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(EC) pH (ORP) (DO)

(EC) H
(EC) EC (W M-22 EP)
pH pH
(ORP)
ORP (RM-20P)
(DO)
DO (YSI 55)
(DOCQC)
045 pm 50 ml

TOC analyzer(TOC-VCPH/TNM Shimadzu)

(Ca®*  Mg* K' Na' NH,)

TOA DKK 1A-300 ‘PCI-322
:‘PCI-322 ‘PCI-321G 6.0 mM
CH,;SO;H 1A-CS2 0.9 mL min™ 39.7
(NO POf_‘)
(TOA DKK 1A-300 :PCI-205)
:PCI-205 ‘PCI-205G 1.8 mM Na,CO,; 1.7 mM NaHCO;,
:10 mM H,SO, 1A-AS1 :1.1 mL min™ 39.7 )
50 mi 1 mi
As 5 80 pglL! 5ml 20 ml 12
M HCI5ml 25 % 4ml 30%KI2ml 2%AICI; 2 ml 20
mL HVG-1
SHIMADZU ICPS-10001V 193.7 nm
6 MHCI 0.4%
0 510 20 40 80 pgL* 1000 mg L™
10 mg L™ 50 mL 5 6M HClI 20mL
10 mg L™ 0 25 50 100 200 400 mL
50 mL
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Abstract
[Background and objectives] In the Kingdom of Cambodia, groundwater is an essential
water source for domestic and agricultural uses since water and wastewater facilities have
scarcely been constructed except in the central parts of large cities and also because river
water is unhygienic. However, groundwater has been found to be contaminated by arsenic
(As) in the lower reaches of the Mekong River, and purification of the water is an urgent
issue. In this study, the water quality of groundwater was surveyed in three provinces of
Cambodia, and a verification test of the As-removing equipment developed was conducted.
The study aimed to clarify the quality and As level of groundwater in the study areas and
inspect the effects of the As-removing equipment.
[Materials and methods] The water quality of 37 tube wells in the provinces of Kandal
(14 wells), Prey Veng (7 wells) and Kompong Cham (16 wells) was examined. Based on
the water quality survey and the results of As analysis, As-removing equipments were
installed at 16 wells (5 in Kandal, 3 in Prey Veng, and 8 in Kampong Cham) at the end of
March, 2011. The water quality was monitored, and verification tests were conducted on
the behaviors of residents in using the equipments. Once every month, water was sampled
and examined for the items described above. Residents were also interviewed on the
awareness of As pollution and water purification.
[Results and discussion] From the interviews, the well water was found to be
indispensable for the life of local people, who used the water for drinking, cooking and
laundering. Turbidity exceeded WHO guideline value in 22 wells, suggesting that turbidity
is one of the problems in well water in these areas. Of the 37 wells surveyed, 24 exceeded
the Cambodian guideline value (50 ngL™), and 27 exceeded WHO guideline for drinking
water (10pgL™). Levels of As were extremely high in some wells (>1000-6900ugL™),
suggesting that As pollution of groundwater is serious in these three provinces. Based on
the above results, 16 wells were selected for setting up the As removing equipments in
schools (6), temples (2), health centers (2), private house (5) and commune office (1).
During the verification test from May 2011 to February 2012, all the treated water
samples showed lower turbidity than WHO guideline value. Around 95% of As was
removed by using the equipments, which ranged in 83.1-99.7%. As level in the treated
water was almost under the WHO or Cambodia guidelines for drinking water. For the
wells over the guideline value, replacing the cartridge could decrease As concentration at
the safety level. The amount of water usage were greatly different depend on the sites.
Residents of the sites where the average water usage> 2L/day/person, use the treated water
for almost all purposes of their daily life, such as drinking, cooking, watering, shower etc.
Residents of the sites where the average water usage< 2L/day/person, use the treated water
for partial of their daily life. Most of them are using both the treated water and other water
resources such as rain water, dug well water etc. The interview to residents showed that
they were concerned about exposure to As, but there was large differences in the awareness
of As poisoning and the need of As-removing equipments among people and regions. It was
also found that the residents felt difficult to purchase the expensive As-removing
equipments and were uncertain about the maintenance of the system. It is indispensable to
develop effective technologies, construct a social system for stable supply of safe water,
and improving the awareness of residents to spread As removing technologies in areas
where groundwater is contaminated by As.
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" DO Ast | As
1 o - -
K m | () (mgL™) | (NTU) | (°C) | (ngL”) | (ngL
1 | DeyETH S1 105045'59.3" | 11°29°51.7" | 584 | 12 724 | 1.40 12 | 311 | 100-250 772
2 | Dey ETH S2 105004’59.57" | 1129°52.1” | - 10 737 | 090 32 | 303 500 6903
3 | Popeal KHES1 | 105°04°55.9” | 11°29'52.8" | 45-50 | - 700 | 226 14 | 304 | 2530 13
4 |Popeal KHES2 | 105°05'454” | 11°29'39.2" | 65 7 693 | 3.44 15 | 302 0 10
5 |Popeal KHE S3 | 105°05'46.1” | 11°29°39.6" | 50-60 | 6 6.9 2.39 14 | 311 0 24
6 .Er;;r:“tgay Dek 105005'45.9” | 11°29°39.4” | 48 0.6 738 | 1.16 05 | 305 | 2550 132
7 ggﬁotgf‘y Dek 105008'44.2” | 11028707 69 3 738 | 333 13 | 311 500 2372
8 gﬁ;g’; Health | ocona50.97 | 110005437 | 40 5 738 | 127 21 | 311 | >500 998
9 ?;%52; Health | ocona53.77 | 110205657 | 60 4 758 | 458 31 | 307 | >500 1044
10 ?;%52; Health | ocogas5.07 | 110005447 | 57 12 746 | 208 25 | 306 | >500 1110
11 ?;%522 Health | oconar5407 | 110205707 | 62 11 7.4 2.26 21 | 305 | 500 3502
12 ?ﬁ:g’; Health | ocona54.97 | 110005737 | 70 05 7.43 174 50 | 300 >500 1187
13 c?e?;eEng Health | ocona53.97 | 110005867 | 55 8 743 | 255 19 | 291 | >500 748
14 (?e%e'?s'; Health | oconar5407 | 11005'58.97 | 50 4 7.4 2.00 62 | 298 | >500 909
WHO ] ] ] ] - 5886 | - 1.0 ] 10 10
* ( 25 ng LY.
xox 1CP-HGV - 0.25 g LY -"2.5 ug LY.
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No oH DO AS*1 AS**1
() (mgL?) | (NTU) | (°C) | (MgL") | (uol™)
(m)
P1 | Peam Koh S1 105°16°55.3” | 11°19°16.3” 48 8 7.24 2.8 0.3 30.3 | 250-500 222
P2 | Peam Koh S2 105°16°53.6” | 11°18°44.2” 45 4 7.38 3.82 0 30.3 500 99
P3 | Peam Koh S3 105°16°57.3” | 11°19°16.2” 45 6 7.33 3.60 0 30.0 100 1537
P4 | Peam Koh S4 105°17°04.2” | 11°19°25.9” 75 11 7.06 3.84 0 29.4 0 0
P5 | Peam Koh S5 105°16°55.7” | 11°19°03.5” 40 10 7.32 3.49 0.1 30.0 0 0
P6 | Peam Koh S6 105°16°52.4” | 11°19°05.0” 56 3 7.24 421 0 29.3 0 0
P7 | Peam Koh S7 105°16°59.6” | 11°19°12.7” 45 10 7.04 3.44 11 29.8 0 0
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No. oH | DO As* | Ast*
m | () (mgL”) | (NTU) | (°C) | (ngL") | (HaL™)

