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ABSTRACT
The study was carried out in coastal region of Niger Delta, Nigeria. This study was aimed at
evaluating the effect of seawater intrusion and corrosion tendency on coastal aquifer. In other to achieve
this aim, 24 groundwater samples was measured and analyzed for various hydrochemical parameters.
Results obtained from the study revealed that groundwater was considered to fresh water based on TDS
value obtained. Findings from geochemical model showed that 71 % of groundwater samples showed
trace of seawater intrusion, while the remaining 29 % showed no trace of seawater intrusion. The value
obtained from corrosivity indices such as Chloride-Sulfate Mass Ratio (CSMR) revealed that 33% of
groundwater showed no galvanic corrosion potential, 67% showed galvanic corrosion potential, findings
obtained from Revelle Index (RI) showed that 2 % of groundwater was not influenced by salinization,
96 % was slightly influenced by salinization and 2% strongly influenced by salinization. Values obtained
from Larson-Skold Index (LSI) showed that groundwater samples were classified to be high in corrosion
expect for sample locations pH/07 and 23. The plot of Cl¯/HCO3¯ against Cl¯ revealed that 98% of
groundwater were classified to be slightly/moderately influenced by sea water intrusion, 2 % was
strongly influenced by seawater. Findings from Chadba plots suggested that 97 % of groundwater were
of Ca2+ - Mg2+- ˗ Cl¯ water type, 2% were of Na+ ˗ Cl¯ water type and 1% is of Ca2+ - Mg2+ - HCO3¯
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water type. On a general note, it was observed that seawater intrusion slightly influenced groundwater
of the study area.
Keywords: Corrosion, plots, seawater intrusion, groundwater, Chloride - Sulfate Mass Ratio, Revelle
Index, Larson–Skold Index, Niger Delta Region

1. INTRODUCTION
The South-south region of Nigeria is richly endowed with various mineral resources (e.g
petroleum, sand, silicate and clay), outside that its known to house alots of oil wells especially
within the coastal region of Niger Delta, Nigeria. The presence of these oil wells has attracted
different oil firms this has in turn has trigged increase in population. Thereby increasing demand
for potable water for domestic and other use. Steady increase in population, with unplanned
urbanization, have exacerbated the impact of these anthropogenic activities on groundwater
resources, and thus the sustainable groundwater management efforts have been seriously
undermined in the region. According to [1] in recent times, exploitation of groundwater during
the dry seasons have lead to reversal of aquifer flow leading to seawater intrusion on the inlands
along the coastal areas and this has constantly lead to making borehole well and open well unfit
for various use [2]. Further acknowledge that coastal area are generally susceptible to seawater
intrusion more especially in territory where aquifer is over-pumped. Several scholars have
stated that seawater intrusion is one the major challenge in coastal area due to high pressure on
groundwater exploitation, and this exacerbated decline in fresh water aquifer. As a global
menace, several scholar have conducted research on salt water intrusion in coastal region [3-5].
The intrusion of sea water into groundwater has been a source of treat to groundwater system
especially along the coastal area of Niger Delta, this has lead to rise in the study of groundwater
within the region see Table 1. In most cases coastal aquifer is influenced by variation of
hydrogeochemical processes, saltwater intrusion, anthropogenic and geogenic process.
The example of geogenic process include (weathering, ion exchange and rock-water
interaction), and anthropogenic processes include (agriculture, industry and urbanization [6, 7].
Were of the view that groundwater is the most reliable and sufficient and widely distributed
freshwater resource on the earth. It is considered to be of paramount interest to socio-economic
development, natural habit and for human existence. 98 % of inhabitant of study area rely solely
on groundwater is major source of water for domestic and other use .Hence, constant reevaluation of groundwater quality for various use is considered paramount due to the fact that
there is a strong link between the water chemistry and the human health [7-9].
In the same vein [10, 11], were of the view that hydrogeochemistry evaluation and water
quality assessment are important in controlling groundwater contamination as well as
maintaining safe drinking water. Although, previous literature within the coastal region of Niger
Delta region, Nigeria suggested the presence of saline water intrusion in the region [12, 13], but
detailed research has not been carried out within the study area to assess the presence of
seawater intrusion. Hydrogeochemical evaluation and water quality assessment are important
in controlling groundwater contamination. One other factor that tends to affect potability of
groundwater for industrial use is scaling [14-16]. Were of the view that one of the major factor
that affect water quality globally is scaling [17]. Further acknowledged that scale are often
formed from a spread of dissolved chemical species, but two reliable indicators are hardness
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and alkalinity. Corrosion and scaling tendency tends to affect water quality which in turn have
effect on economic and health of the people. However, slight scaling in water distribution
systems is considered important based on the fact that they function as blockage and tends to
inhibit corrosion, moreover increased levels of scaling could be considered dangerous [17].
There have been several challenges that may arise due to corrosion and scaling tendency of
water. They are staining of laundry, deterioration of plumbing, leakage in water pipes bitter
taste water.
The aforementioned effect of scaling and corrosion in water tends to have effect on water
systems and adverse economic and public health issues [18-22]. Studies on water corrosivity
and scaling potentials of groundwater is an important aspect of groundwater quality assessment
because of the great impacts on the economy and public health [18]. Several parameters have
being used in studying corrosivity index and these include Langelier Saturation Index (LSI),
Larson Skold Index(LSI), Ryznar Stability Index (RSI) and Puckorius Scaling Index (PSI),
Revelle index (RI) and Chloride-sulfate mass-ratio (CMSR) [16, 18]. Based on previous
literature within the study area which pointed out that there is presence of sea water intrusion,
corrosion and scaling in groundwater. It is of utmost importance to re-evaluate groundwater
quality of the study area. This study is believed to provide guidance for the groundwater
management and quality improvement for groundwater water supply within the study area.

