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Abstract 

Water scarcity remains a critical issue in many developing countries, especially in coastal regions where salinity 

limits access to safe drinking water. Subarnachar, a coastal area in Noakhali, Bangladesh, faces persistent 

challenges in securing potable water. This study investigates the physical, chemical, and biological quality of 

harvested rainwater from 30 rooftop collection systems over a three-month period, assessing its suitability for 

domestic use based on WHO guidelines. The Weighted Arithmetic Water Quality Index (WAWQI) was applied 

using key parameters: pH, Total Dissolved Solids (TDS), Turbidity, Electrical Conductivity (EC), Chloride, 

Hardness, and microbial indicators (fecal and total coliform). Results showed that 63.33% of samples were of 

“good” quality, while 36.67% were classified as “poor”. Principal Component Analysis (PCA) revealed a strong 

positive correlation among TDS, EC, and Hardness, indicating common geochemical sources. Additionally, the 

close association of fecal coliform, total coliform, and Chemical Oxygen Demand (COD) suggests microbial and 

organic contamination likely from poor storage practices. These findings underscore the potential of rainwater 

harvesting as a viable water source in salinity-affected coastal regions, provided regular monitoring and treatment 

measures are implemented to safeguard public health.  
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1. Introduction

Access to safe drinking water is a fundamental human right and essential for sustainable development. In coastal 

regions like Subarnachar in Noakhali, Bangladesh, freshwater scarcity is exacerbated by high surface water 

salinity, tidal flooding, and the absence of perennial freshwater sources (Ullah & Rahman, 2025). Groundwater 

extraction using submersible pumps often yields brackish water, making it unsuitable for domestic use. As a coping 

mechanism, many households rely on informal rainwater harvesting (RWH) systems during the monsoon 

(Rakibuzzaman et al., 2024). However, these systems are largely unregulated and lack standardized collection, 

treatment, and storage, increasing the risk of microbial, chemical, and physical contamination over time (Ranaee 

et al., 2021). 

Despite its widespread use, limited research exists on the quality of stored rainwater in Subarnachar, particularly 

regarding its compliance with WHO drinking water standards (WHO, 2017; WHO, 2022; Nnaji & Nnam, 2019). 

This poses a potential health risk to vulnerable communities dependent on untreated rainwater. This study aims to 

evaluate the physical, chemical, and biological quality of long-stored rainwater and assess its safety for human 

consumption. Findings will support evidence-based policies, guide safe storage practices, and aid interventions by 

organizations such as the Department of Public Health Engineering (DPHE) and NGOs (Kabir et al., 2020), while 

contributing to improved water security and climate resilience in similar coastal settings. 
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2. Methodology

2.1 Study Area 

Subarnachar Upazila in Noakhali District, Bangladesh, covers 575.47 km² (22°28′–22°44′N, 90°59′–91°20′E) and 

includes seven unions (Fig. 1). Bordered by Noakhali Sadar, Companiganj, Hatiya, Sandwip, and Ramgati, the 

region has a warm, humid climate with 25.6°C average temperature and 3,302 mm annual rainfall. Rainfall peaks 

in July (671 mm) and drops below 25 mm in January, making rainwater harvesting essential for freshwater access 

during dry periods. 

Figure 1. Map of the study area 

2.2 Experimental Design 

A field-based study was conducted in Subarnachar Upazila, Noakhali, to assess the quality of harvested rainwater 

across 30 samples from seven unions (Table 1). Sites were selected based on accessibility, population density, and 

rainwater dependency to ensure broad representation. Samples were labeled systematically (e.g., S1–S30) for trend 

analysis. Physicochemical parameters (pH, TDS, salinity, EC, DO, turbidity), chemical indicators (COD, hardness, 

chloride), and biological markers (total and fecal coliforms) were analyzed to determine suitability for domestic 

use, following international water quality standards. 

Table 1. The selected sampling locations and the number of samples 

3. Results and Discussions

The Water Quality Index (WQI) and Principal Component Analysis (PCA) of 30 harvested rainwater samples 

revealed key physical, chemical, and biological quality trends. The results underscore public health concerns and 

highlight the need for improved storage and treatment practices to reduce contamination risks and ensure safe 

water access for vulnerable communities. 

3.1 Descriptive Statistics of Water Quality Parameters 

Table 2 presents the minimum, maximum, mean, and standard deviation of the physicochemical and biological 

parameters of harvested rainwater, along with the WHO permissible limits. Except for DO, salinity, COD all values 

fall within acceptable WHO guidelines. These parameters are essential for the calculation of the Water Quality 

Index (WQI), which provides a comprehensive assessment of overall water quality.  

