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This study was conducted to evaluate the corrosion and scaling potential of groundwater at Warri, Niger 
Delta region of Nigeria from 15 sample points. Groundwater samples were collected for physicochemical 
analysis and the measurement was carried out using America Public Health Association standard (APHA) 
method. The corrosion and scaling tendency of groundwater was determined using chloride–sulfate mass 
ratio (CSMR), Revelle index (RI) and Larson–Skold index (LSI). Findings revealed that CSMR ranges from 0.00 
to 2.84, RI ranges from 0.8 to 3.28 and LSI ranges from 0.81 to 3.28. Based on investigation, CSMR, RI and LSI 
showed that effect of corrosion potential of groundwater within the study area is low to insubstantial.  
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1. INTRODUCTION

Water quality assessment is one of the most important aspects of water 
studies (Eyankware, 2019). Studies have shown that the quality of water 
resources is much dependent on their physicochemical properties 
(Aghazadeh et al., 2017). The physicochemical properties of water tend to 
be altered by various processes which include corrosion and scaling. 
Corrosion is the physicochemical interaction of metal and its environs 
which is usually electrochemical in nature and can alter the properties of 
metal (Pirialam et al., 2008; Karegar et al., 2008). One of the most affected 
water quality issues globally is scaling (Karegar et al., 2008; Banglore and 
Usha, 2018; Peng et al., 2010). Shankar [7] further pointed out that scale 
can be formed from a variety of dissolved chemical species, but two 
reliable indicators are hardness and alkalinity (Shankar, 2014). Calcium 
carbonate is the most common form of scale deposition attributable to 
groundwater. 

Stability of water is the tendency of water to either dissolve or deposit 
minerals varying with its chemical makeup. According to a study, water 
which tends to dissolve minerals is considered corrosive and that tends to 
deposit mineral is considered scaling (Banglore and Usha, 2018). A group 
researcher further pointed out that corrosion tends to release the metal 
pipe particles into the fluids (Mazlomi et al., 2008). If the corrosion occurs 
quickly, it forms a hole and then perforation of pipes which is considered 
as a path for water contamination in a state of negative suction; but if the 
water has a tendency to scaling, the diameter of pipe will reduce over the 
time due to the formation of sediments layers in the inner part of the pipes 
which ultimately results to the reduction of flow rate. Corrosive water can 
react with household plumbing and metal fixtures resulting in the 
deterioration of the pipes and increased metal content of the water.  

Consumption of water with elevated levels of toxic metals, such as lead and 
copper, has been shown to cause both acute and chronic health problems. 
In addition, taste and odors, as well as the appearance of delivered water, 

are adversely affected. The scale could clog or reduce the flow in pipes, 
cause build-up in hot water heaters and reduce their efficiency and impart 
an alkali taste to the water (Demadis, 2004; Demadis et al., 2007; Edwards, 
2004).  Factors influencing the release of corrosion scale materials derive 
from a wide variety of issues associated with water chemistry, biological 
processes, composition of pipe scale and the hydraulic flow characteristics 
within the pipe. Chemical properties related to corrosion and scale 
formation of water include pH, alkalinity, dissolved oxygen content and 
total dissolved solids (TDS). The main physical characteristics are 
temperature, flow and velocity of water (Peng et al., 2010). In general, two 
approaches have been used to evaluate the corrosion and scale-forming 
tendency of water: direct laboratory methods and mathematical indices. 
For this study, mathematical indices were used these include; chloride-
sulfate mass-ratio (CSMR), Revelle index (RI) and Larson-Skold index (LSI)  

1.1 Study area, vegetation and climate  

The study area is located in Delta State, geographically it lies between 
latitude 5025/N – 5040/N and between longitude 5029/E – 5044/E as shown 
in Figure 1. The study area falls within the tropical region, and it 
experiences two seasons namely the wet and dry season. The wet season 
is between April and October while dry season is between November and 
March. Annual rainfall usually exceeds 3000 mm, temperature sometimes 
exceeds 280C with 80 % humidity (Iloeje, 1981). The vegetation is typically 
mangrove swamp forest, though it has been extensively altered by human 
activities such as farming, lumbering and exploration activities but in 
many cases, has been replaced by grassland. 

