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Summary Report 

5.5 General Water Quality 
5.5.1 Comparison of Bangladesh Standard and WHO Guideline  
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 summarized 

results exceeding the standard and/or the guideline are shown in Table 5.5.9 to 5.5.14. The 

following descriptions show the results of all samples that exceed the Standard or the Guideline 

values. 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   

 
1) Observation Wells/Holes in Pourashava 

a. Deep groundwater in Chuadanga Pourashava 

As for water quality parameters of observation wells/holes deeper than 200m, those exceeding 

the standard in Bangladesh and/or WHO guideline values are Mn, Fe, Ca and COD. 

NH4 concentrations exceeded the standard in Bangladesh (0.5 mg/l) in 3 samples; however, the 

maximum value of 1.2 mg/l (well Ch-2) was not over the WHO guideline value (1.5 mg/l).  As 

for Mn, 13 of the 24 samples exceeded the standard value in Bangladesh and the WHO value 

(0.1 mg/l).  Of them, two were over the WHO health guideline value (0.5 mg/l) with a 

maximum level of 0.87 mg/l (well Ch-1).  For Fe, 23 of the 24 samples exceeded the WHO 

guideline value (0.3 mg/l).  Of them, 20 were over the standard in Bangladesh (1.0 mg/l) with 

a maximum value of 16 mg/l (well Ch-1).  Ca concentrations exceeded the standard in 

Bangladesh (75 mg/l) in 17 of the 24 samples, the maximum value being 130 mg/l (well Ch-1).  
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The COD level in 1 of the 24 samples exceeded the standard in Bangladesh (4mg/l) with a 

content of 31mg/l (well Ch-1). 

 

b. Deep groundwater in Jhenaidah Pourashava 

As for water quality parameters of observation wells/holes deeper than 200m, those exceeding 

the standard in Bangladesh and/or WHO guideline values are Mn, Fe, Ca, Mg, Pb and COD. 

Mn levels exceeded the Bangladesh and WHO values (0.1 mg/l) in 8 of the 23 samples, one of 

which was over the WHO health standard (0.5 mg/l).  The maximum value was 0.72 mg/l 

measured at Jh-2-4 hole. Fe concentrations exceeded the WHO guideline value (0.3 mg/l) in 22 

of the 23 samples. Of those, 19 were over the Bangladesh standard (1.0 mg/l), with a maximum 

value of 18 mg/l (well Jh-1). As for Ca, levels in 15 of the 23 samples exceeded the standard 

value in Bangladesh (75 mg/l), the maximum being 110 mg/l (well Jh-1). Mg levels exceeded 

the Bangladesh standard (35 mg/l) in 14 of the 23 samples with a maximum value of 38 mg/l 

(well Jh-1 and hole Jh-1-4).  Pb levels exceeded the WHO guideline value (0.01 mg/l) in 3 

samples; however the maximum was 0.013 mg/l (hole Jh-1-4), which is below the Bangladesh 

standard (0.05 mg/l).  The COD in 1 of the 23 samples was in excess of the Bangladesh 

standard (4mg/l) with a value of 27 mg/l (well Jh-2). 

 

c. Deep groundwater in Jessore Pourashava 

As for water quality parameters of observation wells/holes deeper than 200m, those exceeding 

the standard in Bangladesh and/or WHO guideline values are pH, Mn, Fe, Ca, Mg and COD. 

The pH of one sample (hole Js-1-4) was in excess of the standard in Bangladesh (ranging from 

6.5 to 8.5) with a value of 8.86.  Mn levels exceeded the Bangladesh and WHO values (0.1 

mg/l) in 18 of the 19 samples, 11 of which were over the WHO health guideline value (0.5 

mg/l); the maximum value was 2.3 mg/l measured at well Js-2.  Fe levels in 18 of the 19 

samples exceeded the WHO guideline value (0.3 mg/l).  Of those, 16 samples had 

concentrations over the Bangladesh standard (1.0 mg/l) with a maximum value of 15 mg/l (well 

Js-2).  The Ca content exceeded the standard value in Bangladesh (75 mg/l) in 10 of the 19 

samples with a maximum value of 84 mg/l (well Js-1).  One of the samples had Mg 

concentrations exceeding the Bangladesh standard (35 mg/l).  The COD of 5 of the 19 samples 

exceeded the standard level in Bangladesh (4 mg/l) with a maximum value of 180 mg/l (well 

Js-2). 

 

2) Observation holes in the Model Rural Areas 

a. Bara Dudpatila Village, Chuadanga District 

As for the water quality of deep observation wells established from core borings (depth of 

300m), the parameters exceeding the standard in Bangladesh and/or WHO guideline values are 
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NH4, Mn, Fe, Ca, Mg and COD. 

Ammonia concentrations exceeded the Bangladesh standard (0.5 mg/l) in all 7 samples. The 

maximum level of 1.8 mg/l, found in one sample immediately after drilling, is over the WHO 

guideline value (1.5 mg/l). Mn levels exceeded the Bangladesh standard value (0.1 mg/l) in 5 of 

the 7 samples, one of which was over the WHO health guideline (0.5 mg/l) with a value of 0.51 

mg/l.  Fe levels exceeded the WHO guideline value (0.3 mg/l) in all 7 samples.  Of those, 6 

samples were over the standard level in Bangladesh (1.0 mg/l) with a maximum value measured 

immediately after drilling of 15 mg/l.  Ca concentrations exceeded the Bangladesh standard 

(75 mg/l) in 5 of the 7 samples.  The maximum level of 110 mg/l was measured during the 

fifth month of monitoring.  One sample contained Mg concentrations in excess of the 

permissible value in Bangladesh (35 mg/l).  The maximum value of 43 mg/l was measured 

during the first month of monitoring.  The COD of 2 of the 7 samples exceeded the level 

permitted in Bangladesh (4 mg/l), the maximum value measured in the second and third month 

of monitoring being 39 mg/l. 

 

b. Krishna Chandrapur Village, Jhenaidah District 

As for the water quality of deep observation wells established from core borings (depth of 

300m), the parameters exceeding the standard in Bangladesh and/or WHO guideline values are 

pH, NH4, Mn, Fe, Ca, Na and COD. 

A pH of 8.78 exceeding the Bangladesh standard (ranging from 6.5 to 8.5) was observed during 

the first month of monitoring.  Ammonia levels exceeded the Bangladesh standard (0.5 mg/l) 

in 5 of the 7 samples.  Two of them had levels in excess of the WHO health guideline value 

(1.5 mg/l), the maximum value measured in the third month of monitoring being 1.6 mg/l.  Mn 

levels exceeded the Bangladesh and WHO values (0.1 mg/l) in 5 of the 7 samples. However, all 

were below the WHO health guideline (0.5 mg/l), with a maximum value of 0.28 mg/l measured 

in the sixth month of monitoring. Fe concentrations exceeded the WHO guideline value (0.3 

mg/l) in 6 of the 7 samples. All 6 samples had levels over 1.0 mg/l, with a maximum value of 

5.3 mg/l measured in the sixth month of monitoring. Ca concentrations exceeded the 

Bangladesh standard (75 mg/l) in 5 of the 7 samples; the maximum value of 130 mg/l was 

measured in the fifth month of monitoring.  Na concentrations exceeded the Bangladesh 

standard and the WHO guideline values (200 mg/l) in 1 of the 7 samples, with a level of 200 

mg/l measured in the first month of monitoring.  The COD of 2 of the 7 samples exceeded the 

standard level in Bangladesh (4 mg/l), with a maximum value of 39 mg/l measured in the first 

month of monitoring. 

 

c. Rajnagar Bankabarsi Village, Jessore District 

As for the water quality of deep observation wells established from core borings (depth of 
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300m), the parameters exceeding the standard in Bangladesh and/or WHO guideline values are 

NO2, NH4, Mn, Fe, Ni and COD. 

