
i 
 

 

AQUIFER SALINITY AND ITS IMPACT ON DRINKING WATER AND 

AGRICULTURE IN KALIA UPAZILA OF NARAIL DISTRICT 

 

 

 

by  

Munira Afroz 

 

 

 

 

POST GRADUATE DIPLOMA 

IN WATER RESOURCES DEVELOPMENT 

 

 

 

 

 

Institute of Water and Flood Management 

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY 

May, 2011 

 



ii 
 

 

CERTIFICATION 

The project report titled ‘Aquifer Salinity and Its Impact on Drinking Water and 

Agriculture in Kalia Upazila of Narail District’ submitted by Munira Afroz, Student ID: 

0409281022, Session: April 2009, has been accepted as satisfactory in partial fulfillment of 

the requirements for the degree of Post Graduate Diploma in Water Resources 

Development on May 21, 2011.           

 

BOARD OF EXAMINERS 

 

…………………………… 

Dr. M Mozzammel Hoque                                                                                     Chairman                            

Professor                          (Supervisor) 

IWFM, BUET 

 

…………………………….. 

Dr. M. Ashraf Ali               Member  

Professor 

Dept of Civil Engineering, BUET 

 

………………………………. 

Dr. M. Shahjahan Mondal              Member 

Associate  Professor        

IWFM, BUET                              

 

 



iii 
 

CANDIDATE’S DECLARATION 

 

 

It is here by declared that this report or any part of it has not been submitted elsewhere for 

the award of any degree or diploma. 

 

 

…………………………. 

Munira Afroz 

Student ID: 0409281022  

Session: April, 2009 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



iv 
 

Acknowledgement 
 
The authoress wishes to express her profound sense of gratitude and indebtedness to her 

honourable teacher and project supervisor Dr. M Mozzammel Hoque, Professor, Institute 

of Water and Flood Management (IWFM), BUET, for his sincere guidance, constant 

encouragement as well as keen interest throughout the period of the project work.  

 

Heartiest gratefulness is due to Dr. M. Ashraf Ali, Professor, Civil Engineering Department, 

BUET for his valuable suggestions and guidelines.  

 

The authoress expresses her gratitude to Dr. M Shahjahan Mondal, Associate Professor, IWFM, 

BUET for his opinion and remark about the report.  

 

The authoress is also grateful to The Crossing Boundaries (CB) Project of SaciWATER for 

SAWA fellowship and financial support to complete this project.  

 

The authoress remembers the help by Ms.Muktarun Islam, Ph.D student, IWFM for 

providing support during the field work.  

 

The authoress is also thankful to Mr Siddhartho Shekhar Paul, Ex. RS and GIS Analyst, 

CEGIS for his cordial help in GIS mapping. The authoress expresses her warmest thanks to 

her friend and well wishers who offered their help and assistance during the progress of 

project work.  

 

Last but not the least; heartfelt appreciation goes to my beloved family members for their 

all sorts of support and inspiration to complete this project successfully.                    
                      

 

 
 



v 
 

Table of Content 
                                                                                                                             

Page No 
Certification ........................................................................................................................................ii 
Declaration ........................................................................................................................................iii 
Acknowledgement .............................................................................................................................iv 
Table of contents ................................................................................................................................v 
List of Tables …………………………………………………………..................................…….viii 
List of Figures ...................................................................................................….............................ix 
List of Abbreviation, Acronyms, Symbols and Units ……………………………………………....x 

Abstract...............................................................................................................................................xi                                                                     
  

Chapter-1 Introduction  

1.1 Background ...................…...………………………………………..…………....…………….. 1 

1.2 Objectives .....................................................................................................................................2 

1.3 Organization of the eport ............................................................................................................. 2 

1.4 Limitations ............................................................................................................................…... 3 

 

Chapter-2 Literature Review 

2.1Introduction …………………………………………….....….....……………………………….4 

 2.2 Salinity –A Critical Issue at Present Time……………………………....…………..…….…….4 

2.3 Salinity Situation in Bangladesh …………………………...…………….....…..……………… 4 

2.4 Climate Change and Salinity Problem in Bangladesh …………………….....……………….....5 

2.5 Relevant Studies on Salinity …………………..………………….......………………………... 7 

       2.5.1 Salinity distribution under FAP- 4………...……………………..…….....…….....……... 7 

       2.5.2 Soil and groundwater salinity in coastal areas of Bangladesh by SRDI ............................9 

       2.5.3 Salinity problem and crop intensification in coastal regions of Bangladesh by BAR........9 

 

Chapter-3 Study Area  

3.1 General Description ………………………………………………………………....…..……. 12 



vi 
 

3.2 Climate ………………………………………………………………….…....………..…….... 13 

3.3 River System …………………………………………………………………………..…….... 13 

3.4 Water Resources System....................................................................................................….....14 

        3.4.1 Surface water…………………………………………………………….……….……. 14 

        3.4.2 Groundwater…………………………………………………..……………………….. 14 

3.5 Geology ......................................................................................................................…............. 14 

        3.5.1 Regional geological settings ....................................................................................…... 14 

        3.5.2 General geology .......................................................................................................…... 15 

 3.6 Hydrogeology ..................................................................................................................…........16 

        3.6.1 Aquifer system………………………………………………………..………………. . 16 

        3.6.2 Aquifer parameters……………………………………….……………...….…………. 16 

3.7 Land Use and Cropping Pattern………………………………...……………………...……… 16 

 

Chapter- 4 Methodology 

4.1 Introduction …………………………………….........................……………....……….......... 18 

4.2 Primary Data Collection …………………………....……………………......……….………. 18 

       4.2.1 Questionnaire survey ………………………………………………….……..………… 18 

      4.2.2 Primary data collection through PRA…………………………………......…..………… 19 

   a) Group discussion ..........................................................................................................20 

   b) Key informants interview ………………………………..………………..………… 20 

                c)Transect walk   ………………………………………..…………………..………….. 20 

4.3 Secondary Data Collection………………………………….…………….…………………... 21 

4.4 Data Organization and Analysis………………….....……………..…………………..……… 21 

      4.4.1 Primary data organization and analysis....................................................................…... 22 

       4.4.2 Secondary data organization and analysis................................................................….... 22 

 

Chapter- 5 Results and Discussion  

5.1 Introduction ………………………………………………………….…….....………………. 23 



vii 
 

5.2 Distribution of Groundwater Salinity…………………………..…………………….....…….. 23 

       5.2.1 Electrical conductivity (EC) ……........…………………………………......………….. 24 

       5.2.2 Chloride concentration ………………........…………………………...….....….……....24 

5.3 Impacts of Salinity on Drinking Water …………...…………………..……………...……….. 27 

      5.3.1 Drinking water taste ..................................................................................................….... 28 

5.3.2 Health issues ………………………………………………………..………………….. 28 

5.4 Impacts of Salinity on Agriculture ……………………………...……………........…………. 29 

5.5 Impacts of Salinity on Livestock and Poultry ………………………………….....….………. 32 

5.6 Water Uses for Other Daily Activities ..............................................................................….... 35 

