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Abstract

Background Currently, tap water consumption is not highly preferred in Egypt and around the world. People prefer
to consume bottled water because they believe that it is much safer and tastes better than tap water. Unfortunately,
this preference can create an economic burden for many people, especially in developing countries. Clay pots can be
used to provide cool, alkaline drinking water because of their porous micro-texture, which traps pollutants. This study
aimed to investigate the use of clay pots to store tap water and its impact on the requirements for drinking water
quality. This is done with the intent to decrease the need for bottled water as a means of offering a more sustainable

and economical option.

out both total viable bacteria and Legionella.

Methods In this study, the efficiency of clay pots as sustainable storage containers for drinking water was tested
by measuring physicochemical parameters (pH, TDS, EC, turbidity, DO, ammonia, chloride, total hardness, Ca hardness,
Mg hardness, chlorine, Zn, and CaCO;) and biological parameters (TPC and Legionella).

Results After 7 days of storage, the quality of the water stored in clay pots met the standards set by the Egyptian
law with a significant difference (p < 0.05) before and after the storage of water It was found that the dissolved
oxygen increased from 6.17 ppm to 7.52 ppm after 7 days. As for total hardness, it declined from 195 to 178 ppm.
There was also a significant drop in terms of TDS from 338 to 275 ppm. Furthermore, clay pots effectively filtered

Conclusion This study proved the efficiency of using these containers with respect to some indicator values for tap
water and tank water analysis. Clay pots are an excellent, cost-effective, and sustainable alternative for storing water.

Keywords Water quality, Clay pot, Legionella, CaCOs, Treatment

1 Introduction

Safe access to drinking water is an essential human right.
Poor sanitation and deterioration of drinking water are
the main causes of transmission of many diseases, such
as cholera, diarrhea, and dysentery [1]. As water from
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surface water resources enters treatment plants, it is cru-
cial to make it safe for drinking. Chlorination is the most
common method of water disinfection in these treat-
ment plants. It is a method used worldwide for reducing
epidemic diseases. Drinking water should also be free of
color, turbidity, odor, and microbes [2].

Unfortunately, drinking water quality in many devel-
oping countries is constantly compromised due to high
population growth, industrial development, and the
dumping of wastewater and chemical effluents into
canals and other water sources [3]. Several procedures
and tools have been developed for assessing these con-
taminants. This may involve different parameters such as
conductivity, total suspended solids (TSS), turbidity, total
dissolved solids (TDS), and heavy metals. If these factors
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are in higher concentrations than the limits set by the
World Health Organization (WHO) and other regulatory
entities, they might affect the quality of drinking water
[4].

According to the WHO, pH has no direct influence on
water quality; however, it may alter the degree of corro-
sion of metals and disinfection process efficiency. Thus,
an adverse impact on human health may result from the
increased digestion of metals from pipes or an ineffective
disinfection process.

Pure water is not a conductor of electric current. Gen-
erally, the amount of total dissolved solids (TDS) in
water determines the electrical conductivity (EC) [5].
The Environmental Protection Agency (EPA) states that
conductivity increases when salinity increases. On the
other hand, organic composites such as oil are known to
be very weak in conducting electrical current and have
a low conductivity when mixed in water. Conductivity
is also influenced by temperature; as the water heats up,
its conductivity increases [6]. Hard water is believed to
be hazardous to human health. Calcium and magnesium
are the two main ions causing water hardness. An excess
intake of these ions may increase the risks of osteoporo-
sis, nephrolithiasis, colorectal cancer, hypertension and
stroke, coronary artery disease, insulin resistance, and
obesity [7].

Dissolved oxygen (DO) and chlorides are the most
important factors of water quality. Water quality is low
when the DO concentration is low. The DO level in water
is affected by salinity and temperature. While it has no
direct impact on human health, low concentrations of
DO may make water unpalatable to people [8]. Regard-
ing chloride ions, they can cause an extensive variety of
biological and environmental impacts on ecosystems.
High chloride ion concentrations can lead to salinization,
water treatment plant malfunctions, and groundwater
contamination. Furthermore, high amounts of chlorides
in drinking water may cause gastroenteritis [9]. Conse-
quently, water quality examination is a must worldwide.