Although 2 samples had nitrite levels in excess of the Bangladesh standard (1.0 mg/l), the 

content was 2.2 mg/l, which is below the WHO guideline value (3.0 mg/l).  Ammonia levels 

exceeded the standard value in Bangladesh (0.5 mg/l) in 2 of the 7 samples.  However, the 

maximum value of 1.1 mg/l measured in the fifth month of monitoring was not over the WHO 

guideline value (1.5 mg/l).  Mn concentrations exceeded the WHO value (0.1 mg/l) in 1 of the 

7 samples; however all were below the WHO health guideline value (0.5 mg/l). The maximum 

value, measured in the sixth month of monitoring, was 0.2 mg/l.  Fe levels exceeded the WHO 

guideline value (0.3 mg/l) in 3 of the 7 samples.  Of those, none were over the Bangladesh 

standard (1.0 mg/l); the maximum value, measured in the sixth month of monitoring, was 0.70 

mg/l.  Nickel levels were over the WHO guideline value (0.02 mg/l) in 1 of the 7 samples 

although it did not exceed the standard in Bangladesh (0.1 mg/l).  The maximum level, which 

was measured in the second month of monitoring, was 0.037 mg/l.  The COD of 2 of the 7 

samples exceeded the level permitted in Bangladesh (4 mg/l), with a maximum value of 39 mg/l 

measured immediately after drilling. 

 

3) Views on Samples Exceeding the Standard Values 
As for the samples from observation holes/wells in the Pourashavas and observation holes in the 

model villages, the explanation and the conditions of occurrence of the parameters exceeding 

the Bangladesh standard and WHO guideline are shown in Table 5.5.14. In regards to health 

impact, concentrations of Mn in some of the samples were above the WHO health guideline 

(0.5mg/l).  

 

4) Improved Deep Wells in the Model Rural Areas 

a. Bara Dudpatila Village, Chuadanga District 

As for the water quality of Improved Deep Wells, the parameters exceeding the standard in 

Bangladesh and WHO guideline values are NO2, NH4, Mn, Fe, Ca and Pb. 

NO2 levels exceeded the standard value in Bangladesh (1 mg/l) in 3 of the 12 samples. Of those, 

none were over the WHO guideline value (3 mg/l), the maximum value being 2.5 mg/l. NH4 

concentrations exceeded the standard value in Bangladesh (0.5 mg/l) in 8 of the 12 samples. Of 

those, 6 were over the WHO guideline value (1.5 mg/l), the maximum value being 1.8 mg/l. Mn 

concentrations exceeded the standard value in Bangladesh and the WHO value (both 0.1 mg/l) 

in all 12 samples. Of those, none were over the WHO health guideline value (0.5 mg/l), the 

maximum value being 0.32 mg/l.  Fe levels exceeded both the WHO guideline value (0.3 mg/l) 

and the Bangladesh standard (1.0 mg/l) in all 12 samples, the maximum value being 5.1 mg/l. 

Ca levels exceeded the standard value in Bangladesh (75 mg/l) in all 12 samples, the maximum 
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value being 92 mg/l. Pb concentrations exceeded the WHO guideline value (0.01 mg/l) in 1 

(0.010 mg/l) of the 12 samples. However, it was not over the Bangladesh standard (0.05 mg/l). 

 

b. Krishna Chandrapur Village, Jhenaidah District 

As for the water quality of Improved Deep Wells, the parameters exceeding the standard in 

Bangladesh and WHO guideline values are NH4, Mn, Fe, Ca and COD.  

NH4 concentrations exceeded the standard value in Bangladesh (0.5 mg/l) in all 12 samples. Of 

those, 8 were over the WHO guideline value (1.5 mg/l), the maximum value being 5.4 mg/l. Mn 

concentrations exceeded the standard value in Bangladesh and the WHO value (both 0.1 mg/l) 

in 7 of the 12 samples. Of those, none were over the WHO health guideline value (0.5 mg/l), the 

maximum value being 0.46 mg/l. Fe levels exceeded both the WHO guideline value (0.3 mg/l) 

and the Bangladesh standard (1.0 mg/l) in all 12 samples, the maximum value being 9.8 mg/l. 

Ca levels exceeded the standard value in Bangladesh (75 mg/l) in all 12 samples, with a 

maximum value of 130 mg/l. COD concentrations exceeded the Bangladesh standard (4 mg/l) in 

4 of the 12 samples, with a maximum value of 39 mg/l.  

 

c. Rajnagar Bankabarsi Village, Jessore District 

As for the water quality of Improved Deep Wells, the parameters exceeding the standard in 

Bangladesh and WHO guideline values are NO2, NH4, Mn, Fe, Pb and COD.  

NO2 levels exceeded the standard value in Bangladesh (1 mg/l) in 3 of the 12 samples. Of those, 

none were over the WHO guideline value (3 mg/l), the maximum value being 2.0 mg/l. NH4 

concentrations exceeded the standard value in Bangladesh (0.5 mg/l) in 8 of the 12 samples. Of 

those, 6 were over the WHO guideline value (1.5 mg/l), the maximum value being 8.4 mg/l. Mn 

concentrations exceeded the standard value in Bangladesh and the WHO guideline value (both 

0.1 mg/l) in 4 of the 12 samples. Of those, none were over the WHO health guideline value (0.5 

mg/l), the maximum value being 0.20 mg/l. Fe levels exceeded the WHO guideline value (0.3 

mg/l) in 8 of the 12 samples. Of those, 3 were over the Bangladesh standard (1.0 mg/l), with a 

maximum value of 1.5 mg/l. Pb concentrations exceeded the WHO guideline value (0.01 mg/l) 

in 1 of the 12 samples with a value of 0.015 mg/l. However, it was not over the Bangladesh 

standard (0.05 mg/l). COD concentrations exceeded the Bangladesh standard (4 mg/l) in 1 of 

the 12 samples, with a value of 39 mg/l.  

 

5) Existing Wells in the Study Area 

a. Existing Wells in Rainy Season 

As for the water quality of shallow existing wells, the parameters exceeding the standard in 

Bangladesh and/or WHO guideline values are TDS, NO3, NO2, NH4, Mn, Fe, Cl, HCO3, Ca, Mg, 

Na, F, Cd, Total-Cr, Pb, Ni and COD. 
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TDS levels exceeded the Bangladesh standard and WHO guideline values (both 1,000 mg/l) in 2 

of the 23 samples. The maximum value is 1650 mg/l. NO3 levels exceeded the standard value in 

Bangladesh (10 mg/l) in 3 of the 23 samples.  The maximum value of 180 mg/l was over the 

WHO guideline value (50 mg/l). NO2 levels exceeded the standard value in Bangladesh (1 mg/l) 

in 4 of the 23 samples. Of those, 3 were over the WHO guideline value (3 mg/l) with a 

maximum value of 4.2 mg/l.  NH4 concentrations exceeded both the standard value in 

Bangladesh (0.5 mg/l) and the WHO value (1.5 mg/l) in 7 of the 23 samples. Mn concentrations 

exceeded the standard value in Bangladesh and the WHO value (both 0.1 mg/l) in 20 of the 23 

samples. Of those, 9 were over the WHO health guideline value (0.5 mg/l), with a maximum 

value of 0.93 mg/l.  Fe levels exceeded the WHO guideline value (0.3 mg/l) in 19 of the 23 

samples. Of those, 11 were over the Bangladesh standard (1.0 mg/l) with a maximum value of 

11 mg/l. Cl levels exceeded the WHO guideline value (250 mg/l) in 1 (330 mg/l) of the 23 

samples. However, it was not over the Bangladesh standard (600 mg/l). HCO3 concentration 

exceeded the standard value in Bangladesh (600 mg/l) in 1 (720 mg/l) of the 23 samples. Ca 

levels exceeded the standard value in Bangladesh (75 mg/l) in 17 of the 23 samples with a 

maximum value of 160 mg/l. Mg levels exceeded the Bangladesh standard (35 mg/l) in 2 of the 

23 samples, the maximum value being 45 mg/l. Na concentration exceeded the standard value in 

