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ABSTRACT

Water is essential for livestock consumption, drinking, agriculture, and aquaculture. Pond and 
river are considered to be self-contained, landlocked ecosystems that are often teeming with 
rich vegetation and diverse organismal life. Groundwater is also involved with drinking and ir-
rigation. Water contains different organic and inorganic components. The water samples were 
investigated for Mg, pH, Na, EC, Ca, K, S, and P ion at Rajoir Upazila on Madaripur district in 
Bangladesh to know the water quality of this Upazila for various uses from November 2020 to 
October 2022. During the study period, Surface water (pond water) had an average pH high-
er than that of river and tube-well water. The average pH of Pond water was 7.54 at Bajitpur 
and Raajoir Union. The present research also showed the Electrical Conductivity (EC) ranged 
from 280 to 1451.67 μScm-1. For irrigation, the Sodium Absorption Ratio (SAR) is the key 
feature. River water had the lowest SAR (0.567) and Groundwater had the highest (8.67 MeL-
1). Groundwater had the highest SSP value (88.9%), while river water had the lowest (24.8%). 
Almost all the ground and surface (pond and river) water samples were slightly alkaline and 
appropriate for drinking, irrigation, livestock farming, and aquaculture.

Cite this article as: Roy TK, Ghosh S, Azam AKMFE, Rahman M, Azim Sikder MN, Siddiqui 
AAM, Das R, Rahman H. Ionic status of ground and surface water at Madaripur in Bangladesh 
for drinking and agricultural uses. Environ Res Tec 2025;8(1)1–6.

INTRODUCTION

Quality water is essential for saving lives, and agricultur-
al production as well as to build up a healthy nation. The 
earth's surface is covered in water to a degree of about 80%. 
Merely 33,400 m3 of the predictable 1,011 million km3 of 
entire water on Earth are suitable for home, industrial, 

agricultural, and drinking purposes [1]. In Bangladesh, 
there are roughly 1.3 million ponds spread across 147000 
hectares. With careful excavation and use, these ponds can 
be transformed into possible miniature reservoirs for fish 
farming or irrigation [2]. Rivers, streams, and lakes conve-
niently contain freshwater, which up to only 0.01% of the 
earth's total water [3]. The amount of fresh water decreased 
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and the amount of undrinkable water increased due to ris-
ing sea levels. Bangladesh is a riverine and plane country 
with large inland aquatic bodies, containing some of the 
largest rivers in the world. Due to its peculiar geographic 
features, Bangladesh is highly vulnerable [2]. Both humans 
and other animals are harmed by poor quality or contami-
nated water. Nonetheless, there are trace amounts of organ-
ic matter and ions of a few other elements, including Li, B, 
Ba, Si, Zr, Ti, V, Cr, Mn, Pb, F, Mo, Co, Se Ru, Br, I, Cu, Be, 
Ni, Ce, As, Bi, P, and Sb [4]. The chemical composition of 
water is one of the primary factors influencing its quality 
[5]. Ionic toxicity can arise from using poor quality water 
for drinking, irrigation, aquatic culture, livestock and poul-
try consumption, and other uses [6]. In the aforementioned 
conditions, studies were carried out in Rajoir Upazila of the 
Madaripur district to evaluate the water quality for agricul-
ture and to compare the ionic status of river, groundwater, 
and pond water. In addition, to evaluate water sources are 
suitable for livestock feed, aquaculture, drinking, and irri-
gation. No comprehensive study was performed in this lo-
cality related to the Ionic status of drinking and irrigation 
water, which is essential for this area.

MATERIALS AND METHODS

According to data from 2016 to 2024, Madaripur district has 
a maximum temperature of 91°F and a minimum tempera-
ture of 80°F with an average rainfall of 65% at summer. On 
the other hand, the maximum and minimum temperatures 
during the fall season are 89°F and 63°F, respectively while 
the average rainfall is 34.5% (source: weather spark).The 
chemical analyses included Total Dissolved Solids (TDS), 
Electrical Conductivity (EC), Total Permanent Hardness 
(TPH), Residual Sodium Carbonate (RSC), pH, Sodium 
Adsorption Ratio (SAR), Soluble Sodium Percentage (SSP), 

calcium (Ca), sodium (Na), potassium (K), phosphorous 
(P), magnesium (Mg), sulphur (S) etc.

