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Abstract

The study on the identification and quantification of phthalate esters was conducted in ASA River Ilorin, Kwara State. The
research aims at preventing every form of pollution that is harmful to living organisms, the idea is to protect and sustain lives by
preventing toxins that can be produced from the pollution. However, water pollution results when unwanted substances enter into
the water, which changes either the physical, biological or chemical quality of water which can result in harmful to the
environment and human health including discharge of domestic waste, industrial effluent, marine dumping, and radioactive waste
are main causes of water pollution. Chemicals are disposed of and industrial waste can accumulate in lakes and rivers, proving
harmful to living organisms. The study identified four major degrees of contamination with the fourth degree posing a great threat
in the ASA River thus water pollution and chemical discharges were the major types and sources of phthalate in the river based on
the result of the study. The result obtained from the report indicated that the continuous discharge of industrial effluent in River
ASA and its tributaries has resulted in a marked decline in the whole fish population in general most especially those species that
are very sensitive to oxygen depletion due to the effluent pollution. The study however made some vital suggestions which
include public awareness on the effect of phthalate esters, treatment of industrial effluent before discharging into water,

sanctioning of intruders, discouragement of settling of chemical industries and provision of regulations as guides.
Keywords; Phthalate Esters, Water, Pollution, Health and Environment.

1.0 Introduction

The Federal Environmental Protection Agency (FEPA) Act
Section 38 of Cap 131 LFN (1990) defines pollution to
mean man-made or man-aided alteration of the chemical,
physical, or biological quality of the environment to the
extent that it is detrimental to that environment or beyond
acceptable limits. Water pollution results when unwanted
substances enter into the water, which changes the physical,
biological or chemical quality of water which can result in
harm to the environment and human health (Mehtabet al.,
2017). Man-made activities such as improper waste
disposal, agricultural practice, pesticide and fertilizer
application, and discharge of plastics and polythene bags
into water bodies. Urbanization and weak management
systems are the common leading factors influencing water
quality in the world (Mehtaberal., 2017).

Discharge of domestic waste, industrial effluent, marine
dumping, and radioactive waste are the main causes of water
pollution. Chemicals are disposed of and industrial waste
can accumulate in lakes and rivers, proving harmful to
humans and animals (Wang and Yang, 2016). Toxic from
industrial waste is the major cause of immune suppression,
reproductive failure and acute poisoning. Infectious
diseases, like cholera, typhoid fever and other diseases
gastroenteritis, diarrhoea, vomiting, and skin and kidney
problems can transfer through polluted water. Polluted water
can contaminate plants thereby rendering it unfit for human
consumption as well as animals which can affect their health
when fed (Chen et al., 2018). Water pollutants are killing
seaweeds, molluscs, marine birds, fishes, crustaceans and
other sea organisms that serve as food for humans (Hader et
al., 2020).The weakening of water quality is expected to rise
over the next decades and this will increase threats to human
health, the environment and sustainable development. An
estimated 80% of all industrial and municipal wastewater
gets into the environment without any prior treatment,

leading to the growing deterioration of overall water quality
with detrimental impacts on human health and ecosystems
in general (UN Water Report, 2018).It was reported that 75
to 80% of water pollution is caused by household sewage,
Waste from industries like sugar, textile, electroplating,
pesticides and paper pollutes the water, Polluted rivers have
intolerable smells and contain fewer plants and
animals(Okereke et al., 2016). 80% of the world's
population is facing threats to water security. A large
amount of domestic sewage is disposed into the rivers and
most of the sewage is untreated.The harmful material
discharged from the industries is responsible for surface
water and groundwater contamination. Contaminant
depends upon the nature of industries. Toxic metals enter
into water and reduce the quality of water drastically. 25%
of pollution is caused by industries and is more harmful than
domestic waste (Ipeaiyeda and Onianwa,
2018).Environmental problems respect no limit but
intimidate the health and wealth of nations. The UN Third
World Water Forum in Japan in March 2003 projected in
their statement that the world water crisis would affect many
countries in the world by the year 2050, when up to 7 billion
people in 60 countries could face serious water shortage, 1.2
billion people do not have access to safe drinking water,
more than two million die each year from diseases related
with unwholesome water (Wito, 2015).

