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ABSTRACT 
 

This study investigated phthalate ester (PAE) contamination in water and sediment samples due to 
their persistence and potential health risks as endocrine disruptors. Sediment analysis revealed pH 
ranged from 5.35 to 6.72, with total organic carbon (TOC) levels varying between 0.74% and 
2.56%. Water pH values were within WHO guidelines (5.5–8.5), and turbidity levels ranged from 
0.60 to 1.40 NTU. Phthalate concentrations in sediment revealed Monobutyl phthalate (MBP), 
Diethyl phthalate (DEP), Dipentyl phthalate (DPP), Butyl benzyl phthalate (BBP), Dibutyl phthalate 
(DBP), and Di(2-ethylhexyl) phthalate (DEHP). Sample SA exhibited the highest levels of MBP 
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(0.40 mg/kg) and DEP (0.93 mg/kg). In water samples, MBP peaked at 0.01 mg/kg, while DEP 
reached 0.03 mg/kg, with DBP (0.07 mg/kg) and DEHP (0.08 mg/kg) also detected. Phthalate 
contamination in water remained below harmful thresholds. A health risk assessment calculated 
Chronic Daily Intake (CDI) and Hazard Quotients (HQ) for both children and adults. CDI results 
indicated higher risks for children, with DBP (2.20E-06 mg/kg/day) and DEHP (2.46E-06 mg/kg/day) 
showing the greatest concern. The HQ for children was highest for DBP (0.22), though still below 
the risk threshold. Adults exhibited lower CDI and HQ values, with minimal non-carcinogenic risk. 
These findings highlight the need for continued monitoring of phthalate pollution, especially given 
children’s heightened vulnerability. 

 

 
Keywords: Phthalate esters; anambra river; distribution; health risk assessment. 
 

1. INTRODUCTION 
 
Anambra River is a tributary of the majestic River 
Niger. Due to massive urbanization and 
economic activities, the level of pollution within 
the water bodies is a major concern to the 
ecosystem. Due to discharge of waste and 
common pollutants such as personal care 
product, industrial and farming effluents, 
persistent organic pollutants (POPs) finds its way 
thereby causing both short and long term effect 
on human and the environment. According to 
research, common POPs such as heavy metals, 
polychlorinated biphenyls, polycyclic aromatic 
hydrocarbons, phthalates esters, bisphenol A 
etc. are possible contaminant that can be 
detected in the river estuary [1,2,3].  Synthetic 
chemical compounds known as phthalate esters 
(PAEs) are popular endocrine disruptor that 
antagonize the actions of hormones in the body 
system and are well known for their high level of 
toxicity. Esters of phthalate are commonly used 
as plasticizers (an additive added to plastic) to 
help in the manufacturing process by giving the 
material toughness, flexibility, and softness. In 
addition, a variety of consumer and industrial 
goods, such as pharmaceutical coatings, gels, 
dispersants, lubricants, binders, medical 
equipment, waxes, detergents, textile fabrics, 
and kid's toys, are enhanced in quality by PAEs.  
According to [1,4,5], PAEs are easily absorbed 
by the environment and are present in soil, 
water, sediments, the atmosphere, and the biota, 
which includes humans everywhere. PAEs can 
contaminate aquatic environments in a number 
of ways, such as surface runoff and wastewater 
discharge. Furthermore, PAEs pose a significant 
risk to aquatic environments due to their ability to 
bioaccumulate and develop resistance in aquatic 
organisms. According to [6], by inhibiting the 
activity of acetyl cholinesterase, several PAEs, 
such as diethyl phthalate (DEP) and DBP, can 
cause neurotoxicity in aquatic life. According to 
other research, the majority of PAEs have 

endocrine-disrupting effects. As a result, there is 
fear that eating aquatic life could expose humans 
to PAEs in addition to drinking contaminated 
surface water. In respect to sediments which 
serves as a sink for PAEs, continuous 
breakdown of plastics particles containing 
phthalates bioaccumulate and increases its 
toxicity coefficient with time. [7] evaluated the 
seasonal occurrence of selected phthalate esters 
congeners in sediment, water, and biota in two 
freshwater bodies (River Owena and River 
Ogbese) in Nigeria, and to calculate their 
ecological risks they pose to aquatic organisms. 
Dibutyl-phthalate (DBP), di-2-ethylhexyl 
phthalate (DEHP), and dimethyl-phthalate had an 
all-year presence in various environmental 
matrices. DBP has a significant capacity to 
bioaccumulate in fish tissues and was the most 
common phthalate congener in all environmental 
matrices. According to the computed estimated 
risk quotient, both freshwater bodies' fish, 
invertebrate, and algal populations were very 
vulnerable to DBP and DEHP. [8] investigated 
the PAE concentrations and ecotoxicological risk 
evaluations in eight Pearl River, Xijiang River, 
river network, and nature reserve reservoir 
estuaries. Between 2012 and 2014, sediment 
and water samples were gathered, and 14 
distinct PAEs were extracted utilizing solid phase 
and ultrasonic techniques. The analytical 
average recovery of PAEs was 75.4%±4.9% and 
121.5% ± 8.9%, respectively. PAEs were 
detected in all samples, with detection rates 
ranging from 66.7 to 100%. The concentrations 
of Σ14PAEs in water and sediments showed an 
increasing trend year after year. This research 
aims to ascertain the ecological and health risk 
assessment effect of phthalates in water and 
sediment through ingestion and dermal route in 
Anambra river by determining the 
physicochemical properties of the water and 
sediment, the concentration of phthalates in the 
water and sediment using Gas Chromatography 
Mass Spectroscopy (GCMS). Also, it will 
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investigate the potential carcinogenic and non-
carcinogenic risks arising from such exposure. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials Used 
 

The materials used in this research are water 
and sediments samples. 
 