Bangladesh and the WHO value (both 200 mg/l) in 1 (290 mg/l) of the 23 samples. F 

concentrations exceeded the Bangladesh standard (1 mg/l) in 4 of the 23 samples. Of those, 

none were over the WHO guideline value (1.5 mg/l), the maximum value being 1.2 mg/l. Cd 

levels exceeded the WHO guideline value (0.003 mg/l) in 8 of the 23 samples. Of those, 5 were 

over the Bangladesh standard (0.005 mg/l), with a maximum value of 0.0079 mg/l. Total-Cr 

levels exceeded the standard value in Bangladesh (0.05 mg/l) in 21 of the 23 samples with a 

maximum value of 0.22 mg/l. Pb concentrations exceeded the WHO guideline value (0.01 mg/l) 

in 4 of the 23 samples. Of those, none were over the Bangladesh standard (0.05 mg/l), the 

maximum value being 0.030 mg/l. Ni levels exceeded the WHO guideline value (0.02 mg/l) in 

14 of the 23 samples. Of those, none were over the Bangladesh standard (0.1 mg/l), the 

maximum value being 0.069 mg/l. COD concentrations exceeded the Bangladesh standard (4 

mg/l) in 4 of the 23 samples, with a maximum value of 160 mg/l.  

 

b. Production Wells in Rainy Season 

As for the water quality of the production wells, the parameters exceeding the standard in 

Bangladesh and/or WHO guideline values are NO2, NH4, Mn, Fe and Ca. 

NO2 levels exceeded the Bangladesh standard (1 mg/l) in 1 (1.1 mg/l) of the 7 samples. 

However, it was not over the WHO guideline value (3 mg/l). NH4 concentrations exceeded the 

standard value in Bangladesh (0.5 mg/l) in 2 of the 7 samples. Of those, none were over the 

WHO health guideline value (1.5 mg/l), the maximum value being 1.2 mg/l. Mn concentrations 
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exceeded the standard value in Bangladesh and the WHO value (both 0.1 mg/l) in 5 of the 7 

samples. Of those, 1 was over the WHO health guideline value (0.5 mg/l) with a value of 0.68 

mg/l.  Fe levels exceeded the WHO guideline value (0.3 mg/l) in 4 of the 7 samples. Of those, 

2 were over the Bangladesh standard (1.0 mg/l), with a maximum value of 1.5 mg/l. Ca levels 

exceeded the standard value in Bangladesh (75 mg/l) in 6 of the 7 samples, with a maximum 

value of 97 mg/l. 

 

c. Existing Wells in Dry Season 

As for the water quality of shallow existing wells, the parameters exceeding the standard in 

Bangladesh and/or WHO guideline values are TDS, NO2, NH4, Mn, Fe, Cl, HCO3, Ca, Mg, Na, 

F, Pb, COD. 

TDS levels exceeded the standard value in Bangladesh and WHO guideline values (both 1,000 

mg/l) in 2 of the 23 samples. The maximum value is 1450 mg/l. NO2 levels exceeded the 

standard value in Bangladesh (1 mg/l) in 2 of the 23 samples. Of those, 1 was over the WHO 

guideline (3 mg/l) with the maximum value of 3.3 mg/l. NH4 concentrations exceeded both the 

standard value in Bangladesh (0.5 mg/l) and the WHO value (1.5 mg/l) in all 23 samples with a 

maximum value of 20 mg/l. Mn concentrations exceeded the Bangladesh standard and the WHO 

value (both 0.1 mg/l) in all 23 samples. Of those, 10 were over the WHO health guideline value 

(0.5 mg/l) with a maximum value of 1.5 mg/l. Fe levels exceeded the WHO guideline value (0.3 

mg/l) in 22 of the 23 samples. Of those, 20 were over the Bangladesh standard (1.0 mg/l) with a 

maximum value of 8.1 mg/l. Cl levels exceeded the WHO guideline value (250 mg/l) in 1 (570 

mg/l) of the 23 samples. However, it was not over the Bangladesh standard (600 mg/l). HCO3 

concentrations exceeded the Bangladesh standard (600 mg/l) in 1 (700 mg/l) of the 23 samples. 

Ca levels exceeded the Bangladesh standard (75 mg/l) in 18 of the 23 samples, the maximum 

value being 130 mg/l. Mg levels exceeded the standard value in Bangladesh (35 mg/l) in 1 (37 

mg/l) of the 23 samples. Na concentrations exceeded the standard value in Bangladesh and the 

WHO value (both 200 mg/l) in 2 of the 23 samples with a maximum value of 400 mg/l. F 

concentrations exceeded the standard value in Bangladesh (1 mg/l) in 3 of the 23 samples. Of 

those, 1 was over the WHO guideline value (1.5 mg/l) at 1.7 mg/l. Pb concentrations exceeded 

the WHO guideline value (0.01 mg/l) in 4 of the 23 samples. Of those, none were over the 

Bangladesh standard (0.05 mg/l); the maximum value was 0.037 mg/l. COD concentrations 

exceeded the Bangladesh standard (4 mg/l) in 5 of the 23 samples, with a maximum value of 85 

mg/l. 

 

d. Production Wells in Dry Season 

As for the water quality of the production wells, the parameters exceeding the standard in 

Bangladesh and/or WHO guideline values are NH4, Mn, Fe, Ca and Pb. 

 5-109



Chapter 5  Investigation of Deep Aquifers 
Summary Report 

NH4 concentrations exceeded both the standard value in Bangladesh (0.5 mg/l) and the WHO 

value (1.5 mg/l) in all 7 samples, the maximum value being 8.2 mg/l. Mn concentrations 

exceeded the standard value in Bangladesh and the WHO value (both 0.1 mg/l) in all 7 samples. 

Of those, 3 were over the WHO health guideline value (0.5 mg/l) with a maximum value of 0.75 

mg/l. Fe levels exceeded the WHO guideline value (0.3 mg/l) in all 7 samples. Of those, 6 were 

over the Bangladesh standard (1.0 mg/l), with a maximum value of 2.6 mg/l. Ca levels exceeded 

the standard value in Bangladesh (75 mg/l) in 6 of the 7 samples, with a maximum value of 110 

mg/l. Pb concentrations exceeded the WHO guideline value (0.01 mg/l) in 2 of the 7 samples. 

Of those, none were over the Bangladesh standard (0.05 mg/l), the maximum value being 0.047 

mg/l. 

 

6) Existing Wells and Pond in the Model Rural Areas 

a. Existing Wells in the Model Rural Areas 

As for the water quality of shallow existing wells in the model rural areas, the parameters 

exceeding the standard in Bangladesh and/or WHO guideline values are TDS, NO3, NO2, NH4, 

Mn, Fe, Cl, HCO3, Ca, Mg, Na, Total-Cr, Pb, Ni and COD. 

TDS levels exceeded the standard value in Bangladesh and WHO guideline values (both 1,000 

mg/l) in 5 of the 15 samples, with a maximum of 1710 mg/l. NO3 levels exceeded the standard 

value in Bangladesh (10 mg/l) in 4 of the 15 samples. Of those, none were over the WHO 

guideline value (50 mg/l), the maximum value being 23 mg/l. NO2 levels exceeded the 

Bangladesh standard (1 mg/l) in 4 of the 15 samples. Of those, 2 were over the WHO guideline 

value (3 mg/l), the maximum value being 4.0 mg/l. NH4 concentrations exceeded both the 

Bangladesh standard (0.5 mg/l) and the WHO value (1.5 mg/l) in 11 of the 15 samples with a 

maximum value of 27 mg/l. Mn concentrations exceeded the Bangladesh standard and the WHO 

value (both 0.1 mg/l) in 7 of the 15 samples. Of those, 4 were over the WHO health guideline 

value (0.5 mg/l) with a maximum value of 1.1 mg/l. Fe levels exceeded the WHO guideline 

value (0.3 mg/l) in all 15 samples. Of those, 9 were over the Bangladesh standard (1.0 mg/l), 

with a maximum value of 8.2 mg/l. Cl levels exceeded the WHO guideline value (250 mg/l) in 5 

of the 15 samples. However, none were over the Bangladesh standard (600 mg/l), the maximum 

value being 540 mg/l. HCO3 concentration exceeded the standard value in Bangladesh (600 

mg/l) in 2 of the 15 samples, with a maximum of 757 mg/l. Ca levels exceeded the Bangladesh 

standard (75 mg/l) in all 15 samples, with a maximum of 110 mg/l. Mg levels exceeded the 

