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5.5 General Water Quality 
5.5.1  Purpose 
To evaluate the groundwater resources for a safe drinking water supply, it is very important to 

investigate not only arsenic but also other groundwater quality parameters in the groundwater. 

The analysis of general groundwater quality can provide hydrochemical characteristics of the 

groundwater as well as basic information of the safety of the groundwater. Attention should be 

paid particularly on some substances that will have a health impact by drinking. 

In this subchapter, at first the general characteristics of deep groundwater and shallow 

groundwater taken from the newly constructed observation wells/holes and the improved deep 

wells are mentioned. Then the relationships between the arsenic and other water quality 

parameters are examined. The safety of deep groundwater is also evaluated by the monitoring 

data of general water quality. The quality of deep groundwater is also evaluated comparing with 

the quality of shallow groundwater and pond water. The results of the general water quality 

analysis done in the study are evaluated by comparison with the Bangladeshi drinking water 

standard and the WHO guideline value for drinking water. 

 

5.5.2  Methodology 
The groundwater samples for general water quality analysis were collected from newly 

constructed observation wells/holes, existing wells, and existing ponds. The samples were 

systematically collected during the survey. The methods of sampling, numbering, quality control, 

etc. were well planned and performed. 

 

1) Sampling and Analysis Procedures 

a. Procedure of Field Work for Water Quality Analysis 

The operative procedure for collecting the samples used for water quality analysis, based on the 

Japanese Testing Method of Drinking Water, has been standardized as shown hereunder, starting 

from the method to clean the sample containers. 

Especially, a Standard Operating Procedure (SOP), setting fieldwork standards for important 

operations, has been established in writing. 

 

b. Cleaning the sample containers 

Sample containers consist of polyethylene bottles with ground stoppers, which can be sealed 

hermetically. They must be thoroughly washed before use so that the tests can be carried out 

properly. 

Washing of polyethylene bottles with ground stoppers is carried out as follows: 

(a) Before use, first wash the bottles using regular tap water, and then wash them again 
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with distilled water. 

(b) After step (a), wash with warm nitric acid (1+10: HNO3 diluted in as much as 10 

times its volume of water) or warm hydrochloric acid (1+5), fill the bottles to the 

brim with nitric acid (1+65), seal hermetically and leave for at least 16 hours. Wash 

thoroughly with distilled water. 

(c) After the sample containers have been washed, drain all water, seal hermetically and 

keep until the collection of samples. 

 

c. Fieldwork Procedure 

The fieldwork procedure for water quality analysis is as follows  

(a) [Hand pump well] 

Remove stagnant water in the tube by lifting water by pump (approx. 5 min.). 

[Production well] 

If the pump is stopped, operate it for approx. 5 min to remove stagnant water. 

[Pond water] 

Sample water from the center of the pond. 

(b) While pumping as noted in (a), fill in the required item in the field survey sheet. 

(c) Measure As (arsenic) and dissolved iron (Fe2+) using the field kit. 

(d) Measure water quality parameters of pH, ORP, EC and the temperature. Read the 

pH, EC and temperature values after each value has become stable. For ORP, read 

the value after becoming stable. 

 

d. Water Sampling Procedure 

The water samples for laboratory analysis were collected during the field survey. The samples 

for arsenic were brought into the JICA Study Team laboratory. For others than arsenic, the 

samples were carried into a laboratory in Dhaka as soon as possible after sampling. The 

sampling procedure is as follows: 

In case a sample contains suspended solids, shake it well in order to mix it uniformly before 

collecting a sample for testing. All sample bottles shall be rinsed beforehand with the sampled 

water. 

Add 0.5 ml of conc. hydrochloric acid (for arsenic analysis grade) to 250 ml of the sample to be 

used for arsenic testing in order to lower its pH to approximately 1, and then store in a cool dark 

place. 

Samples to be used for the following tests should be kept in a cool dark place: chemical oxygen 

demand (COD), ammonium ion, nitrous acid ion, nitric acid ion, cyanide, hardness, TDS, 

sulfate ion, chloride ion, bicarbonate ion, and fluoride ion. 

Concerning samples to be used for testing the following metal elements, the pH should be 
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lowered to about 1 by adding 20 ml of nitric acid to 2.5 l of the sample, and the samples should 

be stored in a dark cool place: copper, zinc, lead, cadmium, nickel, chrome, mercury, sodium, 

potassium, calcium, magnesium, etc. 

Concerning samples to be used for testing dissolved arsenic, dissolved iron and dissolved 

manganese, filter at the site immediately after collecting a sample, through a filter paper with a 

0.45µm mesh by applying a vacuum (if filtration is difficult because of water condition, 

pre-filter using a 5 C filter paper), discard the first 50 ml of filtrate and keep the rest of the 

filtrate as a sample, then lower the pH to about 1 by adding 2.5 ml of nitric acid to 250 ml of the 

dissolved iron and dissolved manganese sample. In case of dissolved arsenic, add 0.5 ml of 

hydrochloric acid instead and all types of samples are stored in a dark cool place. 

 

2) Laboratory Analysis and Analytical Parameters 
The laboratory analysis was carried out by the Plasma Plus Application &Research Laboratory. 

The analysis methods were based on the Standard Methods for the Examination of Water and 

Wastewater, 20th edition. Analytical parameters and the standard numbers of testing method are 

shown in Table 5.5.1. 

 

Table 5.5.1 Analytical parameters and the standard numbers 
Analytical 
parameters 

Standard No Analytical 
parameters 

Standard No 

PH 4500 H+ B Sodium 3111 B 
Temperature Thermometric 

method 
Potassium 3111 B 

Electric conductivity Electrometric 
method 

Dissolved iron 3111 B 

Hardness Titrimetric method Dissolved 
manganese 

3111 B 

TDS 2540 C Calcium 3111 B 
COD 5220 Magnesium 3111 B 
Ammonium Nessler’s method Cadmium 3113A, 3113B 
Nitrite 4500 NO2

- B Total chromium 3113A, 3113B 
Nitrate APHA-4500 Copper 3113A, 3113B 
Sulfate 4500 SO4

2- Lead 3113A, 3113B 

Chloride 
Turbidity of 
silver-chloride 
method 

Mercury 3112B 

Bicarbonate Titrimetric method Nickel 3113A, 3113B 
Fluoride 4500 F- D Zinc 3111C 
Cyanide 4500 CN- E   
 

3) Quality Control 
Quality control of laboratory analysis was done as follows: 

a. Checking correctness of analyses 

a.1. Anion-cation balance 
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The anion and cation sums, expressed as milliequivalents per liter, must balance because all 

water samples are electrically neutral. The calculation is as follows: 

� �
� �

�

�

��

anionscations
anionscations

100%balance  

a.2. Measured TDS and calculated TDS 

The measured total dissolved solids concentration must be higher than the calculated one 

because of the minor ion parameter. On the other hand, if the measured TDS is more than 20% 

higher than the calculated one, the low ion sum is suspected. The acceptable ratio is as follows: 

2.10.1 ��

TDScalculated
SmeasuredTD

 

where: 
���������

���������� FNOSOClMgCaKNaHCO 3430.6TDS calculated 222  

 

a.3. Measured EC and ion sums 

Both the anion and cation sums should be 1/100 of the measured EC. The acceptable ratio is as 

follows: 

0.9  measured EC <  anion (or cation) sum, meq/L < 1.1  measured EC � �100 �

 

a.4. Calculated TDS and measured EC 

The acceptable ratio is as follows: 

Calculated TDS / measured EC = 0.55-0.7 

 

b. Quality Control samples 

In addition to checking the correctness of analyses, quality control samples were incorporated in 

the laboratory analysis samples. For the laboratory analysis, duplicate samples and field blank 

samples were collected from fields and tested in the Plasma Plus laboratory for data quality 

assurance. 

 

5.5.3 General Characteristics of Groundwater Quality  
1) Deep Observation Wells/Holes in Pourashava 
The results of the laboratory chemical analysis for Observation Wells samples were shown in 

Table 1.6.2 in the Data Report. From these data, some general characteristics for deep 

groundwater (hereafter deep groundwater is indicated by the Sample Codes, “OW-“ and 

“OH-###-4-“) are found as mentioned below. 

The most notable characteristic of the samples is reducing state. 95% of the samples are less 

than 200 mV. Fe and Mn concentrations are high in almost samples. 83.3% of the samples 
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contain more than 1 mg/l of Fe and 59.1% have more than 0.1 mg/l of Mn. NO3 and NO2 are 

low or lower than PQL in all samples from Observation Wells. On the other hand, NH4 

concentrations are rarely high. About 3.0% of samples contain more than 1 mg/l of NH4. Almost 

all SO4 results (98.5%) show below PQL. These data (Fe, Mn, NO3, NO2, NH4, SO4) also 

indicate that the groundwater of Observation Wells is in a strongly reducing state. 

EC values are almost always (96.7%) less than 100 mS/m. From the results of EC, samples are 

likely to be almost fresh groundwater. High EC values (almost excess 100 mS/m samples) are 

distributed in Jessore, the southern part of the study area. pH values are almost always near 7, 

however, values around 8 are also found in Chuadanga. 

Trace elements and heavy metals in samples are generally low. All samples contain less than 50 

mg/l of Mg. 97.5% of the samples have below 1 mg/l of F. All samples have below PQL of Cd 

and Cr. 92.4% of the samples are below PQL in Cu. 92.4% of samples are below PQL in CN. 

89.3% of the samples are below PQL in Pb. 98.5% of the samples are below PQL in Hg. 99.2% 

of the samples are below 0.01 mg/l in Ni. 89.4% of the samples are below 0.01 mg/l in Zn. 

COD is also low in the samples. 87.9% of the samples are below PQL in COD. High 

concentrations of COD (over 20 mg/l) are presented in the samples of the pumping test for 

Observation Wells. Some COD values may be affected by contamination at the pumping test. 

 

a. Deep Groundwater in Chuadanga Pourashava 

Some relatively high concentrations of NO3 (over 0.5 mg/l) are distributed in samples from 

CH-1 and CH-2 sites. However, NO2 is mostly the same as the other districts. Relatively high 

concentrations of Pb (up to 0.0072 mg/l) are found in samples of the pumping test in CH -2, 

though mostly high concentrations of Pb are distributed in Jhenaidah. Some high concentrations 

of Zn (up to 0.17 mg/l) are found in samples of the pumping test in JH-1. Some Zn values may 

be affected by contamination at the pumping test. 

 

b. Deep Groundwater in Jhenaidah Pourashava 

It is notable that some high concentrations of SO4 are found in Jhenaidah and are distributed in 

samples from 150 m in depth (OH-JH1-3-), although almost all SO4 results in Observation Wells 

(95.8%) are below PQL. Some high concentrations of Zn (up to 0.17 mg/l) are found in samples 

of the pumping test in JH-1. Some relatively high concentrations of Pb (up to 0.013 mg/l) are 

distributed in samples of the pumping test in JH-1 and JH-2.  

 

c. Deep Groundwater in Jessore Pourashava 

The most notable characteristics in Jessore are high concentrations of Na (up to 160 mg/l) and 

Cl (up to 59 mg/l). It seems to be caused by salinity. Concentrations of Mn in Jessore are 

relatively higher than the other 2 districts. Furthermore, the result of each Observation Hole in 
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Jessore shows variation by depth. The results of Mn at shallow depths show relatively higher 

than deep ones. Depths of 50, 100, 150 and 300 m in JS-1 site samples show 1.7, 0.93, 0.96 and 

0.65 mg/l (OH-JS1-1-SIP-140 min. to OH-JS1-4-SIP-140 min) of Mn, respectively. JS-2 site 

also shows the same tendency as JS-1. Some high concentrations of COD (up to 180 mg/l) are 

found in samples of the pumping test in JS-1. As Mn in Jessore, results of COD concentrations 

at shallow depths show relatively higher than at deep ones. 

 

2) Deep Observation Holes in Model Rural Areas 
The results of the laboratory chemical analysis in deep observation holes, which were initially 

drilled as core boring and later converted into observation holes, are shown in Table 1.4.2 in the 

Data Report. From these data, some general characteristics are observed as mentioned below. 

All samples of Core Borings show a near neutral range of pH. Its range is 6.90 to 7.88. The 

most notable characteristic of the samples is the reducing state. All samples have less than 180 

mV of ORP. Fe and Mn concentrations are relatively high in Core Borings. 57.1% of samples 

contain more than 1 mg/l of Fe and 47.6% contain more than 0.1 mg/l of Mn. NO3 and NO2 

levels are low or lower than PQL in all samples of Core Borings. On the other hand, NH4 levels 

are high in many samples. 47.6% of the samples contain more than 1 mg/l of NH4. All SO4 

results show below PQL. These data (Fe, Mn, NO3, NO2, NH4, SO4 ) also indicate that 

groundwater in the study area is in a reducing state. 

EC values are all less than 100 mS/m. From the results of EC, samples are likely to be almost 

fresh groundwater. Trace elements and heavy metals in samples are generally low. All samples 

contain less than 45 mg/l of Mg. All samples contain below 1 mg/l of F. All samples contain 

below PQL of Cd and Cr. 81.0% of the samples contain below PQL of Cu. 95.2% of the samples 

contain below PQL of CN. All samples are below PQL of Pb. All samples are below PQL of Hg. 