KC1 | KohKokB 105°08°44.1” | 11°28°08.1” | 48 9 7.44 | 205 20 | 311 | 50-100 235
KC2 | Koh Kok D 105°22°40.7” | 11°56°02.4” | 42 8 742 | 333 7.1 | 30.0 | 100-200 352
KC3 | Koh Kok E 105°22°40.6” | 11°56°04.4” | 42 8 721 | 310 |131 | 29.7 | 50-310 162
KC4 | Koh ToS1 105°24°07.7” | 11°56°10.2" | 44 9 718 | 3.37 47 | 291 | 500 563
KC5 | Koh To S2 105°24°05.4” | 11°56°09.6” | 46 9 722 | 408 |148 | 298 | 250-500 512
KC6 | Koh Prak Krong S1 | 105°24°08.5” | 11°55°58.5” | 33 7 766 | 7.99 23 | 29.7 50 193
KC7 | Koh Prak Krong S2 | 105°24°08.6” | 11°55°59.4” | 30 10 794 | 751 08 | 30.0 | 250-500 95
KC8 | Neang kong hing 105°26°59.1” | 11°58°44.3” | 40 4 724 | 334 |18 290 | >500 4640
KC9 | Dambang DekS1 | 105°24°23.4” | 11°57°02.1” | 50 8 729 | 235 |0 306 | 0-10 7
KC10 | Dambang Dek S2 | 105°24°23.6” | 11°57°05.5” | 40 5 743 | 791 49 | 29.7 0 6
KC11l | Dambang Dek S3 | 105°24°25.4” | 11°57°03.6” | 18 6 6.84 | 4.58 02 | 29.2 0 4
KC12 | KohrokakravSl | 105°24°29.1” | 11°56°40.4” | 16 70 693 | 211 | 0 305 0 3
KC13 | KohrokakravS2 | 105°24°24.1” | 11°56°38.6” | 31 7 709 | 352 | 0 304 | 25-50 107
KC14 | Koh roka kravS3 105°24°455” | 11°56°40.3" | 145 | 59 6.9 | 143 | 0 30.0 0 0
KC15 | PrekDeum Chan S1 | 105°26°38.2” | 11°58°23.0” | 8 6 6.97 | 343 07 | 30.2 0 49
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No. (mg L) (mg L™
Na NHS/-N Mg Ca S0,*-S PO,*-P