2.2 Equipment Used 
 

Surface water grab, 5 mm sieve, beakers, filter 
paper, volumetric flask, separatory funnel, trawls, 
and neuston nets (for collecting water samples) 
HANNA pH 209, U.S.A.; Agilent model 6890N 
GC–5973 MSD gas chromatography mass 
spectrometry; ADS-102 electrical conductivity 
meter are some of the tools utilized in this 
investigation. 
 

2.3 Chemical Reagents Used 
 

The reagents used in this research includes: 
hydrogen peroxide, NaCl solution, potassium 
hydroxide, pH 4.0 buffer solutions, concentrated 
nitric acid (HNO3), ferrous ammonium sulphate, 
ethanol, dichloromethane, acetone, and ultra-
pure water, dimethyl phthalate (DMP), diethyl 
phthalate (DEP), di(2-ethylhexyl) phthalate 
(DEHP), di-n-octyl phthalate (DnOP), butylbenzyl 
phthalate (BBP), di-n-butyl phthalate (DBP) in 
isooctane at 1 g/L each, and surrogate 
standards, which included diisophenyl phthalate, 
di-n-phenyl phthalate, di-n-benzyl phthalate, and 
an internal standard (benzyl benzoate) in 
acetone at 0.5 mg/L each, HPLC grade n-
hexane, neutral silica gel (100–200 mesh) was 
deactivated by adding 5% distilled water. 
 

2.4 Study Area 
 
This study was conducted at Anambra River, 
which is within the jurisdiction of Anambra East 
Local Government. Approximately 100 kilometers 
north of Nsukka, in the Nigerian state of Kogi, 
lies the source of it in the Ankpa highlands. The 
river is located east of the Niger between 
latitudes 6°10′ and 7° 40′. It travels south, 
traversing the border between the states of Kogi 
and Enugu. After that, it passed through Ogurugu 
and Otuocha, from which it flows down to 
Onitsha, where it meets the Niger. The length of 
the main river channel is approximately 207.40 
km. Echinoclae spp., Salviniany mnellula, 
Ludiwigia decurrens, Imperita cylindirica, 
Andropogon spp., Jussiaea spp., Pennisetum 
spp., and Cynodon spp. are among the species 
that cover the riverbank. There are two seasons: 

rainy season (April – September/October) and 
dry season (October/November - March). The 
mean annual rainfall is between 150 cm and 200 
cm. The harmattan affects the basin from 
December to January or February, but its impact 
is not very noticeable. The water temperature 
and Secchi disc reading in the river ranges from 
24oC to 31oC and 5 cm to 85 cm, respectively. 
The occupations of people living within the area 
are mostly farming and fishing.  
 

2.5 Experimental Design 
 

2.5.1 Preparation of sampling equipment, 
glass wares and reagents 

 

Every piece of sample equipment is made of 
glass. Amber glass bottles were heated in a 
muffler oven for at least an hour at 400°C 
following two complete cleanings with acetone, 
hexane, and dichloromethane of High 
Performance Liquid Chromatography (HPLC) 
grade and a thorough detergent wash. After 
baking, the bottles were rinsed three times with 
acetone, methanol, hexane, and 
dichloromethane, and then cleaned with new 
aluminum foil. Before being used, aluminum foils 
were additionally cleaned with acetone and 
hexane and roasted in a hot oven for ten hours at 
45°C. Buckets, flat trays, and stainless steel 
spoons were cleaned and covered in          
aluminum foil prior to sampling. The glass water 
samplers and sediment grab samplers were 
cleaned using lab-grade detergent and then 
washed three times with HPLC grade of acetone, 
C-H, O-Hexane as well as dichloromethane, 
respectively. 
 

2.5.2 Pre-sample collection  
 

All sample equipment, containers, and tools were 
cleaned with ultrapure water before sampling. 
Throughout the sampling process, nitrile gloves 
and a cotton coat were always used.  
 

2.5.3 Collection of sediments and water 
samples 

 

Ten surface waters were gathered at the exact 
spot where the silt was gathered. This was done 
before the sediments were collected to stop 
pollution from becoming over-concentrated and 
exploding from the sediments. Following the 
protocol described by [9,10,11], sediments were 
scooped up to a mass of around 50 g at a depth 
of 5 cm using a stainless-steel shovel. Seven 
sediment samples were preserved and sealed in 
tin foil pouches before being subjected to further 
analysis. 
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Fig. 1. Google Earth map of Anambra river 
 

  
 

Fig. 2. Survey of sampling location 

 
Table 1. Code for sample collection 

 
Sampling location Water code Sediment code 

1 WA SA 
2 WB SB 
3 WC SC 
4 WD SD 
5 WE SE 
6 WF SF 
7 
8 
9 
10 

WG 

WH 

WI 

WJ 

SG 

SH 

SI 

SJ 
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2.6 Physicochemical Analysis in Water 
Samples  

 

2.6.1 Determination of pH 
 

The samples were measured for pH using a 
portable pH meter (HANNA pH 209) that was 
calibrated and stored in a 4 M KCl solution, in 
accordance with the procedure described by [12]. 
To determine the pH of each sample, the probe 
was dipped into 50 milliliters of the sample in the 
beaker, the result was read and recorded, and 
the probe was then rinsed in deionized water. 
Every sample underwent this procedure twice, 
and the outcomes were noted. 
 

