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ORIGINAL ARTICLE

The Impact of Potable Water Salinity on
Human Health

Raafat Mandour

Emergency Hospital, Mansoura University, Mansoura 35516, Egypt

Abstract

OBJECTIVE: This study aimed to determine the relationship between salinity of drinking water and the formation of
urinary stones. Compared with neighboring areas, the prevalence of urinary stones in the Aga area selected from the
southern Dakahlia Governorate is significantly higher.

MATERIALS AND METHODS: A total of 87 volunteers were recruited between April 2019 and April 2020. Drinking
water samples were collected from water sources used by clinically identified patients with urinary calculi and healthy
people. The concentrations of the major and minor ions in the water samples were determined using other hydro-
chemical parameters.

RESULTS: Water quality parameters in the patients' regions increased as the total dissolved salts (TDS) increased. The
anions in the area were in the order of HCO3™ >Cl~> SO4>~, whereas the cations were in the order of Ca®>* > Na™ >Mg*"
>K™. The results of this study show that the quality of deep groundwater is better than that of shallow water.
CONCLUSION: The results suggest a significant risk of urinary stones among residents of the Aga District. To minimize
the threat to human well-being, public authorities should take immediate action to provide residents with clean drinking
water.

Keywords: Hydrochemistry, Patients, Potable water

1. Introduction seepage from irrigation drainage canals, have all
contributed to the worsening of groundwater qual-
ity. Physicochemical measurements can be used to

the world's population, particularly in under-  assess the quality of groundwater [6]. Groundwater
developed countries [1]. Kawo and Karuppannan [2] ~ Monitoring and chemical analysis are being con-
and Jasrotia et al. [3] highlighted that several studies ~ ducted on a regular basis in areas defined by me-
on groundwater and chemical quality have been f:hum susceptibility because.z groundwate}‘ resources
conducted in several parts of the world. The flow of I these areas are also Predlcted to be poisonous [71.
water in a distribution system must be stable with ~ In some countries, a link l?etween drlr_lkmg water
respect to its structure and physical properties [4]. ~ §eochemistry and population health is essential.
The chemical reaction between an aquifer matrix ~ Lne research by Qasemia et al. [8] may help provide
and groundwater is a major determinant of the eXisting baseline information about water quality,
chemical composition of groundwater, according to which can a'lert.health professwnals, re51den'ts, and
the water chemistry index. The hydraulic conduc- ~ Water organizations to the importance of punty and
tivity and transmissivity of aquifer sediments are ~ quality of water. Salinity prevalence has a significant
likely to increase as minerals dissolve in the aquifer ~ direct and indirect effect on human health [9], and it
matrix [5]. High mineralization processes origi- 'S associated with an increase in water-related dis-

nating from aquifer materials, as well as contami- orders [10]. The incidence of wurolithiasis has
nation through irrigation return flow due to the increased over the last few decades in both devel-

excessive application of agricultural pesticides and oped and developing countries [11]. Because of the

( ; roundwater is used by a sizable proportion of
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high degree of implementation in patients with
excretory organ stones and the long-term nature of
the procedure, it is quite expensive [12]. Numerous
studies have been conducted on the correlation
between water quality and the production of urinary
stones. Nephrolithiasis accounts for 2—3% of end-
stage renal illness in cases related to nephrocalci-
nosis [13], whereas calcium oxalate accounts for
70—75% of urinary stones [14]. Notably, the pres-
ence of urinary tract stones may be associated with
the occurrence of other diseases. A link between
cancer and urolithiasis has recently been discovered
[15]. There are established connections between a
population's socioeconomic status, the type of uri-
nary stone, and factors other than its chemical
structure [16]. According to Hire et al. [17], settled
people (67%) had a higher prevalence of urolithiasis
than manual workers (29%). Mandour [18] demon-
strated that a high level of total dissolved salts (TDS)
in groundwater in Aga district, Egypt, was observed
whenever groundwater served as the primary sup-
ply for the region's domestic water system. The
study area provides the best opportunity to study
the impact of water chemistry on human health, as
demonstrated by patients with urinary stones, to
determine the connection between the water sour-
ces available for civilian residents within the Aga
district and the formation of urinary stones, and to
identify the factors affecting urinary stone formation
to reduce urolithiasis and stone recurrence.

