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Abstract Nigeria is one of the most populated black
nation in the world with a population of about 170 million.
Over the years, potable water source which is one of the
basic essential requirements for healthy living has been
challenging due to inadequate controlled anthropogenic
activities and by lesser extent natural conditions. This
paper reviews the various potable water sources, heavy
metal concentration, and its associated health effects in
Nigeria. The study found that surface water such as stream,
river, lake; ground water including borehole and hand-dug
well; rain water; and packaged water such as bottled and
sachet are the major source of potable water. The dominant
heavy metals found in potable water include iron, zinc,
copper, chromium, lead, and manganese. The concentra-
tion of heavy metals like mercury, lead, cadmium, iron,
cobalt, manganese, chromium, nickel, zinc, and copper
often exceed the maximum permissible limit recommended
by standard organization of Nigeria and World Health
Organization. The concentration of heavy metals fluctuates
in most states/geographical coverage depending on the type
of potable water sources. To a large extent,
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industrialization causes heavy metals concentration to
exceed the permissible limits. The high concentration
reported in most locations could cause various disease
conditions depending on the type of metal and level of
exposure. This study also suggest possible treatment and
mitigating measures to avoid such harmful effects.
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Introduction

Due to massive growth of population, industries, and urban
infrastructures in Nigeria, an upsurge has occurred in
environmental degradation. The discharge of wastewater
from industries has led to a decline in potable water
resource (Mogborukor 2012). Now efforts are being made
by Nigerian Government to improve the environmental
condition of the country especially to control the industrial
pollution (Ebiare and Zejiao 2010). Water pollution occurs
either by natural processes such as weathering, decompo-
sition of plants and animals remains or anthropogenic
activities such as untreated wastewater discharge from
agriculture, industries etc. Moreover, pressure on water
resource is a major challenge for supplying safe drinking
water to the community. According to Izah and Ineyougha
(2015) and Kolo and Waziri (2012), potable water for
human consumption must be free from any kind of
chemical and microbial contaminants. Typically, the
quality of water bodies differs depending on the location
and environmental factors (Hosseinifard and Aminiyan
2015).

In Nigeria, most potable water sources get contaminated
through anthropogenic activities. For instance, effluents of
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manufacturing industries such as mining (Miller et al.
2004), textile, metal, dying chemicals, fertilizers, pesti-
cides, cement, petrochemical, energy and power, leather,
sugar processing, construction, steel, engineering, food
processing etc. typically contain several types of toxic
elements (Idris et al. 2013) that could contaminate the
nearby surface water during runoff after rainfall. Surface
water act as dump site in some communities aligning sur-
face water (rivers, creeks) in Bayelsa state, central Niger
Delta (Agedah et al. 2015). The discharge of untreated
effluents may increase the concentration of heavy metals in
the surface water systems. In Nigeria, increasing water
pollution is found due to the discharge of sewage as well as
waste materials into water bodies and its adverse impact
have been observed on the health of flora and fauna
(Galadima et al. 2011).

Water pollution has become one of the greatest chal-
lenge to Nigeria especially in rural areas with low income
(Muta’aHellandendu 2012). Anthropogenic inputs are more
substantial than natural sources to alter the natural flow
biogeochemical cycles (Omotoriogun et al. 2012). Intake
of water without proper sanitation has been recognized as
the leading cause of water-borne diseases. Heavy metals
found in several potable water sources are due the natural
and anthropogenic activities and are toxic to both health
and environment at concentration (Oehmen et al. 2006;
Burke et al. 2011) above the permissible guideline.

Metals which have >5 cm® specific gravity are known
as heavy metals (Idris et al. 2013). Heavy metals’ moni-
toring in potable water sources has been a serious concern
to environmental scientists in recent times (Muhammad
et al. 2011). Common heavy metals found in effluents are
iron, manganese, copper, lead, cadmium, chromium, mer-
cury, cobalt, nickel etc. (Musa et al. 2013; Muhammad
et al. 2011; Kelepertzis 2014). These heavy metals in water
are toxic even at very low concentration and can accu-
mulate in the human body (Elinge et al. 2011) depending
on the type. These heavy metals have some adverse effects
on the living beings when they exceed permissible limit in
potable water sources.

Typically, heavy metals in water cannot be degraded
easily due to their complex bioaccumulation properties
(Idris et al. 2013). Mercury, lead, zinc, cadmium, iron,
cobalt, manganese, and chromium are quietly studied and
reported in the potable water sources of Nigeria (Elinge
et al. 2011). When humans are exposed to heavy metals
above the permissible limits, disease conditions may occur.
According to Kolo and Waziri (2012), heavy metals are
very toxic and are mostly carcinogenic in nature because of
their ability to accumulate in visual and sensory organs.
They also possess the tendency to affect the tissue and
other organs and cause various types of diseases including
cancer. For instance, a recent review by Izah and Srivastav
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(2015) shows that arsenic could cause several diseases
including cardiovascular, hematological, neurological,
respiratory, gastrointestinal and birth disorders, dermatitis,
and cancer on exposure.

Therefore, this study provides an outlook about the
heavy metal contamination in the aquatic resources of
Nigeria. Potential health hazards on human beings associ-
ated with the drinking water consumption with reference to
Standard Organization of Nigeria, SON (2007) and World
Health Organization, WHO (2011), and their remedial
measures are also discussed. Likewise suggestions are
given to reduce the negative health impacts on society
regarding heavy metal contamination of drinking water.

Potable Water Sources in Nigeria

The demand for drinking water is increasing due to pop-
ulation growth. Around 50 % Nigerian suffers from huge
scarcity of potable water (Galadima et al. 2011), which
implies that about 80 million Nigerian are at risk of water-
related issues. Water which is a vital resource for humans
utilized in diverse means including domestic and drinking
purposes comes from various sources such as ponds,
streams, rivers (surface water), borehole, and shallow wells
(groundwater), hence monitoring is important (Ebiare and
Zejiao 2010). Fresh water is only recommended safe for
human consumptions because it fits with the regulatory
guidelines of WHO and SON. SON is the regulatory body
who approves the standards of water quality in Nigeria for
drinking purpose. However, 75 % of all fresh water are
present in the form of glaciers and ice caps, 24 % are found
in groundwater, and 1 % found in lakes, rivers, soils
(Elinge et al. 2011). Apart from drinking, fresh water is
also required for other domestic, industrial, and agricultural
applications and which can be obtained mainly from lakes,
streams, rivers, wells, taps, boreholes etc. or from under-
ground water reservoirs (Galadima et al. 2011; Eruola and
Adedokun 2012).

Ground Water

Groundwater serves as the most significant source of
drinking water and provides about 50 % potable water
around the globe (Afolabi et al. 2012). Groundwater is also
the source of wells, boreholes, and springs water (Ukpong
and Okon 2013). Groundwater occurring as borehole water
is mostly found in urban areas. Similarly, well water from
the ground directly are gathered during raining season from
roof of building and transported to underground tank is also
potable water sources in some region of Nigeria especially
during the dry season. However, the borehole which is
pumped out using submergible pump is the most source of
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groundwater supply. Other groundwater supply such as
well water take preference when borehole water avail-
ability is scarce especially in rural areas.