In tap water, in addition to heavy metal contamina-
tion and other harmful substances, controlling poten-
tial microbial contamination is necessary. Therefore,
many countries require the use of residual disinfectants
in drinking water [10]. The presence of disinfectants
can lead to the formation of potentially carcinogenic
byproducts, issues with corrosion, and complaints
since people dislike the taste of disinfectants in drink-
ing water. In many countries, even when tap water qual-
ity is considered excellent, bottled water consumption is
increasing. Statistics from low-middle-income countries
indicate that bottled water is often contaminated, even
if it is safer than tap water [11]. A paper published in
2020 [12] reviewed the current studies on the existence

(2024) 99:17

Page 2 of 12

of six emerging contaminants, including microplastics,
pharmaceuticals and personal care products, bisphe-
nol A, phthalates, alkylphenols, and perfluoroalkyl and
poly-fluoroalkyl substances in bottled water from several
countries. The results imply that microplastics within the
size range of 1-5 pum are the main and potentially toxic
classes of microplastics in bottled water. Moreover, other
contaminants were detected at significant levels. The
contamination level was also found to be dependent on
bottle type. Water in plastic bottles with plastic caps was
more polluted than that in glass bottles.

Clay pots can reduce microbial contamination [13].
According to a study conducted in 2004, when comparing
water quality between plastic and clay containers, water
quality in clay containers was noticeably better than that
in plastic containers [14]. Another study in India stated
that when using earthenware pots, the E. coli count was
almost zero at the end of day 3 after water storage [15].

In monetary terms, bottled water prices are hundreds
of times higher per liter than tap water prices. As a result,
low- and middle-income families tend to drink less bot-
tled water [16]. Moreover, the life cycle of bottled water
has a significant impact on climate change compared
with tap water, as it produces CO, 180 times more than
tap water [17]. Accordingly, using clay pots is considered
a sustainable practice. Since clay pots are made from clay,
they decompose naturally without polluting the environ-
ment. Moreover, they can be used many times without
fear of contamination as they only need to be washed and
disinfected by drying them in the oven.

In Egypt, many studies have investigated the use of clay
pots as a drinking water storage vessel and also the use
of clay as a filter to purify drinking water before usage.
However, as far as we know, there are no research papers
that discuss the drinking water quality after using clay
pots as a storage vessel in Egypt. This work aimed to
study the use of clay pots as storage containers for tap
water and its effect on drinking water quality criteria
as well as their use as a post-treatment method for tap
water. This may provide an option for reducing the need
for bottled water and increasing the use of tap water with
the help of clay pots, as a sustainable practice.

2 Methods

2.1 Study design

The experimental design in this study is illustrated in
Fig. 1. The samples were collected using the grab sam-
pling technique, from tap water and tank water of the
Environmental Health Department laboratory at the
High Institute of Public Health during the working day at
a normal water flow rate.
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Tap water

2.2 Sample size

According to the standard methods for the examination
of water and wastewater [18], a total number of 18 water
samples were divided into two groups (tap water and
tank water). Each group contained nine samples before
and after treatment.

2.3 Sampling technique

According to the standard methods for the examina-
tion of water and wastewater [18], a total of 1.8 L of
water samples (100 ml “maximum” of each sample daily
for 7 days) were collected from the clay pots of both tap
water and tank water.

2.4 Description of the study materials: clay pot
preparation

According to the standard methods for the examination
of water and wastewater, six clay pots were used, three
for storing tap water, and the other three for tank water
storage [18]. The six clay pots were dried in an oven
at 180 °C for approximately 2 h. Three clay pots were
washed three times with tap water, soaked in tap water
for 24 h, and then filled with tap water (group 1). The
remaining clay pots were washed three times with tank
water, soaked in tank water for 24 h, and then filled with
tank water (group 2). All six clay pots were covered with
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clay lids to ensure no contamination. Samples were col-
lected by pouring the pots into beakers washed with dis-
tilled water for analysis.

2.5 Sampling methods and water analysis

2.5.1 Water analysis before using clay pots

Tap water and tank water samples were taken accord-
ing to the sampling technique specified in the standard
method for water and wastewater [18]. The following
parameters were tested for the samples: pH, EC (electri-
cal conductivity), TDS (total dissolved solids), hardness,
D.O. (dissolved oxygen), temperature, chlorides, ammo-
nia, Legionella, and TPC (total plate count).

2.5.2 Water analysis from clay pots during and after 7 days
The clay pots were filled and left for 7 days. During the
experiment (7 days), samples were taken and analyzed
for only pH, TPC, D.O., temperature, TDS, hardness, and
nitrate [18] to monitor the changes in the water quality
during the 7 days. After the 7 days, all parameters were
tested (as 2.5.1) [18]. Chloride and Zn were examined
for the initial and final water samples, whereas all other
parameters were examined over 7 days. The comparison
was done between the parameters before and after the
treatment.
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2.6 X-ray diffractometry (XRD) analysis of Ca carbonate
(CaCo,)

X-ray powder diffraction analysis was performed with
MeasSrv (D2-208,219)/D2-208,219 X-ray powder dif-
fractometer on finely powdered samples (empty clay pot,
clay pot filled with tap water, and clay pot filled with tank
water) using Cu Ka radiation (30 kV and 10 mA), Cu tube
with 1.54184 [A] with a scanning speed of 0.99° 26/s and
Lynxeye detector. The time constant was set at 0.1 s.

