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ABSTRACT: This research work assessed the heavy metals 
and some physio-chemical properties in Ekpan Rive in 
Abbe Community of Delta State. It was aimed to ascertain 
the causes of pollution and effects of selected heavy Metals 
in the Ekpan River. The analysis entails the following 
parameter which was pH, Temperature, total dissolved 
solids, conductivity, Dissolved Oxygen, Turbidity, chlorine, 
SO42, sodium, potassium, zinc, lead, copper, iron, chromium, 
and cadmium. The analytical technique employed was 
instrumental analysis (AAS) using the standard method. 
The pH meter was used to analyze for pH, conductivity 
meter was used to analyze for conductivity and total 
dissolved solids. The turbid meter was used for turbidity 
and zinc, lead, copper, iron, chromium, and cadmium after 
being digested according to standard was analyzed using 
the Varian 220 FS (Fast sequential) atomic Absorption 
spectrophotometer (AAS). To achieve this, the river was 
divided into three sampling points viz; the surface level, 
mid-depth level (2/3 depth), and base level (a meter after) 
in which the sample was collected from the river, and 
results were obtained from the analysis. The mean 
concentration (mg/l) of heavy metal were: Zn, 0.256, 0.269, 

and 0.28; Pb, 0.001, 0.001 and 0.001: Cu, 0.061, 0.069 and 
0.078; Fe, 0.157, 0.166 and 0.173, Cr 0.001; 0.061 and 
0.001, Cd, 0.001, 0.003 and 0.003. for samples A, B, C 
respectively. The mean result obtained for pH was 7.05, 
715, and 2.26, for temperature, 27.6, 27.5, and 27.8 for 
sample A, B, C respectively, the mean result obtained for 
TDS were 71.8, 74.77, 77.4 and conductively were 126.3, 
136.3 134.2 and 139.5 for sample A, B, C respectively.  The 
mean results obtained for dissolved oxygen (Do) were; 
5.20, 4.50, and 4.30, turbidity, were 35.97, 43.66, 48.12 for 
samples A, B, C respectively in Ekpan River.  The variations 
in heavy levels between the sampling station were not 
significant (P>0.05). the concentrations of the evaluated 
Physico-chemical properties were within the guideline 
levels for surface water, although the turbidity was high 
while the evaluated heavy metals were below the allowed 
limits of the WHO standard and did not appear to have a 
significant negative impact on the water quality. 
 
 
Keywords:   Ekpan River, physico-chemical properties, 
WHO standard 

 
INTRODUCTION 
 
Heavy metals gain access into the river system from both 
natural and artificial sources and these get distributed 
into water bodies and sediments during the course of 
water transportation. The consumption of water 
contaminated with heavy metals result in poor hygiene 
and serious risk on human health in some cases it may 
even result to death. Fresh water resources are 
becoming day by day at the faster rate of deterioration of 
the water quality is now a global problem. Water pollution 
by effluent has become a question of considerable public  

 
 
 
and scientific concern in the light of the evidence of their 
extreme to human health and to biological ecosystem. 
This effluent can alter the physical, chemical and 
biological nature of receiving water bodies. Water is an 
essential raw material for human life and a vital factor to 
the establishment of industries. Without water no life (Ibe, 
2000). Water in its natural environment is characterized 
by impurities. Being a universal solvent, water contains 
dissolved solids, gases and hosts a number of 
microorganisms. Hence the quality of water is defined by  
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the level of its physical, chemical and biological impurities 
(Egereonu and Ejike, 2000). Different sources of water 
include stream, lakes, ponds, rain, springs and wells. 
These rivers and underground waters (boreholes) supply 
water for the daily activities of the people living along the 
banks and environs. Pure, safe and clean water can only 
exist briefly in nature but is polluted immediately by 
human activities and environmental factors. Industrial 
effluents, fertilizers from farm lands, diesel from pleasure 
boats, are possible pollutants of rivers and their environ 
(Raymond, 1992). The use of surface water by man is as 
old as the existence of human beings. Water is a natural 
resource, and indispensable to life. Water supplies for 
human consumption should be adequate and free from 
bacteria harmful to humans. The quality of river water 
depends on the quality of the feeding sources which 
include surface runoff water, glaciers, swamp, rain and 
underground water. Like springs, boreholes are better 
quality water than surface water, such as lakes, rivers, 
streams, due to the purification of the former prior to 
distribution. The underground water is rarely polluted by 
both man and animals (Alloway, 2006). Industrial 
effluents like toxic chemicals and heavy metals pollute 
several surface waters. Mercury is one of the heavy 
metals, in a group that includes lead, cadmium, plutonium 
and others. A feature the heavy metals have in common 
is that they tend to accumulate in the bodies of organisms 
that ingest them, their concentrations increase up the 
food chain. Some marine algae may contain heavy 
metals of concentrations of up to one hundred times that 
of the water in which they are living, small fish eating the 
algae develop higher concentrations of heavy metals in 
their flesh, larger fishes who eat the smaller fishes 
concentrate the metal still further, and so up to fish eating 
birds or animals (Mertz, 2005). Some non-metallic 
elements commonly used in industries are also 
potentially toxic to aquatic lives and to some extent to 
human beings. Chloride is widely used to kill bacteria in 
municipal water, sewage treatment plants and to destroy 
various microorganisms are found in plumbing lines in 
water works stations. Chlorine can also kill algae and 
harm fish populations (Marce et al., 2010). 

