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ARTICLE DETAILS ABSTRACT

Article History: The impact of storage vessels on stored water quality changes and how it can influence plant growth, and
human health through irrigation and domestic uses has been evaluated. The water was collected from the
same borehole source at Ebonyi State University and stored in vessels made of plastic, metal, calabash, and
clay pot. The samples were tested in the laboratory to ascertain the physiochemical quality of the water. The
following ions Cd, Pb, Ca?+, Na*, Mg?+, K*, and Cl-were identified in each of the storage vessels which vary from
the values of the controlled sample and were below their respective WHO permissible limits, except Cd which
is significantly higher than WHO limit (>0.0003mg/1). The variation in qualities (odour, taste, colour, and
metal concentration) of stored samples implies a significant influence of storage vessels on water quality. The
pH range changed to slight alkali and hardness ranges from 160 to 330 mg/1 after storage. The non-uniformity
of each of the tested parameters among the samples indicated that each vessel had a different degree of impact
on water quality during storage. The irrigation parameter and domestic use assessment showed some level of
the potential risk to crops and humans mostly indicated by the MAR of calabash and Cd concentration
respectively. The significant decrease in Cl- after storage suggests Cl decay, this enhances quality deterioration
as microbial growth can be accelerated. The research conclusively noted that water quality deterioration is
not an isotropic result of storage vessel influence but an integral impact of storage culture and geogenic
factors' influence on the water before and during storage and varying environmental constraints.
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practice is more in the remote rural communities where there is little or
no portable water source, and areas face with the challenge of water

1. INTRODUCTION

Water is known to be a very important and life-sustaining resource to
humanity and their related activities which have been considered
essential for the survival of all organisms and plants (Nwoke et al., 2019).
This in conjunction with the characteristics of water as a solvent for many
solutes needed in the body and environment contaminating elements
exacerbates the risk associated with poor water quality, since water has
been known to be vital in the metabolic processes of living things. Across
the globe, groundwater has relatively turned out to be the most
dependable source of water supply for both public and private usage
(domestic and industrial daily requirements) (Obasi et al., 2022; Akpa et
al,, 2022). The non-availability of municipal water supply facilities by
government agencies and the growing human population have enhanced
water scarcity, which has occasioned water storage practice as an option
to cushion the scourge (Obasi et al,, 2022; Akpa et al,, 2022).

Inconsistency in the power supply is a known challenge among
developing countries such as Nigeria and has contributed to the poor
water supply network in the study area (Kuma et al., 2014). These direct
and indirect effects of water supply shortage to the populace, through
water scheme outlets owned by governments, institutions, and/or
individuals have accelerated the practice of storing water in the area as in
other parts of the globe to meet up with daily needs of water usage. This
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schemes and borehole failures (like Abakaliki Urban), relegating the
dwellers to source their water from ephemeral streams, ponds, and
abandoned mine pits (in most villages). Therefore, it has become a
common practice to store rainwater, borehole water, stream water, and
other sources of water that can be fetched and stored in large containers
to ensure continuity in supply during the period of scarcity. This practice
spelled risk as recent findings by researchers, have shown that the quality
of these stored water is usually not the same with time, indicating a
possible influence of the storage vessel(s) in their deteriorating qualities
(Manga et al,, 2021; Nwoke et al,, 2019; Njoku et al., 2018; Adeleke, 2012;
Slavik et al., 2020; Packiyam et al., 2016).

The World Bank report, documented that the proportion of the world’s
population having access to securely managed drinking water services
has been on increase, even before the adoption of SDG (goal six) 2030
(World Bank, 2019). Not with standing, these efforts has been influenced
by anthropological and user practices which have underscored the
attainment of sustainable quantity in water resources. These quality
deteriorations arising from storage vessels and storage practices have
contributed to the problems facing Sustainable Development Goal six
(SDG), which focuses on addressing universal issues of poor water quality
supplies, and equitable access to free and innocuous drinking water
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resources. Such that the world still faces the visible crisis of poor water
quality, which threatens the well-being of humanity, their productive
capacity, and efficiency (World Bank, 2019). Human health and well-being
require acceptable quality and quantity of water, as one of its critical
dependent parameters (CDCP-NCEZID, 2020; WHO, 2011). For many
years now, attention has drifted from just water availability to the
availability of quality water and the anthropological activities which
appear to have negatively influenced water quality hence engendering its
deterioration more than proportionally to the population and economic
growth (Manga etal., 2021; Boretti and Rosa, 2019). Perhaps the adoption
of efficient storage practices/facilities may contribute to a reliable
improvement in water quality assurance.

Good quality water must have acceptable chemical, physical, biological,
and radiological characteristics, based on local and widely-acceptable
international measuring standards, such as World Health Organization
(WHO). Booker defined potable water as one in which the physiochemical
and bacteriological characterizations are within the WHO-specified limits
(Booker, 2014). Research had shown that the total percentage of available
water in the globe which satisfy the definition of Booker’s specification is
miniature relative to the global water supply quotient (Nala and Jagals,
2013; Ogbozige et al,, 2018). Because human activities coupled with the
type and nature of the storage facility have further reduced the quality of
the little available water when supplied, hence exposing the water to
relative continuous contamination (Manga et al, 2021). This defines
another focal point on water quality issues as the influence of the
distribution systems and storage facilities on physical and chemical
properties, stability, and/or alteration of the stored water over a while
which depend on the purpose of usage (Eyankware et al.,, 2020; Obasi and
Akudinobi, 2020; Nwoke et al,, 2019; Njoku et al., 2018; Dodoo, et al,,
2006).

The storage interval in storage facilities has been considered one of the
most important factors affecting water quality degradation (Potgieter et
al,, 2021; Nwoke et al,, 2019). Because the vessels can harbour debris
accumulation, hence resulting in in-house microbial contamination
within the storage facilities following the user practices such as where
households do not clean up their storage tanks for a long interval (Manga
et al, 2021; Akuffo et al, 2013). Though the storage vessels often are
enclosed structures, there could be other numerous access points and
user practices that can become entry pathways for debris and
contaminants (USPEA, 2002). These pathways include but are not limited
to; rooftop access of hatches and appurtenances, sidewall joints,
unhygienic storage vessel, and vent and overflow piping, which are not
from geogenic factors (Nwoke et al., 2019; Ogbozige et al,, 2018).

The purpose of water storage could be for any of the following
applications; irrigation agriculture, drinking water, fire suppression,
agricultural farming (plants and livestock), food processing, and chemical
manufacturing (Obianyo, 2020; Duru et al, 2013). Low-quality water
plays a vital role as a mechanism for the spread of diseases, indicating the
relationship between healthy living, water sanitation, and quality
(according to a report on Water Tank-Lining) (Duer, 2006; Chalchisa etal,,
2017). Across developing countries, high morbidity, increase in death
numbers, disease outbreaks, and health problems have been attributed in
many cases to poor water quality, limited water availability, sanitation,
and/or poor hygiene practices (Obasi, and Akudinobi, 2019, 2020; Nwoke
etal,, 2019; Eyankware et al.,, 2016; Obasi et al,, 2022).