Table 1 Related references on water resource studies for irrigation quality in Nigeria.

Authors

Location

Geology

Field of
Study

Sampling
Numbers

Year of
Publication

[23]

Port
Harcourt,
River state

Niger
Delta
Formation

Journal
article

20

2017

[24]

Port
Harcourt,
River state

Niger
Delta
Formation

Journal
article

71

2009

[25]

Eastern
Obolo
Coastline

Niger
Delta
Formation

Journal
article

48

2019

[26]

Odihologboji
community,
Port Harcourt

[27]

Epie creek,
Port Harcourt

Niger
Delta
Formation
Niger
Delta
Formation

Journal
article
Journal
article
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Findings
Groundwater were
classified to be brackish
and fresh water type
based TDS classification.
Hydrochemical
charactertics of
groundwater is influenced
by geogenic and
anthropogenic factors
Hydrochemical
assessment revealed that
ion exchange, reverse ion
exchange and silicate
were the major factor that
influence groundwater
chemistry
It was observed that water
were highly polluted with
heavy metals as a result of
anthropogenic activities

2012

Human activities
influence water quality

2001

Anthropogenic activities
played a major in
degrading water quality
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[28]

Woji Creek,
Port Harcourt

Niger
Delta
Formation

Journal
article

5

2018

[29]

Woji Creek,
Port Harcourt

Niger
Delta
Formation

Journal
article

5

2008

[30]

Port-Harcourt

Journal
article

7

2016

[31]

Port-Harcourt

Journal
article

17

2014

Niger
Delta
Formation
Niger
Delta
Formation

[32]

Port-Harcourt

Niger
Delta
Formation

[33]

Eliozu
Community,
Port Harcourt

Niger
Delta
Formation

Journal
article

21

1989

Journal
article

30

2015

Human activities played a
major decline in water
quality.
Detected presence of
organic pollution, moreso
water is influenced by
human activities
Groundwater showed
presence of acidity, iron
content and corrosivity.
Hydrochemical processes
influences groundwater
Studies suggested
saltwater intrusion,
geology and hydrologic
condition of the area had
influence on groundwater
Studies revealed
groundwater were slightly
acidic to basic with high
(Dissolved oxygen)DO
and (Biochemical oxygen
demand) BOD was
observed

Location/Climate/Topography

Fig. 1. Map of the study area showing groundwater sampling Points
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The study area is located within business hub of River state. Geographically it lies
between latitude 4°41’ N – 4°51’ N and longitude 7°01’ N – 7°09’ E as shown in Fig. 1. It is
of the tropical region and experiences two seasons the wet and dry season, with gentle slope of
18m above sea level. The study area experience two major seasons, the wet and dry season. The
wet season runs from the month of April and October, while dry season runs from the month of
November and March [34, 35]. Stated that temperature and humidity of the study area do not
exceed 28 °C with 80 % respectively, with annual rainfall of 3000 m [35]. Further pointed out
that area is of the mangrove swamp forest, but human activities have greatly altered most of the
forest with is now replaced by grassland.
Geology/Hydrogeology
Several scholars subdivided the Niger Delta Formation into three formations the Akata,
Agbada and Benin Formations [36]. The sedimentary sequence comprises mainly of sand, shale
and clay [13]. Were of the opinion that the sub-urban area of Port Harcourt is of saline/brackish
mangrove swamp belt separated from the sea by sand beach ridges for most of the coastline.
Aquifer of the Niger Delta formation consist of gravel and highly porous sand which makes it
form multi-aquifer system. Two main type of aquifer exist with the area of study the confined
and unconfined aquifer, the confined aquifer is in most scenario contains fresh water underlain
by salt water [13] Further reported that although numerous boreholes have drilled within study
but were later abandoned due to high salinity in the study area. In some other location of the
study area, salt water intrusion into confined aquifer take place within the salt water bearing
sands overlying fresh water bearing sands [13, 37]. Water supply problems relating to salinity
are confined to the saline mangrove swamp with associated sandy islands and barrier ridges in
the study area.

