooke, 1993), established NP as a compound of  
potential risk to aquatic ecosystems. Abnormal 
levels of  NP result in feminization and 
mascul inizat ion of  f ish,  the imposex 
phenomenon in female neogastropod mollusks, 
abnormal growth in several sponges, and delayed 
development of  D-shaped larvae in the Pacific 
oyster (Crassostrea gigas) (Hill et al., 2002). It has 
been shown to stay in biologically active state for a 
longer period of  time in the body than that of  
natural estrogen (Montgomery-Brown and 
Reinhard, 2003).  The estrogenic activity of  
nonylphenol is three times higher than that of  
DDT and causes deformities and reproductive 
problems in wildlife (Sharma and Fekete, 2005; 
Blackburn et al., 1999; Isobe et al., 2001). 

Octylphenol (OP) was found to have more 
estrogenic character than NP and is used mainly to 
make phenolic resins (98%), with the remainder 
converted into ethoxylates to produce surfactants 
(Jobbing and Sumpter, 1993; White et al., 1994; 
EA, 2005).  It can also be present as an impurity in 
NP along with other OP isomers. Exposure to OP 
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has been shown to reduce the size of  testes and 
accessory sex organs, disrupt sperm production, 
increase the incidence of  sperm deformities and 
alter circulating hormone levels in rats (Boockfor 
et al., 1997, Herath et al., 2004, Kim et al., 2004, 
Sharpe et al., 1995). Experiments with human 
breast cancer cell lines have shown that OP and 
NP bind to oestrogen receptors and can increase 
cell proliferation (Blom et al., 1998; Soto et al., 
1991; White et al., 1994). The release of  organic 
chemicals into the environment (through 
industrial and domestic effluents) may accumulate 
in sediments which act as a sink for many 
persistent chemicals and may form a source of  
exposure to aquatic organisms (Houtman et al., 
2004). 

Lagos lagoon is a major lagoon system in Nigeria 
which plays various important ecological roles. 
Several studies have shown that the Lagoon is 
continuously under the effect of  pollution from 
industries in and around the city of  Lagos (Ajao, 
1991, 1996; Ajao and Fagade, 1990; Okoye, 1989). 
The pollution impact in Lagos Lagoon showed 
that sources of  pollution include domestic sewage 
(faeces), wood shavings (sawdust), sand and gravel 
extraction, dredging activities, hydrocarbons 
(waste oil discharge, shipping losses in harbour 
etc), industrial wastewaters (complex mixture), 
thermal pollution (cooling system outfall at Ijede, 
and Egbin (Ajao et al., 1990; Okoye et al., 2010) 
amongst others. Generally, information on the 
levels of  EDCs in water, sediment and biota (fish) 
of  Lagos lagoon is scarce and to the best of  my 
knowledge, there is no study on the occurrence, 
distribution and levels of  alkylphenols such as 
nonylphenol, octylphenol and bisphenol-A in 
water, sediment and fish samples of  the lagoon. 
Thus, this study investigates the distribution, 
occurrence and levels of  nonylphenol, 

octylphenol and bisphenol-A in Lagos lagoon. 
Physicochemical characteristics were also 
determined in the sediment and water samples as 
well as proximate analysis such as moisture, ash 
and protein contents etc., of  the fish samples.

MATERIALS AND METHODS 

Description of  the study area
Lagos lagoon is located in the south western part 
of  Nigeria. The lagoon empties into the Atlantic 
through Lagos Harbour, a main channel which is 
0.5 km to 1 km wide and 10 km long. The principal 
ocean port of  Lagos is located at Apapa in a broad 
western branch off  the main channel of  the 
harbour. Another branch off  the main channel, 
narrower and longer, separates Lagos Island from 
Victoria Island, the broad sand spit which forms 
the coastline (Okusipe, 2008). The lagoon is more 
than 50 km long and 3 to 13 km wide, separated 
from the Atlantic Ocean by long sand spit 2 to 5 
km wide, which has swampy margins on the 
lagoon side. Its surface area is approximately 
6,354.7 km². The lagoon is fairly shallow and is not 
plied by ocean-going ships, but by smaller barges 
and boats. Lagos city spreads along more than 30 
km of  the lagoon's south-western and western 
shoreline. Pollution by urban and industrial waste 
is a major problem as large amount of  wastewater 
is released into the lagoon daily. The 11-km-long 
Third Mainland Bridge was built off  the western 
shore to by-pass congested mainland suburbs. To 
its north-east the lagoon is connected by a channel 
passing south of  the town of  Epe to the Lekki 
Lagoon. Narrow winding channels connect the 
system through a broad band of  coastal swamps 
and rivers, as far away as Sapele in Delta State 
which is 250 km to the east. Map of  Lagos 
showing the sampling points on the lagoon is 
shown in Figure 1.
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Chemicals and Standards
All chemicals and reagents used were of  analytical 
grade and of  high purity (99.99%). Organic 
solvents, HPLC grade acetone, methanol, 
dichloromethane, and n-hexane were obtained 
from Merck (Darmstadt,Germany); anhydrous 
sodium sulphate and silica gel were obtained from 
BDH Laboratories (UK). Calibration standards 
of  BPA, nonylphenol, octylphenol and internal 
standards (bisphenol-A d16 and 4-n-
nonylphenol) were obtained from Sigma-Aldrich 
(St Louis, MO).