Bangladesh standard (35 mg/l) in 5 of the 15 samples, the maximum value being 47 mg/l. Na 

concentration exceeded the standard value in Bangladesh and the WHO value (both 200 mg/l) in 

5 of the 15 samples, with a maximum of 410 mg/l. Total-Cr levels exceeded the standard value 

in Bangladesh (0.05 mg/l) in 2 of the 15 samples, with a maximum value of 0.066 mg/l. Pb 

concentrations exceeded the WHO guideline value (0.01 mg/l) in 2 of the 15 samples. Of those, 
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none were over the Bangladesh standard (0.05 mg/l), the maximum value being 0.014 mg/l. Ni 

levels exceeded the WHO guideline value (0.02 mg/l) in 3 of the 15 samples. Of those, none 

were over the Bangladesh standard (0.1 mg/l), the maximum value being 0.029 mg/l. COD 

concentrations exceeded the Bangladesh standard (4 mg/l) in 4 of the 15 samples, with a 

maximum value of 44 mg/l. 

 

b. Pond Water in the Model Rural Areas 

As for the water quality of pond-water in the model rural areas, the parameters exceeding the 

standard in Bangladesh and WHO guideline values are NO3, NO2, NH4, Mn, K, F, Pb and COD. 

NO3 levels exceeded the standard value in Bangladesh (10 mg/l) in 4 of the 27 samples. Of 

those, none were over the WHO guideline value (50 mg/l), the maximum value being 42 mg/l. 

NO2 levels exceeded the Bangladesh standard (1 mg/l) in 3 of the 27 samples. Of those, 2 were 

over the WHO guideline value (3 mg/l) with a maximum value of 6.6 mg/l. NH4 concentrations 

exceeded the Bangladesh standard (0.5 mg/l) in 9 of the 27 samples. Of those, 2 were over the 

WHO value (1.5 mg/l), with a maximum of 4.8 mg/l. Mn concentrations exceeded the standard 

value in Bangladesh and the WHO value (both 0.1 mg/l) in 2 of the 27 samples. Of those, none 

were over the WHO health guideline value (0.5 mg/l), the maximum value being 0.16 mg/l. K 

levels exceeded the standard value in Bangladesh (12 mg/l) in 5 of the 27 samples; the 

maximum value was 62 mg/l. F concentrations exceeded the standard value in Bangladesh (1 

mg/l) in 7 of the 27 samples. Of those, 5 were over the WHO guideline value (1.5 mg/l) with a 

maximum of 3.6 mg/l. Pb concentrations exceeded the WHO guideline value (0.01 mg/l) in 1 

(0.011 mg/l) of the 27 samples. However, it was not over the Bangladesh standard (0.05 mg/l). 

COD concentrations exceeded the Bangladesh standard (4 mg/l) in 10 of the 27 samples, with a 

maximum value of 78 mg/l. 

 

7) Deep Observation Well in Keshabpur Thana 
As for the water quality of deep observation well in Keshabpur Thana, the parameters exceeding 

the standard in Bangladesh and WHO guideline values are NH4 and Fe. 

NH4 concentrations exceeded the Bangladesh standard (0.5 mg/l) in one sample, with a value of 

1.4 mg/l. However, it was not over the WHO value (1.5 mg/l). Fe level exceeded the WHO 

guideline value (0.3 mg/l) in one sample at 0.57 mg/l. However, it was not over the Bangladesh 

standard (1.0 mg/l). 

 

5.5.2 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 relations of arsenic 

concentrations and water quality parameters were examined. 
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Relation of Fe to As, NH4, Eh and pH 
Figure 5.5.1 shows the relations of dissolved iron to 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 

17mg/l. The groundwater samples having As concentrations more than 0.05mg/l show Fe 

concentrations ranging from 1 to 6mg/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 

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

limited in the upper-left of the graph. The relationship between Fe and pH shows an inversely 

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

6.8 to 7.5 in pH. 

 

5.5.3 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. 

 

1) Results of water quality re-analysis 
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 

were all below PQL. 
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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 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 
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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. 

 

5.5.4 Evaluation of General Water Quality 
1) Observation Wells/Holes in Pourashava 
Comparing the groundwater of observations holes established in shallow aquifers in the sites for 

test drilling in Pourashava to the existing wells (shallow wells and existing water source wells in 

Pourashava), the general water quality of observation wells/holes deeper than 200m is judged to 

be good across the board.  Some of the general water quality parameters exceed WHO 

guideline values and/or the standard values in Bangladesh. However, highly toxic parameters, 

such as cadmium, chromium, copper, cyanide and mercury, are below the WHO guideline 

values and the standard in Bangladesh values in all of the samples. 

As for Fe, many of the samples have levels exceeding the WHO guideline value and the 

Bangladesh standard. However, the WHO guideline values for iron are just levels likely to give 

rise to consumer complaints concerning color, taste, smell, etc.  A guideline value based on 

health criteria has not been proposed.  It is common knowledge that iron concentrations are 

often high in groundwater in a reducing state.  

As with iron, there are many samples with Ca and Mg levels exceeding the Bangladesh standard.  

However, as a standard based on health criteria has not been proposed by WHO, it is not 

considered to be a serious problem.   

As for Manganese, high concentrations are found in some samples.  However, concentrations 

in deep groundwater are lower than in shallow groundwater.  Moreover, about 80％ of the 

samples from deep groundwater are below the health guideline value set by WHO.  

As for lead, though 3 samples slightly and sporadically exceed the WHO guideline, they are not 

thought to have any effect on health.   

Although levels of NH4 exceed standard values in some of the samples, most are from shallow 

groundwater.  The degree of contamination in deep groundwater was found to be 
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comparatively low.  The source of ammonia was not examined in the Study but it is speculated 

that shallow groundwater contamination is due to fertilizers and urine. In deep aquifers, on the 

other hand, contamination is thought to be due to the effect of biological decomposition by 

bacteria, etc. 

As for COD, though some samples exceed the standard in Bangladesh, it is thought that they are 

affected by the reducing condition of groundwater rather than by organic contamination.  A 

standard based on health criteria has not been proposed by WHO. 

 

2) Deep Observation Holes in Model Rural Areas 
In general, the water quality of deep groundwater from observation holes converted from core 

borings holes in the model villages was judged to be good.  Although some general water 

quality parameters exceed the WHO guideline values and/or standard values in Bangladesh, 

highly toxic parameters, such as Cd, Total-Cr, Cu, cyanide, Pb and Hg, were below the WHO 

guideline values and the Bangladesh standards in all of the samples. 

As for Mn, only one sample had levels in excess of the health guideline value set by WHO.  

Manganese is thought to have geologic origins, and concentrations tend to be high in 

groundwater in a reducing state.   

As for Fe, many of the samples have levels exceeding standard values. However, the WHO 

guideline values for iron are just levels likely to give rise to consumer complaints concerning 

color, taste, smell, etc.  A guideline value based on health criteria has not been proposed.  It is 

common knowledge that iron concentrations are often high in groundwater in a reducing state.  

As with Fe, there are some samples with Ca and Mg levels exceeding the standard in 

Bangladesh.  However, as a standard based on health criteria has not been proposed by WHO, 

it is not considered to be a serious problem.   

NO2 concentrations also exceed the standard level in Bangladesh in 2 of the samples but they 

are below the WHO guideline value. 

As for NH4, although three of the samples indicate levels exceeding the WHO guideline value, 

they are not thought to have any effect on health, as mentioned above. 