An effort to mitigate the above pressing scourge has been ongoing to
create an environment conducive to improving access to portable water.
Others are providing relatively low-cost and effective household water
treatment options, improvement and educating the masses on hygiene,
sanitation, and proper use of storage facilities (Slavik, et al., 2020). Since
water quality reappraisal has indicated that quality deterioration
problems in stored water are not just characterized based on sanitation
parameters only but as an integral function of microbiological, chemical,
or/and physical qualities alterations which could be enhanced by storage
vessels makeup (Adeleke, 2012; Raphael and Brown, 2011; Slavik et al,,
2020; Packiyam et al., 2016).

In Ebonyi State, commonly used water storage containers are made of
plastic, metal/steel, and clay. Some of these materials have been
sanctioned with respect to their use for water storage by some standards
organizations such as the Standard Organization of Nigeria (SON) (Scott,
2020; Philip and Efiong, 2013). Also, manufacturers of these storage
vessels usually do not state the maximum retention and shelflife of water
stored in them before it could experience quality change (Ogbozige et al.,
2018). Relatively, water scarcity in Ebonyi State is eminent, as there has
not been municipal water supply by government-owned water schemes
in the past eight years within the entire state. This relegates the populace

to depend on borehole water (groundwater sources) which sourcing has
been challenging following rampant borehole failures in the area
occasioned by underlying litho-units (geology) of the area dominated by
indurated shale (Obasi et al,, 2022; Akpa et al.,, 2023).

This amount to water supply shortage which has foisted the dwellers to
adopt water storage approaches to manage the water scarcity challenge
in the area. Since water storage and re-use of rainwater and other sources
of water can reduce demand on the municipal water supply, and possibly
make the resource (water) readily available, particularly for non-potable
uses (toilets, laundry, and gardening) but the glaring question remains
how safe stored water could be over a defined period of storage in
correlation to storage culture and facilities. Therefore the fundamental
aim of this work is to assess the storage vessels and user culture impact
on borehole water suitability for domestic and agricultural purposes in
the study area. This is a source of concern as many people are now opting
to invest in water storage tanks to collect water from different sources for
domestic use or commercial purposes and to cushion the impact of water
scarcity ravaging the area.

2. REVIEW OF STORAGE VESSEL'S IMPACT ON WATER QUALITY

United Nations projected that nearly six (6) billion people globally are
likely to face scarcity of clean water by 2050, this accentuates the critical
need to reappraise sources of water contamination for the available
healthy water (United Nations, 2018; Slavik et al., 2020; Boretti and Rosa
2019). Water storage facilities have been identified as one of the cardinal
problems contributing to water contamination in the world; hence several
studies have investigated the impact of storage systems on water quality.
These impacts of storage material on water quality have been evaluated
and correlated with certain user cultures on stored household water
quality for consumption (Nnaji et al., 2019; Mohanan et al., 2017; Douhri
etal,, 2015; Lemke and DeBoer, 2012; Schafer, 2010; Agensi et al., 2019;
Holt, 2005; Ziadat, 2005). The storage vessels can harbour several
pathogens once the environmental condition and chemistry of the water
are conducive for their breeding/replication, this can cause different
diseases and illnesses. Hence increasing the household water
contamination level with the corresponding risk of spreading waterborne
diseases and many infectious outbreaks is a threat to humanity (Khan and
Al-Madani, 2016).

The type of vessels used for storage highly influences the water quality
over time. This follows their interaction and reactivity with mineral
elements in the water hence degrading its quality. The obvious decline in
the quality of water supplied can be credited to contamination at different
stages of distribution and storage (Al-Bahry et al,, 2011, 2009). This is in
line with the observation of Raphael and Brown on plastic vessel, that its
quality deterioration is relative to its exposure to the sun (Raphael and
Brown, 2011). This storage facility influence suggests a threat to the
projection of the world bank 2019 concerning SDG goal six of 2030. This
heightened the need for storage vessels and user culture reappraisal.
Manga et al. (2021) posits that to date, there is no single study
documented in the literature, that comprehensively evaluates the tank
features concerning user practices in accessing household water
contamination factors. Providing such comprehensive knowledge will aid
researchers and policy-making in mitigating the impact of storage vessels
on household water quality and educative background for the citizenry on
best storage practices. The three (3) problems captured by Manga et al.,
(2021) rose to the cardinal questions in environmental and storage water
management practices across the globe (Manga et al., 2021).

e What is the correlation between the features of storage vessels and
user practices' impact on household water quality?

e How do the features of storage vessels and user practices affect
household water quality?

e (Can anything be done to mitigate the effects of storage vessel
features and use practices on water quality?

In a bid to answer the above questions they concluded; that a multivariate
contamination prediction model should be developed that can combine
all the vessel features, maintenance, and user practices to determine the
best matrix for safe storage of water at the household level. This must
consider the economic implications of chosen tank type(s) through life
cycle costing and cost-benefit analysis. Ziadat reappraises the impact of
storage tanks in residential homes on drinking water quality compared to
it the water source, this study would have brought about a radical
revolution in defining water quality and its storage effect but its inability
to integrate analysis of major anions, cations, and certain PHEs limit the
scope (Ziadat, 2005). However, they found that the water in storage tanks
had higher ionic concentrations compared to the sources, perhaps rusting
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could be a possible cause since most of the tanks are vulnerable to rusting.
A related observation made by Graham and VanDerslice, redefines the
effectiveness of household large water storage vessels/tanks in
safeguarding the quality of drinking water in El Paso County, Texas, which
indicated that the water from the tanks was generally of poor quality
(Graham and VanDerslice, 2007).

Schafer and Mihelcic disclosed that storage impacts on water quality are
likely to be affiliated with water temperature differences inside the
storage vessels (Schafer and Mihelcic, 2012). This suggests that vessel
designs could be a factor in water quality alteration during storage.
Though it may not wholesomely initiate all the quality change, user
practice and cleanness culture may contribute viciously; mostly if the
tanks are not completely emptied during use or cleaning (Schafer and
Mihelcic, 2012). Apart from physical and chemical variations in water
quality which result during storage, there are usually microbial content
alterations. A group of researchers through examination of water stored
in glass-reinforced-plastic, polyethylene, and galvanized iron showed that
all water storage tanks affirmed microbial regrowth with high values of
the microbial total count, but the regrowth varied with the type of the
water storage vessels (Al-Bahry et al., 2013). He isolated Coliforms from
all vessels but abundance in glass-reinforced plastic. A similar result was
obtained by on the assessment of drinking water quality in storage tanks
in Ethiopia being positive for total coliforms and fecal coliforms presence
(Chalchisa et al., 2017).

