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Data Collection

The national hydrochemical survey of groundwater conducted by the British
Geological Survey (BGS) and the Department of Public Health Engineering (DPHE)
in 2001 (BGS, DPHE, 2001) presented water quality data of 3364 wells. Those data
were a major source of this study. Data of another survey conducted by DPHE in
2007 for the 2™ phase of DPHE-JICA project in the south-eastern part of Bangladesh
was also used in this research. Those two data sets were compiled together to form a
water quality data base of 4367 wells. Data of 61 administrative districts of
Bangladesh was thus available for analysis. Data of Rangamati, Bandorban and
Khagrachori are not available for analysis.

Methodology

Data base of 4367 wells of 61 among 64 administrative districts of Bangladesh are
available for analysis. This leads to separation of 61 sets of water quality data which
includes arsenic and iron concentration of ground water. Correlation analysis was
performed in four different patterns (Table 1). In pattern-01 analysis was performed
without categorizing any data. In pattern-02 correlation analysis was performed by
separating data as per depth of wells. In pattern-03 correlation analysis was performed
by separating data as per geographical location which is 61 administrative districts of
Bangladesh. In pattern-04 data were separated both by geographic locations and depth
of wells. Aquifer classification as per Ground Water Task Force shown in Fig 1
shows two models of wells, Old and New. In this study old model of classification
was followed as all the wells of the data set of this study lies within the three layers
shown in this model, 0 to 50m, 51 to 150m and greater than 150m (Fig 1). These three
depth layers are termed in this research as D1, D2 and D3 respectively.

Table: 1 Analysis patterns used in this study.

Depth | Geographical
Variation | Location
Pattern-01 X X
Pattern-02 N X
Pattern-03 X V
Pattern-04 N \

X = not considered, ¥V = Considered

Four different comprehensive correlation maps of different area of Bangladesh
was developed using Geographic Information System (GIS) software. Results of data
analysis of four different patterns showed in Table 1 were used to prepare these
correlation maps. Regression models were also developed for each depth layers of
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each district so that the presence of arsenic in a well of each district can be tentatively
verified by testing the presence of iron of the same well only.

Result and Discussion

Total 4367 number of data is used for analysis in this study. Data of 61 administrative
districts of Bangladesh were available for analysis. In this analysis wells are classified
in three depth layers. One group is less than 50m depth (D1). Another one is between
50m to 150m depth (D2). The last one is greater than 150m depth (D3). The first
depth range D1 is chosen as depth below 50m which is the most common source of
palatable water through hand tube well in the village areas of Bangladesh.

More over depth of 56.23% sample of this analysis is less than 50m where arsenic
problem is acute (Fig 3). The second range D2 in which well depth of 20% sample
lies. In this layer arsenic concentration is less acute than the first layer. The least
contaminated layer is depth greater than 150m (D3) in which 23.67% sample lies.

Percentage of
Wells

60
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40
30
20

Bellow 50m  Between 5im  Greater than
to 150m 150m

Different layers of wells

Figure 3: Percentage of wells in each depth group.

If the depth range of wells below 50m, wells between 50m to 150m and wells
above 150m depth are termed as 1, 2 and 3 respectively. The graphical representation
of arsenic and iron concentration in these layers can be shown in Figure 4. In D1
(Termed as 1 in Fig 4) both arsenic and iron concentration is higher than the other two
depth ranges. In D3 group (Termed as 3 in Fig 4) less concentration of both arsenic
and iron are observed.

When the data of 4367 wells were analyzed it was found that total 38.2% of data
exceed the WHQ guideline value of As of 10ug/L. Among these 34.9% data which are
of shallow wells (Depth<150m) exceeds WHO guideline value of 10ug/L. For
Bangladesh DoE (DoE, 1997) sets the arsenic guideline value as 50ug/L. For this
20.3% data exceeds the Bangladesh standard of 50pg/L. Problem is more acute in
shallow wells as it shows 20.1% data exceeding the Bangladesh standard. Only 0.1%
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of deep wells exceed Bangladesh standard. The results are shown in the tabular form
in the tables 2 and 3.
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Figure 4: Depth variation for arsenic and iron.

Table 2: Frequency and Percentage of wells exceeding Bangladesh standards of
arsenic.

Frequency Percent Cumulative Percent

As>50pg/L

Depth<50m 689.0 15.8 15.8
As>50pg/L

Depth 50m-150m | 190.0 4.4 20.1
As>50pg/L

Depth>150m 6.0 0.1 20.3
As<50pg/L

Depth<50m 1767.0 40.5 60.7
As<50pug/L

Depth 50m-150m | 687.0 15.7 76.5
As<50pg/L.
| Depth>150m 1028.0 23.5 100.0
Total 4367.0 100.0
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Table 3: Frequency and Percentage of wells exceeding WHO standards of arsenic.