1.1 Objectives
The major aim of the study is to assess the identification and
quantification of phthalate ester in Asa River, Ilorin, Kwara
State, Nigeria.
The specific objectives of the study are to;
i Identify the types of phthalate ester in Asa River,
Ilorin, Kwara State, Nigeria.
il. Quantify the amount of phthalate ester in Asa
River, Ilorin, Kwara State, Nigeria.
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ii. Proffer ways to reduce the presence of phthalate
ester in our river.

2.0 Literature Review

2.1 Water Is Essential for Life.

No living being on the planet Earth can survive without
water. Water use has a large impact on the environment in
terms of its ecological impact, and economic and
agricultural impact. Therefore, water is a basic necessity in
daily life, so water needs to be monitored and protected to
safeguard the environment and public health (Faust et al.,
2018). The major part of water on earth is marine water
which cannot be used without processing by human beings.
The only available freshwater which could be used for
drinking purposes arises from the groundwater. The per cent
volume of it, however, is sufficient to cater for the needs of
the living beings, provided it would have been of high
quality. Water quality is important in our lives because it is
essential to support the physiological activities of any
biological cell (Maduka, 2016).

2.2 Types of Water/Sources of Water

The most common sources of water supply are basically
classified into three which include: surface, groundwater,
and storm/ rain water (precipitation).

2.2.1 Surface Water

According to Hanasakiet al., (2018), surface water is the
water on the surface of the planet such as rivers, lakes,
wetlands, oceans and dams.

2.2.2 Groundwater

Is the water found below Earth's surface insoil pore
spaces and the fractures of rock formations? A unit of rock
or an unconsolidated deposit is called an aquifer when it can
yield a usable quantity of water. The depth at
which soil pore spaces or fractures and voids in rock
become completely saturated with water is called the water
table. (Jia et al., 2017).

2.2.3 Rainwater /Precipitation

Is any form of water inthe form of snow, rain, or from the
atmosphere (Vlastoset al., 2019).

2.3 Importance of Water

Wholesome water is important in health and developmental
issues, both at the global level and local levels in some areas
of investment, water supply and sanitation can result in the
promotion of the economic status of an area, by reducing
health causes. According to Westallet al. (2018), water is
essential to life because is the ingredient of life and also for
chemical reactions. However, water is used to determine the
early emergence of life, it is also used in metabolic
processes, are also used for maintaining the body system
(homeostasis) (Kambar, 2015). Water is important in
Agricultural activities, and agriculture is the bedrock of the
economic sector for many countries as a result the water
used in agricultural activities in countries like Brazil and
Argentina became major world players in the agricultural
commodities at the world market contributing to 13% of

global green water export and at lower-level agriculture yet
play some vital roles for the food security of the population
(Erika et al., 2014). Water also plays a vital role in domestic
activities in the community. Many communities use surface
water and shallow wells, as their main sources of water
supply in urban areas of developing nations. Some use this
water for bathing, drinking and washing.

24 Pollution

It is the introduction of contaminants into the natural
environment that causes adverse effects. Pollution can take
the form of chemical substances such as noise, heat or light.
The components of many pollutants may be either foreign
substances/energies or naturally occurring contaminants.
The increasing population is creating many issues but it also
plays a negative role in polluting the water. Increasing
population leads to an increase in solid waste generation.
Solid and liquid waste is discharged into rivers. Water is
also unhygienic by human excreta. In polluted water, a huge
number of bacteria are also established which is unsafe for
human health. The government is not sufficiently expected
to supply important needs to citizens because of an
increasing population. Hygiene facilities are more in city
areas than in rural areas. Polythene bags and plastic waste a
major source of pollution. Waste is thrown away by putting
it into plastic bags. It is estimated that three core people of
urban areas defecate in the open. 77% of people are using
flush latrines and 8% are using pit latrines. Urbanization can
cause many infectious diseases. Overcrowding, unhygienic
conditions, and unsafe drinking water are major health
issues in urban areas. One-quarter of the urban population is
susceptible to disease. Pesticides are used to kill bacteria,
pests and different microorganisms. Chemical-containing
pesticides are directly polluting the water and affecting the
quality of water. Industries that produce waste contaminate
water sources and drastically affect water quality (Ho et al.,
2012).