1.2 Geological setting of the area 

Warri and its surrounding area lies within the Tertiary to recent clastic 
sediment piles of the Niger Delta Basin which consists of the Akata 
Formation, the Agbada Formation, the Benin Formation from oldest to 
recent and sometimes, the Somebreiro Warri Deltaic Plain Sands, with 
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elevation 30 m above sea level (Figure 2) The Akata Formation rests is the 
basal unit of the Niger Delta stratigraphic sequence (Allen, 1965; Reyment, 
1965; Short and Stauble, 1965). The age of the formation is Paleocene with 
about 7000 m thick. The overlying Eocene Agbada Formation is the oil 
reservoir of the Niger Delta basin which consists of an alternating 
sequence of deltaic sands and shales that is about 3700 m thick.  

The Oligocene Benin Formation consists of highly porous sands and 
gravels with a few intercalations of clay. The uppermost section which is 
quaternary in age is about 40–150 m thick and comprises of alternating 
sequences of sand and silt/clay with the later becoming increasingly more 
prominent towards then coast (Etu-Efeotor and Akpokodje, 1990). The 
Benin Formation houses the most proliferous aquifer in the Niger Delta 
region with a variable thickness that exceeds 2000 m found especially in 
the northern part of Warri where it is very shallow. The Somebreiro-Warri 
Deltaic Plain Sand is Quaternary in age and directly underlies the study 
area (Wigwe, 1975).  

Figure 1: Location map of the study area showing sample points 
(Eyankware et al., 2020).  

Figure 2: Elevation Map of the Study Area 

2. MATERIALS AND METHOD 

2.1 Sampling and laboratory analysis 

A total of 15 groundwater samples were collected through bore-wells 
within the study area to ascertain the quality. Systematic approach was 
employed for the sampling. The analysis was carried out in the R and 
laboratory of the National Steel Raw Materials Exploration Agency, 
Kaduna according to APHA procedure as follows: The metallic cations 
(Mg2+ and Ca2+) and the anions (Cl¯ and HCO3¯ ) were determined using 
EDTA titrimetric method (APHA, 2012). Nitrate and Sulphate 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) were 
measured with TDS meter (model HQ14D53000000, USA) and HACH 
conductivity meter respectively. The degree of acidity and alkalinity of the 
groundwater samples was assessed in the field using the pH meter Hach 
sensION + PH1 portable pH meter and Hach sensION + 5050 T Portable 
Combination pH Electrode 

Chloride-sulfate mass-ratio (CSMR) =  
𝐶𝑙−

  𝑆𝑂42− 

Revelle index (RI)  =  
𝐶𝑙−

𝐻𝐶𝑂3−

Larson-Skold index (LSI) =  
𝐶𝑙−+  𝑆𝑂42− 

𝐻𝐶𝑂3−

3. RESULTS AND DISCUSSION

Table 1. Physical and chemical characteristics of water quality of distribution networks of Warri (Eyankware et al., 2020). Where BDL is below 
detection limit 

Sample 

Location 

EC PH TDS Temp 

(0C) 

Ca2+ 

(mg/L) 

Mg2+ 

(mg/L) 

Na+ 

(mg/L) 

NO3-

(mg/L) 

HCO3- 

(mg/L) 

K+ 

(mg/L) 

SO4
2-

(mg/L) 

Cl- 

(mg/L) 

