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Abstract

In Bangladesh, surface water is widely used for domestic purposes, irrigation, and fisheries. Assessment of surface
water quality is essential to evaluate the physicochemical conditions of water bodies such as rivers, ponds, and
lakes. This study focuses on the seasonal variation in the physicochemical properties of surface water in the rural
area of Natore. The study reveals that in the wet season, the concentration of color varied from 139.67 to 200.67
pt-co for pond water and 1073.3 to 1596.7 pt-co for river water, hardness varied from 77 to 180 mg/L for pond
water and 56 to 99 mg/L for river water. In contrast, color varied from 324.67 to 2053.67 pt-co for pond water and
50 to 120 pt-co for river water, and hardness varied from 22 to 111 mg/L for pond water and 20 to 24 mg/L for
river water in the dry season. CCME WQI values during the wet season ranged from 37.29 to 55.57, while in the
dry season they ranged from 30.93 to 50.67. The CCME values indicate that water quality varied from poor to
marginal in both seasons and may not be suitable for domestic use without proper treatment.
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1. Introduction

Surface water is any water that is found on the surface of the Earth (Xie, 2023). This classification includes both
ocean water and water that has been stored in inland places such as rivers, streams, lakes, marshes, reservoirs, and
creeks (Sayeed, et al., 2023). According to the (WHO, 2022), 159 million people worldwide depend on hazardous
surface water sources that present serious health concerns. In developing nations like Bangladesh, where a large
number of rural residents rely on surface or groundwater for their everyday needs, this issue is especially
significant (Rahman, et al., 2023). In various areas of the Natore district, the Department of Public Health
Engineering (DPHE) is working on initiatives to improve sanitation and drinking water quality (Uddin, et al.,
2023).

Dayarampur Union is expanding gradually as a result of the founding of several important institutions, such as
Qadirabad Cantonment, Bangladesh Army University of Engineering & Technology (BAUET), and Qadirabad
Cantonment Sapper College. The establishment of these institutions is drawing an increasing number of individuals
to the region for educational and professional reasons, leading to a consistent rise in population. The growing
population has led to increased water demand. The local community currently depends significantly on
groundwater sources, mostly tube wells, to fulfill their daily water requirements. Excessive reliance on
groundwater raises issues regarding its long-term sustainability and the potential for future water scarcity.
Consequently, it is imperative to investigate and assess the quality of surface water sources in this region to
ascertain their appropriateness for domestic and other prospective applications. This project aims to enhance
sustainable water resource management in Dayarampur Union by identifying alternate water sources that could
alleviate pressure on groundwater supplies. Although the Natore region has been the subject of numerous studies
on surface and groundwater quality, there is limited research specifically available on the surface water quality of
Dayarampur Union. Using both ponds and rivers, the current study aims to track seasonal changes in water quality
parameters at eleven sample locations during the wet season and five monitoring stations during the dry season.

2. Materials and Methods
2.1 Study Area

Natore, one of the largest districts in the Rajshahi Division of Bangladesh, was chosen as the study region,
specifically Dayarampur Union. The study area has 12 villages with a population of 31,254 (M.M. Rahman, 2024)
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The study area is situated between longitude 24°16'25.2" to 24°18'40.6" and latitude §9°00'15.7" to 88°59'20.1".
Samples were collected from several areas in Dayarampur Union during both the wet (September—October 2024)
and dry (January—February 2025) seasons for laboratory testing. Five sample collection locations were chosen
during the dry season, while eleven sample collection locations including ponds and rivers were chosen during the
wet season. The pond water sample was identified as (P) and the river water sample as (R).
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Figure 1. Eleven sample locations of Dayarampur Union

Before choosing a sample location, a field survey was conducted considering different factors such as sources of
pollution (like sewage and agricultural runoff), how the local community uses water (for drinking, farming, or
recreation), the availability of monitoring tools, lab capabilities, budget, and past data.