Sample collection, preservation and pre-
treatment
Nine sampling points were selected on the lagoon 
(Figure 1). Global Positioning System (GPS) was 
used to mark the sampling points. Table 1 shows 
the coordinates of  the sampling locations. 
Composite Water and sediment samples were 
collected at each sampling point. Water samples 
were collected into pre-cleaned glass bottles. 

Concentrated hydrochloric acid was added to the 
water sample to prevent microbial degradation of  
the target compounds (octylphenol (OP), 
nonylphenol (NP), and Bisphenol-A (BPA)). The 
water samples were then stored in a refrigerator in 
the laboratory prior to analysis. The surface 
sediment samples were collected with a stainless 
steel van veen grab. Sediment samples collected 
were kept in a pre-baked aluminium foil and 
stored at 4 degrees Celsius prior to analysis. 
Available fish representative samples of  different 
species were collected within the lagoon. Fishing 
net was used for the catching and fishing boat was 
used to migrate from the fishing area to the shore. 
The collected fish samples were martyred and 
wrapped with prepared aluminium foil (cured in 
the oven to remove traces of  contaminants) and 
stored in an ice box and transported to the 
laboratory, where they were stored in the freezer 
until analysis. Fish samples were identified at the 
Department of  Zoology, University of  Ibadan, 
Ibadan. Nigeria. 

Figure 1: Map of  Lagos showing the sampling points on the lagoon
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Sample Extraction and Clean-up
The water samples were extracted using liquid-
liquid extraction. Glass fibers filters (whatman 

GF/F) were used for sample filtration and 100 mL 
each of  1 mg/L of  BPA d16 and 4-n- NP were 
added as internal standards. 100 mL samples were 
extracted using dichloromethane and hexane (1:1 
v/v). To enhance the isolation of  the analytes, 10 
mL methanol was also added. Sediment samples 
were first ground and homogenized using a 
mortar and pestle. About 5 g of  air-dried and 
homogenized sediment samples were weighed 

into a centrifuge tube, spiked with the solution of  

internal standards (100 mL each of  1 mg/L 4-n-
NP and BPA-d16) and 25 mL of  a mixture of  
dichloromethane and hexane (2:1 v/v) was added. 
The tube was then sonicated for 15 min and then 
centrifuged at 1500 rpm for 5 min. The extraction 
was repeated with the same quantity of  the solvent 
mixture. The extracts were combined and 
concentrated to about 2 mL. Clean-up of  the 
extracts was achieved with a conditioned column 
chromatography loaded with activated silica gel 
(mesh size 100/200), glass wool and anhydrous 

Table 1: GPS coordinates of  sampling points on the lagoon

Sampling 
Locations 

Coordinates  
Anthropogenic activity around the 

sampling location  

Egbin 
N 6°33’24.889” 
E 3°35’51.295” 

Functional thermal power station. 
 

Ibeshe 
N 6°32’55.499” 
E 3°28’30.306” 

Textile mill 

Ikorodu 
N 6°36’1.013” 
E 3°29’12.003” 

Container port and a busy jetty for inland 
water way transportation. 

 

Agboyin 
N 6°32’55.295” 
E 3°24’58.911” 

Solid waste dumpsite which receive
wastes from Ikeja industrial scheme. 

 

Oko-baba 
N 6°28’53.987” 
E 3°23’36.404” 

Timber merchants using wood 
preservatives; saw  mill activities and 
domestic activities going on. 

 

Iddo 
N 6°28’7.703” 
E 3°23’5.602” 

Cement merchants, washing of  cement 
bags 

Ijora 
N 6°27’54.367” 
E 3°22’44.527” 

Power Holding Company of  Nigeria 
(PHCN) sub-station which contains
abandoned electrical instruments and 
appliances, transformers, cables and 
insulators. 