95.2% of the samples contain below 0.01 mg/l of Ni. 90.5% of the samples are below 0.01 mg/l 

of Zn. COD concentrations are also low in samples. 71.4% of the samples are below PQL of 

COD. 

 

a. Bara Dudpatila Village, Chuadanga District 

Concentrations of Mn are relatively higher (up to 0.51 mg/l) than the other 2 districts. However, 

the results are sometimes fluctuant. Fe levels are also relatively higher (up to 15 mg/l) than the 

other 2 districts. However, CB-CDBd-0 m shows extremely high concentrations of Fe. It may be 

due to the casing pipe of the Core Boring tube well rather than natural sources in the deep 

aquifer. Concentrations of NO3 are lower than the other 2 districts and are all below PQL. On 

the other hand, concentrations of NH4 are relatively higher (up to 1.8 mg/l) than the other 2 

districts 
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b. Krishna Chandrapur Village, Jhenaidah District 

Generally, the chemical characteristics of the Core Boring in Krishna Chandrapur show that of 

fresh groundwater. However, it is notable that CB-JHKc-1 m to 2 m are likely to show some 

influence of salinity such as high concentrations of Na, Cl, and F (up to 200 mg/l, 96 and 0.6 

mg/l, respectively) and low concentrations of HCO3, Ca, and Mg. The cause is unknown for 

now. 

 

c. Rajnagar Bankabarsi Village, Jessore District  

The most notable characteristics in the village are relatively high concentrations of Na (up to 

140 mg/l) and Cl (up to 45 mg/l) because of salinity. Hardness results are stable and lower (up 

to 43.1 mg/l) than the other 2 sites. Concentrations of Mn are relatively lower (up to 0.20 mg/l) 

than the other 2 districts. However, the data from the last 2 monitorings show 0.1 mg/l and over 

of Mn although the other 2 sites’ data also show some increase in Mn. Concentrations of Fe in 

the village are lower than the other 2 districts. All results show less than 1 mg/l. Concentrations 

of HCO3, Ca and Mg are lower than the other 2 districts. The results show up to 351, 27 and 17 

mg/l, respectively. Concentrations of F are stable and relatively higher (up to 0.41 mg/l) than the 

other 2 districts. Some high concentrations of NO2 (up to 2.2 mg/l) are found in Rajnagar 

Bankabarsi though the other 2 districts’ results are all below PQL. 

 

3) Improved Deep Wells in the Model Rural Areas 
The results of the laboratory chemical analysis for Improved Deep Well samples were shown in 

Table 1.5.2 in the Data Report. From these data, some general characteristics are observed as 

mentioned below. 

All samples of Improved Deep Well show a near neutral range of pH. Its range is 6.84-7.95. pH 

results in Bankabarsi are relatively higher (up to 7.95) than the other 2 districts. ORP values are 

relatively low and have some variation. Its range is between 27.9 to 284 mV. EC shows from 

45.5 to 106 mS/m. NO3, NO2 are low or lower PQL in almost all the samples of Improved Deep 

Wells. On the other hand, NH4 are high in many samples. 63.0% of samples contain more than 1 

mg/l of NH4. Fe and Mn concentrations are relatively high in Improved Deep Wells. 69.4% of 

the samples contain more than 1 mg/l of Fe and 63.9% contain more than 0.1 mg/l of Mn. All 

SO4 results are below PQL. These data (Fe, Mn, NO3, NO2, NH4, SO4) also indicate that 

groundwater in the study area is in a reducing state. 

Trace elements and heavy metals in samples are generally low. All samples contain 30 mg/l or 

below of Mg. All samples contain below 0.5 mg/l of F. All samples are below PQL of Cd and Cr. 

88.9% of the samples are below PQL of Cu. All samples contain below 0.03 mg/l of CN. 77.8% 

of the samples are below PQL of Pb. All samples are below PQL of Hg. 97.2% of the samples 

contain below 0.01 mg/l of Ni. 88.9% of the samples contain below 0.1 mg/l of Zn.  
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COD concentrations are also low in the samples. 88.9% of the samples are below PQL of COD. 

 

a. Bara Dudpatila Village, Chuadanga District 

Concentrations of Zn are relatively higher (up to 0.18 mg/l) than the other 2 districts. However, 

the results are sometimes fluctuant. Na is relatively lower (up to 18 mg/l) than the other 2 

districts. NO3 is relatively higher (up to 3.8 mg/l) than the other 2 districts. High concentrations 

(up to 2.5 mg/l) of NO2 are also found in Dudpatila. On the other hand, NH4 concentrations are 

relatively lower than other 2 districts. 

 

b. Krishna Chandrapur Village, Jhenaidah District 

EC values are higher than the other 2 districts. The results show up to 106 mS/m. TDS and 

hardness are higher than the other 2 districts. The results show up to 608 and 164 mg/l 

respectively. IM-JHKc-1-0 m to 3 m show extremely high concentrations of Fe (from 3.2 to 9.8 

mg/l). Concentrations of HCO3, Ca and Mg in Chandrapur are relatively higher than the other 2 

districts. The results show up to 557, 130 and 30 mg/l respectively. 

 

c. Rajnagar Bankabarsi Village, Jessore District  

Results of pH in Rajnagar Bankabarsi are higher than the other 2 districts. pH in Bankabarsi is 

from 7.05 to 7.95. PH for the other 2 districts shows from 6.84 to 7.23. The most notable 

characteristics in Bankabarsi are relatively high concentrations of Na (up to 71 mg/l) and Cl (up 

to 13 mg/l) because of salinity. Hardness results are stable and lower (up to 58.1 mg/l) than the 

other 2 sites. Some high concentrations of NO2 (up to 2.0 mg/l) are found in Bankabarsi though 

the other 2 districts’ results are all below PQL. It is notable that some results of NH34 are 

extremely high (up to 8.4 mg/l) in Bankabarsi though the other 2 districts’ results are relatively 

low. Concentrations of Fe in Bankabarsi are relatively lower (up to 1.5 mg/l) than the other 2 

districts. Concentrations of HCO3, Ca and Mg in Bankabarsi are relatively lower than the other 

2 districts. The results show up to 328, 41 and 19 mg/l respectively. 

 

4) Existing Wells in the Study Area 
As mentioned in Chapter 4.4, a total of 30 existing wells among the 300 exiting wells were 

elected to perform the general water quality analysis. The samples were collected in the rainy 

season and the dry season. The results of the laboratory chemical analysis for the Existing Wells 

Survey were shown in Table 1.1.3 to 1.1.4 in the Data Report. From these data, some general 

characteristics are observed as mentioned below. 

The constituents of the Existing Wells Survey are the existing wells (35 to 50 m in depth) and 

production wells (85 to 135 m in depth). All samples show a near neutral range of pH. Its range 

is 6.2 to 8.3. High EC value sites (EW-JARj-R-[85], EW-JKPj-R-[102]) are found in the 
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southern part of Jessore (up to 258 mS/m in the rainy season, up to 227 mS/m in the dry season). 

Other EC values are in the range between 26.6 and 112 mS/m (Figure 5.5.1). High TDS values 

(up to 1,650 mg/l in the rainy season, up to 1,450 mg/l in the dry season) are shown in the same 

sites of high EC (Figure 5.5.2). Other TDS values are in the range between 170 and 718 mg/l. 

High Na and Cl are also found from the same sites of high EC (up to 400 mg/l, 570 mg/l 

respectively, Figures 5.5.3 and 5.5.4). These data (EC, TDS, Na, Cl) show that these 2 sites are 

affected by salinity. One result of an existing well shows extremely high concentrations of NO3 

(180 mg/l) in the southern part of Jessore. However others show low concentrations (up to 16 

mg/l). Some high concentrations of NO2 (up to 4.2 mg/l) are found from existing wells. As 

compared with production wells, NO3 and NO2 concentrations in existing wells are higher 

(Figures 5.5.5 and 5.5.6). NH4 concentrations are extremely high (up to 20 mg/l) for both 

existing wells and production wells. Fe concentrations are high in samples from existing wells 

(up to 11 mg/l). Though individual data fluctuates, Fe in existing wells is higher than production 

wells on the whole. 65.0% of all samples (existing wells and production wells) contain more 

than 1 mg/l of Fe (Figure 5.5.7). Mn concentrations are also high in all existing wells and 

production wells (up to 1.5 mg/l). 90.0% of all samples (existing wells and production wells) 

are more than 0.1 mg/l of Mn. The NH4 concentrations are high in the dry season (Figure 5.5.8). 

These data (NO3, NO2, NH4, Fe, Mn) indicate that the groundwater of existing wells and 

production wells are in a reducing state. However, some high concentrations of SO4 are also 

found in existing wells and production wells (up to 46 mg/l, 30 mg/l respectively). 

Trace elements and heavy metals in samples are generally low but some results show high 

concentrations of them. It can be said that the concentrations in production wells are lower than 

existing wells on the whole. Regarding Cd, 23.9% of the samples for existing wells are above 

PQL though all samples for production wells show below PQL. In the case of Cr, 50.0% of the 

samples from existing wells are above PQL though all samples for production wells show below 

PQL. Regarding Pb, 19.6% of the samples from existing wells are above PQL though all 

samples for production wells show below PQL. Concerning Ni, 60.9% of the samples for 

existing wells are above PQL though only 7.1% of the samples for production wells show below 

PQL (Figure 5.5.9). It is notable that Zn concentrations in production wells are higher than 

existing wells on the whole (Figure 5.5.10). The difference of aquifers used is one possibility. 

Another possibility is contamination from the facility such as the pipeline. 

High COD concentrations are found in samples from existing wells (up to 160 mg/l) though all 

samples from production wells show below PQL 

 

5) Existing Wells in the Model Rural Areas 
The results of the laboratory chemical analysis for the groundwater of existing wells in the 

Model Rural Villages were shown in Table 1.2.1 to 1.2.7 in the Data Report. From each village, 
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five (5) groundwater samples were collected and analyzed. From these data, some general 

characteristics are observed as mentioned below. 

All samples show a near neutral range of pH. Its range is 6.83 to 7.82. High EC values are 

shown in Rajnagar Bankabarsi village (up to 297 mS/m). The other 2 villages show lower EC 

from 38.6 to 160 mS/m. High TDS values are shown in Rajnagar Bankabarsi village (up to 

1,700 mg/l). The other 2 villages show lower TDS from 372 to 618 mg/l. High concentrations of 

NO2 are found from Bara Dudpatila village (up to 4.0 mg/l) though the other 2 villages show at 

most 0.3 mg/l of NO2. NH4 are high in many samples in all 3 villages. 73.3% of the samples 

contain more than 1 mg/l of NH4. Fe concentrations are high in 3 villages. 60.0% of the samples 

contain more than 1 mg/l of Fe. Mn concentrations are high in Bara Dudpatila and Krishna 

Chandrapur Village. 70.0% of the samples of 2 villages contain more than 0.1 mg/l of Mn. In 

Rajnagar Bankabarsi village, all results of Mn show below PQL. Two results of SO4 

(BS-CDBd-EW-060, BS-JSRb-EW-048) show high concentrations although others are below 

PQL. 

Trace elements and heavy metals in the samples are generally low but some results show high 

concentrations of them. Samples in Rajnagar Bankabarsi village show high Mg concentrations 

(from 38 to 47 mg/l) though the other 2 villages show low concentrations of that. All samples in 

3 villages have below 0.6 mg/l of F. All samples are below PQL of Cd. 93.3% of the samples are 

below PQL of Cr. 80.0% of the samples are below PQL of Cu. All samples are below 0.02 mg/l 

of CN. Two results exceed 0.01 mg/l of Pb. All samples are below PQL of Hg. 93.3% of the 

samples are below 0.025 mg/l of Ni. 93.3% of the samples are below PQL of Zn. Some high 

concentrations (up to 44 mg/l) of COD are found in Krishna Chandrapur and Rajnagar 

Bankabarsi villages. 

 

6) Existing Pond Water in the Model Rural Areas 
Although pond water is not groundwater, the results of the general water quality analysis 

carried out for pond water in the model rural areas are mentioned here for the purpose of 

comparison with groundwater quality. The results of the laboratory chemical analysis for pond 

water of Model Rural Villages were shown in Table 1.2.8 in the Data Report. From these data, 

some general characteristics are observed as mentioned below. 

It is notable that the results of pond water are distinctive from groundwater. This difference 

seems to have occurred due to oxidation through contact with air. Contamination caused by 

human activity is another possible reason of this. High Concentrations of NO3 and NO2 (up to 

42 mg/l, 6.6 mg/l respectively) are found in Chandrapur, and Bankabarsi villages. In Dudpatila, 

though only 2 samples, NO3 and NO2 are below PQL (Figures 5.5.11 and 5.5.12). On the other 

hand, concentrations of NH4 are lower than in shallow groundwater (Figure 5.5.13). 85.2% of 

the pond water contains below 1.0 mg/l of NH4. Concentrations of SO4 (up to 8.0 mg/l), K (up 
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to 62 mg/l) and F (up to 3.6 mg/l) are higher than in shallow groundwater (Figures 5.5.14, 

5.5.15, and 5.5.16). Na (up to 46 mg/l) is slightly higher than in Krishna Chandrapur and Bara 

Dudpatila villages, but lower than in Rajnagar Bankabarsi village. 