Acids from industrial operations and acid mine 
drainages especially in coal and sulphide areas remain 
serious source of surface and ground water Pollution 
(Obodo, 2004). The run-off water from fertilized fields 
carries some of the fertilizers to rivers. In rivers and lakes 
the fertilizer provides nutrients that increase the growth of 
algae. The algae use up the oxygen dissolved in the 
water, and the lack of oxygen causes the death of fish 
and other aquatic lives. Phosphates in laundry detergents 
have the same effect. Hence the use of fertilizers as well 
as detergents results in eutrophication of water. 
Pesticides used on crops get into rivers in this way too 
(Ajiwe, 2007) destroying aquatic lives. Urbanization and 
industrialization develop countries economically but lead 
to environmental pollution.  
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The main effect of urbanization is increased run-off, 
which causes increased erosion thereby making the 
water muddy which is a type of pollution. In addition 
many new and sometimes toxic chemicals are added to 
the environment, and industrial activities unbalance the 
natural cycles with harmful substances such as heavy 
metals (Okonkwo, 2007). Many organic compounds 
occurring naturally and the synthetic ones are widely 
used as herbicides and pesticides, as well as in a variety 
of industrial processes. The negative effects in organisms 
vary with the particular type of compound, some are 
carcinogenic, toxic directly to humans or other organisms, 
and make water unpalatable, and some accumulate in 
organisms as heavy metals. Oil spills are a kind of 
organic compounds pollution of surface water. Vinyl 
chloride vapor used in the production of Plastics are 
carcinogenic and it is not known how harmful traces of 
vinyl chloride in water may be. Laboratory tests 
conducted on animals revealed that polychlorinated 
biphenyl’s (PCBs) cause impaired reproduction, stomach 
and lower alimentary disorders and other problems 
(Talwar and Mkudak, 2001 ). Polluted water may contain 
pathogens and disease-producing organisms such as 
fungi, bacteria, viruses, protozoa, parasites and worms 
which are vectors that carry and spread disease like skin 
infections, dysentery, diarrhea, typhoid fever, malaria and 
other related diseases (Earth watch United National 
Environmental Programme, 2005). Most industrial 
effluents contain non-biodegradable, toxic and 
Hazardous wastes which bio accumulates in living 
organism when consumed. These wastes pose high 
health risks as well as threatening coastal and estuarine 
fishes on which most rural populace especially in the 
riverine areas depend on for their livelihood (Washington 
D. C. EPA. November 2000). The principal causes and 
sources of pollution in groundwater have been grouped 
into four categories, namely municipal, industrial, 
agricultural and miscellaneous (O’mel Peter, 2008). 
Municipal sources: These include sewage leakages, 
liquid wastes and soil wastes. Industrial sources-include 
liquid wastes and leakages from tanks and pipelines as 
well as mining activities and oil field brines. Agriculture 
produces pollution as a consequence of irrigation return 
flows, animal wastes, Pesticides etc. other miscellaneous 
are listed spills and surface discharges, septic tanks and 
cesspools, roadway deicing, interchange through wells, 
etc.(Environmental Protection Agency ,1986). Nitrates 
are important pollutants of groundwater and indeed of the 
environment in general. All over the world an increasing 
input of fertilizers aimed at increasing agricultural output 
is occurring and there is a general deterioration in the 
quality of both surface water and ground water. Today, in 
most rivers there is an abnormal increase in nitrogen and 
phosphorus concentrations. There is evidence of a link 
between gastric cancer and high nitrate concentration in 
ingested water (Okonkwo, 2007). Such addition of 
nutritive elements induces eutrophication   with  problems  
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concerning the use of water by human populations. The 
leaching of nitrate from agricultural land is a great 
concern to the soil chemist (Obodo, 2004). Mining 
operations produce many ground water pollution 
problems. The nature of the pollutant depends on the 
material actually being mined and also on the mining 
processes. Very important contributors are the coal, 
phosphate, uranium mines and bodies producing iron, 
copper, zinc and lead, etc. Since surface and 
subterranean mines usually extend below the water 
tables, expansion of mining activities necessitates de-
watering. The water so removed is highly mineralized and 
referred to as acid mine drainage. Acid mine drainage is 
characterized by low pH, high iron, aluminum and 
sulphatecontents. Coal accumulations are usually 
associated with pyrite, which is stable for sub-water table 
conditions, but oxidizes if the water table is lowered. 
Oxidation succeeded by contact with water produces iron 
[III] sulphate and tetraoxosulphate (VI) acid in solution, 
and of course, if they reach groundwater its pH will be 
reduced and its iron and sulphate contents will increase 
(Ibe, 2000). 

Drainage from waste heaps produced by mining and 
run-offs contain agricultural and industrial wastes, water 
flowing through municipal and industrial wastes leaches 
soluble materials and these become contaminated. 
Leachate contains poisonous substances and if disposal 
sites are not carefully managed in other to collect and 
treat leachate effectively, it can enter the ground water 
system. Other sources of ground water contamination 
include widely used Substances such as highway salt, 
fertilizers that are spread across the land surface and 
pesticides. In addition, array of chemicals and industrial 
materials leak from pipelines, storage tanks, and holding 
ponds. Among these pollutants are classified as 
hazardous meaning they are either inflammable, 
corrosive, explosive or toxic. As rain water percolates 
through the soil, it carries pollutants to the water table. 
Here they mix with the groundwater and contaminate the 
supply. Because groundwater movements are usually 
slow, polluted water may go undetected for a long time.  
Another common source of groundwater pollution is 
sewage, which emanates from an ever-increasing 
number of septic tanks. Others are inadequate or broken 
sewer systems and farm wastes (Bowen, 2006). Sewage 
water, which is contaminated with bacteria, enters the 
groundwater system and gets it polluted. Sewage and 
manure contain both ammonia and acid, organic forms of 
nitrogen. Organic nitrogen may be converted into 
ammonia in the soil. Nitrate is a problem as contaminant 
in drinking water due to its harmful biological effects. High 
concentration of nitrates causes methamoglobinemia 
which causes gastric and intestinal cancer (Nzenna, 
2004). Several human activities have indirect or 
devastating effects on water quality and aquatic 
environment. Such activities include accidental or 
unauthorized release of chemical  substances,  discharge  

 
 
