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Abstract 

 

The people of Khalishpur in Ward no. 10 of Khulna City Corporation are highly dependent on groundwater for 

the drinking and domestic purposes. But due to scarcity of groundwater, it is a prime need to find out the 

alternative source. So, the surface water quality assessment is a vital issue to ensure safe and healthy water 

supply to the public of Khalishpur. The present study was undertaken to evaluate the water quality and finally 

delineate the region where water is suitable or not for drinking and domestic purposes. A total of 5 (Five) water 

samples were collected from different locations and analyzed for Temperature, Turbidity, Alkanity, pH, Color, 

Hardness, EC, TDS, Iron, As, Chloride, BOD, COD, TC and FC. Most of the parameters of all the samples were 

found to exceed the standard allowable limit prescribed for drinking water quality. It was seen that water 

sources located beside drainage system were more contaminated. To delineate the regions according to water 

quality suitable or not, WQI was calculated using six vital parameters. The calculated WQI values were 

distributed spatially using IDW method through ArcGIS software which showed that most of the part of the 

study area having water of poor quality. Thus, water treatment is presumed to be vital for safe water supply 

along with proper drainage system to protect the natural water resources. 
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1 Introduction 

 

Water is the essential element in the biological functions of all living organisms: humans, plants and animals. It 

has no known substitute. Water distinguishes the planet earth from all other planets by giving it its blue colour 

(Abu-Zeid & Shady, 1998). From the dawn of earth to the present, water is one of the essential factors that 

contribute to sustaining every form of life. Accessibility to a safe and reliable source of water is essential for 

lives and sustainable development of a country (Hasan et al., 2019). Water is an essential resource, and is 

required not only for fulfillment of basic personal needs for the local population, but also for an expanding 

industry and for agricultural irrigation networks. Water operators must consider both water quantity and quality 

requirements in water provision for meeting current and predicted demand (Drinan & Spellman, 2000). Due to 

the growing demand for water worldwide, the assurance of adequate supply of drinking water by maintaining 

standard water quality has become a significant challenge (Mekonnen & Hoekstra, 2016). Daily access to clean 

water is necessary to satisfy basic needs of drinking, cooking, washing, and bathing i.e., domestic uses of water 

(Kurian & McCarney, 2010). The rapid growth of industrialization and population directly or indirectly create 

demanding pressure on the freshwater sources that resulted in decreased water quality (Mushtaq et al., 2019). 

The reliability of water depends on physical, chemical and biological properties, which controlled by different 

natural and anthropogenic factors (Hassan et al., 2016).  

Water pollution can be defined as the contamination of water bodies by the entrance of large amounts of 

materials/substances to those bodies, resulting in physical or chemical change in water, modifying the natural 

features of the water, degrading the water quality, and adversely affecting the humans and the environment 

(Savaşan, 2017). Water pollution occurs regularly because of human exercises (Hammer, 1986). The significant 

ones are unpredictable transfer of mechanical, civil and household wastes in water channels, waterways, rivers 

and lakes, and so on (Azizullah et al., 2011). Bangladesh–one of the most densely populated countries of the 

world—has plentiful water sources, but these sources are being polluted continuously (Hasan et al., 2019). 

Water pollution is one of the significant dangers to general wellbeing of Bangladesh. Bangladesh positions at 

number 86 among 142 countries with respect to drinking water quality. Drinking water sources, both surface 

and groundwater are debased with coliforms, harmful metals and pesticides all through the nation (Arefin et al., 

2017). Development of human civilization as occurred that has created pressure on water supply provisions. It is 

not different in city like Khulna, Bangladesh (Islam et al., 2017).  Khulna is Bangladesh's third-largest city, after 

Dhaka and Chittagong (Wikipedia, 2022). Sources at Khulna Water Supply and Sewerage Authority (KWASA) 
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said there is a demand for 11 crore liters of drinking water in the city every day and 40% of it is met by 

KWASA. The fall in the groundwater level has aggravated the crisis further (Dhaka Tribune, 2020). The crisis is 

most acute in areas under Daulatpur, Khalishpur and Khan Jahan Ali police Stations (The Daily Star, 2010). 