2.6.2 Determination of dissolved solid [12] 
 

Twenty beakers were totaled, cleaned, oven 
dried, and cooled in the desiccators. A volume of 
50 milliliters of each sample was filtered into 
each beaker and heated with a heating mantle 
until it was completely dry. After that, the beakers 
were cooled in the desiccators and their final 
weights were noted.  
 

2.6.3 Determination of suspended solid [12] 
 

Each of the filter papers was weighed in an 
electrical analytical weighing balance, oven 
dried, and allowed to cool in the desiccators after 
a 50 ml amount of each water sample was 
filtered into a different beaker. After the cooling 
process was finished, the weight of each filter 
paper was measured. 
 

2.7 Physicochemical Analysis in 
Sediment Samples  

 

2.7.1 pH [12] 
 

A soil to distilled water ratio of 1:1 was used to 
determine the pH of the soil sample. Ten grams 
of soil, ten milliliters of distilled water, and a 
vigorous shake were added to a beaker, which 
was then allowed to stand for thirty minutes. A 
microprocessor pH 213 meter that had been 
calibrated before being immersed in the 
supernatant of the soil solution was used to 
measure the sample's pH. The pH values of 4 
and 7 in a buffer solution were used to calibrate 
the pH meter. Three measurements of the 
sample's pH were made. 
 

2.7.2 Determination of electrical conductivity 
 

With an electrical conductivity meter (model 
ADS-102), the analysis was carried out in 

accordance with the guidelines given by [12]. 
Three sections of the water sample were used to 
rinse the conductivity cell, and the temperature of 
the sample was adjusted to 20±0.1°C. After that, 
the conductivity meter was turned on, the 
electrode-containing conductivity cell was 
immersed in a large enough volume of the 
sample, and the sample values were recorded. 
 

2.8 Determination of Phthalates 
 
2.8.1 Digestion of Water Sample for 

Phthalates Analysis [13] 
 
The 250 mL water sample was pre-concentrated 
using solid-phase extraction (SPE) after being 
filtered through a 0.45 μm Millipore membrane. 
The SPE cartridge containing florisil was 
activated with 1, 2, 3, and 5 milliliters of hexane, 
acetone, methanol, and clean water, 
respectively. After loading the water samples, the 
SPE cartridge was let to air dry for three minutes. 
One milliliter per minute of eluent was filtered 
using the dehydrated cartridge. The eluate was 
partially dried through evaporation by using a 
slow flow of nitrogen gas. The residue was once 
more dissolved in 2 ml of n-hexane, an extraction 
solvent, and an isotope surrogate standard prior 
to the GC-MS analysis. 
 
2.8.2 Digestion of sediment samples for 

phthalates analysis 
 
The sediment sample pretreatment was carried 
out utilizing a method from [14,15]. All of the 
sediment samples were homogenized and 
crushed with a mortar and pestle. This was 
passed through a 60-mesh stainless steel sieve 
and then placed in brown glass vials at -20°C to 
extract. Glass centrifuge tubes containing 10 
grams of weighted riverine sediment samples 
were filled with 10 milliliters of acetone/hexane 
(1:1 v/v) and left overnight. The sediment 
samples were then extracted using an ultrasonic 
technique for 30 minutes. After doing the process 
twice, each extract was filtered into a flask with a 
spherical bottom. Following a solvent switch with 
n-hexane and dichloromethane, the filtrates were 
cleaned using solid phase extraction procedures 
(SPE) and concentrated to 1-2 mL using a rotary 
evaporator. The SPE cartridge containing florisil 
was activated in stages using 15 mL of C-H, O-
Hexane, 15 mL of acetone/C-H, O-Hexane (1:1, 
v/v), and the eluents were disposed of 
appropriately. After transferring the PAEs extract 
to the extraction cartridge, 10 mL of acetone/n-
hexane (1:4, v/v) was added to elute it. The 
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resultant eluent was then collected and placed 
into sample containers. Before being injected into 
brown vial bottles for GC-MS analysis, the PAE-
containing part was concentrated to 2 mL, 
adjusted to a constant volume of 1 mL, and 
filtered through a 0.25 μm membrane filter. 
 

2.8.3 Instrumental analysis of phthalates by 
GC-MS 

 

Every sample was analyzed using a GC/MS gas 
chromatograph/mass spectrometer, functional 
electron influence, and an HP-5 MS in selective 
ion monitoring mode (30 mm × 0.25 mm × 0.25 
mm). Chromatographic separation was achieved 
via a fused-silica capillary column. The carrier 
gas was pure helium gas (99.9999%), with a 
constant flow rate of 1 milliliter per minute. The 
temperature program of the oven was set at 
30°C for one minute, 70°C for one minute, and 
90°C for four minutes. Each 2.0 µl extract volume 
was injected into the GC–MS device in splitless, 
non-pulse mode at a temperature of 100°C using 
the injector temperature. 
 

