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ABSTRACT 

The continuous uncontrolled discharge of pollutants into aquatic systems in developing countries like Nigeria has 
prompted a more sensitive assessment of the level of pollutants inhabiting the environment. Sediments and waters of 
River Ogun and River Ibeche in southwestern part of Nigeria were collected and analysed for 4-t-Octyphenol (4-t-OP), 
4-nonylphenol (4-NP) and Bisphenol-A (BPA), that have been shown to possess endocrine-disrupting properties. Prior 
to analysis by GC-MS technique, targeted compounds were extracted from samples by ultrasonication and liquid-liquid 
extraction, respectively. Physicochemical properties of the samples such as temperature, pH, total organic carbon and 
particle size distribution were also determined. 4-NP and 4-t-Op were detected in all the water samples with concentra- 
tion ranging between 43.9 ng/L - 79.4 ng/L and 57.1 ng/L - 68.6 ng/L, respectively. No trace of BPA was found in all 
the water samples collected. However, BPA in sediment samples from both rivers ranged from non detectable to ≤0.4 
ng/g, while 4-t-OP and 4-NP were between 2.2 ng/g - 24.5 ng/g and 1.1 ng/g - 79.4 ng/g, respectively. The presence of 
these compounds in surface water and sediments may be attributed to the release of pollutants into the studied rivers 
from both domestic and industrial activities. Further studies are however needed to investigate the potential ecological 
and health effects of these compounds on aquatic organisms that inhabit the rivers. 
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1. Introduction 

Poor enforcement of water pollution control laws and 
regulations has led to an astronomical increase in pollu-
tion of rivers and streams in developing countries like 
Nigeria. Consequently, massive amount of wastewater 
and effluents are discharged indiscriminately into aquatic 
systems across the country. These discharges are known 
to contain different types of contaminants that have the 
tendency to threaten humans and wildlife. Of particular 
concerns, however, are the phenolic endocrine disrupting 
compounds (EDCs), which include bisphenol-A (BPA), 
alkylphenol ethoxylates (APEs) and their degradation 
products such as nonylphenol and octylphenol etc, which 
have been declared toxic [1]. 

Endocrine disrupting compounds also referred to as 
hormonally active agents or endocrine disrupting chemi-
cals (EDC) [2] are exogenous agent that interferes with 
the synthesis, secretion, transport, metabolism, binding  

action or elimination of natural blood-borne hormones 
that are present in the body and are responsible for ho- 
meostasis, reproduction and developmental processes. 
These compounds have attracted a great deal of scientific 
and public attention worldwide due to their widespread 
occurrence as environmental contaminants and potential 
adverse effects on the normal reproduction and develop- 
ment of environmentally exposed organisms [3-5].  

Alkyphenols are used mainly to make phenolic resins 
used in rubber processing to make tyres and in printing 
inks, electrical insulation, varnishes and in the production 
of ethoxylated resin for offshore oil receiver [6]. They 
also find application as building block chemicals that are 
used in making fragrances, surfactants, thermoplastic 
elastomers, antioxidants, adhesives, coatings, carbonless 
copy-paper and high performance rubber paper [7]. The 
distribution of nonylphenol in aquatic environment in 
several rivers in Europe and USA has been reported 
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where it has been found to be mainly concentrated in 
sediment [3,5,8-10]. Various studies have also confirmed 
that nonylphenol present risks to aquatic organisms, es- 
pecially zooplanktons and benthic macro-invertebrates in 
areas of high chronic exposure to high concentrations 
[11,12]. They have so far been found to exert toxicity 
and estrogenic effects on aquatic organisms with atten- 
dant effects on human health [13]. Consequently, both 
nonylphenol and octylphenol have been categorized as 
definitely endocrine disruptors particularly in aquatic 
organisms [14,15]. 