2. MATERIALS AND METHODS
Sampling and laboratory analysis
A total of 24 groundwater samples was collected within the study area. To evaluate
seawater intrusion, corrosion and scaling in groundwater. Sampling was carried out in
accordance with APHA procedure. Metallic cations and anions such as Mg2+, Ca2+, Cl¯ and
HCO3¯ respectively were determined using EDTA titrimetric method [38]. While NO3¯ and
SO42¯ ions were determined using Ion-selective electrode (Orion 4 star) and turbidimetric
method (UV–Vis spectrometer) respectively. The alkali earths (K+ and Na+) were determined
by Jenway flame clinical photometer (PFP7 model). Total dissolved solids (TDS) and the
electrical conductivity (Ec) was measured with TDS meter (model HQ14D53000000, USA)
and HACH conductivity meter respectively. The degree of acidity and alkalinity of groundwater
was measured using pH meter Hach sensION + PH1 portable pH meter.
Laboratory results were subjected to statistical software from which graphs and tables
and was obtained
CSMR =

𝐶𝑙 −

(1)

𝑆𝑂4 2−

Chloride-Sulfate Mass-Ratio (CMSR) as [39]
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(RI) =

𝐶𝑙 −

(2)

𝐻𝐶𝑂3−

Revelle Index (RI) as [40, 41]
LSI =

𝐶𝑙 − + 𝑆𝑂42−

(3)

𝐻𝐶𝑂3−

Larson-Skold Index (LSI) as [42, 43]
The Cl¯/HCO3¯ ionic ratios was used to characterize the origin of groundwater salinity
in the study area
𝐶𝑙 −
𝐻𝐶𝑂3−

Vs Cl

(4)

Plot of Cl¯ against HCO3¯ as (Eyankware et al. 2020b)
Chadha Classification
𝐻𝐶𝑂3− − (𝐶𝑙 − + 𝑆𝑂42− + 𝑁𝑂3− ) 𝑚𝑒𝑞/𝐿

(5a)

𝐶𝑎2+ + 𝑀𝑔2+ /(𝑁𝑎+ + 𝐾 + ) 𝑚𝑒𝑞/𝐿

(5b)

Chadha Plot as [44, 10]
Table 2. Result of Physicochemical Parameters
Sampling
Code

Ec
(µS/cm)

pH

TDS
(mg/L)

Temp

Ca2+
(mg/L)

Mg2+
(mg/L)

Na+
(mg/L)

NO3¯
(mg/L)

HCO3¯
(mg/L)

K+
(mg/L)

SO42(mg/L)

Cl¯
(mg/L)

