
Kinninburgh, D.G. and 

Smedly, P.L., 2000

97

Government of Bangladesh, 2004

2003

WHO

2003 9

11

2004 2004 (Fukushima et. al, 

2005) 2006

2005 8 9

 

2

 

 

 

京都大学防災研究所年報 第 49 号 B 平成 18 年 4 月      

Annuals of Disas. Prev. Res. Inst., Kyoto Univ., No. 49 B, 2006      

 

 



3

4

5

5

(2003 9 2 9 )

2004 2004 (Fukushima et. 

al, 2005) 2006

2005 8 24 9 10

5 9

10 4

NGO

UNICEF

NGO

JADE Japan Association of Drainage and 

Environment

Tofayel 

Ahmed Md.Azahar Ali Pramanik 

NGO SPACE Society for People’s 

Actions in Change and Equity

SPACE

2003 9

NGO EPRC Environment and Population 

Research Center



NGO

2

Azimpur( ) Glora( )

Manikganj

Singair( 27km)

4km UNO (The Upazilla 

Administrative (Nirbahi) office) DPHE (Department of 

Public Health Engineering)

1

1

UNO

4000 25%

(

) 400

1500 53% 300

2003 9 11

EPRC

KJ ( 1966) ISM

1992

5

50

110

103

2004 8

Fig.1 2

Hossian M., 

1996

1) District Upazila

Union District

Manikganji Upazila Singair District 64

Upazila 495

2005 8 24 9 10

SPACE

JADE SPACE

Munshigonj ( ) Srinagar (

) Patabogh 3

Basaibogh Bazgaon

Masurgaon

20km

DPHE 14747 2846

920

87.72 9

National Arsenic Mitigation Information Center, 

2003

3 3 8 28 30

Basaibogh

8

31 9 JADE Tofayel

2005 12

JADE Tofayel

3 (

)

Arsenic( g/L)

Singair
Survey, 
Previous Study

Dhaka

Srinagar
Making Map
Fact-Finding

Focus Group Discussion

Fig. 1 Research Areas 



)

2

2) 27

10 1 50

2003

GPS

GPS

GPS

4

2001 GPS

1 1

GPS

GPS

( )

7 2.8

7 3

7

Photo 1

15

Photo 2

1

Photo 3

Photo 4

Photo 2 Island in the village 

Photo 1 Safe well 



180

  Fig.2 GPS

Fig.3

Fig.3 GPS

GPS 100

1

km2

100 1 30cm Fig.2 Fig.3

Fig.3

4

1

2 3m

3 NGO

0.05mg/l

Photo 4  Carrying water by boat 

Photo 3  Bamboo bridge 

500m500m

Bazgaon

Basaibogh

Masurgaon

SPACE Office

Upazilla Guest House

high way

To Podda river
(Ganges river)

Market

To Dhaka

Fig. 2  Map around Basaibogh 



3

12 Tofayel

12 Tofayel

2005 8 31

9 3

2005 12 JADE Tofayel

(1)

 (Kerani Bari/ Dari Bari)

12 6

6

3 4

 (Buhunya Bari)

6 3

 (Chairman Bari)

5

Public Deep Tube Well

Private Deep Tube Well ( not Shared)

100m

Islamic School 

School

Mosque

Bamboo Bridge 

Main Road

Private Deep Tube Well

Bandaru Bari / Pussin Para
15families

Baburishi Bari / Sheran Bari
45families

Chairman Bari
5families

Buhunya Bari
6families

Kerani Bhari / Dari Bari
18families

Shekeru Bari
4families

Gaji Bari
4families Menbaru Bari

10families

Pokiru Bari
3families

Mosque Bari
2families

Ripunmiyaru Bari
10families

Karukumiyaru Bari
5families

Member house
1family

Buiya Bari
7families

Buiya Bari
8families

Miya Bari
10families

Munshi Bari
6families

Bagan Bari
3families

New Dari Bari
11families

Shaiku Bari
7families

Fig. 3  Map of Basaibogh 



 ( New Dari Bari)

11

7 1

(2)

(Bandaru Bari/ Pussinn Para)

