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INTRODUCTION
Water is an essential component of natural resources and plays an important role for the purposes of drinking, irrigation, 

and aquaculture and livestock usages. It is needless to say that without enough good water our survival will be threatened. Water 
occurs 97.2 percent in ocean as salt water, 2.09 percent in icecaps and glaciers, 0.6 percent ground water, 0.11 percent runoff 
and surface water [1]. We have plenty of both surface and ground water supply to support the entire population in Bangladesh. In 
fact, after human resources water is the most abundant resource in Bangladesh. About 97% of the population of Bangladesh use 
tubewell water for drinking and cooking purposes [2]. Bangladesh comprises the third largest source of fresh water to discharge to 
the ocean [3]. 

The availability of safe drinking water, particularly in Bangladesh's hard to reach areas such as haor area is expected 
to worsen as the country experiences the effects of climate change. About 28 million Bangladeshis, or just over 20% of the 
population, are living in harsh conditions in the "hard-to-reach areas" that make up a quarter of the country's landmass. People 
living in hard-to-reach areas are often vulnerable to natural calamities like flooding, riverbank erosion and siltation [4].

In Bangladesh, ground water has become increasingly important source of irrigation, human drinking and other uses. With 
the ever increasing demand of water in this country, the importance of utilization of ground water is increasing now-a-days at an 
accelerated rate. More recently, about 80% of the requirement of irrigation water and about 97% of the portable water of this 
country are being met by modern tubewell technologies [5]. Development and utilization of ground water for irrigation and public 
supplies in both urban and rural areas have been done by sinking different types of water lifting devices i.e., deep tubewell (DTW), 
force mode tubewell (FMTW), shallow tubewell (STW), deep set shallow tubewell (STW) and hand tubewell (HTW) etc. However, this 
technology has also been found facing several technical and environmental problems such as rapid drawdown of the aquifer due 
to interference of other abstracting technologies (mainly DTWs), which restricts groundwater abstraction from shallow aquifers, 
drying up of STWs while drawdown goes beyond suction lift of pump, interaction with surface water bodies [2] and pumping of 
excess arsenic contaminated water in many places [6]. World Health Organization (WHO) and United Nations Children’s Emergency 
Fund (UNICEF) global assessment reports have indicated that most of the world’s human population do not have access to 
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safe drinking water, while one sixth of the world population (1.1 billion people) have access to adequately safe water supplies. 
Approximately 80% of communicable diseases in the world are water-borne. The availability of safe drinking water, particularly in 
Bangladesh's hard to reach areas, is expected to worsen as the country experiences the effects of climate change. As a result of 
climate change, drought in Bangladesh’s haor areas during dry season has increased, causing a lack of sweet water. Women in 
haor areas need to go miles to collect a pitcher of safe drinking water [7].

The Millennium Development Goal (MDG) targets and coverage figures for access to improved water and sanitation in 
Bangladesh are difficult to interpret due to inconsistent application of definitions and national goals. Based on the goal to halve 
the percentage of people without access in 1990, the 2015 MDG targets are for 89% and 70% of the population to have access 
to water and sanitation respectively. Water termed as life because no life can exist without water. It is needed not only for drinking, 
for growing food, for washing but it is also important for many of the pleasant recreational aspects of life. Bangladesh faces many 
challenges that hinder progress in water; sanitation and hygiene (WASH), most urgently from high vulnerability to climate change 
effects, iron (Fe), arsenic (As), and microbial contamination of groundwater supplies and high levels of poverty. Several highly 
vulnerable locations including haor areas critically need [1]. 

Water quality monitoring and assessment is the foundation of water quality management. Thus, there has been an 
increasing demand for monitoring water quality of both surface and ground water by regular measurements of various water 
quality parameters [8]. 

The study was conducted to achieve the following objectives:

1.	 To assess the water quality parameters (DO, BOD, pH, EC, TDS, Phosphorous, Iron, Arsenic, Nitrate, Escherichia coli) from 
different sources such as tubewells and haor of the study area.

2.	 To assess people’s access to drinking water in haor areas.

3.	 To assess hygienic conditions of people living around the selected area.

MATERIALS AND METHODS
Study Area

The study was conducted at Dingaputha haor area of Netrokona district (Figure 1). Dingaputha haor is situated in major part 
of Tatholia union and minor parts of Magan-Siader and Gaglajure unions of Mohanganj upazila, Netrokona district. The map of the 
study area was incorporated in the research paper through Geographical Information System (GIS). 