2.9 Pollution Assessment 
 

2.9.1 Ecological risk assessment of 
phthalates [16] 

 

The ecological risk posed by PAEs in water, 
sediment was assessed using the risk quotient 
(RQ) method, following the European Technical 
Guidance Document (TGD) on chemical pollutant 
risk assessment. The RQ was calculated by 
dividing the measured environmental 
concentration (MEC) of individual PAEs by the 
predicted no-effect concentration (PNEC). MEC 
was determined from PAE concentrations in 
water and sediment samples, while PNEC was 
derived from no-observed-effect concentrations 

(NOEC) or median effective concentrations 
(EC50), adjusted by an assessment factor (AF). 
The ecological risk was categorized based on 
RQ values: insignificant (RQ < 0.1), low (0.1 ≤ 
RQ < 1), moderate (1 ≤ RQ < 10), and high (RQ 
≥ 10). The RQs of PAEs were estimated by using 
the formula: 

 

𝑅𝑄 = 
MEC

𝑃𝑁𝐸𝐶
 

 
2.9.2 Health risk assessment of phthalates 

[17] 
 
To evaluate human health risks, the study 
focused on children and adults, considering two 
main exposure routes: ingestion of contaminated 
water and dermal absorption during personal 
hygiene activities. The assessment methodology 
drew from [17,18] and US EPA guidelines [19], 
with adjustments for this study. Average daily 
exposure levels, termed average daily dose 
(ADD), were calculated using the equation: 
 

CDI = 
𝐶𝑚𝑒𝑎𝑛 ×𝐼𝑅 ×𝐸𝐷 ×𝐹𝑐

𝐵𝑊 ×𝐴𝑇
 

 
where, Cmean is the concentration of PAEs in the 
polluted tap water samples collected from four 
waterworks in the study area; IR represents the 
average daily consumption rate; ED is referred to 
the exposure period (in years); Fc simply means 
the fraction contaminated; BW simply means the 
average body weight; AT represents the average 
lifetime of exposure (mg/kg/day). 
 
Carcinogenic risk assessment as a result of 
lifetime exposure was evaluated by using the 
following formula: 
 

HQ = 
𝐶𝐷𝐼

𝑅𝑓𝐷
 

 
Table 2. Exposure parameters used for risk assessment 

 

Parameter  Value 

Reference dose (RfD) DBP 0.2 mg/kg/day 
 DEHP 0.02 mg/kg/dy 
 DEP 0.02 mg/kg/day 
 DPP, BB 0.1 mg/kg/day 
 MBP 0.115 mg/kg/day 
Concentration of PAEs (C) Mean value of PAEs from result 
Intake rates (IR) Adults/Children 1.5 
Exposure frequency (EF) Adults 365 years 
Exposure duration (ED) Children 6 years 
Body weight (BW) Adults 60 kg 
 Adolscent 30 kg 
 Children 15kg 
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Parameter  Value 

Average time (AT) Non-cancer risk 365 x ED 
 Cancer risk 365x 70 
Slope factor (SF) PAEs 0.014 mg/kg/day 

Source: [10] 

 
Table 3. Exposure parameters used to generate exposure estimate of PAEs 

 

Exposure parameter Unit 

Drinking water 365 events/year, 2L/event (adult), 1L/event (children); 100% portion 
of contaminated tap water 

Dermal absorption 365 events/year; 12 min/event, 6 min/event; 5700 cm2 skin surface 
(adult), 2800 cm2 skin surface (children); Skin adherence factor = 
0.7 mg/cm2/day; ABS is dermal absorption factor = 0.1 for all PAEs 
congeners 

Source: [17] 

 

3. RESULTS AND DISCUSSION 
 

Table 4. Physicochemical analysis of sediment 
 

Sample code pH EC(µЅ/cm) TOC (%) 

SA 5.35±0.002 110±0.1 1.64±0.021 
SB 5.90±0.001 90±0.20 1.17±0.03 
SC 5.70±0.011 85±0.14 2.56±0.02 
SD 6.10±0.001 130±0.10 0.74±0.015 
SE 5.85±0.002 120±0.14 0.96±0.021 
SF 6.30±0.10 130±0.03 1.54±0.10 
SG 6.50±0.001 120±0.04 2.20±0.006 
SH 6.30±0.002 105±0.11 1.67±0.00 
SI 6.72±0.022 140±0.00 1.67±0.00 
SJ 6.40±0.02 138±0.13 2.20±0.10 

Results presented as mean ± standard deviation of three replicates. 

 
The physicochemical properties of sediment 
samples are the concentrations of pH, electrical 
conductivity, and total organic carbon of samples 
SA to SJ and are given in Table 4. By analyzing 
the sediment pH of each station and day, it was 
obtained from 5.35 to 6.72 making the sediments 
moderately acidic and near to neutrality. The 
least acidic sample is SI with pH 6.72 together 
with SI while the most acidic sample is SA with 
pH 5.35 showing that most of the sediments are 
slightly acidic. As stated by [20] pH values 
between 5.0 and 6.8 were found for agricultural 
area sediments due to the decomposition of 
organic matter and leaching. Other earlier 
researchers including [8] have also observed that 
pH of sediments in aquatic systems varies 
between 5.0 and 7.5 depending on land use and 
pollution. The EC is the measure of salinity or 
ionic content of sediments; It varies between 85 
µS/cm of sample SC and 140 µS/cm of sample 
SI. According to the EC values, 140 µS/cm for SI, 
130 µS/cm for SD, and 130 µS/cm for SF have 
high degrees of ionic content that might have 

been impacted by neighbouring anthropogenic 
influences, such as urban runoff that contains 
dissolved salts. The EC values of SC and SB (85 
µS/cm and 90 µS/cm respectively) reveal lesser 
exposure to such inputs. These results are 
similar to those of [21], who also identified 
comparable EC values (80-145 µ S/cm) in 
sediments of river impacted by urban areas. 
Impacts of EC by urban runoff and agricultural 
inputs have also been reported in the various 
sediment observation of rivers nearby industrial 
regions [20]. 
 