Though some water samples might have been contaminated
microbiologically from the sampling point, high temperature after storage
up to 23.1 °C has been found to increase the number of fecal coliforms in
storage tanks (Chalchisa etal, 2017). Certain storage tanks have
indicated contamination with heterotrophic bacteria; with 80% of
coliforms, and 30 % containing fecal coliforms, but indicated the absence
of E. coli (Manga et al, 2021; Al-Ghanim et al,, 2014). Elsewhere about
60 % of the tanks evaluated recorded algal counts exceeding 103 unit/]
(Home Plus Water, 2022; Manga et al, 2021). The absence of some
delicate microbes and the abundance of coliforms suggested that
microbial growth in storage vessels is defined by environmental
conditions that support the thriving and replication of such organisms
during storage. This increase in microbial presence in water after a
certain interval of storage results from water storage vessel surface
interactions which usually encourage microbial growth differently, hence
the influence of storage facilities on municipal water quality is crucial (Al-
Ghanim etal, 2014). Contamination usually occurs as a result of the
storage facility(ies) infrastructural deterioration; hence facilitating the
entry of particulate matter or other non-potable substances into water
(Chalchisa et al., 2017). Water stored in an unhygienic manner can be re-
contaminated resulting in waterborne diseases. This clearly explains why
the rate of water bore disease is alarming despite all concerted efforts by
governmental, and non-governmental organizations and individuals to
provide clean water to the masses.

However, none of the above workers have properly correlated their
findings to the human health risk via domestic use and possible hazard
faced by plants when such low-quality water are used for irrigation.
Therefore, the main objective of this study is to assess the
physicochemical qualities of borehole water in Ebonyi State University,
Abakaliki stored in different water storage vessels, which are used by the
University Community both for irrigation processes by the faculty of
Agricultural science students of the institution. Such that this work
focuses on identifying the physical and chemical properties of the water
stored in different vessels and taking cognizance of whether water quality
deteriorates in storage containers for a given time; and through that,
determining which vessel is most suitable for water storage to preserve it
from quality deterioration, the effect on soil and plant when used for
irrigation purposes.

3. MATERIAL AND METHODS

The materials and methods adopted in this study followed certify
scientific approach for analysis and research as discussed below.
Apparatus used include; measuring cylinders, beakers, micro-pipette,
burettes, volumetric flasks, funnel, test tubes, Stopwatch, thermometer,

oven, plastic bottles, Erlenmeyer flask (different sizes), electronic mill,
refrigerator, filter papers, stirrer; other are potentiometric digital pH
meter and conductivity meter. The main reagent used are; Buffer solution,
Pb (NOs)2, HCI, KMnOs, Distilled water, and Nitric acid (HNOs). The
determination of electrical conductivity (EC) of water samples was
achieved via a pocket-sized dissolved solids and conductivity meter with
temperature compensation (TDS & EC hold, +2%) made by Griffin
Company, USA. The colour was determined using Lovibond (S1000)
comparator made by Tinton LTD. The total solids were determined using
a weighing balance (FA/]A series) a product of HANNA LTD, England, and
a Steam bath (GA942-041) produced by Gallen Kamp Group of Companies
Canada. A Pocket-sized pH meter (pH,) made by HANNA LTD, England
respectively.

However, Atomic Absorption Spectrophotometer (AAS 500) made by
Fredonia LTD, USA was used in determining the concentration of selected
metals (heavy metals) after digesting the sample. These physicochemical
parameters, which include pH, colour, odour, carbonate, total solid, and
total dissolved solids (TDS), were analyzed following the standard
method of the American Public Health Association (APHA, 2005, 2012;
MacCrady, 2011). Potassium, Cadmium, Sodium, Magnesium, Chloride,
and Lead, were determined by the atomic absorption spectrophotometer
(AAS) method. The selection of sampled ions is due to their enrichment in
the groundwater of the area and their associated health risk (for example
Pb, Cd, and Mn) when their safe limit is exceeded.

3.1 Sampling and Laboratory Analysis

Water samples were collected from CAS Campus boreholes (Campus with
Law Faculty, Agricultural Science Faculty, and Post Graduate School of
Ebonyi State University Abakaliki). The students and Lecturers of these
Faculties mostly Agriculture and Natural Resources Management, Ebonyi
State University, Abakaliki source their water used for various
experiments and irrigation of their crops, and other uses by resident staff
and students for their domestic usage. The water was stored for 28 days
(four weeks) in a calabash, clay pot, metal vessel, and plastic container.
Twenty-eight days were chosen as a period of assessment as the water
storage for irrigation and domestic uses usually do not exceed the said
period in the study area.

The sample collection was done in the morning using disposable sterile
hand gloves but before that storage vessel has been washed with distilled
water and dried before sample collection, and rinsed during the same
sample to be collected at the point of collection. Also, the control sample
of water from the borehole was collected at the same time as those stored
in the vessel for analysis which helps in determining whether there are
parameter changes after the storage period. Water stored in all containers
was placed outside. This was done to reflect actual field conditions as the
practice is in most the farms where water is being used for a diverse
purpose and also being common household practice in south-eastern
Nigeria culture mostly among ruler dwellers. The correctness of the
physiochemical results was assessed by applying the following
relationship (equation 1) of the analyzed samples expressed in Mg/L.
94 Parameter = Individual Parameter x 100% (1)
Total Parameter
The contamination factor (CF) and pollution index (PLI) of the elements
were calculated using the mathematical expressions given by Hakanson
(1980) and Tomlinson et al. (1980) (equations 2 and 3) respectively.

C7l
Cp

CF = (2

PLI = \[CF, + CF, + CFs3+,....,+ CE, (3)

The assessment of the suitability of the water sample after the storage
period were achieved through the application of the various mathematical
simulations as presented in table 1 (equation 4 to 7), to appraise the
impacts of these storage vessels on chemical properties and their effects
on humans and plants. The result was later correlated to standard
regulatory bodies/organizations such as the world health organization
permissible limit standard for drinking water qualities (WHO, 2011).

Table 1: Equation for Assessing the Irrigation Indices Water (all calculated in Meq/L)
Parameters Equation Equation Number Reference
Sodium percentage (Na%) Na % = IZZJT;(;O 4 Doneen, 1964)
Magnesium adsorption ratio (MAR) MAR = % 5 Raghunath, 1987)
Soluble Sodium Percentage (SSP) SSP = 6 Richards, 1969), Todd, 1980)
Domestic Use (Mg/L) Ca?*+ Mg?* - HCOs3 7 Durfor and Becker, 1964)
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4. RESULT AND DISCUSSION

The comprehensive result obtained from the laboratory analysis is
presented in Table 2 as the effect of different storage materials on selected
water physiochemical parameters (physical properties) for defining
water qualities. Similarly, Table 3a shows the result arising from the effect
of different storage materials on selected water chemical properties
whereas Table 3b presented a summary of statistical values of chemical
parameters evaluated from the stored samples.