If pesticides are excess in amount or poorly managed, then it
would be hazardous to the agricultural ecosystem. Only 60%
of fertilizers are used in the soil other chemicals leach into
soils polluting the water, cyanobacteria are rich in polluted
water and excess phosphate runoff leads to eutrophication.
Residues of chemicals mix with river water due to flooding,
heavy rainfall, and excess irrigation and enter the food
chain. These chemicals are lethal for living organisms and
many vegetables and fruits are contaminated with these
chemicals. Trace amounts of pharmaceuticals in water also
cause water pollution and it is dangerous to human health.
Domestic sewage is contributing to water pollution in
Nigeria. Many household wastes are discharged directly into
water bodies without being treated which seriously is
becoming a major public health concern and this hurts the
environment (Kamble, 2014). Pollution is often classified as
a point and non-point source (Causey et al.,2015).

2.5 Sources of Water Pollution

Water pollution either in groundwater or surface water is
contaminations or alterations of the chemicals, physical, and
biological characteristics of water that cause them to be unfit
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or dangerous to public health, to plants, animals, or aquatic
life dependent on water. (Hasan et al, 2019).

The high global occurrence of phthalates in different
environmental media has resulted in the detection of their
metabolites in human urine, blood, and breast milk,
indicating widespread human exposure. In addition, the
notorious endocrine-disrupting effects of phthalates have
shown that they mimic or antagonize the action of
endogenous hormones, consequently producing adverse
effects on reproduction, growth and development. (Olujimi,
2017). Many studies showed that there is a significant
occurrence of phthalate esters (PEs) in water, sediment and
biota example fish, a classic example was the research
conducted from two lagoons (Epe and Lagos) in Nigeria.
Two fish species (Tilapiaguineensis, and
Chrysichthysnigrodigitatus) and a crustacean (the African
river prawn Macrobrachiumvollenhovenii). Phthalate esters
level ~was  discovered and analyzed  showing
bioconcentration factor (BCF), in fish, biota-sediment
accumulation factor (BSAF) and phthalate pollution index
(PPI) in the biota and environment. (Olujimi, 2017). Some
facts show the presence of phthalate esters in the fish
species which interferes with the growth and health
condition of the fish species and also is found in water and
Sediment PE at different levels in the rivers. Various
research showing concentrations of phthalate esters such as
DEHP and DEPDBP were observed in fish, river and
sediment

2.5.1 Non-Point Source

Refers to wastewater that comes from different sources such
as farmland, street and storm water flow. (Evans et al.,
2019). Non-point source is water pollution that is caused by
the different dispersed sources of pollution, non-point
majority of non-point sources cause pollution problems
related to pollutants carried by runoff from rain and snow
melt, other pollutant sources such as spills and leaks,
atmospheric deposition and hydrologic modification.
(Ahmed and Ismail, 2018). Non-point pollutants affect
groundwater and surface water, examples of non-point
sources of water pollution are runoff from urban and rural
areas, industrial sites, mines sites, livestock, oil spillage,
waste disposal areas land landfills, lodges and manure. Road
runoff and urban stormwater discharge, car parks are large
runoff produce areas that are often contaminated with
sediment, litter, oil and petrol, and with toxic metals from
motor vehicles. Water carrying this contaminant is washed
into dries and directly into nearby water bodies, most
surface water drains are collected directly to water bodies or
courses.

2.5.2 Point Source

It is a source of water pollution that comes from an
identifiable source such as industries, abattoir discharge and
household effluent. (Causey et al.,2015). Point source
pollutant in surface water is mostly found in a plume that
has the greatest concentration of pollutants nearest the
source, the different types of point source pollutants found
in water mostly come from businesses, industries, domestic,
animal waste treatment, hospital waste point source in

groundwater from industries include discharge of chemicals
commonly called volatile organic compound, which include
manufacture and refined substances oil, paint fuel products.
In general, it takes only a small amount to raise health
concerns for example approximately 4 litres (about 1 gallon)
of pure trichloroethylene, a common solvent, will
contaminate over one billion litres (300,000 gallons of
water). (EPA, 2018). Once the ground is contaminated it is
difficult, costly, and even sometimes it is difficult to clean
up the area. (EPA, 2018). The most common sources of
point source pollutants in water are higher temperature
discharge, and micro-organisms such as bacteria, and
viruses. (EPA, 2018).