Bisphenol-A has received great attention due to its po- 
tential association with adverse health effects such as 
prostate cancer, obesity, neurobehavioral and reproduc- 
tive problems [16]. BPA migrates from polycarbonate 
flasks and increased the rate of proliferation of human 
breast cancer cells [17]. Leaching of BPA was attributed 
to the migration of residual BPA not bonded to the poly- 
mer in polycarbonate and in epoxy resin. Release of BPA 
can also occur from polycarbonate hydrolysis in extreme 
conditions [18]. Migration of BPA from several kinds of 
plastic to human and various environmental media is 
therefore a significant problem [19]. Many studies have 
therefore confirmed the presence of BPA in soil and 
aquatic environments as well as the widespread and con- 
tinuous human exposure to BPA through food, drinking 
water, dental sealants, cell phones and inhalation of in- 
door dusts [20-25]. 

The aim of this study was to investigate the level of 
endocrine disrupting compounds such as octylphenol 
(4-t-OP), nonylphenol (4-NP), and bisphenol-A (BPA) in 
river water and sediment samples. Knowledge of the oc- 
currence and level of these compounds in environmental 
matrices will serve as an indication of the extent of 
aquatic contamination and provides veritable information 
on the potential accumulation characteristics in the aqua- 
tic system in Nigeria. 

2. Experimental 

2.1. Chemicals 

High purity standards (purity > 97%) of three targeted 
phenolic compounds (4-t-OP, 4-NP, BPA) were purcha- 
sed from Merck, (Germany) and internal standards; 4-n- 
nonylphenol and BPA-d16 from Sigma-Aldrich (Buchs, 
Switzerland). Individual stock solutions of the studied 
compounds were prepared in methanol and stored at 
20˚C. Organic solvents (methanol, dichloromethane and 
hexane) used for sample processing and analysis were 
HPLC grade and purchased from Multisolvent (Scharlau, 
Switzerland). All glassware was clean properly and sol- 
vent-rinsed before use.  

2.2. Study Area 

Sediment and water samples were collected from two 
rivers in Lagos, Nigeria. River Ogun is one of the main 
rivers in the southwestern part of Nigeria with a total 
area of 22.4 km2 and a fairly large flow of about 393 
m3·sec−1 during the wet season. The river is one of the 
two principal rivers in the Ogun-Osun River Basin of 
Nigeria with the characteristics of a tropical climate. It 
takes its source in Oyo State (Latitude: 6.5922222˚, Lon-
gitude: 3.4616667˚) near Shaki and flows through Ogun 
State before discharging into Lagos Lagoon. Its reservoir 
capacity is about 690 million m3 and has a cattle market 
located along its course at Isheri. Different wastes (mo- 
stly organics) from the market are usually discharged 
into it. The water is used for agriculture, transportation, 
human consumption, various industrial activities and do- 
mestic purposes. River Ibeche is one of the oldest rivers 
in Nigeria. It receives effluent discharge from the textile 
industry located at Ibeshe town in Ikorodu. Over the 
years the water has been utilized for domestic purposes 
by the dwellers of the community. However, in recent 
times the water has been totally abandoned due to its 
extreme pollution caused by the continuous discharge of 
effluents from the textile company located along the riv-
erside. 

2.3. Sample Collection 

The rivers were divided into 3 sections; upstream, mid- 
stream and downstream. Two composite samples (n = 10) 
of sediment were collected from each section to make a 
total of 6 composite samples per river and 12 representa- 
tive samples from both rivers. For water sample, one (1) 
composite sample (n = 10) of water was collected from 
each section to make a total of 3 composite samples per 
river and 6 representative samples from both rivers. 1.0 g 
of sodium azide was added to each of the sediment sam- 
ples to inhibit microbial growth. This was done to fix the 
organic matter and also to retard any possible decay. 
Concentrated hydrochloric acid (pH ≤ 2) was added to 
the water samples to avoid any degradation of the target 
compounds. All samples were collected into a glass bot- 
tle and stored by refrigeration prior to analysis, which 
was done almost immediately after sample collection.  