443

Frequency | Percent | Cumulative Percent

As>10pg/L Depth<50m 1097.0 25.1 25.1
As>10pg/L

Depth 50m-150m 408.0 9.3 34.5
As>10pg/L Depth>150m | 165.0 3.8 38.2
As<10pg/L

Depth<50m 1359.0 311 69.4
As<10pg/L

Depth 50m-150m 469.0 10.7 80.1
As<10pg/L Depth>150m | 869.0 19.9 100.0
Total 4367.0 100.0

All available data irrespective of combination and depth range were analyzed (Table
4) to find the correlation between arsenic and iron concentration. The correlation

coefTicient is 0.195.

Table 4: Correlation between arsenic and iron using all available data (Pattern-01).

Correlation coefficient 0.195
Number of Data 4367
Significance 0.0001

In pattern-02 all the data (4367) were categorized as per three depth layers, D1,

D2 and D3 as described earlier. Correlation analysis was performed with those three
separated data sets. All the three layers show very insignificant correlation coefficient
(Table 5). Among these three layers depth layer between 50m and 150m shows

maximum correlation of 0.189.

Table 5: Correlation between arsenic and iron for three depth layers (Pattern-02).

Correlation . .
Coefficient Significance level
Depth<50m 0.15 0.00001
Depth between 50m
& 150m 0.189 0.00001
Depth>150m 0.18 0.00001

Soil profile varies as the major part of Bangladesh is on the delta formed by the
three major rivers Brahmaputra, Ganges and Meghna. This leads to an idea that
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correlation of arsenic and iron concentration of ground water may be a zonal
phenomenon rather a national phenomenon. In pattern-03 data were categorized
considering the geographic location only. In this pattern-03 depth variation of wells
are considered. When district wise categorized data were analyzed, correlation
coefficient varies for different location of Bangladesh. Results of correlation analysis
as per geographical locations are provided in the Table 6.

Table 6: Correlation coefficients of 61 districts of Bangladesh and the significance
level of the result.

District Correlaftion Significance District Correla!tion Significance

coefficient level coefficient level
Bagerhat 0.55 0.0001 Magura 0.61 0.0001
Barguna 0.36 0.011  Manikganj 0.44 0.002
Barisal 0.6 0.0001 Maulvibazar 0.02 0.871
Bhola 0.86 0.0001 Meherpur 0.69 0.004
Bogra 0.43 0.0001 Munshiganj 0.15 0.318
Brahamanbaria 0.19 0.069 Mymensingh 0.76 0.0001
Chandpur 0.11 0.381 Naogaon 0.2 0.051
Chittagong -0.08 0.439 Narail 0.66 0.0001
Chuadanga 0.51 0.002 Narayanganj 0.43 0.008
Comilla 0.14 0.076 Narsingdi 0.53 0.0001
Cox's Bazar -0.05 0.701 Natore 0.47 0.0001
Dhaka 0.44 0.001 Nawabganj 0.21 0.175
Dinajpur 0.72 0.0001 Netrokona 0.31 0.007
Faridpur 0.58 0.0001 Nilphamari 0.82 0.0001
Feni -0.07 0.587 Noakhali 0.05 0.729
Gaibandha 0.1 0.394 Pabna 0.33 0.004
Gazipur 0.27 0.073 Panchagarh 0.93 0.0001
Gopalganj 0.58 0.0001 Patuakhali 0.3 0.021
Habiganj 0.09 0.428 Pirojpur 0.6 0.0001
Jaipurhat 0.21 0.193 Rajbari 0.56 0.0001
Jamalpur 0.45 0.0001 Rajshahi 0.53 0.0001
Jessore 0.39 0.0001 Rangpur 0.46 0.0001
Jhalakati 0.88 0.0001 Satkhira 0.48 0.0001
Jhenaidah 0.36 0.0001 Shariatpur 0.68 0.0001
Khulna 0.36 0.0001 Sherpur 0.17 0.233
Kishoreganj 0.62 0.0001 Sirajganj 0.19 0.071
Kurigram 0.19 0.105 Sunamganj -0.16 0.139
Kushtia 0.07 0.579 Sylhet 0.11 0.289
Lakshmipur 0.06 0.752 Tangail 0.33 0.002
Lalmonirhat 0.67 0.0001 Thakurgaon 0.56 0.0001
Madaripur 0.74 0.0001
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In pattern-04 data were categorized not only as per geographic locations but also
as per depth layer of wells. Data of each of 61 districts were separated as per their
depth layer which means 3 set of data for each of 61 districts. Correlation analysis
was performed for each data set and results are provided in the Table 7.