Trace elements and heavy metals in samples are generally low but some results show high 

concentrations of them. 88.9% of the samples show below 15 mg/l of Mg (Figure 5.5.17). Fe 

concentrations are below PQL in the pond water (Figure 5.5.18). Mn concentrations near the 

Bangladeshi standard value were detected in samples from the pond water in Krishna 

Chandrapur village, whereas the shallow groundwater in Bara Dudpatila village and some wells 

in Krishna Chandrapur village is highly contaminated by Mn (Figure 5.5.19). Total hardness is 

higher in the shallow groundwater (Figure 5.5.20). Ca concentrations in pond water are less than 

the Bangladeshi standard value but all the samples of shallow groundwater exceed the standard 

(Figure 5.5.21). All samples are below PQL of Cd and Cr. 88.9% of the samples are below PQL 

of Cu (up to 0.0070 mg/l). All samples contain below 0.06 mg/l of CN. All samples are below 

PQL of Pb, Hg and Ni. 85.2% of the samples are below PQL of Zn. 

COD shows high concentrations (up to 78 mg/l). 37.0% of the samples exceed 20 mg/l of COD 

(Figure 5.5.22). This high concentration may be due to contamination by human activity. 

 

5.5.4 Monitoring Results of General Groundwater Quality 
1) Trilinear Diagram Analysis  

a. Pourashava Observation Wells/Holes 

a.1. CH-1 Site [Poshu Hat, Chuadanga Pourashava] 

Figure 5.5.23 shows the trilinear diagram of observation well/holes at CH-1 site. The general 

groundwater quality was analyzed for the samples before the pumping test and during the 

pumping test, and the samples from monthly monitoring. For the observation well, the sample 

during the pumping test was collected 48 hours after the pumping started. For the observation 

holes, the samples were collected twice: 30 minutes and 140 minutes after the pumping started. 

From the diamond-shaped diagram, all the samples are plotted on the left-hand side, showing 

(Ca+Mg) - HCO3 type groundwater. In cations, Ca is the major component, occupying more 

than 50% of the total meq/l. In anions, more than 90% of the total meq/l are occupied by HCO3. 

In the Ch-1 well, the sample from before the pumping test shows a slightly different chemical 

composition in cations, but the samples during the pumping test and monitoring are plotted in 

almost the same domain in the cation diagram. The samples from observation holes during the 

pumping test show that the percentage of Ca in cations increased and that of (Na+K) decreased 

with time. 

 

a.2. CH-2 Site [Girls College, Chuadanga Pourashava] 

Figure 5.5.24 shows the trilinear diagram of observation well/holes at CH-2 site. The general 
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groundwater quality was analyzed for the samples before the pumping test and during the 

pumping test, and the samples from monthly monitoring. For the observation well, the sample 

during the pumping test was collected 48 hours after the pumping started. For the observation 

holes, the samples were collected twice: 30 minutes and 140 minutes after the pumping started. 

From the diamond-shaped diagram, all the samples are plotted on the left-hand side, showing 

(Ca+Mg) - HCO3 type groundwater. In cations, Ca is the major component in most samples, 

occupying more than 50% of the total meq/l. However, the percentages of Mg to the total 

cations increased in the samples collected in June and August 2001. In anions, more than 90% 

of the total meq/l are occupied by HCO3. 

In the Ch-2 well, the percentages of (Na+K) in cations are relatively stable, ranging from 8 to 

20% of the total meq/l. However, the percentages of Mg and Ca greatly vary during the 

monitoring period. Higher Mg and lower Ca was observed in June and August. The samples of 

observation holes during the pumping test show that the percentage of Ca in cations increased 

and that of (Na+K) decreased with time. 

 

a.3 JH-1 Site [Arabpur, Jhenaidah Pourashava] 

Figure 5.5.25 shows the trilinear diagram of observation well/holes at JH-1 site. The general 

groundwater quality was analyzed for the samples before the pumping test and during the 

pumping test, and the samples from monthly monitoring. For the observation well, the sample 

during the pumping test was collected 48 hours after the pumping started. For the observation 

holes, the samples were collected twice: 30 minutes and 140 minutes after the pumping started. 

From the diamond-shaped diagram, all the samples are plotted on the left-hand side, showing 

(Ca+Mg) - HCO3 type groundwater. In cations, Ca is the major component in most samples, 

occupying more than 50 to 75 % of the total meq/l. However, the percentages of Ca decreased 

below 40%in July and September 2001. In anions, more than 90% of the total meq/l are 

occupied by HCO3. 

In the Jh-1 well, the percentages of Mg in cations are relatively stable, ranging from 30 to 45% 

of the total meq/l. However, the percentages of Ca and (Na+K) vary relatively greatly during the 

monitoring period. Higher (Na+K) and lower Ca was observed in July and September. The 

samples from observation holes during the pumping test show that the percentage of Ca in 

cations increased with time particularly in Jh-1-1 and Jh-1-2 holes. 

 

a.4 JH-2 Site [Hamdah, Jhenaidah Pourashava] 

Figure 5.5.26 shows the trilinear diagram of observation well/holes at JH-2 site. The general 

groundwater quality was analyzed for the samples before the pumping test and during the 

pumping test, and the samples from monthly monitoring. For the observation well, the sample 

during the pumping test was collected 48 hours after the pumping started. For the observation 
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holes, the samples were collected twice: 30 minutes and 140 minutes after the pumping started. 

From the diamond-shaped diagram, all the samples are plotted on the left-hand side, showing 

(Ca+Mg) - HCO3 type groundwater. In cations, Ca is the major in the observation holes, 

however, Mg became the major cation in Jh-2 well in the samples from August 2001. In anions, 

more than 90% of the total meq/l are occupied by HCO3.  

In the Jh-2 well, the percentages of Ca in cations were more than 50% of the total meq/l until 

the pumping test time, but in the monitoring period the percentage decreased to 30 to 40%. The 

samples of observation holes during the pumping test show that the percentage of Ca in cations 

increased with time, particularly in Jh-2-4 and Jh-2-2 holes. 

 

a.5. JS-1 Site [Ghop, Jessore Pourashava] 

Figure 5.5.27 shows the trilinear diagram of observation well/holes at JS-1 site. The general 

groundwater quality was analyzed for the samples before the pumping test and during the 

pumping test, and the samples from monthly monitoring. For the observation well, the sample 

during the pumping test was collected 48 hours after the pumping started. For the observation 

holes, the samples were collected twice: 30 minutes and 140 minutes after the pumping started. 

From the diamond-shaped diagram, most of the samples are plotted on the left-hand side, 

showing (Ca+Mg) - HCO3 type groundwater. However, the plotted domain is located slightly 

lower than that of Chuadanga and Jhenaidah samples. The sample of Js-1-4 before pumping test 

shows (Na+K) - HCO3 type. In cations, Ca is the major in the observation holes, ranging from 

30 to 60 % of the total meq/l. The percentage of Na is relatively higher than that of Chuadanga 

and Jhenaidah, ranging from 15 to 45% of the total meq/l. In anions, more than 84% of total 

meq/l are occupied by HCO3.  

In the Jh-2 well, the percentage of Ca in cations was more than 48% until the pumping test time, 

but it decreased below 40% in August and September. In October, the Ca percentage again 

showed more than 45% of the total meq/l in cations. The samples of observation holes during 

the pumping test show that the percentage of Ca in cations increased with time particularly in 

Js-1-4 hole. 

 

a.6. JS-2 Site [Kharki, Jessore Pourashava] 

Figure 5.5.28 shows the trilinear diagram of observation well/holes at JS-2 site. The general 

groundwater quality was analyzed for the samples before the pumping test and during the 

pumping test, and the samples from monthly monitoring. For the observation well, the sample 

during the pumping test was collected 48 hours after the pumping started. For the observation 

holes, the samples were collected twice: 30 minutes and 140 minutes after the pumping started. 

From the diamond-shaped diagram, most of the samples are plotted on the left-hand side, 

showing (Ca+Mg) - HCO3 type groundwater. However, the plotted domain is located slightly 
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lower than that of Chuadanga and Jhenaidah samples. The sample of Js-2-4 before the pumping 

test shows (Na+K) - HCO3 type. In cations, it is characterized that the Mg percentage shows a 

relatively narrow range of variation, ranging from 20 to 30% for most samples. On the other 

hand, the percentages of (Na+K) and Ca range from 10 to 65% and 19 to 60%, respectively. In 

anions, more than 80% of the total meq/l are occupied by HCO3. However, compared with JS-1 

site, the Cl percentage is slightly higher in JS-2 site. 

In the Jh-2 well, the percentage of Mg in cations slightly increased in September 2001. The 

samples of deep groundwater taken from Js-2 well and Js-2-4 hole show a slightly different 

chemical composition from shallow groundwater, having higher (Na+K) and lower Ca. The 

samples of observation holes during the pumping test show that the percentage of Ca in cations 

increased with time, particularly in Js-2-4 hole. 

 

b. Deep Observation Holes in the Model Rural Areas 

Figure 5.5.29 shows the trilinear diagram of deep groundwater taken from the observation holes 

in the model rural areas. The general groundwater quality was analyzed in the monthly 

monitoring program.  

From the diamond-shaped diagram, it is evaluated that the deep groundwater in Bara Dudpatila 

village shows a (Ca+Mg) - HCO3 type of chemical composition. On the other hand, the deep 

groundwater in Rajnagar Bankabarsi village shows to be (Na+K) - HCO3 type. The deep 

groundwater in Krishna Chandrapur generally shows to be (Ca+Mg) - HCO3 type but showed to 

be (Na+K) - HCO3 type in June and July 2001. 

In cations, (Na+K) is always less than 20% in Bara Dudpatila village; But the Mg percentage 

jumped up more than 50% in August. The cations of the deep groundwater in Krishna 

Chandrapur are characterized by a higher percentage of Ca. The groundwater in Rajnagar 

Bankabarsi is rich in (Na+K). In anions, more than 80% of the total meq/l are occupied by 

HCO3. However, the samples from Rajnagar Bankabarsi and one sample from Krishna 

Chandrapur have Cl percentages of 10 to 20% and 27%, respectively. 

 

c. Improved Deep Wells in the Model Rural Areas 

c.1. Bara Dudpatila Village, Chuadanga District 

Figure 5.5.30 shows the trilinear diagram of groundwater taken from the improved deep wells in 

Bara Dudpatila village. The general groundwater quality was analyzed in the monthly 

monitoring program.  

From the diamond-shaped diagram, the deep groundwater in Bara Dudpatila village shows a 

(Ca+Mg) - HCO3 type of chemical composition. 

In cations, Ca is dominant, occupying 60 to 70%. The percentages of (Na+K) and Mg, are 5 to 

15% and 20 to 30%, respectively. In anions, more than 97% of the total meq/l are occupied by 
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HCO3. 

During the monitoring, the changes in cation composition can be traced as shown in the figure. 

From the figure, the change of Type-C well is different from the other wells, indicating that the 

mechanical sealing method employed in the well may be not functioning properly. 

 

c.2. Krishna Chandrapur Village, Jhenaidah District 

Figure 5.5.31 shows the trilinear diagram of groundwater taken from the improved deep wells in 

Krishna Chandrapur village. The general groundwater quality was analyzed in the monthly 

monitoring program. 

From the diamond-shaped diagram, the deep groundwater shows a (Ca+Mg) - HCO3 type of 

chemical composition. 

In cations, Ca is dominant, occupying 60 to 70%. The percentages of (Na+K) and Mg are 5 to 

15% and 18 to 27 %, respectively. In anions, more than 97% of the total meq/l are occupied by 

HCO3. 

During the monitoring, the changes in cation composition can be traced as shown in the figure. 

From the figure, the composition of Type-A well in March 2001 is different from the other wells. 

In addition, the composition of Type-B well in June is different from the others. Although the 

plots of the three (3) wells showed a similar pattern from February to March, the difference 

from the 2nd month of the monitoring suggest that the effectiveness of sealing or other reasons 

such as the difference of water use conditions may have caused the slight difference in water 

quality. 

 

c.3. Rajnagar Bankabarsi Village, Jessore District 

Figure 5.5.32 shows the trilinear diagram of groundwater taken from the improved deep wells in 

Rajnagar Bankabarsi village. The general groundwater quality was analyzed in the monthly 

monitoring program. 

From the diamond-shaped diagram, the deep groundwater shows a type between (Ca+Mg) - 

HCO3 and (Na+K) - HCO3 in chemical composition. 

In cations, (Na+K) is slightly high, occupying 40 to 50%. The percentages of Ca and Mg, are 27 

to 37% and 20 to 30 %, respectively. In anions, more than 92% of the total meq/l are occupied 

by HCO3. 

During the monitoring, the changes in cation composition can be traced as shown in the figure. 