The TOC which represents the organic carbon 
content of the sediments vary between 0.74% in 
SD and 2.56% in SC. This is apparent since the 
TOC values are higher; SC = 2.56%, SJ = 2.20% 
and this could have resulted due to biomass 
generation, living organisms and organic wastes 
like vegetation litter, or sewage effluent 
discharges. These values are similar to those we 
obtained when comparing with TOC percentages 
ranging from 1.5 to 3.0% revealed by [2] in 
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estuarine deposited sediments with high human 
impact. Conversely, the lower TOC values of SD 
(0.74%) and SE (0.96%) implies less organic 
matter, which may be as a result of lesser 
turnover of organic materials applied or lower 
rate of biological activity. Both, [22] have also 
observed similar TOC values in less polluted 
riverine systems where natural organic matter 
contributions are limited. In summary, this study’s 
results are consistent with the findings from other 
studies. The near-neutral pH of the sediment 
indicate that the chemistry of the sediments by 
organic matter together with apparent 
contributions from natural processes 
supplemented by anthropogenic pollutants. This 
encompasses drainage from other adjacent 
regions, farming, and deposition of organic 
matter that are understood to alter sediment 
quality in many water bodies [17,22,23]. 
 
The physicochemical analysis of water samples 
presented in Table 6 reveals variations in pH, 
turbidity, conductivity, total dissolved solids 
(TDS), alkalinity, and chloride concentrations 
across samples WA to WJ. The pH values range 
from 5.90 to 6.82, indicating that the water 
samples are generally slightly acidic to neutral. 
The sample with the lowest pH is WA (5.90), 
while WC exhibits the highest pH (6.82), which is 
closer to neutral. These pH values are consistent 
with the World Health Organization (WHO) 
guidelines, which suggest a permissible range of 
5.5 to 8.5 for drinking water [24]. Studies, such 
as those by [10], have similarly reported pH 
levels in surface waters ranging from 5.5 to 7.5, 
influenced by natural organic inputs and 
anthropogenic activities. Turbidity levels in the 
samples range from 0.60 NTU in WE to 1.40 NTU 
in WI, with WA and WC both measuring 1.25 NTU. 
These values suggest low to moderate turbidity, 
which can indicate the presence of suspended 
particles or organic matter. High turbidity can 
impair water quality and is often associated with 
runoff or sediment disturbance. The turbidity 
levels recorded here are lower than those found 
in polluted river systems, where values can 
exceed 5 NTU [10]. Maintaining turbidity within 
the range observed is crucial for protecting 
aquatic ecosystems and ensuring safe drinking 
water. Electrical conductivity (EC) varies among 
samples, ranging from 85 µS/cm (WC) to 140 
µS/cm (WI). The highest conductivity values 
indicate a higher concentration of ions in the 
water, potentially due to the presence of 
dissolved salts or pollutants. Sample W I, with an 
EC of 140 µS/cm, may reflect increased salinity 
or urban runoff. These findings align with 

previous research by [2], which found that EC 
levels in urban waters can vary significantly due 
to anthropogenic influences, often falling 
between 100 and 200 µS/cm. The total dissolved 
solids (TDS) levels range from 38 mg/l in WG to 
123 mg/l in WI, indicating varying degrees of 
dissolved material in the water. Higher TDS 
levels can impact water quality and aquatic life, 
particularly when influenced by pollutants. TDS 
values here are within acceptable limits, as the 
WHO guideline for TDS is 500 mg/l [24]. Studies 
by [12] reported similar TDS levels in freshwater 
bodies, highlighting the influence of nearby land 
use and activities. Alkalinity, a measure of 
water's ability to neutralize acids, ranges from 
7.5 mg/l in WG to 42.5 mg/l in WA. These values 
indicate a moderate buffering capacity, which is 
important for maintaining stable pH levels in 
aquatic ecosystems. The alkalinity levels 
observed are consistent with findings by [13], 
who noted that alkalinity in freshwater sources 
typically ranges from 10 to 50 mg/l, influenced by 
carbonate and bicarbonate concentrations. 
Chloride concentrations range from 14.05 mg/l in 
WB to 88.05 mg/l in WJ. Elevated chloride levels 
can indicate pollution, especially from road salts 
or agricultural runoff. The chloride levels in this 
study are generally within acceptable limits; 
however, they approach the WHO guideline 
maximum of 250 mg/l [24]. Similar studies have 
reported chloride concentrations in freshwater 
sources that reflect varying degrees of pollution, 
often between 10 and 100 mg/l, depending on 
proximity to urban areas [3]. In summary, the 
physicochemical properties of the water samples 
suggest a range of influences from both natural 
and anthropogenic sources. The slight acidity, 
low to moderate turbidity, and variable ionic 
concentrations indicate the need for continued 
monitoring to ensure water quality, especially in 
the context of human activities and 
environmental changes. The findings align with 
previous studies, emphasizing the importance of 
understanding local hydrology and pollution 
sources to maintain water safety and ecosystem 
health. 
 