5.6.1 Problem with cooking ………………………………….………………….....……….. 35 

5.6.2 Problem with washing and bathing ……………………….....….………….....………. 35 

 

Chapter - 6 Conclusions  

6.1 Conclusions…………………………………..………….…....………………………………. 37 

References ……………………………………………………………...………………………… 38 

Appendix ……………………………………………………………….………………………… 40 

 

 

 

 

 

 

 

 

 

 
 



viii 
 

 

List of Tables 

                                                                                                                        

                  Page No 

Table 3.1: Cultivable land use of the study area …………………………………............ 17 

Table 5.1: Salinity conditions at different unions of Kalia upazila ………………............ 27 

Table 5.2: Guidelines for irrigation water quality by FAO…………................................. 30 

Table 5.3: Crop calendar of the study area …………………………………………......... 32 

Table 5.4: Water quality guideline for livestock and poultry uses ……………………..... 33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 



ix 
 

 

 

List of Figures 

           
                Page No 

Figure 2.1: Sea level rise at different locations in Bangladesh (SMRC, 2003)…….............6 

Figure 2.2: Salinity distribution and processes at southwest region (Source: FAP, 1989)....8 

Figure 2.3: Water salinity map of Bangladesh of the year 1967 and 1997 (SRDI, 1998a).10 

Figure 2.4: Soil salinity map of Bangladesh of the year 1997 (SRDI, 1998c)...…………. 11 

Figure: 3.1: Location map of Kalia Upazila (Bangla pedia, 2008)......................................12 

Figure: 3.2: Union map of Kalia upazila (Bangla pedia, 2008) ……………………......... 13 
Figure 4.1:  Flow chart for the methodology of the present study……………………….. 18 

Figure 5.1: EC (dS/m) distribution in different unions of Kalia upazila ……………….... 25 

Figure 5.2: Cl concentration (mg/l) distribution in different unions of Kalia upazila….... 26 

Figure 5.3: Drinking water taste in different villages …………………..……………...... 28 

Figure 5.4: Health issue in different villages ……………………………………......…... 29 

Figure 5.5: Irrigation water salinity map …………………………………….......……......31 

Figure 5.6: Water from different sources used for livestock …………………………...... 34  

Figure 5.7: Water from different sources used for cooking …………………………....... 35 

Figure 5.8: Water from different sources used for washing and bathing ……………....... 36 

 

 

 

 

 
 
 
 
 



x 
 

 
List of Abbreviation, Acronyms, Symbols, and Units 

 
 

BADC  Bangladesh Agricultural Development Corporation 

BARC Bangladesh Agricultural Research Council 

BWDB  Bangladesh Water Development Board 

DPHE   Department of Public Health Engineering 

DTW  Deep Tube Well 

EC   Electrical Conductivity 

FAO   Food and Agriculture Organization  

HTW  Hand Tube Well 

HYV  High Yielding Variety 

LGED  Local Government Engineering Department 

SRDI  Soil Resource Development Institute 

STW  Shallow Tube Well 

UNICEF United Nations International Children's Emergency Fund 

WHO   World Health Organization 

dS/m  desi Siemens per meter 

mg/l   milligram per liter 

ppm  parts per million 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xi 
 

Abstract 
In Bangladesh, salinity in coastal aquifer is a common problem which is expected to be 

exacerbated by climate change and sea-level rise. At present, salinity intrusion due to 

reduction of freshwater flow from upstream, salinization of coastal groundwater and 

increase in soil salinity are major concern of Bangladesh. Salinity is a vital issue to the 

people of southwest region. Due to the presence of salinity in groundwater as well as 

surface water, the people of the southwest region are suffering from problems related to 

drinking water, irrigation, agriculture, fisheries and other uses. In this regard, the present 

research is carried out on Kalia upazila of Narail district which is located in the southwest 

region of Bangladesh, comprising an area of 317.64 sq km. The research is aimed at 

evaluating the spatial (i.e. horizontal) as well as vertical distribution of groundwater 

salinity in the study area and its impacts on drinking water and agriculture. For this 

purpose, this study used two widely used parameters for evaluating salinity - electrical 

conductivity (dS/m) and chloride concentration (mg/l) of groundwater at different unions 

of Kalia upazila from BADC water quality reports from 2004-2007 and interpretation of 

geophysical log from DPHE. Field visit has been carried out to investigate present 

condition of salinity and its influences on community. A questionnaire survey has been 

carried out in the study. The study shows that the eastern and western parts of Kalia 

upazila have higher salinity trend whereas the north central part is more or less salinity 

free. The Joynagar union has the highest electrical conductivity of 4.5 dS/m and Mauli 

union has the lowest electrical conductivity of 0.7 dS/m. For drinking purpose only the 

DTW water appears to be suitable from salinity. The study also shows that out of 14 

unions, water from 7 unions has higher chloride concentration which is beyond acceptable 

limit for irrigation.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background  
 

Salinity in coastal aquifer is a common problem which is expected to be exacerbated by 

climate change and sea-level rise. Salinity intrusion due to reduction of freshwater flow 

from upstream, and over withdrawal of coastal groundwater and fluctuation of soil salinity 

are major concerns of coastal regions.  

 
At present salinity is a vital issue to the people of the southwest region of Bangladesh. Due 

to the presence of salinity in both groundwater and surface water as well as in soil, the 

people of the southwest region are suffering from various problems relating to drinking 

water, irrigation, agriculture, fisheries, and other uses (Mohammad, 2009).  

 
Seawater intrusion is one of the major reasons behind groundwater salinity (Todd, 2001).  

The position of the saline-fresh water interface is dependent on through flow from the 

upper basin and local seasonal recharge. If the withdrawal exceeds recharge or if the rate of 

through flow is reduced, the non-equilibrium fallout would intrude saline water in the 

coastal aquifer (Fetter, 1994). 

Groundwater salinity may also occur due to the following reasons -  

i)  Change in position of saline-fresh water interface 

ii)  Presence of a saline front in the upper aquifer 

iii)  Presence of the saline wedge in deeper aquifer 

iv)  Up-coning of sea water 

v)  Low seasonal recharge 

 
All these factors either singly or in association with other factors are responsible for 

groundwater salinity. Salinity ingress also causes an increase in soil salinity, especially 

when farmers irrigate their lands with slightly saline surface water at the beginning of the 

low flow period (Coast Trust, 2009). The gradual encroachment of salinity is creating 
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problem for agriculture, industry, and domestic uses. Agricultural practice in the southwest 

region of Bangladesh is largely dictated by the salinity concentration and distribution with 

time and space (Sarker, 2005). Over abstraction of groundwater for irrigation in upper 

reaches, especially in the unconfined aquifer may cause movement of saline front through 

the study area. So, an increase in salinity in this aquifer has an adverse effect on freshwater 

availability (BWDB, 2005). As a result, monitoring the groundwater and its quality, 

particularly the salinity, is essential for sustainable use of groundwater resources.  