2.4. Sample Preparation 

Sediment samples were first ground and homogenized 
using a mortar and pestle in an anhydrous sodium sul- 
phate. About 5 g of dried and homogenized sediment 
sample was weighed into a centrifuge tube, spiked with 
solution of internal standards (100 µL each of 1 mg/L 
4-n-NP and BPA-d16) and 25 mL of a mixture of di- 
chloromethane and hexane (2:1) was added. The tube 
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was sonicated for 15 min and then centrifuged at 1500 
rpm for 5 min. The extraction was repeated with 10 mL 
of the solvent mixture. The extracts were combined, 
concentrated to about 2.0 mL and dried over anhydrous 
sodium sulfate. Liquid-liquid extraction was used to ex- 
tract water samples. 1 litre of water sample was first fil- 
tered through glass fibre filters (whatman GF/F, 1 µm 
effective pore size) to remove suspended particles. 100 
µL each of 1 mg/L of 4-n-NP and BPA-d16 were added 
to the filtrate as internal standards. Extraction was carried 
out first with 50 mL dichloromethane and then with 25 
mL hexane. All extracts were combined and dried over 
anhydrous sodium sulphate. For all extraction procedures, 
methanol was added to enhance the isolation of analytes, 
particularly bisphenol-A. Clean-up of the extracts was 
achieved with a glass syringe (20 mL) loaded with silica 
gel, glass wool and anhydrous sodium sulphate and then 
eluted with 5 mL of a mixture of dichloromethane and 
hexane (2:1). The syringe was first conditioned by soak- 
ing in hexane before and after packing. The purified ex- 
tracts were then re-constituted in 2 mL hexane. Total 
organic carbon (% TOC) of each sediment sample was 
estimated using the Walkley-black titration method [26] 
while sediment particle size distribution was determined 
using the hydrometer method. 

2.5. Derivatisation 

Due to the low volatility of targeted compounds, deriva- 
tisation was essential to enhance the suitability of the 
analytes for detection by gas chromatography. The puri- 
fied extracts were derivatised by reacting with acetic 
anhydride [27]. 100 µL of purified extract was trans- 
ferred into a glass tube, followed by the addition of 2 mL 
of 1 M NaHCO3 and 1 mL of 1 M NaOH solutions. The 
tube was mixed for few seconds to dissolve the extract. 2 
mL n-hexane and 10 mL acetic anhydride were then 
added. The tube, tightly capped and manually shaken 
violently for 1 min, was then left at room temperature for 
30 minutes. The supernatant of n-hexane was transferred 
carefully into a glass centrifugal tube using a glass pi- 
pette. The n-hexane mixture was then allowed to dry on 
standing. The dried extract was re-dissolved in 100 µL of 
n-hexane and transferred into a 2 mL amber glass vial.  

2.6. Instrumental Analysis 

The derivatised extracts were analysed for the targeted 
compounds; BPA, OP and NP using a gas chromatograph 
equipped with a mass spectrometer. Separation of all tar- 
geted compounds was achieved by injecting about 1 µL 
of each extract into the GC system (in a splitless mode) 
through a capillary column (3.0 m length, 0.2 mm inter- 
nal diameter, 0.2 µm film thickness). Helium gas was  

used as the carrier gas. Tables 1 and 2 summarize the 
GC/MS condition adopted in the procedure as well as the 
characteristic retention time of the targeted compounds. 
Quantification was carried out by the use of a computer 
integrator. A 5-point relative response factor (RRF) cali- 
bration curve was established for analytes of interest 
prior to the analysis of samples. The mean relative re- 
sponse factor was determined for each calibration level. 
Sample analyte concentrations were calculated based on 
the concentration and response of the internal standard. 

2.7. Quality Control/Assurance 

Simultaneous extraction of the phenolic EDCs was car- 
ried out and all data generated from the analysis were 
subjected to strict quality control procedures. With each 
set of samples analysed, a solvent blank and a standard 
were run in sequence to check for background contami- 
nation, peak identification and quantification. In addition, 
internal standards, 100 µl of 1 mg/L of 4-n-NP and BPA-  
 

Table 1. Operational conditions of GC/MS. 