From the figure, the changes in cation composition of the three (3) wells show similar patterns, 

indicating that the effectiveness of the sealing methods have no significant difference. 
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2) Changes in Groundwater Level and Groundwater Quality  

a. Pourashava Observation Wells/Holes 

a.1. CH-1 Site [Poshu Hat, Chuadanga Pourashava] 

Figure 5.5.33 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (As, Fe, and HCO3) in Ch-1 observation well. 

The stiff diagrams show that there is no significant change in chemical composition; however, 

the size of the diagrams is slightly smaller when the water level declined. In the high water 

period from September to October, the concentration of Ca and HCO3 increased. 

The graphs of As concentration and HCO3 concentration show similar patterns; however, it 

should be noted that the dissolved iron was high when the arsenic level was low. 

Figure 5.5.34 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (NH4, Fe, and Mn) in Ch-1 observation well. 

The NH4 concentration was above 1.0 mg/l in February 2001, but it gradually declined from 

March to June. The concentration slightly increased from September to October. The Mn 

concentration was lower than 0.1 mg/l from February to April, but it showed more than 0.3 mg/l 

from June. In October it went up to above 0.8 mg/l. 

 

a.2. CH-2 Site [Girls College, Chuadanga Pourashava] 

Figure 5.5.35 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (As, Fe, and HCO3) in Ch-2 observation well. 

The stiff diagrams show that the sizes of the diagrams are smaller from June to September 

particularly when the groundwater level slightly declined on the way to reaching the highest 

water level in October. The samples from June and August show smaller concentration of Ca. In 

October, the concentration of Ca and HCO3 increased. 

Although the As concentration in the well is very small, there is an inversely proportional 

relationship between As and Fe. The HCO3 curve resembles the curve of Fe. 

Figure 5.5.36 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (NH4, Fe, and Mn) in Ch-2 observation well. 

The NH4 concentration was below 0.5 mg/l until September 2001, but it rose up to more than 

1.0 mg/l in October. The Mn concentration was higher than 0.3 mg/l in March, but it showed 

below 0.1 mg/l from April to October. 

 

a.3. JH-1 Site [Arabpur, Jhenaidah Pourashava] 

Figure 5.5.37 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (As, Fe, and HCO3) in Jh-1 observation well. 

The stiff diagrams show that the sizes of the diagrams are smaller from July to September when 

the water level rose and started to decline. The decrease in Ca is particularly observed. In 

 5-196



Chapter 5  Investigation of Deep Aquifers 
 Main Report 

October, the concentration of Ca and HCO3 increased. 

Although the As concentration became smaller than 0.01 mg/l from June, the Fe concentration 

greatly fluctuated between 2 and 10 mg/l irregularly. The HCO3 concentration decreased from 

490 mg/l in April to 360 mg/l in July. The changing pattern of HCO3 is similar to that of As 

concentrations. 

Figure 5.5.38 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (NH4, Fe, and Mn) in Jh-1 observation well. 

The NH4 concentration was smaller than 0.2 mg/l and had a tendency to decrease over time. The 

Mn concentration was higher than 0.1 mg/l from April to August, but it declined below 0.05 

mg/l in September and October. 

 

a.4. JH-2 Site [Hamdah, Jhenaidah Pourashava] 

Figure 5.5.39 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (As, Fe, and HCO3) in Jh-2 observation well. 

The stiff diagrams show that the sizes of the diagrams are smaller from July to September when 

the water level rose and started to decline. The decrease in Ca is particularly observed. In Jh-2 

well, the size is still smaller in October. 

Although the As concentration became smaller than 0.01 mg/l from July, the changing patterns 

of As, Fe and HCO3 show similar patterns. The Fe concentration was above 2.0 mg/l in June, 

but it declined below 0.5 mg/l in July. It again went up to 1.8 mg/l, and then declined below 0.5 

mg/l. The HCO3 concentration was as high as 460 mg/l in June, but it decreased below 300 mg/l 

in July and August. 

Figure 5.5.40 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (NH4, Fe, and Mn) in Jh-2 observation well. 

The NH4 concentration was smaller than 0.2 mg/l and decreased over time. The Mn 

concentration was always below 0.05 mg/l. 

 

a.5. JS-1 Site [Ghop, Jessore Pourashava] 

Figure 5.5.41 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (As, Fe, and HCO3) in Js-1 observation well. 

The stiff diagrams show that the shapes of the diagrams are similar over time. 

Although the As concentration was always smaller than 0.004 mg/l, the level decreased from 

September to November. However, the Fe concentration was still high above 0.8 mg/l in 

September. The HCO3 concentration decreased in August at 430 mg/l, and then it went up to 

nearly 500 mg/l in October. 

Figure 5.5.42 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (NH4, Fe, and Mn) in Js-1 observation well. 
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The NH4 concentration was smaller than 0.2 mg/l from August to October. The Mn 

concentration was increasing from 0.13 mg/l in July to 1.2 mg/l in October. 

 

a.6. JS-2 Site [Kharki, Jessore Pourashava] 

Figure 5.5.43 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (As, Fe, and HCO3) in Js-2 observation well. 

The stiff diagrams show that the shapes of the diagrams are similar over time. 

Although the As concentration was always smaller than 0.002 mg/l, the level decreased from 

September to October. However, the Fe concentration increased from 0.86 mg/l in August to 

10.0 mg/l in September. The HCO3 concentration also increased from 429 mg/l in August to 507 

mg/l in September. 

Figure 5.5.44 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (NH4, Fe, and Mn) in Js-2 observation well. 

The NH4 concentration declined from 0.38 to below 0.1 mg/l from August to October. The Mn 

concentration was high in September at 2.3 mg/l. 

 

2) Deep Observation Holes in the Model Rural Areas 

a. Bara Dudpatila Village, Chuadanga District  

Figure 5.5.45 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (As, NH4, Fe, and Mn) in Ch-CB-2 observation hole. 

The stiff diagrams show that the size of the diagrams is small when the groundwater level was 

lowest in the dry season. But the size became larger from June to August when water level went 

up. 

The As concentration was always smaller than 0.01 mg/l and there is no significant correlation 

with the groundwater level change. The NH4 concentration declined from 1.76 mg/l in January 

to 0.72 mg/l in April. But a slight increase in NH4 concentrations was observed from June to 

August. The Fe concentration was very high at 15 mg/l in April. But the value declined to 1.0 

mg/l in April and then ranged from 2.5 to 4 mg/l. The Mn concentration once decreased below 

0.1 mg/l in March and April, but increased up to 0.5 mg/l in July. 

 

b. Krishna Chandrapur Village, Jhenaidah District  

Figure 5.5.46 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (As, NH4, Fe, and Mn) in Jh-CB-2 observation hole. 

The stiff diagrams show that the shapes of the diagrams changed in June and July, showing 

(Na+K) dominated in cations and Cl concentrations increased in anions. However, from August 

to November the shape returned to Ca-HCO3 type. 

The As concentration exceeded the Bangladeshi standard value of 0.05 mg/l from August and 
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then reached 0.1 mg/l in November. The NH4 concentration also went up from 0.12 mg/l in July 

to 1.57 mg/l in August. From September the value ranged from 1.2 to 1.5 mg/l. The Fe 

concentration jumped up to above 3.0 mg/l in July, and then ranged from 2.0 to 3.0 mg/l. The 

Mn concentration gradually increased from May to October. It was below 0.1 mg/l in May and 

June, but the value reached 0.24 mg/l in October. 

 

c. Rajnagar Bankabarsi Village, Jessore District  

Figure 5.5.47 shows the changes in groundwater level with stiff diagrams and groundwater 

quality (As, NH4, Fe, and Mn) in Js-CB-2 observation hole. 

The stiff diagrams show that the (Na+K) - HCO3 type all the time, and the size of the diagrams 

are also almost stable.  

The As concentration was very low in the observation hole. The NH4 concentration was below 

0.2 mg/l from May to August, but it rose from September and exceeded 1.0 mg/l in October. 

The Fe concentration was below 0.3 mg/l from May to August. But the value exceeded 0.3 mg/l 

in September and October. The Mn concentration was low from May to September, but it 

reached 0.1 mg/l in October. 

 

d. Improved Deep Wells in the Model Rural Areas 

d.1. Bara Dudpatila Village, Chuadanga District 

Figure 5.5.48 shows the changes in arsenic concentrations with stiff diagrams and groundwater 

quality (NH4, Fe, and Mn) in the improved deep wells in Bara Dudpatila village. 

The arsenic concentrations in all three (3) wells were above the Bangladeshi standard value of 

0.05 mg/l. They rose from July to September and declined from October to December. 

The general groundwater quality was analyzed for the samples taken from March to June 2001. 

The stiff diagrams show that the groundwater is Ca - HCO3 type. The shape and the size of the 

diagrams are almost the same and did not change during the period. In the period, NH4 

concentrations varied from 0 to 2.0 mg/l. In June, all the improved wells had NH4 

concentrations above 1.5 mg/l. The Fe concentrations are generally high in the wells. It was 

more than 5.0 mg/l in Type-C well. From April to June, the concentrations ranged from 2.0 to 

3.0 mg/l. The Mn concentrations tend to increase from March to June. The values ranged from 

0.1 to 0.3 mg/l. 

 

d.2. Krishna Chandrapur Village, Jhenaidah District 

Figure 5.5.49 shows the changes in arsenic concentrations with stiff diagrams and groundwater 

quality (NH4, Fe, and Mn) in the improved deep wells in Krishna Chandrapur village. 

The arsenic concentrations in all three (3) wells exceeded the Bangladeshi standard value of 

0.05 mg/l from July to September.  
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The general groundwater quality was analyzed for the samples taken from February to June 

2001. The stiff diagrams show that the groundwater is Ca - HCO3 type. The shape and the size 

of the diagrams are almost the same and did not change during the period. In the period, NH4 

concentrations increased greatly particularly in Type-A and Type-C wells. The rise in 

concentrations started March in Type-A well. In Type-C well, the concentration significantly 

increased from May to June. In June, the NH4 concentrations of Type-A and Type-C wells show 

4.0 to 5.0 mg/l, whereas the value of Type-B well is 1.5 mg/l. The Fe concentration of Type-A 

well is also the highest among the three (3) wells. The Type-A well had more than 6.0 mg/l from 

March to June. The concentration of Type-C slightly increased to 4.0 mg/l in June. The 

concentration in Type-B well is almost stable, showing about 2.0 mg/l. The Mn concentration is 

also high in Type-A well, showing 0.3 to 0.5 mg/l in May to June. The concentrations in Type-B 

and Type-C wells are below 0.2 mg/l, but they tended to increase from April to June. 

 

d.3. Rajnagar Bankabarsi Village, Jessore District 

Figure 5.5.50 shows the changes in arsenic concentrations with stiff diagrams and groundwater 

quality (NH4, Fe, and Mn) in the improved deep wells in Rajnagar Bankabarsi village. 

The arsenic concentrations in all the three (3) wells were much lower than the WHO guideline 

value of 0.01 mg/l.  

The general groundwater quality was analyzed for the samples taken from November 2000 to 

March 2001. The stiff diagrams show that the groundwater is (Na+K) - HCO3 type. The shape 

and the size of the diagrams slightly changed in January 2001 but stayed almost the same for the 

rest of the period. 

In the period, NH4 concentrations were very high in January 2001, ranging from 6 to 9 mg/l. But 

the values declined to below 0.5 mg/l in February and showed 1.10, 1.18, and 0.18 mg/l in 

Type-A well, Type-B well, and Type-C well, respectively. The Fe concentrations were also high 

in January 2001, exceeding 1.2 mg/l. But they declined in February and slightly increased in 

March. The Mn concentrations were also high in January 2001, exceeding 0.15 mg/l. But from 

February to March, the values were below 0.1 mg/l. 

 

5.5.5 Relations between Arsenic and General Quality Parameters 
Based on the arsenic concentrations and other water quality parameters analyzed for the newly 

constructed observation wells/holes by the monthly monitoring program, the relationship of 

arsenic concentrations and water quality parameters were examined. 

 

1) Relation of HCO3 to As, Fe, Eh and pH 
Figure 5.5.51 shows the relationship between bicarbonate and As, Fe, Eh and pH in the 

observation well/holes. In the study area, the concentrations of HCO3 are generally high, 
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ranging from 200 to 550 mg/l. The groundwater samples having As concentrations more than 

0.05 mg/l show HCO3 concentrations ranging from 280 to 510 mg/l. The samples contaminated 

by arsenic have 1 to 6 mg/l of dissolved iron. There is a tendency that HCO3 concentrations 

increase with decreasing Eh values. A clearer correlation between HCO3 values and pH values 

are found in the figure, showing HCO3 values increase with decreasing pH. The samples 

contaminated by arsenic are plotted on the lower part of graph d) in the figure. 

 

2) Relation of Fe to As, NH4, Fe, Eh and pH 
Figure 5.5.52 shows the relationship between dissolved iron and As, NH4, Eh and pH in the 

observation well/holes. In the study area, the concentrations of Fe are generally high, ranging 

from 0 to 17 mg/l. The groundwater samples having As concentrations of more than 0.05 mg/l 

show Fe concentrations ranging from 1 to 6 mg/l. From the NH4 - Fe plots shown in graph b), 

the samples contaminated by As have higher values of both Fe and NH4. Graph c) shows that 

the Fe concentration increases with decreasing Eh. Most samples having Fe concentrations from 

5 to 15 mg/l show Eh values from -20 to +100 mV. However, the contaminated samples by As 

are limited in the upper-left part of the graph. The relation between Fe and pH shows an 

inversely proportional correlation. As shown in graph d), the samples having more than 5 mg/l 

in Fe show 6.8 to 7.5 in pH. 