 

Apapa 
N 6°26’48.586 
E 3°22’42.004”  

 

Nigerian Port Authority 

Majidun 
N 6°35’33.388” 
E 3°27’40.501” 

Vegetation  cover  
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sodium sulphate. 2 mL each of  the extracts were 
added to the top of  the column and eluted with 10 
mL of  a mixture of  dichloromethane and hexane 
(2:1 v/v). Extracts were concentrated using 
stream of  nitrogen gas.  The purified extracts were 
then re-constituted in 2 mL hexane. About 10 g of  
dried and homogenized fish samples were 
weighed into a thimble, spiked with solution of  

internal standards (100 mL each of  1 mg/L 4-n-
NP and BPA-d16) then placed in a soxhlet 
extractor and 25 mL of  a mixture of  
dichloromethane and hexane (2:1v/v) was added. 
The extraction was repeated twice with 10 mL of  
the solvent mixture. The extracts were combined, 
concentrated to about 2 mL and dried over 
anhydrous sodium sulphate (United States 
Environmental Protection Agency USEPA 
method 3540C). Clean-up of  the extracts was 
achieved using column chromatography. 

Derivatisation 
Due to the low volatility of  targeted compounds, 
derivatisation was essential to enhance the 
suitability of  the analytes for detection by gas 
chromatography-mass spectrometry (Goodson et 
al., 2002; Oketola and Fagbemigun, 2013). The 
purified extracts were derivatised by reacting with 
acetic anhydride as reported elsewhere (Oketola 
and Fagbemigun, 2013). 

Instrumental analysis
The purified and derivatised extracts were 
analysed for the targeted compounds (BPA, OP 
and NP) using a gas chromatograph equipped 
with a mass spectrometer detector. Separation of  
the targeted compounds was achieved by injecting 

about 1.0 mL of  the extracts into the Shimadzu 
GCMS-QP2010 system (in a splitless mode) using  
a HP5-MS capillary column (30 m length, 0.25 mm 

internal diameter, 0.25 mm film thickness). The 
operating condition was: injector temperature, 
250°C; detector temperature, 250°C; oven 
temperature was initially at 50°C (1 min) and 
increased to 200°C at 10°C/min (2 min hold) and 
to 280°C at 20°C/min (3 min hold) to give the 
total run time of  25 minutes. The carrier gas was 
helium and flow rate was 1.2 mL/min. Acquisition 
MS mode was Selected Ion Monitoring (SIM) 
mode, ion source temperature was 200°C and 

interface temperature was 250°C. Accurate 
quantification of  the analytes was performed by 
first analysing the standard solutions of  the 
analytes at different concentrations level. 
Detection of  each analyte was achieved from the 
identification of  their retention time. The peak 
height/peak area and the relative abundance as 
depicted in the mass spectra were used to estimate 
the concentrations of  the analytes. A 5-point 
relative response factor (RRF) calibration curve 
was established for the analytes of  interest prior to 
the analysis of  the samples. The validation method 
employed includes the evaluation of  the linearity, 
limits of  detection and quantification. Blank 
determination was also carried out. Linearity of  
the instrument response was ascertained by 
analysing series of  standard solutions at varying 
concentrations. Limit of  detection (LOD) and 
limit of  quantitation (LOQ) were calculated based 
on the standard deviation of  the response and 
slope of  the calibration curve (Oketola and 

2
Fagbemigun, 2013). The linearity, r  value of  the 
calibration curve for the standards of  the targeted 
compounds was 0.9971, 0.9993 and 0.9880 
respectively for 4-octylphenol, 4-nonylphenol and 
bisphenol-A. Recovery was 95% and 128% for 
nonylphenol and octylphenol, respectively but the 
recovery of  BPA was difficult due to coelution 
with the internal standard (BPAd16). 

Sample Physico-chemical Characteristics 
Water physico-chemical properties such as 
colour/appearance, pH, odour, temperature, 
conductivity, total solids, total dissolved solids, 
total suspended solids, and turbidity were 
determined using standard procedures (APHA, 
2000). Sediment pH, total organic carbon (TOC) 
(Walkey and Black, 1934), and particle size 
distribution (ASTM D422, 2007) were determined 
using standard methods. Proximate analysis such 
as moisture content, ash content, fat content and 
protein content were determined in the fish 
samples using standard method of  Association of  
Official Analytical Chemists.

Statistical Analysis
Descriptive statistics such as mean and standard 
deviation were determined using the Statistical 
Package for the Social Sciences (SPSS) software.