Groundwater has been indiscriminately exploited for
domestic, agricultural as well as industrial uses (Musa et al.
2013). Generally, groundwater is considered free from any
contamination, but due to the anthropogenic and natural
conditions, the quality is being declined (Musa and Aha-
nonu 2013). However, it is believed that groundwater is
more clean than surface water because of the natural
purification properties of the soil (Oludare and Sikiru 2012;
Adefemi 2013). Typically, ground water contamination
takes place through discharge of industrial effluent on soil
(Musa and Ahanonu 2013). Groundwater may also be
contaminated by soil erosion through water runoff into
streams or leaching processes (Adegbola and Adewoye
2012).

The degree of groundwater contamination depends on
the size of affected area, concentration, solubility, toxicity,
and density of the contaminant. Rainfall pattern, water
table depth, rate of filtration, rocks, and hydraulic features
of the soils such as texture and structure are also regula-
tory factors for the groundwater contamination level
(Musa and Ahanonu 2013). In Nigeria, borehole is a major
source of drinking water for the people. Therefore most
sub-Saharan people (Africa) health could be affected by
toxic heavy metals present in groundwater (Kolo and
Waziri 2012).

Surface water

Normally, water sources such as rivers, streams, ponds, and
lakes are often termed as the surface water reservoir. These
surface water sources are potable water supplies especially
in area where groundwater such as borehole is lacking or
inadequate. Water quality problem has been linked to water
crisis in many countries (Chukwuma et al. 2013). Nigeria is
blessed to have good numbers of rivers, creeks, ponds, and
lakes available in the country (Agedah et al. 2015). Due to
urbanization, may people have migrated to the urban areas
from the rural regions in search of better source of liveli-
hood. Besides human, pollutants of surface water may
affect the fish and other aquatic organisms present therein
(Dabai et al. 2013).

Rain Water

Rain water is the purest form of natural water and it is an
alternative source of potable water supply for huge Nige-
rian population due to inadequate sources of groundwater
supply especially in rural areas (Ubuoh et al. 2012;
Chukwuma et al. 2013) depending on geographical loca-
tion. However, rain water contains weak carbonic acid due

to dissolution of atmospheric carbon dioxide during rainfall
(Chinedu et al. 2011). Like other sources of fresh water,
rainwater which is harvested as roof catchment is also used
for domestic, agricultural, industrial, and environmental
purposes (Chukwuma et al. 2013). Due to the presence of
weak acids that rain water may contain, its consumption
have decline even among the rural dwellers.

Packaged Water

Packaged water are usually supplied in the form of bottled
and sachet water. About 70 % of Nigerians consume sachet
water, because it is affordable and easily available
(Oguntona et al. 2012). This implies that over 120 million
Nigerian consumes sachet water. Bottled water is also
available, however, consumed by relatively lesser per-
centage of the Nigerian population. The water packaging
business has become a profitable venture. Typically some
manufacturing industries are responsible for water pollu-
tion, when their factory is located adjacent to groundwater
sources such as borehole (Oguntona et al. 2012).

Sources of Heavy Metal Pollutant
in Potable Water in Nigeria

Heavy metals are metallic elements that have relatively
high atomic weight and are poisonous even at low con-
centrations (Butu and Iguisi 2013). Heavy metals may
contaminate the drinking water sources through natural or
anthropogenic activities. Foroughi et al. (2011) reported
that heavy metals enter into the environment through
emissions from the industries like electroplating, metal
finishing, textile, storage batteries, lead smelting, mining,
plating, ceramic, and glass industries. According to
Azizullah et al. (2011) and Khan et al. (2013), heavy metals
have been major contaminants of surface and groundwater
through several human activities like large-scale use of
chemicals in agriculture and improper disposal of industrial
and municipal wastes as well. In automobile industries,
bearing wear, engine part, brake emission (David et al.
2013), and mining process are among the major sources of
copper in environment. Idris et al. (2013) reported that
pharmaceutical and personal care product’s industries are
also releasing adequate effluents without treatment which
contain recalcitrant substances such as antibiotics, anti-
epileptics, tranquilizers etc into the environment. Muham-
mad et al. (2014) stated that mining activities have also
accounted for heavy metal contamination with diverse
concentrations in potable water resources of Nigeria espe-
cially in Northern region. According to Butu and Iguisi
(2013), rivers flowing through the populated areas are
highly vulnerable to heavy metal pollution due to
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urbanization and industrialization activities. Also geologic
process could also be a major contributor.

Heavy Metal Concentration in Potable Water
in Nigeria and WHO, SON, and USEPA Limits

Heavy metals are basically classified into essential and
non-essential based on their biological functions. Essential
heavy metals including iron, zinc, copper, chromium,
cobalt, and manganese (Prashanth et al. 2015) are required
by human health at concentration which could be beneficial
to the body metabolites (Table 1). According to Prashanth
et al. (2015), the daily requirement of essential heavy
metals include 2-5 mg/day (manganese), 0.005 mg/day
(chromium), 0.0001 mg/day (cobalt), 15-20 mg/day of
which 99 % is found intracellularlly and 1 % in the plasma
(zinc), 1-2 mg/day of which 75 % is found in the blood
and the rest 25 % in the bone marrow, liver etc. (iron) and
2-5 mg/day of which 50 % is absorbed from the gas-
trointestinal tracks (copper). Generally, these essential
trace elements are taken in indirectly through consumption
of different types of food products. Non-essential heavy
metals that are commonly found in potable water include
cadmium, lead, nickel, and mercury. However, at a con-
centration above the threshold limit thus exceeding the
permissible limit for potable water as stipulated by SON
and WHO such water could be detrimental to the organ/
tissues of the body. Duru et al. (2012) stated that heavy
metal’s concentration above permissible limits are gener-
ally not safe for human consumption.

Heavy metals have been reported in drinking water
sources in Nigeria. This section of the paper discusses the
concentration of frequently reported heavy metals in
potable water sources in Nigeria as well as the regulatory
limit specified by WHO, SON, and USEPA. Table 2 shows
the level of heavy metals that have been reported in
potable water sources in Nigeria. However, in Nigeria
heavy metals found in potable water sources often exceed
the concentration recommended by SON, USEPA, and
WHO (Table 3).