4.1 Water Quality Alterations and Associated Health Risks

The total solid (TS) varies considerably for metal, clay pot, calabash, and
plastic vessels as follows 0.061, 5.46, 8.20, and 0.04 mg/I respectively
(Table 2). Since the water sample were all from the same source and
collected at the same time, it implies that TS varies uniquely with a wide
range relative to the storage vessel, in the following order calabash > clay
pot > Metal > plastic (decrease order) or plastic > metal > clay pot >
calabash (increasing order). The increase in metal vessel TS may have
resulted from rusting of the material/vessel. A group researchers earlier
reported non-improvement in TS concentration in uncoated steel metal
tanks (Ogbozige et al,, 2015; 2018). The samples in metal, plastic, and clay
pots were all odourless whereas calabash has an objectionable odour
(Table 2), which corresponds to alteration influenced by storage vessel
and environment.

The groundwater source rock (Asu River Shale) in the study area is rich in

sulfide minerals which can easily introduce sulphide compounds into the
water (Obasi and Akudinobi, 2020; WHO, 2011; Kimbrough et al,, 1999).
Sulphide can enhance an objectionable odour in water during storage and
can aggravate bacteria growth hence threatening human and plant health.
The Asu River Group (AGR) shale is highly carbonaceous with high
organic material content which usually enhances odour when the water
source from the rock is stored for some time. The groundwater of the area
is salty and has indicated an excess of the following mineral elements; Cl,
Na, Mg, K, and/or S, presence of these metals can induce odour, colour, and
taste change and accentuating microbial growth within the storage vessel
relative to natural changing storage environmental condition(s) (Obasi
and Akudinobi, 2020; Ukpai, 2018).

4.2 Total Dissolved Solid and Electrical Conductivity

Electrical conductivity (EC) values of the metal, clay pot, calabash, and
plastic sample were 682 pS/cm, 692uS/cm, 638.2 pS/cm, and 590.10
uS/cm respectively (Table 2), which correspond to clay pot > metal >
calabash > plastic. The high values of EC recorded here are also influenced
by the geology of the aquifer (fractured indurated marine shale). All the
storage vessels showed EC and TDS record values lesser than WHO
standard (1000 pS/cm) and (500 mg/1) respectively (WHO, 2011). From
the classifications of the EC, the stored water samples fall within excellent
to good envelopes (Figure 1b and Table 4a) (Eyankware et al,, 2020). The
EC has a relatively proportional relationship with TDS in each of the water
storage vessels (Table 2 and Figure 1a), though the TDS is controlled by
the concentration of mineral elements in the water sample.

Table 2: Effect of Different Storage Materials on Selected Water Physical Properties.
Storage Materials Color Odour Electrical Conductivity (EC) TS TDS (mg/1)
Metal Amber color Odourless 682 0.061 55.60
Clay pot Colourless Odourless 692 5.46 75.15
Calabash Yellowish Objectionable 638.2 8.20 62.70
Plastic Colourless Odourless 590.10 0.04 43.01
WHO - - 1000 500 1000
Control Sample Colourless Odourless 586 0.038 38.2
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Relative to colour change, plastic, and clay pot samples do not change McCarty's hardness scheme (Sawyer and McCarty's, 1967). The total
colour after the storage period, the metal vessel shows a slight colour hardness (TH) classification scheme are; TH < 75 is soft water, 75 2 TH <
change (Amber colour) while the calabash displayed a significant colour 150 is moderately hard, while TH value within 150 to 300 is hard, and
change (Yellowish, Table 2). Most times, the water and storage vessel age TH > 300 is regarded as very hard (Sawyer and McCarty, 1967) (Table 2,
may affect water quality deterioration during storage such that the initial 4(a-b) and Figure 2a&b). The interaction of the water with clay minerals
properties of the water will be altered; TS, TDS, EC, pH, colour, and ionic present in the clay pot used for the storage might have led to an increase
content of the water, however high levels of TDS in some tanks could more in the concentration of Mg?* or Ca2* ions hence the clay pot showing high
of the tanks being old (Al-Ghanim et al, 2014). Water hardness is a hardness. The correlation of TH and TDS have a linear relationship (Table
function of the Mg2* and/or Ca?* content of the water. The result obtained 4a, Figure 2a), an increase in TDS brings about a compensative increase
indicated hardness except for the clay pot sample which is very hard in TH because both are controlled by the presence of dissolved ions.

(Table 3a & b; Table 4a & b; Figure 2a & 2b), according to Sawyer and

Table 3a: Effect of Different Storage Materials on Selected Water Chemical Properties.

Storage Material pH Caz*(mg/1) K* (mg/1) Na*(mg/1) Mg2+(mg/1) Cl(mg/1) | Total hardness (TH)
Metal (M) 8.60 1.54 0.395 091 0.63 0.24 160.00
Clay pot (CP) 8.10 1.45 0.480 0.67 0.21 0.23 330.40
Calabash (CAL) 7.80 1.64 1.334 0.96 2.65 0.27 190.00
Plastic (P) 7.60 1.86 0.415 0.57 0.78 0.25 210.40
Control Sample 5.78 1.40 0.301 0.61 0.20 0.29 156
WHO 6.5-8.5 75 12 200 20 250 500

Table 3b: Statistics Description of Physicochemical Analysis of Water Samples of The Storage Vessels.

Parameter Min Max Ave WHO (2011)

DL PL

pH 7.60 8.60 8.025 6.50 85
EC 590.10 692 650.58 N/A 1000
Cl 8.20 9.62 8.728 200 250
Na 0.57 0.96 0.778 N/A 200

Ca 1.45 1.86 1.623 N/A 12
Mg 0.2 2.65 1.068 20 100
Cd 0.039 0.18 0.082 0.001 0.003

K 0.395 1.334 0.656 N/A 12
Na% 13.01 3291 23.33% N/A N/A
MAR 19.10 72.85 43.193 N/A N/A
SSP 18.56 31.54 24.54 N/A N/A

Where all values in mg/L except pH and EC (uS/cm), DL maximum desirable limit, PL permissible limit, and N/A not available

Table 4a: Irrigation Water Quality Characteristics Are Used to Categorize the Sampled Water Relative to Storage Vessels.