As for Na, although only one of the samples exceeds the WHO guideline value and the 

Bangladesh standard, the WHO guideline value for sodium is just a level likely to give rise to 

consumer complaints concerning color, taste, smell, etc.  It is not thought to have any effect on 

health. 

As for Ni, only one of the samples exceeds the WHO guideline value but it is below the 

Bangladesh standard. It is not considered to be a serious problem. 

As for COD, though some samples exceed the standard in Bangladesht is thought that they are 

affected by the reducing state of groundwater rather than by organic contamination.  A 

standard based on health criteria has not been proposed by WHO. 

 5-115



Chapter 5  Investigation of Deep Aquifers 
Summary Report 

As compared with the general water quality of deep and shallow groundwater in the same 

village, deep groundwater is better than shallow groundwater. Figures 5.5.2 to 5.5.5 show some 

examples of the difference in Rajnagar Bankabarsi. In evaluating the general quality of deep 

groundwater, the results obtained from the Study show that deep groundwater is potable.  As 

mentioned previously, although some parameters exceed the standard values, it is not considered 

to pose any health risks.  Some samples slightly affected by salinity are also presently 

considered to be suitable for drinking.  

 

3) Views on Samples Exceeding the Standard Values 
As for the samples from observation wells/holes in the Pourashavas and observation holes in the 

model villages, the treatment method and the views on the parameters exceeding the 

Bangladesh standard and WHO guideline and are shown in Table 5.5.16. In consideration of 

health impact, it is necessary to treat the water contaminated with Mn. However, judging from 

the actual situation in Bangladesh, realistic measures will be difficult. 

 

4) Improved Deep Wells in the Model Rural Areas 
The actual depths of Improved Deep Wells are between deep tube wells (300m depth, i.e. 

Observation Wells, Core Borings) and shallow tube wells (around 50m depth, i.e. existing tube 

wells). The water quality (except As) of Improved Deep Wells is generally as good as deep 

observation wells/holes. However, high concentrations of NH4 were found in many samples of 

Improved Deep Wells. This was also shown in many samples from shallow tube wells. As with 

shallow tube wells, Improved Deep Wells may also be contaminated by fertilizers, manure and 

livestock wastes. There is another possible cause of the NH4contamination . Cow dung was used 

for the installation of Improved Deep Wells. Therefore, this may have caused the contamination 

of NH4. In Chuadanga and Jhenaidah, the aquifers of the improved deep wells are shallower 

than Jessore’s. So the concentrations of parameters such as Fe and Ca are higher.  

 

5) Existing Wells in the Study Area (including the Model Rural Areas) 
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 of existing wells is found. From the viewpoint of potability, 

groundwater in existing wells often shows some contamination. Care needs to be taken for not 

only As contamination, but other parameters of water quality as well. N-related water quality 

parameters such as NO3, NO2, and NH4, NO3 and NO2concentrations in the rainy season are 

higher than that of the dry season overall (as shown in Table 5.5.4 and 5.5.5). On the other hand, 

NH4 concentrations in the rainy season are lower than in the dry season. Some 

oxidation-reduction reactions are likely to happen among the three parameters. Although NH4 
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has no health-based guideline by WHO, high NH4 concentrations may give rise to consumer 

complaints regarding odor or taste. Furthermore, NH4 in water is an indicator of possible 

bacterial, sewage, and animal waste pollution. Seasonal changes are also observed for some 

parameters such as Cd, total-Cr, Ni and Zn. However, this reason was not examined in this 

study.  

 

6) Pond Water in the Model Rural Areas 
Since it has a low concentration of As, pond water is a possible water source for areas where 

other alternative water sources are limited. Due to its oxidation state, some water quality 

parameters show lower concentrations than in shallow groundwater such as heavy metals, Fe, 

Mn, hardness, Ca, Mg and so on. However, some other parameters show higher concentrations 

than in shallow groundwater. High COD is a serious problem for potability. It shows that pond 

water may be contaminated from the surface of the pond. Other contaminations through the 

surface of the pond also seem to have occurred. As a result, sanitary protection and treatment of 

raw water are essential for the potable use of pond water. Another problem is likely to be 

limitations in volume for drinking though it is not a problem of water quality. 
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5.6 Core Sample Analysis 
5.6.1 Results of Arsenic Analysis in Core Samples 
1) CH-2 Site [Girls College, Chuadanga Pourashava] 
Figure 5.6.1shows the results of the arsenic content test and leachate test at CH-2 site.  

The total arsenic content is generally lower than 10ppm at depths from 0 to 204 m. In the 

shallow portion, clay and silt samples at depths from 0.17 to 6.50 m have slightly elevated total 

arsenic contents ranging from 5.6 to 9.7ppm. However, the samples from 13.3 to 91.2 m have 

small total arsenic contents ranging from 0.5 to 2.1ppm. The peaty silt sample collected from 

102.50 to 102.63 m in depth has 17.73ppm. But some samples in depths from 206.0 to 245.2 m 

have high total arsenic content from 20 to 117ppm. The highest total arsenic content of 

117.26ppm, which is also the highest in the study, was detected in a silty clay sample at depths 

from 207.50 to 207.72 m. It should be noted that such a higher value of arsenic content in the 

deep layers more than 200 m in depth has not been found in the previous studies in Bangladesh. 

The samples below 245.3 m have total arsenic contents ranging from 3.7 to 6.4ppm. 

The results of the leachate test show that the samples from 0.1 to 45. 7 m in depth have almost 

less than 5 ppb of leached arsenic. In the samples from 52.0 to 192.5 m, slightly elevated 

leached arsenic was found at depths from 52.05 to 57.50 m (8.0 to 8.8ppb) and from 135.00 to 

141.36 m (7.1 to 9.6ppb). In depths from 199.60 to 268.60 m, some samples show more than 

10ppb of leached arsenic. The highest value of 20.5 ppb was detected from a fine to medium 

sand sample having 5.08ppm in total arsenic content. The sample having the highest total 

arsenic content of 117.26ppm shows only 11.0ppb. The samples below a depth of 271.3 m have 

less than 6ppb. 

 

2)  CH-CB Site [Bara Dudpatila Village, Damurhuda Upazila]  
Figure 5.6.2 shows the results of the arsenic content test and leachate test at CH-BD site.  

The samples from 0.0 to 100.8 m in depths have total arsenic content less than 10ppm. The 

clayey silt sample at depths from 111.65 to 111.85 m has a total arsenic content of 42.71ppm. 

The total arsenic content in the samples at depths from 119.3 to 223.5 m tends to increase with 

depth, from 3 to 14ppm. The clayey sample taken at a depth from 228.50 to 229.00 m has the 

highest total arsenic content of 93.57ppm at the site. Below this, the arsenic content ranged from 

2.2 to 8.3ppm at depths from 233.0 to 268.2 m. In the samples below 270 m in depth, there are 

two (2) samples having more than 20ppm in total arsenic content. One is a fine to medium sand 

sample from 272.40 to 273.00 m (29.76ppm) and the other is very fine to fine sand sample from 

290.00 to 290.40 m (47.09ppm). 

The result of the leachate test shows that the shallow core samples within 100 m in depth have a 

very small value of leached arsenic, almost less than 5 ppb. However, the leached arsenic 

gradually increases with depth in the samples from 100 to 300 m. The leached arsenic ranges 
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from 5 to 12ppb from 100 to 260 m, whereas the value ranges from 10 to 20ppb in depths from 

264.5 to 290.4 m. 

 

3)  JH-1 Site [Arabpur, Jhenaidah Pourashava] 
Figure 5.6.3 shows the results of the arsenic content test and leachate test at JH-1 site.  