Iron

Iron is found in natural fresh water, though at a low con-
centration. The presence of iron in water enhances the
growth of iron reducing bacteria that aid in the conversion
of iron II to Iron III via oxidation (WHO 2011). The level
of iron recommended is 0.3 mg/l (WHO) (Azizullah et al.
2011), 0.3 mg/l (SON), and 0.02 mg/l1 (EU) (Table 3). Iron
level have also been found to exceed the maximum per-
missible limit prescribed by SON in the potable water
sources across the country such as the surface water of Imo
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state (Duru et al. 2012), ground and surface water at
Ebonyi (Afiukwa 2013), stream at Abia (Eze and Mad-
umere 2012) etc. Similarly, Northern Nigeria have been
reported with high iron concentration in different
potable water sources such as sachet water in Kano (Uwah
et al. 2014), borehole water in Kebbi (Elinge et al. 2011),
surface water in Sokoto (Dabai et al. 2013), well and
stream water in Kogi (Musa et al. 2013) etc. Southern part
of Nigeria is also suffering with high iron concentration
problems which has been reported by various authors in
rain, surface as well as ground waters (Ohimain et al. 2013;
Nwankwoala et al. 2011; Ubuoh et al. 2012; Uffia et al.
2013; Ukpong and Okon 2013; Olorunfemi et al. 2013;
Omotoriogun et al. 2012). However, iron in potable water
sources ranged from 0.00 to 43.09 mg/l, the highest con-
centration was recorded in groundwater of Bayelsa state.
Generally, iron concentration is higher in South—south
region as compared to other geographical locations. High
iron in water sources in the Niger Delta has been attributed
to the geology of the area. Ocheri et al. (2014) reported that
the geology of the environment is the main factor con-
trolling groundwater hydrology.

Copper

The permissible of copper limit is 1 mg/l (SON) and 2 mg/
1 (EU and WHO) (Table 3). High concentration of copper
in potable water could give rise to taste. Copper concen-
tration in potable water sources in Nigeria is considerably
high in some states. Sachet water in Lagos state (Oguntona
et al. 2012), ground water in Lagos (Akoteyon 2012),
ground/surface water in Osun (Ayantobo et al. 2014), and
surface water in cross rivers state (Ekpo et al. 2013a, b)
have found to have greater concentrations of copper.
However, water sources such as rain, well, surface, and
ground waters of various states including Kebbi (Elinge
et al. 2011), Kano (Uwah et al. 2014), Anambra (Chuk-
wuma et al. 2013), Abia (Eze and Madumere 2012), Imo
(Duru et al. 2012), Edo (Olorunfemi et al. 2013; Omoto-
riogun et al. 2012), Akwa Ibom (Ukpong and Okon 2013),
Ogun (Anake et al. 2014), Oyo (Adegbola and Adewoye
2012; Akinyemi et al. 2014), and Bayelsa (Ohimain et al.
2013; Agbalagba et al. 2011) are found safe in terms of
copper concentration. Generally, copper concentration
were in the order; South-west > South—south > Northern
region > south-east. Again, the high concentration occur-
red in groundwater, hand-dug well, and surface water. The
source of copper in water in Lagos is due to the industrial
activities near to the potable water source. High concen-
tration in surface water may be due to runoff. However, the
copper concentration in potable water sources ranged from
0.00 to 8.71 mg/l. The highest concentration was recorded
in ground water in Lagos state.
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Table 1 Beneficial biological functions of some essential heavy metals to human body

Essential
heavy metal

Function

References

Iron

Zinc

Copper

Manganese

Cobalt

Chromium

Participates in several biochemical/metabolic processes including oxygen transport,
deoxyribonucleic acid synthesis, electron transport chain, and regulation of cell
growth and differentiation

Physiological functions, and formation of hemoglobin, transferrin, ferritin, and some
iron-containing enzymes

Essential for taste acuity, prostaglandin production, bone mineralization, proper
thyroid function, blood clotting, cognitive functions, fetal growth, and sperm
production

Essential for wound healing, immune system function

Essential for cell growth, development, differentiation, homeostasis, connective tissue
growth and maintenance, DNA synthesis, RNA transcription, cell division, and cell
activation

Essential regulatory, catalytic, co-catalytic and structural roles in enzyme molecules

The function of zinc in cells and tissues is dependent on metalloproteinase and these
enzymes are related to reproductive, neurological, immune, dermatological systems,
and gastrointestinal track

Regulation of body fluid pH, formation of collagen for hair, skin for nails growth,
enhancement of mental development, and sexual functions such as prostate
functioning and secretion of testosterone

Vital for normal spermatogenesis and maturation, genomic integrity of sperm, for
normal organogenesis, proper functioning of neurotransmitters, proper development
of thymus, proper epithelialization in taste sensation, and secretion of pancreas and
gastric enzymes

Normal iron metabolism and the formation of red blood cells (hemoglobin) synthesis,
connective tissue metabolism, and bone development

Cell metabolism, and is a part of various enzymes such as tyrosinase, uricase, and
cytochrome oxidase

Vital for variety of biological processes including embryonic development,
mitochondrial respiration, regulation of hemoglobin levels as well as hepatocyte and
neuronal functions

Vital for maintaining the strength of the skin, blood vessels, epithelial; production of
myelin, melanin, and effective functioning of the thyroid gland; antioxidant
(scavenges or neutralize free radicals and may minimize or help avert some of the
damage they cause) and a pro-oxidant

Vital for the activation of enzyme and as a component of metalloenzymes

Essential for oxidative phosphorylation, fatty acids and cholesterol metabolism,
mucopolysaccharide metabolism

Essential for in methionine metabolism where it controls the transfer of enzymes such
as homocysteine methyltransferase

Biosynthesis of glucose tolerance factor

Lieu et al. (2002), Abbaspour et al.
(2014) and Beard (2001)

Sevcikova et al. (2011)

Chasapis et al. (2012)

Chasapis et al. (2012), Osredkar and
Sustar (2011) and Prashanth et al.
(2015)

Chasapis et al. (2012) and Osredkar and
Sustar (2011)

Nriagu 2007, Roohani et al. (2013),
Chasapis et al. (2012) and Osredkar
and Sustar (2011)

Prashanth et al. (2015)

Bhowmik et al. (2010) and Chasapis
et al. (2012)

Watson (1998) and Prashanth et al.
(2015)

Angelova et al. (2011), Prashanth et al.
(2015) and Osredkar and Sustar (2011)

Prashanth et al. (2015)

Krupanidhi et al. (2008)

Osredkar and Sustar (2011)

Prashanth et al. (2015)

Rehnberg et al. (1982) cited in Prashanth
et al. (2015)

Prashanth et al. (2015)

Prashanth et al. (2015)

Copper is one of the vital substance to human life in
trace concentration (Muhammad et al. 2014; de Namor
et al. 2012), but its high concentration is lethal for living
beings. Copper also enters drinking water through corro-
sion by the copper leaching pipe used in the supply/dis-
tribution of water to the homes (WHO 2011).

Mercury

Mercury is one of the harmful metals that is not need in
water. WHO and SON standards for mercury concentration
in drinking water is 0.001 mg/l, while EU permissible limit
is 0.006 mg/l (Table 3). Mercury concentrations in
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potable water sources in Nigeria have been scantly repor-
ted. However, Dabai et al. (2013) have reported mercury in
drinking water source in Sokoto state, North West at a
concentration of 2.85 mg/l, while Ohimain et al. (2013)
have reported at concentration of <0.01 in ground water in
Bayelsa state, South—South. However, in Bayelsa, a con-
centration of 0.07-0.78 mg/l has been detected in some
part of the state (Nwankwoala et al. 2011). The concen-
tration in the surface water may be due to runoff resulting
from improper discharge of waste material containing
mercury.

