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CHAPTER 4 ACTUAL CONDITION OF ARSENIC 
CONTAMINATION IN GROUNDWATER 

 

4.1 Present Conditions of 300 Existing Wells 
4.1.1 Objective of the Survey 
To determine the arsenic contamination and physical condition of existing wells, well structure 

and the arsenic level of well water were surveyed for 300 existing wells in the study area. Also 

conducted was the water quality analysis, other than the arsenic level, of 30 out of the 300 

existing wells. The investigation items regarding well structure include well location (by GPS) 

and depth, drilling method, diameter, tube shape, screen depth, sealing method, time of 

construction, water level at time of drilling, target use, and past data on arsenic measurements. 

In addition, to understand the socio-economic conditions of the villages where the selected 

wells are located, interviews with village leaders were conducted. 

 

4.1.2 Selection of the 300 Existing Wells 
1) Framework of the Target Well Selection 
Production wells in Pourashava areas and DPHE tube wells are targeted for this survey because 

they cover a larger number of users than private tube wells do; especially, production wells 

serve most of the residents in municipal areas. Therefore, all the production wells (40 in total: 

Jessore (17)1, Jhenaidah (17), Chuadanga (6)) were selected as the target for the survey. The rest 

of the 300 existing wells (total 260) were selected from DPHE tube wells for drinking water 

supply in rural and urban areas. The steps are threefold: allocate the number of wells to be 

surveyed (hereafter target well), select 260 Mouzas to narrow down the locations of target wells, 

and then select one target well in each of the selected Mouzas on site. The detailed steps are 

described in the following section 2) and 3). Out of the 300 existing wells, 30 wells were 

selected for the analysis of water properties other than arsenic; its process is described in section 

4). 

                                                   
1 Out of the 17 production wells, 3 were not in use at the time of the survey, but available 
information was collected. 
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2) Allocation of Number of Target Wells 
Since almost all the Mouzas have DPHE wells, Mouza names were used for selecting the 260 

existing wells. Within the Mouza, DPHE staff selected one of the DPHE wells located in the 

selected Mouza. At first, the number of target wells was allocated to each Union according to 

the following steps: 

(1) Allocate the number of target wells to each district based on the size of its 

jurisdiction area 

(2) Allocate one target well to each Union 

(3) Within the district, rank Unions based on the number of Mouzas in the Union 

and then allocate one more target well to the Unions according to the rank until 

the remaining target wells for the District become zero  

Based on the above steps, 118 target wells (45.34% of the 260 target wells) were allocated to 

Jessore because of its share of the jurisdiction area among the three Districts: 89 to Jhenaidah 

and 53 to Chuadanga (see Table 4.1.1). Since there are a smaller number of Unions than the 

number of target wells in each District, each Union has at least one target well, and some 

Unions have two target wells. That is, 26 Unions have two target wells and 66 Unions have one 

target well in Jessore District, as 118 target wells are allocated to Jessore District and there are 

92 Unions in Jessore District, 

 

Table 4.1.1  Allocation of Target Wells to the 3 Districts 
 3 District Total Jessore Jhenaidah Chuadanga 

Jurisdiction Area (km2) 5,686 2,578 

(45.34%) 

1,950 

(34.29%) 

1,158 

(20.37%) 

Number of Target Wells  260 118 89 53 

Total Number of Unions 197 92 72 33 

Number of Unions with 2 

Target Wells 

63 26 17 20 

Number of Unions with 1 

Target Well 

134 66 55 13 

 

The selection of the Unions with two target wells is based on the number of Mouzas in the 

Union. In case that there are rivalry Unions that have the same number of Mouzas concerning 

the allocation of the remaining target wells, the ratio of already allocated target wells to the 

number of Mouzas in the Thana was considered. That is, Unions that are located in Thanas 

having the lowest ratio of allocated target wells to the number of Mouzas was selected. If the 

rivalry Unions are located in the same Thana, the Union with the largest jurisdiction area was 

selected. 
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3) Selection of the 260 Existing Wells (for Well Structure Investigation and 

Arsenic Level Analysis) 
To specify the location of the target wells, Mouzas were firstly selected based on the following 

rules: 

(1) The Mouza is located along the main road 

(2) The Mouza is located at the center of the Union (when two Mouzas are 

allocated, the Mouza is located at the center of half the area of the Union); 

however, it does not matter if there are the DPHE wells formerly tested for 

arsenic contamination 

(3) The Mouza has DPHE wells 

 

Then one DPHE well was selected at the site when surveyors visited the selected Mouzas with 

the help of DPHE staff based on the following conditions: 

(1) The hand pump is No. 6 type 

(2) The well has a shallow aquifer 

(3) The well has the largest number of users in the Mouza. 

 

The names of the 260 Villages where the target wells are located are shown in Table 4.1.2 (in 

most of the cases, they are the same as the Mouza name). 

The process of selecting the 260 target wells for the survey is shown in Figure 4.1.1. 

 

4) Selection of 30 Existing Wells out of the 300 (for General Water Quality 

Analysis) 
Out of the 300 existing wells selected according to the above-mentioned steps, 30 were selected 

for general water quality analysis. In the study area there are 7 Pourashavas that have 

production wells; therefore, the production well with the largest water withdrawal in each of the 

7 Pourashavas was selected. The rest of the 30 (total 23) wells were allocated to Thanas as 

follows: 

(1) Allocate one target well to each Thana (total 18 target wells) 

(2) Allocate one more target well to each of the selected 5 Thanas: 1 in Chuadanga, 

2 in Jessore, and 2 in Jhenaidah. These numbers reflect the size of jurisdiction 

area. Damurhuda (Chuadanga), Manirampur and Jessore (Jessore), and 

Jhenaidah and Sailkupa (Jhenaidah) are selected so that they are not 

concentrated in a certain area. 

 

Then one or two Mouzas per Thana were selected from the 260 Mouzas as follows: 

(1) The Mouza is located along the main road 
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(2) The Mouza is located at the center of the Thana (when two Mouzas are 

selected, the Mouza is located at the center of half the area of the Thana) 

 

Since the 23 target wells for general water quality analysis are selected from the 260 target wells 

for well structure investigation and arsenic level analysis, once the Mouza is specified, 

automatically a target well is specified. The process of target well selection for general water 

quality analysis is summarized in Figure 4.1.2. 