Adeyi, A. A.: Distribution and Bioaccumulation of  Endocrine Disrupting Chemicals



063

RESULTS

Levels of  water physico-chemical parameters 
and EDCs
The results of  water physico-chemical parameters 
are presented in Table 2. Water temperature, 

0
salinity, TDS and EC ranged from 31.0-33.3 C, 
6.1-11.2 mg/L, 5.5-17.4 mg/L, and 4.1-20.0 

mS/cm, respectively while the ambient 
0

temperature ranged from 29-32 C. The mean 
values of  water temperature, salinity, TDS, and EC 

0
were 32.1±0.9 C, 8.50±1.4 mg/L, 9.90±4.1 

mg/L, and 16.5±11 mS/cm respectively.  The 
ambient temperature was lower than the water 
temperature at all the sampling locations. The 
highest water temperature was obtained at Egbin, 
Ikorodu, Majidun, and Ibeshe. This might be 
caused by the different anthropogenic activities at 
these locations. The highest water temperature, 

033.3 C, obtained at Egbin might be attributed to 
the functional thermal power station located at 
this location while the lowest was obtained at 
Iddo, Oko-baba and Ijora sampling points (Table 
2). The average temperature value obtained in this 

0
study was <40 C, which depict temperature range 
that is supportive of  good surface water quality 
(NIS, 2007) and hence convenient enough for the 
persistence of  the targeted organic compounds. 
Water temperature obtained was comparable with 
previous studies reported in some selected rivers 
in the south-western Nigeria (Akoteyon et al., 
2011; Osibanjo et al., 2011; Adeogun et al., 2012; 
Oketola et al., 2006, 2013). The amount of  solids 
present in a water body can be used to estimate the 
pollution load as a result of  both organic and 
inorganic contaminants present. Total Dissolved 
Solids (TDS) comprise inorganic salts (principally 
calcium, magnesium, potassium, sodium, 
bicarbonates, chlorides and sulphates) and small 
amounts of  organic matter that are dissolved in 
the water. The average level of  TDS in the water 
sample was 9.90±4.1 mg/L. Low TDS makes the 
water more corrosive and can leach metals. It can 
also restrict the growth of  many aquatic 

organisms and may results in death. The average 

level of  EC in the water was 16.5±11 mS/cm, 
which was below the levels found in most streams 

and freshwater system  (150-500 mS/cm) to 
support diverse aquatic life while seawater has an 

EC of  5 S/m (5,000,000 mS/m)  (Behar, 1997). 
The low conductivity obtained in this study might 
be attributed to the presence of  high levels of  
organic compounds such as oil, which do not 
conduct  e lec t r i ca l  cur rent .  Di f ferent  
anthropogenic activities going on at the different 
sampling locations on the lagoon might also 
contributed to the high levels of  oil and other 
organic compounds, which ultimately lowers the 
levels of  electrical conductivity of  the water. 

The results of  BPA, NP and OP in the water 
samples collected at nine different locations on 
the Lagos lagoon are presented in Table 2. BPA 
was not detected in all the water samples collected 
while the concentrations of  NP and OP ranged 
from ND-102 ng/L and ND-127 ng/L, 
respectively. Ibeshe sampling location that 
received textile effluent had the highest 
concentration of  OP (127 ng/L) while Agboyi 
with solid waste dumpsite had the highest 
concentration of  NP (102 ng/L). The NP and OP 
were both detected in Agboyi and Apapa. NP and 
OP were detected at varying concentrations at 
Apapa, Agboyi and Oko-baba, and Apapa, Agboyi 
and Ibeshe, respectively with different 
anthropogenic activities (Table 2). The presence 
of  these endocrine disruptors in water collected at 
some of  the sampling locations on the lagoon may 
be attributed to the continuous discharge of  
wastewater from both domestic and industrial 
activities. NP, a degradation product of  the 
surfactant, nonylphenol polyethoxylates (Ying et 
al., 2002) have been found in water samples from 
numerous locations worldwide (Kuck and 
Ballschmiter, 2001) and were present at varying 
concentrations in the water samples collected in 
some of  the sampling locations on the lagoon. 
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Effluent discharge from the textile industry 
located close to River Ibeshe may be a major 
source of  OP. Bisphenol-A which is considered a 
ubiquitous pollutant was not detected in all the 
water samples. Hence the level of  BPA was within 
the 1.6 ng/L set by the European Union (EU, 
2008). 