Table 7: Correlation coefficient of arsenic and iron concentration of three depth
layers of 61 districts (Pattern-04) and comparison with correlation coefficient.

Without
Depth<50m Depthgl: elt;vot::n 50m Depth>150m Dt.zpth

variation

%] 5] -3}

N -] lr-] -] Bl < D B ® 5
District | Bg | £3 tE s | LE s | tg
Es| & £ g g | £% e g e
oS & o ° & o° & S °
Bagerhat 0.40 0.0024 0.00 - 0.32 0.1458 0.55
Barguna 0.22 0.8594 0.00 - 0.02 0.8849 0.36
Barisal 0.38 0.0148 1.00 - 0.04 0.7757 0.60
Bhola 1.00 - 0.00 - -0.05 0.7282 0.86
Bogra 0.43 0.0000 0.00 - 0.00 - 0.43
Brahamanbaria | 0.15 0.2915 0.30 0.3516 0.38 0.0329 0.19
Chandpur 0.02 0.9076 -0.36 0.6410 0.00 0.9946 0.11
Chittagong -0.11 0.5774 -0.52 0.0080 -0.01 0,9367 -0.08
Chuadanga 0.52 0.0031 -0.56 0.4399 0.00 - 0.51
Caomilla 0.16 0.1156 0.28 0.0904 0.36 0.0222 0.14
Cox's Bazar -0.06 0.7911 0.77 0.0254 -0.07 0.7268 -0.05
Dhaka 0.44 0.1551 0.33 0.1017 0.52 0.0238 0.44
Dinajpur 0.72 0.0000 0.00 - 0.00 - 0.72
Faridpur 0.47 0.0011 0.60 0.0138 0.00 0.9959 0.58
Feni -0.16 0.3099 -0.05 0.9206 -0.18 0.5774 -0.07
Gaibandha 011 0.3667 -0.95 0.1984 0.00 - 0.10
Gazipur 0.76 0.0000 - 0.15 0.5191 0.00 - 0.27
Gopalganj 0.17 | 03746 0.41 0.3073 0.77 | 0.0000 0.58
Habiganj 0.11 0.5733 -0.04 0.8070 -0.18 0.4063 0.09
Jaipurhat 0.21 0.2039 0.00 - 0.00 - 0.21
Jamalpur 0.45 0.0002 0.00 - 0.00 - 0.45
Jessore 0.49 0.0003 0.12 0.6059 0.22 0.0033 0.39
Jhalakati 0.89 0.0000 0.00 - 0.61 0.0057 0.88
Jhenaidah 0.22 0.1631 0.68 0.0000 0.42 0.2302 0.36
Khulna -0.03 0.9060 0.75 0.0000 0.25 0.1335 0.36
Kishoreganj 0.51 0.0148 0.51 0.0000 -0.02 0.8791 0.62
Kurigram 0.19 0.1079 -0.35 0.6505 0.00 - 0.19
Kushtia 0.03 0.8748 0.50 0.0291 0.00 - 0.07
Lakshmipur 0.10 0.6026 0.00 - 0.48 0.3295 0.06
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Lalmonirhat 0.67 0.0000 0.00 - 0.00 - 0.67
Madaripur 0.55 0.0069 0.58 0.4193 0.34 0.0174 0.74
Magura 0.61 0.0370 0.64 0.0026 0.28 0.1294 0.61
Manikganj 0.50 0.0020 0.20 0.5569 0.00 - 0.44
Meherpur 0.79 0.0012 1.00 - 0.00 - 0.69
Maulvibazar 0.02 0.8990 0.09 0.6723 -0.66 0.0759 0.02
Munshiganj 0.08 0.7640 0.16 0.3772 0.00 - 0.15
Mymensingh 0.80 0.0000 0.70 0.0000 0.00 - 0.76
Naogaon 0.20 0.0584 0.00 - 0.00 - 0.20
Narail 0.49 0.2626 0.76 0.0006 0.00 - 0.66
Narayanganj 0.35 0.1368 -0.16 0.6407 -0.01 0.9797 0.43
Narsingdi 0.51 0.0001 1.00 0.0000 0.36 0.3744 0.53
Natore 0.47 0.0006 0.00 - 0.00 - 0.47
Nawabganj 0.24 0.1351 0.00 - 0.00 - 0.21
Netrokona -0.23 0.5558 0.45 0.0002 0.00 - 0.31
Nilphamari 0.82 0.0000 0.91 0.2664 0.00 - 0.82
Noakhali 0.15 0.3337 0.00 - 0.08 0.8864 0.05
Pabna 0.32 0.0046 -1.00 - 0.00 - 0.33
Panchagarh 0.93 0.0000 0.00 - 0.00 - 0.93
Patuakhali -0.76 0.4473 - 0.52 0.0000 0.30
Pirojpur 0.54 0.0011 0.00 - 0.67 0.0009 0.60
Rajshahi 0.54 0.0000 0.00 - 0.00 - 0.53
Rajbari 0.49 0.0081 0.70 0.0232 0.62 0.0777 0.56
Rangpur 0.48 0.0000 0.56 0.4401 0.00 - 0.46
Shariatpur 0.48 0.0024 1.00 - 0.43 0.0048 0.68
Satkhira 0.18 0.2281 0.93 0.0002 0.46 0.0080 0.48
Sirajganj 0.19 0.0860 0.35 0.5027 0.00 0.6541 0.19
Sherpur 0.17 0.2493 0.00 - 0.00 - 0.17
Sunamganj 0.28 0.6541 -0.27 0.0250 -0.17 0.5713 -0.16
Sylhet 0.18 0.3134 0.04 0.8004 -0.45 0.1678 0.11
Tangail 0.27 0.0190 0.60 0.0116 0.00 - 0.33
Thakurgaon 0.62 0.0000 0.00 - 0.00 - 0.56