 

5) Selection of 260 Villages for Socio-economic Study 
In the Villages having the target wells for well structure investigation and arsenic level analysis, 

a socio-economic study was carried out through interviews with village leaders to understand 

current conditions in rural areas (Pourashava areas are excluded). The names of the Villages 

where the socio-economic study was carried out are also listed in Table 4.1.2. It should be noted 

that the selected Village name is sometimes different from the Mouza name. This happens 

because some Mouzas have more than one Village. 

Figure 4.1.3 shows locations of the 300 existing wells (40 production wells and 260 DPHE tube 

wells) for the well structure investigation and arsenic level analysis and locations of the 30 wells 

for general water quality analysis. Please note that locations of the 260 DPHE tube wells 

represent approximate locations of the Villages where the socio-economic study was carried out. 
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4.1.3 Well Structure 
1) Survey Purpose 
The well structure survey was carried out for the 40 DPHE Pourashava production wells and 

260 DPHE shallow tube wells selected by the Study Team. The purpose of the well structure 

survey is to obtain the actual conditions of existing DPHE wells in the Study Area. 

 

2) Survey Items 
The following items were investigated for each well using the survey sheets prepared by the 

Study Team. These items were surveyed by field measurements (M), interviews with DPHE 

thana mechanics (H), or existing records (R). 

(1) District name, Thana name, Union name, Mouza name, Village name and JL 

number of the well location. 

(2) Owner’s name, address, house number 

(3) Topography and height from low land 

(4) Sketch map of well location 

(5) Photographs (taken from short distance and long distance) 

(6) Pump type, name, conditions 

(7) Platform size, height, structure (M) 

(8) Well depth (M, H, R) 

(9) Drilling depth (H, R) 

(10) Month and year of well installation (H, R) 

(11) Drilling method (H, R) 

(12) Drilling diameter (H, R) 

(13) Type and diameter of casing pipe (M) 

(14) Screen type, length and depth (H, R) 

(15) Sealing and sealing method, materials (H, R) 

(16) Operation and maintenance method 

(17) Name of caretaker 

(18) Trouble and repair record 

(19) Numbers of users and households 

(20) Estimated pumping volume per day 

(21) Previous arsenic test and its result 

(22) Hygiene conditions near the well 

(23) Remarks 

 

For the existing production wells, the contractor shall investigate following items: 

(24) Pump capacity 
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(25) Pumping duration per day 

(26) Pumping test records 

(27) Facilities (pump house, over-head tank, iron removal plant, etc.) 

(28) Sketch of well structure and facilities 

 

3) Results 

a. Well depth of DPHE shallow wells 

It is very important to know the actual well depths of the DPHE existing wells, because arsenic 

in groundwater is said to occur in shallow aquifers. However, previous arsenic projects such as 

the DPHE-UNICEF projects and the DPHE-DfID project used well depths from the existing 

records of DPHE. The well depth data from the existing records may be different from the 

actual ones due to any mistakes in the records or silting in the borehole. 

Therefore, wells with No. 6 pumps, which can be easily removed for measuring the actual well 

depth, were selected for the investigation. In the field, the groundwater level and well depth 

were measured after collecting water samples. 

Figure 4.1.4 shows the distribution of the well depth of 260 existing DPHE shallow wells by 

district. In the Study Area, the wells 40 to 45m in depth are most dominant (= 80nos.) as shown 

in the upper graph of the figure. Subsequently, there are 65 wells having well depths of 35 to 

40m and 57 wells having well depths of 45 to 50. The well depths of the existing DPHE shallow 

wells tend to increase toward the south. In Chuadanga district, 26 wells out of 53 have well 

depths between 35 and 40m. In Jhenaidah district, wells 40 to 45m in depth are most dominant. 

In Jessore district, there are 38 wells having well depths between 45 to 50m and 37 wells having 

40 to 45m. It is therefore presumed that the distribution of well depth by district is controlled by 

hydrogeologic conditions such as the depth and thickness of the aquifer, facies of the aquifer, 

and the occurrence of an aquitard. 

 

b. Characteristics of production wells 

There are 41 production wells for Pourashava water supply in the Study Area. The list of the 

production wells with the results of the field measurements in Jessore Pourashava, Jhenaidah 

district, and Chuadanga Pourashava are shown in Tables 4.1.3, 4.1.4, and 4.1.5, respectively. 

There are 17 production wells in Jessore Pourashava. The well depth ranges from 85.32 to 

132.54m. Most of the wells have single screen structure, however, one (1) well has two (2) 

screens and another well has three (3) screens. The screen length ranges from 13.4 to 47.54m. In 

Jessore Pourashava, there are 6 over-head tanks (OHT) and 5 iron removal plants (IRP). 

However, all the IRPs are not functioning at present. 

In Jhenaidah districts, 5 Pourashavas have production wells for supplying municipal water. 

There are 7 production wells in Jhenaidah Pourashava, 3 production wells each in Kaliganj, 
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Sailkupa, and Kotchandpur Pourashavas, and 2 production wells in Moheshpur Pourashava. The 

well depth of the production wells ranges from 92.2 to 132.08m based on the available data. All 

the wells except one well in Sailkupa have a single screen. The screen length ranges from 4.35 

to 30.07m. There are three (3) OHTs in Jhenaidah Pourashava, however, there is no OHT in the 

rest of the Pourashavas. There is no IRP in Jhenaidah district for municipal water supply. 

In Chuadanga Pourashava, there are 6 production wells. So far the well structure of 4 wells are 

known by the existing available data. The well depth of the 4 wells ranges from 102.1 to 133.0m. 

All the wells have a single screen. The screen length ranges from 24 to 30m. There are three (3) 

OHTs and no IRP in Chuadanga Pourashava for the municipal water supply. 

 

c. Specific capacity 

The Study Team has collected the results of production tests of Pourashava production wells 

performed at the time of well construction. These data were obtained from DPHE District 

Offices and DPHE Ground Water Division. So far the data for 34 wells out of 41 wells have 

been collected. The production test data include date, discharge, static water level, dynamic 

water level, drawdown, and specific capacity. 

The specific capacity (Sc) is one of the geohydrologic parameter to evaluate aquifer 

characteristics as well as the well performance. The Sc value can be obtained by: 

 
s
QSc �          (4.1.1) 

where Q is the discharge rate from the well and s is drawdown. Generally large values of Sc 

indicate high productivity of the aquifer. 

Figure 4.1.5 shows the distribution of Sc values obtained from the production wells. Simple 

statistical analysis is made to compute logarithmic average (AVG) and logarithmic standard 

deviation (STD) values for each plot group. The STD value and the range between (AVG-STD) 

and (AVG+STD) are shown in the figure. 