2. Materials and methods
2.1. Study area

Aga District is located in the southern part of
Dakahlia Governorate. The climate of Aga is desert.
Throughout the year, virtually no rainfall occurred.
The precipitation is approximately 36 mm (1.4 in)
per year. Groundwater is the primary source of
water for residential purposes in the study region; it
slopes northward and flows southward [19]. The li-
thology of several wells fluctuates between 40 and
80 m underground, whereas the screen is located
between 40 and 70 m underground. Residents or
authorities dug wells and boreholes for domestic
purposes.

2.2. Study participants

Participants' locations were selected based on the
clinical data available at hospitals and urology
clinics. The identity was verified by a supply of
potable water obtained from research participants
in accordance with the residential address. Men

were more likely to develop urinary stones, with an
increased prevalence among groups aged 36—59
years, when 84.61% (55) of all patients had apparent
grounds for the symptom when compared to 46.15%
(30) of all cases. The consumption of water has not
been identified as a risk factor [20]. Consent was
obtained from all participants before enrolling in
the study.
Two groups were constituted:

(1) Group of patients expected to have urinary
calculi (urolithiasis; 65 persons) among them,
76.93% (50) were males and 23.07% (15) were
females, and their age ranged from 36 to 59. The
patients had no history of urinary disease. They
used water from the wells up to a depth of 60 m.

(2) A healthy group (control; 22) with no known
history of stone formation or component for-
mation was chosen to correspond to the age and
sex of the group. The participants in the case
group were chosen according to their age and
sex (Table 1). They drank from the wells at a
depth of 80 m.

2.3. Water samples

Water samples were obtained from the partici-
pants and analyzed between April 2019 and April
2020. Prior to sample collection, an appropriate time
(1—2 min) was allowed for the tap water to flow
through the release pipe. Sixty-five water samples
were collected from the patients, locations, and 22
samples were collected from non-patient locations
to support the clinical data.

2.4. Methods

The participants were asked to supply 87 tap
water samples (500 ml each). Physicochemical pa-
rameters (temperature (T), pH, and electrical con-
ductivity (EC)) were calculated in the field during
sampling and compared with the laboratory values.
Other hydrochemical parameters were studied to
determine the major ions (cations; potassium (K*),
sodium (Na'), calcium (Ca*'), and magnesium

Table 1. Age and sex of the participants.

Urolithiasis group Control group

(n = 65) (n=22)
Age (Mean + SD)
50.2 + 9.3 50.5 + 9.5
Sex (%)
M 76.93% (50) 77.27% (17)
F 23.07% (15) 22.73% (5)
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(Mg“)) and (-anions; bicarbonate (HCO3"), chloride
(CI"), and sulfate (SO4?7)) in the same laboratory
after the samples were cooled in a refrigerator until
the examinations were conducted.

TDS (mg/1) was calculated from the estimated EC
using the following formula [21,22]:

TDS (mg/L)=0.67 x EC (uS/cm)

These samples were analyzed using the diges-
tion technique in the laboratories of the Genetic
Engineering and Biotechnology Unit of Mansoura
University. The collection, preservation, and anal-
ysis methods of the American Public Health Asso-
ciation (APHA) [23] standards were used here. The
concentrations (ng/g) of the heavy metals studied
(lead (Pb), iron (Fe), manganese (Mn), zinc (Zn), and
copper (Cu)) were estimated using a graphite-
furnace atomic-absorption spectrometer (Buck Sci-
entific Company, USA). The calibration standards
and quality control (QC) samples were prepared
daily. The privacy and confidentiality of the sam-
ple's records and data were determined through the
coding system.

2.5. Statistical analysis
The IBM-SPSS program for Windows [24] was

used to incorporate and analyze the data. The total
cations and anions were used to calculate the

Table 2. Physicochemical parameters (in ppm) of the water samples.

analytical error, which was found to be +5 % [25],
indicating the chemical data-dependability. Quan-
titative data were initially tested for normality using
the Shapiro-Walk test (P > 0.050) indicated that the
data were ordinarily distributed. Quantitative data
are expressed as mean + when the samples were
distributed normally in both groups; the quantita-
tive data were compared using independent sample
t-test. Connection between two continuous variables
when data was determined using the Pearson's
correlation test. Statistical significance was set at
P < 0.050. Findings are presented graphically
whenever possible. The graphed program (version
14.2.371, Golden Software, LLC, USA), a Piper's
trilinear diagram was created to ensure the relative
abundance of the common ions in the water
samples.