 

3) Relation of Fe to As, NH4, Fe, Eh and pH 
Figure 5.5.53 shows the relationship between calcium and As, Mg, Eh and pH in the observation 

well/holes. In the study area, the concentrations of Ca range from 0 to 130 mg/l. The 

groundwater samples having As concentrations of more than 0.05 mg/l show Ca concentrations 

ranging from 60 to 150 mg/l. From the Mg - Ca plots shown in graph b), the samples 

contaminated by As have higher values of Ca and relatively lower values of Mg, indicating that 

the arsenic does not originate from mica weathering even though the core samples in the study 

area showed the grains are rich in mica. Graph c) shows that the samples contaminated by As 

are plotted in the upper left domain of the graph, showing the samples having relatively higher 

values of Eh and Ca. The pH-Ca plots clearly show that Ca concentrations increase with 

decreasing pH. The area of samples contaminated by arsenic is concentrated in the lower part of 

graph d). 

 

4) Relation of NH4 to As, HCO3, Eh and pH 
Figure 5.5.54 shows the relationship between ammonium and As, HCO3, Eh and pH in the 

observation well/holes. In the study area, the concentrations of NH4 range from 0 to 8.1 mg/l. 

The groundwater samples having As concentrations more than 0.05 mg/l show NH4 

concentrations ranging from 0 to 4.5 mg/l. From the HCO3 - NH4 plots shown in graph b), two 
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(2) groups of samples having higher value of As are identified. One has NH4 values from 1 to 2 

mg/l with HCO3 values around 500 mg/l. The other has NH4 values from 0 to 5 mg/l with HCO3 

values of 300 to 350 mg/l. As shown in graph c), there is no significant correlation between Eh 

and NH4. However, the samples containing more than 2 mg/l of NH4 are limited to having Eh 

values from 80 to 200 mV. The samples contaminated by arsenic are plotted in the upper left 

domain of the graph. The pH-NH4 plot shows that there are two (2) groups of samples having 

values of NH4 higher than 2 mg/l. One group has pH values from 6.8 to 7.2, and the other has 

pH values from 7.6 to 7.8. The samples contaminated by arsenic are concentrated in the former 

group. 

 

5) Relation of COD to As, NH4, Eh and pH 
Figure 5.5.55 shows the relationship between COD and As, NH4, Eh and pH in the observation 

well/holes. In the study area, the concentrations of COD range from 0 to 170 mg/l. The 

groundwater samples having As concentrations of more than 0.05 mg/l show COD 

concentrations ranging from 0 to 70 mg/l. From the NH4 - COD plots shown in graph b), highly 

contaminated samples with more than 0.1 mg/l of As have COD values from 40 to 70 mg/l and 

NH4 values from 1 to 4.5 mg/l. Graph c) shows that the samples having more than 50 mg/l in 

COD have Eh values from 0 to 70 mV, indicating that very high values of COD occur only 

under particular groundwater conditions. The relation between COD and arsenic concentrations 

suggest that the occurrence of arsenic may be related to the existence of organic materials. 

 

5.5.6 Comparison with Bangladesh Standard and WHO Guideline  
1) Observation Wells/Holes in Pourashava 
The results of the laboratory chemical analysis were compared with the Standard for Drinking 

Water in Bangladesh and the WHO Guideline Values for Drinking Water. The following 

descriptions show the results of observation wells/holes that have more than the Standard or the 

Guideline values. 

 

a. Nitrite (NO2) 

Nitrite is an intermediate oxidation state of nitrogen, both in the oxidation of ammonia to nitrate 

and in the reduction of nitrate. Such oxidation and reduction occurr in groundwater. The 

toxicologic significance of nitrosation reactions in vivo and in the natural environment is the 

subject of much current concern and research. 

The Standard in Bangladesh and the WHO Guideline for nitrite are 1 and 3 mg/l, respectively. 

High NO2 concentrations exceeding the Standard in Bangladesh (=1 mg/l) are found in samples 

from 6 observation holes in Jessore (OH-JS2-3-SIP-140 min), Jhenaidah (OH-JH1-2-SIP-140 

min, OH-JH1-3-BP) and Chuadanga (OH-CH1-1-BP, OH-CH2-1-BP, OH-CH2-2-SIP-30 to 140 
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min). NO2 concentrations exceeding the WHO Guideline (=3 mg/l) are not found in any of the 

results. 

From these results, it can be said that NO2 contamination is mainly distributed in shallow 

aquifers. 

 

b. Ammonia (NH4) 

Ammonia is present naturally in surface and wastewaters. Its concentration is generally low in 

groundwater because it adsorbs in soil particles and is not leached readily from soils. Therefore 

if high concentrations of NH4 occur, it can be said that it is produced by some human activities. 

Ammonia is not of immediate health relevance, and no health-based guideline value by WHO 

has been proposed. Instead, a level of 1.5 mg/l likely to give rise to consumer complaints has 

been proposed. The Standard in Bangladesh is 0.5 mg/l. High NH4 concentrations exceeding the 

Standard in Bangladesh (=0.5 mg/l) are found in samples from 9 out of 30 observation 

wells/holes in Jessore (OH-JS2-3-BP), Jhenaidah (OH-JH1-2-BP to SIP-30 min, 

OH-JH1-3-SIP-30 to 140 min) and Chuadanga (OW-CH1-1-BP to 48h, OH-CH1-1-SIP-30 to 

140 min, OH-CH1-2-SIP-140 min, OH-CH1-3-BP to SIP-140 min, OW-CH2-6 m, 

OH-CH2-1-BP to SIP-140 min). High NH4 concentrations exceeding the WHO Guideline (=1.5 

mg/l) are found in samples from 2 observation holes out of 30 observation wells/holes in Jessore 

(OH-JS2-3-BP) and Chuadanga (OH-CH2-1-SIP-30 to 140 min). 

From these results, it can be said that NH4 contamination is mainly distributed in shallow 

aquifers at Chuadanga and Jhenaidah sites. 

 

c. Dissolved Manganese (Mn) 

Manganese is associated with iron minerals, and occurs in ocean, fresh waters, and soils. The 

aqueous chemistry of manganese is similar to that of iron. The common aqueous species are the 

reduced Mn2+ and the oxidized Mn4+. Since groundwater in Bangladesh is usually anoxic, any 

soluble Mn in groundwater is in the reduced state (Mn2+). Upon exposure to air, groundwater 

containing Mn will precipitate black MnO2. High concentration of Mn therefore cause stains in 

water pipeline, laundry, and cooking utensils. On the other hand, Mn is considered an essential 

trace element for plants and animals. 

The Standard in Bangladesh and the WHO Guideline for Mn are 0.1 and 0.5 mg/l, respectively. 

75.8% of Mn samples exceed the Standard in Bangladesh and 32.5% of the samples exceed the 

WHO Guideline. In the case of deep groundwater (300 m in depth), 22.4% of the samples 

exceed the Standard. The high Mn concentrations are mainly distributed in Jessore. 

The results show some correlation with iron concentrations. Moreover, the results of Mn show 

some correlation with As concentrations. 
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d. Dissolved Iron (Fe) 

Iron occurs in minerals such as hematite, magnetite, taconite, and pyrite. Since groundwater in 

Bangladesh is usually anoxic, any soluble iron in groundwater is in the ferrous state (Fe2+). On 

exposure to air, ferrous iron is oxidized to the ferric state (Fe3+) to form red, insoluble hydrated 

ferric oxide. It is observed frequently when samples are collected in the field. High 

concentrations of Fe in groundwater therefore cause stains in water pipeline, laundry, and 

cooking utensils, and impact the taste and color of foods.  

The Standard in Bangladesh is 0.3 to 1 mg/l. No health-based Guideline value by WHO has 

been proposed. Instead, a level of 0.3 mg/l likely to give rise to consumer complaints is 

proposed. Almost all the results of Fe (up to 18 mg/l) exceed these criteria. 83.3% of Fe samples 

exceed the Standard in Bangladesh and 96.7% of samples exceed the WHO Guideline. The high 

Mn concentrations are mainly distributed in Jessore. 

The results show some correlation with Mn. Moreover, the results of Fe show some correlation 

with As concentrations. 

 

e. Calcium (Ca) 

Calcium is necessary in plant and animal nutrition and is an essential component of bones, 

shells, and plant structures. The presence of calcium in groundwater results from limestone, 

dolomite, etc.  

The Standard in Bangladesh is 75 mg/l. A WHO guideline value has not been set so far because 

Ca is no health threat. High Ca concentrations exceeding the Standard in Bangladesh (=75 mg/l) 

are found in samples from 24 out of 30 observation wells/holes in Jessore (OW-JS1 - BP to 48h, 

OW-JS1 - 3 m to 5 m, OH-JS1-1 - BP to SIP-140 min, OH-JS1-2 - BP to SIP-140 min, 

OH-JS1-3 - SIP-30 to 140 min, OH-JS1-4 - SIP-30 to 140 min, OW-JS2 - 2 m to 4 m, OH-JS2-1 

- BP to SIP-140 min, OH-JS2-2 - BP to SIP-140 min, OH-JS2-3 - SIP30 to 140 min), Jhenaidah 

(OW-JH1 - BP to 1 m, OW-JH1 - 3 m, OW-JH1 - 5 m to 7 m, OH-JH1-2 - BP to SIP-140 min, 

OH-JH1-3 - BP to SIP-140 min, OH-JH1-4 - BP to SIP-140 min, OW-JH2 - BP to 48h, 

OH-JH2-1 - BP to SIP-140 min, OH-JH2-2 - BP to SIP-140 min, OH-JH2-3 - BP to SIP-140 

min, OH-JH2-4 - SIP-30 to 140 min) and Chuadanga (OW-CH1 - BP to 8 m,  OH-CH1-3 - 

SIP-30 to 140 min, OH-CH1-4 - SIP-BP to 140 min, OW-CH2 - BP to 1 m, OW-CH2 - 7 m, 

OH-CH2-2 - SIP-30 min, OH-CH2-4 - BP to SIP-140 min). 

As a result, quite a lot of samples from both shallow and deep aquifers exceed this criterion. 

 

f. Magnesium (Mg) 

Magnesium occurs usually in the minerals magnesite and dolomite. The common aqueous 

species is Mg2+. Magnesium is one of the important contributors to the hardness of groundwater. 

Magnesium is an essential element in chlorophyll and in red blood cells. Some salts of 
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magnesium are toxic by ingestion or inhalation. 

The Standard in Bangladesh is 30 to 35 mg/l. A guideline by WHO has not been set so far 

because Mg is no health threat. 

High Mg concentrations exceeding the Standard in Bangladesh (= Max 35 mg/l) are found in 

samples from 4 out of 30 observation wells/holes in Jessore (OW-JS2 - 1 m) and Jhenaidah 

(OW-JH1 - BP to 1 m, OW-JH1 - 4 m, OW-JH1 - 6 m to 7 m, OH-JH1-4 - BP to SIP-140 min, 

OW-JH2 - BP to 48h, OW-JH2 - 3 m, OW-JH2 - 5 m to 6 m). 

As Ca, some samples from both shallow and deep aquifers exceed this criterion. 

 

g. Fluoride (F) 

Fluoride occurs naturally in minerals such as fluorite, cryolite, fluorapatite, etc. Inorganic 

fluorine compounds are used in the production of aluminium, and fluoride is released during the 

manufacture and use of phosphate fertilizers, which contain up to 4% of fluorine. 

The Standard in Bangladesh and the WHO Guideline for F are 1 and 1.5 mg/l respectively. High 

F concentrations exceeding the Standard in Bangladesh (= 1 mg/l) are found in samples from 3 

observation holes out of 30 observation wells/holes in Jessore (OH-JS1-2 - BP to 30 min, 

OH-JS2-4 - BP). High F concentrations exceeding the Guideline of WHO (= 1.5 mg/l) are found 

in one (1) observation hole in Jessore (OH-JS2-4 - BP). 

 

h. Lead (Pb) 

Lead occurs naturally in the minerals galena and serusite. The common aqueous species of Lead 

are Pb2+, hydroxide and carbonate complex. Pb is nonessential for plants and animals. It is toxic 

by ingestion and is a cumulative poison. 

The Standard in Bangladesh and the WHO Guideline for Pb are 0.05 and 0.01 mg/l, respectively. 

High Pb concentrations exceeding the Standard in Bangladesh (= 0.05 mg/l) are not found in the 

collected samples. However, concentrations above the WHO Guideline (= 0.01 mg/l) are found 

in samples from 4 out of 30 observation wells/holes in Jhenaidah (OW-JH1 - 48h, OH-JH1-1 - 

SIP-140 min, OH-JH1-4 - BP, OH-JH2-4 - BP). 