2.2 Laboratory Testing and Data Analysis

After collecting all water samples, they were taken to the laboratory for testing. The parameters tested included
turbidity (using a turbidity meter, TUB-430), hardness (HI 3821), pH (with a Lutron multimeter, WA-2015), color
(using a spectrophotometer, HACH DR 3900), chloride (HI), and CO: (using a titrimetric technique). Additional
measurements such as TSS, TDS, BOD, and COD were conducted following the APHA (2017) standard method
(Fariha Nazneen Tisha, 2025). Data analysis was carried out using Microsoft Office Excel 2021 and IBM SPSS
Statistics version 25. Spatial distribution of surface Water Quality Index (WQI) of the sample was generated using
ArcGIS 10.7. The outcomes were then compared with the 2022 drinking water quality requirements set by the
World Health Organization (WHO) (WHO, 2022). Statistical analysis was done by IBM SPSS to calculate Pearson
correlation and conduct an independent t-test, comparing two distinct groups.

2.3 CCME WQI Method

The Water Quality Index (WQI), which summarizes the entire water quality status into a single term, assists the
public in staying informed about the condition of the nearby surface water through daily evaluations (Marina
Marselina, 2022). The research included ten parameters to ascertain the water quality index. The Water Quality
Index (WQI) was calculated by utilizing the World Health Organization (WHO) endorsed standards for drinking
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water quality (WHO, 2022). The Water quality status and the Water Quality Index (WQI) are sourced from (Marina
Marselina, 2022). In a related investigation, Sanjida et al. (Sanjida Mukut, 2023) employed the Canadian Council
of Ministers of the Environment WQI method to determine the WQI of the water samples.

3. Results and Discussions
3.1 Physical parameters

Seasonal fluctuations of key physical parameters such as turbidity, color, pH, TS, TDS, and TSS were assessed
and are shown in Figure 2. Turbidity in Dayarampur Union ranged from 8.35 to 218.0 NTU during both the wet
and dry seasons (Fig. 2(a)), exceeding the (WHO, 2022) drinking water standard of 5 NTU. Similar results were
found in (M.M.Rahman, 2024). The water’s color varied from 50 to 2053.7 Pt-Co in (Figure 2(b)), during both
the wet and dry seasons. There is no color standard for drinking water set by WHO (WHO, 2022), but in
this study, the color level is found to be too high, as shown in Fig. 2(b). The variation in water color is attributed
to the presence of both organic debris and iron (E. S. Kritberg, 2012). The pH value of the surface water ranges
between 7.59 and 9.52 during the wet and dry seasons in (Fig. 2(c)), exceeding WHO’s standard limit, which
supports the growth of aquatic life. A similar result has been obtained in (Parvin, et al., 2023). The results of
increasing pH levels impact fish and aquatic life, increase mineral concentration, and increase microbial activity.
The WHO 2022 guidelines do not set specific limits for TS, TDS, or TSS in drinking water, but this study showed
that TS was between 0.11 and 11.0, TDS was between 0.05 and 0.673, and TSS was between 0.002 and 0.85 mg/L
during both wet and dry seasons, based on this result, the water is safe to drink since it meets aesthetic
standards and is free from excessive solids in it. More monitoring is needed to make sure it's safe in the long term.
The TS and TDS readings suggest that the water contains few minerals, as reported by Kumar et al. (Kumar, et al.,
2017). The statistical analysis of the correlation between color and turbidity shows a strong positive correlation
(r=0.987) during wet and dry seasons, indicating that as the turbidity of the water increases, the color intensity also
increases. pH with color (r=0.391) shows a moderate positive correlation during the wet season and a
predominantly negative correlation with most physiochemical parameters during the dry season. These negative
correlations suggest that pollution increases during the dry season. TS, TDS, and TSS show a positive correlation
during wet and dry seasons. The investigation of the independent t-test outcomes indicates that turbidity, color,
TS, TDS, and TSS exhibit no statistically significant differences between the wet and dry seasons (P > 0.05), which
means that the difference between the two seasons is probably just a coincidence, and there is no real or meaningful
difference between the two seasons. A statistically significant difference exists among the dry and wet seasons (P
< 0.05), which means that the change in pH levels between the two seasons is not just a coincidence; it is genuine.
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Figure 2. Seasonal variations of physical parameters (a) Turbidity, (b) Color, (c) pH, (d) TS, (e) TDS, and (f) TSS
concentrations.