 
 
of untreated water or leaching of noxious liquids from 
solid waste disposal. A recent work by Yahaya (2006) on 
investigation of heavy metals and their physical 
characteristics in river revealed that the cat fish has been 
isolated as net accumulators or bio accumulators of 
pollutants such as zinc, Magnesium, Cr, Cu, Cd etc. Zinc, 
an indispensable trace element, is essential for human 
and fish existence, and is as well regarded as a pollutant 
in several areas. Compared to the other bio-available 
metals, it was the second most abundant in the Shell fish. 
Industries producing pesticides, Plastics, chlorine, caustic 
soda, pulp and paper introduce into the environment (soil, 
water) heavy metals such as mercury (Nzekwe, 2009).  
Acid rain breaks rocks; releasing heavy metals into 
streams, lakes and ground water, by these aquatic 
environments are heavily contaminated by these heavy 
metals. Heavy metals cannot be degraded bio-chemically 
in nature. The stability of these metals therefore allows 
them to be transported to considerable distances by 
water. As a result of this process, the level of heavy 
metals in the upper member of the food chain can reach 
values significantly high to cause health hazards, when 
such organisms are used as food by man (Ogbonna et 
al., 2006). Some of these heavy metals are clearly in 
organic form at the time of discharge and do undergo 
further bio-transformation inside the fish, which render 
them extremely dangerous. For example mercury exists 
in zero, [O], plus one,[+],and plus two,[+2], oxidation 
states. Methyl mercury CH3Hg+ is an important feature of 
this cycle, particularly with regard to its uptake by fish and 
humans. Methyl mercury CH3Hg+ is the major mercury 
species found in fish and about95% of the mono methyl 
mercury CH3Hg + eaten is absorbed by human 
(Okonkwo and Ebatu et al., 2006). Many cities in the 
developing countries have been developed without 
adequate and proper planning thus leading to 
indiscriminate actions including dumping of wastes in and 
around water, washing and taking baths in rivers etc. The 
use of rivers varies from one locality to another and so 
are the involvements, demand for its use accordingly, 
from fish farming to transportation, laundry and 
convenient points of waste discharge from both home 
and industries, to recreation and do serve the domestic 
needs of the people for water (Onyeka, 2007). Mining 
activities have been identified with the exposure of heavy 
metals that were once buried deep in the heart of the 
Earth to the surface from where they are easily leached 
to the nearby soil, rivers, streams and lakes. The toxic 
metals of lead have been known to bind with the active 
sites of enzymes, thus preventing the enzyme from 
carrying out its normal functions. The immobilized 
enzyme cannot function and as a consequence the host 
suffers. Heavy metals are natural components of the 
environment but are of concern because they are being 
added to soil, water and atmosphere in increasing 
amounts, leading to different types of pollution and 
unfavorable alteration   of   the    environment. The heavy  
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metals have the tendency of being Non-biodegradable 
and to accumulate in living organisms (Mertz ,1987). 
 
 
Heavy metals 
 
The term heavy metal refers to metallic chemical 
elements that have relatively high density, toxic or 
poisonous at low concentration values. They are natural 
components of the Earth’s crust that cannot be degraded 
or destroyed, which would mainly include the transition 
metals, some metalloids, lanthanides and actinides. 
Examples include copper, zinc, selenium, iron, lead, 
mercury, cadmium and silver etc. (Alloway, 2006). Heavy 
metals are also classified based on density, atomic 
weight, chemical toxicity in relation to living organisms. 
An alternative term to heavy metals is ‘toxic metals’ of 
which no consensus of exact definition exists (Heavy 
Metal Wikipedia, 2006). Some of these metals such as 
cobalt, chromium, copper, manganese, molybdenum and 
zinc are not left out of the list of heavy metals (Lee, 
2007). Heavy metals may also be classified as “trace 
elements” because they occur in concentrations of less 
than 1% (frequently below 0.01% or 100mg/1kg) in rocks 
of the earth’s crust. The trace elements or heavy metals 
often called micronutrients such as zinc; copper and 
manganese are useful to crops, while cobalt, 
manganese, copper and zinc are to live stock (Marce et 
al, 1993). These metals that cannot be bio-degraded 
chemically in nature include cobalt, zinc, manganese, 
magnesium, copper, lead, nickel, cadmium and mercury 
(United Nation Environmental Programme, 1995). These 
toxic metals get incorporated into the plant enduring the 
growth of the parent plant and remain undegradable. 
Some heavy metals when present at high concentrations 
lead to poisoning and these include lead, zinc, cadmium, 
mercury, nickel, copper etc. The requirement, doses and 
tolerance levels of essential or trace elements are 
decided on the basis of effects on growth, health, fertility 
and other relevant criteria (Omel Peter, 2008). In 
medicine and chemistry, heavy metals are defined and 
include all toxic metals, irrespective of their atomic 
weights, members of the group VI, VII, VIII, IX and X 
elements of the transition series of the periodic group 
(Durarant,1964) inclusive. 
 
 
Beneficial heavy metals 
 
Zinc [Zn] in the form of organo-zinc compounds is used in 
the preparation of the organo metallic compounds, alkyl 
Zinc halides, R ZnX; Zinc alkyls, ZnR2 (Lee, 2007). Zinc 
is an essential component of about a hundred enzymes 
in total. This number is smaller in vertebrates. In plants, 
zinc concentration levels are about 25-150mg/kg. At 
concentrations in excess of 400mg/kg it is toxic. Zinc 
deficiency in man leads to  dwarfism,   reduced   rates   of  
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blood clotting and wound healing, skin abnormalities and 
other problems (Talwar and Mkudak, 2001). The two 
major uses of lead are lead-acid storage batteries, 
particularly for motor vehicles and as lead alkyl 
components added to petrol such as tetra methyl lead 
used as anti-knock. From the ancient civilizations up to 
the 1950’s, lead pipes were used for distribution of water 
in pipes in the United Kingdom and other countries. 
Mercury [Hg] is the only metal that is liquid at 
atmospheric. It is used extensively in the manufacture of 
sodium hydroxide, chlorine, barometers and 
thermometers. Dimethyl mercury is used in the dental 
industry. 
 