WA/NB/01 827 7.01 613 27 1.20 1.58 5.05 BDL 1.83 0.39 BDL 6.02 

WA/NB/02 1013 6.34 527 28 1.18 1.21 4.99 0.62 1.92 0.39 BDL 5.76 

WA/NB/03 809 6.72 549 30 1.60 0.36 5.51 BDL 3.05 0.78 BDL 8.15 

WA/NB/04 1018 7.18 698 26 2.80 1.58 7.35 BL 3.66 0.39 BDL 6.38 

WA/NB/05 897 6.23 730 29 1.20 1.33 4.59 0.62 5.49 1.17 BDL 6.73 

WA/NB/06 909 6.96 843 29 1.20 1.21 3.67 BDL 4.27 1.56 BDL 6.73 

WA/NB/07 787 6.21 604 26 1.18 1.33 5.01 BDL 3.66 1.95 BDL 3.54 

WA/NB/08 601 6.68 583 25 2.20 1.69 1.72 BDL 3.05 0.78 BDL 4.25 

WA/NB/09 618 7.31 663 27 3.40 1.69 2.29 BDL 1.92 1.56 0.96 2.83 

WA/NB/10 549 6.82 587 28 2.60 0.39 1.83 BDL 3.66 0.78 BDL 4.60 

WA/NB/11 492 6.37 529 25 2.80 0.12 1.14 BDL 3.05 2.34 BDL 2.48 

WA/NB/12 568 6.54 583 29 4.80 0.42 0.91 BDL 3.66 BDL BDL 3.54 

WA/NB/13 536 6.17 499 27 3.60 0.97 0.45 0.62 1.92 0.39 BDL 1.77 

WA/NB/14 438 6.90 501 28 5.81 1.33 0.38 BDL 1.83 0.78 BDL 2.83 

WA/NB/15 391 6.31 408 30 6.61 0.58 0.22 BDL 3.05 0.39 BDL 4.60 

Minimum 536 6.17 499 27 3.6 0.97 0.45 0.62 1.92 1.83 0.96 1.77 

Maximum 
438 6.9 501 28 5.81 1.33 0.38 0.62 1.83 5.49 0.96 8.15 

Average 
391 6.31 408 30 6.61 0.58 0.22 3.05 3.13 4.71 
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Table 2: Results of Water stability indices calculations samples 
obtained from Warri 

Sample  Code Index CSMR RI LSI 
 WA/NB/01 0.00 3.28 3.28 
WA/NB/02 0.00 3.00 3.00 
WA/NB/03 0.00 2.67 2.67 
WA/NB/04 0.00 1.74 1.74 
WA/NB/05 0.00 1.22 1.22 
WA/NB/06 0.00 1.57 1.57 
WA/NB/07 0.00 0.96 0.96 
WA/NB/08 0.00 1.39 1.39 
WA/NB/09 2.94 1.47 1.97 
WA/NB/10 0.00 1.25 1.25 
WA/NB/11 0.00 0.81 0.81 
WA/NB/12 0.00 0.94 0.94 
WA/NB/13 0.00 0.92 0.92 
WA/NB/14 0.00 1.54 1.54 
WA/NB/15 0.00 1.50 1.50 
Minimum 0.00 0.81 0.81 
Maximum 2.94 3.28 3.28 
Average 0.34 1.66 1.69 

Table 3: Indexes criteria with the interpretation of the water status 
Index Equation Index value Status 
Chloride-
sulfate 
mass-ratio 
(CSMR) 

𝐶𝑙−

  𝑆𝑂42− 

CSMR <0.5 Water has no 
galvanic corrosion 
potential 

CSMR>0.5 Water with galvanic 
corrosion potential 

Revelle 
index (RI)  

𝐶𝑙−

𝐻𝐶𝑂3−

RI < 0.5 Unaffected by 
salinization 

0.5-6.6 Slightly affected by 
salinization 

>6.6 Strongly affected by 
salinization 

Larson-
Skold index 
(LSI) 

𝐶𝑙− +  𝑆𝑂42− 

𝐻𝐶𝑂3−

LSI<0.8 Chlorides and sulfate 
unlikely to interfere 
with natural 
formation film 