2.6 Types of Pollution

The different types of pollution include but are not limited
to air pollution, soil pollution, and water pollution.

2.6.1  Air Pollution

It is the introduction of harmful substances into the air
which alter it is original quality as a result of human
activities or natural occurrences. Human activities such as
industrial, and domestic activities, are natural as a result of
volcanic eruptions, earth quakes. However, air pollution is
associated with many health impacts including chronic
obstructing pulmonary diseases and acute disease as well as
cerebra-vascular cancer, and heart diseases (Evelyn, and
Tyav, 2012).

2.6.2 Soil Pollution

It is the contamination of land as a result of improper waste
disposal, dumping of chemical waste by factories and
industries, and deforestation. (Evelyn and Tyav 2012).

Soil is formed by the decomposition of rocks and organic
matter over a decade due to the process of weathering, soli
properties differ from place to place with the differences in
bet rock compositions, climate and other factors, certain
chemical elements occur naturally as the compositions of
minerals, and still may be toxic at some concentration
(aware &Ohlmeyer, 2014). Other potentially harmful
substances can get into the soil through human activities,
soil contamination may be responsible for health effects
costing millions of Euros, especially in infancy health
problems from cancer (arsenic, asbestosis) and kidney
diseases as a result of lead, mercury and cadmium exposure,
and persistent organic chemicals examples VOCs are of
particular concerns due human activities to our soil pollution
through mines, agriculture, industries. Soil contamination
Over 200 years has contributed to causing soil
contamination and become very widespread in Europe,
decision-makers, scientists, businesses, and individual
citizens generally agree that air and water pollution hurt
human health, but the impact of soil pollution on our health
has had a much lower profile and are not so well
understood. In a country like Europe the health impact of
long-term, low-level exposure to soil contaminants is of
particular interest, among decision-makers and researchers
who both realize the lack of information in this area (Tang et
al., 2019).. In some cases, there are clear explanations that
show specific types of contaminants in air or water and their
health effect (Nematuer al, 2012). However, until recently,
the impact of soil pollution on our health has had a much
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lower profile even though researchers are trying to point out
the problems associated with soil pollution such as soil
sealing, erosion and soil contamination

Soil pollution can be caused as a result of intensive
industrial activities, inadequate waste disposal, mining,
military activities, or accidents all those have introduced
excessive amounts of contamination in the soil in this case
the plant can also absorb contaminants in the soil, and the
contaminant can be washed and taken to water bodies (storm
water). Therefore, soil quality must be ensured by looking at
physical, chemical and biological parameters since soil
serves as environmental media where agricultural activities
are carried out and serves as habitation for humans, plants,
and animals as well as microorganisms, good quality of soil
is directly proportional to the human, plant and animal.
(Nematuet al., 2012).

2.6.3 Water Pollution

It is defined as any impairment in its native characteristics
by natural or addition of anthropogenic contaminants to the
extent that it either cannot serve humans for drinking
purposes and/or to support biotic communities, such as fish.
(Babayemi et al., 2016) Water pollution is the contamination
of water bodies such as lakes, rivers, oceans, and
groundwater by human activities.(Obi china and Rimande,
2018) All water pollution affects organisms and plants that
live in these water bodies and in almost all cases the effect is
damaging not only to the individual species and populations
but also to the natural biological communities. It occurs
when pollutants are discharged directly or indirectly into
water bodies without adequate treatment to remove harmful
constituents. The water of rivers, ponds, as well and the like
as well as industry’s purpose in most cases there is little
treatment of water this brought the issues of about 80% of
freshwater flowing on the surface of the land are polluted,
these polluted passing through the surface poison waste
estimated of about 16,662,000000 litres of contaminated
water is produced daily in towns with a population of
million in India (Mekonnen and Hoekstra, 2015). The
commonest water pollution is ground and surface water
pollution, which is mainly the result of improper waste
disposal, industrial activities and poor sanitary landfills
caused by municipal solid waste management (Kamar Uddin
et al., 2017). In Nigeria, most of the industries are situated
along the river banks for easy availability of water and also
disposal of the wastes. These wastes often contain a wide
range of contaminants such as petroleum hydrocarbons,
chlorinated hydrocarbons and heavy metals, various acids,
alkalis, dyes and other chemicals which greatly change the
pH of water. The waste also includes detergents that create a
mass of white foam in the river waters. All these chemicals
are quite harmful or even fatally toxic to fish and other
aquatic populations (Adewoye, 2013).