 
Harmful heavy metal 
 
The Environmental Protection Agency (EPA) defined 
heavy metals as hazardous substances, which on slight 
exposure can endanger human health. Examples include 
mercury, cadmium, chromium, zinc, lead, nickel, copper, 
iron, arsenic and selenium. Some of these metals exhibit 
extreme toxicity even at low levels under certain 
conditions. The presence of calcium and magnesium ions 
in water causes hardness. This hardness provides 
protection possibly by preventing dissolution of lead and 
calcium from water pipes as both metals can produce 
high blood pressure, one of the precursors to heart 
attacks. Lead binds strongly to a large number of 
molecules such as amino acids, hemoglobin, many 
enzymes, ribonucleic acid, [RNA] and deoxyribonucleic 
acid, [DNA]. It thus disrupts many metabolic path-ways. 
The effect of lead toxicity is very wide and includes 
impaired blood synthesis, hypertension, hyperactivity and 
brain damage (Tawlar et al, 1999). The exhaust fumes 
from motor vehicles increase atmospheric lead levels by 
factors of 20 (much more in urban areas). Further, the 
subsequent contamination of soil and crop increases the 
amount of lead in food. The average rate of absorption of 
dietary lead is about 5%, but about 40% of the fine 
particulate lead retained in the lungs is absorbed, two 
thirds of the absorption from the diet while one third 
comes from atmosphere. Again in addition, lead intake is 
increased by about 5% for every 20 cigarettes smoked 
per day. The absorbed lead enters the blood stream 
where over 95% is bound to the red blood cells with a 
mean residence time of 1 month. Vanadium levels in the 
environment are rising as a consequence of the burning 
of vanadium-containing fossil fuels and its mining and 
processing in order to meet the growing needs for the 
metal in industry. Both acute and chronic effects of 
occupational exposure to vanadium compounds are 
manifested in the respiratory tract by irritation, including 
bronchitis and pneumonia. Beryllium is a powerful 
phosphate inhibitor and strontium is a competitor for 
calcium in the bone. The toxic effects of cadmium 
received wide spread  attention   when   some   Japanese  
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developed Itai-Itai “ouch ouch” disease. The main target 
organ for cadmium are the kidney and liver, with critical 
effects occurring when a concentration of 200g/dm3 Cd 
(net weight) is reached in the kidney cortex. The 
closeness between actual intake and suggested 
maximum is one of the reasons for the concern over 
cadmium levels in soil, water and food. Smokers are 
especially at risk because of the cadmium content of 
tobacco. Smoking 20 cigarettes per day corresponds to 
an oral intake of 40μgCd from food. The target organ of 
organic mercury (methyl mercury [HgCH3), in human is 
the brain, where it disrupts the blood balance, upsetting 
the metabolism of the nervous system. The main toxic 
effects of inorganic mercury are that it tends to disrupt the 
functions of the kidney and liver. Compared with the 
inorganic mercury, methyl mercury can much more easily 
cross the placenta and affect the Fetus (Okonkwo and 
Ebatu, 2006). Since the industrial revolution, industrial 
and mining operations have been accompanied by 
problems like industrial waste which may be toxic, 
ignitable, corrosive or reactive. These wastes if not 
properly managed pose dangerous health and 
environmental consequences. The introduction of 
computers, drugs, textiles, paints and dyes, plastics-also 
brought hazardous wastes which include toxic chemicals 
into the environment. Before substantial state and 
Federal regulations began in 1970s, most industrial 
wastes were such as lagoons or pits, discharged into 
surface waters with little or no treatment. Improper 
management of industrial as well as hazardous waste 
has resulted in polluted groundwater, streams, lakes and 
rivers as well as damage to wildlife and vegetation. 
Meanwhile, high levels of toxic contaminations have been 
found in animals and human, particularly those like firm 
workers, oil and gas workers, who are continually 
exposed to such waste streams. Any waste that exhibits 
one or more of the following characteristics on subjection 
to certain tests like ignitability, corrodibility, reactivity, 
toxicity is hazardous. There is a strong relationship 
between human activities and pollution of the 
environment, the recognition of this connection and the 
need to protect human health, recreation and fisheries 
production led to the early development of water quality 
regulation and monitoring method. Industrial effluents, 
agricultural runoff, transport, burning of fossil fuels, 
animal and human excretion, geology weathering and 
domestic waste contributed to the level of heavy metals 
in the water bodies. The Nigeria crude oil is known to 
contain heavy metal in varying proportion. The metallic 
components in crude are in the form of metalloporphyrin 
chelates, transition metal complexes organic metallic 
compounds, carbonyl acid, salt of polar functional groups, 
colloidal minerals, and other inorganic constituents of 
crude oil (sulphur, nitrogen and oxygen). Discharge of 
some metal into natural water at increase concentration 
from sewage, industrial effluent or from mining, and 
refining operation, can have server toxicological effect on  

 
 
 
 
aquatic environment and humans. These environmental 
pollutants which are environmentally mobile tend to 
accumulate in organisms and become persistent because 
of their chemical stability or poor biodegradability. Heavy 
metal gain access into the river system from both natural 
and anthropogenic sources and these get distributed into 
the water body and sediments during the course of their 
transport in coastal environments in which the influence 
of salt water intrusion is often significant and also the 
underground water quality is dependent of pollution 
status of its environment. The surface flow of Niger Delta 
is as complex as the braided nature of the streams and 
rivers there in couple with the problems of environmental 
pollution, degradation river situation, coastal erosion as 
well as extermination of wildlife, fauna and flora that are 
of the fact of oil bearing communities in Niger Delta 
region. The Warri Refinery and petrochemical company 
(WRPC) contributed to these problems by discharges of 
its untreated effluents into adjoining surface waters 
(natural receptors). Hence the essence of this research is 
to ascertain the level of heavy metals physiochemical 
properties in Ekpan River with view of comparing the 
result with world Health organization (WHO). Research 
show that the principal man made source of heavy metals 
are industrial point sources, industrial effluent, agricultural 
runoff, transport, brining of fossil fuels, animals and 
human excretory, geologies weathering, and domestic 
waste, contributed to the level of metal in the river 
(Egereonu and Ejike, 2000). 
 