Collection of Water Samples
Twenty one (21) ground water samples, eleven (11) pond 
water and eight (8) river water samples were taken from 
various points of Rajoir Upazila at Madaripur district in 
Bangladesh (Fig. 1) and to know the water quality of this 
Upazila for various uses during November 2020 to Octo-
ber 2022 following the water sampling methods as defined 
[7]. Water samples were collected in 500 ml plastic bottles. 
These bottles were cleaned with dilute hydrochloric acid, 
and washed with tap water and distilled water. Before sam-
pling, containers were again rinsed 3 to 4 times with the 
water to be sampled. In the case of the river, water sam-
ples were drawn from the mid-stream and a few centime-
ters below the surface. The collected samples were tightly 
sealed immediately to avoid exposure to air. After proper 
marking and labeling, the water samples were carried to the 
Laboratory of the Department of Agricultural Chemistry, 
PSTU for testing and kept in a clean, cool, and dry place. 
Samples were filtered through Whatman No. l filter paper 
to remove undesirable solid and suspended materials. The 
analysis was conducted as soon as possible on arrival at the 
laboratory

Analytical Methods of Water Analyses
The pH value of water samples was evaluated using a pH 
meter (Brand: WTW pH 522) according to Singh & Par-
wana [8]. A conductivity meter (Brand: WTW LF 521) 
was used to measure the EC of a sample of water [9]. TDS 
was measured using the Chopra and Kanwar [10] method. 
The samples of pond water were tested for calcium content 
using the EDTA Titrimetric method. The authors of this 
analytical method were Singh and Parwana (1999) [8] and 

Figure 1. Map of sampling location of Rajoir Upazila.
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Page et al. [11]. Potassium and sodium concentrations were 
measured from individual water samples, and the percent-
age of emissions was noted using the procedure defined by 
Golterman [12] and Ghosh et al. [9]. The concentration of 
phosphate in water samples were determined by the pro-
cess of spectrophotometric as per Jackson [13]. Sulphate 
was determined by Tandon (terbidimetric method) [14]. 
The Carbonate and bicarbonate content of water samples 
were examined by acidimetric method of Ghosh et al. [9] 
and Tandon [14].

Statistical Analysis
The analytical data from the water sample analyses were 
statistically analyzed (Gomez and Gomez) [15]. Addition-
ally, correlation studies were conducted using MS Excel, a 
standard computer program.

RESULTS AND DISCUSSION

The major ionic constituent of surface water samples 
collected from different sources and locations at Rajoir 
Upazila under Madaripur District were analyzed and the 
results obtained from chemical analyses have been delin-
eated in this chapter. In the study area, vital ionic constit-
uents such as Ca, SO4, Mg, Na, K, PO4, were analyzed and 
elements were present in variable amounts in the surface 
water samples.

pH and Electrical Conductivity (EC) Values of Water
The average pH value of surface water (pond water) was 
comparatively higher than tube wells and river water (Fig. 
2). Two pond water samples collected from pond showed 
pH 7.57 and 7.51 in Bajitpur and Rajoir union. It might be 
due to the application of liming materials to the pond wa-
ter to control pH value and fish diseases. These results were 
partially similar to Zaman et al. [16] where pH ranged from 
7.26 to 9.67 in surface water. For agriculture purpose, Ayers 
and Westcot [17] state that the pH value between 6.5 and 
8.4 is acceptable. Permitting to FAO standards, almost all 
the water samples were appropriate for irrigation. For live-
stock consumption and drinking purposes, recommended 
range of pH is 6.5 to 9.2 (Table 1) [18].

According to this recommendation collected water samples 
from rivers, cannals and ponds (surface water) were accept-
able for livestock farming. The average value of EC indicate 
that the EC of groundwater was comparatively higher than 
pond and river water (Fig. 2). Based on EC, the agricultural 
waters were classified into four groups such as low salinity 
(EC=0–250 μScm-1), moderate salinity (EC=250–750 μScm-

1), high salinity (EC=750–2250 μScm-1) and extreme salinity 
(EC>2250 μScm-1) following Richards [19]. These results 
are lower than the report on EC 219.0 to 748.0 μScm-1, con-
ducted by Uddin et al. [20] pointed out the EC value of 18 
surface water samples of Dumki upazila and have little sim-
ilarity with the report on EC 348 to 497 μScm-1 and 255 to 

Figure 2. pH and EC profiles during the study period.