While correlation analysis was performed using all available 4367 data without
categorizing as per geographical locations (Pattern-01), correlation coefficient was
found to be 0.192 (Table 4) which is very insignificant. Similarly in pattern-02 in
which correlation analysis was performed for depth wise categorized data, correlation
coefficient was found very insignificant (0.15, 0.189 and 0.18 for D1, D2 and D3
respectively). But when all the data were reorganized as per their location (Pattern-
03), correlation coefficient improved in most of the district drastically. In Panchagar
the value of the coefficient is 0.932 which shaws strong correlation. Significance level
of this value is 0.0001 which shows that less than 0.01% chance that this correlation
occurred by chance.

Result of data analysis as per pattern-04 (depth wise analysis of each district) is
shown in Table 7. Comparison with the correlation coefficient of each district found
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without depth wise categorization of data was also shown in Table 7. Analyzing the
correlation coefficients of three depth layers of 61 districts it was revealed that for
wells less than 50m depth (D1) 46% districts show correlation coefficient greater than
0.4 (Fig 5). The percentage decreases to 28% if the threshold value considered as 0.9

(Fig 5).

Correlation Coefficient greater than threshold valu
@ Correlation coefficient less than threshold value

% of
Districts

Threshold
Value0.5  Threshoid
Value 0.4

Figure 5: Percentage of districts showing correlation coefficient greater than 0.5 and
0.4 for wells less than 50m deep (D1).

For wells having depth between 50m and 150m (D2) correlation coefficient
exceeds 0.4 for 34% districts (Fig6). The percentage decreases to 31% if the threshold
value is taken as 0.5 (Fig6).

Correlation Coefficient greater than threshold value|
@ Comelation Coefficient less than threshold value

% of
Districts

Threshold
Vale 0.5  'hreshoid

Value 0.4

Figure 6; Percentage of districts showing correlation coefficient greater than 0.5 and
0.4 for wells between 50m & 150m deep (D2).
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For wells having depth greater than 150m (D3) 16% of districts show correlation
coefficient greater than 0.4 (Fig 7). The percentage again decreases to 10% if the
threshold value is considered as 0.5 (Fig 7).

Arsenic contamination is very acute in upper layer of wells (Table 2 and Table 3).
If the Table 7 and Fig 5 to Fig 7 are analyzed then it is clear that Correlation between
arsenic and iron concentration is also found acute in upper layers of wells.

Correlation Coefficient greater than threshold value
& Correlation coefficient less than threshold value

% of Districts

Threshold T
Vaeos  Treshod

Value 0.4

Figure 7: Percentage of districts showing correlation coefficient greater than 0.5 and
0.4 for wells between 50m & 150m deep (D3).

From Table 7 it was observed that for 50.82% districts (31 districts) correlation
coefficient reduces for D2 than D1. Among those 31 districts which have lower
correlation coefficient for D2, 25 districts are such that correlation coefficient of them
reduces for D3 as well. On the other hand 75.41% districts (46 districts) have lower
range of correlation coefficient for wells of D3 in comparison with the wells of DI.
Which means for 41% districts correlation coefficient pattern is like D1>D2>D3. So it
indicates that there is a tendency of reduction of correlation between arsenic and iron
concentration of ground water with the increased well depth.