GC/MS: Agilent Technologies 7890 A, 5975 MSD

Column: 
HP-5 19091J-413 Capillary column 

(30 m, 0.32 mm, 0.25 µm) 

Injection method: Splitless mode 

Injection Volume: 1.0 µL 

Carrier gas: Helium gas (1.8 mL/min) 

Injection temperature: 300˚C 

Oven Temperature 
Programme: 

GC Oven Temperature was kept 
at 50˚C for 2 min 

 First ramp at 10˚C/min to 220˚C 

 Second ramp 12˚C/min to 260˚C 

 Final temperature 3˚C/min to 300˚C 

MS Mode Selected Ion monitoring (SIM) mode 

Ion Source Temperature 300˚C 

Interface temperature 300˚C 

 
Table 2. Details of the phenolic endocrine disrupting che- 
micals and their characteristics ions and retention times. 

Compounds
Retention time 

(min) 
Molecular 

weight 
Quantification ion 
(base ions, m/z) 

4-t-OP 13.38 206.33 207 

4-NP 13.96 220.36 179 

4-n-NP 14.56 220 414.2 

BPA-d16 22.89 244 368 

BPA 24.62 228.29 228 
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d16, were added to all the samples to monitor matrix 
effects and for recovery studies. Linearity of the instru- 
ment response was ascertained by analyzing standard 
solutions at different concentration levels in the range 10 
µg/L - 100 µg/L. Limit of detection (LOD) and limit of 
quantitation (LOQ) were calculated based on the stan- 
dard deviation of the response and slope of the calibra- 
tion plots. Relative recoveries, LOD and LOQ of the tar- 
geted compounds are highlighted in Tables 3 and 4. 

LOD = 3.3 × (s/S) 
LOQ = 10 × (s/S) 
s = standard deviation of y-intercepts; 
S = slope of the calibration curves. 

3. Results and Discussion 

3.1. Physicochemical Characteristics of the 
Samples 

Results of the physicochemical assessment of samples 
collected from the two rivers are presented in Tables 5 
and 6. The average characteristic pH of water and sedi- 
ment samples from both rivers was a true representative 
of the condition of the rivers. pH of water (6.55) and se- 
diment samples (6.67) from River Ogun was found to be  

 
Table 3. Recoveries (%), limit of detection and limit of 
quantitation of studied compounds in surface water. 

aCompounds % Recovery bLOD (ng/L) cLOQ (ng/L)

4-t-OP 102 ± 4.9 0.3 1.0 

4-NP 86 ± 5.3 2.0 7.0 

BPA 75 ± 7.3 0.7 2.0 

a4-t-OP: 4-tert-octylphenol; 4-NP: 4-nonylphenol; BPA: bisphenol-A; bLOD: 
Limit of detection; cLOQ: Limit of quantitation. 
 
Table 4. Recoveries (%), limit of detection and limit of 
quantitation of studied compounds in sediment.  

aCompounds % Recovery bLOD (ng/g) cLOQ (ng/g)

4-t-OP 93 ± 2.3 0.2 0.5 

4-NP 78 ± 0.3 0.3 0.3 

BPA 62 ± 0.6 0.2 0.2 

a4-t-OP: 4-tert-octylphenol; 4-NP: 4-nonylphenol; BPA: bisphenol-A; bLOD: 
Limit of detection; cLOQ: Limit of quantitation. 

 
Table 5. Physicochemical characteristics of the sediment 
samples from the studied rivers. 

 pH % Clay % Sand % Silt % TOC

River 
Ogun 

6.67 ± 0.43 16.4 ± 9.5 73 ± 12 7.19 ± 4.0 2.72 ± 0.6

River 
Ibeche 

8.12 ± 0.22 12.5 ± 5.0 85.4 ± 6.3 2.05 ± 2.2 2.36 ± 0.90

TOC: Total Organic carbon. 

Table 6. Temperature and pH of water samples from the 
studied rivers. 