Table 1. Maximum recommended concentrations of various chemical ions for irrigation and drinking water

pH
EC
Ca
Mg
Na
K
S
P

Maximum limits
6.5–8.4
50–500 μScm-1 (Suitable)
800 mgL-1

121.50 mgL-1

121.50 mgL-1 (4.5 meL-1), suitable
2 mgL-1

20 mgL-1

2 mgL-1

Existing average limits Recommended maximum limits
6.50–7.50 6.5–9.0
50–600 μScm-1 (Suitable), more than 600 μScm-1, (Harmful)
Less than 2.50 meL-1 Less than 3.75 meL-1

Less than 3.50 meL-1 Less than 3.75 meL-1

More than 1.5 meL-1 1.50 - 15.50 meL-1

Less than 2.50 meL-1 0.30 – 0.80 meL-1

400 mgL-1 200 mgL-1

1 mgL-1 5 mgL-1

Name of elements IrrigationDrinking

Source: WHO, [18] [Dringking Water]; Ayers and Westcott, [17] [Irrigation].
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387 μScm-1 of dry and wet season by Halim [21]. High EC 
indicated a higher concentration of salt, which has an im-
pact on the salinity hazard and irrigation water quality [22].

Ionic Constituents of Water
The average value of Ca in tube wells, ponds and river water 
were 44.126, 45.181 and 49.599 mgL-1 (Fig. 3). The presence 
of higher Ca content in some samples might be due to the 
solubility of CaCO3, CaSO4 and CaCl2. Some of the samples 
were similar to the findings of Uddin et al. [20] in Dumki 
different from 16.5 to 34.62 mgL-1. Agricultural water con-
taining less than 20 meL-1 (400.8 mgL-1) Ca is appropriate for 
irrigating crop (Table 1) [17]. According to content of Ca, all 
water samples could safely be used for irrigation.

Considering fresh water quality for drinking purpose, al-
most 100% of the samples were found suitable, where the 
acceptable range of Ca for this aspect is 0.75 to 200 mgL-1 as 
mentioned in (Table 1) WHO, [18].

The results are almost similar to Karim et al. [23] reported 
that Mg content of 50 surface water were varied from 1.94 
to 40.85 mgL-1 of 3 Upazilas of Bhola district. For drinking 
water, the highest suitable limit is 30 mgL-1 and maximum 
acceptable limit is 150 mgL-1 [18]. Based on WHO stan-
dards, all collected water samples were suitable for drinking 
purposes. It can be said that all the samples of Mg are ap-
propriate for livestock consumption.

The average value of sodium indicate that Na ion content 
of groundwater was comparatively higher than pond and 
river water. The main causes of higher Na ion content in 
surface water are the presence of evaporated sediments, 
sewage and wastes, using soaps and detergents etc. Findings 
in this study showing a little similarity to Karim et al. [23], 
sodium (Na) content varied from 4.11 to 36.13 mgL-1 of 3 
Upazila of Bhola. Water generally holding less than 920.00 
mgL-1 Na is not harmful for long-term irrigation [17]. The 
acceptable content of Na in water samples for aquaculture 
is 121.50 mgL-1 [24]. All about collected samples of surface 
water were “suitable” for agricultural uses (Table 1). The 
average value of potassium indicate that K ion content of 
pond water was comparatively higher than pond and river 
water (Fig. 4). The existence of higher level of K in surface 
water (pond and river) might be due to the surface runoff 
of irrigation wastes, farm refuses, untreated manure sludge 
etc. The average value of Sulphur indicates that the S con-
tent of pond water was comparatively higher than tube well 
water and river water. The higher amounts of SO4 ion in 
some samples were mainly due to the presence of sulfur re-
ducing bacteria in water, which chemically change natural 
sulphates in water to hydrogen sulphide.

Similar results were also observed by Zaman et al. [16]. The 
suitable range of SO4 ion in agricultural water is less than 20 
mgL-1, according to Ayers and Westcot [17]. All the surface 
water samples (river and pond) being examined were deter-

Figure 3. Ca, Mg and Na profiles during the study period (mgL-1).

Figure 4. K, S and P profiles during the study period (mgL-1).
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mined to be suitable for irrigation based on this limit. These 
samples were also healthy for drinking purposes because 
the expected range of SO4 ion for these purpose is 200–600 
mgL-1 according to WHO, 1971 [18] (Table 1). The average 
value of phosphorus indicates that the P content of tube well 
water was comparatively higher than pond and river wa-
ter (Fig. 4). Taslima [25] also studied that this PO4 content 
was similar in Gouripur and Muktagacha Upazila (PO4 ion 
varied from 0.16 to 2.51 mgL-1). According to Phosphorus 
content, all the samples were acceptable for aquaculture and 
irrigation. The expected range of Phosphorus content for 
livestock consumption is 0–1 mgL-1. Therefore, all the sam-
ples were positive for livestock consumption. The Suitable 
range of phosphorus is 0.00–70 [18]. According to WHO, 
all taken samples were satisfactory for drinking purposes.