Union Name Ward Number Number of collected sample 

Char Jabbar Ward 1 5 

Charbata Ward 2 4 

Char Clark Ward 3 3 

Char Wapda Ward 4 4 

Char Jubli Ward 5 7 

Char Amanullah Ward 6 6 

Mohammadpur Ward 7 1 

Total= 30 Samples 
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Table 2. Measured Parameters of Water quality and Descriptive Statistics with WHO limits (2022) 

*Note: Max, Min and SD denote maximum, minimum and standard deviation

3.2 Water Quality Index (WQI) Assessment of Parameters 

3.2.1 Weighted Arithmetic Water Quality Index (WA WQI) 

The Weighted Arithmetic (WA) method is a widely adopted approach for calculating the Water Quality Index 

(WQI), utilizing commonly measured parameters with weights assigned inversely to their respective standards 

(Eqn 1). This allows for effective aggregation and comparison of water quality data. Commonly applied in various 

regions, including Iraq, the method provides a comprehensive assessment of water suitability (Noori, 2020). Table 

3 presents the WQI classification and corresponding water quality status based on the Weighted Arithmetic Index 

Method (Singh et al., 2022). 

𝑊𝑄𝐼 =
∑𝑄𝑖𝑊𝑖

∑𝑊𝑖

(1) 

The quality rating scale (𝑄𝑖) is calculated by using the following expression (Eqn 2):
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S1 5 8.31 33 17 0.02 1.09 73.6 9.94 8 24 85 

S2 5.6 8 15 11 0.01 0.46 48 11.34 5.2 0 0 

S3 5.3 7.74 15 8 0.01 0.57 70.4 9.45 3.8 0 0 

S4 5.7 8.41 187 94 0.01 0.71 22.4 7.05 52 0 0 

S5 5.62 8 16 8 0.01 0.68 64 14.49 6 0 0 

S6 5.58 8.95 45 19 0.02 1.37 32 7.81 8 0 0 

S7 5.08 7.68 38 19 0.02 1.3 51.2 14.28 6.4 4 6 

S8 5.68 8.39 20 10 0.01 0.43 70.4 9.7 5 0 0 

S9 5.8 7.27 15 8 0.01 0.74 28.8 9.19 4 0 0 

S10 5.18 7.82 33 17 0.02 0.98 64 9.82 12 10 55 

S11 5.04 8.38 47 23 0.02 0.64 48 4.4 12 6 12 

S12 5.87 8.41 46 23 0.02 0.57 76.8 7.43 12 0 0 

S13 5.14 8.64 21 10 0.01 0.45 86.4 8.82 6 29 9 

S14 4.69 8.46 15 7 0.01 0.66 38.4 8.31 3 16 36 

S15 5.39 8.36 12 6 0.01 0.67 137.6 7.05 3 0 0 

S16 5 8.03 14 7 0.01 0.47 35.2 9.95 5 3 7 

S17 5.65 8.27 185 93 0.01 0.82 44.8 6.67 20 0 0 

S18 5.22 8 38 19 0.02 0.89 64 7.43 11 27 5 

S19 5.3 7.31 16 8 0.01 1.24 57.6 8.19 6 34 8 

S20 5.15 8.07 16 8 0.01 0.61 60.8 8.31 2 6 0 

S21 5.25 8.01  15 8 0.01 0.7 60.8 8.31 5 8 0 

S22 5.33 7.31 14 7 0.01 0.86 41.6 9.45 3 17 0 

S23 5.75 7.1 26 13 0.01 1.64 25.6 9.45 8 12 12 

S24 5.34 8.44 35 18 0.02 0.93 51.2 8.44 12 37 5 

S25 5.29 7.85 32 16 0.02 0.68 35.2 11.84 10 17 15 

S26 5.14 8 34 17 0.02 0.51 140.8 8.83 6 8 7 

S27 4.91 8.35 27 13 0.01 0.84 44.8 10.71 7 21 20 

S28 5.14 8.62 35 18 0.02 0.48 28.8 10.33 8 6 1 

S29 4.85 8.23 33 17 0.02 0.92 73.6 7.93 6 9 16 

S30 5.78 7.72 12 6 0.01 1.58 163.2 8.94 2 10 0 

Mean 5.32 8.07 36.33 18.26 0.014 0.81 61.33 9.12 8.58 10.52 10.52 

Max 5.87 8.95 187 94 0.02 1.64 163.2 14.49 52 37 85 

Min 4.69 7.1 12 6 0.01 0.43 22.4 4.4 2 0 0 

SD 0.313 0.44 42.16 21.12 0.004 0.33 33.75 2.06 9.07 10.69 19.55 
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𝑆𝑖 − 𝑉0
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   (2) 
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Where,  