15

3

12

(Baburishi Bari/ Sheran Bari) 

20 25

10000TK 1TK 1.7

 (Gaji Bari)

4 1

3

 (Membaru Bari)

10

 (Buiya Bari)

8

60TK

 (Bagan Bari)

3

 (Pokiru Bari)

3

12

 (Munshi Bari)

6

1

20TK

9 1

3

12

 (Miya Bari)

10 3

2 1

1

2

 (Mosque Bari)

1 1

500TK

(3)

 (Member House)

1

12

1

 (Ripunmiyaru Bari)

10 2

2

1

 (Karukumiyaru Bari)

5



1

2 (Buiya Bari 2)

7

2

2

 (Shaiku Bari)

7 1

12

 (Shekeru Bari)

4 1

3

3 1

4) Union

Union Village

Village

11

Village Union 9 (Ward)

1

3 1

12 Union

1 1

Union

NGO AAN

Asia Arsenic Network

SPACE UNICEF

Government of Bangladesh, 2004 ( 2005)

UNICEF and JICA, 2005

AIRP Arsenic Iron 

Removal Plant

(1) (Deep tube well)

150m

( 10m

Shallow Tube Well ) 5cm

1

3

4

(2)

3000 5000

10



7

5

1 1 3 210

4000

1

AIRP

5

50000

(3) (AIRP arsenic iron removal 

plant)

AIRP

( ) ( )

( )

( ) ( ) ( ) ( )

 (Welch and Stollenwerk, 2003)

90 95

BCSIR(Bangladesh Council 

for Scientific and Industrial Research) 

2006

(4) (Dug Well

10

1m

UNICEF and JICA (2005)

(5) (PSF) 



(6)

300

1 2 3

1

2 1 100

1 25TK

300TK

500TK

380000TK

25000TK

1 150

300m

40000TK

10000TK

75000TK Rotary 

International

2006

1

5) 1 100 200TK

NGO

2

10



2

10

1998

(1)  (anxiety) 

Fig.4

anxiety

well colored

harmfulness

health

Fig. 4 Anxiety of Arsenic 

(well colored) {

}(harmfulness) {

}(health)

(2)  (stability) 

Fig.5

stability

literacy

medicine

doctor

social issue

Fig. 5  Stability of daily life 



{ }(literacy) {

}(medicine) {

}(doctor) {

}(social issue)

(3)  (stress) 

Fig.6

stress

time

access
quantity

Fig. 6 Stress of carrying water 

{

}(time) { }(access)

{ }(quantity)

(4) (desire) 

and/or

Fig.7

desirealternative
willing to pay

additional option

Fig. 7 Desire to safe water 

{

}(alternative) {

}(additional option) {

and/or }(willing to pay)

(5)

2

5 7 9

3

3

3

1-0

3.2

Fig.8

Fig.8

98 58

GFI 0.9

0.855 AGFI

GFI-0.1 0.772

RMSEA 0.05 0.1 0.094

GFI 0.9

Fig.8

1 0 1 1

Fig.8

(1) (2) (3)

= 0.35 + 0.06

+ 0.44 + d1

 (1)



= 0.54 

+ 0.23 + d2

 (2) 

= 0.37 

+ 0.69 + d3

 (3) 

dk k = 1,2,3

31 0.352+0.062+0.442

34 0.542+0.232

61 0.372+0.692

(4)

= 0.63

0.25 + 0.51

+ 0.01 + d4 (4) 

d4

(4)

{ }

72 0.63 2 + 0.25 2 + 0.51 2+ 0.01 2

Fig.8

and/or

2

4

3.3

stressanxiety

desire

timeaccess

quantity

well
colored

harmfulness

health

willing to pay

additional
option

stability

literacymedicinedoctor

social issue

0.690.37

0.75

0.540.23

0.81

0.26

0.01

-0.250.63

0.53

0.37

0.51

0.060.44

0.68

0.35

0.23

0.170.14

0.54

alternative

Fig. 8 Multiple Model 



3.3

3.3

(4)