The logarithmic average of Sc values for all the production wells in the Study Area is 

1,086.0m2/day. The range of (AVG-STD) to (AVG+STD) is from 607.9 to 1,765.8m2/day. The 

AVG values of Chuadanga and Jhenaidah Districts are 1,225.3 and 1,224.4m2/day, respectively. 

These are greater than the AVG value of Jessore (= 876.5m2/day). Chuadanga and Jhenaidah 

have similar distribution ranges of Sc values in terms of the range of (AVG-STD) to 

(AVG+STD). However, the distribution range of Jessore is wider, ranging from 446.9 to 

1,719.1m2/day. This is because there are 4 wells having Sc values less than 500m2/day. 

It is concluded from the existing production well data that the aquifer productivity of the zone 

from 60 to 130m in depth is generally high in the Pourashava areas. However in Jessore 

Pourashava, the aquifer productivity is less in some places. 
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4.1.4 Groundwater Level 
During the 300 existing well survey, groundwater levels of the DPHE shallow wells were 

measured by removing the hand pump. For the production wells, most of the wells have an 

observation pipe so that the groundwater levels were measured by inserting the water level 

sensor through the observation pipe. 

For computing the groundwater levels from the mean sea level, ground surface elevation data as 

shown in Figure 2.3.2 in Chapter 2 were used. The grid elevation data were prepared for a grid 

500 x 500m in size based on the SOB data and USGS GTOPO 30 data. Then the ground 

elevation at each existing well site was interpolated based on its coordinates. The ground 

elevation of the Study Area ranges from 0.44 to 14.98m above mean sea level. The elevation is 

lower in the southeast and higher in the northwest of the Study Area. 

 

1) Groundwater Level in Rainy Season 
Figure 4.1.6 shows the distribution of the depth to groundwater (DTW) from the ground surface 

measured at 300 existing wells from June to July 2000. This period is the beginning of the rainy 

season. The DTW values range from 1.12 to 9.78m in the Study Area. Deep groundwater levels 

more than 5m from the ground surface are found in the northern part of Jessore District, in the 

central and the western part of Jhenaidah District, and in the western part of Chuadanga district. 

On the other hand, the DTW in the southern part of Jessore District is shallower than 3m from 

the ground surface. 

The area having DTW less than 3m has ground elevation of lower than 3m in the southeastern 

part of Jessore District. 

Figure 4.1.7 shows the distribution of groundwater level (GWL) above mean sea level. The 

GWL values range from -2.65 to 9.50masl in the Study Area. The GWL is high in the northern 

part of Chuadanga district and declines toward the southeast. The areas having GWL values 

below 0masl are found from the southern to northeastern parts of Jessore district, covering 

Keshabpur, Monirampur, Jessore Sadar, Abhoynagar, Bagarpara thanas of Jessore District and 

Kaliganj thana of Jhenaidah District. 

Figure 4.1.8 shows the groundwater flow vectors in the Study Area based on the GWL values 

said above. General flow directions are from northwest to southeast in the central to eastern part 

of the Study Area. However, a slight ridge of the groundwater level can be seen from central 

Chuadanga District to western Jessore District through central Jhenaidah District. On the 

western side of the ridge, the groundwater flows toward the Indian side. It should be noted that 

the groundwater flow vectors show only horizontal components, not expressing vertical 

components of the groundwater flow. The vertical components of groundwater flow can be 

known by measuring piezometric heads of deeper aquifers. 
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2) Groundwater Level in Dry Season 
Figure 4.1.9 shows the distribution of the depth to groundwater (DTW) from the ground surface 

measured at 300 existing wells from December 2000 to January 2001. This period is the 

beginning of the dry season. The DTW values range from 0.65 to 12.99m in the Study Area. 

Deep groundwater levels more than 5m from the ground surface are scattered in the 

northeastern part and southwestern part of Jhenaidah District, western part of Chuadanga 

District, and central to western part of Jessore District. On the other hand, the shallow DTWs 

less than 3m are distributed from central Chuadanga to central Jhenaidah Districts and southern 

part of Jessore District. The DTWs of southern to western Keshabpur thana in Jessore District 

show less than 2m from the ground surface. 

Figure 4.1.10 shows the distribution of groundwater level (GWL) in the dry season. The GWL 

values range from -7.49 to 9.94masl in the Study Area. The GWL is high in the northern part of 

Chuadanga District and declines toward the southeast. The areas having GWL values below 

0masl are found from the southeastern and southwestern parts of Jessore District. The lower 

GWL values below 0masl are also found in the Pourashava areas of Jessore, Jhenaidah and 

Chuadanga, showing depressions of the groundwater table. The minimum GWL is recorded in 

Jessore Pourashava. 

Figure 4.1.11 shows the groundwater flow vectors in the Study Area based on the GWL values 

said above. General flow directions are from northwest to southeast in the central to eastern part 

of the Study Area. However, a slight ridge of the groundwater level can be seen from central 

Chuadanga District to western Jessore District through central Jhenaidah District. On the 

western side of the ridge, the groundwater flows toward the Indian side. 
 

3) Changes in GWL between Rainy Season and Dry Season 
Figure 4.1.12 shows the changes in the groundwater level between the rainy season (June to 

July 2000) and the dry season (December 2000 to January 2001) in the study area. In the rural 

areas from central Chuadanga District to northern Jessore District, groundwater levels in the dry 

season are 1 to 3m higher than those in the rainy season. On the other hand, the ground water 

levels in northeastern Jhenaidah District and southwestern to southeastern Jessore District 

declined 1 to 2m. Due to this, the area having a GWL below 0masl in the eastern part of Jessore 

District disappeared, but the GWL in the southern part of Jessore District reached -2 to -3masl. 

It should be noted that the western part of the study area was affected by the unusual flooding 

from late September to October 2000. It is presumed that the groundwater levels might be 

influenced by the flood even after 2 months from the flooding. It is also expected that the 

groundwater levels in the study area will decline from November to May next year based on the 

hydrographs prepared by RGAG & MURG (2000) in Samta village. Therefore, it is possible 

that the groundwater level from June to July 2000 (= the beginning of the rainy season) is lower 

than that from December 2000 to January 2001 (beginning of dry season). 
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4.2 Arsenic Contamination in Rainy Season 
Groundwater samples from the 300 existing wells were collected from June to July 2000 for the 

arsenic analysis in the rainy season. The samples were brought to Jhenaidah Laboratory 

established by the study team and analyzed by AAS. 

