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Abstract 
 

This study integrates field measurements with remote sensing data to assess the water quality of the Shitalakshya 

River in the Rupganj segment of Bangladesh. Data from the Landsat 8 Operational Land Imager (OLI)-band 

ratios, along with field-measured physical and chemical parameters, were utilized to develop empirical models 

for evaluating water quality. The B4/B6 band ratio revealed the strongest correlation with the most significant 

parameters, including turbidity (R² = 0.7832), total amount of suspended solids (R² = 0.8453), and total dissolved 

solids (R² = 0.7759). The results indicate that the majority of the river reaches are classified as "unsuitable" to 

"poor" as a result of untreated industrial effluent. The remote sensing-supported approach is a cost-effective and 

expandable method for providing continual water quality monitoring in rapidly urbanizing cities. 
 

Keywords: Water quality index (WQI); Satellite imagery; GIS; Shitalakshya river 
 

1 Introduction 

 

Water is very important for human life, but people's activities are making it dirty (Eletta, 2012). Narayanganj is a 

major industrial area in Bangladesh, renowned for textile and dyeing factories. Most (over 80%) of these 

factories do not have Effluent Treatment Plants (ETPs) and discharge their waste directly or indirectly into the 

Shitalakkhya River. They have dyes, heavy metals, and other harmful materials in their waste. Industrial 

waste is of solid, liquid, and gas form, which are not ordinary household or commercial wastage (Rahman & Al 

Bakri, 2002). Over the past few decades, a water quality index (WQI) has been utilized for surface and ground 

water quality evaluation globally because it offers insight into the general state of a water supply (Tyagi et al., 

2013). To evaluate the water quality, it is imperative that the water resources be regularly monitored (Goher et al., 

2014). Conventional techniques for monitoring water quality, such as laboratory analysis and in situ measurements, 

are expensive, time-consuming, and have little spatial and temporal diversity (Brivio et al., 2001). Traditional river 

monitoring methods lack spatial and temporal precision, limiting effective management. Integrating RS and GIS 

improves monitoring accuracy and supports sustainable river management (Chatrabhuj et al., 2024). The 

integration of remote sensing with field-based measurements enhances the accuracy and temporal coverage of 

Water Quality Index (WQI) estimation, supporting data-driven management of aquatic ecosystems (Adjovu et al., 

2023). The study by Cao et al. (2022) emphasizes the growing importance of hyperspectral remote sensing for 

inland water monitoring, offering higher accuracy and real-time analysis compared to traditional methods. 
The objective is to create an empirical model that relates satellite data to significant water quality parameters and 

use it to assess the quality of the water in Rupganj's Shitalakshya River based on a combination of satellite data and 

field measurements. 
 

2. Study Area 
 

Shitalakshya River is a distributary of the Brahmaputra. A portion of its upper course is known as Banar River or 

Banor River. In the Shitalakshya's initial stages, it flows in a southwest direction and then east of the city 

of Narayanganj in central Bangladesh until it merges with the Dhaleswari near Kalagachhiya. The river is about 

110 kilometres (68 mi) long and at it widest, near Narayanganj, it is 300 metres (980 ft) across. Its flow, measured 

at Demra, has reached 74 cubic metres per second (2,600 cu ft/s) (Md Mahbub Murshed, 2012).  
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Figure 1: Study Area Map of this Research. 

3. Data & Methods 

 

3.1.1 In-situ Water Quality Sampling 

 

Field surveys were conducted on 28 November 2024 at six strategically selected locations along the Shitalakshya 

River in the Rupganj area. The sampling locations were chosen based on proximity to industrial parks and 

municipal sewage outlets for good representation in the perspective of pollution studies. Water samples were 

collected from immediate depths just below the surface to avoid contamination with floating particles. The 

parameters such as pH, BOD₅, COD, TSS, TDS, turbidity, electrical conductivity (EC), nitrate, chloride, 

ammonium, fecal coliform, sulfate, and alkalinity were analyzed. The sampling was carried out on collection day 

for analysis in controlled laboratory conditions to preserve their integrity. 