 
Characteristics properties and health effect of some 
heavy metals 
 
Cadmium 
 
Cadmium is soft, malleable, ductile, bluish-white divalent 
metal. It is similar in many respects to zinc but forms 
complex compounds. Unlike most other metals, cadmium 
is resistant to corrosion and as a result is  used as a 
protective layer often in water and is not flammable; 
however, in its powdered form it may burn and release 
toxic fumes. 
 
 
Cadmium in the environment 
 
Cadmium can mainly be found on the earth crust, it 
always occurs in combination with zinc. Cadmium is 
considered in the industries as an inevitable byproduct of 
zinc, lead and copper extraction. After being applied it 
enters the environment mainly through the ground 
because it is found in phosphate fertilizers, municipal 
solid waste incineration. A very large amount of cadmium 
is released naturally into the environment and about half 
of this cadmium is released into the river through 
weathering of rock and some  cadmium  is  released  into  
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air through forest fire, fossil fuel, the rest of the cadmium 
is released through human activities such as 
manufacturing (cement production, iron and steel 
production, nonferrous metal production etc). 
 
 
Health effect of cadmium 
 
Human intake of cadmium takes place mainly through 
food. Food stuffs that are rich in cadmium can greatly 
increase the cadmium concentration in human bodies. 
Example of such food includes live shell fish, mushroom 
mussels, cocoa power, seaweed etc. An explosive to 
significantly higher cadmium levels occurs when people 
smoke Tobacco, smoke transport cadmium into the lungs 
leading to damage to the body immune system and also 
psychological disorder. 
 
 
Environmental effects of cadmium   
 
Cadmium waste streams from the industrial mainly end 
up in soils. The causes of these waste streams are for 
instance zinc production phosphate are implication and 
bio industrial manure. Cadmium waste streams may also 
enter the air through household waste combustion and 
burning of fossil fuels. Because of regulations only little 
cadmium now enters the water through disposal of 
wastewater from households or industrials. Another 
important some of cadmium emission is the production of 
artificial phosphate fertilizers. Part of the cadmium end up 
in the soil after the fertilizers is applied on farmland and 
the rest of the cadmium ends up in surface waters when 
waste from fertilizers productions is dumped by 
production companies. Cadmium can be transported over 
great distance when it is absorbed by sludge. This 
cadmium-rich sludge can pollute surface waters as well 
as soils. 
 
 
 
Chromium (Cr)  
 
Chromium is a lustrous, brittle hard metal, its colour is 
silver-gram and it can be highly polished. It does not 
tarnish in air, when heated it burns and forms the green 
chromic oxide. Chromium is unstable in oxygen, it 
immediately produces a thin oxide layer that is 
impermeable to oxygen and protects the metal below. 
 
 
Chromium in the environment  
 
Chromium is mined as chromite (FeCr2O4) ore. 
Chromium ores are mined today in South Africa, 
Zimbabwe, Finland, India, kazakihstan and the 
Philippines. A total of 14 million tons of chromite ore is  
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extracted. Reserves are estimated to be of the order of 1 
billion tones with unexploited deposits in Greenland, 
Canada and USA. 
 
 
Health effects of chromium 
 
People can be exposed to chromium through breathing, 
eating or drinking and through skin contact with 
chromium or chromium compounds. The level of 
chromium in air and water is generally low, for most 
people eating food that contain Chromium (III) is the main 
route of Chromium up take, as Chromium (III) occurs 
naturally in many vegetable, fruits, meats, yeasts and 
grains. other health problems that are caused by 
chromium (VI) are; skin rashes, stomach upset and 
ulcers, Respiratory problems, weakened immune 
systems, kidney and liver damage; cancer, death etc. 
 
 
Environmental effects of chromium 
 
The main human activities that increase the 
concentrations of Chromium (III) are steal, leather and 
textile manufacturing. The main human activities that 
increase Chromium (VI) concentration are chemical, 
leather and textile manufacturing, electro painting and 
other Chromium (VI) applications in the industry. These 
applications will mainly increase concentrations of 
Chromium in water. Through coal combustion Chromium 
will also end up in air and through waste disposal 
Chromium will end up in soils. 
 
 
Lead (Pb) 
 
Lead is a bluish-white lustrous metal, it is very soft, highly 
malleable, ductile, and a relatively poor conductor of 
electricity. It is very resistant to corrosion but tarnishes 
upon exposure to air. Lead isotopes are the end product 
of each of the three series of naturally occurring 
radioactive elements. 
 
Lead in the environment 
 
Lead is usually found in ore with Zinc, Silver and Copper 
and it is extracted together with these metals. It occurs 
naturally in the environment. However, most lead 
concentrations that are found in the environment are a 
result of human activities. In car engines lead is burned, 
so that lead salt (Chlorines, bromines, oxide) will 
originate. This lead salts enter the environment through 
the exhausts of cars in which it drop to the ground 
immediately and pollute soils or surface waters. While the 
smaller particle will travel long distances through air and 
remain in the atmosphere, while some fall back to the 
earth when it   is   raining. All   these   have   cause   lead  
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pollution to be a worldwide issue. 
 
 
Health effects of lead 
 
Lead is a soft metal that has known many applications 
over the years .it has been used widely since 5000 BC for 
application in metal products, cables and pipelines, but 
also in paints and pesticides. Lead is one out of four 
metals that have the most damaging effects on human 
body through uptake of food (65%) water (20%) and air 
(15%). Lead can enter (drinking) water through corrosion 
of pipes. This is more likely to happen when the water is 
slightly acidic. That is why public water treatment 
systems are now required to carry out pH adjustments in 
water that will serve drinking purpose. Lead can cause 
several unwanted effects, such as kidney damage, 
declined fertility of men through sperm damage, 
miscarriages and subtle abortions. Lead can enter a 
foetus through the placenta of the mother. Because of 
this it can cause serious damage to the nervous system 
and the brains of unborn children. 
 