2.7 Statistical analysis

The IBM SPSS 25.0 (Statistical Package for Social Sci-
ences, USA) software was used for statistical analysis.
All experiments were done in triplicates, and descriptive
statistics for different parameters of different groups were
expressed as the mean and standard error (SE). Analysis
of variance (ANOVA) of the data was conducted for dif-
ferent parameters (pH, temperature, EC, TDS, turbidity,
DO, ammonia, total hardness, Ca hardness, Mg hard-
ness, chlorine, and TPC) over 7 days. All the values with
P<0.05, n=3, were considered statistically significant. In
addition, a paired ¢ test for all parameters was performed
before and after 7 days. Pearson correlation tests between
different parameters (EC, TDS, and turbidity—tempera-
ture and DO-total hardness, Ca hardness and Mg hard-
ness—TPC and Legionella) were done.

3 Results

3.1 Physicochemical parameters

The physicochemical characteristics of the different water
samples (tap and tank water) which were stored in clay
pot vessels were analyzed, and it was found that the water
quality of the vessels varied. The results for EC, tempera-
ture, TDS, turbidity, DO, ammonia, total hardness, Ca
hardness, magnesium hardness, and chlorine are dis-
played in Table 1. All mean physicochemical parameters,
except turbidity, were within the acceptable limits of the
Egyptian law for drinking water quality [19] for the dif-
ferent water samples. For turbidity, tap water was within
the acceptable limits (0.7 NTU), whereas tank water had
a mean turbidity of 1.86 NTU which is higher than the
maximum value.

Table 2 shows the variances in these parameters before
and after storage. During the 7 days, the pH median was
around 8 with a small variation for tap water and tank
water. In both tap and tank water samples, the temper-
ature of the samples decreased by approximately 2 or
3 °C. TDS, turbidity, ammonia, and chlorine levels also
declined over time. The comment on the changes in TPC
and Legionella will be mentioned in the section on bio-
logical parameters.

Independent samples T test showed that there was a
significant difference between the different types of water
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Table 1 Descriptive statistics of physicochemical and biological
parameters of tap and tank water samples over 7 days

Parameter Groups Egyptian law [19]
Tap water Tank water
Mean SE Mean SE

pH 8.67 0.26 8.67 0.19 65-85

Temperature (°C) 2537 0.71 2527 065 -

EC (ps/cm) 44271 5074 50050 6536 2000

TDS (ppm) 292041 1940 32667 34.18 1000

Turbidity (NTU) 0.70 0.25 186 039 1

DO (ppm) 746 035 749 025 -

Ammonia (ppm) 010 0029 009 002305

Total hardness 181.87 1256 21417 1326 500

(ppm)

Ca hardness 8229 1628 10833 26.05 350

(ppm)

Mg hardness 9645 1781 11533 19.02 150

(ppm)

Chlorine (ppm) 0.075 0.02 0073 00235

TPC 8433 7844 28804 19053 <50 cells/cm?

EC electrical conductivity, TDS total dissolved solids, DO dissolved oxygen, TPC
total plate count

samples in the physicochemical parameters (p equal
0.016, 0.000, 0.000, 0.021, 0.041, 0.00213, and 0.009 for
TDS, turbidity, TH, CaH, MgH, chlorine, TPC respec-
tively), based on the p-value with>95% confidence level
between different types of water samples. However, pH,
temperature, EC, DO, chloride, ammonia, and Zn levels
were almost similar in the different water samples (unt-
abulated data) (Table 3).

To test the null hypothesis that the physicochemical
parameters (EC, TDS, turbidity, DO, chloride, ammonia,
chlorine, TH, CaH, MgH, and Zn) before and after 7 days
were equal, a dependent samples ¢ test was performed.
Prior to conducting the analysis, an assumption of nor-
mally distributed differences in readings was made.

For tap water, the null hypothesis of equality of the
before and after data means of EC, TDS, turbidity, and
DO was rejected, #(2)=20.14, 4.93, 19.07, and 547,
respectively (p<0.05). For tank water, the null hypoth-
esis of equality of the before and after data means of EC,
DO, and chlorine was also rejected, #(2)=22.03, 4.50,
and 10.58, respectively (p<0.05). The null hypothesis
of equality before and after data mean of Zn for both
water samples (tap water and tank water) was rejected
£(2)=13.05 and 31.34, respectively (p <0.05) (Table 4).