It is found that one-third of the total water pollution in
Nigeria comes in the form of industrial effluent discharge,
solid wastes and other hazardous wastes. Most of these
defaulting industries are petrochemical industries, sugar
mills, soap and detergent, distilleries, leather processing
industries, paper mills, agrochemicals and pesticides

manufacturing industries and pharmaceutical industries. For
such industries surface water is the main source for waste
disposal (Elleta and Ogundiran, 2015).

In Nigeria, it is estimated that 80% of industrial effluents
and emissions are discharged without any form of treatment.
Major coastal towns and cities such as Lagos, Warri and
Port-Harcourt have large human populations but invariably
lack sewage treatment plants except in a few relatively new
and isolated residential or industrial estates. Most residents
use septic tanks whose contents when dislodged are
discharged into coastal rivers, lagoons and near shore waters
without further treatment. The associated problems include
increases in BOD and the introduction of pathogenic
microorganisms and intestinal parasites which pose risks to
swimmers and fishermen as well as the general public
(Ahmed and Ismail, 2018).

Untreated or allegedly treated industrial effluents often
contain variable amounts of heavy metals such as arsenic,
lead, nickel, cadmium, copper, mercury, zinc and chromium.
These heavy metals have a marked effect on the aquatic
flora and fauna which through bio-magnification enter the
food chain and ultimately affect human beings as well.
Heavy metal pollution is an ever-increasing problem for
aquatic bodies. These toxic heavy metals entering an aquatic
environment are adsorbed onto particulate matter, although
they can form free metal ions and soluble complexes that are
available for uptake by biological organisms (Adewoye,
2013).

However, in Kano Nigeria study conducted reveals that
unprocessed wastewater from Challawa and Sharada
industries which are being discharged into Challawa river is
the major factor responsible for its contamination hence,
regular monitoring is needed given that the river is used for
a variety of purposes including, fishing irrigation, domestic
and water supply (Bernard and Ogunleye, 2015). The
parameters of interest were common waste-derivable
chemical constituents such as nitrate (NO5’), chloride (CI')
and sulphate (SO,*) and indicator microorganisms like
Escherichiacoli. The study showed that about 22% of the
samples had concentrations of NO;™ higher than the WHO
permissible level (45mg/L) while 80% of the samples
analyzed to test the bacteriological quality of the
groundwater showed evidence of sewage and industrial
effluent contaminations. The identification of E. coli in the
water indicates faecal contamination (Nurliyana et al.,
2018). Improvement in the management of both domestic
and industrial wastes would improve the quality of both
surface and ground water hence, the necessity for the
reduction or rather elimination of water pollution.

The river water is mainly used for irrigation, watering
livestock and vegetable fields, fishing, washing and bathing,
effluent and waste disposals. Oseere River is found in the
upper regions of the water body which receives industrial
wastes except for domestic sewage, refuse and wastewater
from homes, and agricultural wastes. Okun River is found
downstream of Oseere and shares a direct border with Asa
River and it is the point of discharge of industrial,
agricultural and domestic wastes. Both Oseere and Okun
provide no recreational and fishing activities. Asa River is
located downstream, where water from Asa Dam, Oseere
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and Okun drains; unlike in the past its recreational and
commercial fishing activities have been greatly reduced and
this may be linked to the gross misuse of the river.

2.7 Industries Along Asa River

Several numbers of large and small-scale industries and
industrial units are located along the stretch of these rivers
and they all use these water bodies as their waste-
discharging points. Among these are: the soap and detergent
industry, foam-producing outlets, flour mill, pharmaceutical
industry, breweries, photo laboratories, several cassava
processing units, poultry farms, countless agricultural
premises and mechanical workshops. Unluckily, all the
above-mentioned units are without proper effluent treatment
facilities and the effluents from them end — up in the Okun
stream which eventually empties into the Asa River, either
directly or indirectly through canals and urban run-offs.
These pollutants have not only deteriorated the river water
and sub-surface water but also there has been a continuous
impairment in the aquatic population of edible species. The
populace living at the river banks has also been complaining
about the deteriorating trend of the river, which is very
obvious and has often resulted in periodic fish kills as
reported by the local fish farmers in the area. It has also
been reported that the continuous discharge of industrial
effluent in River Asa and its tributaries has resulted in a
marked decline in the whole fish population in general,
especially those species that are very sensitive to oxygen
depletion due to the effluent pollution (Opasola et al, 2019).
River Asa runs through an industrial area in Ilorin, Kwara
state, and the river flows through the town of Ilorin resulting
in the contamination of the river water due to the continuous
discharge of industrial effluents (Olawale et al, 2019).

