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Abstract: The concentration of heavy metals in the water samples collected from the hydraulically connected water systems: rivers, hand
dug wells and boreholes in Northern Delta Depobelt, Niger Delta, Nigeria were investigated using Atomic Absorption Spectrometric
method. The samples were studied and analyzed for seven (7) heavy metals namely; Zinc (Zn), Cadmium (Cd), Copper (Cu), Iron (Fe),
Lead (Pb), Arsenic (As), and Chromium (Cr). The range concentrations of these heavy metals obtained in the water samples in mg/l are as
follows: Zn(0.02- 1.3), Cd (0.001-0.006), Cu (0.03-0.96), Fe (008- 25.74), Pb (0.10-0.80), As(0.001-0.006) and Cr (0.03-0.20).The results
obtained were compared with the recommended standards of the World Health Organization (W.H.O.) and Federal Environmental
Protection Agency (FEPA), and it was found that Zn, Cd, Cu, As and Cr concentrations in all the water samples were below the
recommended level set by WHO and FEPA for safe drinking water except Fe and Pb. These imply contaminated status for the water
collected from these sampling communities on the bases of Fe and Pb concentrations. The habitual use of the water for drinking, domestic
and industrial purposes by inhabitants has possible health hazards. The shale lithology underlying the area and the increase in the production
of oil as well as the oil facilities in the area fasten the rate at which toxic heavy metals are dispersed to the water table by leachate. |
recommend regular monitoring assessment in these host communities to ensure adherence of oil producing companies to existing
environmental and water laws.
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1. Introduction a prevalent Ukwuanidialet. The major occupation of the

The study area comprises of Akoku-uno, Ebedei-uno, people living in the area is farming with low industrial and
Eziokpor, and Umukwatacommunities in Ukwuani Local ~commercial activities. The study area is well drained by the
Government Area, Delta State, Nigeria which fall within the ~ River Okumeshi and its tributaries (Fig. 2).Many works have
oil producing community in theNorthern Delta Depobelt, ~been done on assessment of heavy metals in water in most
Niger Delta province (Fig. 1). The whole area of study is  areas where people lives. The increase in oil production
located about 7km South of Obiaruku metropolis, the  Within the area of study has continuously increasing the rate
administrative headquarters of the Ukwuani Local at which heaVy metals are introduced into the soils and
Government. The area is bounded latitudinal by 05°51'N to ~ Water. Its accumulation can reach toxic levelthat are harmful
05°55'N and longitudinal by06°09'E to 06°15'N. The people ~ to Pplants, animals and man which depend directly or

of Umukwata and its environs be|ong to Ndokwa nation with indirectly on it for their food and water needs. Studies on oil
producing communities show that contamination of the water

through build-up of heavy metals can be attributed to three
major factors, viz-a-viz; industrial activities, traffic and
population density. The metal content in water is a product
of metals originating from natural processesand human
activity. It is estimated that the contribution of metals from
anthropogenic sources in water is higher than the
contribution from natural ones [1]. Anthropogenic activities
such as oil production have increased the prevalence and
occurrence of heavy metal contaminations at the earth’s
surface. Heavy metal poisoning can be related as the excess
accumulation of heavy metals into the soft tissues of the
body. There are several signs and symptoms associated with
Figure 1: Geological Map of Nigeria showing location of ~heavy metals poisoning depending on the type of the heavy

study in the Niger Delta metals ingested. Small amount of some heavy metals are

essential to human body function amongst these metals are
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Fig. 2: Map of the communities showing the sample locations