Levels of  EDCs and physico-chemical 
parameters in Sediment 
There were variations in the concentrations of  the 
targeted compounds in the sediment samples 
across all the sampling locations. The results of  
the targeted compounds in the sediment samples 
and the physicochemical parameters are presented 
in Table 3. The concentrations of  the targeted 
compounds in the sediment samples ranged from 
ND-5.08 µg/g BPA, ND-1.90 µg/g NP, and ND-
2.51 µg/g OP. In most cases, the targeted 
compounds were not detected in the sediment 
samples across all the sampling locations except at 
Egbin, Ibeshe, Ikorodu and Oko-baba.  Both BPA 
and OP were detected at Egbin. NP was only 
detected in the sediment sample collected at 
Ibeshe, a location that receives effluent sample 
from a textile industry, while OP was only detected 
at Egbin, the location of  a thermal power 
generation station. The levels of  alkylphenols and 
bisphenol-A in aquatic environments have been 
known to be contributed by anthropogenic 
activities and that alkylphenols tends to associate 
with sediments in the aquatic environments 
(Huang et al., 2012). In this study, OP was not 
detected in most of  the samples but was detected 
in the sediment sample collected at a location that 

received effluent from a thermal power station. 
This suggested that the lagoon received polluted 
effluent from the activities of  the thermal power 
station and other anthropogenic activities around 
the lagoon. NP was also not detected in most of  
the sediment samples but was detected in 
sediment sample collected at a location that 
received effluent from a textile mill and it’s 
environ. Bisphenol-A has been reported to be 
released into the environment from bottles, 
packaging, landfill leakages, paper, plastic, optic 
media such as digital versatile discs (DVDs), 
automotive and other transportation equipment 
(Huang et al., 2012; Yamamoto et al., 2001). This 
may explain the levels of  bisphenol-A obtained in 
the sediment collected at some of  the locations 
(such as the timber merchants using wood 
preservatives coupled with other domestic 
activities; points with a busy jetty for inland 
waterway transport and a container port and 
points receiving effluent from a thermal power 
station). The highest concentration of  bisphenol-
A was found in sediment with the highest 
percentage of  total organic carbon content 
suggesting that the sediment organic carbon 
content plays an important role in controlling the 
level of  phenols in the sediments. Mai et al. (2005) 
however, reported that sediments with high 
organic carbon content may favour accumulation 
of  alkylphenols. Also, bisphenol-A is discharged 
into the aquatic environment not only from the 
migration from bisphenol-A-based products, but 
also through effluent from wastewater treatment 
plants, landfill sites and other anthropogenic 
activities as bisphenol-A is not produced naturally 

Table 2: Levels of  water physico-chemical parameters and EDCs in Lagos Lagoon

Sampling 
Stations  

Atm 
Temperature  
(oC)

 

Water 
Temp (oC)  

Salinity 
(mg/L)  

TDS 
(mg/L)  

EC  (µS/cm)  BPA  
(ng/L)

 

OP
(ng/L)

NP
(ng/L)

Egbin

 
32.0

 
33.3

 
7.7

 
5.5

 
10.9

 
ND

 
ND ND

Ijora

 

31.0

 

31.0

 

8.5

 

6.6

 

10.0

 

ND

 

ND ND 
Agboyi

 

30.0

 

31.7

 

8.4

 

5.8

 

11.7

 

ND

 

125 102
Ikorodu 

 

32.0

 

33.1

 

8.7

 

12.2

 

17.6

 

ND

 

ND ND
Majidun

 

30.1

 

32.8

 

8.7

 

17.4

 

12.2

 

ND

 

ND ND
Ibeshe

 

30.0

 

32.0

 

6.1

 

5.7

 

10.7

 

ND

 

127 ND
Apapa

 

30.0

 

31.5

 

11.2

 

17.3

 

4.1

 

ND

 

125 95.1
Iddo

 

29.0

 

31.0

 

7.8

 

9.7

 

20.0

 

ND

 

ND ND
Oko-baba

 

29.5

 

31.0

 

6.7

 

8.9

 

18.5

 

ND

 

ND 95.4 
Mean ± 
SD

30.5±1.21 32.1±0.9 8.50±1.4 9.90±4.1 16.5±11 00 41.9±63 32.5±49

Range 29.0 – 32.0 31.0 – 33.3 6.1 – 11.2 5.5 – 17.4 4.1 – 20.0 ND ND-127 ND-102

Note: ND:  Not Detected
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(Huang et al., 2012).