WATER QUALITY DETERMINING INDICES

Sodium Adsorption Ratio (SAR)
Richards [19] stated that water samples with SAR values of 
less than 10 are suitable for irrigation, 10 to 18 are good, 
18 to 26 are fair, and more than 26 are not suitable for ag-
riculture. The calculated SAR obtained from the chemical 
analyses of 19 surface water samples fluctuated from 0.600 
to 2.356 MeL-1 in pond water with the average of 1.075 MeL-1 
and 0.567 to 1.335 MeL-1 in river water with an average value 
of 0.915 MeL-1. The highest SAR (8.674 MeL-1) was found in 
groundwater and the lowest SAR (0.567) was found in river 
water. Crops may not be harmed by agricultural water with 
a SAR of less than 10.00 [26]. Alkalinity hazard was another 
factor taken into consideration when classifying all of the 
irrigation water samples. Based on the SAR value, 100% of 
the samples were classified as excellent for irrigation.

Soluble Sodium Percentage (SSP)
Another important metric that is frequently used to assess 
the suitability of groundwater for irrigation is the SSP. Fur-
thermore, high sodium contents in relation to Ca and Mg 
ions decrease soil absorptivity because Na ions are drawn to 
clay particles and displace Ca and Mg ions, impairing soil 
permeability and causing deflocculation [27]. The highest 
SSP value (88.9%) was showed in groundwater and the low-
est (24.8%) was observed in river water. In case of ground 
water, this ranged varied from 24.4% to 88.9% with the mean 
value of 63.7%. This outcome was slightly similar to Tasli-
ma [25] who studied in Gouripur and Muktagacha Upazila 
where the SSP varied from 9.11 to 31.28% but contradictory 
to Uddin et al. [20] in Dumki upazila (SSP 0.19 to 0.97%).

Total Permanent Hardness (TPH)
The total hardness (HT) or total permanent hardness (TPH) 
of groundwater ranged from 216 to 555 mgL-1 with an aver-
age value of 352 mgL-1. Nine of the twenty-one groundwater 
samples had TPH values above the mean, while the remain-
ing twelve samples had TPH values below the mean. The 
highest TPH value (553 mgL-1) was monitored in ground-
water and it was tube well water and the lowest value (191 
mgL-1) was also observed in pond water. On the other hand, 

the highest value of 343 mgL-1 was found in pond water. In 
case of surface water (pond and river), the TPH value of river 
water ranged from 208 to 366 mgL-1 and the mean value was 
215 MeL-1. Based on hardness, irrigation water was classified 
as “soft” (0–75 mg L-1), “moderately hard” (75–150 mgL-1), 
“hard” (150–300 mgL-1) and “very hard” (>300 mgL-1) [28]. 
According to their classification, out of 19 surface water sam-
ples, all the samples were hard to very hard. The higher val-
ues of TPH indicated the presence of higher amounts of Mg 
[27]. Divalent cations, such as Ca and Mg ions were abun-
dant in the water samples, which led to their hardness [26].

CONCLUSION

Although there have been many studies on the ionic content of 
water in the past, this is significant as updated information for 
Madaripur district as well as Bangladesh as a whole. Accord-
ing to the World Health Organization, drinking water should 
contain no more than 70 mgL-1 of K, while 19.2 mgL-1 of K is 
acceptable for irrigation. Based on its K content, all of the col-
lected water samples were suitable for drinking and irrigation. 
Pond and river water were perfect for drinking, agricultural 
purposes, and livestock use depending on the content found 
in tube wells. Water from ponds, rivers, and tube wells had ac-
ceptable P levels for irrigation, aquaculture, and drinking. All 
of the water samples were classified as excellent class (SAR<10) 
for irrigation purposes, with SAR values ranging from 0.567 to 
8.377. In case of SSP 12 samples of surface water out of 19 were 
in “excellent” class, 6 samples were permissible and 1 sample 
was not permissible in class, whereas 15 groundwater samples 
were in “not-permissible” class, 4 samples were in “good” class, 
and the remaining two samples were in “permissible” class for 
irrigation in the studied area. According to hardness, out of 19 
surface water samples, all the samples were hard to very hard 
in class. Furthermore, regular monitoring of water quality 
should be needed for the residents of this locality to access safe 
drinkable water to avoid health-related risks as well as deter-
mination of ionic status for irrigation purposes in a seasonal 
context for successful crop growth according to season which 
helps rational irrigation scheduling and water budget.
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