 

Figure 1. Map of Dingaputha haor area of Netrokona district.

Experimental Design

The experimental design is presented in a simple flow diagram as follows (Figure 2):
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Figure 2. Experiential design.

Collection of Water Samples

Total 85 water samples were collected from Dingaputha haor areas of Netrokona district. 30 water samples from tubewells 
and 5 water samples from haor of Tatholia union, 20 water samples from tubewells and 5 water samples from haor of Magan-
Siader union and 20 water samples from tubewells and 5 water samples from haor were collected from January to May 2016.

Laboratory Analyses

The Dissolved Oxygen (DO) of water sample was measured by DO meter (Model: 7031, Taiwan). The Biological Oxygen 
Demand (BOD) of water sample was measured from the difference between first reading of DO and last reading of DO after 
5 days at 4°C temperature in incubator. The pH of water sample was measured by a digital water pH meter (Model: AG 8603, 
Switzerland) which has a glass electrode. The Digital TDS meter (Model: TDS02/03, Taiwan) had been used to determine total 
dissolved solid (TDS) of water sample. The Electrical conductivity (EC) of water sample was determined by the digital EC meter 
(Model: 3251K, China). The nitrate (NO3

-) of water sample was measured using Nitrate Test Paper. The Phosphorus of water 
sample was determined by atomic absorption spectrophotometer (Model: PG 990) at 660 nm wave length. The arsenic (As) 
of water sample was determined using Arsenic Test Paper. Iron was analyzed by atomic absorption spectrophotometer (Model: 
PG990) at the wavelengths of 213.9, 324.7, 248.3 and 278.5 nm, respectively following the procedure as described by APHA 
(2005). The Escherichia Coli bacteria from water sample were detected using Eosin Methylene Blue (EMB) Agar Media and 
MacConkey Agar Media. EMB agar plates after incubation showed smooth circular colonies with dark centers and metallic sheen 
and MacConkey agar plates which after incubation, if positive for E. coli showed rose pink color colonies. Then, the colonies of E. 
coli bacteria from EMB media were counted in Feed and Food Safety Laboratory, Bangladesh Livestock Research Institute (BLRI), 
Savar, Dhaka.

Questionnaire for Qualitative Assessment

Research design 

The research was carried out on the bases of primary and secondary information. In this research, interview with local 
people using questionnaire was applied for the data collection. The electronic and web based information was also used for data 
collection under direct guidance of supervisor. Information collected from different sources such as research paper, journal, 
internet and book as a secondary source of data. Both primary and secondary data were used for the study. Primary data was 
collected from the field level was intrinsic study and realistic feature are presented in the study. 

Data collection 

Data collection is very difficult and time consuming task. Data had been collected through interviewing technique through 
a questionnaire which include all essential questions those are relevant to the study. Data have been collected directly from the 
respondents. Present study had collected the primary information from the knowledgeable people or members who are related 
directly with water and sanitation. Data for this study were collected from January to May 2016. 
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Sample survey 

The study population was the households with the latrines having at least 3 rings and 1 slab. Having water seal was an 
operational criterion as its presence was not very common in the study areas. The sample size was estimated = 70 households, 
through purposive sampling and the main sources of income of respondents come from agricultural land and fishing. 

Data processing and analysis 

First step after data collection was to ensure the validity and reliability of the data. Coding operation was usually done at 
this stage. With the coding the stage was ready for tabulation. Tabulation was generally based on percentage. MS Word and MS 
Excel were used to analyze the data. Quantitative data was analyzed through descriptive statistics. One way \ two way analyses 
were used in this research.

RESULTS AND DISCUSSION
Water Quality Parameters for Drinking Water Collected from Different Tubewells of Tatholia, Magan-Siader and Gaglajur 
Unions

Table 1. Water quality parameters for water collected from different tubewells of Tatholia union.

Water Samples  (30) DO (ppm) BOD (ppm) pH EC (µs/cm) TDS (ppm) P (ppm) Fe (ppm) Nitrate (mg/l)

Minimum 3.98 1.54 6.5 324 176 1.368 5.109 5
Maximum 4.68 2.43 6.79 359 226 2.973 10.787 10

Mean 4.29 1.88 6.68 345.1 211.5 2.30 8.74 7.43
SD (±) 0.18 0.27 0.08 9.90 12.52 0.39 1.45 4.95

Table 2. Water quality parameters for water collected from different tubewells of Magan-Siader Union.