2.8 Volatile Organic Compound (Vocs)

Are organic chemicals that have high vapour pressure at
ordinary room temperature surrounding air, a trait known as
volatility. For example, Semi-Volatile Organic Compounds
(SVOCs), such as phthalate, formaldehyde, acetaldehyde,
hex aldehyde, benzaldehyde, benzene e.t.c (Cicolella,
(2018).

2.8.1  Phthalate Esters (Paes)

Phthalate esters (PAEs) are well-known polymer additives
and are widely used in industries as plasticizers for
polymeric products especially cellulose esters and vinyl
chloride copolymers (Gobas et al., 2020). A non-plasticizer
such as paints, varnishes, cosmetics, insect repellants,
insecticides  carriers, propellants building materials,
automobile parts and food packaging to improve their
flexibility, transparency, durability, longevity and altering
physical properties like malleability and flame resistance of
synthetic products (Clara et al., 2010). Phthalates are also
found in many household products including children,
plastic toys, adhesive materials, polish, perfumes, and air
fresheners, polish exposure to phthalates can predispose
individual health (Swan et al., 2015). An estimate of 8 billion
tons of phthalate esters is reported being used globally each
year, particularly as additives to plastics products, industrial
chemicals and parts of several consumer products.

Due to the additive’s nature of these contaminants,
phthalates exist freely and are not chemically bound to the
polymer chain in a freely mobile phase and drain away;
hence they can drain away, migrate or evaporate into the
environment via domestic and industrial effluents, sewage
sludge, storm water, runoffs and indiscriminate dumping of
phthalate products. These contaminants have been found in
air, food, water and soil, organisms, tissues and fluids of
wildlife (Gobas et al. 2020).

2.9 Types of Phthalate Esters

According to Kanchanamayoo et al., (2012), the following
are types of phthalate esters.

Di-ethyl Phthalate (DEP)

Di-ethyl Phthalate (DEP): Associated with changes in
hormone levels and genital development in humans.
Di-n-butyl Phthalate (DBP)

Di-n-butyl Phthalate (DBP): Recognized as a reproductive
toxicant by the National Toxicology Program and the State
of California. It can lead to changes in genital development.
Di-isobutyl Phthalate (DIBP)

Di-isobutyl Phthalate (DIBP): Associated with changes in
male genital development

Dimethyl Phthalate (DMP)

Dimethyl Phthalate (DMP): Inconclusive evidence has
shown reproductive toxicity in animal studies

Di-isohexyl Phthalate (DIHP)

Di-isohexyl Phthalate (DIHP): Limited toxicity testing has
shown that DIHP is probably a developmental and
reproductive toxicant.

2.10 Industrial Uses of Phthalate Esters

Phthalates are used in industries for the manufacturing of
different products such as packaging, children's toys,
adhesives and glues, paints, pharmaceutical and personal
care products, detergents, textiles, vinyl flooring,
electronics, medical devices and insect repellants,
insecticide carriers, propellants building materials, air
fresheners, automobile parts food packaging with aim of
improving their flexibility, transparency, durability,
longevity and altering physical properties like malleability
flame resistant of synthetic products (Godwin et al., 2016).

2.11 Health Implication of Phthalate Ester on Human

Phthalate has a great effect on the excretory system and also
affects newborn babies because is a toxic chemical and
newborn babies have low immature metabolism (Colon et
al., 2010). Phthalates act as endocrine disruptors that have
reproductive effects in the human body that cause low sperm
count, low levels of estrogen, and infertility generally
speaking (Hoppin, et al., 2014). Testicular cancer, male
infertility, genital ~malformations and reproductive
abnormalities including hypospadias and cryptorchidism are
known as the Testicular Digenesis Syndrome (TDS), which
is affected by a combination of genetic predisposition, and
lifestyle. The age and development stage of the organism
seems to be a very important factor that determines the
system that will be injured and the extent of the adverse
outcome of the phthalate effect (Latini, 2017). Phthalates
have something to do with the reproductive system of
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domestic animals in many ways One of the few reports in
farm animals indicating endocrine disruption caused by
environmental pollutants such as phthalate regarding heifers
that were drinking water in direct contact with a sewerage
overflow. These animals showed increased age at first
calving (Hoppin et al., 2014)