Thus, a significant difference was found between the
samples taken before and after 7 days for both settings in
some parameters, indicating that the clay pot was effec-
tive in enhancing drinking water quality.
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Table 2 Mean of physicochemical and biological parameters of
tap and tank water samples before and after 7 days
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Table 3 Independent samples T test of physicochemical
parameters and TPC versus tap and tank water samples

Groups Parameters Mean Egyptian law [19] Tap water Tank water
Before After Parameters M SEP m SEP Pe
pH 8.16 8.59 6.5-8.5 pH 8.67 0.05 8.67 0.04 0.99
Tap water Temperature (°C) 2700 2400 - Temperature 25.37 0.25 25.27 0.23 0.763
EC (ps/cm) 542,00 270.00 2000 EC 442.7 17.95 500.5 23.12 0.054
TDS (ppm) 338.00 27533 1000 TDS 292.04 6.87 326.67 12.08 0.016
Turbidity (NTU) 1.76 0.84 1 Turbidity 0.70 0.09 1.86 0.14 0.000
DO (ppm) 617 752 - DO 7.46 013 75 009 0799
Ammonia (ppm) 0.13 0.074 05 Chloride 16.67 6.1 14.72 543 0.813
Total hardness 19500 17833 500 Ammonia 0.1 0.01 0.09 0008 057
(ppm) TH 18187 44 21417 469 0000
Cahardness (ppm) 8500 70.00 350 CaH 8229 575 10833 921 0021
Mg hardness (ppm) 11000 8333 150 Mg-H 9645 629 11583 672 0041
Chlorine (ppm) 009 00433 5 Chlorine 0075 0007 007 0008 000213
Chloride (ppm) 6000 7333 250 Zn 002 0008 0028 001 059
Zinc (ppm) 0045 012 3 TPC 8483 2773 28804 675 0009
TPC 17433 2 <50 cells/cm?
? Mean
Legionella 4200 2 - b standard error
pH 831 876 6585 < probability
Tank water Temperature (°C) 26.17 2400 - EC electrical conductivity, TDS total dissolved solids, DO dissolved oxygen, TH
EC (ps/cm) 53167 31467 2000 total hardness, TPC total plate count
TDS (ppm) 32433 298.00 1000
Turbidity (NTU) 2.19 1.35 1
DO (ppm) 6.5 7.32 conducting the analysis, an assumption of normally dis-
Ammonia (ppm) 013 0076 05 tributed differences in readings was made.
Total hardness 20167 22667 500 For the different types of water samples, the null
(ppm) hypothesis of equality before and after data means of
Cahardness (ppm) 10500 9500 350 TPC was rejected, £(2) =4.54 and 40.70, for tap water and
Mg hardness (ppm) 9667 131.67 150 tank water, respectively; for Legionella, it was rejected,
Chlorine (ppm) 01 002 5 £2)=20.18 and 6.19, for tap water and tank water,
Chloride (ppm) 5500 6277 250 respectively (p <0.05) (Table 4). Thus, there was a signifi-
Zinc (ppm) 008> 014 3 cant difference in TPC and Legionella before and after
TPC 334 3000  <50cells/cm’ 7 days for the different water samples, indicating that
Legionella 13 167 - the clay pot was effective in removing these pathogens to

EC electrical conductivity, TDS total dissolved solids, DO dissolved oxygen, TPC
total plate count

3.2 Biological parameters
The TPCs of the different water samples (tap water and
tank water) were assessed in clay pot vessels. The study
found that different water samples had varying water
quality. The TPC means of tap water and tank water sam-
ples (Table 1) exceeded the acceptable limits of Egyptian
law for drinking water quality [19]. The lower concentra-
tion of TPC and Legionella in the water after storing it in
clay pots for 7 days was highly noticeable (Table 2).

To test the null hypothesis that the biological param-
eters (TPC and Legionella) before and after 7 days were
equal, a dependent samples ¢ test was performed. Before

enhance the drinking water quality.

3.3 Correlation between different parameters

The correlation matrix between the EC, TDS, and tur-
bidity showed a strong positive correlation. According to
the Pearson correlation, the correlation (r) between EC
and TDS, EC and turbidity, and TDS and turbidity were
highly significant (r=0.976, 0.717, and 0.708, respectively
(p<0.01) (Table 5), corresponding to a simultaneously
increasing relationship between these parameters.