Munshiganj, Chandpur, Noakhali, Meherpur, Gopalganj, Lakshmipur, Faridpur,
Bagerhat, Satkhira, Comilla, Narail and Chuadanga are the 12 most arsenic
contaminated districts. 5 of these 12 districts show correlation coefficient greater than
0.4 for D1 and D2. Only 3 of these districts show correlation coefficient greater than
0.4 for D3. Among these 12 most As contaminated districts, without any depth wise
separation of data maximum correlation coefficient was found in Meherpur as 0.69.
When wells of depth less than 50m were separated correlation coefficient was found
to be 0.79 for the same district. For the other 2 depth range of the district correlation
coefficient was found as 1 and 0. These two results were found because of lack of
data of those two depth layers of that specific district. Correlation coefficient of
Noakhali was very insignificant of 0.05. It remained insignificant when data were
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separated as per depth layers, 0.15, 0 and 0.08 for D1, D2 and D3 respectively.
Correlation coefficient of D1 reduces than correlation coefficient found without
grouping as per depth for 7 out of these 12 most arsenic contaminated districts.

This depth wise correlation analysis of arsenic and iron reveals that correlation of
arsenic and iron in ground water is not constant throughout the depth of wells.
Sediment character is different in different portion of Bangladesh which leads the
variation in correlation coefficient not only in geographical locations but also
variation as per depth of wells. Sediments are typical of alluvial and deltaic sediments
with normal amounts of arsenic, mainly in the 1-10mg kg™ range for total arsenic
(BGS, DPHE, 2001). This normal amount of arsenic is sufficient to give excessive
arsenic in the groundwater if dissolved or desorbed in sufficient quantity. Arsenic-rich
ground waters tended to be found in areas with sediments containing relatively high
concentrations of oxalate-extractable iron and arsenic (BGS, DPHE, 2001). Results of
this correlation analysis also reveal the fact that zonal difference in sediment
characteristic instigates the difference of correlation between arsenic and iron
concentration of ground water for different depth layers.

GIS map (Fig 8) represents the zonal correlation status of Bangladesh for well
depth less than 50m. Data of 61 districts were separated as per their geographical
locations and depth variation. The total range of coefficient was divided into ten
groups for mapping. Five of them are negative range while rest five is positive range.
Each of these groups is plotted with different colors. One thing is prominent in the
map for D1 (Fig 8) that districts of similar range of correlation coefficient reside in a
close belt. A belt of districts showing less correlation can be found in Sunamganj,
Sylhet, Maulvibazar, Habiganj, = Brahmanbaria, Comilla, =~ Munshiganj,
Chandpur,Lakshmipur, Noakhali, Feni, Chittagong and Cox’s bazaar.

B BRWBNED RN TR LA

(D1).
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On the other hand Fig 9 shows the districts which have correlation coefficient
between 0.4 and 0.1. Jessore, Narail, Magura, Faridpur, Madaripur, Sariatpur, Rajbari,
Manikganj, Dhaka, Narshingdi, Gazipur, Mymensingh, Kishoreganj form a belt which
shows similar correlation between As and Fe. For experimental analysis correlation
coefficient between the ranges of 0.4 to 1 is statistically considered moderate to high.
If this ranges of data are separated from the GIS map Fig 9 can be produced to show
the districts of moderate to higher correlation coefficients between arsenic and iron
concentration of ground water.

Correlation coeficient for D1

04t01

S 0.43000 - 0000000

B 0000108500 0 1L5GI000 NG00 87000 1130
B 0200001 - 1 ooomn T — T — )

Figure 9: Districts of correlation coefficient between 0.4 and 1 for wells of depth less
than 50m (D1).

It is evident from the Fig 9 that a belt of similar correlation (moderate to high)
exists in the middle and southern part of Bangladesh. Another similar type of belt is
found around Thakurgaon, Dinajpur, Rangpur, Nilphamari and Lalmonirhat districts

(Fig 10).
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Figure 10: Northern districts of Bangladesh ranging correlation coefficient between
0.4 and 1 for D1.
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In Fig 11 GIS map represents the zonal correlation status of Bangladesh for well
depth between 50m and 150m (D2). It is visible from the map that for this depth zone
most of the districts show lower range of correlation coefficient (light green and sky
blue color). Earlier discussion about the tendency of reduction of correlation
coefficient in lower depth of wells becomes more evident from the analysis of GIS
maps. But one thing is prominent that similar range of correlation coefficient resides
in a close belt.