Cu, Zn, Cr, Fe and Mn, but when the recommended level is
exceeded, they may also be poisonous to human health. The
most common heavy metals causing serious damage to the
human body include Lead, Mercury, Arsenic and Cadmium.
Heavy metal poisoning can result from the following:
industrial exposure, water or air pollution, foods, drugs,
improperly coated food containers or the ingestion of lead-
based paints [2]. In weathering environment, many minerals
are unstable and are broken down as a result of
decomposition and other chemical reactions. Dispersion of
heavy metals could be in solution, run off in ground water
for relatively long distance within the drainage basin [3]
from smoke coming out from exhaust of heavy vehicles
plying the roads, lead pipes and lead-based solder pipe joints
as the pipe leaches and other heavy metals related oil
sources. [4] carried out an assessment of heavy metal
concentrations in hand dug well water from land uses in
Woukari and observed that the concentration of Fe, Cu, Zn,
and Cr falls within the permissible limits recommended by
[5] - [6]. A similar study was done by [7]. They examined
the occurrence of heavy metals in streams and hand dug well
water in Obajana and it was observed that the occurrence of
Cu, Zn, Cd, Pb and Fe were below the standards set by [5].
Analytical assessment of Cd, Pb and Fe in hand dug wells of
llaro, Southern Nigeria was done by [8] and observed that
the concentration of Cd, Pb and Fe were higher than the

standards specified for drinking water by [5]. The existence
of well pointed and increase in oil production, weathering,
erosion and leaching, poor handling of oil field facilities,
poor sanitation, see page of agrochemicals and land
degradation necessitated this study. The reason for the choice
of water samples for this research work is because water is
very useful for drinking,industrial, irrigation and domestic
purposes and can delineate targets for follow-up studies and
that the concentrations of heavy metals in the study area for
both surface and underground resources have not been
studied even though the nearby communitieslargely depend
on borehole water installed by the individual owners and tap
water installed by the Delta State government.

2 Climate

The study area falls within the Southern tropical climatic
belt. This area is characterized by relatively warm
temperature days of 27°C to 32°C and moderately cool
nights of 17°C to 28°C. The annual atmospheric pressure is
about 1011+1.2 Mbars. Surface winds are light south-
westerlies in the morning period. This may change around
noon to become north — easterly winds due to convective
mixing with the upper north-easterlies. Two main climatic
changes occur, namely the dry season and rainy season. Dry
season prevails from early November to March, but between
December and early February, the Sahara anticyclone from
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the northern hemisphere causes dry and dust — laden air mass
blowing from across the desert down parts of northern
Nigeria in to the study area. The rainy season starts from
April to October with an August break or short period of no
rain. The Atlantic air mass that moves northwards causes the
rainfall that is strongly dependent on local storms and line
squalls from the Cameroun Mountains. Rainfall intensity in
the study area is highest in September and lowest in
December and January. The convectional nature of rainfall
results in alternating sunny and rainy periods. The rains
occur as violent downpours accompanied by thunderstorms,
heavy flooding, soil and gully erosion and fast groundwater
infiltration. The study area experiences high relative
humidity of about 65% to 80% with the highest in rainy
season when there is medium to low sunshine hours and low
evaporation. The area lies within the humid tropical
rainforest belt of Nigeria with average yearly rainfall of
1200mm [9].

3 Geology of the Study Area

The study area falls within theNiger Delta province in the
Northern Delta Depobelt, one of the greatest oil producing
communities in Nigeria. The Niger Delta in the study area
comprises of the whole 3- Dimensional bodies of
continental, transitional and marine deposits formed by
sedimentation from the Rivers Niger and Benue. The
Continental deposits formed the land area called sub-aerial
regions. The transitional deposits formed the swampy
(mangrove) regions [10] and the marine deposits formed the
water-filled region called the sub-aqueous region [11]. The
topography of the study area is a reflection of the tectonic
and geologic events that occurred over the years and mild
neotectonism that continues today to shape the geomorphic
landscape of the present Niger Delta. This development leads
to balance between the rate of sedimentation and
subsidence.The geology and geomorphology of the Niger
Delta have been well published [12] - [16]. The build-up of
fine grained sediments that were transported by River Niger
and its tributaries started the development of the present
Niger Delta since early Paleocene. The sub-surface geology
of the Niger Delta comprises of three lithostratigraphic units
as Akata Formation, Agbada Formation and Benin
Formation which are in-turn overlain by varieties of
quaternary deposits. The quaternary deposits of the study
area which fall within the Northern Delta Depobelt consist
mainly of Coastal plain sands, Sambreiro Warri deltaic plain
deposits embedded by mangrove, wooded back swamps
fresh water swamp and meander belts [11].