The correlation matrix between temperature and DO
indicated a strong positive correlation. According to the
Pearson correlation, the correlation (r) between temper-
ature and DO was highly significant (r=0.978 (p<0.01)
(Table 5), indicating a simultaneously increasing relation-
ship between these parameters.
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Table 4 Paired t test of physicochemical and biological parameters before and after 7 days

Sample Parameters Before After p-value

M SE M SE

Tap water EC (uc/cm) 542.00 0.58 270.00 13.00 0.002
TDS (ppm) 33800 3.00 27533 14.65 0.039
Turbidity (NTU) 1.75 0.067 0.84 0.021 0.003
DO (ppm) 6.17 0.09 7.5 0.16 0.032
Chloride (ppm) 60.00 2.89 73.33 6.00 0.094
Ammonia (ppm) 0.13 0.005 0.074 0011 0.075
Chlorine (ppm) 0.093 0.017 0.043 0.018 0.138
TH (ppm) 195.00 2.89 178.33 13.64 0.267
Ca-H (ppm) 85.00 577 70.00 764 0225
Mg-H (ppm) 110.00 7.64 8333 14.81 0.347
Zn (ppm) 0.045 0.000 0.12 0.006 0.006
TPC 174.33 162.9 2.00 15 0.045
Legionella 42.0 25.15 2.0 2.0 0.002

Tank water EC (uc/cm) 531.67 6.56 324.67 15.89 0.002
TDS (ppm) 32433 6.33 298.00 13.00 0.104
Turbidity (NTU) 219 035 135 0.031 0.161
DO (ppm) 6.53 0.17 732 0.13 0.046
Chloride (ppm) 55.00 2.89 62.76 9.25 0463
Ammonia (ppm) 0.13 0.009 0.076 0.017 0.095
Chlorine (ppm) 0.11 0.003 002+ 0.017 0.009
TH (ppm) 201.67 6.00 226.66 174 0392
Ca-H (ppm) 105.00 2.89 95.00 7.64 0.184
Mg-H (ppm) 96.67 7.26 131.67 12.02 0.206
Zn (ppm) 0.085 0.00 0.14 0.0017 0.001
TPC 334.00 166.00 30.00 11.55 0.001
Legionella 13.00 7.5 167 167 0.025

M mean, SE standard error, p probability, EC electrical conductivity, TDS total dissolved solids, DO dissolved oxygen, TH total hardness, TPC total plate count

Table 5 Pearson correlation between EC, TDS, and turbidity
between tap and tank water samples

Parameters EC TDS Turbidity
EC 1 0.976° 0.717°
DS 1 0.708*
Turbidity 1
Parameters Temperature DO
Temperature 1 0.978°
DO 1
Parameters TH Ca_H Mg_H
TH 1 0818° 0.898°
Ca_H 1 0.660°
Mg_H 1
Parameters TPC Legionella

TPC 1 0.344

Legionella 1

2 Correlation is significant at the 0.01 level (2-tailed)

EC electrical conductivity, TDS total dissolved solids, DO dissolved oxygen, TH
total hardness, Ca_H calcium hardness, Mg_H magnesium hardness, TPC total
plate count

The correlation matrix between TH, Ca_H, and
Mg _H showed a strong direct correlation. Accord-
ing to Pearson correlation, the correlation (r) between
TH and Ca_H, TH and Mg_H, and Ca_H and Mg_H
were highly significant (r=0.818, 0.898, and 0.660,
respectively (p<0.01) (Table 5), which indicated the
simultaneously increasing association between these
parameters as TH equals the sum of Ca_H and Mg_H.

The correlation matrix between TPC and Legionella
showed a very weak direct correlation. According to
Pearson correlation, the correlation (r) between TPC
and Legionella was not significant, r=0.344 (p<0.05)
(Table 5).

As shown in Fig. 2, XRD peaks of the characteristic
Ca carbonate (CaCO;) appeared sharp, clearly distinct,
and broad, which confirms the existence of CaCO,
compounds as a main component in the clay pot struc-
ture. The XRD pattern displayed characteristic peaks of
CaCQOg, which were at almost the same 20 =104° for all
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Fig. 2 XRD of CaCOs. (1) Empty clay pot. (2) Clay pot filled with tap water. (3) Clay pot filled with tank water

samples (empty clay pot, clay pot filled with tap water,
and clay pot filled with tank water).

4 Discussion

The water quality of in storage containers (clay pots)
may be impacted if it is directly or indirectly exposed
to external factors such as temperature, wind, and dust.
Household water quality is affected by the cleaning of
water storage tanks and vessels. Water storage is glob-
ally observed and may reflect a lack of trust in the gov-
ernment-run water supply infrastructure. Water storage
tanks can be cleaned manually with specialized mops or
brooms, mechanical scrubbers, water jets, hoover clean-
ers, and special chemicals [20].

Several studies have investigated tank cleaning. Sule
et al. [21] noted that inadequate hygiene methods
and dubious source water contributed to a significant
decline in the quality of stored water in Ilorin, Nigeria.
In another study, a relationship was established between
tank handling procedures in Zaria, Nigeria, and the qual-
ity of stored water [22]. In South Africa, houses were sup-
plied by water tankers, so it was safer to clean the tank
before each filling to ensure the quality of the water from
tanker trucks and prevent the transfer of pollutants from
the previous supply [23].