 Temp (˚C) pH 

River Ogun 27.05 ± 0.6 6.55 ± 0.1 

River Ibeche 23.9 ± 0.8 7.95 ± 0.2 

 
close to neutral. While samples from River Ibeche gave 
slightly higher pH value in the region of 7.95 (water) and 
8.12 (sediment) at temperatures of 23.9˚C and 27.05˚C, 
respectively. The pH of the samples may be attributed to 
the composition of various discharges from industrial and 
domestic activities. Alkylphenols and bisphenol-A have 
been observed to degrade at a condition of high tem- 
perature, particularly above the region of about 60˚C [28]. 
However, the average temperature of all the water sam- 
ples found to be below 30˚C is assumed to be convenient 
enough for the persistence of the targeted organic com- 
pounds. Sediment samples from both rivers were found 
to be sandy with percentage sand composition ranging 
between 73.4% (River Ogun) - 85.5% (River Ibeche). On 
the average, the Total Organic carbon contents of sedi- 
ment samples from both rivers where found to be close, 
with TOC of River Ibeche sediments slightly higher than 
that of River Ogun by about 0.4%. 

3.2. Concentrations of Octylphenol (4-t-OP), 
Nonylphenol (4-NP) and BPA in River 
Water Samples 

Analyses of water samples showed that alkyphenolic 
substances are present in the water samples collected 
from both rivers. 4-NP, a degradation product of the sur-
factant, nonylphenol polyethoxylates [29], which have 
been widely detected in aquatic environments usually at 
levels of several to hundreds of nanograms per liter 
[30-32] was found to range between 48.8 ng/L - 72.3 
ng/L and 43.9 ng/L - 79.4 ng/L in River Ogun and River 
Ibeche, respectively as shown in Figure 1. The 4-t-OP, 
which is approximately 25% more potent endocrine dis-
ruptor than 4-NP [15], was also detected in water sam-
ples from both rivers at 57.13 ng/L - 68.3 ng/L (River 
Ogun) and 66.2 ng/L - 68.6 ng/L (River Ibeche). The re- 
sults obtained may be attributed to the continuous dis- 
charge of effluents and wastewater from both domestic 
and industrial activities, particularly River Ibeche which 
receives effluent from near-by textile industry. Despite 
the high water solubility of BPA (120 - 300 mg/L) [33], 
the compound was not detected in any of the water sam- 
ples collected. Most environmental monitoring results 
showed that the concentration of BPA in rivers is lower 
than 1 µg/L. This may be attributed to the tendency of 
the compound to adsorb to river sediments. Comparison 
of the results obtained in this study with work done  
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alkylphenolic concentrations in sediments from River 
Ibeche were found up to 24.5 ng/g and 79.4 ng/g for 4-t- 
Op and 4-NP, respectively. Despite its higher affinity for 
sediment, BPA was far less evident than 4-t-OP and 
4-NP and could only be found in sediment samples from 
River Ogun, although at a very low concentration ≤ 0.4 
ng/g. This value is less than that reported in different 
studies across the world. 

 

3.4. Distribution of 4-NP, 4-t-OP and BPA in 
River Water and Sediments.  

Once a chemical enters an aquatic environment, parti- 
tioning of the chemical between water and sediment 
phase becomes an important process [35]. Due to the mo- 
derate hydrophobic nature of phenolic compounds inves- 
tigated in this study, partitioning of the compounds was 
expected in the rivers. In addition to the direct partition- 
ing of the dissolved phase fraction of the target com- 
pounds from the bulk of the river water to the river bed  

Figure 1. Concentrations of phenolic EDCs in water sam- 
ples of the studied rivers. 
 
across the world shows that the concentrations of 4-NP 
and 4-t-OP fall within the range of values obtained in 
waters assessed from rivers in China and other parts of 
the world as shown in Table 7. 

 3.3. Concentrations of Octylphenol (4-t-OP), 
Nonylphenol (4-NP) and BPA in 
Sediment Samples 

 

Various studies have provided evidence of a long persis- 
tence of alkyphenols and BPA in anaerobic sedimentary 
environment [34]. They have been confirmed to accu- 
mulate over long periods of time in sediment and macro- 
phytes due to their hydrophobic nature [1]. Owing to 
high river flows and sand contents in River Ogun, fine 
sediment is easily stirred and carried away by the river 
water. High flow leads to dilution of contaminants and 
movement of settled sediment [35]. This may therefore 
explain the low concentrations of 4-t-OP (2.2 ng/g -9.1 
ng/g) and 4-NP (1.1 ng/g - 8.3 ng/g) as depicted in Fig- 
ure 2. (The error bars represent the standard deviation of 
the measurements). However, unlike River Ogun, the  

Figure 2. Concentrations of phenolic EDCs in sediment 
samples of the studied rivers. 