0.8<LSI<1.2 Chlorides and 
sulfates may 
interfere with 
natural film 
formation 

LSI>1.2 High local corrosion 
tendency expected as 
the index 
increases 

3.1 Water stability Index 

3.1.1 Chloride–sulfate mass ratio (CSMR) 

According to some study, CSMR >0.5 it signifies that water facilities are 
considered to promote galvanic corrosion of leaded connections in water 
distribution channel (Mahmood et al., 2018; Omid et al., 2019). The value 
of CSMR ranges from 0.00 to 2.94 with an average value of 0.34 Table 2. In 
this study, the 99 % of groundwater fell below 0.5 which  implies 
groundwater within the study area has  no galvanic corrosion potential,  
except for sample WA/NB/09 with value of 2.94 which indicate that 
groundwater showed  galvanic corrosion potential (Tables 2, 3 and Figure 
3a). This is due to the sea water intrusion via streams and industrial waste. 

3.1.2 Revelle index (RI) 

Akoteyon, [22] stated that when RI values < 0.5 it indicates that the water 
chemistry and the corrosion and scaling tendencies are not affected by 
salinization. In the same vein, the samples were subjected to RI evaluation 
to depict the possible impact of salinization on the water chemistry and 
the corrosivity and scaling potentials (Akoteyon, 2013). The RI values for 
this study ranged from 0.81 to 3.28 with a mean value of 1.96 Table 2 and 
Figure 3b. The RI values in this study further indicate that the origin of 
chloride in the water resources is not attributed to halite (rock salt) 
dissolution (Akoteyon et al., 2018; Mgbenu and Egbueri, 2019). The high 
chloride concentration in groundwater could be linked to salt intrusion 
from sea via streams and creeks (Offodile, 1992; Olobaniyi and Owoyemi, 
2004). 

3.1.3 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 SO4

2¯) in water (Sajil, 
2019; Shams et al., 2012). In this study, the LSI results varied from 0.81 to 
3.28, with an average value of 1.66. From Figure 3c, it was observed that 
area around Lodu Imenyi, Krikrdoge, Obodo and Kpokiti showed high LSI 
value, high local corrosion tendency expected as the index increases. When 
compared to other part of the study.  Studies have shown that HCO3¯ 
influences the acidity of water, which in turn makes it corrosive (Mukate 
et al., 2019). In the same vein, the presence of sulfate in water may speedy 
corrosion activities (Atasoy and Yesilnacar, 2010; Ismail and El-Shamy, 
2009; Kaur et al., 2009; Sahinkaya et al., 2007). 

Figure 3: a, b and c showing spatial distribution of chloride-sulfate mass-
ratio (CSMR), Revelle index (RI) and Larson-Skold index (LSI) across the 

Study area respectively. 

4. CONCLUSION 

From study carried out within the study area, the increasing 
industrialization taking place within the oil producing region of Niger 
delta, corrosivity and scaling features of the available groundwater were 
assessed using the CSMR, RI and LSI index. Findings revealed that values 
obtained from CSMR showed that groundwater within the study area has 
no galvanic corrosion potential except at location WA/NB/09 at Erure 
were groundwater showed galvanic corrosion potential. The values 
obtained from RI showed that groundwater is slightly affected by 
salinization, values from LSI revealed that if index increase there is 
possibility of high local corrosion tendency in groundwater within the 
study area. Generally, the study area has is slightly affected by low 
corrosion potential from chloride concentration within the study area. 
This research is believed to help in protection, treatment and 
sustainability of the groundwater in the 
study area. Moreover, water pipelines should be preserved with several 
modes of corrosion inhibition. 

a 

b 

c 



Environmental Contaminants Reviews (ECR) 3(2) (2020) 62-65 

Cite the Article: M. O. Eyankware, E. O. Igwe, S. C. Effam (2020). Studies Of Corrosion And Scaling Potential Of Groundwater In Warri, Niger Delta Region, 
Nigeria . Environmental Contaminants Reviews, 3(2): 62-65. 