Water Samples (20) DO (ppm) BOD (ppm) pH EC (µs/cm) TDS (ppm) P (ppm) Fe (ppm) Nitrate (mg/l)

Minimum 4.16 1.39 6.11 319 212 1.134 5.10 5
Maximum 4.71 2.55 6.78 359 239 2.873 10.707 10
Mean 4.45 1.97 6.48 336.71 223.95 2.260 8.46 7.181
SD (±) 0.17 0.38 0.14 11.91 7.61 0.475 1.50 4.69

Table 3. Water quality parameters for water collected from different tubewells of Gaglajur Union.

Water Samples (20) DO (ppm) BOD (ppm) pH EC (µs/cm) TDS (ppm) P (ppm) Fe (ppm) Nitrate (mg/l)
Minimum 4.62 1.66 6.11 332.1 198 1.253 5.159 5
Maximum 5.5 2.91 6.83 367 231 2.863 10.462 10
Mean 4.99 2.10 6.52 349.91 212.95 2.268 8.35 7.31
SD (±) 0.283 0.33 0.22 10.46 9.93 0.433 1.51 1.68

Figure 3.  Dissolved oxygen content in water.
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Figure 4. Biochemical oxygen demand content in water.

Figure 5. pH content in water.

Figure 6. Electrical conductivity of water.
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The highest mean value (DO=4.99 ppm) of Dissolved Oxygen was found in Gaglajur union and the lowest mean value 
(DO=4.29 ppm) of DO was found in Tatholia union that was within the standard DO for drinking (DO=4-6 ppm) (Tables 1-3 and 
Figure 3). Raman et al. [9] showed that the value of DO of tubewell water collected from Rakibnagor slum of Sakhipur upazila in 
Tangail district was 4.4 ppm. The highest mean value (BOD=2.1 ppm) of Biological Oxygen Demand (BOD) was found in Gaglajur 
Union and lowest mean value (BOD=1.88 ppm) of BOD was found in Tatholia Union that exceeded the standard BOD for drinking 
(BOD=0.2 ppm) (Figure 4). Raman et al. [9] showed that the value of Biological Oxygen Demand (BOD) of Tubewell water collected 
from Rakibnagor Slum of Sakhipur Upazila in Tangail District was 2.4 mg/l. The highest mean value (pH= 6.68) of pH was found 
in Tatholia Union and lowest mean value (pH=6.52) of pH was found in Gaglajur Union that was within standard level of pH for 
drinking (pH=6.5-8.5) (Figure 5). Jesmin [10] found that pH values of ground water in Gaibandha aquifers ranged from 6.73 to 
8.66 reflecting slightly acidic to alkaline in nature. The highest mean value (EC=349.91 µs/cm) of Electrical Conductivity (EC) was 
found in Gaglajur union and lowest mean value (EC=345.1 µs/cm) of EC was found in Tatholia union that was within the standard 
level of EC for drinking (EC=50-1000 µs/cm) (Figure 6). Halim [11] signified that the EC values of water samples from ground water 
at Trishal upazila under Mymensingh district varied from 348 to 497 µS/cm and 255 to 387 µS/cm reflecting medium salinity in 
nature in both seasons. 

Figure 7. Total dissolved solid in water content.

Figure 8. Amount of phosphorus in water content. 
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Figure 9. Amount of Fe in water content.

Figure 10. Amount of As in water content.

The highest mean value (TDS=223.95 ppm) of Total Dissolved Solid (TDS) was found in Magan-Siader Union and lowest 
mean value (TDS=211.5 ppm) of TDS was found in Tatholia Union that was within the standard level of TDS for drinking (TDS= 
1000 ppm) (Figure 7). Alam [12] conducted an experiment in wetland and sediments of Bhuluka region in Mymensingh and found 
TDS value (120.190 ppm). The highest mean value (P=2.268 ppm) of Phosphorous (P) was found in Magan-Siader Union and 
lowest mean value (P=2.3 ppm) of Phosphorous (P) was found in Tatholia Union that exceeded the standard level of P for dinking 
slightly (P=2 ppm) (Figure 8). The concentration of phosphorous ranged from trace to 0.05 ppm and this anion was dominant in 
ground water as compared to surface water in Tongi aquifer under Gazipur district [13]. The highest mean value (Fe=8.74 ppm) of 
Iron (Fe) was found in Tatholia Union and lowest mean value (Fe=8.35 ppm) of Iron (Fe) was found in Gaglajur Union that exceeded 
the limit of standard of Iron (Fe) for drinking extremely (Fe=0.3-1.0 ppm) (Figure 9). An experiment on water samples collected 
from different location of Bogra city and found the value of Fe ranged from 0.63 to 1.02 ppm [14]. The highest mean value (As=0.1) 
of Arsenic (As) was found in Tatholia and the lowest mean value (As=0.075) of Arsenic (As) was found in both Magan-Siader and 
Gaglajur Unions that exceeded the standard level of As for drinking (As=0.05 mg/l) (Figure 10). The British Geological Survey 
(GBS) and Department of Public Health and Engineering (DPHE), Bangladesh found 0.1450 mg/l mean value of Arsenic (As) in 
2001. Nizam et al. [15] observed that out of 130 surface and groundwater samples collected from Madhupur tract, the content of 
arsenic (As) fluctuated within the limit of trace to 0.05 mg/L. 
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Figure 11. Amount of NO3
- in water content.