PH/01

45.4

5.1

640.6

28.4

13.2

27.76

1.3

1.4

11.6

5.7

53.2

48.2

PH/02

1357.0

6.3

197.3

29.2

10.8

5.9

4.4

3.7

27.2

1.4

79.1

84.7

PH/03

23.5

5.8

392.8

29.7

3.6

7.4

1.6

7.1

8.3

2.2

103.2

20.5

PH/04

19.3

6.6

86.2

28.1

1.7

11.8

0.2

5.3

9.11

6.1

67.2

32.6

PH/05

31.8

6.9

58.3

27.3

4.3

6.3

1.5

11.9

5.02

2.4

22.9

111.3

PH/06

60.9

5.3

189.2

29.2

8.3

7.0

1.9

3.2

14.7

15.6

14.6

94.8

PH/07

644.2

6.4

47.8

26.5

14.6

11.6

0.2

1.4

93.5

4.2

34.7

29.1

PH/08

35.3

5.9

102.1

28.2

2.9

25.1

1.3

0.36

11.9

1.04

53.2

50.3

PH/09

28.4

6.6

38.5

28.5

4.4

47.0

0.6

0.82

48.0

13.5

10.1

68.1
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PH/10

29.0

6.7

88.9

29.7

13.5

3.8

4.8

0.71

61.3

4.9

36.9

27.4

PH/11

41.6

4.0

65.2

28.1

6.2

5.2

27

0.48

17.2

6.3

4.8

66.8

PH/12

38.3

7.2

29.3

29.6

4.0

7.9

1.5

1.9

8.2

9.1

17.1

119.1

PH/13

20.7

6.9

37.7

28.4

7.1

1.2

2.8

0.3

15.7

12.4

48.0

17.3

PH/14

1102

6.1

109.3

27.2

10.6

6.9

4.6

2.9

9.0

0.45

12.2

22.4

PH/15

33.1

4.3

38.4

28.3

15.2

0.7

1.9

0.4

13.7

14.3

4.4

62.8

PH/16

26.8

4.5

68.1

28.7

4.9

1.8

1.4

2.7

28.4

10.5

11.1

102.1

PH/17

30.0

5.6

47.2

28.2

10.9

3.6

0.2

8.2

16.5

2.4

8.2

22.6

PH/18

41.4

4.1

182.7

28.4

11.4

2.1

4.1

2.9

20.9

4.1

40.4

34.2

PH/19

36.2

6.3

45.1

26.6

1.16

8.4

0.2

2.6

17.4

5.2

24.1

19.8

PH/20

51.8

6.5

68.3

29.0

7.4

5.7

2.6

6.1

7.7

6.6

17.3

7.4

PH/21

124.9

4.2

35.3

25.9

2.9

2.0

1.8

0.3

14.5

2.9

10.1

11.2

PH/22

11.3

4.1

12.9

29.4

4.1

4.7

4.5

4.4

10.9

2.1

3.4

36.5

PH/23

36.5

6.3

44.0

28.8

1.6

2.6

2.8

1.9

24.6

5.4

19.7

5.2

PH/24

28.4

5.7

8.2

27.9

0.38

1.5

1.7

7.3

18.1

0.1

10.1

17.1

Minimum

11.3

4

8.2

25.9

0.38

0.7

0.2

0.3

5.02

0.1

3.4

5.2

Maximum

1357

7.2

640.6

29.7

15.2

47

27

11.9

93.5

15.6

103.2

119.1

5.7

126.2

28.26

9.83

3.92

Average

202.5

6.95

3.47

23.5

5.94

31.2

47.53

3. DISCUSSION
TDS
Were of the view that TDS values reflect level of salinization in groundwater and
concentration of a solution in terms of the total weight of dissolved solids [45]. To determine
the suitability of groundwater for various usage, it is off upmost important to category
groundwater based on hydrochemical proprieties and TDS values [46, 47].
Results from the study showed that TDS values varies with the highest value of 640.6
mg/L at sample locations PH/01 followed by 392.8 and 197.3 mg/L in PH/03 and PH/02,
respectively. The lowest TDS value (8.2 mg/L) was observed at sample location PH/24, with
mean value of TDS was 126.2 mg/L. The high concentration of TDS at sample location PH/01,
this could be attributed to domestic sewage that infiltrate into the groundwater [48]. According
to TDS classification, groundwater fell within fresh water category see Table 3
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Table 3. Classification of groundwater according to the TDS (mg/L)
TDS (mg/L)

Water Class

Number of Samples

<1000

Fresh water

n = 24(PH/01 to PH/24)

1000-10,000

Brackish water

10,000-100,000

Saline water

>100,000

Brine water

10-1000

Fresh water

1000-10,000

Slightly-Brackish water

10,000-100,000

Brackish water

>100,000

Brine water

According to [53]

n = 24(PH/01 to PH/24)

According to [54]

Hydrogeochemical Assessment of saltwater origin
Used geochemical assessment to evaluate seawater origin. Findings obtained from plot
of Ca/Mg versus sampling points revealed that groundwater fell within seawater category [49].
For further evaluation of influence of seawater intrusion on groundwater Table 4 was used. Figs
2a to 2c was used to evaluate influence of seawater intrusion. The ratio between Na/Cl (Fig. 4a)
showed presence of saltwater intrusion from the sea based on the fact that groundwater samples
where below 0.53. From Fig. 2b it was observed that the ratio of Ca/Mg Showed sea water
intrusion at sample locations PH/02, 06, 07, 10, 11, 13, 14, 15, 16, 17, 18, 20, 21 this in line
with previous study conducted by [37, 13]. Result from sample locations PH/01, 03, 04, 05, 08,
09, 12, 19, 22, 23 and 24 revealed that sea water intrusion have little or no influence on
groundwater within the study area. The lowest value of Ca/Mg was observed at sample location
PH/09 and highest value at PH/15 respectively. The ratio of Ca against HCO3¯ + SO4¯ as shown
in Fig. 2c was also lowest this implies that seawater intrusion have not influence on
groundwater.
Table 4 Geochemical critiea for distinguishing saltwater origin [49]
Measurement

Critiea

Na/Cl ratio

Na/Cl = 0.86 seawater
Na/Cl < 0.86 seawater intrusion
Na/Cl > 1.0 anthropogenic sources (i.e sewage)
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Ca/Mg

Ca/Mg > 1.0 seawater intrusion
Ca/(HCO3¯ + SO42¯) > 1.0 seawater intrusion.

Fig. 2a. Plot of Na/Cl versus sampling date

Fig. 2b. Plot of Ca/Mg versus sampling date
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Fig. 2c. Plot of Ca/HCO3¯ + SO42¯ versus sampling date
Plot of Cl¯/HCO3¯
The Cl¯/HCO3¯ ionic ratios was used to evaluate groundwater salinity in the study area.
Previous studies by [48] have shown that seawater intrusion can be evaluated using ionic ratio.
Findings obtained from this study, showed that the ratio of Cl¯/HCO3¯ value ranges from 0.21
to 22.17 with an average value of 4.27. In the study, groundwater samples fell within
slightly/moderately influenced by sea water intrusion expect at sample locations PH/05 and 12
that which showed that groundwater is strongly influenced by sea water intrusion as shown in
Fig. 3. From Fig. 1 it was observed that sample locations PH/05 and 12 were close to river that
may be linked to the Atlantic Ocean. Hence, the aforementioned sampling points PH/05 and
12 were considered to be influenced by seawater intrusion.
Chadba Plot
Have been used for better characterization of groundwater chemistry. The
characterization of factors that influences geochemistry of groundwater was studied using
cross-plot as shown in Fig. 4. Result from Fig. 4 revealed that groundwater was classified into
three category namely the (i) permanent hard water Ca2+ - Mg2+ - Cl¯ at sample locations PH/01,
02, 03, 04, 05, 06, 07, 08, 09, 11, 13, 14, 15, 17, 18, 19, 20, 21, 22, 23 and 24), (ii) the water
type with salinity problem Na+ ˗ Cl¯ was observed at sample locations PH/12 and 16, the
presence of salinity may be linked to seawater intrusion in aquifer. (iii) It is observed that
sample location PH/10 groundwater was classified to temporary hardness Ca2+ - Mg2+ - HCO3¯,
see Fig. 4. Ca2+ - Mg2+ - HCO3¯ this may be attributed to anthropogenic activities such waste
from septic tank e.t.c
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Fig. 3. Areal distribution of Cl¯/HCO3¯ ionic ratios in of the study area.