- — S ———

Figure 11: Distribution of correlation coefficient for D2.
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Fig 12 shows the districts which show correlation coefficient range form 0.4 to 1
for wells of depth range 50m to 150m. Meherpur, Jhenaidah, Kustia, Rajbari,
Faridpur, Magura, Narail, Khulna, Stakhira, Gopalganj, Madaripur, Barisal, Sariatpur
reside in this close belt of similar correlation (Fig 12).

iegend
Correlation Coefficient for D2 &g
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Figure 12: Districts of correlation coefficient between 0.4 and 1 for wells of depth
between 50m and 150m (D2).

*

In Fig 13 GIS map represents the zonal correlation status of Bangladesh for well
depth greater than 150m (D3). It is visible from the map that for this depth zone most
of the districts show lower range of correlation coefficient (light green and sky blue
color). Whole North Bengal (Rajshahi Division) and parts of Dhaka and Sylhet
division show correlation coefficient near to zero for this depth layer than the upper
two layers. But one thing is also prominent in this map that similar range of
correlation coefficient resides in a close belt. Fig 14 shows the districts which show
correlation coefficient range form 0.2 to 0.8. Few of the districts are showing
correlation coefficient as 0. This is due to the absence of data of well depth greater
than 150m category of that specific district.
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Figure 13: Ddistribution of correlation coefficient for wells of depth greater than
150m (D3).
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Figure 14: Districts of carrelation coefficient between 0.2 and 0.8 for well depths
greater than 150m (D3).
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Table 8 describes that for wells less than 50m (D1), 45.9% districts show
correlation coefficient more than 0.4. The percentage reduces to 34% districts for
wells between 50m and 150m depth (D2) and 16.39% for wells greater than 150m
depth (D3). It reveals that higher percentage of districts show correlation coefficient
greater than 0.4 for D1 than the other two depth layers D2, D3. Analysis of GIS maps
(Fig 8, 11, 13) also act as a useful tool for showing the tendency of reduction of
correlation coefficient in the lower depth layers. Few of the districts represent
correlation coefficient as 1 or 0. This represents the lack of data in that depth group of
that particular district.

Table 8: Comparison of correlation coefficient in three depth layers.

% of districts in each depth layer
D1 D2 D3

45.90% | 34.43% | 16.39%

Correlation
Coefficient>0.4
Correlation
Coefficient>0.5

27.90% | 31.15% | 9.84%

Regression analysis of data

It is evident from the analysis that correlation between arsenic and iron concentration
is not a national phenomenon rather it is a zonal phenomenon. Not only that this
correlation also varies with the depth of wells. Therefore an attempt has been made to
correlate arsenic and iron for the zones and well depths where correlation coefficient
between arsenic and iron concentration is higher. When regression analysis was
performed using the data separating them as per their geographical locations and well
depth variation, results were found as shown in Table 9. In this analysis arsenic is
taken as the dependent variable.

Equation (1) is formed through regression analysis. A and B are the constants
derived from the regression model. In this model iron concentration is taken as
milligram/Liter and arsenic concentration as microgram/Liter. In the Table 9 R-square
values for each model is provided. “R-square” is the square of correlation coefficient
“r” and it represents the proportion of variance in one variable is accounted for (or
explained) by the other variable. In Table 9 results of regression analysis for 3 depth
layers of 61 districts are provided.

Arsenic (pg/L) = A + (B) (Iron in mg/L) (1)
A, B = Constants from regression model ‘
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Table 9: Regression model for three depth layers of 61 districts of Bangladesh.