Figure 12. Amount of Fe concentration (Tubewell and Haor).

The highest mean value (NO3
-=7.43 mg/l) of nitrate (NO3

-) was found in Tatholia Union and lowest mean value (NO3
-=7.18 

mg/l) of nitrate (NO3
-) was found in Magan-Siader Union that was within the standard level of nitrate for drinking (NO3

-=10 mg/l) 
(Figure 11). 

Water Quality Parameters for Drinking Water Collected from Different Locations of Dingaputha Haor

Table 4. Water quality parameters from different locations of Dingaputha haor.

Water Samples (15) DO (ppm) BOD (ppm) pH TDS (ppm) P (ppm) Fe (ppm)
Minimum 6 2.5 7.11 850 0.051 0.75
Maximum 6.9 3.4 7.27 869 0.069 0.98
Mean 6.48 3.04 7.17 859.47 0.059 0.88
SD (±) 0.28 0.26 0.047 6.01 0.0058 0.074

The mean values of Iron (Fe) of tubewell water collected from Tatholia, Magan-Siader and Gaglajur Unions were 8.74 ppm, 
8.46 ppm and 8.35 ppm respectively (Figure 12). The mean value of Iron (Fe) of tubewell water collected from Tatholia, Magan-
Siader and Gaglajur Unions Union exceeds the limit of standard of Iron (Fe) for drinking extremely (Fe=0.3-1.0 ppm). Whereas the 
mean value of Iron (Fe) of haor water collected from Tatholia, Magan-Siader and Gaglajur Unions Union was 0.88 ppm which was 
within the standard level of Iron for drinking (Fe=0.3-1.0 ppm). Inverarity et al. [15] analyzed some water samples collected in two 
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season from river Elan, Mid Wales in Great Britain and reported that the mean concentration of Fe in May and September were 
0.26 to 0.61 ppm, respectively. An experiment on ground water samples collected from different location of Bogra city and found 
the value of Fe ranged from 0.63 to 1.02 ppm [14] (Table 4).

Figure 13. Total coliform count (TCC) of water collected from tubewells and haor.

The Total Coliform Count (TCC) of tubewell water collected from Tatholia union ranged from 30 cfu/100 ml to 39 cfu/100 ml 
where the mean value was 34.4 cfu/100 ml ± 3.44 cfu/100 ml. The TCC of tubewell water collected from Magan-Siadar union 
ranged from 25 cfu/100 ml to 35 cfu/100 ml where mean was 29.4 cfu/100 ml ± 8.88 cfu/100 ml. The TCC of tubewell water 
collected from Gaglajur union ranged from 27 cfu/100 ml to 38 cfu/100 ml where mean was 32.8 cfu/100 ml ± 8.97 cfu/100 
ml. The TCC) of Dingaputha haor water ranged from 74 cfu/100 ml to 87 cfu/100 ml where mean was 80.5 cfu/100 ml ± 24.48 
cfu/100 ml. The TCC from both tubewell and haor water exceeded the standard level. On the other hand, the geometric mean of 
TCC of Fresh, Acme, Pran, Mum, Jibon and Dada were 18, 12, 26, 12, 9, 43 cfu/100 ml respectively (Figure 13) [16].

Assessment of Access to Drinking Water in Haor Area

The study revealed that drinking water sources of the study area are fully depending on underground through tubewell. 
The study also revealed that 76% respondents used tubewell, 12% respondents used haor, 10% respondents used river and 2% 
respondents used pond water for drinking purpose.

Figure 14. Sources of drinking water.

The study found that most of respondents have self tubewell (82.5%) and others (17.5%) have no ownership of tubewell and 
they collected water from other person’s tubwell and others water sources (river, haor, pond etc.) (Table 5 and Figure 14). 