Mercury is used not only in thermometers, dental filling,
batteries, but also used in producing chlorine gas and
caustic soda (Muhammad et al. 2014). Generally, mercury
enters the environment through mining activities, industries
that uses mercury, and combustion of coal, volcanicity, and
toxic waste disposal. It can accumulate in the human body
and create lethal problems to the life.

Cadmium

The concentration of cadmium recommended is 0.003 mg/1
(SON, WHO) and 0.005 mg/l (EU) (Table 3). The con-
centrations of cadmium in most potable source of water
were observed higher than the permissible limit. However,
the level of cadmium in drinking water in Nigeria ranged
from 0.00 to 1.481 mg/l. The highest concentration was
recorded in river in Adamawa state. The trend of cadmium
was similar in all geographical location of the country but
varies according source of water. Typically, during indus-
trial activities, cadmium enters to the soil and can con-
taminate the ground water and surface water through the
runoff after rain.

Generally, each of the heavy metals that are found in
potable water sources in Nigeria including essential and
non-essential are found in their elemental form. Cadmium
is being used in the steel and plastics industries. Cadmium
is released into the environment released by extractions of
zinc, lead, and copper as well as from other sources like use
of pesticides (Muhammad et al. 2014), tyre wear, fuel
combustion, and batteries (David et al. 2013; Omotoriogun
et al. 2012).

Chromium

Chromium is one of the most naturally existing element in
the earth crust. For drinking water SON, EU, WHO
described its maximum allowable concentration at
0.05 mg/L (Table 3). Potable water with high chromium
found in Nigeria states includes sachet water in Lagos
(Oguntona et al. 2012), rivers in Oyo (Akinyemi et al.
2014), surface/ground water in Osun (Ayantobo et al.
2014), ground water in Akwa Ibom (Uffia et al. 2013),

Edo (Olorunfemi et al. 2013), surface water in cross
Rivers (Ekpo et al. 2013a, b), river and well in Delta
(Nduka, and Orisakwe 2009), well in Delta (Mogborukor
2012), ground and surface water in Ebonyi (Afiukwa
2013), river in Nasarawa (Adewumi et al. 2014b), bore-
hole in Kebbi (Elinge et al. 2011), surface water in Sokoto
(Dabai et al. 2013), and borehole in Borno (Kolo and
Waziri 2012) etc. The concentration of chromium in
Nigeria potable water sources ranged from 0.00 to
34.80 mg/l. However, the highest concentration was
found in ground/surface water in Osun state, which
authors attributes to industrial activities such as mining.
Generally, the occurrence of chromium in potable water
sources shows similar trend across the various geograph-
ical location according to the source of the water. Higher
concentration occasionally observed across the various
potable water sources could be due to anthropogenic
activities close to the source of such water.

Chromium occurs in free-state as a mineral in several
oxidative form (Muhammad et al. 2014). Sevcikova et al.
(2011) reported the most common biologically essential
oxidative state of chromium are trivalent (Cr III) and
hexavalent (Cr VI). Chromium enters in the water through
the discharge of effluent water containing chromium
including tanning, electroplating, pigment production,
refractory technologies (de Namor et al. 2012), fer-
rochrome production etc.

Lead

When lead is ingested by human they are mostly removed
through urination (Adegbola and Adewoye 2012) but in
children, it could wreak havoc and making them more
vulnerable than adult (Muhammad et al. 2014). The safe
standard set by WHO, SON, and EU for lead in drinking
water is 0.01 mg/L (Table 3). Its concentration is reported
from 0.00 to 33.50 mg/l in drinking water sources (surface
and ground water and packaged water) (Table 2). Besides
Sachet and bottle water in Delta state (Akpoborie and
Ehwarimo 2012), river in Delta state (Wogu and Okaka
2011), well borehole and stream in Kogi state (Musa et al.
2013), stream in Ekiti (Adefemi 2013), ground water in
Abia (Adindu et al. 2012), ground water in Bayelsa state
(Ohimain et al. 2013), rain water in Anambra (Chukwuma
et al. 2013), it was generally above the permissible limit
(Table 3). The concentration of lead shows similar trend
according to the water source in all the geographical
locations. Higher concentration occurred in areas with high
industrial activities such as quarry, sewage disposal system.

Lead is a bluish-gray metal present as a trace element in
the earth’s crust and mainly comes into the environment
through the combustion of fossil fuels (Omotoriogun et al.
2012; Muhammad et al. 2014), mining, and manufacturing
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Table 3 Guideline for drinking water quality

Limits Fe Zn Cd Cr Pb Hg Cu Co Ni Mn References

SON 0.3 3 0.003 0.05 0.01 0.001 1 - 0.02 0.2 SON (2007)

WHO - - 0.003 0.05 0.01 0.006 2 - 0.07 - WHO (2011)

WHO 0.3 3 0.003 0.05 0.01 0.001 2 - 0.02 0.5 Azizullah et al. (2011)
European Union (EU) 0.2 0.02 0.005 0.05 0.01 0.001 2 - 0.02 0.05 Lenntech (2014)
industries (Muhammad et al. 2014) such as paint and lea- Nickel

ded gasoline (Adegbola and Adewoye 2012), tyre wear,
lubricating oil, grease (David et al. 2013), batteries pro-
duction and ceramics (Butu and Bichi 2013), remains of
batteries, cosmetics, medicine/pharmaceutical, food sup-
plements etc. The high concentration is also attributable to
anthropogenic activities especially petroleum products
(i.e., sales, spill and combustion), mining activities, and
paint making.

Manganese

The concentration of manganese in potable water sources in
Nigeria ranged from 0.00 to 30.0 mg/l. The permissible
limit for manganese is 0.5 mg/l (WHO) (Azizullah et al.
2011), 0.05 (EU), and 0.2 mg/1 (SON) (Table 3). Generally,
a concentration of manganese (>0.1 mg/l) could be detri-
mental to the taste of the water resulting to an impact in the
use of the water in beverages and laundry (WHO 2011).
However, high concentration of manganese has been
reported in the groundwater of Lagos (Akoteyon 2012; Uffia
et al. 2013), river waters of Ondo and Nasarawa (Adewumi
et al. 2014b), wells of Ekiti (Adefemi 2013), rainwater
(Ubuoh et al. 2012), borehole in Bayelsa (Ohwo and Abo-
tutu 2014), surface and ground waters of Ebonyi (Afiukwa
2013), rive/dam in Ondo (Oyhakilome et al. 2012), surface
water in Akwa Ibom (Denise et al. 2014), ground water in
Bayelsa (Nwankwoala et al. 2011), ground water in Ada-
mawa (Hong et al. 2013), etc. The highest concentration was
found in ground water in Lagos state. Manganese is found in
the Earth’s crust, and most likely associated with iron
(WHO 2011; Nwaichi et al. 2013).