Khalispur is an urban Thana under Khulna city corporation. It is also known as industrial area where various 

types of industrial firms are located. The dwellers of this area face various types of environmental problems 

among which water pollution is very significant. The contamination of water resources has important 

repercussions for the environment and human health (Emmanuel et al., 2009; Muhammad et al., 2011). 

Continuous use of polluted water results in a detrimental effect on human health and socio-economic 

development (Milovanovic, 2007). Therefore, water quality monitoring and sustainable water resources 

management is a time demanding needs nowadays. The measurement of pollutant concentration at every point is 

not feasible due to time constraint and cost. Therefore, spatial analysis using GIS tool got popularity as 

alternative option to understand the pollution distribution (Webster and Oliver, 2007; Bhattacharya et al., 2011; 

Islam et al., 2016). To the above discussion, the objectives of the investigation were to examine the present 

surface water quality and to delineate regions where water is suitable or unsuitable for drinking and domestic 

purposes based on WQI value at ward no. 10 in the Khalishpur area of Khulna City.   

2 Study Area  

 

The study was conducted in ward no. 10, a union under Khalishpur Upazila of Khulna District. Khalishpur is 

located in between 22°50' and 22°52' north latitudes and in between 89°31' and 89°34' east longitudes covering 

an area of 12.35 sq. km. The sources of drinking water in this area are Tube-well 90.61%, pond 8.94%, tap 

0.06% and others 0.39% (Wikipedia). The study area covers a total of 0.813 square kilometers having a 

population of 18,518. Among them 9,688 are male and 8,830 are female (Figure 1). 

 
Figure 1: Study Area (ward no. 10, Khalishpur Upazila, Khulna) 

3 Methodology 

 

For Physio-chemical parameter analysis, water samples were collected in high density polyethylene (HDPE) 

bottle (500mL) which were previously washed with detergents, followed by tap water and finally several times 

with distilled water before sampling, and lastly dried it properly. The collected samples were stored at a low 

temperature and analyzed without delay preferably within 2 days. For Microbiological analysis, water samples 

were collected in 200 mL sterilized borosilicate glass bottles and residual chlorine was avoided by using sodium 

thiosulphate. Bacteriological test was done immediately (within 4-8 hours) after sampling.  

The samples were analyzed for Temperature, pH, EC, Turbidity, BOD, COD, TC, FC, As, Fe, Hardness, Cl-. 

COD test was done by closed reflux method. TC & FC were tested by membrane filtration method by incubator. 

TDS was tested by gravimetric method. BOD test was done by 5-days BOD test method. In case of physio-

chemical parameters includes color, nitrate (reagent: NitaVer 3 Nitrate), Electro-conductivity (instrument: EC 

meter), phosphate (reagent: PhosVer 3 Phosphate) were tested by DR2700 Spectrophotometer. On the other 

hand, in case of heavy metals includes arsenic (reagent: sulphonic acid and zinc powder, method: strip test 

method), iron (reagent: FerroVer Iron), manganese (reagent: buffer powder citrate and sodium periodate) were 

tested by DR2700 Spectrophotometer. pH was tested by pH meter. Turbidity was tested by Turbidimeter. 

Hardness, Chloride, Alkanity was tested by titration. 

The test results of each of the parameter were compared with the Bangladesh standard (ECR 1997). To delineate 

the regions according to water quality suitable or not, WQI was calculated using six vital parameters (pH, EC, 
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TDS, DO, chloride, and total hardness). The calculated WQI values for individual values were distributed 

spatially using IDW method through ArcGIS software.  