At the time of the groundwater sampling, groundwater quality including arsenic was tested in 

the field. The tested parameters in the field and their methods are shown below: 

(1) Arsenic (AAN Field Kit) 

(2) Dissolved iron, Fe2+ (Fe2+ pack test kit) 

(3) pH (potable pH meter) 

(4) Oxidation-reduction potential, ORP (potable ORP meter) 

(5) Electric conductivity, EC (potable EC meter) 

 

The results of the arsenic analysis and other parameters’ measurements at the 300 existing wells 

in the rainy season are shown in Table 4.2.1. 

 

4.2.1 Arsenic Analysis by AAS 
1) Arsenic Concentration by District 
Figure 4.2.1 shows bar charts of arsenic concentrations of the existing wells by district in the 

rainy season. In the study area, 99 wells (33.3%) have arsenic concentrations less than 0.01mg/l. 

There are 94 wells (31.7%) having As concentrations between 0.01 to 0.05mg/l. Therefore, 

65.0% of the wells in the study area show As concentrations below the Bangladeshi permissible 

limit for drinking water (= 0.05mg/l). Above the standard, there are 49 wells (16.5%) having As 

concentrations between 0.05 and 0.1mg/l and 51 wells (17.2%) having As concentrations 

between 0.1 and 0.5mg/l. The number of wells showing more than 1.0mg/l of As concentration 

is 2 (0.7%). 

In Chuadanga District, there are 9 wells (15.3%) having As concentrations less than 0.01mg/l. 

The number of samples having As concentration from 0.01 to 0.05mg/l is 24 (40.7%). Therefore, 

the number of samples within the Bangladeshi limit is 33 (55.9%). There are 15 samples 

(25.4%) having As concentrations between 0.05 and 0.1mg/l and 10 samples (17.0%) showing 

As concentrations between 0.1 and 0.5mg/l. One sample shows arsenic concentration between 

0.5 and 1.0mg/l. There is no well having more than 1.0mg/l of As among the surveyed wells in 

Chuadanga District. 

In Jhenaidah District, the number of wells showing As concentrations from 0 to 0.01mg/l and 

0.01 to 0.05mg/l are 40 (37.7%)and 41 (38.7%), respectively. Therefore, 76.4% of the surveyed 

wells show As concentrations below the Bangladeshi permissible limit. There are 16 wells 

(15.1%) having 0.05 to 0.1mg/l of As and 9 wells (8.5%) with 0.1 to 0.5mg/l of As. There is no 

well having more than 0.5mg/l of As among the surveyed wells in Jhenaidah District. 
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In Jessore District, 50 samples (37.9%) show As concentrations below 0.01mg/l. The number of 

wells having As concentrations between 0.01 and 0.05mg/l is 29 (22.0%) so that 59.9% of the 

surveyed wells show As concentrations below the Bangladeshi limit. There are 18 samples 

(13.6%) having As concentration between 0.05 and 0.1mg/l and 32 samples (24.2%) showing 

0.1 to 0.5mg/l of As. One sample shows As concentration between 0.5 and 1.0mg/l. Highly 

contaminated samples having more than 1.0mg/l of As are found from 2 wells in Jessore 

District. 

Among Pourashava water supply systems in the study area, those in Jessore Sadar, Kaliganj 

Thana, Kotchandpur Thana and Sailkupa Thana showed little As contamination although some 

exceeded WHO guideline 0.01 mg/l, however, those in Jhenaidah Sadar, Mohespur Thana and 

Chuadanga Sadar exceeded the Bangladesh As standard 0.05 mg/l. 

The bar charts indicate that the existing wells in Jessore are characterized by a large number of 

samples having As concentration between 0.1 and 0.5mg/l. On the other hand, the percentage of 

arsenic safe wells (below the WHO guideline value of 0.01mg/l) is also high in Jessore District. 

 

2) Arsenic Concentration Map 
Figure 4.2.2 shows the distribution of As concentration in the study area in the rainy season 

measured by AAS. The figure clearly shows that the contaminated areas having more than 

0.05mg/l of As are located mostly in the western part of the study area. On the other hand, less 

contaminated areas with less than 0.01mg/l of As are found in the eastern part of the study area, 

which is bounded from the contaminated area to the west by a line with NNW-SSE orientation. 

It is, therefore, concluded from the survey results that the As contaminated areas are distributed 

irregularly but roughly located in the western half of the study area. The less contaminated areas 

are located in the eastern half. The reason of this distribution pattern will be revealed by the 

hydrogeological/geochemical investigations and analyses to be carried out in the study. 

 

4.2.2 Arsenic Analysis by Field Kit 
Although the accuracy of arsenic measurement by field kit is limited, the study team employed 

the AAN Field Kit to measure arsenic concentrations of groundwater in the field. The merit of 

using the field kit is to be able to know the rough As concentration at the site within a short time 

at low cost. The results of the field kit measurements also helped prepare the water samples for 

the AAS analysis in Jhenaidah laboratory. 

 

1) Arsenic Concentration by District 
Figure 4.2.3 shows bar charts of arsenic concentrations of the existing wells by district. In the 

study area, 103 wells (34.7%) have arsenic concentrations less than 0.01mg/l. There are 104 

wells (35.0%) having As concentrations between 0.01 to 0.05mg/l. Therefore, 69.7% of the 
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wells in Jessore District show As concentrations below the Bangladeshi permissible limit for 

drinking water (= 0.05mg/l). Above the standard, there are 30 wells (10.1%) having As 

concentrations between 0.05 and 0.1mg/l and 46 wells (15.5%) having As concentrations 

between 0.1 and 0.5mg/l. The number of wells showing more than 1.0mg/l of As is 6 (2.0%). 

In Chuadanga District, there are 26 wells (44.1%) having As concentrations ranging from 0.01 

to 0.05mg/l. The number of samples within the Bangladeshi limit is 36 (61.0%). There are 10 

samples (17.0%) having As concentrations between 0.05 and 0.1mg/l and 12 samples (20.3%) 

showing As concentrations between 0.1 and 0.5mg/l. There is no well having more than 1.0mg/l 

of As among the surveyed wells in Chuadanga District. 

In Jhenaidah District, the numbers of wells showing As concentrations from 0 to 0.01mg/l and 

0.01 to 0.05mg/l are 39 (36.8%) and 40 (37.7%), respectively. Therefore, 74.5% of the surveyed 

wells show As concentrations below the Bangladeshi permissible limit. There are 15 wells 

(14.2%) having 0.05 to 0.1mg/l of As and 9 wells (8.5%) with 0.5 to 1.0mg/l of As. 