 

3.1.2 Data from Satellite Remote Sensing 

 

USGS Earth Explorer Operational Land Imager (OLI) on Landsat-8 scenes of 28 November 2024 were 

downloaded. The scenes, with 30-meter resolution, were selected based on cloud-free cover of the study area.  

 
 

Figure 2: Methodological Framework of the Study. 
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ENVI 5.1 software was utilized in Atmospheric correction. Top-of-Atmosphere (TOA) reflectance values were 

obtained from metadata presented in the MTL file. Region of Interest (ROI) extraction was used to delineate the 

river segment under investigation. 

 

3.2 Methodological Strategy 

 

3.2.1 Pre-processing of Image 

The image was atmospherically corrected to reduce the effect of haze, dust, and aerosols using Quick 

Atmospheric Correction (QUAC) model in ENVI. This was with the objective of making the reflectance values 

reliable for spectral analysis. A sub-scene of the image over the study area was clipped for intensive analysis. 

 

3.2.2 Post-processing Techniques 

Many research efforts have endeavored to extract water data from remote sensing satellite images.                                                        

Techniques like thresholding, segmentation, use of Landsat color features, and estimation of the proportion 

of water have been developed. They contribute to the administration of water resources 

and flood monitoring using various satellite data (J. Du et al., 2002). Sampling points raster values were 

extracted by applying ArcGIS's Extract Multi Values to Points on the six sampling points. 

 

3.2.3 Spectral Analysis and Band Ratios 

In total 42 band ratios were generated using Landsat bands (Bands 1–7) for the maximum feature discrimination 

and association with water quality in terms of spectral response. Band ratios B4/B6 were calculated to establish 

their statistical correlation with field-measured parameters. 

 

3.2.4 Water Quality Index (WQI)  

Utilizing the "weighted arithmetic index method," the WQI was calculated (Brown et al. 1970), using the 

equation: , Where is the quality rating of nth water quality parameter, is the unit 

weight of nth water quality parameter. The quality rating  is calculated using the equation: 

 , Where  is the actual amount of nth parameter present, is the ideal 

value of the parameter. Vs is the standard permissible value for the nth water quality parameter. Unit weight 

( ) is calculated using the formula:  where k is the constant of proportionality and it is 

calculated using the equation:  

 

3.2.5 Statistical Modeling 

Linear regression models were developed to establish empirical relationships between satellite-derived spectral 

data and in-situ measurements. Each model was evaluated using the coefficient of determination (R²) to measure 

predictive accuracy. 
 

4. Result and Discussion 

 

4.1 Field Data 

Table 1 provides a comprehensive summary of the water quality measures' hydrogeochemical properties and 

statistical distribution for every sample gathered in the research region. 

 

Table 1: Laboratory Test Results of Water Samples at Different Sampling Points. 

Samp

ling 

Point 

pH 

mg/

L 

BOD 

mg/

L 

COD 

mg/L 

TSS 

mg/

L 

TDS 

mg/

L 

Turb

idity 

FAU 

EC 

µs/c

m 

NO3 

mg/

L 

Cl 

PPM 

Fecal 

Coliform 

Bacteria 

CFU 

So4 

mg/

L 

Alkali

nity 

mg/L 

NH4 

mg/L 

1 7.16 5.7 308 30 878 27 1752 13.7 0.17 118 38 97.5 2.5 

2 6.9 6.8 279 22 797 19 1594 3.9 0.13 127 29 82.5 2 

3 6.89 4.9 335 18 690 12 1386 3.3 0.13 70 21 86.5 0.5 

4 6.91 1.1 503 15 661 6 1329 2.8 0.08 49 20 73.5 0.15 

5 6.9 0.3 667 4 628 5 1266 10.9 0.07 17 16 68 0.05 

6 6.89 0 594 5 647 4 1302 2.2 0.03 32 17 59.5 0.01 
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4.3. Development of Regression Models 