Parameter Ranges Classes Storage Vessel Reference
TH <75 Soft Sawyer and McCarty, 1967
75-150 Moderate
150-300 Hard M, CAL, P
> 300 Very hard Ccp
MAR <50 Suitable M, CP, P Raghunath, 1987
>50 Unsuitable CAL
TDS <300 Excellent M, CP, CAL, P Freeze and Cherry, 1979
300-600 Good
600-900 Fair
EC <250 Excellent Eyankware et al., 2020
250-750 Good M, CP, CAL, P
SSP <50% Suitable M, CP. CAL, P Eyankware et al., 2022
>50% Unsuitable
CF <1 Low Concentration Hakanson, 1980
1<CF<3 Moderate Concentration
3<CF<6 Considerable Concentration
CF=26 Very Concentration
PLI PLI<1 No Pollution Tomlinson et al.,, 1980
1<PLI<2 Moderate Pollution Ganiyu et al,, 2021
2<PLI<3 Heavy Pollution
3 <PLI Extremely Pollution
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Table 4b: The Summary of Percentage Difference in Concentrations of Analysed Parameter in each Vessel Sample Relative to that of Control Sample
after Storage Period
Storage Vessels Ca? (%) K* (%) Na* (%) Mg?+ (%) Cl (%) pH (%) Total Hardness (%)
Metal 10 31.23 49.18 215 -17.24 48.79 2.56
Clay pot 3.57 59.47 9.84 5 -20.69 40.14 111.54
Calabash 17.14 343.19 57.38 1225 -6.9 34.95 21.8
Plastic 32.86 37.87 -6.56 290 -13.79 31.49 34.62

CAL = calabash vessel, CP = clay pot vessel, P = plastic vessel, and M =
metal vessel
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Figure 2a: Plot of TDS against TH for Water Quality Characterization
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Figure 2b: Chart of TH and WHO against Storage Vessels

The pH was slightly alkaline with a range of 7.6 to 8.6. The lowest and
highest pH values were recorded in plastic (7.6) and metal (8.6)
respectively (Table 3a), and an average of 8.025 across the samples. The
percentage (%) alkalinity of the samples trend follows; metal > Clay pot >
Calabash > Plastic with corresponding values of 22.86%, 15.71%,
11.43 %, and 8.57% respectively (Table 4b). Abakaliki water has been
reported to be mostly acidic, which is also reflected by the control sample
before storage (Table 3a) (Obasi and Akudinobi, 2020; Obasi et al,, 2022).
Therefore the slight increase in pH observed results from storage vessel
influence, which is most likely explained by alkaline hydrolysis caused by
a reaction between water and the clay mineral surface interaction since
the host rock, from which the borehole is being recharged is fractured
indurated shale (rich in clay minerals).

Hem stresses the importance of water pH as an indication of water quality
and usually provides important information regarding its geochemical
equilibrium (Hem, 1985). Though Subba and Krishna assert that pH has
no direct effect on human health, but (Subba and Krishna, 1991) noted
that all biochemical reactions are sensitive to variations in pH (Subba and
Krishna, 1991). Though there is a health-based guideline for pH, however,
its variations can enhance quality deterioration relatively such as odour,
colour, and taste (NIS, 2007; WHO, 2017; Egbueri and Mgbenu, 2020).
Also, water pH and TDS does not have any significant correlation with the
heavy metals in water and this usually suggests differences in the origins
/source of aquifer unit(s) (Mgbenu and Egbueri, 2019; Barzegar et al,,
2018; Ukah et al., 2019). They (pH and TDS) are influenced by geogenic
processes rather than anthropogenic point sources which characterized
the level of heavy metal concentration in an environment (Ukah et al,
2019; Egbueri 2019; Obasi et al.,, 2023). Therefore, pH does not determine
metals present in water except for those of HCO3 where the pH variation
can induce the conversion of dissolved CO: to bicarbonate ion (McDonald
2006; Barzegar et al. 2018; Egbueri 2019).

The pH alteration during storage was the result of carbonic oxide
interaction and fluctuation relative to the respiration activities of microbe
in the storage vessels and water sample temperature variations. So, the
possible decomposition of this unstable compound HCOs3 (highly volatile)
in the water is changing environmental conditions, and microbial
activities during the storage period contribute to pH fluctuations and
hence influence the CO: levels of the stored water (Fondriest
Environmental, 2013). The inference of metal, clay pot, calabash, and
plastic to heat trap under the same environmental condition is not
uniform or isotropic as each of the vessels has a different makeup and this
may impact pH alteration. Once CO: content is altered, the pH value will
change depending on the extremity of the change hence, defining the
alkalinity or acidity of any stored water. Also, CO: is susceptible to daily
diurnal variations coupled with the presence of dissolved oxygen. Under
normal conditions; when carbon dioxide reacts with water it forms weak
carbonic acid which is a volatile and reversible reaction mostly in an
enclosed system (see the reaction equation below).

Hz0 + CO, === HCO3

Also, the carbonaceous enrichment of the fractured indurate Albian Asu
River Group shale in Lower Benue Trough provides extra carbon and its
oxidizes some elements in the groundwater of the area through the fluid
(water) and rock interaction. Perhaps during the reaction when hydrogen
ion is being lost (due to its high reactiveness and very light nature), the
slight change in equilibrium condition (heat and energy change of the
system) will lead to the formation of more CaCO2 which will not just
increase the hardness but also affect the pH level. The concentration of
these dissolved ions (Ca?*, K*, Na*, Mg?* and CI') ranges from 1.45 - 1.86,
0.395 - 1.334, 0.57 - 0.96, 0.21 - 2.65 and 0.23 - 0.27 mg/] respectively
(Table 3a, 3b 4a and 4b). They were all below WHO's permissible limit
(Table 3a&b 4a and Fig. 3a-f) (WHO's, 2011).
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Figure 3: a-f Chart of pH, Ca%+, K*, Na* Mg?+, CI’, versus Storage Vessels,
respectively. Where MDL is the Maximum Desirable limit, PL is the
Permissible limit.
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All the vessels’ samples show a reasonable percentage (%) increase in
concentrations of Ca?+, K*, Na*, Mg?* and Cl- after the storage period,
except for the Na* content of the plastic vessel sample which has a
negative value (-6.56%). The negative value implies a reduction in Na*
from the initial concentration before storage (Table 1b & 2b) in the vessel.
The variation trend follows; P > CAL > CP > M; CAL > CAL > P > M; CAL >
M > CAL > P; CAL>P >M > CP and CAL > P > M > CP for Ca?, K*, Na*, Mg+
and Cl- respectively. The elements (Ca?*, K*, Na*, Mg?*, and Cl) have
average concentrations of 1.623, 0.656, 0.778, 1.068, and 8.728
respectively all in Mg/l, and their respective minimum and maximum
values are presented in Table 3b. Relatively, Fig. 3a-f shows the significant
corelative concentration variation of these ions relative to the storage
vessel and their respective permissible limits (Table 3b) after (WHO,
2011). The difference in metal concentration in each of the vessels from
that of the control sample is regarded as the integral effect of the storage
vessel, environment, and storage culture since the stored samples were
from the same source and collected at the same time using the same
sampling approach.