The sediment pH, particle size distribution (sand, 
silt, and clay) and % total organic carbon (TOC) 
ranged from 6.94-7.32, 23.3-84.2%, 1.30-32.2%, 
14.5-44.5%, and 0.32-3.95%, respectively with 
mean values of  7.14±0.1, 61.7±21%, 12.3±12%, 
26.0±9.8%, and 2.10±1.1%, respectively. The pH 
of  the lagoon sediment was slightly basic, which 
may influence the bioavailability and ecological 
risk of  some contaminants present therein. 
However, Xiong et al., (2012) reported that pH was 
the most desirable predictor of  bacteria 
community structure in alkaline sediments. The 

sediment particle size is one of  the most 
s ignif icant  controls  of  hydrodynamic 
characteristics and river morphology which is also 
associated with sediment transport, deposition 
processes and river ecology (Heitmuller and 
Hudson, 2009; Henshaw et al., 2013). The lagoon 
sediment had high sand content (61.7±21%), 
followed by clay (26.0±9.8%) and silt (12.3±12%). 
The total organic carbon (matter) play an 
important role in the behavior of  trace elements in 
sediment. It may have a significant consequence 
on the bioavalability, movement and toxicity of  
trace elements and other micropollutants (Baran et 
al., 2019).
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Table 3: Sediment characteristics and EDCs of  Lagos lagoon

Sampling 
locations  

pH  Particle size distribution (%)  %TOC  BPA  
(µg/g)  

NP  
(µg/g)  

OP
(µg/g)

Sand  Silt  Clay  
Egbin

 
7.32

 
76.5

 
4.50

 
19.0

 
1.47

 
4.49

 
ND

 
2.51

Ibeshe
 

7.23
 

33.0
 

28.7
 
38.3

 
1.27

 
ND

 
1.90

 
ND

Ikorodu
 

7.16
 

79.0
 

3.50
 
17.5

 
1.88

 
4.49

 
ND

 
ND

Majidun 

 

6.95

 
23.3

 
32.2

 
44.5

 
2.29

 
ND

 
ND

 
ND

Agboyin

 

7.20

 

59.0

 

16.3

 

24.7

 

3.32

 

ND

 

ND

 

ND

Oko-baba

 

7.17

 

58.0

 

13.7

 

28.3

 

3.95

 

5.08

 

ND

 

ND

Iddo

 

6.94

 

76.5

 

1.80

 

21.7

 

1.55

 

ND

 

ND

 

ND

Ijora 

 

7.15

 

65.5

 

9.0

 

25.5

 

2.07

 

ND

 

ND

 

ND

Apapa 

 

7.10

 

84.2

 

1.30

 

14.5

 

0.32

 

ND

 

ND

 

ND

Mean 

 

7.14±0.1

 

61.7±21

 

12.3±12

 

26.0±9.8

 

2.01±1.1

 

1.56±2.3

 

0.21±0.6 0.28±0.8

Range 6.94-
7.32

23.3-84.2 1.30-
32.2

14.5-
44.5

0.32-
3.95

ND-
5.08

ND-
1.90

ND-
2.51

Levels of  EDCs in Fish 
Fish samples of  five (5) different species were 
collected in the Lagos lagoon and identified at the 
Department of  Zoology, University of  Ibadan 
(Table 4) and their body fresh weights and lengths 
were also determined as shown in Table 5. The 
results of  the analysis of  fish tissue of  different 
species of  fish samples collected in Lagos lagoon 
is presented in Table 6. Proximate composition 
determined in the fish samples were moisture, ash, 
fat and protein contents. These were considered to 
assess the nutritive value of  the fishes. Filimanus 
heptadactyla (Table 4) commonly classified with 
threadfin hails from the family name Polynemidae 
are slivery grey pacifrom marine fish found within 
the tropical and subtopical waters throughout the 
world (Idodo-Umeh, 2003). They have the 

tendency to adapt to wide range of  changing 
salinity. They primarily feed on crustaceans and 
smaller fishes. Mugil cephalus commonly called a 
flat head mullet from the family of  Mugilidae is 
usually found in the coastal tropical and 
subtropical water bodies. Its length is typically 
between 30 – 75 cm (12 - 30 inches) and the body 
weight can be as high as 4.0 kg. Its mobility range 
in depth is between 0 – 120 meters (0 – 390 ft) and 

0
with temperatures between 8 – 24 C and it may be 
pelagic or moving into currents below dam. 
Pomadasys auritus from the family Haemulidae 
commonly called Longhead grunt has several 
habitats such as the marine, brackish, 
benthopelogic tropical and it is widely distributed 
across the western pacific. It is indeed a rare fish 
species apparently inhabiting deeper waters of  the 

Note: ND = Not detected 
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continental shelf. Cynoglossus senegalensis hails from 
the family Cynoglossidae. It is commonly found on 
sand and mud bottoms of  coastal waters. It feeds 
on molluscs, shrimps, crabs and fish. Crysichthys 
nigrodigitatus commonly called Bagrid catfish is 
from the family Claroteidae and is found in 
freshwater. It is widely distributed across Africa 
from Senegal to Angola. It feeds on seeds, insects, 
bivalves and detritus. Larger ones feed on 
decapods and fish. It is generally of  commercial 
importance as it is used as commercial game fish 
and in public aquariums (Idodo-Umeh, 2003). 
The average fresh body weight of  the fish species 
ranged from 0.17 – 0.33 kg (Table 5). 