 
The study area, Kalia upazila of Narail district is located in the southwest region of 

Bangladesh and is bounded by Narail sadar and Lohagora upazilas on the north, 

Terokhada, Mollahat, and Dighalia upazilas on the south, Gopalgang sadar upazila on the 

east, Abhaynagar and Narail sadar upazilas on the west. (Banglapedia, 2008). It occupies 

an area of 317.64 sq km and has 14 unions. Information and data from different sources 

reveal that some parts of Kalia upazila have higher degree of water salinity which affects 

drinking water quality and agricultural activity and attribute to future adversities (BADC, 

2004-2007). 

 
 
1.2 Objectives  

The main objective of the study is to evaluate aquifer salinity situation and its impacts on 

drinking water and agriculture in Kalia upazila of Narail district in the southwest region of 

Bangladesh. The specific objectives are: 

 

1. To identify the horizontal and the vertical groundwater salinity distribution in the study 

area. 

2.  To evaluate the impacts of salinity in drinking water and agriculture 

 
1.3 Organization of the Report 

This report is divided in six chapters. Chapter one describes background and objectives of 

the study. Chapter two provides a literature review relevant to the study objectives. 

Chapter three presents a description of the study area. The description includes information 
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on climate, river system of the region, water resources system, aquifer system, etc. Chapter 

four explains the tools and methodology followed in the study in data collection and 

analysis. Results of the study are presented in chapter five along with discussion of the 

results. Chapter six includes conclusion and recommendations of the study.  

 
1.4 Limitations  

 

1. Data availability was one of the major constraints of the study. Evaluation of the 

amount of salinity in groundwater and soil of the study area is mainly based on 

secondary data analysis. As a result, insufficient data in some cases limits the 

research.  

 

2. Access to some parts of the study area was very inconvenient which hindered the 

field visits for questionnaire survey and PRA. Moreover, the distance of the study 

area from Dhaka city confined the frequent and extensive field visit for the 

research. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction  
 
As a part of literature survey, reports on salinity of different areas were studied for baseline 

ideas and planning. For the general knowledge, different reference books and existing 

report based on salinity of south west region were followed and studied. Different reports 

and information related to water quality and management issues were also collected from 

the website and the journals.  
 
2.2 Salinity - a Critical Issue at Present Time  
 
Salinity means the presence of major dissolved inorganic solutes (essentially Na+, K+, 

Mg2+, Ca2+, Cl-, NO3
-, SO4

2-, HCO3
-, CO3

2-) in aqueous solution. The presence of soluble 

salts in the groundwater and surface water bodies as well as in the soil is one of the major 

environmental problems worldwide. Salinity causes many economic and environmental 

costs. These include reduction in agricultural productivity, decline in the quality of water 

supplies for drinking, irrigation, and industrial use, loss of biodiversity in both terrestrial 

and aquatic ecosystems, and also damage to urban infrastructure. 

Increasing salinity is one of the most significant environmental problems posing around 

the globe. Moreover, sea level rise is also exacerbating the situation of salinity incursion 

for the coastal regions in many parts of the world including Bangladesh. 

 
2.3 Salinity Situation in Bangladesh  

 
Water and soil salinity are normal hazards in the southwest coastal area. Water salinity is 

making the lives of people miserable and it is estimated that a total of 1.02 million ha of 

land of coastal zone is affected by different degrees of soil salinity (SRDI, 2002). It 

traditionally restricted the cultivation of Aus, Boro (HYV), and dry season Rabi crops. The 

critical salinity level for agriculture is 1 to 1.5 ppt NaCI and for optimum shrimp 
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production between 10 and 20 ppt.  

There is a seasonally changing salinity interface, with the threshold limit for agriculture 

moving inland in May in the southern part of the coastal zone, further accentuated by the 

reduction in dry-season flows entering the Gorai distributaries, following the diversion of 

the Ganges flow upstream of the border. Salinity now reaches as far as Khulna, Bagerhat, 

Satkhira, and some parts of Jessore and Narail districts and creating problems to normal 

agricultural practices and affecting the supply of potable water. The presence of salt water 

in the rivers upstream of the estuaries makes the use of groundwater near the river 

problematic, as there is a risk that salt water will be drawn into the aquifer.  

Negative effects of increasing salinity are not limited to only economic activities, such as 

productivity of agricultural crops, and availability of water suitable for industrial uses, 

river water salinity has also significant implications for the natural environment, such as 

functioning of the Sundarban ecosystem, sedimentation rates in tidal rivers, and human 

health. Human health is especially influenced by saline water if it is used for drinking as 

well as domestic purposes. At present both surface water storage in ponds and groundwater 

pumping are experiencing increasing salinity. 

Women, regardless of their social, economic or physical status, are the worst sufferers. In 

the coastal region people have been facing the hard reality of saline drinking water for 

decades. The situation has become worse with the introduction of shrimp farming and the 

consequent intrusion of brackish water far inside the coast. As a result, salinity has 

seriously affected groundwater. Finding no alternative, most people now use 

bacteriological unsafe surface water. 

The affected community of southwest region had been using saline water for the last 20 

years as the surrounding water bodies were affected by saline intrusion due to shrimp 

cultivation. They have generally been using saline water for all purposes, including 

drinking (although there were a few exceptions in the case of drinking water). 

 
2.4 Climate Change and Salinity Problem in Bangladesh  
 
Climate change and consequent sea-level rise have aggravated the salinity dilemma. As sea 

level continues to rise the associated effects of permanent inundation is likely to increase 
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the salinity near coastal areas. A study by SAARC Meteorology Research Centre revealed 

that Hiron Point, Char Changa and Cox’s Bazar raised 4.0 mm/year, 6.0 mm/year, and 7.8 

mm/year, respectively from the tidal gauge record for the period 1977-1998 (SMRC, 

2003). Figure 2.1 shows the sea level rise at different locations in Bangladesh.  

  

 
Figure 2.1: Sea level rise at different locations in Bangladesh (Source: SMRC, 2003) 

 

A direct consequence of sea level rise would be intrusion of salinity with tide through the 

rivers and estuaries. It would be more acute in the dry season, especially when freshwater 

flows from rivers would reduce. According to an estimate of the Master Plan Organization, 

about 14,000 sq km of coastal and offshore areas have saline soils and are susceptible to 

tidal flooding. If some 16,000 sq km of coastal land is lost due to a 45 cm rise in sea level, 

the salinity front would be pushed further inland. The present interface between freshwater 

and saline water lies around 120 sq km to 160 sq km areas will cause reduction in fish 

production. Pond culture in the coastal area will be affected by intrusion of salt water into 

ponds. Shrimp farming in the coastal area is a profitable business which is likely to be 

endangered because of increase in salinity (Coast Trust, 2009). 