4 Results and Discussions 

 

4.1 Physio-chemical parameters analysis 

The amount of Alkalinity that should be in our water is 200 mg/L for typical- drinking water. All samples 

except S4 had alkalinity levels above 200 mg/L, which is beneficial as it makes the water less corrosive and 

safer for consumption (Figure 2). TDS values ranged from 170 mg/L to 1680 mg/L. Three samples were within 

the Bangladesh standard limit (≤1000 mg/L), while two samples exceeded the limit, indicating possible 

contamination (Figure 3). Iron levels were within the standard range (0.3–1.0 mg/L) for all samples. The highest 

iron content was 0.84 mg/L (S3) and the lowest was 0.1 mg/L (S2) (Figure 4). Chloride concentrations varied 

from 150 to 850 mg/L. According to ECR, all samples were within the standard limit (150–600 mg/L) except 

for S1 and S3, which exceeded the upper limit (Figure 5). All samples exceeded the acceptable BOD level of 0.2 

mg/L, with values ranging from 1.1 to 4.7 mg/L, indicating organic pollution and reduced water quality (Figure 

6). According to ECR1997, COD values were above the standard limit of 4 mg/L in all samples. S2 was close to 

the limit, while S5 had significantly higher COD, pointing to chemical contamination (Figure 7). Only S2 and 

S3 were within acceptable limits. S4 had the highest TC count at 250 nos. per 100ml, suggesting microbial 

contamination (Figure 8). In case of FC, the acceptable limit is 0 nos. per 100ml. Only S2 and S3 met the 

standard. Other samples, especially S4, exceeded the limit, with a maximum value of 140 nos. per 100ml, 

indicating possible fecal contamination (Figure 9). 

 

  

Figure 2: Alkalinity variations in the water samples. Figure 3: TDS variations in the water samples. 

 
 

Figure 4: Iron variations in the water samples. 

 

Figure 5: Chloride variations in the water samples. 

  

Figure 6: BOD values in the water samples. Figure 7: COD values in the water samples. 
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Figure 8: TC values variations in the water samples Figure 9: FC values variations in the water samples 

4.2 Spatial distribution of WQI 

The suitability of any water sample is defined here according to the Water Quality Index value (WQI) which is 

calculated here using major six parameters (EC, TDS, Cl-, pH, DO, TH). The water quality according to the 

observed WQI is presented in Table 1. 

Table 1: Water Quality Index of the water sample 

Sample ID WQI value Comments 

S1 184.92 Poor Water 

S2 110.88 Poor Water 

S3 205.65 Very Poor Water 

S4 48.89 Excellent Water 

S5 95.44 Good Water 
 

The regions where water is suitable or not for drinking purpose is presented below in Figure 10 according to the 

water quality in the index (WQI). From this map it is shown that the water quality of maximum part of the study 

area is poor. Around sample point S3 the water is of very poor quality. A small portion around sampling 

location S4 have water quality of excellent quality and good quality. Around sample point S5 water quality is 

good. 

 

Figure 10: Map showing the suitability of water. 

5 Conclusion and Recommendation  

 

This study examined the present water quality scenario of ward no.10 of Khulna City Corporation. All findings 

are summarized below: 

1. To examine the surface water quality of the study area, five samples were collected from different 

sources. 

2. From the laboratory analysis, it was observed that maximum water quality parameters exceed their 

standards limit for drinking purpose according to Bangladesh standard (ECR1997). The highest value 

of color was found in sample ID S5. The maximum value of turbidity was found 45.4 NTU which was 
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observed in sample S5. The total coliform and fecal coliform was found in sample S2, S4 & S5. The 

BOD & COD value also exceeded the allowable limit. pH of all the samples were within in the 

allowable limit but alkanity was crossed the standard limits. The maximum value of alkanity was 

observed in sample S3 which was 450 mg/l. The value of chloride and iron was also beyond the 

standard limit. Only arsenic and pH value was within the allowable limit.  

3. From the spatial distribution WQI map, it was also observed that the water quality of most of the part 

of the study area was poor. 

So from the above findings, it can be concluded that for using these water for drinking purposes, treatment 

of water to ensure water quality is an important task. 
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