In Jessore District, 54 samples (40.9%) show As concentrations below 0.01mg/l. The number of 

wells having As concentrations between 0.01 and 0.05mg/l is 38 (28.8%) so that 69.7% of the 

surveyed wells show As concentrations below the Bangladeshi limit. There are 25 samples 

(18.9%) showing 0.1 to 0.5mg/l of As. Highly contaminated samples having more than 1.0mg/l 

of As are found from 5 wells in Jessore District. 

Compared with the results of As measurement by AAS shown in Figure 4.2.1, it seems that it is 

difficult to detect As concentrations between 0.05 and 0.1mg/l with the AAN Field Kit. This is 

because the yellowish colors of the bromide papers between 0.05 and 0.1mg/l are difficult to 

identify. However, the general tendency of As detection by the AAN Field Kit is similar to the 

results of the AAS analysis. 

 

2) Arsenic Concentration Map 
Figure 4.2.4 shows the distribution of As concentration in the study area by the AAN Field Kit. 

Although the absolute value of each As concentration by field kit differs from that by AAS, the 

As concentration map shows a very similar As distribution pattern by AAS shown in Figure 

4.2.2. 

 

4.2.3 Groundwater Quality 
1) Dissolved Iron (Fe2+) 
It is known by previous studies such as the DFID-DPHE project that arsenic rich groundwater is 

generally rich in dissolved iron. Figure 4.2.5 shows the distribution of Fe2+ in groundwater 

measured by Iron Pack Test Kit. Although the accuracy of the Fe2+ measurement is limited, the 

distribution pattern of Fe2+ concentrations is quite similar to that of As concentrations. 
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2) pH 
It is known that the pH and ORP values control the occurrence of iron hydroxides and arsenic in 

groundwater. Figure 4.2.6 shows the distribution of pH values measured at the existing wells. In 

the study area, acidic groundwater is distributed in the central part of Jhenaidah District and 

Jessore District. Particularly in the northwestern part of Jessore District, acidic groundwater is 

distributed in a relatively wider area. On the other hand, there is no acidic groundwater in 

Chuadanga District. It is noted that the alkaline groundwater occurs along a NW-SE line across 

the study area from southern Chuadanga to eastern Jessore District. However, there is no clear 

correlation between the pH distribution and As distribution. 

 

3) Oxidation-Reduction Potential (Eh) 
The oxidation-reduction potential is an important parameter to express the groundwater 

environment. The oxidation-reduction potential was measured by potable ORP meters in the 

field. The reading value of the ORP meter shows an apparent value of oxidation-reduction 

potential including the potential difference of the platinum electrode. Therefore, corrections of 

reading values are needed to obtain the true oxidation-reduction potential (Eh) values. Equation 

(4.2.1) is used for the correction: 

363.22471978.0 ���� TempORPEh         (4.2.1) 

where, Eh is the corrected oxidation-reduction potential (mV), ORP is the reading value of the 

ORP meter using the platinum electrode (mV), Temp is the water temperature (°C). 

Figure 4.2.7 shows the distribution of Eh values in the study area. The lower Eh values of less 

than 200mV are widely distributed in the western part of the Study area. Particularly the Eh 

values below 100mV are found in the central to southern part of Jessore District, western part of 

Jhenaidah District, and southern part of Chuadanga District where the As concentration is high. 

On the other hand, higher Eh values of more than 200mV are mainly found from the eastern part 

of the Study area. The boundary between the high Eh area and low Eh area separated by 200mV 

is located across the Study area with an orientation of NNW-SSE. The distribution pattern of the 

lower values of Eh is similar to that of the As concentration. 

 

4) Electric Conductivity (EC) 
Figure 4.2.8 shows the distribution of EC values measured at the existing wells. Higher EC 

values of more than 100mS/m are found from the southeastern part of Jessore District. The area 

is known to be affected by saline water from the Khulna area. The high EC area also 

corresponds to the low ground elevation area. There is no correlation between the EC 

distribution and As distribution. 
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5) Relationship between Eh and pH 
Figure 4.2.9 shows the Eh-pH plots of the existing wells in the study area. It is known that the 

Eh-pH relationship generally shows a linear correlation; the Eh values increase with pH values. 

However, the Eh-pH plots in the study area do not show such a linear relationship. The plots are 

concentrated in a domain between 6.8 and 7.4 in pH and 50 and 150mV in Eh. Some plots are 

located in the domain of alkaline water with higher Eh values of more than 200mV. These water 

samples may have been influenced by rainwater and/or surface water. 

Figure 4.2.10 shows the Eh-pH plots by district. It is clear that the shape of the plotted area is 

different by district. The plotted areas in Chuadanga and Jhenaidah Districts are similar, 

showing 6.9 to 7.4 in pH and 50 to 550mV in Eh. However, the plotted area of Jessore District 

is different from the others, showing 6.5 to 7.5 in pH. In the Second Phase of the Study, plots in 

the dry season shall be prepared and that will be compared with the plots in the rainy season. 

 

6) Eh-pH-As Relationship 
Figure 4.2.11 shows the relationship among Eh, pH, and As concentrations of the existing wells. 

The As concentrations were analyzed by AAS. Most of the contaminated samples having more 

than 0.05mg/l in As concentration are plotted in a zone with 6.8 to 7.2 in pH and 50 to 120mV 

in Eh. 

 

7) Eh-pH-Fe2+ Relationship 
Figure 4.2.12 shows the relationship among Eh, pH, and Fe2+ concentration of the existing wells. 

Although the Fe2+ concentration was tested by field pack test kit, the results show that most of 

the samples having Fe2+ concentration more than 1.0mg/l have pH values ranging from 6.6 to 

7.4 and Eh values ranging from 50 to 150mV. The high concentration zone of Fe2+ and the high 

concentration zone of As are located in almost the same domain, but the area of the high Fe2+ 

zone is larger than that of the high As zone in the graph. 

The relationships of Eh-pH-As and Eh-pH-Fe2+ suggest that the occurrence of arsenic in 

groundwater is strongly correlated with the occurrence of iron. And groundwater that is rich in 

arsenic and iron shows reducing conditions. This would be basic information to reveal the 

mechanism of groundwater contamination by arsenic as well as to design appropriate measures 

to remove arsenic from groundwater. 