3. Results

Table 2 summarizes the chemical parameters
applicable to patients and management settings.
TDS, Na*, Ca®>", Mg>", ClI", HCO3", and Mn levels
were significantly higher and Cu levels significantly
lower in the urolithiasis group, whereas there were
no significant differences in K*, S042~, Pb, Fe, and
Zn. The EC can be used to determine the salinity of
water in the body. However, some samples excee-
ded the WHO limits [26] (Table 2). TDS had a sta-
tistically significant direct correlation with Na™,

Parameter Urolithiasis group (n = 65) Control group (n = 22) P
Min Max Mean SD Min Max Mean SD
T 20.9 27.8 23.45 3.2 243 25.7 25 1.08
pH 7.03 7.45 7.24 0.12 7.01 7.2 7.1 0.25
EC 773.8 1631.9 1052.6980 250.6640 435.6716 588.8059 515.2646 33.9568
TDS 503 1060.8 705.3077 167.94492 291.9 394.5 345.2273 22.75110 0.000
HCO3" 88 313.5 206.7231 46.85033 44 150 91.0455 31.81416 0.000
cr 15 237 106.1077 64.27386 11.2 88 52.3636 26.95242 0.000
S04* 10 79 30.0923 16.05724 8 41 21.0455 10.93477 0.016
Na* 67.69 239 144.2000 56.37630 48 100 84.7273 11.69526 0.000
Kt 2 13 7.6154 7.32225 3.05 9.93 5.9545 2.05814 0.298
Ca?t 81.36 284 173.3385 72.92746 64 74 69.1818 2.90544 0.000
Mg%L 12 116.0 39.5538 28.96821 12 40 20.3182 7.85212 0.000
Fe 0.005 0.551 0.121615 0.1577478 0.001 0.25 0.128364 0.0820282 0.849
Mn 0.004 0.554 0.217677 0.1714381 0.001 0.099 0.034364 0.0298417 0.000
Pb 0.001 0.051 0.008585 0.0118663 0.003 0.009 0.004227 0.0028441 0.093
Cu 0.001 0.565 0.258585 0.1621969 0.002 0.567 0.340273 0.1674555 0.046
Zn 0.111 1.999 0.597508 0.4316411 0.132 1.979 0.589318 0.4221524 0.939
WHO (26) maximum permissible limits
Parameter TDS K Na Ca Mg Fe Mn Pb
Limit 1000 10 200 200 100 0.3 0.4 0.01
No of samples 3 8 16 21 3 11 10 7

All parameters given in mg/L except EC (uS/cm) and T (°C).
ppm, part per million.

Data presented as mean (SD).

P value by t-test.
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Mg?*, Ca®", C1-, S04, and HCO3" each in the total
cohort and urolithiasis group, but not with HCO3" in
the control group. In addition, in TDS, there was a
statistically significant high correlation with Na™,
Ca?", and HCO3" in the total cohort, whereas in the
urolithiasis group, there was a statistically signifi-
cant moderate correlation with HCO3™ and signifi-
cant correlations as in the total cohort. TDS
demonstrated a statistically significant moderate
correlation with Mg>" and CI™ in the total cohort;
and a statistically significant weak correlation with
SO4>~ and Mg?" in the total cohort group, as well as
with C1~ and SO4>” in the urolithiasis group. There
was a significant correlation between TDS and
HCO3" in the control group (Table 3).

3.1. Piper trilinear diagram

The Piper trilinear diagram is a graphical repre-
sentation of the chemical ion distribution properties
in water [27,28]. The diagram was generated using
the concentrations of major cations and anions to
determine the hydrogeochemical facies and eval-
uate the geochemistry of groundwater (Fig. 1).
Urolithiasis water variation (Group 1) and presence
of Na—K—Cl and Na—Ca-(HCO3)2 in the samples
indicated that the water was extremely saline. The
groundwater of the non-dominant type was pre-
dominant in the control samples (group 2).

3.2. The grid system diagram

The grid system diagram (Fig. 2) for the analyzed
samples can be subdivided into the following 4
major grids: Cl-Na, Cl-Ca, HCO3—Na, and
HCO3—Ca.