District D1 (<50m l D2 (between 50&150m) D3 (D>150m)
R- R- R-
A B square A B square | A B | square
Bagerhat 84.96 12.87 0.16 - - - 1.11 | 0.95 0.1
Barguna 3.26 1.22 0.05 - - - 1.14 | 0.15 0
Barisal 104.52 | 24.64 0.14 -12.43 | 233.33 1 3.75 | 0.88 | 0.002
Bhola 148.65 | 11.77 1 - - - 2.02 | -0.31 { 0.003
Bogra 4.14 4,53 0.19 - » - - - -
Brahamanbaria | 82.39 4.95 0.02 10.8 18.82 009 |-0.11] 389 | 0.14
Chandpur 405.1 0.9 0 3323 | -43.16 0.13 | 10.39 | 0.004 0
Chittagong 51.76 -1.01 0.01 16.63 -0.92 0.27 7.56 | -0.02 0
Chuadanga 0.51 31.71 0.27 62.51 -8.59 0.31 - - -
Comilla 143.75 9.92 0.03 11.5 2.2 0.08 1.64 | 2.71 0.13
Cox's Bazar 5.79 -0.11 | 0.003 -0.36 0.2 0.59 544 | -03 0.01
Dhaka 17.03 3.03 0.19 31.36 4.62 0.11 1.36 | 9.74 | 0.27
Dinajpur -0.22 2.23 0.52 - - - - - -
Faridpur 55.7 22.45 0.22 22.46 29.22 0.36 4.08 | 0.004 -
Feni 74.7 -2.4 0.03 7.06 -0.11 0.003 | 3.85 | -0.45 | 0.03
Gaibandha 14.43 1.36 0.01 24.07 -0.23 0.91 - - -
Gazipur -8.89 51.08 0.58 0.89 0.24 0.02 - - -
Gopalganj 187 6.63 0.03 78.85 24.89 0.17 | -027 | 3.11 0.6
Habiganj 16.54 0.47 0.01 28.59 -0.46 0.002 | 1444 -348 | 0.03
Jamalpur 1.49 3.02 0.2 - - - - - -
Jessore 17.47 18.02 0.24 59.42 3.86 0.02 9.14 | 1.22 | 0.05
Jhalokati -54.13 | 55.96 0.8 - - - -1.18 | 17.56 | 0.37
Jhenaidah 28.53 8.06 0.05 -2.14 14.23 0.47 089 | 7.25 | 0.17
Joypurhat 1.18 0.16 0.04 - - - - - -
Khulna 72.51 -0.81 | 0.001 0.72 22.07 0.57 143 | 0.6 0.07
Kishoreganj 42.19 14.78 0.26 6.69 14.01 0.26 7.92 | -0.31 0
Kurigram 13.26 1.24 0.04 31.79 -2.1 0.12 - - -
Kushtia 111.37 2.84 0 5.42 4.59 0.25 - - -
Lakshmipur 196.55 7.89 0.01 - - - 5.25 | 0.21 0.24
Lalmonirhat 0.37 0.44 0.45 - - - - - -
Madaripur 150.99 | 29.62 0.3 37.63 23.72 034 | 033 | 823 | 0.12
Magura 2.89 15.06 0.37 7.84 14.77 0.4 1043 | 3.6 0.08
Manikganj 10.22 2.89 0.25 22.58 0.89 0.04 - - -
Maulvibazar 13.84 0.15 0.001 24.96 0.64 001 1086 -1.18 | 043
Meherpur -60.49 | 59.42 0.63 11.38 | 259.42 1 - - -
Munshiganj 212.44 2.3 0.01 144.77 6.19 0.03 - - -
Mymensingh 8.6 8.75 0.63 413 1.77 0.48 - - -
Naogaon 3.11 2.4 0.04 - - - - - -
Narail 103.74 8.59 0.24 12.7 17.35 0.58 - - -
Narayanganj 52.77 5.96 0.13 4.25 -0.46 0.03 4.46 | -0.22 0
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Narsingdi 22.82 10.65 0.26 -1.91 25.97 1 11.98 ] 19.33 | 0.13
Natore 1 143 | 022 - - - - - -
Nawabganj 5.84 2.18 0.06 - - - - - -
Netrakona 68.9 -2.01 0.05 21.72 7.88 0.2 - - -
Nilphamari -0.04 0.8 0.67 0.21 1.41 0.84 - - -
Noakhali 163.68 | 17.43 0.02 - - - 594 | 0.16 | 0.01
Pabna 17.72 6.73 0.1 0.85 -2.78 1 - - -
Panchagarh 0.49 0.83 0.87 - - - - - -
Patuakhali 17.15 -1.69 0.58 - - - 1.05 | 104 | 0.27
Pirojpur -3.13 14.84 0.3 - - - 074 | 957 | 045
Rajbari 22.05 9.42 0.24 1.25 6.48 0.5 -163 | 7.35 | 0.38
Rajshahi 3.02 6.24 0.29 - - - - - -
Rangpur -2.76 2.72 0.23 1.5 0.44 0.31 - - -
Satkhira 101.5 7.83 0.03 -39.42 62.38 087 | 4141} 109 | 0.21
Shariatpur 87.56 22.67 0.23 -47.74 54 1 22 | 295 ] 019
Sherpur 18.84 0.74 0.03 - - - - - -
Sirajganj 21.99 1.17 0.04 19.8 1.45 0.12 - - -
Sunamganj 6.22 0.28 0.08 64.64 -5.02 0.07 {19.01]-1.93] 0.03
Sylhet 11.88 0.43 0.03 26.11 0.15 0.002 | 24.38 | -4.53 0.2
Tangail 12.03 1.81 0.07 3.21 4.67 0.36 - - -
Thakurgaon 0.46 0.47 0.38 - - - - - -

Using this regression model for 61 districts of Bangladesh provided in Table 9
arsenic concentration of any well of those districts can be tentatively measured, if iron
concentration of that well is known.