Agriculture is a major sector of Bangladesh's economy and the coastal area of Bangladesh 

is very fertile for growing rice. Increase in salinity intrusion and increase in soil salinity 
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will have serious negative impacts on agriculture. The presently practiced rice varieties 

may not be able to endure increased salinity. The food production does not seem to have a 

better future in the increasing event of a climate change. Consequently, IPCC alerts that 

rice production may fall by 10 % and wheat by 30 % in Bangladesh by 2050 (IPCC, 2007). 

 
2.5 Relevant Studies on Salinity 
 
Very few studies have been carried out on salinity related issues especially on the 

groundwater salinity in a large scale and detailed level. The relevant studies that have been 

executed by different organizations are: FAP- 4, BARC, BRRI, SRDI, etc. Brief 

descriptions of these studies are given below. 

 
2.5.1 Salinity distribution under FAP- 4 
 
The southwest region water management project (FAP-4) aimed to provide a management 

plan for land and water resources. One of the key elements of this plan is groundwater, 

which is a major source of potable water and irrigation supply within the project area. In 

recognition of the potential for groundwater development, hydrogeological component was 

incorporated in the study to provide assessment of groundwater resources where issues 

considered are abstraction and recharge, aquifer properties and water qualities along with 

salinity. The study tried to relate freshwater and saline groundwater interactions at a 

conceptual state not in detail. The salinity distribution and processes studied by FAP- 4 

(FAP, 1989) has been shown in Figure 2.2. 

The study shows the following points: 

i)  Presence of a saline front and lenses of freshwater in the upper aquifer 

ii)  Presence of saline wedge in the main aquifer 

iii)  Existence of hydraulic continuity between groundwater and rivers. 

 

In the upper aquifers the position of saline fronts can be controlled by regional flow of 

groundwater towards the sea and the prevailing recharge conditions. In addition freshwater 

lenses may occur, overlying the saline water. Under natural conditions only minor seasonal 
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changes take place in these relationships between fresh and saline waters. The position of 

the saline wedge in the deeper aquifer is even less well defined. Its position is again 

controlled by southwards groundwater flow from northern parts of the project area and 

over abstraction within the region will tend to cause the wedge to move inland, thus 

putting the existing irrigation wells at risk. The groundwater has the potentiality to cause 

adverse changes. The over abstraction of the groundwater for irrigation at upstream, for 

example, the unconfined aquifers of the Khustia-Jessore areas will tend to move the saline 

front inland, resulting in more wells beginning to pumping brackish and saline 

groundwater. Similarity, over abstraction or badly planned 

 

 
Figure 2.2: Salinity distribution and processes at southwest region (Source: FAP, 1989) 

 

abstraction of water from the freshwater lenses will cause up-coning of saline water, with 

the effect of turning the wells saline. 
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2.5.2 Soil and groundwater salinity in coastal areas of Bangladesh by SRDI 
 
High salt concentration is limiting crop intensification in the coastal zones of Bangladesh. 

Salt enters inland through rivers and channels during the late part of the dry season when 

the southwestern freshwater flow becomes low (Figures 2.3, 2.4). Salt also enters the soils 

by flooding with saline river water to concentrate in the surface layers through evaporation. 

River water causes an increase in salinity of the groundwater and possibly makes it 

unsuitable for irrigation. Salinity causes unfavorable environment over prevailing 

hydrological condition, to restrict intense crop production throughout the year. Thus, the 

soil and groundwater salinities are making rabi including boro cultivation difficult. 

 

2.5.3 Salinity problem and crop intensification in the coastal regions of Bangladesh by 
BARC 
 
In Bangladesh over 30% of the net cultivable area is in the coastal region (Karim and 

Hussain, 1990). Out of 2.85 million ha of the coastal and offshore areas about 0.833 

million ha is the arable land. This, constitutes about 52.8% of the net cultivable areas in 64 

upazilas of 13 districts are affected by varying degrees of soil salinity. Agricultural land-

use in these areas is very poor, which is much lower than the country’s average cropping 

intensity. 

The freshly deposited alluvium from upstream in the coastal areas of Bangladesh becomes 

saline once it comes in contact with seawater and continuous to be inundated during the 

high tides and ingress saline water through creeks. The factors which contribute 

significantly to the development of saline soils are: 

i)  Tidal flooding during wet season (June – October) 

ii)  Direct inundation by saline water 

ii)  Upward or lateral movement of saline groundwater during the dry season (November – 

May). 
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Figure 2.3: Water salinity map of Bangladesh of the year 1967 and 1997 (SRDI, 1998a) 
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Figure 2.4: Soil salinity map of Bangladesh of the year 1997 (Source: SRDI, 1998c) 
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CHAPTER THREE 

STUDY AREA 
 
3.1 General Descriptions 

The study area Kalia upazila of Narail district is located in the southwest region of 

Bangladesh. Kalia Upazila occupies an area of 317.64 sq km, is bounded by Narail sadar 

and Lohagora upazilas on the north, Terokhada, Mollahat and Dighalia upazilas on the 

south, Gopalgang sadar  

upazila on the east, Abhaynagar and Narail sadar upazilas on the west (Banglapedia, 2008). 

Total population of Kalia upazila is about 0.2 million of which male is 50.58% and female 

is 49.42%. Main occupations of the local people are agriculture, fishing, agricultural 

laborer, wage laborer, industry, commerce, service, transport, and others. A total cultivable 

land is 21157 hectares and the main crops are paddy, wheat, potato, sweet potato, betel 

leaf, sesame, etc. 

 
Figure 3.1: Location map of Kalia Upazila (Source: Banglapedia, 2008) 
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Figure 3.2: Union map of Kalia upazila (Source: Banglapedia, 2008) 

 
3.2 Climate 

The study area has four distinct seasons. The monsoon and the dry season are the main 

seasons, separated by transition seasons. The southwest monsoon lasts approximately from 

June to September, and covers the main rainy season. More than 90% of the annual rainfall 

(average 1467 mm/year) occurs during this period. In an average year the potential 

evapotranspiration exceeds rainfall between October and April. Rainfall in the early and 

late monsoon periods is highly variable. No measurements exist, but in general air quality 

is considered to be within the acceptable Government norms. Brick kilns are the main 

source of air pollution. Annual average maximum temperature is 37.1˚C where as the 

annual minimum temperature is 11.2˚ C.  

 
3.3 River System  

The study area, Narail comprises a very well connected river network. The major rivers are 
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the Chitra, Nabaganga, Madhumati, and Atharabanki. There also exists a canal named 

Katakhali canal connected with Nabaganga and Chitra rivers. The Madhumati rivers 

defines the eastern margin of the upazila, Chitra rivers flows almost through the western 

periphery and Nabaganga river incises the area at the middle along NE-SW direction. 

River Atharabanki touches the area at the north-eastern corner, flowing over the 

Pahardanga union. There are also number of streams and streamlets connected to the major 

rivers.  