For this study, the physicochemical parameters pH,
temperature, EC, TDS, turbidity, total hardness and its

fractions, ammonia, chlorine, chloride, and Zn were
tested. The pH of tap water and tank water samples (8.75
and 8.69, respectively) in this study was slightly higher
than the pH value in another study which also used
clay pots (7.9, 7.8, and 7.5, respectively) [24]. The pH
increases after storage may be due to the drop in aque-
ous carbon dioxide (CO,) in the stored water since the
clay pot is alkaline in nature, which increases the pH of
water [25]. The pH of water is influenced by several fac-
tors, including the water source, the material of the water
storage tank or vessel, temperature, mineral absorp-
tion, dust, amount of bacterial activity in the vessel, and
amount of time the water is stored until usage [26]. The
alkaline composition of clay is another advantage of clay
waterpots. The correct pH balance is produced by the
interaction between the alkaline clay and the acidity of
the water. This water helps relieve gastrointestinal dis-
comfort by reducing acidity [27].

According to Verploegen et al. [28], water evaporating
through the pores of an earthen vessel keeps the remain-
ing water inside cold. This might be the reason why the
temperature of the water samples (both tap water and
tank water)) kept in the clay pot vessel decreased to 24 °C
at the end of the 7 days in the current study. The earthen
pot’s particular property, which no other container pos-
sesses, is that it transfers coolness to the water according
to the weather [27]. Compared with plastic containers,
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clay pots are more frequently used in the rural commu-
nity to store water across all houses. This can be due to
the affordability of plastic containers, the cost of making
clay pots, or the fact that clay pots help in lowering the
water temperature [29].

In the present study, for tap water and tank water
samples in clay pots, the TDS of each water sample was
found to be quite low in comparison to Egyptian law [19].
TDS in tap water kept in clay pots significantly decreased
(p<0.05), while TDS in tank water also kept in clay pots
was not substantially altered (p>0.05), which explains
the significant difference between tap and tank water.
The findings for tap water and tank water were compat-
ible with the results of calabash clay pot vessels and other
vessels, respectively [30]. Another research using clay
pots had lower observations (64.4, 70.1, and 88.5 mg/L)
[24] than this study’s results, which might be because the
original TDS of our study’s samples was very high (338
and 324.33 mg/L for tap water and tank water, respec-
tively). The elevated TDS of water samples in clay pots
may be attributed to an increase in the mineral quantity,
influenced by the properties of clay compared to other
materials for containers, such as steel vessels or plastic
bottles. The decreased TDS observed later could be due
to the settling down of the minerals present in the water
[25].

Electrical conductivity is an indirect indicator of dis-
solved inorganic particles because it measures the extent
to which water can conduct an electric current. This aids
in determining whether water is suitable for domestic
and agricultural usage [25]. The EC values in the current
study for tap water and tank water, ranged between 257—
546 and 288-881 s/cm, respectively, which was greater
than the finding of Neethu et al. [25], which was 117.3—
154.8 s/cm. There was a significant difference in EC val-
ues between tap water and tank water samples, and there
was a distinctive significant difference in the initial EC
and the final EC in both tap water and tank water sam-
ples. This is consistent with the results of a study in Nige-
ria which showed a significant difference in EC for water
stored in a clay pot (47.67 ps/cm) in comparison with the
original value of EC (50.57 ps/cm) [31].

The findings of the present study showed that there was
a significant difference in turbidity between tap water
and tank water samples, but only tap water samples had
a significant difference between the initial value and the
end value, while tank water samples had no considerable
differences. In this study, the reduced turbidity observed
in clay pot-stored water may reduce vessel bacteria, pro-
tozoa, and helminths as well as improve taste and smell
[30]. The turbidity removal in this study was higher
than that observed by Obianyo et al. (2020 (6.33 NTU)
where turbidity of water showed a slight but significant
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variation after storage in clay pots [31]. This decrease in
the turbidity value of water after placing it in a clay pot
container is a sign that the water quality has improved.

In the present study, the DO of each water sample
stored in the clay pot was found to be high (7.46 and
7.49 mg/L for tap water and tank water samples, respec-
tively), which accounts for the lack of statistical signifi-
cance between the two types of water samples (p >0.05).
However, there was a significant difference between the
two time periods (before and after storage) (p<0.05). In
another study, it was reported that the DO of each water
sample held in a clay pot was high (7.25 mg/L, 6.75 mg/L,
and 7.1 mg/L, respectively) which is consistent with our
study’s results [24]. In addition, DO in the water sam-
ples (tap water and tank water) increased significantly
(p<0.05) in clay pots, which is consistent with the find-
ings of research using calabash and clay pots [30]; how-
ever, there were no significant effects on DO for water
held plastic and metal vessels (p>0.05). In our study,
there was a significant difference between tap and tank
water samples.