For example, the iron concentration of a well of 21m deep of Nilphamari district,
Thana domar, union Gomnati and mouza Dakshi (Lat 26.22 Long 88.82) is found to
be 0.67 mg/L. From Table 9 the value of regression caefficient found from regression
model for Bagerhat district for wells less than 50m depth is found to be -0.04 and 0.8.
The equation for this district becomes like the following one.

Arsenic (ug/) = A + (B) (Iron in mg/L)

Arsenic (ug/L) =-0.04+0.8(0.67)

=0.496

Correlation coefficient “r” found for the wells of depth less than 50m of this
district is 0.82. R-square is the square of this value which represents the proportion of
variance in one variable accounted for (or explained) by the other variable. R-square
for this value is 0.67.

Similarly if depth of any well of Nilphamari district is 95m then arsenic of that
well can be tentatively assessed by using the regression model of that specific depth
zone (D2) of Nilphamari district. This depth wise regression model gives more
flexibility as arsenic concentration of any well can be assessed by using the regression
model of that specific depth zone of a specific district.
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Scope and features of the produced GIS map

These GIS maps and analysis results can be used for determining arsenic
concentration of different wells of different locations. As an example if arsenic
concentration of a well of 270m depth of Madaripur district needs to be assessed, GIS
maps can be helpful for that. For a district, regression model (Table 9) can be utilized
for approximation of arsenic concentration from the know iron concentration of a
well. Through this equation the arsenic concentration can be tentatively verified.
Reliability of this result should be assessed by R-square value. This method can prove
to be very economical if it is used in large scale.

Conclusion

Total 4367 number of data is used for analysis in this research. Data of 61
administrative districts of Bangladesh were available for analysis. Considering the
difference in sedimentation characteristics data of 4367 wells were categorized in
three depth layers, Well depth less than 50m, Well depth between 50m and 150m,
well depth greater than 150m. Analysis was performed in four different patterns.
While correlation analysis was performed using all available 4367 data without
categorizing as per geographical locations and depth variation (Pattern-01),
correlation coefficient was found to be 0.192 (Table 4) which is very insignificant.
Pattern-02 represents the correlation analysis with depth wise categorized data. In this
pattern correlation coefficient was also found very insignificant (0.15,0.189 and 0.18
for depth<50m, Depth between 50m &150m and Depth>150m respectively). But
when all the data were reorganized as per their geographic location (Pattern-03),
correlation coefficient improved in most of the district drastically.

In pattern-04 data were categorized as per both geographical location (61 districts)
and depth variation of wells. Three depth layers were considered in this study, well
depth less than 50m, between 50m and 150m, greater than 50 were termed as D1, D2
and D3 respectively. Analyzing the correlation coefficients of three depth layers of 61
districts it was observed that for D1 46% districts show correlation coefficient greater
than 0.4 (Fig 5). The percentage decreases to 28% if the threshold value considered as
0.5 (Fig 5). For wells of D2 correlation coefficient exceeds 0.4 for 34% districts. The
percentage decreases to 31% if the threshold value is taken as 0.5. For wells of D3
16% of districts show correlation coefficient greater than 0.4 (Fig 7). The percentage
again decreases to 10% if the threshold value is considered as 0.5 (Fig 7). )

For 41% districts correlation coefficient pattern is like D1>D2>D3. 5 out of 12
most arsenic contaminated districts show correlation coefficient greater than 0.4 for
D1 and D2. Only 3 of these districts show correlation coefficient greater than 0.4 for
D3. So it indicates that there is a tendency of reduction of correlation between arsenic
and iron concentration of ground water with the increased well depth. Difference in
sedimentation characteristics triggers this variation in depth layers.

Arsenic contamination is acute in the wells of depth less than 50m. As the depth
of wells increases arsenic contamination tends to decrease in most of the districts
(Table 2 and 3). Similar trend is observed for correlation coefficient between arsenic
and iron concentration of groundwater in most of the districts of Bangladesh.
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GIS maps were produced with the results of the analysis. Fig 8, 11 and 13 show
the representation of correlation coefficient of three depth layers of 61 districts of
Bangladesh. These three figures show that similar range of correlation resides in a
close belt of zone for each depth layer. Fig 9 and 10 portray the districts of similar
higher range of correlation coefficient for well depth less than 50m. On the other hand
Fig 12 and 14 portray the districts of similar higher range of correlation coefficients
for D2 and D3 respectively. This reveals that a geographical belt exists for each depth
layer where correlation between arsenic and iron concentration of ground water is
moderate to High.

Regression models were developed for 3 depth layers of 61 districts. This depth
wise regression model gives more flexibility as arsenic concentration of any well can
be assessed by using the regression model of that specific depth zone of a specific
district.
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