 
3.4 Water Resources System 
 
3.4.1 Surface water 

The hydrological regime in the Kalia upazila is governed by the Nabaganga river to the 

north, east, and south, and by the khals draining the interior. Tides in the Nabaganga river 

range from 0.5-1.0 m during the dry season and 1- 1.5 m during the wet season. Regulators 

on the embankments control the connections of the khals with the concerned rivers. Active 

river erosion is observed in the Nabaganga river. 

 

3.4.2 Groundwater 
The groundwater resources in the study areas are found in three separate aquifers (FAP, 

1989). An upper aquifer is a surface layer, consisting mainly of clay and silt, characterized 

by high porosity but low permeability; composite aquifer is an intermediate layer of mainly 

fine sand and clay characterized by high porosity and moderate permeability (possibility of 

providing water with hand pumps); and main aquifer is a deeper layer, containing mainly 

fine to coarse sand.  The main aquifer is characterized by high porosity and moderate to 

high permeability and is separated from the composite aquifer by a clay layer. Fresh 

groundwater is relatively carbonate rich with low total dissolved solid contents of less than 

500 mg/l. However, some wells in the eastern and western parts of Kalia upazila show 

evidence of higher salinity levels. 

 
3.5 Geology  
 
3.5.1 Regional geological settings 
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The study area located on the south western part of an extensive alluvial plain of 

Quaternary sediments laid down by the Ganges-Brahmaputra-Meghna river system, known 

as the Bengal basin. It is probable that as much as 15,000-18,000 m of mainly 

unconsolidated sediments of tertiary to Holocene (Recent) age exist beneath the central 

parts of the study area. The Bengal Basin is bordered to the north by the Shillong Massif 

and the Himalayas, to the west by the Indian Shield, and to the east by the Arakan Chin 

massif.  

 
3.5.2 General geology  

The study area is covered by Holocene alluvium comprising deltaic, terrace, meander, 

inter-stream and swamp deposits. These sediments continue to accumulate from detritus 

deposited by the main rivers, particularly on the floodplain of the Meghna. Although the 

sediments become progressively older with depth there is no specific evidence of wells in 

the study area encountering Pleistocene sediments because of their general similarity in 

lithology to Holocene sediments and lack of fossil evidence. Elsewhere in Bangladesh, 

Pleistocene to early Holocene sediments, which were laid down by an ancestral river 

system, have been uplifted and are exposed at the surface. 

 
The lithology of the various sediments varies from clay, through silt, to fine, medium and 

occasionally coarse sand. The geometry of individual sedimentary units is inevitably 

complex.  

The three uppermost units each of which is hydrogeologically important are as follows: 

i)  An upper surface layer of mainly clay and silt which in parts of Barisal, Khulna, 

and Faridpur contains peat layers.  

ii)  An intermediate layer of mainly fine sand and clay referred to as the composite 

aquifer. 

iii) A deeper layer containing mainly fine to coarse sand and known as the deep 

aquifer, which is separated from the composite aquifer sequence by a clay layer. 
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3.6 Hydrogeology  

3.6.1 Aquifer system 

 
The aquifer system can be described in accordance with the three lithological units: upper 

shallow aquifer, composite aquifer, and the main aquifer (FAP, 1989). The main 

hydgeological characteristics of each unit are as follows: 

i) Upper shallow aquifer: This unit is characterized by high porosity but low 

permeability. In most parts of the study area its main importance is the extent to 

which it controls downward percolation to the deeper units below. 

ii) Composite aquifer: This unit is characterized by high porosity and moderate 

permeability. Where it is shallow enough to be exploited is capable of providing 

water to HTW and manually operated STW for irrigation. 

iii)  Main aquifer: The main aquifer is characterized by high porosity and moderate to 

high   permeability. Where it is accessible, it is an important aquifer, which 

provides large quantities of water to DTW and STW/DSSTW.  

3.6.2 Aquifer Parameters  

Aquifer parameter data for the study area are relatively sparse. The main aquifer 

transmissivity is thought to be about 1500-3000 m2/d in the northern part of the study area, 

reducing to perhaps 900 m2/d in the south (BWDB, 2005). This information are presumed 

not to refer to the full thickness of the main aquifer into which wells are often partially 

penetrating, so actual transmissivity may be higher. Storativity values in the range 10-10 

would be expected in the south and higher in north. Aquifer parameter values for the study 

area are generally lower than average for Bangladesh, compared with other regions. 

Hydrogeological conditions in the south west regions are generally less favorable for 

groundwater development. 

 
3.7 Land Use and Cropping Pattern 
The land in the study area is mostly agricultural. The land use of the area comprises 

agriculture, forest, fisheries, wetlands, and urban settlements. Total cultivable land of the 
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study area is 21157 ha of which around 18.51% land is under irrigation. The statistics of 

the cultivable land use of the study area has been given in Table 3.1. 

In the study area, rice is the most important food crop and Aman and Boro (Rabi) crops are 

the traditionally dominant cropping pattern of the study area. Other major crops include 

wheat, sugarcane, oilseeds, lentil, potato, sweet potato, jute, betel leaf, sesame etc. In 

kharif I (March-June) local broadcast aus, broadcast aman, and jute are the dominant crops 

with minor crops of oilseeds and fruits. In kharif II (July-October) broadcast aman 

continues to grow in lowlands.  Local transplant aman and high yield variety (HYV) 

transplant aman are grown mostly in high lands. In the rabi season (November-February), 

wheat, lentil, mustard, mashkalai, gram, chilli, brinjal, bean, borboti, sesame, onion, garlic, 

sugarcane, etc. are planted in addition to HYV boro.  Fruits like banana, papaya, and guava 

are grown year-round. 

 

Table 3.1: Cultivable land use of the study area 

Land use Area (hectares) 

Total cultivable land 21157 

Single crop land 34.62% 

Double crop land 44.1% 

Triple crop land 21.28% 

Fallow land 728 

      (Source: Banglapedia, 2008) 
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CHAPTER FOUR 

METHODOLOGY 

 
4.1 Introduction 

This chapter presents the sequential order and description of different steps followed 

during the study. The methodology employed in the study are questionnaire interview and 

application of participatory rural appraisal (PRA) tools to get an understanding of the 

salinity condition in the study area, collection of secondary data, and finally analysis of the 

information through questionnaire interview and PRA tool as well as secondary data in the 

context of research objectives. The data collected in the study area were mostly qualitative. 

Figure 4.1 shows a flow chart presenting the methodology followed for the present study. 

 
 
4.2 Primary Data Collection  
        
4.2.1 Questionnaire survey  

A questionnaire survey has been carried out during two field visits. To get an overall idea 

about  

Literature Survey & 
Planning 

Data Collection Secondary 
Data 

Primary 
Data 

Data Organization, 
Processing & Presentation 

Interpretation & Reporting 

Figure 4.1:  Flow chart for the methodology of the present study. 
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the impacts of salinity on drinking water and agriculture, questionnaire interview was 

carried out in ten villages namely Choto kalia, Ramnagar  of Kalia pourasava, Baje babra, 

Noagram, Dariaghata of Purulia union, Barai para and Kanchanpur of Babra hachla union 

and Bordia, Surigati and Khasial of Khasial union. The questionnaire has two sections, one 

covering drinking water related aspects and another to meet the agriculture related aspects. 