 
Environmental effects of lead 
 
Leaded gasoline causes lead concentrations in the 
environment to rise and other human activities, such as 
fuel combustion, industrial processes and solid waste 
combustion also contribute. Lead can end up in water 
and soils through corrosion of leaded pipelines in a water 
transporting system and through corrosion of leaded 
paints. It cannot be broken down. It can only be 
converted to other forms. 
 
 
Chlorides 
 
Chlorides are the inorganic compound resulting from the 
combination of chlorine gas with metal. Some common 
chloride includes sodium chloride (NaCl) and magnesium 
chloride (MgCL2) chloride alone as (CL2) highly toxic, 
and it is often used as a disinfectant. In combination with 
a metal such as sodium it becomes essential for life. 
Small amount of chlorides are requires for normal cell 
functions in plants and animal life. Environmental impact 
of chlorides are not usually harmful to human health; 
however the sodium part of the table salt has been linked 
to head and kidney diseases, sodium chloride may 
impact a salty taste at 250 mg/l, however calcium or 
magnesium chloride is usually detected by taste until 
level of 1000mg/l are reached. Public drinking water 
standard require chloride level not to exceed 250 mg/l. 
chloride may get into surface water from several sources 
including; rocks contain chloride, agricultural run-off; 
waste water from industries, oil well wastes, and effluent 
waste water   from  waste-treatment  plant. Chloride   can  

 
 
 
 
corrode metals, and affect the taste of food products. 
Chlorides can contaminate fresh water, streams and 
lakes, fish and aquatic communities cannot survive in 
high level of chlorides. Therefore, water that is used in 
industry or proceeds for any use has a recommended 
maximum chloride level. 
 
 
Health effects of chloride  
 
Chloride toxicity has not been observed in humans 
except in the special case of impaired sodium, chloride 
metabolism, e.g in congestive heart failure. As in 
experiment animals, hypertension associated with 
sodium chloride in take appears to be related to the 
sodium rather than the chloride ion.  
 
 
Copper (Cu)  
 
Copper is a reddish metal with a face centered cubic 
crystalline structure. It is malleable, ductile, and an 
extremely good conductor of both heat and electricity. 
 
 
Copper in the environment 
 
Copper is a very common substance that occurs naturally 
in the environment and spreads through the environment 
through natural phenomena. It is applied in the industries 
and in agriculture. Due to this, copper quantities in the 
environment have increased. Rivers are depositing 
sludge on their banks that is contaminated with copper 
due to the disposal of copper containing wastewater; 
copper can be released into the environment by both 
natural sources and human activities. Examples of 
natural sources are wind-blow dust, decaying vegetation, 
forest fires and sea spray. A few examples of human 
activities that contribute to copper release are mining, 
metal production, wood production, etc. and it is often 
found near industrial settings, landfills and waste 
disposal. 
 
 
Health effects of copper 
 
Copper can be found in many kinds of food, drinking 
water and in air long term exposure to copper can cause 
irritation of the nose, mouth and eyes and also cause 
headache, vomiting, dizziness and diarrheas. 
Intentionally high uptake of copper may cause liver and 
kidney damage and even death. 
 
Environmental effects of copper 
 
When copper ends up in soil it strongly attaches to 
organic matter and minerals. In surface water copper can  



Official Publication of Direct Research Journal of Public Health and Environmental Technology: Vol. 6, 2021: ISSN: 2734-2182 

 
 
 
 
trend great distances, either suspended on sludge 
particles or as free ions. Copper does not breakdown in 
the environment and because of that it can accumulate in 
plants and animals when it is found in soils. copper can 
seriously influence the proceeding of certain farmland 
depending upon the acidity of the soil and the presence 
of organic matter. Despite of this, copper containing 
manures are still applied. When the soils are polluted with 
copper, animals will absorb concentration that are 
damaging to their health. 
 
 
Nickel (Ni) 
 
Nickel is silvery-white hard, malleable, and ductile metal. 
It is of the iron group, it is a fairly good conductor of heat 
and electricity. In its familiar compound nickel is bivalent. 
 
Health effect of nickel 
 
Humans may be exposed to nickel by breathing air, 
drinking water, eating food or smoking cigarettes. Skin 
contact with nickel-contaminated soil or water may also 
result in nickel exposure. And when the uptake is too high 
can be dangerous to human health in which the following 
consequences will occur, higher chance of cancer (nose, 
lung and prostate), dizziness after exposure to nickel gas, 
respiratory failure, Allergic reactions, heart disorder etc.  
 
 
Effects of nickel on the environment 
 
Nickel is released into the air by power plants and trash 
incinerators. It will then settle to the ground or fall down 
after reactions with raindrops. Nickel can also end up in 
surface water when it is a part of waste water streams. 
 
 
pH 
 
pH is the negative logarithm of hydrogen iron 
concentration expressed in mole per litre. 
pH=log 10 (H+). The pH is one of the most common water 
quality parameter tested. It determines the acidity or 
alkalinity of a liquid by measuring the hydrogen ion 
activity. pH is a number between 1 and 14 that indicates 
the degree of acidity or alkalinity. 
 
 
Temperatures 
 
Temperature is the degree of hotness or coldness of a 
body temperature, measurement are usually made of any 
good grade mercury filled centigrade thermometer. 
Temperature change can be cause either by seasonal 
and daily variation or water effluent from industries and 
other station. The increase in temperature  may  result  to  
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corrosion rate of materials, increase in sensitivity of 
animal life to toxic material dissolved in the water. As a 
result of high thermal capacity of water, it is therefore 
important to keep the temperature constant thus making 
it an ideal environment for plants and animals’ life. 
 
Conductivity 
 
This is a measure of ability of water to conduct electrical 
current; this ability depends on the presence of ions, their 
total concentration, mobility, valency and relative 
concentrations on the temperature of measurement. They 
are used to establish degree of mineralization to assume 
the effect of the total concentration of ions on chemical 
equilibrium corrosion rates etc. 
 