In the current investigation, the chloride concentra-
tions of tap and tank water samples were not substan-
tially influenced by their storage in clay pots (p<0.05),
and these results are consistent with Duru et al. [30].

The recommended level of ammonia according to
Egyptian drinking water guidelines is 0.5 mg/L [19],
which is consistent with the findings of the present study.
In this study, there was no significant difference found in
ammonia levels between clay pots filled with tap water
and those filled with tank water, and there was no sig-
nificant difference before and after 7 days of storage in
both tap water and tank water samples, which confirms
that there was no significant conversion of ammonia to
nitrate. Nitrate and nitrite in drinking water are thought
to induce cancer in the gastrointestinal and urinary
tracts, as well as at other locations, because they func-
tion as precursors of genotoxic N-nitroso compounds in
endogenous nitrosation [32].

Carbonates, bicarbonates, sulfates, Ca and magnesium
chloride, and chlorides are the main causes of drinking
water hardness [33]. The present study indicated that the
hardness and its fractions (Ca hardness and Mg hard-
ness) of each stored water sample showed no significant
differences between the initial and final values. There was
a significant difference (» <0.05) in the total hardness and
its fractions (Ca hardness and Mg hardness) between the
two types of water samples (tap water and tank water).
The hardness of both water samples was slightly higher
than the results of a study using clay pots (200, 200, and
150 ppm, respectively) [24]. Since the clay or minerals
used to make the pots include hardness-containing ions,
the total hardness of the water in the pot increases [34].
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Chlorine is widely used as a disinfectant, particularly in
underdeveloped nations such as Egypt. One of the most
important steps in stopping the spread of potentially fatal
waterborne infections is chlorine disinfection [35]. There
are various causes for disinfectant depletion, which can
have an impact on their effectiveness. Disinfectants react
readily because they are strong electron acceptors and
oxidizing agents. For instance, depletion of disinfectants
may result from a biofilm developing in the water distri-
bution system. In addition to photodegradation, pH, and
temperature, other factors can contribute to disinfectant
depletion which affects their effectiveness [36].

Consequently, in the present investigations, the TPC
declined over time while the chlorine concentration had
no significant difference before and after 7 days for tap
water, while tank water’s chlorine concentration showed
a significant difference before and after 7 days, which
might be because the higher TPC in tank water compared
to tap water caused the consumption of chlorine with the
TPC of tank water. Chlorine reacts with both inorganic
and organic substances (such as metals and humic and
fulvic acids) when added to water, rendering it unsuit-
able for disinfection. The amount of chlorine consumed
in these reactions is known as the chlorine demand of
water and is calculated empirically. The remaining chlo-
rine is known as the total chlorine residual (TCR) once
the chlorine requirement is satisfied. Chlorine residuals
are thought to completely prevent biofilm accumulation,
which lowers the dangers connected with biofilm for
water quality and public health (such as discoloration and
any related microbiological mobilization). This belief is
still prevalent in the water industry and the general pub-
lic [37].

Zinc (Zn) concentrations above 3.0 mg/L in drinking
water might give water an unpleasant metallic flavor [19,
38]. The results of this study showed a significant increase
in Zn concentration from the beginning to the end, but it
was within the acceptable limit [19]. Zn is less harmful to
human health, and its deficiency may affect immunologi-
cal function, growth, and neural development in humans
[39].

Based on the results, clay pots proved their efficiency in
decreasing some physicochemical parameters (EC, tur-
bidity, ammonia, TDS, TPC, and Legionella) and increas-
ing others (DO, chloride, and Zn). In clay manufacturing,
clay is combined with water and organic components
and burnt at a high temperature. It develops porosity,
mechanical strength, and chemical stability or inertness
[40]. Most clays remain robust even after burning at tem-
peratures exceeding 1000 °C. To achieve temperatures
above 1000 °C, a kiln must be built to contain the heat
[41] which contributes to its durability. As a result, the
structure has pores that are both big enough to let water
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flow through and small enough to keep out bacteria and
other impurities. This method of making clay pots should
be able to filter out all particles and bacteria bigger than
the pore size [13].

The composition of the clay, firing temperature, par-
ticle size, ramming (manual or hand consolidation/
forming) pressure, additives, and the reaction that takes
place during the manufacturing all affect the mechanism
of action of these pots, the water discharge rate, and
microbe elimination efficiency [42]. Adsorbents made
of clay minerals include kaolinite and bentonite. Kaolin
has a low expansion coefficient, superior cation exchange
capacity, and great chemical stability [43]. Because of its
superior cation exchange capacity, kaolinite performs
well when it comes to removing ions from aqueous solu-
tions [44]. A clay pot can be used as a cooling system to
lower the temperature whereby it simultaneously raises
the relative humidity inside the inner clay pot and evapo-
rates water off the outer surface of the clay pot [45]. This
action mechanism of clay explains its ability to disinfect
and remove pollutants.