Water Stability Index
Chloride–sulfate mass ratio (CSMR)
According to [43, 50] if CSMR >0.5 it implies that water facilities are may exacerbate
galvanic corrosion of leaded connections in water distribution channel. The value of CSMR for
this study ranges from 0.19 to 14.27 with an average value of 3.68. In the study, sample
locations PH/01, 03, 04, 13, 20 and 23showed water has no galvanic corrosion potential, while
sample locations PH/02, 05, 06, 07, 08, 09, 10, 11, 12, 14, 15, 16, 17, 18, 19, 21, 22 and 24
showed water with galvanic corrosion potential, the presence of galvanic corrosion in
groundwater may be attributed to seawater intrusion via streams and industrial waste as shown
in Fig. 5a
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Revelle index (RI)
Stated that when RI values < 0.5 that implies that salinization does not influences
groundwater chemistry [16]. For evaluation of impact of salinization on groundwater chemistry,
corrosivity and scale tendency in groundwater samples were subjected to RI evaluation. Finding
from this study, showed that the value of RI ranges from 0.21 to 22.17 with a mean value of
4.27 (Fig.5b). Estimated values from RI showed that sample locations PH/07, 10 and 23 were
not influenced by salinization. Further results showed that sample locations PH/01, 02, 03, 04,
09, 11, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 and 24 was slightly influenced by salinization.
While sample locations PH/05, 06 and 12 was strongly influenced by salinization. One of the
major reasons while groundwater can be said to be influenced by salinization may be due high
concentration of Cl¯ in groundwater at sample PH/05, 06 and 12

Fig. 4. Chadba’s diagram showing groundwater type of the study area

Larson–Skold index (LSI)
The LSI index has been used to study the relationship between weak acidic anions
(HCO3¯) and strong acidic anions (Cl¯ and SO42¯) in water [16]. In this study, the LSI results
varied from 0.68 to 26.73, with an average value of 6.54. It was observed that sample location
PH/07 with value of 0.68 showed chlorides and sulfate, unlikely to interfere with natural
formation film. While sample location PH/23 showed chlorides and sulfates may interfere with
natural film formation. It was observed that sample locations PH/01, 02, 03, 04, 05, 06, 08, 09,
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10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 and 24 showed high local corrosion tendency,
as the index increases as shown Fig. 5c. High corrosion tendency in groundwater could be
attributed to presence of HCO3¯ in water which may influence the acidity of water, this may
exacerbate corrosivity of groundwater [51]. In the same vein, the occurrence of sulfate in water
may trigger corrosion activities [54-60].

Fig. 5a. Plot of Chloride-Sulfate Mass Ratio (CMSR) against Sampling Points

Fig. 5b Plot of Revelle Index (RI) against Sampling Points
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Fig. 5c. Plot of Larson-Skold Index against Sampling Points.

4. CONCLUSIONS
Groundwater is an important natural resources that no human on earth can do without,
hence its necessary to constantly monitor its quality to avoid steady decline on groundwater.
Results obtained from TDS value revealed that groundwater was classified to be of fresh water
category. Findings from geochemical assessment of groundwater using various plots Na/Cl
versus sampling, Ca/Mg versus sampling dates and C/HCO3¯ + SO42¯ against sampling points
revealed that 56 % of groundwater is influenced by seawater intrusion. While 46 % was not
influenced by seawater intrusion. The plot of Cl¯/(Cl¯ + HCO3¯) showed that sample locations
PH/01, 02, 03, 04, 06, 07, 08, 09, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 and 24
were slightly/moderately influenced by seawater intrusion. Further deduction revealed that
sample locations PH/05 and 12 was slightly above the threshold value and considered to be
strongly influenced by seawater intrusion. Estimated value obtained from Chadba plots showed
that groundwater fell within three category namely; Ca2+ - Mg2+ - Cl¯, Ca2+ - Mg2+ - HCO3¯
and Na+ ˗ Cl¯ this may lead to permanent hardness and does not deposit residual sodium
carbonate in irrigation use, Alkaline earths and weak acidic anions exceed both alkali metals
and strong acidic anions and such water generally creates salinity problems both in drinking
uses respectively. Water stability such as CMSR, RI and LSI that was used to evaluate effect
on corrosion on groundwater.
Deduction from CMSR revealed that 47 % of groundwater sample showed no galvanic
corrosion potential, 53% of groundwater samples showed water with galvanic corrosion
potential. Based on deduced values obtained from RI it was observed that 2 % of groundwater
sample was not influenced by salinization, while 95 % was slightly influenced by salinization
and 3 % was strongly influenced by salinization. Further findings, from LSI showed that 99 %
was influence high corrosion tendency, while 2 % showed chlorides and sulfates may interfere
with natural film formation. Findings from this research is believed to help in preventing further
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diminution of groundwater quality, intrusion of seawater and corrosivity. It is recommended
that regular monitoring of groundwater quality is mandatory to avoid further sea water
intrusion, corrosion and scaling tendency as the area is bordering the coast.