Manganese trend was similar in all the geographical
locations according to the water type. The extreme high
concentration is attributed to anthropogenic activities close
to such water source. Typically, manganese occurs natu-
rally with iron and is used as an oxidant for cleaning,
bleaching, disinfection process, and in the production of
iron and steel alloys (WHO 2011). Manganese can exist in
eleven oxidative states with low concentrations (0.02 mg/1)
(Shortt et al. 2003; Nwaichi et al. 2013). It enters into
potable water source through both natural and man-made
activities. Unsustainable discharge of wastes could be due
to the source of manganese in the surface water.

@ Springer

Nickel enters into the human body through inhalation,
water and food consumption, and its high concentration
may pose threat to human health. The permissible guide-
line for nickel in drinking water is 0.02 mg/L (WHO)
(Azizullah et al. 2011), SON, EU, and WHO (2011) stated
a higher concentration of 0.07 mg/l (Table 3). Generally,
the level of nickel in potable water source in Nigeria
ranged from 0.0 to 9.6 mg/l. The concentration is high in
most states that nickel have been reported. Nickel con-
centration is found highest in some states including well,
borehole, and surface water of Lagos (Afolabi et al. 2012),
well, borehole, sachet, and bottled waters of Ogun (Amori
et al. 2013; Anake et al. 2014), rivers of in Ondo, Oyo,
Nasarawa (Adewumi et al. 2014a, b; Akinyemi et al.
2014), ground and surface waters of Osun (Ayantobo et al.
2014), surface water of Edo (Omotoriogun et al. 2012),
and borehole of Kebbi (Elinge et al. 2011) etc. (Table 2).
Like most other heavy metals, the concentration of nickel
show similar trend among the various geographical loca-
tions. However, the occasional increase in nickel concen-
tration could be attributed to human interference such as
mining activities.

Nickel is mostly used in stainless steel and nickel alloys
production companies. Elemental nickel and its compounds
are noxious agent and used in industries, known to have
adverse effects for individuals (Boustani et al. 2012).
Major sources are diesel and gasoline, lubricating oil, and
brake emission (David et al. 2013).

Zinc

Zinc is one essential element of human body, and it can
exist in nature either independently or as the oxide of other
compounds. Regulatory bodies have recommended per-
missible limits for zinc as 3 mg/L (WHO) (Azizullah et al.
2011), SON, while EU gave a stricter limit of 0.02 mg/l
(Table 3). Zinc concentration was detected about 3—5 mg/I,
a severe taste as well as opalescent and greasy film may
develop upon heating (WHO 2011). Zinc is a commonly
reached to water through leaching. The concentration of
zinc from drinking water sources in Nigeria have been
reported in the range of 0.00-55.18 mg/l. Only few places
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such as sachet waters of Lagos (Oguntona et al. 2012),
ground water (Akoteyon 2012), and surface water in Cross
River (Ekpo et al. 2013a, b) were found contaminated with
zinc based on the limit specified by WHO and SON. But
highly contaminated based on the EU permissible limit.
The higher concentration of Zinc in the water could be due
to leaching effects from several sources. The zinc con-
centration appears to be same trend for different
potable water sources across the various geographical
locations in Nigeria. However, concentration above the
permissible limits for various water sources could be due to
discharge from anthropogenic affects.

Cobalt

Cobalt is one of the heavy metal found in potable water
sources of Nigeria. Like other metals, high concentration of
cobalt is also toxic to human beings. However, Oguntona
et al. (2012) reported 1.6 mg/l of cobalt in sachet water of
Lagos state. No maximum permissible limit has been set
for cobalt by SON, WHO, and EU. In some of the
potable water sources, cobalt concentrations have been
reported in borehole of Kebbi (Elinge et al. 2011), river
water of Nasarawa (Adewumi et al. 2014b), ground and
surface waters of Ebonyi (Afiukwa, 2013), and river waters
of Ondo (Adewumi et al. 2014a) etc. (Table 2). Cobalt
enters the water through combustion of coal or oil and use
of cobalt-related chemicals. Based on geographical cover-
age, cobalt shows similar trend in various potable water
sources and occasional increase may be due to industrial
activities.

Most of the heavy metals evaluated in the drinking
water sources such as packaged, surface, and groundwater
display a wide disparity between the heavy metal concen-
tration and their permissible limit guideline like WHO and
SON. The concentration of the heavy metals fluctuates
among the various states of the federation and geographical
coverage, with most metals exceeding far beyond the limit.

The high heavy metal found in potable water sources have
been widely attributed to anthropogenic activities including
disposal of industrial, municipal, and domestic wastes
(Azizullah et al. 2011) and other industrial activities.

Generally, the high concentration of heavy metals could
be detrimental to both human life as well as to the envi-
ronment. Table 4 presents some of the negative impact of
heavy metals, and the effects may be directly or indirectly
affect human.

Heavy Metals Pollution in Potable Water
in Nigeria and its Effects on Human

Water plays an essential role in supporting life and has the
tendency of spreading diseases following contamination
(Omotoriogun et al. 2012). Heavy metals such as lead,
mercury, cadmium etc. are very toxic and have been
reported in potable water sources in Nigeria. Generally,
heavy metals may become hazardous when their concen-
tration exceeds the permissible limit (Elinge et al. 2011).
Drinking water supply is one of the vital resource for the
sustenance of a healthy life (Elinge et al. 2011). Most of the
drinking water sources contain heavy metals and have
crossed the permissible limits prescribed by SON.

The presence of heavy metal in potable water more than
desirable limits can cause damage even at cellular level
through the production of dangerous free radicals inside the
body. These free radicals can cause diseases such as can-
cer, damaged to mental, immune system and central ner-
vous function, intestinal tract, lower energy levels, and
damage to blood composition, lungs, kidneys, liver, and
other essential organs (Oguntona et al. 2012; Erah et al.
2002). Other acute human health symptoms include skin
rashes, vomiting, dizziness, birth defects, and sometimes
death (Erah et al. 2002). Moreover, redox active metals
may undergo redox cycling reactions due to their ability to
produce reactive radicals including superoxide anion

Table 4 Some common harmful effects of heavy metals on biological diversity and water use

Indicators Effects
Living Cause mutation leading to chromosomal changes
organisms Disruption of cell mechanisms due to empathy with amino acids, proteins, and even carboxylic acids
Bio-accumulate in the body and organs of biological diversity
Hinder respiration in aquatic organisms such as fishes through the precipitation of mucous secretion
Water use In obstruct the use of water for critical domestic and industrial uses
Excess heavy metals on long-time exposure could affect atmospheric oxygen, contaminate and affect aquatic biota
Cost Treatment of water with heavy metal could pose extra cost on the products in which water is used for
effectiveness

of several products

High cost of treating water containing heavy metals could lead to high price of good and service since is used in the production
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radical and nitric oxide in biological systems. Other
numerous diseases like cancer, cardiovascular, diabetes,
atherosclerosis, neurological disorders, chronic inflamma-
tion are linked with high heavy metal concentrations (Jo-
mova and Valko 2011). In addition, muscles cramp,
vomiting, pain, sweating, headache, suffocation, speaking
problems, convulsions, nervousness, emotional instability,
insomnia, nausea, lethargy, and ill filling could also be
caused due to heavy metal toxicity (Oguntona et al. 2012).
There is also a possibility of gastrointestinal tract problems
due to the exposure of heavy metal-contaminated food as
well as water (Maduabuchi et al. 2007). Rowel (2012)
stated that the exposure to heavy metals, such as lead,
mercury, copper, cadmium, and chromium, could cause
cardiovascular disease, certain types of cancers, develop-
mental defects in children, and neurological effects such as
memory loss and behavioral changes.