Table 3. Pearson's correlation coefficient (ry) between TDS and indi-
vidual elements.

Parameters Total cohort Urolithiasis Control group
(n = 87) group (n = 65) (n =22)
I P I P T P
Major elements
Na* 0.747 0.000 0.675 0.000 0.386 0.076
K* 0.075 0491 -0.011 0929 —0.070 0.757
Ca* 0.904 0.000 0.864 0.000 —-0.254 0.254
Mg** 0.624 0.000 0.614 0.000 0.342 0.120
Cl- 0.517 0.000 0.389 0.001  0.036 0.875
S04~ 0.340 0.001  0.251 0.044 —0.097 0.667
HCO3~ 0.753 0.000 0.459 0.000 0.532 0.011
Minor elements
Fe 0.056 0.608 0.116 0356 —0.283 0.201
Mn 0.269 0.012 —0.131 0.299 —0.408 0.060
Pb 0.109 0313 —0.037 0.768 0.112 0.620
Cu —0.179 0.098 —0.031 0.803 —0.123 0.586
Zn 0.135 0211  0.208 0.097 0.264 0.23

To determine the mutual connection between the
hydrochemical parameters, the correlation.
The coefficient (r) was determined as follows:

(1) The sodium-calcium scatter plot revealed a sig-
nificant direct correlation between sodium and
calcium levels in the total cohort (r = 0.664,
P =0.000) (Fig. 3a). In the group with urolithiasis,
a significant association was observed (r = 0.547,
P = 0.000) (Fig. 4a).

(2) The scatter plot of sodium against magnesium
revealed a significant direct correlation between

(3) Sodium and magnesium levels in the total
cohort (rs = 0.422, P = 0.000) (Fig. 3b) In the
group with For urolithiasis, a significant corre-
lation was established (rs = 0.339, P = 0.006)
(Fig. 4b).

(4) The equivalent plot of Mg versus Ca reveals a
good linear connection in the total cohort
(rs = 0.663, P = 0.000) (Fig. 3¢c), and a significant
correlation was observed in the urolithiasis
group (rs = 0.630, P < 0.000) (Fig. 4c), but not in
the control group (rs = —0.007, P = 0.976).

(5) The scatter plot of calcium by bicarbonate shows
a significant direct correlation between calcium
and Bicarbonate levels in the total cohort
(rs = 0.658, P = 0.000) (Fig. 3d), and the signifi-
cant correlation was conjointly observed in the
urolithiasis group (rs = 0.435, P = 0.000) (Fig. 4d)
but not in the control group (rs = 0.096,
P = 0.672).

(6) The scatter plot of magnesium with bicarbonate
shows a significant direct correlation between
magnesium and bicarbonate levels in the total
cohort (rs = 0.426, P = 0.000) (Fig. 3e), and a
significant was observed in the urolithiasis
group (rs = 0.291, P = 0.019) (Fig. 4e).

4. Discussion

Our study highlights the problem of urolithiasis in
a cohort of inhabitants. Previous studies have
demonstrated that continuous use of saltwater can
result in the production of urinary stones [29]. Par-
ticipants over the age of 30 (36—59 years), of whom
76.93% (50) were males and 23.07% (15) were fe-
males, drew water from wells at 80 m depth. The
majority of urolithiasis cases are vulnerable at the
age of 30—60 [30]. Many men tend to develop kidney
stones for various reasons, including ureter ducts
that are narrower than those in women and hor-
mones that prevent the formation of renal calculus
in women [31]. Men over 50 years of age are more
susceptible to lithiasis [32]. Shallow wells are more
polluted by irrigation water [33], and shallow
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Piper Plot (Group 1)

Piper Plot (Group 2)

Fig. 1. Piper plot of chemical analysis of domestic water samples (groups 1 and 2).

groundwater is typically the most impacted by
small-scale irrigation farming [34], particularly in
developing countries. Groundwater pollution from
fertilizer leaching is widespread in agricultural
areas, and the extent of contamination varies ac-
cording to soil conditions, climate conditions, the
types of fertilizer used, and agricultural techniques.
Deep groundwater is more suitable for drinking

than shallow groundwater, which is almost certainly
a fragile aquifer system [35]. The groundwater
geochemistry of the case and control locations was
studied in terms of physical parameters and major
ionic constituents, as the quality of drinking water
has a significant effect on the prevalence of various
disorders. The average EC of the water samples in
the patient's regions was relatively high, indicating
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Fig. 2. The Grid system diagram.
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Fig. 4. Major Ion relationships for the urolithiasis group.

that the water contained a significant concentration
of TDS.