 

 

4-35 







































Chapter 4  Actual Condition of Arsenic Contamination in Groundwater 
Main Report 

4.3 Arsenic Contamination in Dry Season 
Groundwater samples from the 300 existing wells were collected from December 2000 to 

January 2001 for the arsenic analysis in the dry season. The samples were brought to Jhenaidah 

Laboratory established by the study team and analyzed by AAS. 

At the time of the groundwater sampling, groundwater quality including arsenic was tested in 

the field. The tested parameters in the field and their methods are shown below: 

(1) Arsenic (AAN Field Kit) 

(2) Dissolved iron, Fe2+ (Fe2+ pack test kit) 

(3) pH (potable pH meter) 

(4) Oxidation-reduction potential, ORP (potable ORP meter) 

(5) Electric conductivity, EC (potable EC meter) 

 

The results of arsenic analysis and other parameter measurements at the 300 existing wells in 

the dry season are shown in Table 4.3.1. 

 

4.3.1 Arsenic Analysis by AAS 
1) Arsenic Concentration by District 
Figure 4.3.1 shows bar charts of arsenic concentrations of the existing wells by district in the 

dry season. In the study area, 105 wells (34.3%) have arsenic concentrations less than 0.01mg/l. 

There are 94 wells (30.7%) having As concentrations between 0.01 to 0.05mg/l. Therefore, 

65.0% of the wells in the study area show As concentrations below the Bangladeshi permissible 

limit for drinking water (= 0.05mg/l). Above the standard, there are 54 wells (17.7%) having As 

concentrations between 0.05 and 0.1mg/l and 51 wells (16.7%) having As concentrations 

between 0.1 and 0.5mg/l. The number of wells showing more than 0.5mg/l of As is 2 (0.7%). 

In Chuadanga district, there are 10 wells (17.2%) having As concentrations less than 0.01mg/l. 

The number of samples having As concentration from 0.01 to 0.05mg/l is 21 (36.2%). Therefore, 

the number of samples within the Bangladeshi limit is 31 (53.4%). There are 18 samples 

(31.0%) having As concentrations between 0.05 and 0.1mg/l and 9 samples (15.5%) showing As 

concentrations between 0.1 and 0.5mg/l. There is no sample showing arsenic concentrations 

more than 0.5mg/l. 

In Jhenaidah district, the numbers of wells showing As concentrations from 0 to 0.01mg/l and 

0.01 to 0.05mg/l are 41 (38.7%) and 40 (37.7%), respectively. Therefore, 76.4% of the surveyed 

wells show As concentrations below the Bangladeshi permissible limit. There are 18 wells 

(17.0%) having 0.05 to 0.1mg/l of As and 7 wells (6.6%) with 0.1 to 0.5mg/l of As. There is no 

well having more than 0.5mg/l of As among the surveyed wells in Jhenaidah district in the dry 

season. 

In Jessore district, 54 samples (38.0%) show As concentrations below 0.01mg/l. The number of 
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wells having As concentrations between 0.01 and 0.05mg/l is 33 (23.2%) so that 61.2% of the 

surveyed wells show As concentrations below the Bangladeshi limit. There are 18 samples 

(12.7%) having As concentrations between 0.05 and 0.1mg/l and 35 samples (24.7%) showing 

0.1 to 0.5 mg/l of As. Two samples show As concentrations between 0.5 and 1.0mg/l. There is 

no sample showing As concentrations more than 1.0mg/l in the dry season. 

Among Pourashava water supply systems in the study area, those in Jessore Sadar, Kaliganj 

Thana, Kotchandpur Thana and Sailkupa Thana showed little As contamination although some 

exceeded WHO guideline 0.01 mg/l, however, those in Jhenaidah Sadar, Mohespur Thana and 

Chuadanga Sadar exceeded the Bangladesh As standard 0.05 mg/l. 

The bar charts indicate that the Jessore existing wells are characterized by a large number of 

samples having As concentration between 0.1 and 0.5mg/l. On the other hand, the percentage of 

arsenic safe wells (below the WHO guideline value of 0.01mg/l) is also high in Jessore District. 

Figure 4.3.2 shows the comparison of As concentrations by district between the rainy season 

(June to July 2000) and dry season (December 2000 to January 2001) analyzed by AAS. It is 

found from the graphs that there is no significant change of As contaminated wells between the 

rainy season and the dry season. In the three districts, the wells showing 0 to 0.01mg/l in As 

slightly increased from 33.3 % to 34.3%. However, the wells having 0.01 to 0.05mg/l decreased 

from 31.6% to 30.7%. The wells containing 0.05 to 0.1mg/l of As increased from 16.5% to 

17.6%. But the wells containing 0.1 to 0.5mg/l decreased from 17.2 to 16.7%. 

In Chuadanga District, the wells having 0 to 0.01mg/l and 0.05 to 0.1mg/l of As increased. But 

the wells having 0.01 to 0.05mg/l, 0.1 to 0.5mg/l and 0.5 to 1.0mg/l decreased. In the rainy 

season, there is no well showing As concentrations more than 0.5mg/l. 

In Jhenaidah District, the percentage of the wells having 0 to 0.01mg/l and 0.05 to 0.1mg/l in As 

increased from the rainy season to dry season. But the wells having 0.01 to 0.05mg/l and 0.1 to 

0.5mg/l decreased. 

In Jessore District, the wells showing 0.01 to 0.05mg/l rose from 22.0 to 23.2%. However, the 

wells showing 0.05 to 0.1mg/l decreased from 13.6 to 12.7%. 

 

2) Arsenic Concentration Map 
Figure 4.3.3 shows the distribution of As concentration in the study area in the dry season 

measured by AAS. The distribution pattern of As concentrations is quite similar to that of the 

rainy season. From the map, it is clearly seen that the contaminated areas having more than 

0.05mg/l of As are located mostly in the western part of the study area. On the other hand, less 

contaminated areas within 0.01mg/l of As are found in the eastern part of the study area, which 

is bounded from the contaminated area to the west by a line with NNW-SSE orientation. 

It is, therefore, concluded from the survey result that the As contaminated areas are distributed 

irregularly but roughly located in the western half of the study area. The less contaminated areas 
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are located in the eastern half. 

Figure 4.3.4 shows the changes in As concentration in the rainy season and dry season. The 

areas where the As concentration rose in the dry season are widely distributed in the northern 

half of Chuadanga District, the northwestern and southwestern part of Jhenaidah District, and 

the central part of Jessore District. On the other hand, the areas where the As concentration 

decreased occur from western Jhenaidah to western Jessore District. 