Heavy metals are harmful to the human body because
they can accumulate inside the body and may create lethal
problems even at low concentration. These effects may be
carcinogenic, teratogenic, phytotoxic, or synergistic. Trace
metal concentration can also lead to damage of cell
membrane by interfering with cytoplasmic and nuclear
functions (Chinedu et al. 2011). According to Oguntona
et al. (2012), the chronic symptoms of heavy metal toxicity
may take several months or years to develop. Table 5
presents the adverse human health symptoms heavy metals
present in drinking water.

Low concentrations of iron are necessary for human
body, because its deficiency could lead to anemia, causing
tiredness, headaches, and loss of concentration (Muham-
mad et al. 2014). However, a concentration above the
permissible limit may lead to adverse health problem of
gastrointestinal irritation (Musa et al. 2013). High con-
centration of iron could cause conjunctivitis, choroiditis,
and retinitis, and chronic inhalation could lead to benign
pneumoconiosis (Lenntech 2014).

Mercury is highly toxic to life when consumed by
human through the intake of contaminated water or food
(Muhammad et al. 2014). On long- and short-term expo-
sure mercury compounds can accumulate in the kidney
causing disease conditions. Similarly, Fu and Wang (2011)
stated that mercury is neurotoxic and can impairs with the
central nervous system. Mercury is a harmful metal to the
environment and its living components. Being a potential
cellular toxin, it can adversely affects various important
processes within nerve cells (Azizullah et al. 2011). Len-
ntech (2014) presented the health effect of mercury to
include disruption of the brain, chromosomal number,
nervous system, allergy, and reproductive system. Other
potential health problems associated with mercury include
abdominal pain, headache, diarrhea, chest pain, hemolysis
etc (Table 5).

@ Springer

According to Paulino et al. (2006), excess intake of
copper causes toxicological distresses including vomiting,
cramps, convulsions, and worst still death. Lenntech (2014)
stated that long-term exposures of copper intake lead the
problems in nose, mouth and eyes irritation, headaches,
stomach upset, dizziness, vomiting, and diarrhea. Authors
further asserted that high uptakes of copper may cause
damage to the liver and kidney and reduces intelligence
quotient in young adolescents (Table 5).

Like other heavy metals, cadmium can enter the body
through water intake (Sevcikova et al. 2011). Cadmium
causes acute and chronic toxicity in humans on exposure
(Azizullah et al. 2011). Cadmium can lead to growth
retardation, diarrhea, bone deformation, kidney damage,
anemia, central nervous system disorder, hypertension,
liver damage etc. (Dabai et al. 2013).

Chromium is very toxic due to strong oxidation prop-
erties (Dabai et al. 2013), hence, it can cause disease like
gastrointestinal, central nervous system disorder, cancer
etc. Fu and Wang (2011) also stated prolonged contact with
chromium could lead to dysfunctions of the kidney and
even death. Generally, the oxidative state of chromium that
is found in the water will determine the nature of disease
condition that could follow. Lenntech (2014) also reported
that chromium (III) is a vital nutrient for humans and its
deficiency increases the chance of heart diseases, disrup-
tion of metabolisms, diabetes, over-ingestion, skin rashes
etc. Chromium (VI) causes allergic reactions including skin
rash, nose irritations and bleeds, stomach upset, ulcers,
respiratory disorders, lower immune system, kidney, lung,
liver disorders, and mutation.

Excess manganese concentration increases the growth of
bacteria in water and can cause hypertension in patients
older than 40 years (Adegbola and Adewoye 2012) and
neurological disorders on protracted patients (WHO 2011).
Lenntech (2014) reported that the adsorption of excess
manganese will deposit in the liver, kidneys, pancreas, and
endocrine glands through the blood vessels and can also
cause respiratory system and brains disorder.

Cobalt is another, trace metal found in water, its high
concentration may create problems like diarrhea, bone
deformation etc. Nickel has potential adverse effects on
human health and which could have a long-term damage
for body tissue (Boustani et al. 2012). Nickel are require in
small quantity, however, excess could lead to serious
health implications such as nickel dermatitis, nausea,
diarrhea, headache, vomiting, and chest pain (de Namor
et al. 2012).

Lead is a very toxic element which can accumulate in
the skeletal structures of both man and animal (Musa et al.
2013). Lead enters the body through ingestion and
inhalation of lead containing compounds, and causes
multiple body and nervous systems disorders especially in
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Table 5 Pathological effect of heavy metal water pollution on human

Metals Pathological effects/symptoms References
Lead Damage to liver and brain, miscarriage in women and death Idris et al. (2013) and Muhammad et al. (2014)
Damage to reproductive system Idris et al. (2013), Nwaichi and James (2012) and Fu and Wang
(2011)
Damage to kidney Idris et al. (2013), Duru et al. (2012), Muhammad et al. (2014),
Vivien et al. (2012), Fu and Wang (2011) and SON (2007)
Damage to nervous system Dabai et al. (2013), Idris et al. (2013), Nwaichi and James
(2012), Muhammad et al. (2014), Fu and Wang (2011) and
SON (2007)
Reduction in birth weights and premature birth Henson and Chedrese (2004)
High concentration causes cerebral edema, anemia Duru et al. (2012)
Damage or poisoning of cardiovascular system Azab et al. (2010) and Nwaichi and James (2012)
Hair loss, lung fibrosis, skin allergies, outbreak of eczema, and Azab et al. (2010)
variable degrees of kidney
Damage to renal system Nwaichi and James (2012) and Erah et al. (2002)
Gastrointestinal, neuromuscular disorder with symptoms Erah et al. (2002)
including anorexia, headache, malaise, diarrhea, lead-palsy,
encephalopathy, insomnia
Increases blood pressure, anemia, and weakness in fingers, Muhammad et al. (2014)
wrists, or ankles
Impairment of neurological development, suppression of the Vivien et al. (2012)
hematological system
Chromium Damage to kidney, liver and blood cells through oxidation Dabai et al. (2013)
reactions, resulting into hemolysis, renal and liver failure
Damages the kidneys, liver Lokeshappa et al. (2012) and Muhammad et al. (2014)
Circulatory and nerve disorders, and skin irritation Lokeshappa et al. (2012)
Cancer, high breathing rate, irritation to the lining of the nose; Muhammad et al. (2014)
nose ulcers; running nose; and breathing problems including
asthma, cough, shortness of breath
Cancer SON (2007)
Cadmium  Liver and kidney damage, bone demineralization Erah et al. (2002), Dabai et al. (2013), Barbier et al. (2005),
Muhammad et al. (2014), Fu and Wang (2011), SON (2007)
and Bernard (2008)
Internal hemorrhage, and respiratory disorders Erah et al. (2002)
Cobalt Increases incidence of goiter Duru et al. (2012)
Vomiting and nausea, optical, cardiovascular, and thyroid Lenntech (2014)
damage
Manganese Interfere with absorption of dietary iron which can result in iron Adegbola and Adewoye (2012)
deficiency anemia.
Neurological disorder SON (2007)
Copper Abdominal pains, nausea, vomiting, diarrhea, headache, and Chinedu et al. (2011)
dizziness
Anemia, acne, adrenal hyperactivity and insufficiency, allergies, Lokeshappa et al. (2012) and Muhammad et al. (2014)
hair loss, arthritis, autism, cancer, depression, elevated
cholesterol, depression, diabetes, dyslexia, failure to thrive,
fatigue, fears, fractures of the bones, headaches, heart attacks,
hyperactivity, hypertension, infections, inflammation, kidney
and liver dysfunction, panic attacks, strokes, tooth decay
Gastrointestinal disorder SON (2007)
Zinc Diarrhea Osibanjo and Majolagbe (2012)
Iron Genetic and metabolic diseases Fraga and Oteiza (2002)