2.12 Environmental Effect of Phthalates

Because of their large and widespread application,
phthalates or phthalic acid esters (PAEs) are found in all the
environmental media. They have been widely detected
throughout the worldwide environment. Indoor air where
people spend 65-90% of their time is also highly
contaminated by various PAEs released from plastics,
consumer products as well as ambient suspended particulate
matter. Because of their widespread application, PAEs are
the most common chemicals that humans are in contact with
daily. Based on various exposure mechanisms, including the
ingestion of food, drinking water, dust/soil, air inhalation
and dermal exposure the daily intake of PAEs may reach
values as high as 70 pg/kg/day (Nematu et al., 2012). PAEs
are involved in endocrine disrupting effects, namely, upon
reproductive physiology in different species of fish and
mammals. They also present a variety of additional toxic
effects for many other species including terrestrial and
aquatic animals and plants. Therefore, their presence in the
environment has attracted considerable attention due to their
potential impacts on ecosystem functioning and public
health. PAEs are found in every part of environmental
matrices: air, water, sediment, sludge, wastewater, soil, and
biota (Nematu et al 2012).

3.0 Materials and Methods

3.1 Study Area

River Asa is located in Ilorin, Kwara State Nigeria. Ilorin
has an area of bout 100km® (Adewoye, 2010) and according
to UN projection, the population of Ilorin is 1,450,000
million as of the year 2023. Ilorin is on latitude 8 30'N and 4
35'E and has an elevation of about 273m to 333 m above sea
level. It is a humid tropical city characterized by both wet
and dry seasons. The wet season starts in April and ends in
October, while the dry season starts in November and ends
in March (Adeniran et al., 2018). The mean annual rainfall
is 1150mm while the mean annual temperature ranges from
25-28.9°C. The city has a relative humidity which ranges
from 65-80%. Due to the level of waste management, some
residents in the city empty their wastes into the river and
some of its tributaries such as Aluko, Alalubosa, Okun,
Agba, Oseere and Atikeke. The basin ranges in size between
5.8 and 7.1 km® Okun, Aluko and Oseere tributaries are
located on the western part of Asa River, while the others
can be found on the eastern part. Asa River and two of its
major tributaries (i.e. Okun and Oseere) are prone to
contamination because of their visible location along the
stretch of the city's industrial estate. The runoff discharge in
the studied area reflects closely the rainfall pattern with
periods of peak maximum discharge coinciding with periods
of heavy rainfall. Total rainy season runoff values in Okun
and Oseere are between 94.6% and 85.8% while about

14.3mm and 12.2 mm in the dry season. (Adeniran et al.
2018).

3.2 Collection of Samples

Water samples were collected from three points; upstream,
mid and downstream along the river Asa into a clean glass
bottle, preserved with dilute nitric acid and stored in an ice
pack until arrival to the laboratory for analysis.

3.3 Samples Handling and Pre-Treatment

Water was collected in an amber glass container.
Conventional sampling practices were followed. No special
sample preservation and storage were taken since phthalates
are stable at pH 7.0 samples were collected and sealed with
a glass stopper followed by a metal clip. The samples were
refrigerated at 4°C free from light from the time of
collection until extraction.

3.4 Extraction of Water Samples

Cyclohexane internal standard solution and then 9ml
cyclohexane. With the aid of glass glass-coated magnet, the
sample was the liquid/liquid intensity extracted for a
minimum of an hour. Using an upward delivery glass
separating funnel, the solvent extract was then isolated in a
10ml vial. The sample volume is 1L in 10ml cyclohexane
3.5 Analysis of Phthalate Ester in Water

The new method for analysis of phthalate in water
samplesGC/ MSwas validated (Godwin et al, 2016).