Acknowledgment
The authors are thankful to anonymous reviewers for their constructive comments and suggestions to improve the
quality of the manuscript. We are thankful to owners of borehole who permitted us to fetch water for sampling.
The author(s) acknowledge the support of Mr. Oghenegare Emmanuel Eyankware for modelling groundwater data
obtained from the field. The first author is grateful to Professor A.O.I. Selemo for his encouragements and
mentorship

References
[1]

Gnanachandrasamy, G., Ramkumar, T., Venkatramanan, S., Vasudevan, S., Chung,
S.Y., Bagyaraj, M. Accessing groundwater quality in lower part of Nagapattinam
district, Southern India: using hydrogeochemistry and GIS interpolation techniques.
Applied Water Science 2015. https://doi/10.1007/s13201-014-0172-z

[2]

Eyankware, MO., Ogwah C., Ulakpa, ROE. The Study of Sea Water Intrusion in
Coastal Aquifer of Niger Delta Region, Nigeria. Middle-East Journal of Scientific
Research, 2020 a, 28 (4): 369-379

[3]

Sappa SG, Ergul F, Ferranti, Sweya LN, Luciania G. Effects of seasonal change and
seawater intrusion on water quality for drinking and irrigation purposes, in coastal
aquifers of Dares Salaam, Tanzania. Journal of African Earth Science, 2015, 104, 6484. https://doi:10.1016/j.jafrearsci.2015.02.007

[4]

Barlow, PM., Reichard, EG, Saltwater intrusion in coastal regions of North America.
Hydrogeology Journal, 2010, 18: 247-260. doi: 10.1007/s10040-009-0514-3

[5]

Werner AD. A review of seawater intrusion and its management in Australia.
Hydrogeology Journal 2010. https://doi:10.1007/s10040-009-0465-8

[6]

Chidambaram S, Sarathidasan J, Srinivasamoorthy K, Thivya C, Thilagavathi R,
Prasanna MV, Singaraja C, Nepolian M. Assessment of hydrogeochemical status of
groundwater in a coastal region of Southeast coast of India. Applied Water Science,
2018. https://doi.org/10.1007/s13201-018-0649-2

[7]

Xu, B, Zhang Y, Wang J. Hydrogeochemistry and human health risks of groundwater
fluoride in Jinhuiqu irrigation district of Wei river basin, China. Human Ecological Risk
Assessment, 2019, 25(1–2), 230–249. https://doi:10.1080/10807039.2018.1530939

[8]

Adimalla N, Li P, Venkatayogi S. Hydrogeochemical evaluation of groundwater quality
for drinking and irrigation purposes and integrated interpretation with water quality
index studies. Environmental Processes. 2018. doi:10.1007/s40710-018-0297-4

[9]

Zhang Y, Xu B, Guo Z, Han J, Li H, Jin L, Chen F, Xiong Y. Human health risk
assessment of groundwater arsenic contamination in Jinghui irrigation district. China

-147-

World Scientific News 154 (2021) 133-151

Journal of Environmental Management, 2019.
https://doi:10.1016/j.jenvman.2019.02.067
[10] Eyankware MO, Aleke CG, Selemo AOI, Nnabo PN. Hydrogeochemical studies and
suitability assessment of groundwater quality for irrigation at Warri and environs, Niger
delta basin, Nigeria. Groundwater for Sustainable Development, 2020 b.
https://doi.org/10.1016/j.gsd.2019.100293
[11] Eyankware MO, Obasi PN, Omo-Irabor OO, Akakuru OC. Hydrochemical
characterization of abandoned quarry and mine water for domestic and irrigation uses in
Abakaliki, southeast Nigeria. Modeling Earth Systems and Environment, 2020 c.
https://doi.org/10.1007/s40808-020-00827-5
[12] Adetoyinbo A, Adebo B. Quality of hand-dug eells in selected locations in Lagos
Coastal Aquifer, Nigeria. Report and Opinion, 2010, 2(3), 51-55
[13] Oteri AU, Atolagbe FP. Saltwater Intrusion into coastal aquifers in Nigeria. The Second
International Conference on Saltwater Intrusion and Coastal Aquifers, 2003.
[14] Bangalore S, Usha A. A Critical Evaluation of the water stability indices for the
groundwaters of Bommasandra Industrial Area in Bangalore, India. American Journal
of Environment Engineering and Science, 2018, 5(1): 8-16
[15] Peng CY, Korshin GV, Valentine RL, Hill AS, Friedman MJ, Reiber SH.
Characterization of elemental and structural composition of corrosion scales and
deposits formed in drinking water distribution systems. Water Research, 2010, 44,
4570-4580
[16] Eyankware MO, Igwe EO, Effam CS. Studies of corrosion and scaling potential of
groundwater in Warri, Niger Delta Region, Nigeria. American-Eurasian Journal of
Science Research, 2019 a, 14(4), 84-91
[17] Shankar BS. Determination of Scaling and corrosion tendencies of water through the
use of Langelier and Ryznar Indices. Scholars Journal of Engineering and Technology.
2014, 22A, 123-127
[18] Egbueri JC. Signatures of contamination, corrosivity and scaling in natural waters from
a fast-developing suburb (Nigeria): insights into their suitability for industrial purposes.
Environmental Development and Sustainability, 2019. https://doi.org/10.1007/s10668020-00597-1
[19] Agatemor C, Okolo PO. Studies of corrosion tendency of drinking water in the
distribution system at the University of Benin. Environmentalist, 2008.
https://doi.org/10.1007/s1066 9-007-9152-2
[20] Eyankware MO, Omo-Irabor OO. An integrated approach to groundwater quality
assessment in determining factors that influence the geochemistry and origin of
sandstone aquifers Southern Niger Delta Region of Nigeria. Malaysian Journal of
Geoscience, 2019 b, 3(2), 23-32
[21] Mirzabeygi M, Yousef N, Abbasnia A, Youzi H, Alikhani M, Mahvi AH. Evaluation of
groundwater quality and assessment of scaling potential and corrosiveness of water