Lung disease, development of a benign pneumoconiosis, called
siderosis

Muhammad et al. (2014)
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Table 5 continued

Metals Pathological effects/symptoms References
Mercury Respiratory failure and death, damage the brain, and developing Muhammad et al. (2014)
fetus. Symptom includes irritability, shyness, tremors, changes
in vision or hearing, and memory problems, nausea, vomiting,
diarrhea, increased blood pressure, skin rashes, and eye
irritation
Damage to central nervous system and kidney Muhammad et al. (2014) and SON (2007)
Gastrointestinal disorders, respiratory tract irritation, renal Vivien et al. (2012)
failure, and neurotoxicity
Nickel Poisonous and carcinogenic Fu and Wang (2011) and SON (2007)

Gastrointestinal distress, pulmonary fibrosis/cardiovascular
diseases and skin dermatitis, and impairment of the lung and

kidney.

Hematotoxic, immunotoxic, neurotoxic, genotoxic, reproductive

toxic, pulmonary toxic, nephrotoxic, hepatotoxic, and
carcinogenic agent

Seilkop and Oller (2003), Borba et al. (2006), McGregor et al.
(2000) and Oller et al. (1997)

Das et al. (2008)

children (Muhammad et al. 2014). Moreover, in children it
also boost problems like inattention, hallucinations, and
delusions manifesting as poor memory and irritability
(Adegbola and Adewoye 2012; Naseem and Tahir 2001),
decreased mental ability, learning difficulties, reduced
growth, blood anemia, severe stomachache, muscle weak-
ness, and brain damage (Muhammad et al. 2014; Naseem
and Tahir 2001). Premature birth by pregnant women may
also be occurring due to lead poisoning (Muhammad et al.
2014). Fu and Wang (2011) stated that lead damages the
cellular activities leading to brain, central nervous system,
kidney, liver, and reproductive system disorder. Other
pathological effects of lead include vomiting, loss of
appetite, central nervous system defects, liver problems,
kidney damage etc.

Zinc is essential for physiological and metabolic process
for human life (Fu and Wang 2011; Adegbola and Ade-
woye 2012). However, its over concentration in food and
potable water may cause vomiting, muscle cramp, and
renal damage. Like zinc, copper is essential in numerous
metabolic processes occurring in water and soil (Sevcikova
et al. 2011). Omotoriogun et al. (2012) reported the over-
ingestion of zinc, copper, and lead-laden water could result
the cause of nausea, vomiting, and diarrhea.

Excess concentration of these essential and non-essential
heavy metals found in potable water sources can be harmful
to human. de Namor et al. (2012) have summarized the
target organs of some heavy metals found in potable water
including Ccu® (liver, gastrointestinal tracts), ca*® (lungs,
gastrointestinal tracts, heart, bone, kidney), Ni 28 (lungs,
skin, heart), Pb 82 (eye, kidney, heart, gastrointestinal tracts,
muscular and skeletal system and bone), Co?’ (heart and
lungs), Cr 28 (kidney, lungs), Zn 30 (gastrointestinal tracts,
lungs), Hg ® (bone, eye, lungs and kidney). A number of
these heavy metals are carcinogenic and could also affect
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the children even at low level of exposure. However in
Nigeria, the National Agency for Food and Drug Adminis-
tration and Control (NAFDAC) has already mandated the
enforcement of rules in compliance with international
drinking water guidelines (Uwah et al. 2014).

Heavy Metal Quality Legislation in Potable Water
and Their Effectiveness in Nigeria

In Nigeria, the National Council on Water Resources
(NCWR) in 2005 recognized the importance to establish a
regulatory body for drinking water known as Nigerian
Standard for Drinking Water Quality. Table 6 presents the
regulatory framework in Nigeria that was considered in
establishing drinking water quality.

The prescribed limit for drinking water has been vari-
ously stated with the consultation of WHO guidelines. The
regulations were aimed to provide safe drinking water for
the country teaming population. Due to inadequate water
supply, significant number of resorts in Nigeria installed
personal water supply system in their houses. The Nigerian
drinking water quality guidelines tend to favor groundwa-
ter, and a significant number of the population is still
getting their drinking water from stream, rivers, lake, and
even rainwater. Therefore, the surveillance of water sour-
ces has significant importance especially in the coastal
regions were pollution occurs due to flooding.

Heavy Metal Treatment Strategies
for Potable Water

Treatment of the waters prior to drinking using heavy metal
removal techniques including chemical precipitation, ion-
exchange, adsorption, membrane filtration, coagulation-
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Table 6 Regulatory framework in Nigeria participated in drinking water quality standard

Regulatory framework Act/Act N°/Cap/NIS Years
Consumer Protection Council Act 66 1992
Council for Regulation of Engineering in Nigeria Act 55 1972
Federal Environmental Protection Agency Retained as Cap 131 -
Food and Drugs Retained as Cap 150
Food and Drugs (FD) Changed to National Agency for Food and Drug administration and Control FD No.19 changed to 1999
(NAFDAC) NAFDAC Act 11
Institute of Chartered Chemist of Nigeria Act N°91 1993
Institute of Public Analyst of Nigeria Act N°100 1992
National Water Resources Institute Act Retained as Cap 284 -
Public Health Act - 1958
Standards Organization of Nigeria (SON) Retained as Cap 412 -
Water Resources Act Act N° 101 1993
International standard Organization (ISO) in relation to drinking water management, National - -
Guidelines and standards for Water Quality in Nigeria
Nigerian Industrial Standards for Natural Mineral Water NIS 345 2003
Nigerian Industrial Standards for Potable Water NIS 306 2004

Adapted from SON (2007)

flocculation, flotation, electrodialysis, photocatalysis and
electrochemical methods (Hashim et al. 2011; Barakat
2011; de Namor et al. 2012; Fu and Wang 2011; Cheung
et al. 1997; Sternberg and Dom 2002), and trickling filter
method (Ohimain et al. 2013) have been comprehensively
covered in literature.