3.6 Instrumental Analysis

High-performance liquid chromatography (HPLC) was
done with Agilent HPLC 1260 infinity series; which was
used in determining the presence and level of phthalate
ester in the water and sediment samples. The HPLC
conditions were as follows: Zorbax Eclipse AAA CI18
column 150 mm x 4.6 mm i.d., particle size of 3.5 um,
228 nm wavelength, temperature 40°C, injection volume
20 pl and gradient elution condition using acetonitrile and
water (90:10 v/v) as mobile phase. Under this condition,
separation lasted for about 4 min with a flow rate of 1
mL/min for the first four minutes then 2 ml/ min.
Identification of individual phthalate ester was
established based on its retention time and quantification
was performed by a combination of internal
standardization and response factor.

4.0 RESULTS AND DISCUSSION

The efficiency and reliability of the analytical method
employed were determined by the analysis of the response
factor, retention time and percentage recovery. The
phthalates were eluted from the column in the order of dim
ethyl- (DMP), diethyl- (DEP), dibutyl- (DBP), and biphenyl
phthalates(DPP).The response factor and retention time are
indicated in Table 1. The recovery analysis was done to
prove the reliability of the
analyticalmethodemployed. Thepercentagerecoveriesrangedf
rom78.0%in diethyl-and 94.3% indiphenyl-phthalates(DPP).

The quantitative results of phthalates in water at the
designating sampling locations along the stream are
presentedinTable2.The  concentrations of  phthalates
obtained in this study showed several occurrences of
phthalate inAs stream.

Table 2 presents the levels of phthalate esters in water
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samples. The phthalates esters determined in the water
>DBP. A glance at the concentrations of phthalate esters
showed the presence of dim ethyl phthalate in all sites.
Generally, the levels of DMP are higher than all other
phthalate compounds. Deputy phthalate was detected only
in Sample 4 while biphenyl phthalate was detected in
Sample 4 and 5. The mean levels of phthalate in the stream
water ranged from 1.29 pg/L for dibutyl phthalate to 938
pg/L for dim ethyl phthalate. The level of dilution between
DBP and DMP was above 450-fold. The presence of
phthalate ester in this water body could be due to local
contamination from industrial wastes including disposable

plastic materials (suchastiles, wire coatings,
syntheticleathers, wallpapers, wrapping materials and
plastic soft drink bottles)and agricultural wastes, from the
motor park and market area thrown into the water body at
Sp 1(stream), farming as well as recreational activities
occurring along the stream bank. Burning oftyres at an
abattoir located at Sp 1(stream) and refuse incineration
could also be a good source of phthalates in this water body.
The values reported in this study for the stream are above
the USEPA water criteria of 3 nug/L for the survival of fish
and other aquatic life in rivers (USEPA,1980).

Other  aquatic life in  rivers (USEPA,1980).

Tablel.Valuesofresponsefactor, retentiontimeandper centre coveries.

Compound Response factor | Retention time(min) % Recovery
DEP 0.27 1.86 78.0
DBP 0.85 2.96 85.5
DMP 0.21 1.62 88.7
DPP 0.47 2.25 94.3
n-Butylbenzoate: 1.28

Table2.Levelsofphthalateesters(pug/L)in water samples from ASA stream.

Station| DEP DBP DMP DPP X4Pes
Spl ND ND 74.8+45 ND 75
Sp2 ND ND 1980+62 ND 1980
Sp3 505+74 ND 1440+570 ND 1945
Sp4 ND 6.43+3.10 81.4+48 21.3+13 109
Sp5s ND ND 1110£560 6.35+£9.0 1116
Mean 101+16 1.29+1.3 938+780 5.53+6.5

5.0 Conclusion and Recommendation
5.1 Conclusion
This study provides information on the contamination levels
of four PAE sintheAsa River, Ilorin, Kwara State Nigeria.
The levels of phthalate esters recorded in this study were at
levels that raise concern. The state Environmental Protection
Agency needs to adopt a constant monitoring plan so that
the concentrations of this persistent organic pollutant
discharged into the water body conform with international
standards.
5.2 Recommendation
e Treatment of industrial effluent before discharge
into water source
e Regular monitoring of the concentration of
pollutants in water by environmental protection
agencies to ensure conformity with international
standard

e Industries discharging their effluent into water
bodies without adequate treatment should be
sanctioned.

e Sitting industries especially production industries
that make use of phthalates should be discouraged.

e  Public awareness on the effect of phthalate esters.
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