3.2 Chemical parameters

Seasonal fluctuations of key chemical parameters such as hardness, chloride, and CO were assessed and are shown
in Figure 3. Hardness of water in Dayarampur Union ranged from 20 to 198 mg/L across both wet and dry seasons
(Fig. 3 (a)). Hung et al. established hardness classifications as follows: 0 to 75 mg/L as CaCOs constitutes soft
water, 75 to 150 mg/L as CaCOs is categorized as moderately hard, 150 to 300 mg/L as CaCO:s is classified as
hard, and levels over 300 mg/L as CaCOs are deemed extremely hard (Hung, et al., 2020). This finding indicates
that water with a hardness level of 20 to 198 mg/L is considered moderately hard to hard. In this study, chloride
levels ranged from 20 to 60 mg/L (Fig. 3 (b)), both the wet and dry seasons, within WHO’s 250 mg/L limit. Carbon
dioxide is essential for the existence of plants and microorganisms, generated by the breathing of aquatic organisms
(Parvin, et al., 2023). The CO- value ranges between 2.15 and 9.98 mg/L throughout both the wet and dry seasons
in (Fig. 3(c)). WHO 2022 guidelines do not set specific limits for CO: in drinking water (WHO, 2022), but this
study showed that water is generally safe since it can lower the pH, making it a little acidic. According to a study
by (Fivelstad, et al., 2003), carbon dioxide accumulation reduces pH, indicating increased acidity. Parvin (2023)
conducted a similar study and observed a high level of free CO, in the pre-monsoon season. The statistical analysis
of the correlation between hardness and CO: shows a positive correlation during both wet and dry seasons
(r=0.568). Chloride shows a positive correlation (r=0.354) with CO: and a negative correlation with hardness
during the wet season and dry season. The analysis of the independent t-test results shows that CO: and chloride
have no statistically significant difference between the wet and dry seasons (P > 0.05), which means that the
difference between the two seasons is probably just a coincidence, and there is no real or meaningful difference
between the two seasons. For the hardness, The variation between the wet and dry seasons is statistically significant
(P <0.05), which means that the change in hardness levels between the two seasons is not just a coincidence; it is
genuine.
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Figure 3. Seasonal variations of chemical parameters (a) Hardness, (b) Chloride and (c) Co concentrations.
3.3 Water Quality Index (WQI)

According to Marselina, Water quality is categorized by the CCME Water Quality Index (WQI) in the following
ways: 80—94 = Good, 60-79 = Fair, 45-59 = Marginal, 0—44 = Poor, and 95-100 = Very Good (Marina Marselina,
2022). Based on the Water Quality Index's findings, throughout both the dry and wet seasons, the water quality in
a number of locations in Dayarampur Union was poor to marginal. The figure below shows that the quality of the
water is a little better during the wet season since there are more marginal-grade water samples.
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Figure 4: The Water Quality Index (WQI) of surface water is distributed spatially throughout (a) the dry season
and (b) the wet season.

However, as seen by the higher rate of poor quality, the water quality deteriorates throughout the dry season. In
the dry season (a), as seen in Figure 4, it was noted that the water quality at places P2, P5, and P7 was poor,
indicating that the water at these sample sites is polluted and unfit for human consumption. In contrast, the water
quality at sample sites classified as R1 is marginal, indicating that the water is acceptable but may need treatment.
In the wet season (b), it was found that the water quality at sample locations P1 and R1 was poor, while the
remaining sample locations P2, P3, P4, P5, P6, P7, P8, P9, and P10 were classified as marginal. During the wet
season, the WQI grade may change from poor to marginal because of several factors that might affect water quality.

4. Conclusion

This study has provided an in-depth investigation of the seasonal fluctuations in the physical and chemical
properties of surface water in the Natore rural area. To summarize, the findings of color and turbidity suggest that
they exceed the (WHO, 2022) standard for drinking water quality, which potentially affects aesthetic quality and
treatment efficiency. The spatial distribution of water quality was analyzed separately for both the wet and dry
seasons. GIS-based WQI maps show that the water quality in Dayarampur Union is poor to marginal. These two
maps are crucial resources for carrying out practical measures to improve the water quality in this area. The Pearson
correlation analysis revealed that during the wet season, a highly statistically significant correlation was observed
between color and turbidity, as well as between total suspended solids and total solids. Compared to the wet season,
the dry season exhibits more prominent statistically significant correlations. A statistically significant difference
between the dry and wet seasons was shown by the independent t-test result, indicating that seasonal variation has
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a measurable impact on water quality parameters. It is clear from the study's overall conclusions that suitable
surface water treatment and routine monitoring should be part of Dayarampur Union's future water management
plans. According to the findings, the water quality has shifted between poor to marginal, necessitating treatment
before domestic use.
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