The vertical distribution of total arsenic content at the site is characterized by relatively higher 

values within 200 m in depth and very low arsenic content below the depth. Although the values 

range from 0 to 20ppm, relatively higher values more than 10ppm are found in a fine sand 

sample (8.40 to 9.00 m, 11.88ppm), silty fine sand sample (63.00 to 63.60 m, 17.95ppm), silty 

clay sample (100.55 to 100.37 m, 19.48ppm), very fine to fine sand sample (143.28 to 143.85 m, 

16.68ppm), and fine to medium sand samples (183.00 to195.85 m, 10.61 to 14.38ppm). It is 

noted that the baseline of the total arsenic content increases with depth particularly from 100 to 

200 m in depth. The samples in depths from 210 to 277 m have small total arsenic contents 

within 3ppm. 

The result of the leachate test shows that the amount of leached arsenic is almost less than 5ppb 

from 0 to 300 m in depth except the samples from 61.6 to 67.0 m. The highest value of 90.5ppb 

was recorded in a silty fine sand sample (63.00 to 63.60 m) with a total arsenic content of 

17.95ppm. The second and third highest values are found in a fine to medium sand sample 

(66.40 to 67.00 m, 59.9ppb) and fine to medium sand sample (61.60 to 62.00 m, 47.9ppb), 

respectively. Compared with the distribution of total arsenic content, only this portion has the 

appearance of arsenic both in the total content test and leachate test. 

 

4)  JH-KC Site [Krishna Chandrapur Village, Moheshpur Upazila] 
Figure 5.6.4 shows the results of the arsenic content test and leachate test at JH-KC site. 

The values of total arsenic content vary between 0 and 15ppm at the site. The general vertical 

distribution pattern is characterized by slightly higher values in the shallow portion within 30 m 

in depth, lower values less than 5ppm from 30 to 140 m, gradual increase from 2 to 5ppm at 150 

m to 5 to 10ppm at 210 m, and a continuation of the range of variation up to 300 m in depth. 

The highest value of 12.96ppm at the site was recorded in the sample of sandy clay at depths 

from 25.70 to 25.85 m. It is noted that the background value of the arsenic content is higher in 

the fine sediments occurring below 195 m in depth. 

 

5)  JS-2 Site [Kharki, Jessore Pourashava] 
Figure 5.6.5 shows the results of the arsenic content test and leachate test at JS-2 site.  

The result of the total arsenic content test shows that higher values ranging from 40 to 60ppm 

are found at depths from 5 to 20 m. In the deeper portion, slightly elevated arsenic contents 

around 10ppm were found at depths around 160 and 210 to 250 m. The highest value of 
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63.15ppm in the site was found in a sample of peaty silt (14.45 to 14.78 m). The samples of peat, 

peaty silt, and clayey sediments at depths from 8.4 to 19.2 m have higher arsenic contents, 

which can be regarded as the source of arsenic contamination at the site. In the deeper portion, 

the samples having more than 10ppm are silty clay (159.50 to 159.65 m, 14.62ppm), silt (217.30 

to 217.73 m, 10.57ppm), and sandy silt (252.00 to 252.15 m, 13.71 m). There is no increase of 

the baseline value of the arsenic content below 250 m in depth. 

The result of the leachate test also shows that the arsenic is leached from the samples at shallow 

depths within 20 m as high as 20ppb. The maximum value of 20.3ppb was found in the peat 

sample at depths from 19.08 to 19.18 m with a total arsenic content of 50.70ppm. In the lower 

portion, the results show almost less than 5ppb except the samples taken from 252.0 to 273.9 m. 

The samples consist of sandy silt, fine to medium sand, and medium sand and have 5.2 to 

8.6ppb. 

 

6)  JS-2 Site [Rajnagar Bankabarsi Village, Keshabpur Upazila] 
Figure 5.6.6 shows the results of the arsenic content test and leachate test at JS-RB site.  

The result of the total arsenic content test shows that the values are more than 50ppm in shallow 

samples within 10 m in depth and deeper samples obtained at depths from 250 to 260 m. The 

baseline value tends to increase from 1 to 15ppm with depth. The highest arsenic content of 

67.61ppm was found from a silt sample at depths from 254.54 to 254.91 m. The clayey silt 

sample (256.23 to 256.66 m) beneath the silt sample also has a higher value of 60.22ppm. In the 

shallow portion, a peat sample (8.00 to 8.21 m) has 57.12ppm. The other samples of peat, peaty 

clay, and clay at depths from 7.0 to 9.9 m have values from 10.0 to 29.4ppm. It is noted that the 

baseline value of the arsenic content is higher than 10ppm below the highly contaminated 

samples at depths from 254.54 to 256.66 m, and that is clearly different from the baseline values 

in the upper layers. 

The result of the leachate test shows that leached arsenic was found in some samples above 160 

m in depth. The samples below 160 m in depth show less than 5ppb. The highest value of 

16.6ppb was found from clayey silt at depths from 131.08 to 131.45 m. In the shallow portion, 

the peat samples having an arsenic content of 29.4 to 57.1ppm show only 7.3 to 10.3ppb. Since 

there is a peaty, very fine sand sample having 10.81ppm of arsenic at 61.8 to 62.0 m, the 

samples at depths from 61.8 to 75.0 m have 6.5 to 7.3ppb of leached arsenic. 

 

5.6.2 Evaluation of Arsenic Analysis 
From the quality control test, secondary contaminations of core samples were not observed. It is 

evaluated that the sampling method and procedures employed in the study were satisfactorily 

performed. 

The results of the total arsenic content test indicate the existence of arsenic in the soil not only 
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in the shallow portion but also in the deeper portion up to 300 m in depth at some places. The 

occurrence of arsenic in the deeper layers indicates that there is a possibility of arsenic 

contamination originating from the deeper source. In other words, there is a potential of arsenic 

contamination in some places in the Study Area. However, the total arsenic content test does not 

show the form of arsenic occurrence. Therefore, it is difficult to judge whether or not the arsenic 

in deeper layers can easily be released into the groundwater. Moreover, there would be many 

complicated factors that control the release of arsenic from soil into groundwater. In the next 

step, it is necessary to research the occurrence and behaviors of arsenic that exists in the deeper 

layers. 

Regarding the leachate test, the results are sometimes not in good agreement with the result of 

the arsenic content test. One of the probable reasons is that the in-situ groundwater conditions 

and laboratory conditions are different. For example, the extraction solution is controlled under 

acidic conditions; however, the general groundwater quality in the Study Area shows the pH is 

generally above 7. Due to the difference of leaching environment, some arsenic in the samples 

may not be released into the solution. Therefore, based on the results of this study, further 

detailed tests are required for research purposes. 

It is also necessary to consider more sophisticated sampling methods to satisfy further detailed 

arsenic analysis, particularly for analyzing the form of the arsenic in soil.  
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5.7 Evaluation of Deep Aquifers 
5.7.1 Quantitative Evaluation 
1) Specific Capacity 
Figure 5.7.1 shows the distribution of specific capacity (Sc) values by drilling site. Ch-1 well in 

Chuadanga Pourashava has the greatest value of 257.1 m2/day. The second greatest value was 

found at Js-1 well in Jessore Pourashava, having 85.4 m2/day. On the other hand, the smallest Sc 

value of 2.5 m2/day was found at Jh-1 well, while the second smallest value of 6.5 m2/day was 

also found in Jhenaidah Pourashava at Jh-2 well. The Sc values of Ch-2 well and Js-2 well show 

10.5 and 9.1 m2/day, respectively. 

The aquifer productivity of deep aquifers below 200 m in depth in the Study Area is smaller 

than that of the main aquifer used by the existing Pourashava production wells in terms of 

specific capacity.  

 

2)  Transmissivity 
Figure 5.7.2 shows the vertical distribution of T values by district. In Chuadanga, the T values in 

the shallow aquifers within 162 m in depth range from 300 to 830 m2/day. In the deep aquifer, 

Ch-1 well has a very high value of T about 16,000 m2/day. However, the T values in Ch-2 well 

and Ch-2-4 hole shows 80 to 740 m2/day.  