4 Materials and Method

4.1. Sampling Method

Nine water samples were collected from four
communities;Akoku-uno,  Ebedei-uno, Eziokpor and
Umukwata (Fig. 2). These communities were strategically
selected because of the increasing production of the new
major oil field and same river drains the area. Water samples
were taken from representative areas of the river, borehole
and depths of 1metre in the hand dug wellsand then carefully
poured into a properly sterilized and well labeled 2 litres
plastic can and tightly corked. The water samples were kept
inside refrigerator before subjecting them to Atomic
Absorption Spectrometric (AAS) analysis. Water sample

F 1JARP

collections were done in July, 2016 before August Break and
September, 2016after August Break.

2456-9992

4.2 Atomic Absorption Spectrometry (AAS)

Half a litre of the water samples were collected using a Van
Dorn type sampler and a 200-ml aliquot was filtered through
a 0.45-micron Millipore filter. Prior to filtration, filter was
washed with 100 ml of deionized water. Filtrate was
acidified by adding 16 drops of concentrated hydrochloric
acid (HCL). Then, 100 ml of the acidified water sample was
transferred into a 250-ml Erlenmeyer flask. After which, 2
ml of the phthalate buffer was added, and pH was adjusted to
3.6+0.1. This was followed by the addition of 7 ml of
diethyldithiocarbamate (DDC) solution, and the entire
solution was transferred into a 500-ml separating funnel, and
then 15 ml of methyl isobutyl ketone (MIBK) was added and
shaken vigorously for thirty (30) seconds. Separations were
allowed in phases and the MIBK layer was drawn off into a
glass-stoppered test tube. Recording of the seven heavy
metalsconcentration was done within two hours to ensure
that their concentrations were preserved. This analysis was
carried out on all water samples collected from the study
area.

5 Results and Discussion

The results obtained for the seven heavy metals have varying
concentrations in the water samples analyzed (Tablel). The
meanconcentration of Zn was 0.25mg/l,the
maximumconcentration of Zn was 1.30 mg/l with range
concentration of 0.02- 1.3mg/l. The lowest concentration of
Zn was recorded in borehole with sample no BH-2 while the
highest concentration was recorded in hand dug well with
sample no HW- 2. The mean concentration of Cdwas
0.004mg/I with range concentration of 0.001-0.006mg/I. The
lowest concentration of Cd was recorded in borehole and
river with sample nos BH-3 and RV-2 while the highest
concentration was recorded in hand dug well with sample no
HW- 2. The mean concentration of Cu was 0.56mg/l with
range concentration of 0.03-0.96mg/l. The lowest
concentration of Cu was recorded in borehole with sample
nos BH-land BH-3 while the highest concentration was
recorded in river with sample no RV- 1. The mean
concentration of Fe was 20.24mg/l with range concentration
of 0.08- 25.74mg/l. The lowest concentration of Fe was
recorded in borehole with sample nos BH-1while the highest
concentration was recorded in river with sample no RV- 3.
The mean concentration of Pb was 0.32mg/l with range
concentration of 0.10-0.80mg/l. The lowest concentration of
Pb was recorded in borehole sample nos BH-1 and BH-3
while the highest concentration was recorded in hand dug
well with sample no HW-2. The mean concentration of
Aswas 0.02mg/l with range concentration of 0.001-
0.006mg/I. The lowest concentration of As was recorded in
borehole and river with sample nos BH-1, BH-2 and BH-3
while the highest concentration was recorded in hand dug
well with sample no HW-3. The mean concentration of Cr
was 0.19mg/l with range concentration of (0.03-0.20 mg/I.
The lowest concentration of Cr was recorded in borehole
with sample nos BH-2 and BH-3 while the highest
concentration was recorded in hand dug well with sample no
HW- 3.All the analysed water samples indicate the presence
of possible toxic heavy metals(Table 1). Contamination of
river water closest to the major oil fieldsand hand-dug wells
in the study arearecorded highest level for these potentially
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toxic metals.Very negligible concentrations of these heavy
metals were detected in the boreholesignifying that leachate
containing materials ofthese harmful heavy metals hardly
reaches the  water table  because of  poor
permeable/transmissivity nature of the underlying shale
lithology. The concentration levels were compared with the
standardvalues set by the World Health Organization (WHO)
[5] and FederalEnvironmental Protection Agency (FEPA)
[6]. It revealed that the recorded concentrations of Zn, Cu,
Cd, As and Cr are below except Fe and Pb that are higher
than the recommended standards. The contamination water
has several consequences forthe hydraulically connected
waterecosystem and human health. According to [17], the
contaminants in the hydraulically connected water
systemsare mobilized during high stream flow and
transported downstream resulting to transportation and re-
deposition in downstream reaches of contaminants stored in
them [18] - [19]. Contaminants are introduced into new areas
of the water ecosystem via this means, consequently,
becoming available for ingestion by greater numbers of
inhabitant organisms. This is of great concern in
theUmukwata and its environs owing to the fact that the
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analysed water were obtained from Okumeshi River and its
tributaries, which is the principal sourceofwater for drinking
and industrial water supply as well as a major source of
aquatic foods includingfishes, prawnmollusceans. Although
this study did not carry out any appraisal of possible health
disorders that could have resulted from the exposure of
inhabitants to these metals, the fact that majority of the
inhabitants are not learned, however, makes them risk prone,
bearing in mind that Fe andPbtaken internally in any of its
forms is highly toxic and that the effects are usually felt after
it has accumulated in the body over a period of time [20].
The accumulation of these heavy metals in the body for a
long time and the effect of high Fe and Pb could lead to
psychological disorder, brain damages, central and peripheral
nervous system depression, sense organ and blood
complications, fertility reduction, abortion, abnormal pain,
vomiting and even death.