 
Sources of heavy metal  
 
The rapid development of heavy metal is attributed to a 
variety of sources. There are three main categories of 
activities which accumulates heavy metals namely; 
 
 
Natural activities   
 
The geo-chemical nature of rock formation and soil 
determines the level of heavy metals and also the various 
process of rock and soil weathering do help to expose the 
heavy metal which are buried in the earth crust. 
 
Traffic activities 
 
Automobile exhaust pollutes the environment by its 
emission of heavy metal such as lead. However lead with 
some gases react with the atmosphere and pollute rain 
water which finds its way into the water bed. 
 
 
Industrial activities 
 
The natural background level of heavy metal has 
increase due to anthropogenic activities such as 
industrial processing petroleum refinery and other 
industries. The industrial effluent may contain large 
concentration of heavy metal which may find them into air 
and water washed down by rain or transported around by 
wind from place to place as soon as they are released 
and also disposal of factory effluent into water bodies and 
on land increases the level of concentration of heavy 
metal. 
 
Sample collection 
 
 
Three sampling sites along the river were utilized for data 
collection. Each site was about   few   meters   from   the  
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other. The respective sampling sites were represented as 
S1, S2, and S3 while the respective water samples from 
the sites were represented as x1, x2 and x3 for each 
location then x4 as the control sample. 
 
 
 
Case study 
 
Ekpan River is a slow flowing river in the western Niger 
Delta. It is located in Delta State of Nigeria .it took its 
source from Utagba-Uno in Ndokwa LGA and flows to 
Agbarho, Warri through Ekpan from where it flows 
through the rain forest belt of Forcados and finally 
discharges into Atlantic Ocean. The river is 
characteristically turbid due to the various anthropogenic 
activities there such as farming ,sand dredging ,fish 
farming  etc. it serves as a major drainage channel for the 
area receiving domestic and treated industrial waste from 
Warri Refining and as well as other industries around 
Warri metropolis. 
 
 
Sampling technique 
 
 
Sampling for physical and chemical parameters 
 
A sterilized plastic container was employed in collecting 
the water samples. X1 water sample being the surface 
level was collected first, then X2 mid depth level of the 
water sample and lastly the X3 which happened to be the 
base level were also collected and each aquifer being 
collected 10 cm away from each aquifers. The same 
procedure was used in the different sampling point of the 
location. A specific volume of water was collected with a 
plastic container which has been earlier rinsed with 
acidified water. Immediately the samples were collected, 
in which some of the physical parameters were done on 
site before sealing up the plastic container to avoid 
contact with air. Each sample container was properly 
labelled with all the necessary details of the data on the 
container. The sample was then conveyed to the 
laboratory but was preserved on transportation in an ice 
chest and was stored at 4 degree Celsius in a refrigerator 
prior to chemical analysis. The samples were pretreated 
before final analysis. Same was done on the control 
water sample. 
 
 
 
 
Equipment/ method of analysis 
 
Heavy metals determination was done with their 
respective wavelength using Atomic Absorption 
Spectrophotometer (AAS). 

 
 
 
 
Determination of pH /Temperature (using pH meter) 
 
100ml of the sample was measured; using a conical 
flask, then the Ph. meter probe was rinsed with distilled 
water and cleaned. The probe was inserted into the 
sample, the ph meter was set on, the result was 
displaced and read from the screen then the program 
menu was switched to temperature and the result was 
also read and recorded. 
 
Determination of conductivity /TDS (Using 
conductivity Meter) 
 
100ml of the sample was measured and the conductivity 
meter probe was rinsed with distilled water and cleaned. 
The conductivity meter was set ON and the conductivity 
result was displayed and read from the screen. Then the 
programme menu was then switched to total dissolved 
solid (TDS) and the result was also read and recorded. 
 
Determination of turbidity (using turbid meter) 
 
The measurement bottle was filled to the mark with the 
sample; the lid was then covered so that the machine 
could read. The machine was set ON and read was 
pressed then the result was obtained and recorded. 
 
 
Determination of Lead, Zinc, Copper, Iron, Chromium, 
Cadmium 
 
The machine was calibrated to the standards of various 
metals.  The specific wavelength for each of the heavy 
metals was selected iron (248.3nm), zinc (213.8nm), cu 
(234.7nm), Pb (283.3nm), Cr (357.9nm), Na (589.0) and 
Cd (228.8nm). About 10-30ml of the sample was 
measured into a conical flask and the plastic conveyor 
from the machine was dipped into the sample .the 
conveyor hose pipe sucks the sample into the flour at the 
specific wavelength of the parameter to be measured. 
The process was repeated for each metal using their 
specific cathode lamps. 
 
 
Statistical analysis 
 
Statistical analysis of the data obtained was done using 
analysis of variance (ANOVA). The least significant 
difference was applied to show the mean difference at 
5% level of significances. 
 
 
RESULTS AND DISCUSSION 
 
 
The data are presented in form of figures, tables and 
charts and the results are analyzed using statistical tools  
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Table1: Results of physio-chemical properties and some heavy metal obtained from the water sample. 
  

 

 
 
 
 
 
 
 
 
 
 
Key note  
Note: <0.001 means below detection unit of equipment  
 
 

X1 Site A surface level  
X2 Site Amid depth  
X3  Site A base level  
X4 Site B surface level  
X5 Site B mid depth  
X6 Site B base level  
X7 Site C surface level  
X8 Site C mid depth  
X9 Site C base level  
X10 Control sample  

 
 

Table 2: Comparison of result of the water sample with allowable WHO limits. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Tables 1 and 2; Figures 1 to ). The physio-chemical and 
heavy metal parameter obtained from analysis of water 
samples from Ekpan River were presented in (Table 1). 
In all water samples, the PH values ranged between 7.05 
– 7.74 in which the maximum limit by WHO is 8.5. 
 
Temperature  
 
The temperature ranged between 27.6 – 29.6 which is 
below the acceptable limit being large out by WHO and 
it’s said to be uniformed. 