Pontiac fever and Legionnaires’ disease transmission
are thought to be possible in water contaminated with
Legionella spp. It is crucial to regularly monitor hospital
water supplies for the pathogen to prevent outbreaks of
L. pneumophila, especially in hospitalized patients with
impaired immune systems. There is an ongoing discus-
sion on the relationship between the presence of L. pneu-
mophila in water samples and the danger of infection to
people’s health. An investigation in the United States has
established a connection between Legionnaires’ disease
outbreaks in the supplied areas and the presence of the
organism in drinking water samples [46]. According to
the present study’s findings, there was a significant drop
in the concentration of Legionella from the beginning
to the end in both water samples, which proved the effi-
ciency of the clay pot in its removal.

The correlation between different parameters was
examined. There was a strong correlation between EC,
TDS, turbidity, temperature, DO, and total hardness and
its fractions (Ca hardness and Mg hardness), while there
was a weak correlation between TPC and Legionella.

Of the studies included in a research article, electri-
cal conductivity (EC) was the second most frequently
used indicator of water quality. Although there was a
link between the TDS level and EC, 10 of the 24 (42%)
investigations used EC as a dependent variable. This was
demonstrated in the study by Akuffo et al. [47], where the
EC value increased in correlation with the TDS value.
According to standard methods for water and wastewa-
ter analysis [18], the conductivity of water is influenced
by the dissolved solids present. Since the EC and TDS of
water are interdependent, as TDS drops in the clay pot,
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EC declines as well, and vice versa [48]. The findings of
the present study are consistent with the significant cor-
relation between TDS and EC. In addition, because con-
ductivity measures how well water can carry an electrical
current, it is correlated with the ionic composition of the
water. This indicator is useful because sudden or severe
fluctuations at the organism level can indicate issues
with the water supply. The water must be “acceptable to
consumers and [there must be] no abnormal change” to
meet the parametric value for turbidity (at the tap water)
(1.0 NTU). Nonetheless, it must be emphasized that this
value refers to how well the water looks [6]. This was con-
sistent with the correlation between TDS and turbidity.

The water directly contacts the air in clay pots, increas-
ing the DO of the water, which explains the negative cor-
relation between temperature and DO [48]. According to
published data, the rate of calcite dissolution increases
sharply from pH 4 to 1, but it is rather flat across the
center of the pH range before declining slightly once
more at high pH [49], which is compatible with the
research results as the pH was approximately 8, and there
was no significant difference in the CaCOj concentration.
In addition, this explained the non-significant difference
in the total hardness and its fractions before and after
7 days.

Finally, earthen pots can cool liquids without using
energy. They biodegrade naturally into the Earth but can
also be recycled and reused. Earthen pots are environ-
mentally beneficial owing to their esthetic value. The pro-
posed design concept offers a method for natural water
filtering and purification. Doing this at home is both sim-
ple and affordable [27].

4.1 Limitations
Two major limitations in this study that could be
addressed in future research. First, the study focused on
one type of clay pots which were purchased from a ran-
dom seller. Second, there was a lack of previous research
studies on this topic. Regarding the first limitation, due to
some financial limitations, the team was not able to study
many types of clay pots and investigate the different soil
structures that those clay pots were made of or even the
process of producing the clay pots. The team believes that
this may have a significant impact on the way the clay
pot reacts as a method of water treatment. Therefore, it
is recommended that further studies explore this aspect
in greater detail. Furthermore, financial limitations made
the research team able to experiment for only 7 days, and
this hindered them from making longer-term observa-
tions of the water quality.

As for the second limitation, the team found that there
was not enough data and studies on the use of clay pots
for storing drinking water; hence, this study aims at
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only exploring the effectiveness of using clay pots with-
out deeply studying the causes and the consequences of
using them. Most of the studies discussed the use of clay
as a filter for drinking water treatment. Therefore, further
research should be done to truly confirm the efficacy of
using clay pots economically and sustainably and under-
stand in depth how clay pots change the quality of drink-
ing water.

5 Conclusion

The material of the storage container has a considerable
impact on the quality of water. In the clay pot, TDS, EC,
turbidity, pH, and DO of the water were altered. As a tra-
ditional water storage method, clay pots are inexpensive
and highly efficient. This is not similar to sophisticated
and expensive water purification techniques. Further-
more, according to the market price in Egypt, although
the price of one clay pot is almost double the price of
one plastic bottle of water, clay pots can be reused sev-
eral times after cleaning and disinfection (as sustainable
containers) and will not be adversely affected by hot tem-
peratures as what happens in plastic bottles. The fact that
it is accessible to everyone, including those in remote
places, is what matters the most. Therefore, these could
be considered good candidates for water storage.
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