The CI- concentration unlike other mineral elements revealed appreciable
decay in concentration among all the storage vessels. It implies that
storage reduces chlorine concentration in the water (Table 4b, Fig. 4). The
metal and clay pot samples showed greater Cl- decay than calabash and
plastic samples after storage. The decay in the vessels follows the order of
CAL < P <M < CP (Fig. 4a and Table 4b). This further gives an overview of
what influences water quality deteriorates, since chlorine which would
aid in checkmating microbial activities is on a decline. The microbe and
sulphide compounds are the major causes of odour, and colour change
outside pH variations, they also influence some of the chemical reactions
in the water (Obasi et al., 2022). The reduction in the chlorine content of
the stored water is an indication that chlorine decays in water with
storage.
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Figure 4: Percentage Chlorine Decay of in the Vessels

According to the factors upon which chlorine decay rates are defined as
an integral function of water temperature, nature, and concentration of
organic matter in the water, this extends to initial chlorine concentration
(and where applicable the number of chlorination) (Powell et al., 2000).
But among these factors, the temperature remains the most influential
decay factor due to its easy variation relative to environmental changes as
well as changes within water supply systems (Karadirek et al, 2016;
Laura et al., 2017). This by extension explains why the quality of sealed
treated water (bottle and sachet but mostly sachet water) deteriorates
after a few weeks of storage even when chlorinated especially when it is
exposed to the sun (varying temperature).

These decays are usually accompanied by microbial growth (such as algae
and coliforms); this contributes to the general deterioration of water
health quality and this can lead to bioaccumulation of toxins in insensitive
organs and tissues of humans, animals and when such water is used for
irrigation it fouled the food chain with these excess harmful metals and
when ingested it double the associated health risk exposure (Lake and
Driver, 2002; Melgar et al.,, 2009 Nowrouzi et al.,, 2012; Karadirek et al.,
2016; Laura et al,, 2017; Obasi et al., 2023). Algae breakdown in treated
water with high total organic carbon is a nutritional source for coliform
regrowth even in the presence of high Cl- concentration (Lake and Driver,
2002). All of these amount to public health challenges/risks that can lead
to waterborne diseases outbreak, suggesting that the direct and indirect
impact of storage vessels and storage cultures is a threat to quality water
security.

Cadmium (Cd) and lead (Pb) has been listed as part of the most health
concerned heavy metals (Obasi et al, 2023). The Pb was below the
detection limit in plastic and clay pot vessels whereas its trace was found

in the metal vessel while calabash indicated the highest concentration
(0.003 mg/1). Similarly, Cadmium(Cd) concentration in the vessels ranges
from 0.039 - 0.18 mg/], in the following sequence calabash > plastic >
metal > clay pot. Clay pot and calabash vessels have the lowest and highest
Cd concentrations respectively (Table 5 and Fig. 5).

The average Cadmium (Cd) from the four storage vessels is 0.082 mg/I,
which is beyond the WHO permissible limit (PL) guideline value of 0.003
mg/L for drinking water (Table 5 and Fig. 5) (WHO, 2011). There is a non-
uniformity of Cd concentration among the samples, hence implying that
storage vessels, storage culture, environmental storage condition, and/or
ion interactions have an impact on its concentration. Though, the
natural/geogenic factor usually contributes to Cd concentration in an
environment (Obasi and Akudinaobi, 2020; Obasi et al., 2023). Defining
the hazard level for the Cd using the following expression (equation 8);
When the Hi. < 1; itimplies that such sample does not have any foreseeable
health hazard when taken by an individual and its concentration is below
the specific WHO permissible limit for safe use, but when H. > 1 it
indicates that the consumer of such water will face health risk.

Mc—-Wwe

Hazard Level (H,) = "
C

(8
Where H. = Hazard level of the sample, Mc = Cadmium concentration in
the sample, and Wc = world Health permissible of cadmium, all in mg/1.

The H. values of the sample among the vessels after the storage period
follow; CAL > P > M > CP (Table 5)., the The cadmium hazard level is at
high-risk scope in the analysed sample ranging from 12 to 59, with clay
pot and calabash having the least and highest impact respectively (Table
5 and Fig. 5).

Table 5: Effect of Different Storage Materials on Selected Heavy
Metals.
Storage Material Pb (Mg/L) Cd (Mg/L) H.
Metal (M) Trace 0.054 17.00
Clay pot (CP) ND 0.039 12.00
Calabash (CAL) 0.003 0.180 59.00
Plastic (P) ND 0.055 17.33
WHO 0.01 0.003 0.00
ND = Not Detected
Heavy Metal
02
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02 .
0 —_— —_— —_— —_—
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Figure 5: Cd Content and its Correlation to WHO (2011) Permissible
Limit

Cadmium has been known to occur naturally in the environment with
some notable anthropogenic sources such as the combustion of fossil fuel,
incineration of municipal or industrial wastes, or land application of
sewage sludge or fertilizer (EPA, 1985; Abdu et al, 2011; Obasi and
Akudinaobi., 2020; Obasi et al., 2023). Cadmium mobility in water is an
integral interplay of several factors such as pH and organic matter content
(Potential for Human Exposure P280). However, the ability of Cd to bind
strongly to organic matter affords it the characteristics of being
immobilized in most cases, this explains why the calabash sample has the
highest concentration and its potent effect on human health (Autier and
White, 2004; Obasi et al,, 2023). Cadmium in water tends to be more
vulnerable following the low pH, Elinder noted that the mobility of Cd
decreases with pH (acidic) (Elinder, 1992).

On the horizon of health impact, high Cd intrigues lots of health risks in
human organs and jeopardizes some body biochemical activities (Jarup et
al,, 1998). The health effects resulting from Cd exposure are exacerbated
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following the inability of the human body to excrete it, leading to
reabsorption by the kidney hence, limiting its excretion quotient (Obasi
and Akudinaobi, 2020; Obasi et al., 2023; Pendias-Kabata and Pendias
1984; Davies et al,, 2005). Obasi and Akudinaobi, (2020) concluded that
cadmium exposure can cause renal dysfunction and kidney disease, and
excess exposure can even cause disturbances in calcium metabolism, as
well as the formation of renal stones and hypercalciuria (Jarup et al.,
1998; Jungers et al, 2008). Today Cd is classified to be a group 1
carcinogen element and one of the troubling potential health risk
elements to humans by the International Agency for Research on Cancer
(Chen etal.,, 2022).