Turbidity  
 
The   level of turbidity in the sample was higher in all the 
three site locations in which it exceeded the WHO limit for 
turbidity. This may be linked to effluents and domestic 
wastes being discharged into Receptor Rivers and high 
increased sand dredging leading to high turbidity. 
 
Cadmium (cd): Cadmium was analysis in the sample in 
the different site location but the result obtained was 
below detection limit of the equipment used. The range of  

Parameters  X1 X2 X3 X4 X5 X6 X7 X8 X9 x10 
pH 6.78 6.85 6.94 7.03 7.12 7.28 7.33 7.47 7.56 7.74 
Temp(ºc) 26.5 27.1 26.3 27.5 28.3 27.9 28.7 27.1 29.2 29.6 
Tds/me 61.9 64.5 67.3 70.5 73.1 74.6 83.2 86.7 90.4 15.3 
Conc ( un 111.4 116.1 121.5 126.7 131.6 134.3 140.8 154.9 162.7 29.1 

Do (mg / l) 6.40 6.10 5.70 5.30 4.80 4.20 3.90 3.50 3.00 2.10 
Turbidity (N.T.U) 16.80 27.42 32.85 37.71 43.92 49.06 53.40 59.64 65.45 0.33 
Cl (mg/l) 8.37 9.54 10.23 13.22 15.63 16.58 18.62 20.92 22.48 3.11 
SO4

2 (mg/l) 1.06 1.25 1.47 2.13 2.37 2.61 3.08 3.28 3.51 0.1 
Na (mg/l) 0.26 0.32 0.45 0.53 0.64 0.71 0.83 0.95 0.98 0.12 
K(mg/l) 0.07 0.10 0.14 0.17 0.20 0.24 0.29 0.33 0.39 0.04 
Zn (mg/l) 0.211 0.219 0.232 0.264 0.277 0.280 0.292 0.312 0.326 0.097 
Pb (mg/l) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Cu (mg/l) 0.031 0.045 0.056 0.063 0.071 0.080 0.088 0.092 0.097 0.011 
Fe (mg/l) 0.124 0.135 0.143 0.157 0.169 0.174 0.189 0.195 0.201 0.030 
Cr (mg/l) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Cd (mg/l) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Parameters Surface level Mid depth  (2/3depth) level Base level Control WHO Allowable Limits 
Pb 7.05 7.15 2.26 7.74 6.5-85 
Temp (oc)  27.6 27.5 27.8 29.6 30.00 
TDs (mg/l) 71.8 74.77 77.4 15.3 500 
Conducting (U/cm) 126.3 134.2 139.5 29.1 400 
DO (mg/L 5.20 4.80 4.30 2.10 Nil 
Turbidity (N.T.U) 35.97 43.66 48.12 0.33 5 
CL- (Mg/L) 13.39 15.36 16.43 3.11 250 
SO42-(Mg/L) 2.09 2.30 2.53 0.17 10 
Na (Mg/L) 0.54 0.64 0.71 0.12 200 
K (Mg/L) 0.18 0.21 0.26 0.04 Nil 
Zn (Mg/L) 0.256 0.269 0.28 0.097 3 
Pb (Mg/L) 0.001 0.001 0.001 0.001 0.01 
CN (Mg/L) 0.061 0.069 0.078 0.011 1 
Fe (Mg/L) 0.157 0.166 0.173 0.039 0.3 
Cr (Mg/L) 0.001 0.001 0.001 0.001 0.005 
Cd (Mg/L) 0.001 0.003 0.003 0.001 0.003 
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Surface level  Mid depth 
level  

Base level  Control   

 
Figure1: Mean concentrations of the various levels. 

 
 
 

 
 

Figure 2: Mean concentration of the pH of the levels of the different site locations. 
 
Cadmium was between 0.001 in which the acceptable 
limit by WHO is 0.003. 

 
Chromium: The concentration of chromium was 
obtained in the water samples which were still below the 

detection limit of the equipment used. However was 
below the acceptable limit of the WHO (0.003).  
 
Iron: In addition to the iron was found in the water 
sample between 0.517, 0.166 and 0.173. However it 
below the maximum allowable limit   of   iron   present   in   
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Figure 3: Comparison of heavy metals in the water samples with WHO limit. 

 
 

 
 
Figure 4:  Mean concentration of Dissolved Oxygen (DO) in the levels. 

 
 
water which happen to be below WHO 0.3. 
 
 
Conclusion  
 
The result and analysis from the surface water sample 
gotten from the Ekpan river had in all the trace elements 
tasted in line with World Health organization (WHO) 

recommended Standard. The levels of heavy metal 
detected in the water sample were lower than that of the 
maximum acceptable limit except but a few which happen 
to be turbid with a greater level which is far above the 
maximum acceptable limit. Analysis of variable shows 
that there is no significant difference in the heavy metal 
concentrations in the water samples collected from the 
Ekpan River in community. The  level   of   heavy   metals  
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namely cadmium, chromium, copper, iron, and lead 
analysis in the river were generally below W.H.O 
standards recommend for surface water, which is not a 
well indication of polluted water. Generally, the results of 
this study show that the level of turbidity determined was 
higher than the WHO standard as a result of the ongoing 
activities in the site location. 
 
 
Recommendations 
 
The following recommendations if strictly complied with 
will help to control the discharge of waste effluent into the 
stream or river:   
 
(i) It is recommended that the state environmental 
protection Agency should periodically test the effluents 
from the -industries, which are deposited on the 
environment to ascertain their toxicity level. 
(ii) State Environmental protection agency should 
periodically test these water bodies that are used by the 
period to ascertain their pollution index. 
(iii) The pollution levels in these water bodies should be 
checked to keep away water before disease and 
outbreak of epidemics. 
(iv) Host communities should be encouraged to report 
any untreated waste effluent discharge in the stream. 
(v) Health educational programmes should be introduced 
to instruct users of the dangers of drinking or coming in 
contact with contaminated water. 
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