High TDS (urolithiasis group) levels above a
certain value affect all other water parameters,
including hardness, taste, and corrosion resistance.

This finding is in line with Asma and Kotani's [36]
findings that saline sites have a higher risk of
developing water-borne diseases than non-saline
locations. In this study, a low TDS (control group)
indicates that the water is generally treated using
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conventional methods, although it reduces the basic
domestic use of water. The predominant anions and
cations in the water samples are HCO3™ and Ca2*™,
respectively. Calcium ions are less mobile than
magnesium ions owing to their increased affinity for
oxygen-containing molecules. This results in the
presence of crystalline calcium compounds, such as
phosphate and oxalates, in the circulatory blood
system. The anions changed in the order HCO3™>
Cl™> SO4?", whereas the cations varied in the order
Ca®" >Na™ >Mg®" >K". HCO3 has a positive cor-
relation with Ca*, indicating that it contains more
calcium than dissolved calcium bicarbonate. Ac-
cording to Abboud [37], the geology and quality of
drinking water affect the distribution of the com-
ponents of urinary stone samples collected from
various regions. Thus, the hypothetical salt combi-
nations in the water samples are NaCl, Ca(HCO3)2,
and NaHCO3. According to Sethy et al. [38], cation
exchange reactions are induced by a high concen-
tration or depletion of Na relative to Cl. Statistical
analysis can be used to identify areas prone to
geographic and geological diseases. Although we
could analyze the variations in exposure to house-
holds or long exposure in the areas of residence,
unique geology provides ideas for natural experi-
ments on the possible effects of municipal domestic
water supplies from groundwater (well water) on
the population. Owing to changes in the natural
environment and human activities, the quality of
groundwater has gradually deteriorated, leading to
a water shortage crisis and a series of environmental
challenges [39]. The disintegration of carbonate
rocks is the main factor regulating the concentration
of ions in groundwater, as shown by the combina-
tion of ion ratio plots and multivariate statistical
methods. The data gathered in this study are also
used to interpret the geochemical processes
responsible for groundwater chemistry in the study
area. The chemical composition of groundwater in
the study area is strongly influenced by water—rock
interactions, which is consistent with the findings of
Haddock et al. [40], who stated that residents served
by highly shallow wells of calcium carbonate may be
at an increased risk of urolithiasis when compared
with those served by deep well waters.

5. Conclusion

Urolithiasis is a major problem. Therefore, moni-
toring the spread of this undesirable phenomenon is
necessary. A hydrogeochemical study was con-
ducted in an area with a high incidence of urinary
stones to identify any relationship between disease
prevalence and groundwater chemistry. The data

obtained from this study were used to interpret the
geochemical processes responsible for the ground-
water chemistry in the study area. This study
concluded that potable water with high mineral
content, mainly calcium, sodium, chloride, and bi-
carbonate, increases the risk of urinary stone for-
mation in consumers. The water quality parameters
of the urolithiasis group indicated a high mineral
concentration in conjunction with an increase in
TDS. This finding demonstrates that human activity
controls the majority of the groundwater chemistry
in the study area. The results show that deep
groundwater is of better quality than shallow water.
They also show a high risk of urolithiasis among the
people of the Aga district, and to reduce the threats
to human well-being, public authorities should
quickly act to reduce dangers and provide safe
drinking water to the people. Our findings suggest
the following conclusions:

(1) The wells should be at least 80 m deep and
placed safely away from all potential pollution
sources.

(2) Pollution has a bearing on the standard of
shallow groundwater; the decay of pollutants
affects water quality. Thus, deep groundwater is

more suitable than shallow groundwater,
particularly for aquifer systems that are
sensitive.

(3) As for safety measures, water bodies should
undergo constant monitoring and potable water
should undergo advanced water treatment pro-
cesses if required.

(4) There is a need for typified medical protection
for people who get straightforwardly uncovered
or unintentionally in seriously polluted water.

(5) Additional research is needed to determine the
sources of anthropogenic inputs and strategies
to prevent or reduce them in the groundwater.
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