In Jhenaidah District, the 100 m depth zone has higher values of T ranging from 2,000 to 3,400 

m2/day. The 150 m zone also shows higher values ranging from 400 to 1,850 m2/day. The 

shallowest holes in the 50 m zone show 115 to 290 m2/day. However, Jh-1and Jh-2 observation 

wells have very small T values below 2 m2/day. The productivity of the deep aquifer in terms of 

transmissivity is smaller than that of shallow aquifers. 

In Jessore District, the T values in the 150 m zone show smaller values, ranging from 2 to 300 

m2/day. The T values of the 50 and 100 m zones show 200 to 3,500 m2/day. In the deep 

wells/holes, the rest mainly shows T values ranging from 30 to 80 m2/day except Js-2 well. 

The transmissivity value in the deep aquifer is generally smaller than that of shallow aquifers. 

However, the T values vary widely by place and by well/hole. The T values at Ch-1 well and 

Js-1 well indicate that the aquifer productivity is enough to supply water for a piped water 

system. However, the T values in Jhenaidah Pourashava are too small. 

 

5.7.2 Qualitative Evaluation 
1)  As Concentration and Groundwater Quality 

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

Figure 5.7.3 shows the vertical distribution of arsenic concentration and groundwater quality by 

stiff diagram at CH-1 site. At the site, the arsenic concentrations generally ranged from 0.03 to 

5-161 



Chapter 5  Investigation of Deep Aquifers 
Summary Report 

0.06 mg/l in holes Ch-1-1 to Ch-1-3 for the period from February to October 2001. However, 

the As concentrations in the deep groundwater measured in Ch-1 well and Ch-1-4 hole ranged 

from 0.002 to 0.04 mg/l, showing lower concentrations than the shallow aquifers.  

The stiff diagrams show that the sizes of the diagrams from holes Ch-1-1 to Ch-1-4 are 

comparatively small. On the other hand, the size is larger in the deep groundwater, indicating 

that the chemical characteristics of the deep groundwater are different from the shallow ones. 

Considering the existence of fine sediments such as very fine to fine sand layers at depths from 

174 to 212 m, it can be said that the deep aquifer is separated from the shallow aquifers to a 

certain degree. However, there is no thick clay layer between the shallow aquifers and deep 

aquifer, it may be possible that groundwater can move vertically when the difference of 

hydraulic heads between the two aquifers is greater. A trilinear diagram showing the difference 

of water quality in CH-1 and CH-2 site is presented in Figure 5.7.6 and Figure 5.7.8. 

 

b. JH-1 Site [Arabpur, Jhenaidah Pourashava] 

Figure 5.7.4 shows the vertical distribution of arsenic concentration and groundwater quality by 

stiff diagram at JH-1 site. At the site, As concentrations are higher only in Jh-1-1 hole. The As 

concentration of holes Jh-1-2 and Jh-1-3 ranges from 0.01 to 0.03 mg/l. In the deep groundwater, 

the As concentrations also ranged from lower levels from 0.005 to 0.03 mg/l. 

The stiff diagram of the Jh-1-1 hole is the smallest. The size of the diagrams of holes Jh-1-2 and 

Jh-1-3 is slightly larger than that of Jh-1-1 hole. Further, it is clear that the size of the diagrams 

of Jh-1 well and Jh-1-4 hole is larger than the shallow ones. At the site, it is possible to identify 

three (3) aquifers from hydrogeological and hydrochemical points of view. The shallow aquifer, 

which is separated from the underlying middle aquifers by alternating layers of medium sand 

and silty clay, has groundwater moderately contaminated by arsenic with a smaller-sized stiff 

diagram. The middle aquifer having less contaminated groundwater with slightly larger-sized 

stiff diagrams occurs at depths from 80 to 190 m. The deep aquifer, which occurs below the 

thick alternating layers of sandy silt and fine sand from 190 to 235 m, has groundwater less 

contaminated by arsenic with larger-sized stiff diagrams.  

Although there is no pure and thick clay layer between the shallower aquifers and the deep 

aquifer, the hydrogeological and hydrochemical conditions suggest that the deep aquifer is 

separated at the present time from the shallow ones by the finer sediments at depths from 190 to 

235 m. A trilinear diagram showing the difference of water quality in JH-1 and JH-2 site is 

presented in Figure 5.7.8 and Figure 5.7.9. 

 

c. JS-1 Site [Ghop, Jessore Pourashava] 

Figure 5.7.5 shows the vertical distribution of arsenic concentrations and groundwater quality 

by stiff diagram at JS-1 site, Jessore Pourashava. At the site, it is noted that the arsenic 
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concentration in Js-1-2 hole, from which the 100 m zone aquifer is monitored, is the highest 

among the observation well/holes even though the arsenic levels range from 0.001 to 0.035 

mg/l. 

The stiff diagrams show that the groundwater quality of shallow aquifers measured in holes 

Js-1-1 to Js-1-3 shows to be Ca - HCO3 type, whereas the deep groundwater measured at Js-1 

well and Js-1-4 hole shows to be a different type of chemical composition, characterized by 

(Na+K) - HCO3 type. 

According to the geological columnar section, there are fine-grained layers including very fine 

sand and sandy silt at depths from 200 to 260 m. It is, therefore, regarded that the deep aquifer 

is separated from the shallow aquifers by the fine sediments. A trilinear diagram showing the 

difference of water quality in JH-1 and JH-2 site is presented in Figure 5.7.10 and Figure 5.7.11. 

 

2)  Arsenic in Soil and Groundwater 
Arsenic in soil and groundwater was compared at three (3) drilling sites in Pourashava areas 

where core boring and the depth-wise distribution of arsenic monitoring were carried out 

 

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

Figure 5.7.12 shows the vertical distribution of the total arsenic content, arsenic by leachate test, 

and arsenic concentration in groundwater at CH-2 site. The total arsenic contents in the core 

samples from depths shallower than 200 m are not high (less than 10 ppm). The result of the 

leachate test also shows the released arsenic by the test was very small in the portion, 

particularly at depths from 0 to 50 m where the amount was almost below 5 ppb. However, the 

arsenic concentration at Ch-2-1 hole, which has screen at depths from 44.5 to 53.5 m, shows 

groundwater highly contaminated by arsenic ranging from 0.12 to 0.23 mg/l. The reason may be 

that although the source of arsenic does not exist at the drilling point itself, the source must be 

located near the drilling point at a shallow depth so that the plume of contaminated water has 

reached the drilling point by advection and dispersion. The decreasing of arsenic concentration 

in groundwater with depth, which is observed in the holes from Ch-2-1 to Ch-2-3, also suggests 

that the source of arsenic is located in the shallow portion within 50 m in depth near the drilling 

site. The vertical distribution of arsenic concentrations in groundwater also indicates the 

downward movement of contaminated groundwater. 

In the deeper portion below 200 m in depth, although the highest total arsenic content of 117.3 

ppm was found in a silty clay sample at depths from 207.50 to 207.72 m and the values from 20 

to 50 ppm were also found at depths from 210 to 250 m, the arsenic concentrations in 

groundwater measured in Ch-2 well and Ch-2-4 hole were very small, showing below 0.002 

mg/l. To explain the reason of the phenomenon, the following three (3) hypotheses can be 

proposed: 
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��The arsenic in the deep soil is not released into groundwater, and remains in the 

soil. 

��Some amount of the arsenic is leached into groundwater, but has not reached the 

deep aquifer due to the slow groundwater flow velocity. 

��The arsenic is released in the groundwater, but the contaminated groundwater 

moves upward for the depression of piezometric head in the upper aquifers. 

At the site, there is no crucial data to identify the reason. Further research and monitoring of 

groundwater conditions are required. 

 

b. JH-1 Site [Arabpur, Jhenaidah Pourashava] 

Figure 5.7.13 shows the vertical distribution of total arsenic content, arsenic by leachate test, 

and arsenic concentration in groundwater at JH-1 site. Since the total arsenic contents in the 

samples from 0 to 300 m in depth are below 20 ppm, a clear source of arsenic cannot be 

identified from the profile. However, the groundwater in Jh-1-1 hole, which has screen at depths 

from 48 to 57 m, has slightly elevated arsenic concentrations ranging from 0.043 to 0.055 mg/l. 