REFERENCES 

Aghazadeh, N., Chitsazan, M., Golestan, Y., 2017. Hydrochemistry and 

quality assessment of groundwater in the Ardabil area, Iran. Applied 
Water Science, 7, 3599–3616. https://doi.org/10.1007/s1320 1-016-
0498-9. 

Akoteyon, I.S., 2013. Evaluation of Groundwater Quality Using Water 

Quality Indices in Parts of Lagos-Nigeria. Journal of Environmental 
Geography, 6 (1–2), 29–36. 

Akoteyon, I.S., Balogun, I.I., Soneye, A.S.O., 2018. Integrated approaches to 

groundwater quality assessment and hydrochemical processes in 
Lagos, Nigeria. Applied Water Science, 8, 200. https://doi. 
org/10.1007/s13201-018-0847-y. 

Allen, J.R.L., 1965. Late Quaternary Niger Delta and adjacent areas: 

Sedimentary environments and lithofacies. Bull. AAPG., 49, 547-600. 

American Public Health Association (APHA). 2012.  Standards methods for 
the examination of water and wastewater, 22nd edn. American Public 
Heal th Association (APHA), American Water Works Association 

(AWWA) and Water Environment Federation (WEF),  New York,  
p1360. 

Atasoy, A.D., Yesilnacar, M.I., 2010. Effect of high sulfate concentration on 

the corrosivity: a case study from groundwater in Harran Plain, Turkey. 
Environmental Monitoring Assessment, 166, 595– 607. 
https://doi.org/10.1007/s10661-009-1026-2. 

Bangalore, S., Usha, A., 2018. A Critical Evaluation of the Water Stability 

Indices for the Groundwaters of Bommasandra Industrial Area in 
Bangalore, India. American Journal of Environmental Engineering and 
Science, 5 (1), pp. 8-16. 

Demadis, K.D., 2004. Focus on operation and maintenance: scale formation 
and removal. Power, 148 (6), 17–24. 

Demadis, K.D., Mavredaki, E., Stathoulopoulou, A., Neofotistou, E., 
Mantzaridis, C., 2007. Industrial water systems: problems, challenges 

and solutions for the process industries. Desalination, 213, 38–46. 

Edwards, M., 2004. Controlling corrosion in drinking water distribution 
systems: a grand challenge for the 21st century. Water Sci. Technol., 49 
(2), 1–8. 

Etu–Efeotor, J.O., Akpokodje, E.G., 1990 Aquifer systems of the Niger Delta 

Jour. Min. Geol., 26 (2), 279 – 284. 

Eyankware, M.O., 2019. Hydrogeochemical Assessment of Chemical 
Composition of Groundwater; a case study of the Aptian-Albian Aquifer 

within Sedimentary Basin Nigeria. Global Journal of Environmental 
Research, 13 (1), 07-16. 

Eyankware, M.O., Aleke, C.G., Selemo, A.O.I., Nnabo, P.N., 2020. 
Hydrogeochemical studies and suitability assessment of groundwater 

quality for irrigation at Warri and environs., Niger delta basin, Nigeria. 
Groundwater for Sustainable Development. doi: 
https://doi.org/10.1016/j.gsd.2019.100293 

Iloeje, N.P., 1981. A New Geography of Nigeria, Longman, Nigeria. 

Ismail, A.I.M., El-Shamy, A.M., 2009. Engineering behavior of soil materials 
on the corrosion of mild steel. Applied Clay Science, 42, 356–362. 

Karegar, M., Rahaimzadeh, H., Sadeghi, M., Dadban, Y., 2008. Corrosion and 
scaling ability of drinking water distribution network in Gorgan and its 

influencing factors. Second National Conference on Water and 
Wastewater Pperation approach; Tehran, Iran. [In Persian]. 

Kaur, G., Mandal, A.K., Nihlani, M.C., Lal, B., 2009. Control of sulfidogenic 
bacteria in produced water from the Kathloni oilfeld in northeast India. 

International Biodeterioration and Biodegradation, 63, 151–155.  