6 Conclusion
The water samples obtained from the hydraulically
connected water systemsin Umukwata and its environs, Delta

Table 1: trace element concentrations of untreated water samples analysed in mg/I.

Trace Element Borehole River Hand dug well mean Standards for comparism
BH-1 | BH-2 | BH-3 | RV-1 | RV-2 | RV-3 HW-1 HW-2 HW-3 WHO FEPA
Zn 0.04 0.02 0.03 0.03 0.05 0.04 0.08 0.70 1.3 0.25 5.00 5.0
Cu 0.06 0.80 0.96 0.96 0.53 0.21 0.04 0.80 0.64 0.56 2.00 <1
Pb 0.10 0.001 0.23 0.08 0.71 0.80 0.10 0.43 0.44 0.32 0.01 <1
Cd 0.02 0.01 ND ND 0.001 | 0.002 ND 0.006 ND 0.004 NONE <1
As 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.006 ND ND 0.004 0.002 0.01 0.1
Fe 0.08 0.10 0.28 27.36 | 3957 | 4731 20.80 20.94 25.74 20.24 0.30 20
Cr 0.12 0.01 0.18 0.18 0.16 0.23 0.20 0.003 0.60 0.187 0.50 <1

ND = Not Detected.

State, Nigeria haveconcentrations of Zn, Cu, Cd, As and Cr
that are below the recommended standards set by World
Health Organization (WHO) and FederalEnvironmental
Protection Agency (FEPA) except Fe and Pb that are higher
than the recommended standards which make the water
system toxic for human consumptions. The increase in oil
production and intensive agricultural activities over the last
few years within the area of study has continuously
increasing the rate at which heavy metals are introduced into
the soils and water. Its accumulation can reach toxic level
that are harmful to plants, animals and man which depend
directly or indirectly on it for their food and water needs
have resulted in accumulation of various pollutants in the
environment especially heavy metals. Heavy metals are one
of the most critical threats to water resources as well as to
human health. Contamination with these studied heavy
metals can affect the whole environment but a major
environmental concern is the age-lasting effects due to man
activities are the contamination of the hydraulically
connected water systems:rivers, hand dug wells and
borehole. Therefore decontamination of these heavy metal-
contaminated water is very important in the study area as
well as regular monitoring of the heavy metals in the study
area are required to avoid further bio-accumulation of these
heavy metals in future.
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