The analysis of phthalate concentrations in 
sediment samples (SA to SJ) reveals the 
presence of various phthalates, including 
Monobutyl phthalate (MBP), Diethyl phthalate 
(DEP), Dipentyl phthalate (DPP), Butyl benzyl 
phthalate (BBP), Dibutyl phthalate (DBP), and Di 
(2-ethylhexyl) phthalate (DEHP). The results 
indicate significant variability in phthalate 
concentrations across the samples. The highest 
concentration of MBP is found in sample SA at
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Table 5. Physicochemical analysis of water 
 

Sample 
code 

pH Turbidity 
NTU 

Conductivity 
(µЅ/cm) 

TDS mg/l Alkalinity Chloride 
mg/l 

WA 5.90±0.01 1.25±0.01 110±0.001 76±0.014 42.5±0.03 77.29±0.01 
WB 6.30±0.001 0.90±0.001 90±0.012 53±0.001 15±0.002 14.05±0.02 
WC 6.82±0.02 1.25±0.00 85±0.011 48±0.01 15±0.012 28.10±0.11 
WD 6.45±0.001 0.80±0.15 130±0.001 82±0.00 22.5±0.4 35.31 
WE 6.70±0.1 0.60±0.24 120±0.005 59±0.032 17.5±0.052 35.31 
WF 6.60±0.11 0.70±0.003 130±0.001 72±0.1 15±0.002 42.37 
WG 6.50±0.12 1.20±0.002 120±0.00 38±0.011 7.5±0.014 63.55 
WH 6.30±0.002 1.0±0.001 105±0.00 80±0.002 17.5±0.2 63.55 
WI 6.72±0.01 1.40±0.023 140±0.001 123±0.003 25±0.032 73.25 
WJ 6.40±0.21 1.0±0.0 138±0.004 107±0.140 10±0.00 88.05 
WHO 
(2017) 

5.5 - 8.5 5 500 500 100 250 

 
Table 6. Concentration of phthalates in sediments 

 

Sample code Phthalates (mg/kg) 

 MBP DEP DPP BBP DBP DEHP 

SA 0.40 0.93 0.32 0.00 0.92 0.28 
SB 0.01 0.05 0.04 0.01 0.00 0.04 
SC 0.02 0.12 0.01 0.00 0.31 0.11 
SD 0.00 0.00 0.00 0.00 0.002 0.001 
SE 0.00 0.00 0.00 0.00 0.01 0.00 
SF 0.001 0.002 0.001 0 0.001 0.003 
SG 0.011 0.052 0.03 0.01 0.00 0.04 
SH 0.02 0.32 0.03 0.001 0.04 0.15 
SI 0.01 0..03 0.001 0.00 0.33 0.13 
SJ 0.002 0.002 0.02 0.002 0.003 0.043 

MBP: Monobutyl phthalate  DEP: Diethyl phthalate 
DPP: Dipentyl phthalate  BBP: Butyl benzyl phthalate 

DBP: Dibutyl phthalate   DEHP: Di (2ethylhexyl) phthalate 

 
0.40 mg/kg, while other samples, such as SB and 
SC, show much lower levels (0.01 mg/kg and 
0.02 mg/kg, respectively). The prevalence of 
MBP in SA may indicate localized contamination, 
possibly from nearby industrial or urban 
activities, which is consistent with findings by 
[16], who noted that MBP is often associated with 
plasticizers and may be released into the 
environment through various pathways, including 
wastewater discharge. DEP concentrations are 
also highest in SA at 0.93 mg/kg, with SB and SC 
exhibiting lower levels (0.05 mg/kg and 0.12 
mg/kg, respectively). These findings suggest that 
DEP, commonly used in consumer products, 
may similarly contribute to sediment pollution, as 
observed in studies [25], where DEP 
concentrations in sediments were linked to urban 
runoff and industrial emissions. DPP and BBP 
concentrations are notably low across most 
samples, with only SA and SH showing 
measurable levels (0.32 mg/kg and 0.03 mg/kg, 
respectively). This low prevalence may reflect 

either lower usage rates of these compounds in 
the surrounding area or efficient degradation 
processes in the sediment. The findings align 
with research by [26], which reported low 
concentrations of DPP in sediments near 
industrial zones, suggesting limited 
accumulation. DBP concentrations are generally 
low, with SA again showing the highest 
concentration at 0.92 mg/kg. Other samples 
display either negligible or zero levels, indicating 
potential degradation or reduced input of this 
compound. Research has demonstrated that 
DBP can rapidly degrade in sediment 
environments under certain conditions [19]. 
DEHP, a commonly studied phthalate due to its 
widespread use and potential health impacts, 
shows a maximum concentration of 0.28 mg/kg 
in sample SA and lower levels in other samples, 
particularly in SD and SE, which report negligible 
concentrations. The presence of DEHP in 
sediment is often linked to plastic waste and 
industrial effluent, and its concentration levels in 
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this study are comparable to those reported by 
[27], who found DEHP concentrations ranging 
from 0.1 to 0.5 mg/kg in contaminated 
sediments. The sediment samples show a 
distinct distribution of phthalate compounds, with 
SA exhibiting the highest concentrations of 
several phthalates, indicating possible localized 
contamination. The overall low levels of 
phthalates in other samples suggest varying 
degrees of pollution across the study area, 
potentially influenced by urban and industrial 
activities. These findings are in line with previous 
studies, highlighting the importance of monitoring 
phthalate pollution in sediment environments due 
to their environmental persistence and potential 
ecological risks. 
 