To know the changes of As concentration in detail, the change ratios of As concentration from 

the rainy season to the dry season were computed. Figure 4.3.5 shows the distribution of change 

ratio of As concentration. As concentrations clearly decreased in the dry season from western 

Jessore District to central Jhenaidah District. The As change ratio of the eastern marginal parts 

of the study area from Jhenaidah to Jessore is also low, showing less than 1/1.5. On the other 

hand, south to central Jessore, northeastern Jhenaidah and most parts of Chuadanga District 

have As change ratios from 1.2 to more than 5 times. 

 
4.3.2 Arsenic Analysis by Field Kit 
During the groundwater sampling from the 300 existing wells in the dry season, the AAN Field 

Kit was used to know the approximate As concentration in the field. 

 

1) Arsenic Concentration by District 
Figure 4.3.6 shows bar charts of arsenic concentrations measured by the AAN Field Kit in the 

rainy season and dry season. The results show that the wells having 0 to 0.01mg/l of As 

increased from 34.7 to 45.1% in the dry season. Compared with the results of AAS analysis, the 

increase/decrease tendency of the bar charts is similar, but the field kit results show a more 

enhanced distribution of the bar charts. The percentage of the wells ranging from 0 to 0.01mg/l 

in As by the field kit in the dry season significantly increased from that in the rainy season in all 

three districts. These are 8 to 15 points higher than the results of AAS analysis. On the other 

hand, the field kit results show that the percentage of wells with 0.1 to 0.5mg/l of As in Jessore 

is only 4.7%, which is about 20 points lower than the results of AAS. 

 

2) Arsenic Concentration Map 
Figure 4.3.7 shows the distribution of As concentration in the study area by the AAN Field Kit 

in the dry season. Although the absolute value of each As concentration by field kit differs from 

that by AAS, the As concentration map shows a very similar As distribution pattern by AAS as 

shown in Figure 4.3.3.  
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4.3.3 Groundwater Quality 
1) Dissolved Iron (Fe2+) 
Figure 4.3.8 shows the distribution of Fe2+ in groundwater measured by Iron Pack Test Kit in the 

dry season. Although the accuracy of the Fe2+ measurement is limited, the distribution pattern of 

Fe2+ concentrations is similar to that of As concentrations. 

Figure 4.3.9 shows the changes in Fe2+ concentration between the rainy season and dry season. 

The increase/decrease patterns of Fe2+ concentration are irregular. However, it seems that the 

Fe2+ concentration tends to increase in the western half of the study area. On the other hand, the 

concentration in the eastern part tends to decrease. 

 

2) pH 
Figure 4.3.10 shows the distribution of pH values measured at the existing wells in the dry 

season. In the study area, acidic groundwater is distributed in the western to southern part of 

Jessore District. On the other hand, alkaline groundwater more than 7.3 in pH occurs along a 

NW-SE line across the study area from southern Chuadanga to eastern Jessore District. 

Figure 4.3.11 shows changes in pH values between the rainy season and the dry season. The pH 

values decreased in the western part of Chuadanga District and southwestern part of Jessore 

District. Increased pH values are seen in the eastern part of the study area. 

 

3) Oxidation-Reduction Potential (Eh) 
Figure 4.3.12 shows the distribution of Eh values in the study area. The lower Eh values less 

than 200mV are widely distributed in the central to northwestern part, western part and southern 

part of the study area. However, it is seen that the lower Eh values in the western part of Jessore 

district in the rainy season disappeared in the dry season. 

Figure 4.3.13 shows the changes in Eh between the rainy season and the dry season. It is clearly 

shown that the Eh values in most parts of Jessore district increased 50 to 150mV. On the other 

hand, the Eh values in central Chuadanga District, northern to central and western Jhenaidah 

District, and the southeastern part of Jessore District decreased 100 to 200mV from the rainy 

season. 

 

4) Electric Conductivity (EC) 
Figure 4.3.14 shows the distribution of EC values measured at the existing wells in the dry 

season. Higher EC values more than 100mS/m are found from the southeastern part of Jessore 

District. Then the slightly higher EC zone stretches towards the northwest and north from the 

southeast of Jessore Sadar thana. 

Figure 4.3.15 shows the changes in EC values between the rainy season and the dry season. The 

EC values increased in the higher EC zone from southern Jessore District to Jessore Sadar thana. 
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Increased EC values are also seen in the northern part of Jhenaidah District and western parts of 

Chuadanga District. On the other hand, EC values decreased 20 to 40mS/m in eastern Jessore 

District, central to western Jessore District, western Jhenaidah District, and central Chuadanga 

District. 

 

5) Eh-pH-As Relationship 
Figure 4.3.16 shows the relationship among Eh, pH, and As concentrations of the existing wells 

in the dry season. The As concentrations were analyzed by AAS. Most of the contaminated 

samples having more than 0.05mg/l in As concentration are plotted in a zone with 6.8 to 7.3 in 

pH and 80 to 270mV in Eh. 

Figure 4.3.17 shows the Eh-pH-As relationship of Chuadanga in the rainy season and the dry 

season. In the rainy season, the samples are plotted in a large area with 6.95 to 7.45 in pH and 

70 to 550mV in Eh. The samples highly contaminated with As are concentrated in the lower part 

of the plotted area having 7.05 to 7.4 in pH and 80 to 120mV in Eh. However, in the dry season, 

the total plotted area decreased and the highly contaminated samples are plotted in a wider zone. 

All the Chuadanga samples are plotted within an area of 6.85 to 7.4 in pH and 80 to 360mV in 

Eh. The contaminated samples are scattered in an area of 6.9 to 7.4 in pH and 80 to 250mV in 

Eh. 

Figure 4.3.18 shows the Eh-pH-As relationship of Jhenaidah District in the rainy season and the 

dry season. In the rainy season, the plotted area of all the samples ranges from 6.85 to 7.5 in pH 

and 60 to 570mV in Eh. The samples contaminated with As are concentrated in a domain with 

6.85 to 7.2 in pH and 50 to 100mV in Eh. In the dry season, most samples are plotted in an area 

with 6.9 to 7.5 in pH and 80 to 480mV in Eh. The contaminated samples are scattered in an area 

of 6.95 to 7.25 in pH and 90 to 180mV in Eh. 