From the result obtained, exposure of the populace and plants (through
irrigation) to lead (Pb) through water storage in metal, plastic, and clay
pot is relatively insignificant, as Pb was not detected except for calabash
which has 0.003mg/1 and is below WHO permissible guideline value of
0.01mg/1 (Table 5) (WHO, 2011). This result shows that the Pb content in
groundwater is more related to the water source and anthropogenic
interference with the environment rather than the storage vessel and
culture except in special cases, like activities undertaken during storage
can introduce Pb into the water. The traces of lead in metal vessels could
be the result of metal content, oxidation, and/or storage culture. Apart
from the natural composition of Pb, low pH, salinity, and presence of CO:
in the water sources cause faster dissolution of lead in water, which will
result in high motivity of lead in water especially, at low pH (Obasi and
Akudinaobi, 2020; ATSDR, 2007).

The contamination factor (CF) used suggests risks associated with storing
water in different vessels. The result indicated different echelons (low-
high) of contamination quotient relative to assessed metals (Mg, Cl, K, Ca,
Cd, and Pb). Generally, Cadmium (Cd) indicated a very high degree of
contamination (CF = 6) in all the vessels which are pelt risk of Cd. The
contamination factor (CF ) of Mg, Cl, K, Ca, and Pb was of low
contamination class (CF < 1) in all the storage vessels sampled according
to Hakanson's (1980) classification (Tables 4a & 6 and Fig. 6). The PLI
was all very high across the storage vessels (PLI > 3) influenced by high
PLI values of Cd (Tables 4a & 5 and 6). The integral high level of CF and
PLI resulted from the excess concentration of Cd in the water generally
(Tables 3 & 4, Fig. 6).

Table 6: Contamination Factor and Pollution Index of Respective
Metals in Each Storage Vessel

Contamination Factor (CF)

Elements Metal Clay pot Calash Plastic
Na 0.00455 0.00335 0.0048 0.00285
Mg 0.0315 0.0105 0.1325 0.039
cl 0.00096 0.00092 0.00108 0.001
K 0.032917 0.04 0.0375 0.0375
Ca 0.020533 0.019333 0.021867 0.0248
Pb 0 0 0.3 0
Cd 18 13 60 18.33333

Pollution Index (PLI)
PLI 29.77 25.11 5445 | 3001
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Figure 6: Schoeller plot of Contamination factor of each of the elements
in respective storage Vessels

4.3 Impact of Stored Water Quality Alteration on Domestic Utility

The major factors that define the quality of stored water for domestic uses

are; suggestive vessel material, the retention time of water in the vessels,
user storage practice, and environmental condition of storage. For
instance, deterioration noticed in some of the parameters such as pH, TDS,
total solids, EC, TH, cadmium, magnesium, sodium, and chloride
concentrations are combined effects of the above-listened factors. The
above results and discussion showed that storage facilities affect water
quality over time. From the TH and EC of the water, it was observed that
the water sample analyzed for each of the vessels is moderately hard to
hard (See Table 2 - 6 and Fig. 2). Relative to odour, samples in metal, clay
pot, and plastics were all odourless after storage period but calabash
sample has objectionable odour. The Colour of the clay pot and plastic
sample remained unchanged, metal and calabash showed amber and
yellowish colour respectively (Table 2). Cadmium content is very high and
was above the WHO permissible limit of 0.003mg/1 (Table 6 and Fig. 8)
impacting high CF (WHO, 2011).

Its health impact has been discussed in section 4.5.1. This high Cd content
gives an overview of the possible contributing sources to the prevalence
of cancer records and its continuous increase in the state (Heyes, 1997).
Since this water is also used for irrigation, it contributes also to heavy
metal accumulation in soils and crops, alteration of soil structure, and
mineral element concentration, a process that kept on encircling (Obasi
etal, 2023). On a general note, water storage tanks affect domestic water
quality due to vessel/material, colour, design, location, the elemental
composition of the water, and retention time. According to the WHO, most
of these metals found in drinking water might be of human health concern
after years of continuous exposure (WHO, 2011). And since storage
vessels' impact on their quality change implies that the longer the storage
of household water, the more the risk matrix due to deterioration hence
water stored for a longer time is potentially harmful, and increases the
health hazard quotient of the end user.

4.4 Causes of Water Quality Variations

The variation in the physical properties of the water was found to be
evident in storage vessels occasioned changing by conditions of the water
within the storage vessels. Resultant internal interaction settings such as
oxygen, and temperature variation; combined, aggravate the growth of
microbes and brought about distinguishable physical and chemical
changes in stored water (Goldberg et al,, 1994). These variations in the
chemical, the physical, and heavy metal content of the samples stored in
respective vessels result from the impact of storage materials on the water
relative to prevalent environmental storage conditions and geogenic
content of the water rather than the vessel effect alone. This follows the
fact that water sample stored in the vessels (metal, plastic, clay pot, and
calabash) was collected from the same source. The storage vessels play a
vital role in water quality defilement, but it’s an integral interplay among
environmental conditions, storage culture, and composition of storage
vessels while keeping in mind that microbes are ubiquitous (Victor, 2019).
This explains why the sample in calabash has the most deterioration in
quality after the storage period because it was most prone to the above
influencing conditions of quality changes.

However, the effect of detention time (that is storage period) cannot be
ruled out as a factor that affects the quality of the water, the detention
times, might result in excessive water age which can be conducive to
microbial growth and chemical changes vis-z-vi extend to physical
property change such colour and odour (Chalchisa et al,, 2017; Sommer
et al, 2017; Purohit, 2017). This increases the contamination factor risk
and favours chlorine volatilization within the storage vessels (Graham
and VanDerslice, 2007). Excess water age can be caused by
underutilization, space interaction, and short-circuiting within the
storage vessels (Chalchisa et al,, 2017; Nwoke et al., 2019). Accordingly,
poor mixing (and stratification) might aggravate the water quality
deterioration by creating zones within the storage vessels where the
water age will significantly exceed the average water age throughout
(Nwoke et al, 2019; Sommer et al, 2017; Purohit, 2017; Rokade and
Ganeshwade, 2005).

Hence the distribution systems within the storage facilities where water
moves from one facility to another result in exceedingly long water age in
the most distant tanks and reservoirs (Nwoke et al., 2019). This indicated
that in most cases water quality degradation may not be the
consequential result of the type of storage vessel alone but an integral
interplay of storage practices by the household (such as the material used
in cleaning the vessels before storage and exposure of the stored water to
external influence and length of storage period). For example, on one
occasion a woman was observed cleaning the drinking-water container
with hypo another used an improperly washed and cleaned sacolux paint
rubber container which the ruler dwellers use to store water for
household use could be dangerous. This practice has serious potential
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health risks as far as the stored water is concerned and its quality stability.

4.5 Assessment of the Water Quality and its impact on the plant
when used for Irrigation Purposes

The percentage sodium content (Na%), Soluble Sodium Percentage (SSP)
were calculated alongside with magnesium absorption ratio with
equation 4 presented in table 1.