2) Deep Observation Holes in Model Rural Areas 
The results of the laboratory chemical analysis are compared with the Standard for Drinking 

Water in Bangladesh and the WHO Guideline Values for Drinking Water. The following 

descriptions show the results of Core Borings that have exceeded the Standard or the Guideline. 

 

a. Nitrite (NO2) 

The Standard in Bangladesh and the WHO Guideline for nitrite are 1 and 3 mg/l respectively. 

High NO2 concentrations (up to 2.2 mg/l) exceeding the Standard of Bangladesh (= 1 mg/l) are 

found in samples from Rajnagar Bankabarsi Core Boring site (CB-JSRb - 2 m, CB-JSRb - 6 m). 
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High NO2 concentrations exceeding the WHO Guideline (= 3 mg/l) are not found in any of the 

results. 

It can be said that NO2 contamination is distributed in Rajnagar Bankabarsi village but is not so 

serious. 

 

b. Ammonia (NH4) 

Ammonia is not of immediate health relevance, and no health-based guideline value by WHO 

has been proposed. Instead a level of 1.5 mg/l likely to give rise to consumer complaints has 

been proposed. The Standard in Bangladesh is 0.5 mg/l. High NH4 concentrations (up to 1.8 

mg/l) exceeding the Standard in Bangladesh (= 0.5 mg/l) are found in samples from Rajnagar 

Bankabarsi (CB-JSRb - 4 m to 5 m), Krishna Chandrapur (CB-JHKc - 1 m, CB-JHKc - 3 m to 6 

m) and all samples from Bara Dudpatila. High NH4 concentrations exceeding the WHO 

Guideline (= 1.5 mg/l) are found in samples from Krishna Chandrapur (CB-JHKc - 3 m, 

CB-JHKc - 6 m) and Bara Dudpatila (CB-CDBd - 0 m). 

From these results, it can be said that some NH4 contamination is found in the Core Borings. 

 

c. Dissolved Manganese (Mn) 

The Standard in Bangladesh and the WHO Guideline for Mn are 0.1 and 0.5 mg/l, respectively. 

0.1 mg/l and over of Mn are found in Rajnagar Bankabarsi (CB-JSRb - 5 m to 6 m), Krishna 

Chandrapur (CB-JHKc - 2 m to 6 m) and Bara Dudpatila (CB-CDBd - 0 m to 1 m, CB-CDBd - 

4 m to 6 m). Only one (1) sample (CB-CDBd-5 m, 0.51 mg/l) exceeds the Guideline by WHO. 

 

d. Dissolved Iron (Fe) 

The Standard in Bangladesh for Fe is 0.3 to 1 mg/l. No health-based Guideline value by WHO 

has been proposed for Fe. Instead a level of 0.3 mg/l likely to give rise to consumer complaints 

has been proposed by WHO. High Fe concentrations (up to 15 mg/l) exceeding the Standard in 

Bangladesh (= 1 mg/l) are found in samples from Krishna Chandrapur (CB-JHKc-0 m, 

CB-JHKc-2 m to 6 m) and Bara Dudpatila (CB-CDBd-0 m to 2 m, CB-CDBd-4 m to 6 m). 

Concentrations exceeding the WHO Guideline (= 0.3 mg/l) are found in 76% of samples. 

 

e. Calcium (Ca) 

The Standard in Bangladesh for Ca is 75 mg/l. A WHO Guideline has not been set so far 

because Ca is not a health threat. High Ca concentrations exceeding the Standard in Bangladesh 

(= 75 mg/l) are found in samples from Krishna Chandrapur (CB-JHKc-0 m, CB-JHKc-3 m to 6 

m) and Bara Dudpatila (CB-CDBd-0 m to 1 m, CB-CDBd-4 m to 6 m). None of the samples 

from Rajnagar Bankabarsi exceed the Standard. 
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f. Magnesium (Mg) 

The Standard in Bangladesh for Mg is 30 to 35 mg/l. A WHO Guideline has not been set so far 

because Mg is not a health threat. High Mg concentrations exceeding the Standard in 

Bangladesh (=Max 35 mg/l) are found only in Bara Dudpatila (CB-CDBd-1 m, 43 mg/l). 

 

g. Sodium (Na) 

Sodium salts (e.g., sodium chloride) are found in virtually all food (the main source of daily 

exposure) and drinking water. Although concentrations of sodium in potable water are typically 

less than 20 mg/l, they can greatly exceed this in some countries.  

The Standard in Bangladesh for Na is 200 mg/l. A WHO Guideline has not been set so far 

because Na is not a health threat. Instead a level of 200 mg/l likely to give rise to consumer 

complaints has been proposed by WHO. High Na concentrations exceeding the Standard in 

Bangladesh and the WHO Guideline are found in only one (1) sample from Krishna Chandrapur 

(CB-JHKc-1 m, 200 mg/l). 

 

3) Proved Deep Wells in the Model Rural Areas 
The results of the laboratory chemical analysis are compared with the Standard for Drinking 

Water in Bangladesh and the WHO Guideline Values for Drinking Water. The following 

descriptions show the results of Improved Deep Well that have exceeded the Standard or the 

Guideline. 

 

a. Nitrite (NO2) 

The Standard in Bangladesh and the WHO Guideline for nitrite are 1 and 3 mg/l, respectively. 

High NO2 concentrations (up to 2.5 mg/l) exceeding the Standard in Bangladesh (= 1 mg/l) are 

found in samples from Rajnagar Bankabarsi (IM-JSRb-2-2 m, IM-JSRb-3-2 m to 3 m) and Bara 

Dudpatila (IM-CDBd-1-2 m, IM-CDBd-2-1 m to 2 m). However, high NO2 concentrations 

exceeding the WHO Guideline (= 3 mg/l) are not found in any of the results. 

It can be said that some NO2 contamination is found in Rajnagar Bankabarsi and Bara Dudpatila 

but it not so serious. 

 

b. Ammonia (NH4) 

Ammonia is not of immediate health relevance, and no health-based guideline value by WHO 

has been proposed. Instead a level of 1.5 mg/l likely to give rise to consumer complaints has 

been proposed. The Standard in Bangladesh is 0.5 mg/l.  

High NH4 concentrations (up to 8.4 mg/l) exceeding the Standard in Bangladesh (= 0.5 mg/l) 

are found in many samples. 77.8% of samples exceed this criterion. High NH4 concentrations 

exceeding the WHO Guideline (= 1.5 mg/l) are also found in all villages. 55.6% of the samples 
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exceed the Guideline. Compared with the observation wells/holes and core boring, NH4 

concentrations of the improved deep wells are higher and may cause some consumer complaints 

such as taste or odor for drinking purposes. 

 

c. Dissolved Manganese (Mn)  

The Standard in Bangladesh and the WHO Guideline for Mn are 0.1 and 0.5 mg/l respectively. 

0.1 mg/l and over of Mn (up to 0.46 mg/l) are found in many samples. 63.9% of the samples 

exceed this criterion. However, no sample exceeds the Guideline by WHO. This contamination 

is not so serious. 

 

d. Dissolved Iron (Fe) 

The Standard in Bangladesh for Fe is 0.3 to 1 mg/l. No health-based Guideline value by WHO 

has been proposed for Fe. Instead a level of 0.3 mg/l likely to give rise to consumer complaints 

has been proposed by WHO. High Fe concentrations (up to 9.8 mg/l) exceeding the Standard in 

Bangladesh (= 1 mg/l) are found in many samples. 69.4% of the samples exceed this criterion. 

Fe concentrations exceeding the WHO Guideline (= 0.3 mg/l) are also found in many samples. 

88.9% of the samples exceed this Guideline. 

 

e. Calcium (Ca) 

The Standard in Bangladesh for Ca is 75 mg/l. A WHO Guideline has not set so far because Ca 

is no health threat. High Ca concentrations (up to 130 mg/l) exceeding the Standard in 

Bangladesh (= 75 mg/l) are found in all samples of Krishna Chandrapur and Bara Dudpatila. 

None of the samples from Rajnagar Bankabarsi exceed the Standard. 

 

f. Lead (Pb) 

The Standard in Bangladesh and the WHO Guideline for Pb are 0.05 mg/l and 0.01 mg/l 

respectively. High Pb concentrations exceeding the Standard in Bangladesh (= 0.05 mg/l) have 

not been found in the collected samples. However, some high concentrations exceed the WHO 

Guideline (= 0.01 mg/l) are found in Rajnagar Bankabarsi (IM-JSRb-3-0 m) and Bara Dudpatila 

(IM-CDBd-1-0 m). 

 

4) Existing Wells in the Study Area 
The results of the laboratory chemical analysis are compared with the Standard for Drinking 

Water in Bangladesh and the WHO Guideline Values for Drinking Water. The following 

descriptions show the results of the general water quality analysis at 30 existing wells in the 300 

Existing Wells Survey that have exceeded the Standard or the Guideline. 
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a. Total dissolved solid (TDS) 

TDS comprise inorganic salts (principally calcium, magnesium, potassium, sodium, 

bicarbonates, chlorides and sulfates) and small amounts of organic matter that are dissolved in 

water. TDS in drinking water originate from natural sources, sewage, urban run-off, and 

industrial wastewater. Salts used for road de-icing in some countries may also contribute to the 

TDS content in drinking water. Concentrations of TDS in water vary considerably in different 

geological regions owing to differences in the solubilities of minerals. 

The Standard in Bangladesh and the WHO Guideline for TDS are both 1,000 mg/l. Four (4) 

results (2 sites) of existing wells show extremely high (up to 1,650 mg/l) values of TDS. It 

exceeds the Standard in Bangladesh (1,000 mg/l) and the WHO Guideline. All samples for 

production wells are below these criteria. 

 

b. Nitrate (NO3) 

Nitrate is a naturally occurring ion that is a part of the nitrogen cycle. Nitrate is used mainly in 

inorganic fertilizers, and sodium. The nitrate concentration in groundwater and surface water is 

normally low but can reach high levels as a result of agricultural runoff, refuse dump runoff, or 

contamination by human or animal wastes. The toxicity of nitrate to humans is mainly 

attributable to its reduction to nitrite.  

The Standard in Bangladesh and the WHO Guideline for nitrate are 10 and 50 mg/l respectively. 

4.3% of the results for existing wells (up to 180 mg/l) exceed the Standard in Bangladesh (= 10 

mg/l). 2.2% of the results for existing wells exceed the WHO Guideline (= 50 mg/l). All 

samples from production wells are below these criteria. 

 

c. Nitrite (NO2) 

The Standard in Bangladesh and the WHO Guideline for NO2 are 1 and 3 mg/l, respectively. 

10.7 % of the results for existing wells (up to 4.2 mg/l) exceed the Standard in Bangladesh (= 1 

mg/l). One of the samples from production wells exceeds the Standard. 8.7 % of the results for 

existing wells exceed the WHO Guideline (= 3 mg/l). All samples for production wells are 

below the Guideline. 

 

d. Ammonia (NH4) 

Ammonia is not of immediate health relevance, and no health-based guideline value has been 

proposed by WHO. Instead, a level of 1.5 mg/l likely to give rise to consumer complaints has 

been proposed. The Standard in Bangladesh is 0.5 mg/l. 65.2 % of the results for existing wells 

(up to 12 mg/l) and 64.3 % of the results for production wells (up to 8.2 mg/l) exceed the 

Standard in Bangladesh (= 0.5 mg/l). 65.2 % of the results for existing wells and 50.0 % of the 

results for production wells exceed the WHO Guideline (= 1.5 mg/l). 
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e. Dissolved Manganese (Mn) 

The Standard in Bangladesh and the WHO Guideline for Mn are 0.1 and 0.5 mg/l respectively. 

87.0% of the results for existing wells (up to 1.5 mg/l) and 85.7% of the results for production 

wells (up to 0.75 mg/l) exceed the Standard in Bangladesh (= 0.1 mg/l). 52.2 % of the results for 

existing wells exceed the WHO Guideline (= 0.5 mg/l). 35.7% of the results for production 

wells exceed the WHO Guideline. 

 

f. Dissolved Iron (Fe) 

The Standard in Bangladesh for Fe is 0.3 to 1 mg/l. No health-based guideline value for Fe has 

been proposed by WHO. Instead, a level of 0.3 mg/l likely to give rise to consumer complaints 

has been proposed by WHO. 32.6% of the results for existing wells (up to 11 mg/l) and 57.1% 

of the results for production wells (up to 2.6 mg/l) exceed the Standard in Bangladesh (=1 mg/l). 

89.1% of the results for existing wells and 78.6% of the results for production wells exceed the 

WHO Guideline (= 0.3 mg/l). 

 

g. Chloride (Cl) 

Cl in drinking water originates from natural sources, sewage and industrial effluents, and saline 

intrusion. The main source of human exposure to chloride is the addition of salt to food, and the 

intake from this source is usually greatly in excess of that from drinking water. Excessive 

chloride concentrations increase the rate of corrosion of metals in the distribution system, 

depending on the alkalinity of the water. This can lead to increased concentrations of metals in 

the supply. 