From the five species obtained in the Lagoon, the 
results obtained (Table 6) revealed that BPA, an 
industrial chemical was found in the fish tissues at 
concentrations which ranged from ˂ND-1139 
ng/g (on wet weight basis). Nonylphenol (NP), a 
degradation product of  the surfactant 
nonylphenol polyethoxylate was also found at 
concentration which ranged from ˂ND - 476 
ng/g while octylphenol (OP) ranged from ˂ ND – 
643 ng/g. The results of  the fish tissues analysed 
confirmed the presence of  these endocrine 
disruptive chemicals in the water and/ or 
sediment. Concentrations of  each of  these 
analytes (BPA, NP and OP) in all the fish species 
showed slight variation in their bioaccumulation 

as shown in Figure 2. Bisphenol-A was detected in 
Pomadasys auritus (FC), Cynoglossus senegalensis (FD) 
and Chrysichthys nigrodigitatus (FE) but not in 
Filimanus heptadactyla (FA) and Mugil cephalus 
(FB). Octylphenol was also detected in three 
species: Filimanus heptadactyla (FA), Cynoglossus 
senegalensis (FD), and Chrysichthys nigrodigitatus (FE) 
while NP was only detected in Filimanus 
heptadactyla (FA) and Cynoglossus senegalensis (FD). 
However, none of  the targeted compounds (BPA, 
OP and NP) was obtained in the tissue of  Mugil 
cephalus (FB).

Generally, the fishes had high percentage moisture 
content, which ranged from 77.7±0.04-
81.8±0.03% (Table 7). The percentage ash, crude 
fat, and crude protein ranged from 2.90±0.01-
8.90±0.01%, 14.7±0.02-65.5±0.02%, and 
83.0±0.1-84.8±0.1%, respectively. Mugil cephalus 
had the highest crude fat content (65.5±0.02%) 
while Pomadasys auritus had the highest %ash 
content (8.90±0.01) and %crude protein 
(84.8±0.1). Fish fat is high in omega-3 fatty acids, 
which offer different health benefits including 
lowering of  cholesterol, triglycerides, and blood 
pressure;  prevent blood clots,  reduce 
inflammation and balance the immune system. 
Fatty fish are also high in calories which can leads 
to weight gain. 
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Table 4: Description of  fish species collected in Lagos lagoon

Sample 
code  

Scientific name  Family name  Common name  Habitat

FA  Filimanus heptadactyla  Polynemidae  Sevenfinger threadfin  Brackish
FB

 Mugil cephalus
 

Mugilidae 
 
Flathead Mullet

 
Brackish 

FC
 

Pomadasys auritus 
 

Haemulidae
 

Longhead grunt
 

Brackish
FD

 
Cynoglossus senegalensis

 
Cynoglossidae

 
Sole fish

 
Coastal water

FE Crysichthys nigrodigitatus Claroteidae Bagrid catfish Freshwater 

Table 5: Characteristic feature of  the fish species

Scientific name  Filimanus 
heptadactyla  

Mugil 
cephalus  

Pomadasys 
auritus  

Cynoglossus 
senegalensis  

Crysichthys 
nigrodigitatus

Sample code
 

FA
 

FB
 

FC
 
FD

 
FE

Number of  fishes
 

(n)
 

1
 

2
 

3
 

2
 

2

Average body wet 
weight  (kg)

 

0.31
 

0.33
 

0.17
 
0.25

 
0.28

Average body Length 
(cm)

34.0±0.0

 
30.6±1.6

 
22.7±0.3

 
42.2±0.3

 
28.5±4.2
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Table 6: Concentrations of  BPA, OP and NP in fish samples collected in Lagos lagoon

Fish species/ Common names  Sample 
Codes  

Bisphenol-A 
(BPA)  
(ng/g)  

Octylphenol 
(OP)  

(ng/g)  

Nonylphenol 
(NP)

(ng/g)

Filimanus heptadactyla  
(Sevenfinger threadfin)  

FA  ND  630  476

Mugil cephalus 
 

(Flathead mullet)
 