The analysis of phthalate concentrations in water 
samples (WA to WJ) indicates the presence of 
various phthalates, including Monobutyl 
phthalate (MBP), Diethyl phthalate (DEP), 
Dipentyl phthalate (DPP), Butyl benzyl phthalate 
(BBP), Dibutyl phthalate (DBP), and Di (2-
ethylhexyl) phthalate (DEHP). The results show 
that phthalate concentrations in water are 
generally low, with detectable levels of several 
compounds across different samples. MBP is 
detected in multiple samples, with the highest 
concentration in WA at 0.01 mg/kg. Other 
samples, such as WH (0.011 mg/kg) and WG 
(0.009 mg/kg), show lower but measurable 
levels. These concentrations suggest minimal 
contamination, likely from plastic products or 
industrial sources, as noted in previous studies. 
[15,16] found similar low levels of MBP in surface 
water near urban areas, which are often 
impacted by runoff. DEP is also present in 
several samples, with the highest concentration 
recorded in WA (0.03 mg/kg). Lower 
concentrations are observed in WC (0.023 mg/kg) 
and WH (0.03 mg/kg). The occurrence of DEP in 
these samples is consistent with findings by 
Khan et al. (2020), who reported DEP levels in 
water bodies influenced by domestic waste and 

agricultural runoff, highlighting its ubiquity in 
contaminated environments. DPP shows minimal 
presence in water, with the highest level of 0.02 
mg/kg in WA and undetectable levels in several 
other samples. This aligns with the findings of 
[27], where DPP concentrations in water were 
found to be generally low, often reflecting limited 
usage or rapid degradation in aquatic 
environments. BBP is absent in all samples 
except for low concentrations in WJ (0.01 mg/kg). 
The negligible levels of BBP suggest that it may 
not be a significant contaminant in this water 
source. This is in line with previous research 
indicating that BBP is often less frequently 
detected in aquatic systems compared to other 
phthalates [21,26]. DBP shows a detectable 
concentration of 0.07 mg/kg in WA and lower 
levels in WH (0.02 mg/kg) and WC (0.08 mg/kg). 
The presence of DBP reflects potential 
contamination from plasticizers, as highlighted by 
studies that report DBP in water systems near 
industrial and urban areas [26]. DEHP, a 
compound of significant concern due to its 
toxicity and prevalence, is detected at 
concentrations up to 0.08 mg/kg in WA, with 
lower concentrations in other samples. The 
presence of DEHP in water is a notable finding, 
as it is often associated with plastic pollution and 
industrial discharge. Similar levels of DEHP have 
been reported in studies by [25], where 
concentrations ranged between 0.01 mg/kg and 
0.1 mg/kg in polluted water sources. Overall, the 
concentrations of phthalates in the water 
samples are generally low, indicating that while 
there is some contamination, it may not be 
widespread or severe. The findings highlight the 
need for ongoing monitoring of phthalate levels in 
water, especially given their potential         
ecological and health risks. The results are 
consistent with previous studies that have 
documented the presence of phthalates in 
aquatic environments, emphasizing the 
importance of controlling pollution sources to 
safeguard water quality. 

 
Table 7. Concentration of phthalates in water 

 

Sample code Phthalates (mg/l) 

 MBP DEP DPP BBP DBP DEHP 

WA 0.01 0.03 0.02 0.00 0.07 0.08 
WB 0.00 0.02 0.01 0.00 0.00 0.01 
WC 0.008 0.02 0.00 0.00 0.08 0.06 
WD 0.00 0.00 0.00 0.00 0.00 0.00 
WE 0.00 0.00 0.00 0.00 0.00 0.00 
WF 0.001 0.00 0.00 0.00 0.00 0.00 
WG 0.01 0.01 0.01 0.00 0.00 0.03 
WH 0.01 0.03 0.01 0.00 0.02 0.03 
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Sample code Phthalates (mg/l) 

 MBP DEP DPP BBP DBP DEHP 

WI 0.01 0.01 0.00 0.00 0.07 0.03 
WJ 0.00 0.001 0.01 0.01 0.00 0.03 

MBP: Monobutyl phthalate   DEP: Diethyl phthalate 
DPP: Dipentyl phthalate   BBP: Butyl benzyl phthalate 

DBP: Dibutyl phthalate    DEHP: Di (2ethylhexyl) phthalate 

 

3.1 Risk Assessment of Phthalate Esters 
 

Table 8. Health risk of phthalate esters in water media in dry season in adult 
 

PAEs Mean (mg/L) RfD CDI HQ 

MBP 0.004 0.1 5.88E-08 0.0006 
DEP 0.013 0.8 1.70E-07 0.0002 
DPP 0.006 0.1 7.67E-08 0.0015 
BBP 0.001 0.2 1.34E-08 7.0E-05 
DBP 0.024 0.01 3.23E-07 0.032 
DEHP 0.027 0.02 3.61E-07 0.018 
Total   1.67E-07 0.009 