Interviews from various classes of people including farmers, women etc. were collected 

during the field visits.  

 

Photograph 4.1: Questionnaire interview  

4.2.2 Primary data collection through PRA 

Participatory Rural Appraisal (PRA) is extensively used in socio-economic survey. The 

PRA comprises a set of techniques aimed at shared learning between local people and 

outsiders. The PRA approach was used in this study to assess people’s perception about the 

salinity impact on drinking water and agriculture. The PRA has different type tools of 

which the followings were used in this research: 
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a) Group discussion 

Two group discussions were completed in salinity affected villages - Noagram and Baje 

Babra of Purulia union   to verify the information collected from the questionnaire 

interview. These group discussions gave a qualitative idea about the salinity situation.  

 

 
 

Photograph 4.2: Group discussions with women 
 
b) Key informant interview 

Key Informant Interview (KII) is an important method for collection of information on the 

overall aspects of the study based on observations and experiences of the local community. 

The KII were conducted where necessary and viable in the light of the objectives to gather 

qualitative information associated with the research objectives. The major key informant 

was the DPHE officials and the field facilitator of LGED. 

 
c) Transect walk 

This is a systematic walk with the local people of the community observing, asking, 

listening, looking and identifying different zones, seeking opportunities and areas for 

improvements. 
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4.3 Secondary Data Collection  

Any research work requires the combination of field data (primary data) and existing data 

(secondary data) on the particular study area. The degree of salinity in the study area, Kalia 

upazila was estimated based on the secondary data sources.  The following secondary data 

was used in this research: 

 
 BADC (2004-2007) water quality report. 

 BWDB Southwest area integrated water resources planning and management 

project in Bangladesh.  

 DPHE borehole resistivity log.  

 
4.4 Data Organization and Analysis 
 
The data collected from the field and different secondary sources were organized for 

further analysis. The collected field data were sorted, organized and analyzed statistically 

and graphically with the help of MS Excel spread sheets. For convenience and better 

presentation, the findings from the study have been interpreted and clustered in the form of 

texts, tables and charts.  

Salinity measurement was performed, mainly based on the study of secondary data. 

Salinity is the measure of dissolved salts in water. The two widely used methods for 

evaluating salinity are electrical conductivity, EC (unit- m mhos or µS/cm) and chloride 

concentration (mg/l). In the study following salinity related data has been analyzed:  

 
i)  Electrical conductivity (EC, dS/m) and chloride concentration (mg/l) value from 

STW of different unions of Kalia upazila have been used to produce a isolines map 

by Arc GIS-9.2 to assess horizontal salinity distribution. 

 

ii)  Data from the field survey on drinking water and agriculture were converted into 

numerical values and then presented by bar diagram. 

 
iii)  Finally, the findings on salinity distribution from secondary data and that of the 

opinion of the people from the survey were related in terms of the impact on 
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drinking water and agriculture.  

 

4.4.1 Primary data organization and analysis 

At the time of primary data analysis, all the questionnaire survey data were organized in 

tabular form and that followed by statistical analyses. Then graphs were produced with the 

statistical data to show various parameters such as drinking water taste, health problem, 

time of salinity problem increase, water use for livestock, poultry etc.    

 
4.4.2 Secondary data organization and analysis 

Salinity data from BADC water quality report has been organized and analyzed to 

represent the aquifer salinity distribution in the study area. Risk maps were produced to 

show various aspects of salinity invasion in the study area. The risk maps show drinking 

water salinity risk and irrigation water salinity risk.  
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CHAPTER FIVE 

RESULTS AND DISCUSSION 

 5.1 Introduction  

Groundwater salinity is one of the important water quality parameters in relation to 

domestic and agricultural water uses. For agriculture and drinking purposes specific 

groundwater quality including salinity is critical criteria for water uses. Most water used 

for irrigation is of good to excellent quality and is unlikely to present serious salinity 

constraints. The excess of salts content is one of the major concerns with water used for 

irrigation. A high salt concentration present in the water and soil will negatively affect the 

crop yields, degrade the land, and pollute groundwater.  

Groundwater salinity is an important concern of the study area, Kalia upazila of Narail 

district. Salinity intrusion in the river system downstream of the study area has been an 

issue and aggravated the water quality situation. The Nabaganga River receives water from 

the Gorai-Madhumati River, a Ganges distributary, which reduces its flow during the dry 

season. The Chitra River receives flows from the irrigation waste flows from the Ganges-

Kobadak surface irrigation system. Due to the reduced flow of these rivers during the dry 

season, salinity intrudes into the river systems which might have a close connection with 

groundwater salinity in the area. This chapter will give outline to the situation of the 

groundwater salinity of the study area and its impacts as ascertained based on the primary 

and secondary data used for this research. 

5.2 Distribution of Groundwater Salinity  

Two widely used methods- electrical conductivity (EC) and chloride (Cl-) concentration 

have been used here to evaluate aquifer salinity distribution. Electrical conductivity and 

Chloride concentration maps have been constructed from the STW data of BADC water 

quality report to acquire a view on the aquifer salinity position of the study area. The EC 

and Chloride (Cl-) concentration isoline maps of Kalia upazila exhibit a clear picture of the 

aquifer salinity distribution in this upazila.  
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5.2.1 Electrical conductivity (EC)  
 
Electrical conductivity of water is determined by measuring its electric resistance between 

two electrodes. It is used as a measure of the quality of water. An approximate analysis for 

TDS is often made by determining the electrical conductivity of water. Electrical 

conductivity of water increases with the increase of dissolved ionized substances. 

Conductivity measurements are used routinely in many water quality examinations, 

industrial and environmental applications as a fast, inexpensive and reliable way of 

measuring the ionic content in water. For example, the measurement of water conductivity 

is a usual way to monitor and continuously trend the performance of the water purification 

systems. Typical drinking water has electrical conductivity in the range of 0.005-0.05 

dS/m, while sea water has about 5 S/m. (http://en.wikipedia.org/wiki/Conductivity_%28 

electrolytic %29). 

 
In Bangladesh acceptable electrical conductivity limit for drinking water is 0.5 to 1.5 dS/m 

and for irrigation is 1.2 dS/m. Figure 5.1 shows the map of EC (dS/m) distribution in 

different unions of Kalia upazila. From the map it is apparent that the eastern and the 

northwestern parts of Kalia upazila have higher salinity where as the northern part is more 

or less saline free. The Joynagar union has the highest EC value 4.5 dS/m and Mauli union 

has the lowest EC value 0.7 dS/m. 