The slightly high arsenic groundwater was also found in the deep aquifer. It ranges from 0.01 to 

0.03 mg/l at Jh-1-3 and Jh-1-4. 

This might be related to the traveling time and flow path of deep groundwater as well as the 

mechanism of arsenic contamination in deep layers.  

 

c. JS-2 Site [Kharki, Jessore Pourashava] 

Figure 5.7.14 shows the vertical distribution of total arsenic content. At the site, the source of 

arsenic contamination is the shallow clayey sediments particularly peat, which has an arsenic 

content of 40 to 65 ppm. Below 20 m in depth, there is no arsenic source up to 300 m. However, 

the highest As concentrations ranging from 0.05 to 0.1 mg/l were found from Js-2-2 hole, which 

has screen pipes at a depth from 99 to 111 m. On the other hand, the groundwater in Js-1-1 hole, 

in which screen is located about 30 m below the peaty layers, does not show arsenic 

contamination in groundwater.  

It is thought that the arsenic found in the groundwater of Js-1-2 hole is not derived straight from 

the shallow peaty layers by the vertical movement of groundwater, because the As concentration 

in Js-1-1 hole is clearly lower than that in Js-1-2. A possibility is that the plume of contaminated 

water reached the screen portion of Js-1-2 hole from the shallow portion of another area.  

In the deep aquifers below 240 m in depth, there is no source of arsenic contamination. It is, 

therefore, evaluated that the deep aquifer at the site has no potential of future arsenic 

contamination by the arsenic originating from the deep layers. 

 

3)  Potential of Arsenic Contamination in Deep Aquifer 
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From the investigation results mentioned above, it can be said that there are two (2) possibilities 

to contaminate the groundwater of deep aquifers. One is that the seepage or leakage from 

shallow contaminated water reaches the deep aquifers. The possibility of such contamination 

originating from the shallow portion is high if there is no significant aquitard or aquiclude 

between the two aquifers. If the shallow aquifer and the deep aquifer are directly connected, the 

shallow groundwater can move downward easily when the piezometric head in the deep aquifer 

is lower than that of shallow aquifer.  

Another possibility is that the deep aquifer is contaminated by the arsenic occurring in the deep 

layers. From the results of core sample analysis, CH-2 and CH-BD sites in Chuadanga District 

and JS-RB site in Jessore District have potential of such contamination. However, so far no 

significant arsenic contamination in groundwater has been detected. Although the potential of 

deep contamination exists at the sites, the possibility of deep contamination from the arsenic in 

the deep layers cannot be evaluated at present moment.  

To evaluate the deep contamination, it is necessary to carry out further monitoring and detailed 

research on the deep groundwater conditions as well as the nature and environment of deep 

aquifers including the detailed form and occurrence of arsenic in the deep layers.  
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5.8 Regional Hydrogeologic Structures 
5.8.1 Geological Profiles 
A total of 7 geological profiles in N-S and W-E directions were prepared. For identifying the 

geologic units at each existing drilling record, the geologic descriptions and drilling records 

were carefully examined one by one comparing them with the neighboring existing well records 

and the resistivity profiles nearby. Transient electromagnetic measurement (TEM) and electric 

prospecting using the Schlumberger electrode configuration were used for the geophysical 

survey. The TEM measurements were carried out at 200 points in the study area. The TEM 

results clearly show the occurrence of subsurface resistivity layers up to a depth of 400m. The 

high resistivity layer, which corresponds to Second Aquifer (= Middle Aquifer) can be traced 

widely in most parts of the study area at depths from 100 to 200m. However, the high resistivity 

layer cannot be found in the southern part of the study area because C formation mainly consists 

of clayey layers.  

The geological profiles along A - A’ line to B - B’ line are presented in Figures 5.8.1 to 5.8.2. 

The layer of these formations has a general tendency to become coarser toward the north. A, B 

and E formations lie flatly in the Study Area. C and D formations are slightly dipping toward the 

southeast in the Study Area. E formation lies flatly in the Study Area. The upper part of E 

formation is unconformably overlain by D formation with angular unconformity. 

D formation declines from the northwestern area (Chuadanga thana) toward the southeastern 

area (Abhaynagar thana). The depths to the bottom of the formation widely vary from about 

GL-190 to 300 m+. 

C formation is learning from the northwestern area (Chuadanga thana) toward the southeastern 

area (Abhaynagar thana) like D formation. The depths to the bottom are widely distributed from 

about GL-160 to 270 m+. 

The base of B formation shows to be comparatively flat in the Study Area. The depths to the 

bottom are deep in the northeastern area (Sailkupa thana) while the depths are shallow in the 

southern area (Kesahbpur thana). 

The thickness of A formation varies from 25 to 50 m. The bottom of A formation is not flat. The 

depths to the bottom tend to decrease (GL-25 m) in the northwestern area (Sailkupa thana), and 

to increase (about GL-50 m) in the southern area (Kesahbpur thana). 

 

1)  Geological Profile along A – A’ Line (Figure 5.8.2) 
The profile line is located in the western part of the Study Area from north to south. Along the 

profile line, there are three (3) core boring sites. The boundaries of geologic formations decline 

toward the south. The grain size of the sediments generally becomes smaller in the southern part. 

In C formation, several thick gravelly layers occur in Chuadanga and Jhenaidah Districts, but 

the layers disappear in the area between Moheshpur in Jhenaidah District and Chougacha in 
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Jessore District. From Jhikargacha in Jessore, thick clayey layers occur in C formation, but that 

cannot be seen well in Sharsha. 

 

2)  Geological Profile along B – B’ Line (Figure 5.8.3) 
The profile line is located in the eastern part of the Study Area from north to south. Along the 

profile line, there are three (3) core boring sites. The boundaries between E and D formations 

and D and C formation decline toward the south; however, the depths of the other formation 

boundaries vary from place to place. It can be seen from the profile that a thick gravel layer 

occurs in C formation from Chuadanga District to the south of Jessore town through Jhenaidah 

District. However, the gravel layer is not distributed in Moniranpur in Jessore District. Instead, a 

clayey layer occurs in C formation from south of Jessore town to Keshabpur. The thickness of 

the clayey layer suddenly increases from Moniranpur to Keshabpur. The clayey layer becomes 

about 100 m thick in the southern part of Keshabpur Upazila. 

 

5.8.2 Isopach Map of Clayey Layers 
From the geological profiles in the Study Area, it is understood that the distribution and 

thickness of clayey layers in C formation are very important to control groundwater flow in the 

Study Area. It clearly divides the shallow aquifer and the deep aquifer. And the concentration of 

arsenic and other groundwater quality are also different above the clayey layers and below the 

clayey layers. The arsenic concentration and groundwater quality in the deep aquifer overlain by 

the clayey layers clearly shows much better conditions than those in the shallow aquifer. 

Figure 5.8.4 shows the isopach map of the clayey layers in C formation, indicating the thickness 

and area of distribution of the clay. The isopach map was prepared based on the results of core 

boring and drilling of observation wells/holes, results of the geophysical prospecting by TEM 

method, and data of existing well records. The clayey layers are distributed in the southern to 

western part of Jessore District. The clay is not distributed in Jhenaidah and Chuadanga 

Districts. In Jessore District, clayey layers more than 80 m thick are found in Keshabpur and 

Jhilkargacha. In Abhaynagar, the thickness increased to more than 80 m in the southeastern part 

toward Khulna. The areas having more than 50 m in thickness are distributed in all of 

Keshabpur, the central to southeastern part of Abhaynagar, central to southern Monirampur, 

central to northern Jhikargacha, and the northeastern part of Sharsha. On the other hand, the 

clayey layers are not distributed in the western part of Sharsha upazila, northern Jessore Sadar 

Upazila, and northwestern Bagarpara Upazila. 

The isopach map will provide very important information on the hydrogeological characteristics 

of the Study Area as well as the strategy of deep groundwater development for a safe drinking 

water supply. 
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