 
Table 9. Health risk of phthalate esters in water media in dry season in children 

 

PAEs Mean (mg/L) RfD CDI HQ 

MBP 0.004 0.1 4.01E-07 0.0004 
DEP 0.013 0.8 1.16E-06 0.0014 
DPP 0.006 0.1 5.23E-07 0.0104 
BB 0.001 0.2 9.17E-08 0.0005 
DBP 0.024 0.01 2.20E-06 0.22 
DEHP 0.027 0.02 2.46E-06 0.123 
Total   1.14E-06 0.059 

 
For the six phthalates (MBP, DEP, DPP, BBP, 
DBP and DEHP), the Chronic Daily Intake (CDI) 
was determined with the aid of the mean 
concentrations from the environment. CDIs are 
estimates of the rate of uptake of a specific 
contaminant during a long duration (a lifetime), 
based on weight and dose rate given per day. In 
children, CDI for DBP reached 2.20E-06 
mg/kg/day; for DEHP, it was 2.46E-06 
mg/kg/day, and it was significantly higher 
comparing to other compounds. The CDI is 
higher in children than in adults because children 
are more likely to be contaminated relative to 
their body weight. The CDIs of MBP, DEP, DPP, 
and BBP were comparatively lower, this 
suggesting that these substances poses less risk 
through environmental contact. In adults, the 
mean CDI values were lower relative to children 
have a bigger body size, hence, they consumed 
comparatively smaller intakes per body weight 
units. DBP and DEHP were once more found be 
the most dominant contaminants in this study 
with the CDIs estimated to be 3.23E-07 
mg/kg/day and 3.61E-07 mg/kg/day respectively. 
CDI values obtained from children are higher 

than those obtained from adults because children 
are more vulnerable to any environmental impact 
Comparing the impacts of genotoxins exposure 
at different age- group is crucial in any health risk 
assessment. The Hazard Quotient (HQ) is 
another measure of carcinogenic risk that is very 
significant. A value below 1 implies that exposure 
is unlikely to result in adverse health effects, 
while a value above 1 indicates a potential risk. 
For children, the HQ for DBP (0.22) is notable. 
Although it is below the threshold of 1, it is 
relatively high compared to the other phthalates, 
suggesting that children are at a higher risk of 
non-carcinogenic effects from DBP exposure. 
DEHP (0.123) is also a significant concern, but it 
remains under the risk threshold. The HQ for 
MBP, DEP, and BBP is quite low, indicating 
minimal risk from these compounds. For adults, 
all HQ values are significantly lower than 1, with 
DBP (0.032) being the highest among the six 
phthalates. This suggests that adults face 
minimal risk of non-carcinogenic health effects 
from these compounds. In general, children are 
more vulnerable than adults, with DBP posing 
the most substantial risk in both groups. 
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3.2 Comparison to Other Studies 
 
The following research has found out that out of 
all the phthalates, DBP (Dibutyl phthalate) and 
DEHP (Di(2-ethylhexyl) phthalate) are the most 
dangerous since they are widely used and 
resistant to biodegradation. A study by [19] on 
phthalate exposure in Chinese children revealed 
similar concentrations of DBP and DEHP as the 
current study and, an HQ value of 0.95 for DBP 
was comparable with the current study. This is 
consistent with the current study where the risk 
of DBP figured highest in children. A research by 
[25] on phthalates in indoor dust from different 
parts of China also found DBP and DEHP as a 
cause of high health concern with children’s HQ 
values slightly above 1 as obtained in this study. 
Research has shown that MBP and DEP have 
lower toxicity compared with DBP and DEHP. 
[26] reported Mean Hazard Quotient (HQ) for 
MBP and DEP below 1 when analyzing the 
concentrations of phthalates in household                  
dust and human urine. This implies that, there 
are very few effects of these two compounds on 
the health of human beings in various 
populations. In the case of DPP (Di-n-propyl 
phthalate) and BBP (Butyl benzyl phthalate) 
exposure and risk levels presented in scientific 
works such as [27] are relatively low. In the 
present study, the HQ values for DPP and BBP 
have been below 0.05 in both the children and 
the adults [11,18,15]. 
 

4. CONCLUSION 
 
Approximately all the phthalates evaluated in this 
study exhibit insignificant health risks (HQ < 1) to 
children and adults; however, DBP and DEHP 
are characterized as potentially dangerous for 
children. With a HQ of 0.22 for DBP in children, it 
is close to the level of concern and may cause 
adverse health impact with long term exposure. 
Such observations have been observed in other 
research, especially to kids because of their 
small stature and immature body systems. MBP, 
DEP, DPP and BBP on the other hand represent 
very low hazard to kids and grown ups their total 
HQ is insulated under both thresholds proposed 
for kids and adults (0.009 and 0.059 
accordingly). On the basis of the current study, it 
is clear that efforts should be made to minimize 
the DBP and DEHP exposure and for this 
purpose, the areas that are potentially vulnerable 
to children should be targeted because children 
are most probably to be exposed to DBP and 
DEHP therein including homes, schools, and 
playgrounds. 
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