Figure 4.3.19 shows the Eh-pH-As relationship of Jessore district. In the rainy season, all the 

samples are plotted in a wide area with 6.5 to 7.5 in pH and 40 to 580mV in Eh. Most of the 

samples containing more than 0.1mg/l of As are concentrated in an area with 6.7 to 7.3 in pH 

and 50 to 150mV in Eh. In the dry season, all the samples are plotted in a smaller area with 6.7 

to 7.5 in pH and 90 to 420mV in Eh. However, most of the samples containing more than 

0.1mg/l of As are plotted in a wider area with 6.8 to 7.3 in pH and 90 to 260mV in Eh. 

 

6) Eh-pH-Fe2+ Relationship 
Figure 4.3.20 shows the relationship among Eh, pH, and Fe2+ concentrations of the existing 

wells. Although the Fe2+ concentration was tested by field pack test kit, the results show that 

most of the samples having Fe2+ concentrations more than 1.0mg/l have pH values ranging from 

6.8 to 7.3 and Eh values ranging from 80 to 250mV. The high concentration zone of Fe2+ and the 

high concentration zone of As are located in almost the same domain, but the area of the high 
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Fe2+ zone is larger than the high As zone in the graph. 

Compared with the plots in the rainy season, the high Fe2+ zone in the dry season takes a 

narrower range in pH and wider range in Eh. 

 

4.3.4 Comparison of FK and AAS 
In the study, arsenic concentrations were measured by the AAN Field Kit in the field and by the 

AAS in Jhenaidah laboratory. It will be very useful to know the correlation between the results 

of field kit and AAS for evaluating the results as well as for planning future screening and 

monitoring programs. 

Figure 4.3.21 shows the comparison of As concentrations measured by the AAN Field Kit and 

AAS by log-log plot for the rainy season. The results show that the field kit results tend to be 

lower than AAS for As concentration by AAS below the 0.044mg/l and higher above the value. 

For example, the samples showing 0.01mg/l by FK range from 0.0025 to 0.13mg/l by AAS. The 

samples show 1.0mg/l by FK range from 0.13 to 1.6mg/l by AAS. 

Figure 4.3.22 shows a similar graph prepared for the dry season. The correlation between the 

FK results and AAS results is similar. The match point of [Y = X] and the linear fit line is 

0.051mg/l. Therefore, it can be said statistically that the FK results and AAS results show good 

agreement near the Bangladeshi permissible limit of As in water for drinking purposes, which is 

0.05mg/l. 
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4.4 General Water Quality 
A total of 30 groundwater samples for general water quality analysis were colleted from the 

existing wells. Shallow groundwater samples were collected from the selected 23 existing tube 

wells as mentioned in Section 4.1. In October 2000, 7 groundwater samples were collected from 

the Pourashava production wells. One sample was collected from each Pourashava in the study 

area. These samples are treated as the samples for the rainy season. 

In addition 30 groundwater samples for the dry season were collected in a period from 

December 2000 to January 2001. These samples were collected from the same wells in the rainy 

season. 

 

4.4.1 Trilinear Diagram Analysis 
1) Groundwater from Shallow Tube wells 
Figure 4.4.1 shows the trilinear diagram of shallow groundwater taken from 23 shallow tube 

wells in the rainy season. The well depths range from about 30 to 60m. The results show that the 

most samples of Chuadanga District and Jhenaidah District are plotted near the left corner of the 

diamond-shape diagram. The chemical compositions of these samples are characterized by Ca 

in cations and HCO3 in anions. It should also be mentioned that the SO4 content is very small in 

all the samples. 

Six samples out of 10 Jessore samples have a similar chemical composition to the Chuadanga 

and Jhenaidah samples. However, the rest of the samples, which were colleted from the southern 

part of Jessore District, are plotted in the central to lower parts of the diamond-shape diagram. 

These samples are characterized by higher contents of Na+K and Cl. 

Figure 4.4.2 shows the trilinear diagram of shallow groundwater taken from 23 shallow tube 

wells in the dry season. Compared with the plots in the rainy season, most samples are 

concentrated near the left corner on the diamond-shape diagram, showing a Ca-HCO3 type of 

groundwater composition. However, two (2) samples in Jessore district are plotted more to the 

left-hand side, indicating that the groundwater compositions show a stronger influence of saline 

water. 

 

2) Groundwater from Production Wells 
Figure 4.4.3 shows the trilinear diagram of groundwater from Pourashava production wells in 

the end of the rainy season. There are seven (7) Pourashavas in the study area so that 7 

groundwater samples were analyzed. The depths of the production wells range from 100 to 

130m. 

The trilinear diagram shows that the Chuadanga and Jhenaidah production wells show almost 

the same chemical compositions. In cations, Ca occupies 50 to 70%, and Mg occupies 20 to 

35%. In anions, HCO3 is dominant and the SO4 content is very small. 
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The production well in Jessore is plotted in slightly different positions from the Chuadanga and 

Jhenaidah wells. In cations, the Na+K element occupies about 30%. In anions, Cl occupies 

about 30%. 

Figure 4.4.4 shows the trilinear diagram of groundwater from Pourashava production wells in 

the dry season. The samples are plotted in almost the same place in the diagram. The 

groundwater from the production wells in Jhenaidah District tends to concentrate near the 

corner of the diamond-shape diagram. The Chuadanga sample is also plotted near the Jhenaidah 

samples. 

 

4.4.2 Stiff Diagram Analysis 
1) Groundwater from Shallow Tube wells 
Figure 4.4.5 shows the Stiff diagram of groundwater taken from shallow tube wells in the rainy 

season. The samples from Chuadanga and Jhenaidah Districts and northern half of Jessore 

District show Ca–HCO3 type groundwater. In southern Jessore District, the groundwater shows 

to be (Na+K)-Cl type or (Na+K)-HCO3 type. The results show good agreement with the 

distribution of EC values in the study area, indicating that the shallow groundwater in southern 

Jessore district is influenced by saline water. 

Figure 4.4.6 shows the Stiff diagram of groundwater taken from shallow tube wells in the dry 

season. The shapes of most samples are similar to those in the rainy season. The sample in 

Keshabpur thana in Jessore District show a clearer shape of (Na+K)-Cl type. 

 

2) Groundwater from Production Wells 
Figure 4.4.7 shows the Stiff diagram of groundwater taken from the Pourashava production 

wells. Basically the chemical composition shows Ca-Mg-HCO3 type groundwater. The 

production well water in Jessore Pourashava shows slightly higher contents of (Na+K) and Cl. 

Figure 4.4.8 shows the Stiff diagram in the dry season. The shapes of the diagrams are almost 

the same as those in October 2000. 
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