 
Table 7. Comparison of the concentrations of the target compounds in water and sediment in this study and other sites 
around the world. 

 Compoundsa Africa Asia  Europe America 

  River Ogun River Ibeche China Korea Japan Italy U.K USA 

Water (ng/L) 4-t-OP 57.13 - 68.3 66.2 - 68.6 1.0 - 2470 ND ND - 819 - < 0.3 - 65 - 

 4-NP 48.8 - 72.3 43.9 - 79.4 28.1 - 8890 ND - 2448 ND - 1080 < 0.5 - 211 < 0.2 - 8 ND - 40,000 

 BPA bND - c< LOQ ND 2.2 - 1030 ND - 39.4 ND - 600 < 1.0 - 145 < 0.1 - 48 ND - 12,000

Sediment (ng/g) 4-t-OP 2.2 - 9.1 9.2 - 24.5 ND - 979 3.97 - 179 3 - 670 - < LOQ - 1800 ND - 12.5

 4-NP 1.1 - 8.3 6.2 - 48.3 11.4 - 28,830 10.4 - 5054.1 30 - 13,000 47 - 192 < LOQ - 72,000 ND - 22.9

 BPA ND - 0.4 ND ND - 296 2.7 - 50.3 - 2.0 - 118 27 - 503 ND - 5.0 

dReferences This study [37-39] [41-44] [32,36,40] [45] [46,47] [48,49] 

a4-t-OP: 4-ter-octylphenol; 4-NP: 4-nonylphenol; BPA: bisphenol-A; b ND: not detected; c< LOQ: below the limit of quantitation. 
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sediment, these compounds also have a propensity to 
partition to particulate organic matter in the river. 4-NP 
in particular has strong affinity to suspended particulate 
matter [36]. Therefore, subsequent settling and accumu- 
lation of this particulate fraction to river sediments will 
largely control the mass flux of these compounds within 
the sediments [35]. 

Owing to the sandy nature of the sediments samples 
from both rivers, adsorption of these compounds was 
found to be very weak based on the calculated Pseudo- 
partitioning coefficients (Kd) for the phenolic compounds. 
The Pseudo-partition coefficients (Kd) for the compounds 
were calculated as the ratio of concentrations in sediment 
to water phase. The Kd values 88.2 L/Kg and 68.9 L/Kg 
were obtained for 4-t-OP and 4-NP detected in River 
Ogun, while 2.26 L/Kg and 343.6 L/Kg were obtained 
for River Ibeche. No significant partitioning coefficient 
was obtained for BPA in both rivers. These suggest poor 
adsorption of these compounds to sandy sediments in 
both rivers. 

4. Conclusion  

Endocrine disrupting compounds (EDCs) have been de- 
tected in aquatic environments (surface water, sediment, 
and groundwater) worldwide. In this study gas chroma- 
tography-mass spectrometric technique was used to de- 
termine the level of 4-NP, 4-t-OP and BPA in water and 
sediments of two major rivers in Lagos, Nigeria. Though 
in low concentrations, 4-NP and 4-t-OP were detected in 
water samples from both rivers. No trace of BPA was 
however detected in the water samples. Despite evi- 
dences of high affinity for sediment, BPA could only be 
found in sediment samples from River Ogun although at 
a very low concentration. 4-NP and 4-t-OP was also de- 
tected in the sediment samples from the two rivers. Poor 
adsorption of these compounds to the sediments of both 
rivers was also observed based on the calculated Pseudo- 
partitioning coefficients (Kd). In general, this study con- 
firms the presence of endocrine disrupting compounds; 
BPA, 4-NP, 4-t-OP in some aquatic systems in Nigeria. 
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