4.5.1 Sodium Percentage (Na%)

The application of Na % in water quality assessment has become an
important parameter in evaluating the suitability of surface and
groundwater quality for irrigation and other related uses (Mohammed
etal, 2017; Eyankware et al, 2022). The value of Na% for plastic, metal,
calabash, and clay pots is 15.82 %, 31.01 %, 13.91 %, and 32.58 %
respectively which are all suitable with an average of 23.33 % as shown
in Tables 3b & 4a. A high concentration of Na% may influence the
exchange of Mg?* and Ca?* ions, hence reducing the soil permeability and
thereby damaging the drainage system (Eyankware et al.,, 2020). When
Na % excess it creates physiographic drought for the plants, introducing a
condition where there will be the presence of water in the soil but the
plant couldn’t be able to absorb it. The correlation of Na % and EC showed
that water samples stored in Plastic fell into the good to permissible class
whereas others (Metal, Calabash, and Clay pot) fall within the permissible
to doubtful classification (Fig. 7a). From TDS, EC, and SSP results, the
waters are good for irrigation purpose despite little alteration of the
property arising from the storage culture (Figs. 7a&b and Tables 4a).

4.5.2 Soluble Sodium Percentage (SSP)

The assessment of sodium hazard is highly related to Na* concentration
which can easily be determined using equation 5 for SSP (Table 1). In the
study, SSP ranges from 18.56 to 31.54 % with an average of 24.54% (Table
3b & 4a and Fig. 7b), which can be classified as being good for irrigation
purposes (Richards,1969; Todd, 1980; and Eyankware et al., 2022). The
result indicated that the storage vessel does not alter the natural chemical
composition of water to a significant level that can cause viscous growth
impediment for the crops when used for irrigation.
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Figure 7b: Wilcox Diagram for Each of the Storage Vessel Samples
Irrigation Quality Assessment

The cross-examining ratio of Na* and Cl- (Fig. 8a) indicated calabash and
clay pot samples are in an equal line of 1:1, whereas plastic and metal do
not have such a relationship implying that ion exchange is a major process
influencing water quality under storage and not just storage vessels and
environmental influence. However, Fig. 8b indicated that on the points of
a 1:1 ratio relationship, the storage vessel influences the water differently,
indicating contributing factors of sodium and potassium are not from the
same source (no linear relationship) and also not uniform in the storage
vessels even though the samples were kept under similar environmental
condition; this change suggests the influence of internal condition created
within the storage vessel following nature of storage vessels and external
environmental changes. It then means that if the condition could be
maintained such that ion exchange processes are negligible it can be sure
that stored water will likely maintain its quality irrespective of the vessel
material used for the storage.

Na* versus Cl- (Fig. 8a) plot indicates that the samples of plastic and metal
are below and above the equal relationship line respectively. The high
concentration of Na* in metal and calabash can be attributed to
evaporation as those vessels are more susceptible to heat influence. It is
relatively hard to say for sure the parameter that influences the variation
of Na + K against the total cation as presented in Fig. 8b, following the lack
of relationship co-existing at 1:1 among the storage vessels. However, it
indicated that each storage vessel has an impact of non-linear correlation
on the water despite the water being collected from the same. This entails
that Na* concentration relative to total cation content in the storage vessel
does not have a linear relationship of rising or decreasing rather the
storage vessels have a unique way of altering the concentration based on
its makeup and changing conditions.

The SSP together with Na % is an important factor to study sodium
hazards and mostly in clayey soil where permeability is decreasing with
high sodium concentration. Such permeability decrease in the soil can
destroy the soil structure, which will affect the soil drainage and leads to
hampering crop growth and reduction in crop production (Omo-Irabor
etal, 2018; Eyankware et al, 2022). By extension, the process will
amount to physiographic drought even when the water is available at the
soil/top layer it could not permeate to the lower layer easily for
plant/crop absorption. This will lead to the death of crops and plants that
cannot withstand such adverse conditions. Because the local geology of
the area also enhances the release of Na* aided by the solubility of sodium.
Significant sodium content in the sample results could have come from
saline water intrusion, and the occurrence of halite, gypsum, and sulphide
mineral (sulphide ores) which characterized the Abakaliki area (Kogbe,
1976; Olade and Morton, 1985; Nwajide, 2013). When these minerals
come in contact with groundwater they are dissolved and these enhance
sodium richness in a water sample and oxidation of sulphide.

4.5.3 Magnesium Absorption Ratio

The magnesium absorption ratio (MAR) was used to assess the
interaction of Mg?* and Ca?', an interaction that could influence the
hardness of water which by extension affects plant growth and nutrient
absorption relative to soil properties and composition. MAR value for this
study was determined using Eq. 6 as shown in Table 1. The value of MAR
ranges from 19.10 to 72.85% with an average value of 43.193% as shown
in Table 3b.
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Figure 8a: Correlation between Na* and Cl-
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The water sample stored in plastic, metal, and clay pot was below the set
limit of 50, hence considered suitable for irrigation, whereas water stored
in calabash > 50% hence unsuitable (Table 4a). The MAR helps in
predicting, understanding, and determining the significant effect of
magnesium content in irrigation water (Fig. 9). Raghunath, (1987)
documented that water is considered unsuitable for irrigation if the value
of MAR (Mg*) exceeds 50%. Magnesium and calcium usually maintain a
state of equilibrium in groundwater, once this equilibrium relation is
altered by an increase of Mg*, it will accentuate negative effect on plants
depending on the percentage of the alteration (See Table 4a and Fig. 9)
(Eyankware et al,, 2018; 2022). Mg?* and Ca?* are considered an essential
tool for water hardness which relatively contributes to water/soil acidity
and alkalinity ratio, for instance, a higher concentration of Mg?* in water
can affect the soil quality changing it into alkaline nature.
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Figure 9: Plot of MAR against Storage Vessels
5. CONCLUSION

The water storage vessels, environment, groundwater source, and storage
user practices all contribute to the alteration of stored water quality. Their
impact on parameters for domestic and irrigation water suitability for
diverse purposes indicated health concerns due to observed water quality
alteration. The alternative use of small containers, clay pots, and calabash
that can easily be transported from the water sources to their respective
homes for water supplies and storage has been indicated to be unsafe.
This study conclusively establishes that there is an influence of storage
vessels on the quality of water stored in them, noting that stored water
quality deterioration is an integral function of many factors rather than
storage vessel impact only. Water quality deterioration was accentuated
by the interplay of water storage tanks/vessel material, storage period,
storage environment, and initial ionic content of the water. Nevertheless,
the use of proper cleaning methods and tools; can enhance the reduction
of the influence of storage vessels and associate parameters on water
quality degradation. However, the problem of water quality may remain
intractable if intermittent water supply problems are not addressed,
especially in developing countries and rural communities with water
scarcity must be provided with accessible water supply points such that
SDGs goal six on water sanity could be achieved.
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