The Standard in Bangladesh for Cl is 150 to 600 mg/l. No health-based guideline value for Cl 

has been proposed by WHO. Instead, a level of 250 mg/l likely to give rise to consumer 

complaints is proposed by WHO. No results for existing wells or production wells (up to 570 

mg/l) exceed the Standard in Bangladesh (= 600 mg/l). 4.3% of the results for existing wells 

exceed the WHO Guideline (= 250 mg/l). No results for production wells exceed the WHO 

Guideline. 

 

h. Bicarbonate (HCO3) 

Bicarbonate is one of the functional constituents of Alkalinity, which is significant in many uses 

and treatment of natural waters and wastewaters. Bicarbonate alkalinity is present if 

phenolphthalein alkalinity is less than half the total alkalinity. Bicarbonate is a major Anion in 

groundwater. 

The Standard in Bangladesh for HCO3 is 600 mg/l. No guideline value by WHO has been 

proposed for HCO3. 4.3% of the results for existing wells (up to 720 mg/l) exceed the Standard 

in Bangladesh (= 600 mg/l). 
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i. Calcium (Ca) 

The Standard in Bangladesh for Ca is 75 mg/l. A WHO guideline value has not been set so far 

because Ca is not a health threat. 76.1% of the results for existing wells (up to 160 mg/l) and 

85.7% of the results for production wells (up to 110 mg/l) exceed the Standard in Bangladesh (= 

75 mg/l). 

 

j. Magnesium (Mg) 

The Standard in Bangladesh for Mg is maximum 35 mg/l. A WHO guideline value has not been 

set so far. 6.5% of the results for existing wells (up to 45 mg/l) and 7.1% of the results for 

production wells (up to 35 mg/l) exceed the Standard in Bangladesh (= 35 mg/l). 

 

k. Sodium (Na) 

The Standard in Bangladesh of Na is 200 mg/l. A WHO guideline value has not been set so far 

because Na is not a health threat. Instead, a level 200 mg/l likely to give rise to consumer 

complaints has been proposed by WHO. 6.5% of the results for existing wells (up to 400 mg/l) 

exceed the Standard in Bangladesh (= 35 mg/l). No result for production wells exceeds the 

Standard in Bangladesh. 

 

l. Fluoride (F) 

The Standard in Bangladesh and the WHO guideline for F are 1 and 1.5 mg/l respectively. 

15.2% of the results for existing wells (up to 1.7 mg/l) exceed the Standard in Bangladesh (= 1 

mg/l). No result for production wells exceeds the Standard in Bangladesh. 2.2% of results for 

existing wells exceed the WHO Guideline (= 1.5 mg/l). No results for production wells exceed 

the WHO Guideline. 

 

m. Cadmium (Cd) 

Cd is used in the steel industry and in plastics. Cadmium compounds are widely used in 

batteries. Cadmium is released to the environment in wastewater, and diffuse pollution is caused 

by contamination from fertilizers and local air pollution. Contamination in drinking water may 

also be caused by impurities in the zinc of galvanized pipes and solders and some metal fittings. 

The Standard in Bangladesh and the WHO Guideline for F are 0.005 and 0.003 mg/l, 

respectively. 10.9% of the results for existing wells (up to 0.0079 mg/l) exceed the Standard in 

Bangladesh (= 0.005 mg/l). No result for production wells exceeds the Standard in Bangladesh. 

17.4% of results for existing wells exceed the WHO Guideline (= 0.003 mg/l). No results for 

production wells exceed the WHO Guideline. 
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n. Total Chromium (Cr) 

Chromium is widely distributed in the earth's crust. It can exist in valences of +3 to +6. Cr3+ 

would be expected to form strong complexes with amines, and be adsorbed by clay minerals. 

Cr6+ has been shown to be carcinogenic by inhalation and is corrosive to tissue. In general, food 

appears to be the major source of intake. 

The Standard in Bangladesh is 0.05 mg/l. A WHO guideline value has not been set so far for 

total Cr. 45.7% of the results for existing wells exceed the Standard in Bangladesh (= 0.05 mg/l). 

No result for production wells exceeds the Standard in Bangladesh. 

 

o. Lead (Pb) 

The Standard in Bangladesh and the WHO Guideline for Pb are 0.05 and 0.01 mg/l, respectively. 

No results for existing wells and production wells exceed the Standard in Bangladesh (= 0.05 

mg/l). 13.0% of the results (up to 0.037 mg/l) for existing wells exceed the WHO Guideline (= 

0.01 mg/l). 7.1% of the results for production wells exceed the WHO Guideline. 

 

p. Nickel (Ni) 

Nickel is used mainly in the production of stainless steel and nickel alloys. Food is the dominant 

source of nickel exposure in the non-smoking, non-occupationally exposed population; water is 

generally a minor contributor to the total daily oral intake. However, there is heavy pollution 

due to the use of certain types of kettles and non-resistant material in wells, or water that has 

stood for an extended time in water pipes. 

The Standard in Bangladesh and the WHO Guideline for Ni are 0.1 and 0.02 mg/l, respectively. 

No results for existing wells and production wells exceed the Standard in Bangladesh (= 0.1 

mg/l). 26.1% of the results for existing wells (up to 0.069 mg/l) exceed the WHO Guideline (= 

0.02 mg/l). No result for production wells exceeds the WHO Guideline. 

 

q. Chemical Oxygen Demand (COD) 

COD is defined as the amount of a specified oxidant that reacts with the sample under 

controlled terms of its oxygen equivalence. COD is often used as a measurement of pollutants in 

wastewater and natural waters. 

The Standard in Bangladesh is 4 mg/l. A WHO guideline value has not been set so far. 19.6% of 

the results for existing wells exceed the Standard in Bangladesh (= 4 mg/l). No result for 

production wells exceeds the Standard in Bangladesh. 

5) Existing Wells and Pond in the Model Rural Areas 
The results of the laboratory chemical analysis are compared with the Standard for Drinking 

Water in Bangladesh and the WHO Guideline Values for Drinking Water. The following 

descriptions show the results of the Model Village Survey that have exceeded the Standard or 
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the Guideline. 

 

a. Total dissolved solid (TDS) 

The Standard in Bangladesh and the WHO Guideline for TDS are both 1,000 mg/l.  

In shallow groundwater in Rajnagar Bankabarsi, all TDS values show extremely high (up to 

1,700 mg/l). They exceed the Standard in Bangladesh (= 1,000 mg/l) and the WHO Guideline. 

 

b. Nitrate (NO3) 

The Standard in Bangladesh and the WHO Guideline for nitrate are 10 and 50 mg/l respectively. 

14.8% of the pond water (up to 42 mg/l) and 26.7% of the shallow groundwater (up to 23 mg/l) 

exceed the Standard in Bangladesh (= 10 mg/l). High NO3 concentrations exceeding the WHO 

Guideline (= 50 mg/l) are not found in any of the results. 

 

c. Nitrite (NO2) 

The Standard in Bangladesh and the WHO Guideline for NO2 are 1 and 3 mg/l, respectively. 

11.1% of the pond water (up to 6.6 mg/l) and 26.7% of the shallow groundwater (up to 4.0 mg/l) 

exceed the Standard in Bangladesh (= 1 mg/l). 7.4% of the pond water (up to 6.6 mg/l) and 

20.0% of the shallow groundwater (up to 4.0 mg/l) exceed the WHO Guideline (= 50 mg/l). 

 

d. Ammonia (NH4) 

Ammonia is not of immediate health relevance, and no health-based guideline value by WHO 

has been proposed. Instead, a level of 1.5 mg/l likely to give rise to consumer complaints is 

proposed. The Standard in Bangladesh is 0.5 mg/l. 33.3% of the pond water (up to 4.8 mg/l) and 

73.3% of the existing wells (up to 27 mg/l) exceed the Standard in Bangladesh (= 0.5 mg/l). 

7.4% of the pond water (up to 4.8 mg/l) and 73.3% of the existing wells (up to 27 mg/l) exceed 

he WHO Guideline (= 1.5 mg/l). 

 

e. Dissolved Manganese (Mn)  

The Standard in Bangladesh and the WHO Guideline for Mn are 0.1 and 0.5 mg/l respectively. 

14.8% of the pond water (up to 0.16 mg/l) and 46.7% of the shallow groundwater (up to 1.1 

mg/l) exceed the Standard in Bangladesh (= 0.1 mg/l). 26.7% of the shallow groundwater (up to 

1.1 mg/l) exceeds the WHO Guideline (= 0.5 mg/l). No sample of pond water exceeds the WHO 

Guideline. 

 

f. Dissolved Iron (Fe) 

The Standard in Bangladesh for Fe is 0.3 to 1 mg/l. No health-based guideline value by WHO 

has been proposed for Fe. Instead, a level of 0.3 mg/l likely to give rise to consumer complaints 

 5-213



Chapter 5  Investigation of Deep Aquifers 
 Main Report 

has been proposed by WHO. 73.3% of the shallow groundwater (up to 8.2 mg/l) exceeds the 

Standard in Bangladesh (= 1 mg/l). All samples of the existing wells (up to 8.2 mg/l) exceed the 

WHO Guideline (= 0.3 mg/l). No sample of the pond water exceeds the Standard in Bangladesh 

or the WHO Guideline. 

 

g. Calcium (Ca) 

The Standard in Bangladesh for Ca is 75 mg/l. A WHO guideline value has not been set so far 

because Ca is no health threat. All samples of shallow groundwater (up to 120 mg/l) exceed the 

Standard in Bangladesh (= 75 mg/l). None of the pond water samples exceed the Standard. 

 

h. Magnesium (Mg) 

The Standard in Bangladesh for Mg is maximum 35 mg/l. A WHO guideline value has not been 

set so far. All samples of shallow groundwater in Rajnagar Bankabarsi village (up to 47 mg/l) 

exceed the Standard in Bangladesh. None of the samples of pond water or existing wells from 

the other 2 villages exceed the Standard. 

 

i. Sodium (Na) 

The Standard in Bangladesh for Na is 200 mg/l. A WHO guideline value has not been set so far 

because Na is not a health threat. Instead, a level of 200 mg/l likely to give rise to consumer 

complaints has been proposed by WHO. All samples of shallow groundwater in Rajnagar 

Bankabarsi village (up to 410 mg/l) exceed the Standard in Bangladesh (200 mg/l) and the 

WHO Guideline (200 mg/l). None of the pond water or shallow groundwater samples from the 

other 2 villages exceed the Standard or the Guideline. 

 

j. Potassium (K) 

K is an essential element in both plant and human nutrition, and occurs in groundwater as a 

result of mineral dissolution, from decomposing plant material, and from agricultural runoff. 

The common aqueous species is K+. Unlike Na, it doesn’t remain in solution, but is assimilated 

by plants and is incorporated into a number of clay-mineral structures. 

The Standard in Bangladesh is 12 mg/l. A guideline value by WHO has not been set so far 

because K is not a health threat. 20.0% of the pond water in Rajnagar Bankabarsi (up to 62 

mg/l) exceeds the Standard in Bangladesh (= 12 mg/l). However, the pond water of the other 2 

villages and all samples of shallow groundwater are below the Standard in Bangladesh. 

 

k. Fluoride (F) 

The Standard in Bangladesh and the WHO Guideline for F are 1 and 1.5 mg/l, respectively. 

High concentrations of F (up to 3.6 mg/l) are found in the pond water of Krishna Chandrapur 
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and Rajnagar Bankabarsi Villages. 

 

l. Total Chromium (Cr) 

The Standard in Bangladesh is 0.05 mg/l. A WHO guideline value has not been set so far for 

total Cr. A high Cr concentration (0.066 mg/l) exceeding the Standard in Bangladesh (= 0.05 

mg/l) is found in shallow groundwater from Bara Dudpatila. 

 

m. Lead (Pb) 

The Standard in Bangladesh and the WHO Guideline for Pb are 0.05 and 0.01 mg/l, respectively. 

High Pb concentrations above the Standard in Bangladesh (= 0.05 mg/l) are not found in any of 

the collected samples. However, some high concentrations exceeding the WHO Guideline (= 

0.01 mg/l) are found in Chandrapur and Dudpatila. 

 

n. Chemical Oxygen Demand (COD) 

The Standard in Bangladesh is 4 mg/l. A guideline value by WHO has not been set so far. 37.0% 

of the pond water and 26.7% of the shallow groundwater exceed the criterion. 

 

5.5.7 Re-analysis of Water Quality for Observation Holes of Which Hand 
Pumps are to be Installed, and Instruction on Their Use  
In order to ensure the safe use of the observation holes to be installed with hand pumps by the 

Study Team in the Pourashava and Model rural areas, their water quality was re-analyzed for 

re-confirmation. Seven observation holes, which were not in excess of the WHO guideline value 

for As throughout all the monitoring, were selected for hand pump installation out of all fifteen 

observation holes (not including those in Brahmakati, installed for the supplemental survey). 

The samples of the seven observation holes were collected in mid-September 2002. The results 

of the water quality re-analysis in Japan and instruction on the use of observation holes based on 

the results were as follows. 
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1) Results of water quality re-analysis 

a. Methods of analysis 

The methods of analysis done in Japan are shown in the table below. 