2

66 0.632 + 0.512

6 0.252

2

and/or

and/or

2

4

5

2004 2004

2006

)(
1 8

1
jx

l
D i

j
j

i
i

 (5)

)(

)(

0

1
)(

ji

ji
ji

(6) 

li i 8



xj j

(5)

Table 1 Table 1 Contribution 

Rate( )

Table 1 Score of items for Unhappiness Function 

j Items Score 

1 literate  -0.69417

2 number of family is small 0.555727

3 satisfied with current drinking water  -2.41378

4 no burden of carrying drinking water -3.22323

5 worry about arsenic contamination 0.626394

6 worry about job and income -0.61212

7 worry about too many things  4.995888

8 easily access medicine 0.388253

Contribution Rate 60.9% 

4.2

4.3

1

1

(1)

 = (kgf) (m)       (7) 

dij i j
bij i j
hij i j
mi(f) i ( )

( )

mi(b) i ( )

( )

Ki /

hi

hi>1

bi

i j

Pij = Ki mi(f) (dij +hi hij+bi bij) + mi(b) (dij +hi hij+ bi bij)

 (8) 

Pii=0  (9) 



(9) i
i 0

(2)

7

k k = 0,1, ,6

w(w = 0,1, ,6)

7

1 2 Fig.9

Photo 5 Photo 6

( )

1

1

2

Photo 7

Public Deep Tube Well

Private Deep Tube Well ( not Shared)

100m

Islamic School 

School

Mosque

Bamboo Bridge 

Main Road

Private Deep Tube Well

Bandaru Bari / Pussin Para
15families

Baburishi Bari / Sheran Bari
45families

Chairman Bari
5families

Buhunya Bari
6families

Kerani Bhari / Dari Bari
18families

Shekeru Bari
4families

Gaji Bari
4families Menbaru Bari

10families

Pokiru Bari
3families

Mosk Bari
2families

Ripunmiyaru Bari
10families

Karukumiyaru Bari
5families

Member house
1family

Buiya Bari
7families

Buiya Bari
8families

Miya Bari
10families

Munshi Bari
6families

Bagan Bari
3families

New Dari Bari
11families

Shaiku Bari
7families

Road1

Road2

Boat Network

People who live in this area 
use or have used the deep 
tube well beside school. 

People who live in this area 
use or have used the deep 
tube well beside mosquel

People who live in this area 
use or have used the deep 
tube well beside road. 

Fig. 9 Road1 and Road2 



sk k

sw w

k w = 0 ( )

k w = 1 1

k w = 2 2

k w = 3

k w = 4

k w = 5

k w = 6

dijk i j k
vik ( ) i k
Ti

ikvik ( ) i k

i j

Mij = 

5

0

5

0 k ikik

ijkk
wi

k ik

ijkk
v

ds
sTv

ds
iK

(10) 

Mii = 0   (11) 

(11)

0

(3)

0 1 2 3

vi0= vi1= vi2= vi3= vi (12) 

ik < 1 (k=1,2,3,4)

i5 = 1

mi f = 0

15 20

bi=0

sk sw 4

Photo 5  many people on road 1 

Photo 6  store beside road1 

Photo 7  many people around mosque 



0= s0< s3= s4= s5< s2< s1= s6 (13) 

s0

s3 , s4, s5

s2

s1 s6

60m/

GPS

Kimi b

Km

1 2 20kg

Ti=30

30

hi=4 GPS

4

4

4

vi4= vi1/4

15kg

i

i1= i2= i3= i4=  (14)  

0.5 1

2 1

8 10

Pij = Km (dij +4 hij) 15

Mij = K (s1dij1/60+ s2dij2/60+ s3dij3/60+ s3dij4/15+ 

s3dij5/60) + 0.5sw + (s1dij1/60 + s2dij2/60 + s3dij3/60 +

s3dij4/15 + s3dij5/60) 16

Pij = (dij +4 hij ) 17

Mij = {(1 + 1/ )(s1dij1+ s2dij2+ s3dij3+ 4s3dij4)

+ 30sw +2 s3dij5 } 18

1

Photo 5

Photo 6 Photo 7 2 1

s1= s6=2

s2=1.5 s3=1 1

2 2

1.5

=0.8

10

4.2

3

2

Photo 4

Photo 8

2



(17) (18)