 
5.2.2 Chloride concentration  
 
Chloride occurs naturally in water in varying concentration. Chloride in reasonable 

concentrations is not harmful to human. At concentrations above 250mg/l it gives a salty 

taste to water and somewhat objectionable to people. For public use optimum chloride 

limit is 250mg/l but the limit is flexible in areas where water supplies are scarce. In 

Bangladesh Environmental Conservation Rule, 1997, drinking water standard for chloride 

is 150-600 mg/l and for coastal regions of Bangladesh, the limit has been relaxed to 

1000mg/l. Chloride limit for irrigation water is 600mg/l. Figure 5.2 shows the chloride 

concentration isoline on different unions of Kalia upazila. The map shows that out of 14 

unions of Kalia upazila, water from 7 unions namely Baoishuna, Chanchuri, Eliaspur,  
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Figure 5.1: EC (dS/m) distribution in different unions of Kalia upazila 
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Figure 5.2: Cl concentration (mg/l) distribution in different unions of Kalia upazila 
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Hamidpur, Joynagar, Kalabaria, and Purulia contains higher chloride concentration beyond 

acceptable limit for drinking as well as irrigation according to water quality standard of 

Bangladesh. 

The status of salinity of different unions in Kalia upazila for drinking and irrigation water 

salinity on the basis of EC value (dS/m) are summarized in the following Table 5.1: 

 

Table 5.1: Salinity conditions at different unions of Kalia upazila 

Serial 
no 

Drinking water salinity  Salinity level 
(EC, dS/m) 

Intensity of 
problem  in 
irrigation Union limit 

1 Mauli  Within 0.665 No problem 

2 Pahardanga  Within 0.835    
 
 

Slight 

3 Babra Hachla Within 0.973   

4 Kalia Paurashava 
Within 1.069 

5 Khasial Within 1.137   

6 Bauisena Within 1.414 

7 Salamabad  Beyond 1.544   

Moderate 
8 Peruli Beyond 1.645   

9 Kalabaria Beyond 2.850   

10 Hamidpur Beyond 2.970 

11  Purulia Beyond 3.510   

Severe 
12 Chanchari Beyond 3.570 

13 Eliasabad Beyond 4.140 

14 Joynagar Beyond 4.500 

       

5.3 Impact of Salinity on Drinking Water 
 
In the study area, people generally use DTW water as HTW water is severely affected by 

high arsenic and iron content. But the irony for the people to use groundwater is that, in 



28 
 
shallow depth there is arsenic and iron problem and simultaneously at deeper depth there is 

high saline concentration. Additionally, in some areas salinity is also present at shallow 

depth as well. So the situation is really very complicated for the people to manage good 

quality potable water.  

 

5.3.1 Drinking water taste  

Questionnaire interview has been performed in ten villages of four unions namely Choto 

Kalia and Ramnagar villages of Kalia pourasava; Baje Babra, Noagram, and Dariaghata of 

Purulia union; Barai para, and Kanchanpur of Babra Hachla union and Bordia, Surigati, 

and Khasial of Khasial union. Out of the ten villages, water of five villages is fresh. Four 

villages have both fresh and slightly saline water. But the rest two villages, namely Baje 

Babra and Noagram are affected by saline water problem. Figure 5.5 shows the scenario of 

these villages. In fact, sometimes local people cannot realize the saline taste of water 

because they are accustomed with slightly saline or non fresh water.  

 

 
Figure 5.3:   Drinking water taste in different villages 

 
5.3.2 Health issues 

People of the study area, who drink saline water, suffer from various types of health 



29 
 
problems over the year. Loose motion, abdomen pain, disturbance in digestion and 

irritation in skin, are the main symptoms to intake saline water as found in the field 

investigation. Children, old people and pregnant women are the worst sufferers of drinking 

saline water. The following graph summarizes the study of field survey from health 

problem perspective. Peoples of Babra Hachla and Purulia unions have been found to 

experience different health problems due to salinity. Health problems revealed from the 

survey is presented in Figure 5.6. 

 
Figure 5.4: Health issue in different villages 

 
 
5.4 Impacts of Salinity on Agriculture  
 
There is a linkage between water and soil salinity. Soil and water both naturally have some 

anions and cations but when the concentration of particular ion or ions increases then it is 

termed as salinity. Agricultural activity depends on soil and water quality and at the same 

time affected by both soil and water salinity. But soil salinity is mainly induced by water 

salinity because of the following reasons: 

i. Over irrigation of agricultural land with fertilizer, pesticide, etc. enhances soil 

salinity. 

ii. Poor drainage of irrigation water can cause salinization of the soil layers. 
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iii. Even mildly saline water can cause salinity problems because evaporation and plant 

uptakes remove the water, leaving the salt to accumulate in the soil. 

iv. Salts carried in irrigation water are liable to build up salinity in the soil profile, as 

water is removed by plants and the atmosphere at a rate much faster than salts. 

In Bangladesh groundwater based irrigation is a common practice. Irrigation water salinity 

and consequent soil salinity may create a wide range of impact as crop can tolerate salinity 

up to a certain limit depending on the types of crops. When the irrigation water salinity 

exceeds the crop tolerance limit, the yield of the irrigated crop decreases significantly with 

time.  

Figure 5.7 shows the risk of irrigation water salinity in Kalia upazila. This map has been 

constructed on the basis of FAO guideline for irrigation water quality (Table 5.2). 

      (Source: http://www.fao.org/docrep/003/t0234e/T0234E01.htm) 

 

From the map it is evident that in Kalia upazila out of fourteen unions, the sources of 

irrigation water for eight unions are beyond acceptable limit for irrigation and that of six 

unions namely Mauli, Pahardanga, Babra hachla, Pourasava, Khasial, Baoishuna are within 

the acceptable limit for irrigation. The water of Salamabad, Perholi, Kalabaria, Hamidpur 

unions belongs to moderate limit for irrigation and Purulia, Chanchuri, Eliasabad, and 

Joynagar unions are falls in severe limit for irrigation. Crop yield has been hampered in 

these unions due to higher water salinity. In Kalia upazila double cropping is the main 

practice covering about 60% of the net cultivable land followed by single (25%) and triple 

 Table 5.2: Guidelines for irrigation water quality established by the World Food and    

                    Agriculture Organization (FAO) 

Degree of Restriction on Use       Irrigation  water  Salinity(dS/m) 

None <0.70 

Slight to Moderate 0.7-3.0 

Severe >3.0 
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(15%) cropping. These double and triple cropping practices require repetitive irrigation, 

especially during the dry period. As a result, the saline incursion increases further if the 

irrigation water contains high saline which is a very possible during the dry time. 

 

 

 
Figure 5.5: Irrigation water salinity map 

 

The rabi crops of the dry period are under high risk of salinity effect as during the dry 

period the water and soil salinity increases significantly. Table 5.3 shows the crop calendar 

of the study area. In dry season upstream flow reduced which enhance surface water 

salinity and low recharge also causes groundwater salinity. From the field visit it is 

revealed that there is no increase of salinity problem in the Choto Kalia, Ramnagar, Bordia 

and Khasial villages. The farmers of Barai para, Kanchanpur villages of Babra hachla 

union, Baje babra, Noagram, Dariaghata villages of Purulia union and Surigati village of 
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Khasial union opined that the salinity is intensified during dry time which attributes to the 

yield loss of the dry time crops. 