-148-

World Scientific News 154 (2021) 133-151

supply networks, Iran. Journal of Water Supply: Research and Technology, 2017.
https://doi.org/10.2166/aqua.2017.128
[22] Abbas A, Nader Y, Amir HM, Ramin N, Majid R, Mahmood Y, Mahmood A
Evaluation of groundwater quality using water quality index and its suitability for
assessing water for drinking and irrigation purposes: case study of Sistan and
Baluchistan province (Iran). Human and Ecological Risk Assessment, 2018.
https://doi.org/10.1080/10807039.2018.1458596
[23] Onwuka OS, Omonona OV. Hydrogeochemical characteristics of coastal aquifers from
Port Harcourt, southern Nigeria. Environmental Earth Sciences, 2017.
https://doi/10.1007/s12665-017-6933-x
[24] Bolaji TA, Tse CA. Spatial variation in groundwater geochemistry and water quality
index in Port Harcourt. Scientia Africana, 2009, 8(1), 134-155
[25] Igbemi1 IA, Nwaogazie IL, AkarantaO, Abu GO. Water Quality Assessment by
Pollution Indices in Eastern Obolo Coastline Communities of Nigeria. American
Journal of Water Resources 2019, 7(3), 111-12
[26] Ekpete OA. Determination of physico-chemical parameters in borehole water in
Odihologboji community in Rivers State. African Journal of Interdisciplinary Stud.
2012, 3(1), 23-27
[27] Izonfuo LWA, Bariweni PA. The effect of urban run-off water and human activities on
some physicochemical parameters of the Epie creek of in the Niger Delta. Journal of
Applied Science and Environmental Management 2001, 5(1), 47-55
[28] Duru CC., Daniel UI., Ogbulie JN. Impacts of organic wastes on water quality of Woji
Creek in Port Harcourt, Nigeria. Journal of Applied Science and Environmental
Management, 2018, 22(5), 625-630
[29] Davies OA, Ugwumba AAA, Abolunde DS. Physico-chemistry quality of Trans-Amadi
(Woji) creek, Port Harcourt, Niger Delta, Nigeria. Journal of Fishery International.
2008, 3(3): 91-97
[30] Ukpaka CP, Ukpaka C. Characteristics of groundwater in Port-Harcourt Local
Government Area. Journal of Advances in Environmental Science, 2016, 1(2), 59-63
[31] Nwankwoala HO, Ngah SA, Ushie FA, Amadi AN. Statistical characterization of
groundwater quality in Port Harcourt, Southern Nigeria. African Journal of Science
Issues, Research and Essays 2014, 2 (8), 338-341
[32] Amadi PA, Ofoegbu CO, Morrison T Hydrogeochemical assessment of groundwater
quality in parts of the Niger Delta, Nigeria. Environmental Geology Water Science.
1989, 14(3), 195-202
[33] Adesuyi AA, Nnodu VC, Akinola MO, Njoku KL, Jolaoso AO. Groundwater quality
assessment in Eliozu Community, Port Harcourt, Niger Delta, Nigeria. International
Journal of Science and Technology Research, 2015, 4(12), 149-153
[34] Umeuduji JE, Aiseuebeogun A Relief and Drainage, in Oyegun C. U. and Adeyemo. A.
(eds). Land and People of Rivers State. River side Communication, Port-Harcourt,
1999; 24-30.
-149-