Table2 Table2

2005 12

Table2

Fig.9

Table2 mosque

road school

Table2 ( )

* 1

3

Table2

3

**

*** 2

2

**** 1

3

Table2

3

(2)

Photo 8  Water Hyacinth 

Table 2 Stress toward three public wells 



2

2

6

Table2

15

44

20

41

5

2004

1992

2

3 4

1

1

1990 2

5.2

2



5.3

3 2.7

5.4

5.5 5.4

2.8

2

5.4

(17)(18)

5

4

1

Table2

Table3

Table3

Step1 2

Step 1

6

Step 2

8

Step 3

Step4 2

Step5

Step6

Step6

Fig.10

Step1

50

Step2 4

80

Step Step

Step2 4



Fig. 10 Cumulative Reduction of Mental Stress 

5.2

3.4

3.4

4.3

( )

62 ( )

54

62

54

2005

9

14 2005 12

Table 3  Order of Stress 



3

12

12

9 12

3.4

4

2.7

Table4

Table4 desire based on the stress

(9 12 )

Table4

14

29

42 3

15

30

40

Fig.11

Table 4 Desire of each Bari 

Bari desire 

based on 

the stress 

place of 

the well 

desire 

Kerani/Dari >62 mosque high 

Buhunya >24 mosque high 

Bandaru/Pussin <98 red low*) 

Gaji >39 road middle

Bagan >5 road low 

Membaru >8 road high 

Buiya >63 road high 

Pokiru 42 road red middle

Munshi <64 red low 

Mosque >10 school low 

Member house
14

school

red

very 

low

Ripunmiyaru <62 red middle

Karukumiyaru 
<54

red very 

low

Sheiku 
29

school

red

low

Buiya2 >38 school middle

Shekeru >25 road low 

*



Fig.11

5.3

5.2

2.8

2.8

50

FDW

FDW

FDW

30

10 30

AIRP Arsenic Iron Removal Plant

1 10

90 95

1

 (RWH Rain Water Harvesting) 