FB
 

ND
 

ND
 

ND

Pomadasys auritus
 (Longhead grunt)

 

FC
 

1139
 

ND
 

ND

Cynoglossus senegalensis
 (Sole fish)

 

FD
 

1120
 

630
 

476

Crysichthys nigrodigitatus
 (Bagrid catfish)

 

FE
 

1130
 

643
 

ND

Range ND-1139 ND-643 ND-480

 Note: ND: Not Detected; LOD: Limit of  Detection = 0.003 mg/kg; LOQ: Limit of  Quantization = 0.03 mg/kg

Figure 2: Variation in concentrations of  BPA, OP and NP in fish samples collected in Lagos Lagoon
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Comparison with other studies 
Studies conducted around the world have 
confirmed the presence of  these phenolic 
disruptors of  hormones in different aquatic 
habitats. Nonylphenol, octylphenol, bisphenol-A 
and other related compounds have been detected 
in rivers, lakes, sea and coastal lagoon. In USA, 
nonylphenol was detected in fish tissues from 

Kalamazoo River, Michigan at concentration 
levels of  3.3 – 29.1 ng/g (Kannan et al., 2003) 
(Table  8) .  When compared wi th the 
concentrations of  the targeted compounds 
reported in the literature, the concentrations 
obtained in this study were within the reported 
concentrations.
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Table 7: Percentage proximate composition of  fish species collected in Lagos lagoon

Fish species  
Sample 
Code  

% Moisture 
Content  

% Ash  % Crude Fat  
% Crude 
Protein

Filimanus 
heptadactyla  

FA  77.7±0.04  3.10±0.02  15.7±0.02  83.0±0.1

Mugil cephalus  FB  79.7±0.04  5.00±0.02  65.5±0.02  83.7±0.1

Pomadasys 
auritus  

FC  78.9±0.1  8.90±0.01  17.9±0.04  84.8±0.1

Cynoglossus 
senegalensis

 
FD

 
81.8±0.03

 
3.40±0.00

 
14.7±0.02

 
83.1±0.1

Crysichthys 
nigrodigitatus

 

FE
 

79.4±0.03
 

2.90±0.01
 

16.7±0.02
 

84.0±0.1

Range 

Table 8: Endocrine disrupting chemicals accumulated in fish tissues of  fishes from rivers, ocean, 
lagoons and lakes around the world

EDCs
 

Netherlanda

 Taiwanb

 USAc

                          China  Italy Nigeria

 
 

Kalamazoo 
River Michigan 

 

Chongqinq 
Aread

 

Dianchi 
Lakee

 

Pearl River 
Deltaf

Adriatic 
Seag

Lagos Lagoon
(This study)

4-NP (ng/g)

 

-

 

22 –

 

399.5

 

3.3 –

 

29.1

 

20 –

 

100

 

ND –

 

18.9

 

- 9.5 – 1,431 ND – 476
4-OP (ng/g)

 

-

 

ND –

 

132.8

 

-

 

-

 

ND –

 

4.6

 

- 0.3 – 3.8 ND – 643

BPA (ng/g) 0.24 – 2.6 - - ND – 83.5 0.5 – 2.0 - ND – 1,139

a b c d eNote: Belfroid et al., 2007; Mao et al., 2007; Kannan et al., 2003; Shao et al., 2005; Liu et al., 
f g2011; Wei et al., 2011; Ferrara et al., 2005.

CONCLUSION 
This study assessed the occurrence and levels of  
EDCs such as nonylphenol, octyphenol, and 
bisphenol-A in water, sediment and fish samples 
collected in Lagos Lagoon, Nigeria. The study has 
revealed the occurrence and levels of  
nonylphenol, octyphenol and bisphenol-A in 
Lagos lagoon water, sediment and fish. 
Alkylphenols and bisphenol-A were detected in 
sediments samples collected from areas of  
different human activities such as industrial, 
commercial and domestic activities including the 
i n d i s c r i m i n a t e  wa s t e  d i s p o s a l .  L ow  

concentrations of  NP and OP were detected in 
the water samples while there were no traces of  
BPA in the water samples collected at different 
locations on the lagoon. However, the increasing 
usage of  NP and OP in recent years necessitates 
continued control and monitoring. Although NP 
and OP were present at low concentrations, the 
risks of  long-term exposure to these low 
concentrations remain largely unknown. The 
study revealed that concentrations of  EDCs in 
Lagos lagoon were generally similar to those that 
have been reported in the literature. More research 
needs to be done to determine the potential 
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human and environmental health risks posed by 
exposure to these endocrine disruptors in the 
aquatic environment and their potential human 
health risk. 
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