Analytical 
parameters Analytical methods Analytical 

parameters Analytical methods 

pH Electrode method (A) Sodium ICP spectrophotometry  

Temperature Thermometer Potassium Flame 
spectrophotometry (B) 

Electric 
conductivety Electrode method (A) Dissolved iron Atomic absorption 

spectrophotometry (A) 

Hardness EDTA titration (A) Dissolved 
manganese 

Atomic absorption 
spectrophotometry (A) 

TDS Gravimetric method (B) Calcium ICP spectrophotometry 
(B) 

COD K2Cr2O7 titration (B) Magnesium ICP spectrophotometry 
(B) 

Ammonium Ion chromatography (B) Cadmium Atomic absorption 
spectrophotometry (A) 

Nitrite Total chromium Atomic absorption 
spectrophotometry (A) 

Nitrate 

Adsorption 
spectrophotometry (A) Copper Atomic absorption 

spectrophotometry (A) 

Sulfate Ion chromatography (A) Lead ICP spectrophotometry 
(B) 

Chloride Ion chromatography (A) Mercury Atomic absorption 
spectrophotometry (A) 

Bicarbonate Infrared absorbing analysis 
(B) Nickel ICP spectrophotometry 

(B) 

Fluoride Adsorption 
spectrophotometry (A) Zinc Atomic absorption 

spectrophotometry (A) 

Cyanide Adsorption 
spectrophotometry (A) Arsenic Atomic absorption 

spectrophotometry (A) 
A = the Test Methods of Drinking Water B = JIS-K-0102 

 

b. Results of water quality 

The results of the field measurement and laboratory analysis in Japan are shown in Table 5.5.17. 

The results are mostly in agreement with the results of the entrusted local laboratory in 

Bangladesh. It can be said that the results of the local analysis in Bangladesh are reliable. 

In these results, some points that need to be considered in comparing the Bangladesh standards 

and WHO guidelines are mentioned below  

As levels do not exceed the Bangladesh standard (=0.05mg/l). However, two of the seven 

samples slightly exceeded the WHO guideline (=0.01mg/l) both with a value of 0.011mg/l. As 

for Mn levels, five of the seven samples exceeded the Bangladesh standard (=0.1mg/l). Of those, 

two were over the WHO health guideline (=0.5 mg/l) with values of 0.60 mg/l and 0.50 mg/l 

respectively. As for Fe levels, six of the seven samples exceeded the Bangladesh standard (=1 

mg/l) and the WHO health guideline (=0.3 mg/l). Some samples also exceeded the Bangladesh 

standard for NO2,Ca, Mg and COD. Heavy metals such as Cd, Total-Cr, Cu, CN, Pb, Hg and Ni 

 5-216



Chapter 5  Investigation of Deep Aquifers 
 Main Report 

were all below PQL. 

These results show the following. The As levels of the two observation holes (OH-Jh2-4, 

OH-Ch1-4) that exceeded the WHO guideline had not exceeded the guideline during the 

monitoring. However, they showed slightly higher levels of As. The direct cause of the two 

observation holes exceeding the WHO guideline value may be the seasonal change in 

concentrations (In general, the results of monitoring show that high As concentrations tend to be 

seen in the rainy season) or the tendency of As concentrations to gradually increase, but it is 

unclear. 

The Bangladesh standard of 0.1 mg/l for Mn is, according to the WHO guideline, set as a level 

likely to give rise to consumer complaints such as stained laundry or bad taste.   Mn 

concentrations that exceeded the WHO health guideline value (＝0.5 mg/l) were found in only 

two of the measured samples, and were from the same wells containing As concentration above 

the WHO guideline value.  All of the samples showed high iron concentrations that may be a 

problem in terms of taste, smell, etc, however will not have a direct impact on health. As for the 

one site (1.7 mg/l) that exceeded the Bangladesh standard value (＝1 mg/l) for NO2, it is below 

the WHO health guideline value (＝3 mg/l).  Furthermore, it is common in Japan to set the 

standard for nitrogen concentrations including both NO2 and NO3 as “nitrogen as nitric acid 

and nitrogen as nitrous acid”.  Based on the Water Works Law in Japan, for example, the 

drinking water quality standard for nitrogen is 10 mg/l.  Ca, Mg and COD are also not 

parameters that have a negative impact on health. 

 

2) Measures taken by the Study Team for well use based on the results of water 

quality measurements 
Based on the above results of the water quality re-analysis, the Study Team took the following 

measures regarding the use of the seven wells. 

（1） As for the two wells OH-Jh2-4 (Jhenaidah) and OH-Ch1-4 (Chuadanga) that exceeded 

the WHO guideline values for As and Mn, hand pumps have already been installed by 

the Study Team, but they have not been dismantled in consideration of their 

convenience to residents.  However, the Study Team has ensured that the wells are 

not used for drinking purposes by marking them with yellow paint to indicate the 

water is not safe to drink. In addition, they have instructed residents that they can 

continue to use the well for the purposes other than drinking.  

（2） Hand pumps have also been installed at all the other wells.  As iron concentrations 

are generally high and the oxidation-reduction potential (Eh value) is low, the 

reduction of iron and/or Mn concentrations in the water due to oxidation can be 

expected to some degree.  The Study Team has instructed the residents to leave 
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fetched water overnight or longer when using it for drinking purposes. 

（3） In order to ensure the residents fully understand the method of proper well use, the 

Study Team gave instruction to the residents directly on site as they fetched water.  

They also gave the results of these measurement to keypersons, such as the village 

leader or the owners of the land where the wells had been installed, and made sure 

they had a good understanding of the situation.  Moreover, they instructed the 

residents to contact DPHE if any problems concerning water quality, etc. arose in 

future. 

As for the counterparts from the DPHE head office, the Study Team notified the measurement 

results to them and explained the above well use measures in order to obtain their agreement in 

advance. They also gave a similar explanation to the Executive Engineer, Sub-Assistant 

Engineer and Sub-Divisional Engineer from the DPHE local offices and Thana offices in 

Chuadanga, Jhenaidah and Jessore. Furthermore, as emphasized in the seminar in September, 

DPHE was requested once again to conduct monitoring whenever they have the opportunity in 

future. 

 

5.5.8 Evaluation of General Water Quality 
1) Observation Wells/Holes in Pourashava 
Generally, it can be said that groundwater in the deep aquifer in the observation wells/holes 

shows good water quality. Though some parameters mentioned above exceed the criteria, other 

toxicoid parameters such as heavy metals, cadmium, chromium, copper, and mercury are almost 

all below the criteria in Bangladesh and WHO or below the quantization limits of analysis.  

Regarding Fe, a number of results are above the criteria. However, the WHO guidelines for Fe 

are just levels likely to give rise to consumer complaints. No health-based guideline values are 

proposed for Fe. This contamination originated from minerals naturally occurring in 

groundwater in a reducing state. 

As with Fe, health-based guideline values have not been set by WHO for Ca and Mg though 

some results exceed the Standard in Bangladesh. This contamination by Fe, Ca, and Mg is not 

likely to be a serious problem. 

Regarding Mn, some high concentrations are found. However, the concentrations in deep 

groundwater are lower than in shallow groundwater. 77.6% of the deep groundwater is below 

the Standard by WHO. 

Regarding NH4 and NO2, some results exceed the criteria. However, almost all exceeding results 

are distributed in the shallow aquifer. The deep aquifer of 300 m in depth is likely to be less 

contaminated. No interpretation of the contamination source of NH4 and NO2 is possible with 

this study. However, it may be an indication of the movement of fertilizers, manures and 

livestock wastes into shallow groundwater. 
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2) Deep Observation Holes in Model Rural Areas 
Generally, it can be said that groundwater in the deep aquifer (300 m depth) of Core Borings 

shows good water quality. Though some parameters mentioned above exceed the criteria, other 

toxicoid parameters such as heavy metals are almost all below the Bangladesh and WHO 

criteria or below the quantization limits of analysis. 

As for Mn, only one sample exceeds the WHO guidelines though some results exceed the 

Standard in Bangladesh. This contamination originated from minerals naturally occurring in 

groundwater in a reducing state. 

As for Fe, three samples exceed the Standard in Bangladesh. However, no health-based 

guideline value is proposed by WHO. As with Mn, this contamination originated from minerals 

naturally occurring in groundwater in a reducing state. 

As with Fe, health-based guideline values for Ca and Mg have not been set by WHO though 

some samples exceed the Standard in Bangladesh. This contamination by Fe, Mn, Ca, and Mg is 

not likely to be a serious problem. 

As for NO2, two samples exceed the Standard in Bangladesh. However, none exceeds the WHO 

Guideline. 

Regarding NH4, some results exceed the Standard in Bangladesh. However, no health-based 

guideline value has been proposed by WHO though the level likely to give rise to consumer 

complaints has been proposed by WHO. Therefore, this contamination is not likely to be a 

serious problem. 

Compared with the shallow groundwater in the same village, some parameters of Core Borings 

show lower concentrations. Figures 5.5.56 to 5.5.59 show some examples in Rajnagar 

Bankabarsi. In the case of Pb, though some contamination is found in shallow groundwater in 

Bara Dudpatila and Krishna Chandrapur villages, results of Core Borings show no 

contamination. 

These results show that deep groundwater is likely to be potable. Even though some parameters 

of deep groundwater exceed the criteria and some are influenced by salinity, it seems to be 

acceptable. 

 

3) Improved Deep Wells in the Model Rural Areas 
The actual depths of Improved Deep Wells are between 300 m ( Deep tube well, i.e. 

Observation Well, Core Borings) and around 50 m (shallow tube well , i.e. existing tube well). 

Generally, it can be said that groundwater in Improved Deep Wells shows relatively good water 

quality. Though some parameters mentioned above exceed the criteria, other toxicoid 

parameters such as heavy metals, cadmium, chromium, copper, and mercury are almost all 

below the Bangladesh and WHO criteria or below the quantization limits of analysis. 

Regarding Fe, a number of results are above the criteria. However, the WHO guidelines for Fe 
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are just levels likely to give rise to consumer complaints. No health-based guideline values are 

proposed for Fe. This contamination originated from minerals naturally occurring in 

groundwater in a reducing state. 

As with Fe, a health-based guideline value for Ca has not been set by WHO though some results 

exceed the Standard in Bangladesh. This contamination by Fe and Ca, is not likely to be a 

serious problem. 

Regarding Mn, some high concentrations exceeding the Standard in Bangladesh (up to 2.5 mg/l) 

are found. However, all results are below the WHO Guideline. 

Regarding NO2, some results exceed the Standard in Bangladesh (up to 0.46 mg/l). However, all 

results are below the WHO Guideline. 

Regarding NO3, all results are below the Standard in Bangladesh and the WHO Guideline. 

Regarding COD, relatively high concentrations are found in Bankabarsi and Chandrapur. 16.7% 

of the results (up to 39 mg/l) are above the PQL. 

Water quality of Improved Deep Well is generally good, but some parameters show higher 

concentrations like shallow groundwater. For example, high concentrations of NH4 are found in 

many samples of Improved Deep Well. They are also found in many samples from shallow tube 

wells. As with shallow tube wells, Improved Deep Well also may be contaminated by fertilizers, 

manure and livestock waste. There is another possible source of the contamination of NH4. Cow 

dung was used in the installation of Improved Deep Wells. Therefore, this may have caused the 

contamination of NH4. 

 

4) Existing Wells in the Study Area 
As mentioned earlier, the groundwater in existing wells indicates a reducing state on the whole. 

Almost all samples characterize fresh water though some samples show salinity. 

It is notable that some contamination in existing wells has been found. From the viewpoint of 

potability, groundwater in existing wells often shows some contamination. Not only As 

contamination, but other parameters of water quality need to be carefully checked. 

For example, as for N-related water quality parameters such as NO3, NO2, and NH4, NO3 and 

NO2 concentrations in the rainy season are higher than that of the dry season overall (as shown 

before in Figures 5.5.5 and 5.5.6). On the other hand, NH4 concentrations in the rainy season are 

lower than in the dry season (as shown in Figure 5.5.8). Some oxidation-reduction reactions are 

likely to happen among the three parameters. Although there is no health-based guideline value 

for NH4 by WHO, high NH4 concentrations may give rise to consumer complaints such as odor 

or taste. Furthermore, NH4 in water is an indicator of possible bacterial, sewage, and animal 

waste pollution. 

Other seasonal changes are also observed for some metals such as Cd, total-Cr, Ni (see Figure 

5.5.9), and Zn (see Figure 5.5.10). 
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5) Pond Water in the Model Rural Areas 
Since it contains low concentrations of As, pond water is a possible water resource for areas 

where other alternative water resources are limited. Due to the oxidation state, some water 

quality parameters show lower concentrations than shallow groundwater such as heavy metals, 

Fe, Mn, hardness, Ca, Mg and so on. 

However, some other parameters show higher concentrations than shallow groundwater. High 

COD is a serious problem for potability. It shows that pond water may be contaminated from the 

surface of pond. There also seems to be other contamination caused from the surface of the 

pond. As a result, sanitary protection and treatment of raw water are essential for the use of 

pond water for drinking purposes. 

The volume of drinking water is also likely to be limited, though this is not a problem of water 

quality.  

 

Reference 
Jerome O. Nriagu (1994): Arsenic in the environment part 1 

AWWA (American Water Works Association): Standard method for the examination of water & 

wastewater, 20th edition 
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