1

Fig.11

5.2

Kerani/DariBuhunya

Mosque

RipunmiyaruKarukumiyaru

Buiya2

Member

Sheiku

Mosque

Munshi

Buiya

Pokiru

MenbaruGaji

Bandaru/Pussin

Shekeru
School

Road

Bagan

1116

144

810

156

15

80

75

504

20
266

84
280

175

231

190

65

65

110

57 39
133

245

370

Fig. 11  Access Network based on Desire of safe water 



Fig.11

Table3

Step 1

Fig11

Table3

Step 2

Fig.11

2

2

2

8 2 4

Fig.11

8 Fig.11

Step 3 2

Step 4

Step 5

Fig.12

Fig.12

5.2 Step2

80

Step

Fig.13 Fig.13

Step

Step

5.2 5.2 Step2

5.3

5.4 Step2

Fig. 12  Cumulative reduction of stress 



5.4

Step2

5.4 Step2

Step1 Step2

5.4

5.3

Step1

16 31

Step2

2

Step3

2

10 21

Step4

6 15

Step5

5.3 Step

Fig.14 Fig.14

5.1

5.2

5.3

5.4

5.5

5.4

Step2

Step2

Step1

Kerani/Dari 18
FDW AIRP RWH

Bandaru/Pussin (15)
FDW AIRP RWH

Step2

Kerani/Dari 18
FDW AIRP RWH

Bandaru/Pussin (15)
FDW AIRP RWH

Buiya 8 7 3 = 18
FDW AIRP

Ripunmiyaru
(10 5 = 15
FDW AIRP

Munshi 6
AIRP RWH

Step3

Kerani/Dari 18
FDW AIRP RWH

Bandaru/Pussin (15)
FDW AIRP RWH

Buiya 8
AIRP RWH

Ripunmiyaru (10 5 = 15
FDW AIRP

Munshi 6
AIRP RWH

Buhunya (6)
AIRP RWH

Gaji (7)
AIRP

Buiya2 (7)
AIRP RWH

Pokiru (3)
AIRP RWH

Fig. 13 Suitable Alternatives 1 



5.5

Step2

5.4

5.5

3

NGO

NGO

NGO

5.4 Step2

Step1

Bagan (3)
AIRP RWH

Member (1+10+5=16)
AIRP FDW

Mosque (2)
AIRP RWH

Step2

Bagan (3)
AIRP RWH

Member (1)
AIRP RWH

Mosque (2)
AIRP RWH

Shekeru (3)
AIRP RWH

Karukumiyaru
(5+10+7=22)
AIRP FDW

Menbaru (10)
AIRP RWH

Step3

Bagan (3)
AIRP RWH

Member (1)
AIRP RWH

Mosque (2)
AIRP RWH

Shekeru (3)
AIRP RWH

Karukumiyaru (5)
AIRP RWH

Menbaru (10)
AIRP RWH

Ripunmiyaru (10)
AIRP RWH

Pokiru (3+8=11)
AIRP RWH

Gaji (4)
AIRP RWH

Buhunya (6+18=24)
AIRP FDW

Sheiku (10)
AIRP RWH

Buiya2 (7)
AIRP RWH

Fig. 14 Suitable Alternatives 2 



NGO

5.4

5.4

2004 2005

2

Md.Tofayel Ahmed

Md. Azahar Ali Pramanil

SPACE

1992

60 2003

1992

Vol.32 pp157-164 2004

1966

2006

2005

[ ] 1998

2005

2004

1990

Bilqis Amin Hoque

46 B pp15-30

2003

47 B pp15-34 2004



Vol.36 2006

Vol.32 pp21-28 2004

1- - 2001 

D.G.Kinniburgh and P.L.Smedly Arsenic Contamination 

of Groundwater in Bangladesh Vol2:Final Report

pp3-16 2000

Fukushima Y., Hagihara Y, Hagihara K., Sakamoto M. 

and Yamamura S. Social Environmental Analysis 

Regarding Arsenic Contaminated Drinking Water in 

Bangladesh 19th Pacific Regional Science Conference

2005

Government of The People’s Republic of Bangladesh

National Policy for Arsenic Mitigation 2004 and 

Implementation Plan for Arsenic Mitigation in 

Bangladesh 2004

Hossian M. British Geological Survey Technical Report, 

Graphosman World Atlas, Graphosman 1996

National Arsenic Mitigation Information Center

Bangladesh Arsenic Mitigation Water Supply Project

DATA BOOK Vol2 2003

UNICEF and JICA Practical Approach for Efficient Safe 

Water Option, 2005

Welch, A.H. and Stollenwerk, K.G. Arsenic in Ground 

Water Gepchemistry and Occurrence Kluwer

Academic Pubulishers 2003

1



2

( ) ( )

83 47

25 21

89 42

17 42

3 38

83 30

20 59

6 11 

49 40

60 65

68 21

5 24

37 29

31 18

14 62

58 35

50 66

2 9

1 36

441

19

Disaster Mitigation for Arsenic Contaminated Drinking Water in Bangladesh 

Yoshimi HAGIHARA, Michinori HATAYAMA, 
Maiko SAKAMOTO* and Yosuke FUKUSHIMA** 

* Center for Northeast Asia Studies, Tohoku University 
** Ministry of Land, Infrastructure and Transport 

Synopsis

In Bangladesh there are many disasters, such as floods, droughts, and hurricanes; moreover in recent 

years, arsenic contaminated drinking water has become one of their major problems. Long term effects of 

drinking arsenic contaminated water include illness, possible cancer, and in the worst case, death. Because 

of the economic problem in Bangladesh, the effective prevention of arsenic contamination can not be 

conducted. From our previous study which includes the survey and analysis, the burden of carrying 

drinking water is one of the most serious issues for local people. In this study, based on the recognition 

from the previous study, the social investigation in a village is carried out again, and the models related 

their burdens of carrying water are suggested. 

Keywords: arsenic contaminated drinking water, psychological analysis model for selection behavior of 

water resources, acceptability of alternatives