 
Table 5.3: Crop calendar of the study area 

Crop 

type  

March-June July-October November-February 

Kharif I local broadcasted aus, 

broadcasted aman,  

jute, with minor 

oilseeds and fruits 

  

Kharif II  Broadcasted aman 

(lowlands), transplanted 

aman and high yield 

variety (HYV) 

transplanted aman (high 

lands) 

 

Rabi 

season 

  wheat, lentil, mustard, 

mashkalai, gram, bean, 

chilli, brinjal, borboti, 

sesame, onion, garlic, 

sugarcane, etc with 

HYV boro 

 

 
5.5 Impacts of Salinity on Livestock and Poultry 

The National Academy of Sciences (1974) has established a guideline from salinity 

standpoint which infers that livestock drinking water with an electrical conductivity (EC) < 

5 dS/m should be satisfactory under almost any circumstances (Table 5.4). This recognized 

that minor physiological upset might occur with water near this limit, but there was little 

chance that economic losses or serious physiological disturbances would occur. 
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Table 5.4: Water quality guideline for livestock and poultry uses 

Water Salinity 

(EC) 

(dS/m) 

Rating Remarks 

<1.5 Excellent Usable for all classes of livestock and poultry. 

1.5 – 5.0 Very 

Satisfactory 

Usable for all classes of livestock and poultry. 

May cause temporary diarrhoea in livestock not 

accustomed to such water; watery droppings in 

poultry. 

5.0 – 8.0 Satisfactory for 

Livestock 

May cause temporary diarrhoea or be refused at 

first by animals not accustomed to such water. 

Unfit for Poultry Often causes watery faeces, increased mortality 

and decreased growth, especially in turkeys. 

8.0 – 11.0 Limited Use for 

Livestock 

Usable with reasonable safety for dairy and 

beef cattle, sheep, swine and horses. Avoid use 

for pregnant or lactating animals. 

Unfit for Poultry Not acceptable for poultry. 

11.0 – 16.0 Very Limited 

Use 

Unfit for poultry and probably unfit for swine. 

Considerable risk in using for pregnant or 

lactating cows, horses or sheep, or for the 

young of these species. In general, use should 

be avoided although older ruminants, horses, 

poultry and swine may subsist on waters such 

as these under certain conditions. 

>16.0 Not 

Recommended 

Risks with such highly saline water are so great 

that it cannot be recommended for use under 

any conditions. 

Source: National Academy of Sciences (1972; 1974). 
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In the study area, people who rearing livestock and poultry mainly use pond and khal water 

to serve various purposes of livestock because these water are easily accessible and  this 

open source water is also comparatively free from salinity. At present there is almost no 

significant impact of salinity on Livestock and Poultry because the EC value in the study 

area is well within the satisfactory rating. 

The field survey data is shown in Figure 5.9. In some cases people use HTW water which 

is salinity affected in many unions. Furthermore, when saline water is intruded in khals, 

especially during the dry season, this may become harmful for livestock watering and 

bathing. Salinity can cause various physical disorders to the lactating, young and weak 

livestock. Duck chicks can even die in saline water. 

 
 
 

Figure 5.6: Water from different sources used for livestock 
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5.6 Water Uses for Other Daily Activities  
 
DTW water is safe compare to other sources of water but the number of DTW is 

inadequate to meet the demand of water. Only drinking requirement is partially fulfilled by 

DTW water and villagers are bound to use water from other sources for their other daily 

activities like cooking, washing bathing etc.  

 

5.6.1 Problem with cooking 

For cooking purpose villagers used their own or nearby pond water and then DTW water if 

it is easy to get. HTW water is used only when it is free from arsenic and iron. Figure 5.9 

shows the relative use of different sources of water in cooking in the study area. 

 
Figure 5.7: Water from different sources used for cooking  

 
5.6.2 Problem with washing and bathing 

Pond and Khal water are comfortable to villagers for washing and bathing because of their 

open access. Due to the presence of arsenic and iron HTW water is out of use although 

they are common in each homestead. Figure 5.10 shows a comparative use of different 

sources of water for bathing in the study area. 
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Figure 5.8: Water from different sources used for washing and bathing 
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CHAPTER SIX 

CONCLUSIONS  

 
6.1 Conclusions 

At present, salinity is the cruel fact for the people of southwest region of Bangladesh and is 

the issue which is strictly unavoidable. And people are paying for salinity problems in their 

every mode of daily activities. Presence of salinity in groundwater as well as in surface 

water is creating various sufferings in terms of the use of drinking water, irrigation, 

agriculture, fisheries and so on. The study area, Kalia upazila of Narail district is not an 

exception; it is also encumbered by this type of salinity issues. The present study has been 

devoted to picture the salinity scenario in Kalia. The output of the research will give an 

overall idea of salinity in the Kalia upazila and will be supportive for further salinity 

related study.   

 

The research has portrayed the horizontal distribution of groundwater salinity in the study 

area and its impacts on drinking water and agriculture. The study shows that the eastern 

and western parts of Kalia upazila have higher salinity where as the north central part is 

more or less saline free. The Joynagar union, located at eastern part of the upazila, has the 

highest electrical conductivity of 4.5 dS/m and Mauli union, located at northern part, has 

the lowest electrical conductivity of 0.665 dS/m and the impact is confirmed by the field 

data as well. For drinking purpose only the DTW water is comparatively free from salinity. 

The study also shows that in Kalia upazila out of 14 unions, water from 7 unions gives 

higher chloride concentration which is beyond the acceptable limit for drinking as well as 

irrigation. So, it is an exigency to monitor the water quality phenomenon from the 

perspective of salinity to ensure a sustainable water resource development. 
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Appendix-A 
Questionnaire of villagers interview of Kalia upazila 
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Appendix-B 
 

Table: EC and Chloride (Cl-) concentration of different unions of Kalia upazila 

Serial no Union Depth (ft) Source EC(dS/m) Chloride(mg/l) 

1     Babra hachla 140 STW 0.973 80 

2 Baoishuna 130 STW 1.414 760 

3 Chanchuri 240 STW 3.570 860 

4 Eliaspur 300 STW 4.140 1100 

5 Hamidpur 180 STW 2.970 880 

6 Joynagar 300 STW 4.500 1640 

7 Kalabaria 300 STW 2.850 780 

8 Khasial 270 STW 1.137 240 

9 Mauli 140 STW 0.665 40 

10 Pahardanga 300 STW 0.835 600 

11 Perholi 240 STW 1.645 460 

12 Pourasava 140 STW 1.069 120 

13 Purulia 250 STW 3.510 960 

14 Salamabad 275 STW 1.544 360 
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Figure 5.2: Cl concentration (mg/l) distribution in different unions of Kalia upazila 
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Figure 5.1: EC (dS/m) distribution in different unions of Kalia upazila 
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