Table 5. Ownership of tubewell.

Ownership of tubewell Frequency Percent (%)
Self tubewell 58 82.5
No tubewell 12 17.5

Total 70 100

Assessment of Hygienic Conditions of People Living Around the Dingaputha Haor Area

Type of toilets used by respondents

The study found that most of the respondents (45.7%) used ring slab with water seal toilet, 22.8% respondents used 
hanging toilet used, 12.8% respondents used pit latrine, 11.4% respondents used bush toilet and rest of the respondents (7.1%) 
used open field (Table 6).
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 Table 6. Type of toilets used by respondents.

Type of toilet Frequency Percent (%)
Pit latrine 9 12.8
Ring slab with water seal 32 45.7
Hanging 16 22.8
Bush 8 11.4
Open field 5 7.1
Total 70 100

Distances between toilet and tubewell

The study found that distances between toilet and tubewell were 10 ft (25% tubewells), 15 ft (30% tubewells), 20 ft (20% 
tubewells), 30 ft (15% tubewells) and above 40 ft (10% tubewells) respectively (Figure 15).

 

Figure 15. Distances between toilet and tubewell.

Suffering from water borne diseases during natural disasters (flood, tidal surge, cyclone etc.)

The study revealed that 30.3% respondents were suffered from skin diseases, 28.7% respondents were suffered from 
diarrhoea, 14% respondents were suffered from cholera, 10.1% respondents were suffered from liver diseases (Cirrhosis, Cancer), 
8.6% respondents were suffered from typhoid and 8.3% respondents were suffered from fatigue (Figure 16).

Figure 16. Suffering from water borne diseases during natural disasters (Flood, Tidal Surge, Cyclone etc.).

CONCLUSION
An investigation was carried out to assess the drinking water quality parameters from different sources (Tubewells and haor) 

and hygienic conditions of people living around the Dingaputha haor areas of Netrokona District. It was found that the levels 
of DO, pH, EC, TDS, NO3

- from both tubewell and haor water were within or near to standard level for drinking and the levels of 
BOD, Phosphorous (P) from both tubewell and haor water exceeded the standard level for drinking slightly. The highest ranges 
(As=0.05-0.15 mg/l) of Arsenic (As) concentration were found in Tatholia Union and the lowest ranges (As=0.05-0.1 mg/l) of 
arsenic (As) concentration were found in both Magan-Siader and Gaglajur Unions which exceeded the standard level for drinking 
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purpose (WHO, 2003). The highest iron concentration (Fe=10.78 ppm) was observed in tubewell water of Tatholia Union which 
exceeded the standard level for drinking and the lowest iron concentration (Fe=0.75 ppm) was found in haor water which was 
within the standard level for drinking. Materials from lactose fermentation tubes were inoculated onto EMB agar plates which 
after incubation showed smooth circular colonies with dark centers and metallic sheen and onto MacConkey agar plates which 
after incubation showed rose pink color colonies ensured the presence of Escherichia coli bacteria in water. The highest number 
(TCC=80.5 cfu/100 ml) of Escherichia coli (E. coli) bacteria was found in haor water due to open toilets nearby haor and the 
lowest number (TCC=29.4 cfu/100 ml) of Escherichia coli (E. coli) bacteria was found in tubewell water of Magan-Siader Union 
both of which exceeded the standard for drinking purpose. It was also observed that about 82.5% people had access to tubewell 
water for drinking and 17.5% people had no access to tubewell water for drinking. Most of the people used tubewell water for 
drinking. On the other hand, most of the people used haor water for cooking purpose because tubewell water contained excessive 
iron (Fe) concentration. It was observed that the cooked rice and vegetables using tubewell water were turned into black color 
due to excessive iron (Fe) concentration. The hygienic condition of Digaputha haor area of Netrokona District was very poor. The 
distances between tubewell and toilet were very near to each other and the open hanging toilets nearby haor were also found. 
For this reason, both of tubewell and haor water might be contaminated with microbial organisms such as E. coli. People using 
contaminated tubewell water for drinking and haor water for cooking were infected with various water borne diseases such as 
diarrhoea, cholera, typhoid, liver diseases (Cirrhosis, Cancer), skin disease etc. 

From the findings of study it can be suggested that Fe concentration should be minimized within permissible limit using iron 
removal plant before drinking water, arsenic concentration should be minimized within permissible limit using filter media such 
as the Sono filter before drinking water and Government of Bangladesh with help of NGOs should take initiatives to improve water 
quality and sanitation in haor area. 
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