World Scientific News 154 (2021) 133-151

[35] Ibiam Ntachiobi Ama, Godfry E. Nwajei and P. O. Agbaire. Distribution of Trace
Elements in Surface Water and Sediments from Warri River in Warri, Delta State of
Nigeria. World News of Natural Sciences 11 (2017) 65-82
[36] Short KC, Stauble AJ. Outline of Geology of Niger Delta. Bull. AAPG. 1967, 51(5):
761-779
[37] Oteri AU. Delineation of sea water intrusion in a coastal beach ridge of Forcados.
Journal of Mining and Geology. 1990, 26 (2): 225-229
[38] American Public Health Association (APHA). Standards methods for the examination
of water and wastewater, 22nd ed. American Public Health Association (APHA),
American Water Works Association (AWWA) and Water Environment Federation
(WEF), New York, 2012; p 1360.
[39] Nguyen CK, Clark BN, Stone KR, Edwards MA. Role of chloride, sulfate, and
alkalinity on galvanic lead corrosion. Corrosion. 2011. https://doi.org/10(5006/1),
3600449
[40] Revelle R. Criteria for Recognition of Sea Water in Ground Water. Transactions of
American Geophysical Union. 1941, 22, 593-597
[41] Zaharin, AA, Abdullah, MH, Praveena, SM. Evolution of groundwater chemistry in the
shallow aquifer of a small Tropical Island in Sabah, Malaysia. Sains Malaysiana, 2009,
38(6): 805-812
[42] Larson, TE. Corrosion by domestic waters. Bulletin 59, Illinois State Water Survey.
1975
[43] Mahmood Y, Hossein NS, Amir HM, Mahmood A, Ramin N, Ali AM. Data on
corrosion and scaling potential of drinking water resources using stability indices in
Jolfa, East Azerbaijan, Iran. Data Brief. 2017 Dec 6; 16: 724-731. doi:
10.1016/j.dib.2017.11.099. eCollection 2018 Feb
[44] Chadha DK. A proposed new diagram for geochemical classification of natural waters
and interpretation of chemical data. Hydrogeology Journal 1999, 7, 431-439
[45] Ezeh, VO., Eyankware, MO., Irabor OO., Nnabo, PN. Hydrochemical evaluation of
water resources in Umuoghara and its environs, near Abakaliki, south eastern Nigeria.
International Journal of Science and Healthcare Research, 2016, 1(2), 23-31
[46] Todd DK (2009). Groundwater hydrology. Wiley, New Delhi, India
[47] Freeze RA, Cherry JA. Groundwater. Prentice-Hall, Englewood Cliffs, 1979; p 604
[48] Eyankware, MO., Nnabo PN, Omo-Irabor OO, Selemo OI. Assessment of the effect of
anthropogenic activities on hydrogeochemical quality of water resources of Ekaeru
Inyimagu and its environs, southeastern, Nigeria. Sky Journal of Soil Science and
Environmental Management Nigeria 2016, 5(5): 33-43
[49] Sherif M., Mohamed M., Kacimov A., Shetty. Assessment of groundwater quality in the
northeastern coastal area of UAE as precursor for desalination. Desalination 2011, 273,
436-446

-150-

World Scientific News 154 (2021) 133-151

[50] Omid AN., Eisa M., Elinaz S., Mahdiyeh, K. Data on assessment of corrosion-scaling
potential and chemical parameters of groundwater quality for industrial and
agricultural sectors in the Piranshahr Watershed in the West Azerbaijan province. Iran.
Data in Brief. 2019, 27, 104627
[51] Mukate SV, Panaskar DB, Wagh VM, Baker SJ. Understanding the influence of
industrial and agricultural land uses on groundwater quality in semiarid region of
Solapur, India. Environmental Development and Sustainability 2019.
https://doi.org/10.1007/s10668-019-00342-3
[52] Atasoy AD, Yesilnacar MI. Effect of high sulfate concentration on the corrosivity: a
case study from groundwater in Harran Plain, Turkey. Environmental Monitoring
Assessment, 2010, 166, 595-607
[53] Kaur G, Mandal AK, Nihlani MC, Lal B. Control of sulfdogenic bacteria in produced
water from the Kathloni oilfeld in northeast India. International Biodeterioration and
Biodegradation, 2009, 63, 151-155
[54] Emembolu Loveth Nwanneka, Onukwuli Dominic Okeychukwu, Igbokwe Pilomena
Kanwulia, Seed Shells as Active and Nontoxic Corrosion Inhibitors for Aluminum in
Aggressive Acid Environment. World News of Natural Sciences 31 (2020) 120-137
[55] M. E. Ikpi, F. E. Abeng, B. O. Okonkwo. Experimental and computational study of
levofloxacin as corrosion inhibitor for carbon steel in acidic media. World News of
Natural Sciences 9 (2017) 79-90
[56] M. E. Ikpi, F. E. Abeng, O. E. Obono. Adsorption and Thermodynamic Studies for
Corrosion Inhibition of API 5L X-52 Steel in 2 M HCl Solution by Moxifloxacin.
World News of Natural Sciences 9 (2017) 52-61
[57] F. E. Abeng, V. D. Idim, P. J. Nna. Kinetics and Thermodynamic Studies of Corrosion
Inhibition of Mild Steel Using Methanolic Extract of Erigeron floribundus (Kunth) in 2
M HCl Solution. World News of Natural Sciences 10 (2017) 26-38
[58] Maduabuchi A. Chidiebere, et al. Experimental study on the inhibitive effect of phytic
acid as a corrosion inhibitor for Q235 mild steel in 1 M HCl environment. World News
of Natural Sciences 15 (2017) 1-19
[59] H. Louis, J. Japari, A. Sadia, M. Philip and A. Bamanga. Photochemical screening and
corrosion inhibition of Poupartia birrea back extracts as a potential green inhibitor for
mild steel in 0.5 M H2SO4 medium. World News of Natural Sciences 10 (2017) 95-100
[60] Beata Draszawka-Bołzan. Effect of pH and soil environment. World News of Natural
Sciences 8 (2017) 50-60

-151-