Mahmood, Y., Hossein, N.S., Amir, H.M., Mahmood, A., Ramin, N., Ali, A.M., 

2018. Data on corrosion and scaling potential of drinking water 
resources using stability indices in Jolfa, East Azerbaijan, Iran. Data in 

Brief, 16, 724–731. 

Mazlomi, S., Haybati, B., Fazlzadeh, M., Derakhshan, S., 2008. Evaluation of 
corrosion and sedimentation potential of drinking water in Mianeh city 
2008. 12th National Conference on Environmental Health; Shahid 

Beheshti University of Medical Science, Iran. [In Persian]. 

Mgbenu, C.N., Egbueri, J.C., 2019. The hydrogeochemical signatures, 
quality indices and health risk assessment of water resources in 
Umunya district, southeast Nigeria. Applied Water Science. https:// 

doi.org/10.1007/s13201-019-0900-5. 

Mukate, S.V., Panaskar, D.B., Wagh, V.M., Baker, S.J., 2019. Understanding 
the influence of industrial and agricultural land uses on groundwater 

quality in semiarid region of Solapur. India: Environment, Development 
and Sustainability. https://doi.org/10.1007/s10668-019-00342-3. 

Offodile, M.E., 1992. An approach to groundwater study and development 
in Nigeria. Jos Nigeria, Mecom Services Ltd 

Olobaniyi, S.B., Owoyemi, F.B., 2004. Quality of groundwater in the Deltaic 

plain sand’s aquifer of Warri and environs, Delta State, Nigeria. Water 
Resources Journal Nigerian association of hydrogeology, 15, 38-45. 

Omid, A.N., Eisa, M., Elinaz, S., Mahdiyeh, K., 2019. 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.  27- 

104627. 

Peng, C.Y., Korshin, G.V., Valentine, R.L., Hill, A.S., Friedman, M.J., Reiber, 
S.H., 2010. Characterization of elemental and structural composition of 
corrosion scales and deposits formed in drinking water distribution 

systems. Water Res., 44, 4570–4580. 

Pirialam, R., Shams, G., Shahmansoori, M., Farzadkia, M., 2008. 
Determination of corrosion and sedimentation potential in drinking 

water distribution system of Khorramabad city by corrosion indices 
and weight loss method. Lorestan Univesity of Medical Sciences Journal, 
10(3), 79-86. [In Persian]. 

Reyment, R.A., 1965. Aspects of the Geology of Nigeria: The Stratigraphy 

of the Cretaceous and Cenozoic Deposits. Ibadan University Press. 

Sahinkaya, E., Ozkaya, B., Kaksonen, A.H., Puhakka, J.A., 2007. Sulfdogenic 
fuidized-bed treatment of metal-containing wastewater at 8 and 65 °C 
temperatures are limited by acetate oxidation. Water Research, 41, 

2706–2714. 

Sajil, K.P.J., 2019. Assessment of corrosion and scaling potential of the 
groundwater in the Thanjavur district using hydrogeochemical analysis 

and spatial modeling techniques. SN Applied Sciences. https 
://doi.org/10.1007/s42452-019-0423-6. 

Shams, M., Mohamadi, A., Sajadi, S.A., 2012. Evaluation of corrosion and 
scaling potential of water in rural water supply distribution networks 

of Tabas, Iran. World Applied Sciences Journal, 17(11),1484–1489. 

Shankar, B.S., 2014. Determination of Scaling and corrosion tendencies of 
water through the use of Langelier and Ryznar Indices. Scholars Journal 
of Engineering and Technology, 2, 2A 123-127. 

Short, K.C., Stauble, A.J., 1967. Outline of Geology of Niger Delta, Bull. AAPG, 
51(5), 761- 779. 

Wigwe, G.A., 1975. The Niger Delta: Physical. In G.E.K. Ofomata (ed). 
Nigeria in maps: Eastern States. Pp380 - 400. Ethiope Publ. House, Benin 
City