Fu and Wang (2011) stated that chemical precipitation
method is inexpensive but ineffective for low levels of heavy
metal present in water; ion exchange is an expensive treatment
option. Membrane filtration technology is complex, costly
with low fouling problems. Coagulation-flocculation con-
sumes a lot of chemicals and generates heavy sludge. The
adsorptive materials such as activated carbon, carbon nan-
otubes, low cost adsorbent, and bio-have commonly been used
in removing heavy metals from water (Fu and Wang 2011).

Other treatment technologies have been widely
employed for the treatment of potable and waste water in
some developed and developing countries including
chemical precipitation, ion-exchange, adsorption, mem-
brane filtration, coagulation-flocculation, flotation, elec-
trodialysis, photocatalysis, and electrochemical methods is
not popular as a treatment technology in Nigeria. Due to
high cost and pinpoint treatment efficiency, the traditional
techniques of heavy metal removal have become imprac-
tical (Foroughi et al. 2011). Bio-adsorption is a promising
technology for heavy metal removal from water (Fu and
Wang 2011), due to of its lower cost (Volesky 2003). But
in some region of Nigeria, the use of single and double
trickling treatment technology have widely employed.
Typical double trickling water treatment technologies
consist of two treatment tank in addition to the reservoir

tank. Each of the treatment tanks contains gravel, sand, and
water (Ohimain et al. 2013). Each of the components is
separated by rubber net or foam or like materials. Ohimain
et al. (2013) reported that double trickling water treatment
technology reduces iron from initial of 5.32-9.82 to
1.67-2.02 mg/l in single trickling method and finally to
0.05-0.31 mg/l using double trickling method. Generally,
reduction in heavy metal concentration such as zinc,
chromium, arsenic, and selenium has been reported using
double trickling water treatment techniques (Ohimain et al.
2013).

Typically, heavy metal removal efficiency of each of the
techniques/approach may vary and depends on the opera-
tion, cost, flexibility, reliability of the plants, concentration
of heavy metal in the water as well as the concentration of
competitive ions (Kurniawan et al. 2006). de Namor et al.
(2012) have stated that coagulation, sand filtration, ion
exchange, activated carbon, alumina, and reverse osmosis
can be used to remove lead (II) and diatomite from the
aqueous solutions.

In addition, biomass can be used to treat waste and
potable water. Besides macrophytes and sea organisms
such as shells from sea animals, terrestrial plants such as
plantain leaves can bio-accumulate heavy metals from
water. Rowel (2012) reported that banana peel have the
potentials of heavy metal removal such as copper, lead
from water. The author reported that even in the presence
of nitrogen, sulfur, and carboxylic acids, banana peels
make it possible to bind the toxic metals and remove them
from the water. Ohimain et al. (2014) also reported that
banana leaf, bract, and trunk could be used for water
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treatment especially water containing high iron content.
Banana peel can be used up to 11 times during water
treatment without replacement (Rowel 2012). Richard
(2009) reported that due to the presence of aragonite (a
form of calcium carbonate), sea shells are able to remove
toxic metals like cadmium, zinc, lead, and iron through the
swapping out of calcium atoms into a solid form. Aquatic
plants such as Eichhornia crassipes found in some surface
water could aid in the purification of heavy metals con-
taminant (Ogamba et al. 2015a, b, c, d).

Constraints and Strategies
for the Implementations of Cost Effective Heavy
Metal Treatment Options in Nigeria

The study found that double trickling technology is widely
used for the treatment of potable water in Nigeria. This
technology is mostly applied for groundwater. In surface
water, heavy metal removal occurs through natural tech-
niques. This could be due to the presence of macrophytes
such as FEichhornia crassipes that found in most aquatic
ecosystem especially in the Niger Delta Nigeria (Ogamba
et al. 2015a, b, c, d). The use of plantain tissues is also
promising technology but research on its efficiency appears
to be deficient in literature.

This low cost promising technology for heavy metal
removal in potable water sources could be constrains in
several ways. For instance, the use of double trickling
method for purification implies that not less than three
tanks and a surface pump are required for this process. This
increases the cost of potable water production. In addition,
the cost management of the sludge could also be high. If
aquatic plants such as Eichhornia crassipes are encouraged
for the remediation of heavy metals from surface water, it
could block canals and channels, impede navigation, halt
fishing activities due to its high growth rate (Ndimele et al.
2010a, b, 2011; Ndimele 2012). This is because Eichhornia
crassipes have been described as worst invasive aquatic
plant and are found in most Nigerian water ways (Ogamba
et al. 2015e). The use of plantain tissues could pose chal-
lenge of taste or odor in the potable water hence it could be
more appropriate for the treatment of municipal waste
water.

This pitfall in the various heavy metal remediation
technologies such as double trickling method and use of
biomass for water treatment could be overcome through the
following:

e Effective management of sludge because, when the
sludge film is too thick, it affects the porosity and
permeability of the water flow.

e The end product needs to be chlorinated since it passes
through sand.
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e The plantain tissues should be used for treating waste
water due to challenge of odor, color.

Conclusion and Suggested Mitigation Measures

Potable water source often gets contaminated or polluted
due to the anthropogenic activities and some extent of
natural conditions. Some of the anthropogenic activities
increase the release of heavy metals into water like burning
of fossil fuels, mining, use of fertilizers and pesticides such
as herbicides, insecticides, and fungicides. The heavy
metals find its way in surface water runoff and or soil
erosion. The concentration of heavy metals such as lead,
chromium, cadmium, manganese, and iron exceeded the
limit prescribed by WHO and SON in most of the Nigerian
states, while copper, mercury, zinc, manganese were found
in high concentration among few potable water sources.
Human health disorders that can be caused by heavy metals
include cardiovascular, respiratory, cancer, organ damage,
poisoning, neurological, hematological etc. depending on
their exposure. Based on the aforementioned literature
review on heavy metal-related human health problems, we
are recommending some suggestions for the conservation
of water sources in Nigeria as follows:

e Packaged water factories should be planted far from
industrial areas.

e Industrial wastes, especially effluents should not be
discharged without proper treatment (Erah et al. 2002).

e Intensive monitoring of sachets water should be carried
out by appropriate national agency to assure the quality
for drinking purpose (Uwah et al. 2014).

e Renovation or change of pipelines will be good
initiatives to reduce the water contamination.

e Research works should be encouraged regarding the
removal of heavy metals from water.
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