Vi = Estimated Concentration of ith parameter in the analyzed water 

V0 = The ideal value of this parameter in pure water 

V0 = 0 (except pH=7.0 and DO=14.6 mg/l)  

Si = recommended standard value of ith parameter  

The unit weight (𝑊𝑖) for each WQ parameter is calculated by using the following formula (Eqn 3):

𝑊𝑖 =
𝐾

𝑆𝑖

    (3) 

Where, 

K= proportionality constant. It can be calculated by using the following equation (Eqn 4): 

𝐾 =
1

∑
1

𝑆𝑖

    (4) 

Table 3. Water quality index level and Grading 

3.2.1.1 Water Quality Index (WQI) and Water Quality Rating Analysis 

Table 4. Water Quality Status of the Studied Physicochemical parameters 

Table 4 summarizes the Water Quality Index (WQI) of 30 harvested rainwater samples, calculated using the 

weighted arithmetic method based on pH, TDS, hardness, chloride, EC, and turbidity. Samples with WQI < 50 

were rated as “good,” while those > 50 were considered “poor.” Results showed 63.33% of samples were of good 

quality, and 36.67% were poor, indicating that while most sources are suitable for use, a notable portion may 

require treatment or routine monitoring to meet safety standards. 

WQI Value Rating of Water Quality Grading 

0-25 Excellent water quality A 

26-50 Good water quality B 

51-75 Poor water quality C 

76-100 Very Poor water quality D 

Above 100 Unsuitable for drinking purpose E 

Sample 

No 

WQI Category Rating of 

Water 

Quality 

Sample 

No 
WQI Category Rating of 

Water 

Quality 
S1 60 C Poor S16 53 C Poor 

S2 38 B Good S17 42 B Good 

S3 47 B Good S18 53 C Poor 

S4 41 B Good S19 55 C Poor 

S5 41 B Good S20 51 C Poor 

S6 50 B Good S21 49 B Good 

S7 61 C Poor S22 49 B Good 

S8 36 B Good S23 49 B Good 

S9 37 B Good S24 50 B Good 

S10 55 C Poor S25 48 B Good 

S11 54 C Poor S26 50 B Good 

S12 34 B Good S27 59 C Poor 

S13 49 B Good S28 50 B Good 

S14 59 C Poor S29 61 C Poor 

S15 46 B Good S30 50 B Good 
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3.3 Principal component analysis of rainwater characteristics 

3.3.1 Principal Component Analysis Using Minitab 20.4 

Principal Component Analysis (PCA) was conducted using Minitab 20.4 to assess the multivariate structure of 

water quality data from 30 RWH sites. Based on a standardized correlation matrix, PCA reduced dimensionality 

and revealed key patterns (Abdi & Williams, 2010; Jolliffe & Cadima, 2016). The first two components, PC1 

(32.5%) and PC2 (20.1%), explained 52.6% of the total variance, highlighting major differences in water quality 

across sites (Fig. 2). 

3.3.1.1 PCA Biplot Analysis 

The PCA biplot (Fig. 2) shows correlations among water quality parameters in stored rainwater from Subarnachar. 

TDS, EC, and hardness were strongly positively correlated, likely due to shared ionic sources from rooftops or 

storage tanks. An inverse relationship between turbidity, DO, and COD indicates microbial activity and organic 

matter buildup. Clustering of fecal coliform, total coliform, and COD suggests co-contamination from poor 

hygiene and open storage. These results highlight the vulnerability of stored rainwater to both physicochemical 

and microbial degradation, stressing the need for improved storage and monitoring. 

Figure 2. PCA biplot of Water Quality Parameters 

4. Conclusions

This study confirms that rainwater harvesting can help mitigate drinking water scarcity in salinity-affected areas 

like Subarnachar. However, according to WA WQI, 36.67% of samples were classified as “poor” quality due to 

inadequate storage and handling. PCA results highlighted contamination risks linked to TDS, EC, hardness, and 

microbial indicators (Total Coliform, Fecal Coliform). To ensure safe use, key interventions include rooftop 

cleaning before the rainy season, installation of first-flush diverters, disinfection of storage tanks, and avoiding 

direct hand contact during water collection. Community awareness through schools and local leaders can further 

improve hygiene practices and support the sustainable adoption of rainwater harvesting.  
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