To develop the models of linear regression, the band ratio B4/B6 was chosen as the independent variable due to 

its strong positive correlation with most water quality parameters. The linear regression equations' values for 

each water quality parameter are clearly detected in Figure (5-9). Statistical regression models to estimate 

various water quality parameters using remote sensing data, specifically the B4/B6 band ratio from satellite 

imagery. Band ratio B4/B6 application was most highly correlated with several parameters of water quality, pH 

(R² = 0.7309), turbidity (R² = 0.7832), TSS (R² = 0.8453), TDS (R² = 0.7759), SO₄ (R² = 0.7476), and NH₄⁺ (R² 

= 0.7152). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Regression Analysis of pH and TSS with B4/B6 Band Ratio 

 

 

 

 

 

 

 

 

 

Figure 4: Regression Analysis of TDS and Turbidity with B4/B6 Band Ratio 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Regression Analysis of EC and Cl with B4/B6 Band Ratio 

 

 

 

 

 

 

Figure 6 : Regression Analysis of Fecal Coliform and SO4 with B4/B6 Band Ratio 
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Figure 7: Regression Analysis of Alkalinity and Ammonium with B4/B6 Band Ratio 

Overall, the regression models suggest that the B4/B6 band ratio from satellite imagery is a reliable predictor for 

several key water quality indicators, helping to facilitate remote environmental monitoring. 

4.2 Water Quality Index 

Table 2 shows that the suitability of water at each location for use based on WQI values. Higher WQI indicates 

poorer water quality. The assessment reveals that four out of six sites have water quality unsuitable for any use, 

while only two are categorized as "Good". 

 

Table 2: WQI and WQS at Sampling Location. 

 

 

 
 

 

 

 

 

 

Figure 8 shows that the spatial map of water quality index for the different location of the entire study area. 

 
 

 

 

 

 

 

 

 
 

 

 

 

Figure 8: Spatial Interpolation of Water Quality Index. 

Sampling Point 
Water Quality 

Index 
Water Quality Status 

1 244.913 Unsuitable for all uses 

2 189.994 Unsuitable for all uses 

3 124.738 Unsuitable for all uses 

4 53.6583 Poor 

5 40.8669 Good 

6 30.6961 Good 
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4.5 Relation Between Water Quality Index and B4/B6 

The analysis revealed a strong positive association between the water quality index (WQI) and the B4/B6 

spectral ratio of bands. The linear regression equation obtained was y = 268.66x – 161.68, with a coefficient of 

determination R² = 0.6466, indicating that approximately 65% of the variability in WQI can be explained by this 

band ratio. The relation between water quality index and strong positive correlation band ratio are shown in 

Figure 11. 

 

 

 

 

 

 

 

Figure 9: Regression Analysis Between Water Quality Index (WQI) and B4/B6 Band Ratio 

5. Conclusion and Future work 

 

Combining Landsat 8 satellite imagery with field data proved effective in monitoring the Shitalakshya River’s 

water quality, especially in the industrial zone of Rupganj. The B4/B6 band ratio showed high correlation with 

critical Measures of water quality, like total suspended solids (R² = 0.8453), Turbidity (R² = 0.7832), Total 

Dissolved Solids (R² = 0.7759), Ammonium (R² = 0.7152), and Sulphate (R² = 0.7476), making it a reliable 

remote sensing indicator. WQI mapping showed that most river sections were in "poor" to "unsuitable" condition 

due to untreated industrial wastewater, confirmed by rapid land-use changes from 2017 to 2023.Some 

parameters, like BOD, COD, and nitrate (NO₃⁻), can’t be measured by satellite images because of poor 

correlation. The future study must increase the number of water sampling locations of the Shitalakshya River, 

especially in residential and industrial zones, to better understand water quality differences and make the model 

more accurate. Collecting data in both dry and rainy seasons will help show seasonal changes and make the 

model more accurate. 
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