K1 | DeyETH S1 1.63 2.43 n.d 2.25 5.9 2.61 n.d
K2 | Dey ETH S2 0.99 2.48 2.48 2.76 6.97 5.41 n.d
K3 | Popeal KHE S1 9.48 6.25 n.d 3.77 5.15 3.84 3.63
K4 | Popeal KHE S2 4.14 4.27 n.d 2.46 3.89 3.77 3.53
K5 | Popeal KHE S3 7.13 4.45 n.d 3.27 4.62 3.86 3.29
K6 | Banteay Dek Temple 4.22 2.84 1.94 2.9 8.04 6.28 n.d
K7 | Banteay Dek School 9.86 6.86 n.d 4.39 9.47 7.68 n.d
K8 | Dey ETH Health center S1 4.76 3.31 2.28 4.52 6.05 3.49 2.38
K9 | Dey ETH Health center S2 0.86 1.84 2.27 2.45 5.66 3.66 2.75
K10 | Dey ETH Health center S3 3.11 4.35 n.d 2.7 6.65 3.68 2.74
K11 | Dey ETH Health center S4 7.76 7.27 n.d 6.57 6.92 0.16 n.d
K12 | Dey ETH Health center S5 1.80 2.7 n.d 2.61 6.4 1.86 n.d
K13 | Dey ETH Health center S6 4.75 4.22 n.d 5.06 5.97 1.03 0.21
K14 | Dey ETH Health center S7 2.30 3.09 n.d 2.93 6.81 6.16 n.d

WHO 200 1.5 250 -
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(mg L) (mg L)

No.
K Na NH4*-N Mg Ca S04%-S PO,>-P
P1 Peam Koh S1 3.01 6.06 n.d 10.2 0.72 n.d n.d
P2 | e o oath center) 5.96 5.65 n.d 11.8 19.6 21.0 n.d
P3 Peam Koh S3 6.48 6.75 n.d 16.4 17.7 18.5 25.1
P4 Peam Koh S4 3.14 5.42 n.d 13.0 0.96 n.d n.d
P5 Peam Koh S5 3.35 5.66 n.d 13.4 17.3 17.0 23.7
P6 Peam Koh S6 4.75 2.43 n.d 10.6 29.4 n.d n.d
P7 Peam Koh S7 3.01 6.25 n.d 8.28 31.9 n.d n.d
WHO 200 1.5 250 -
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(mg L) (mg L)
No. + 2 2 2 3
K Na NH; -N Mg Ca SO~ -S PO,~-P

KC1 | Koh Kok” B” 4.64 5.43 n.d 1.77 5.96 6.43 n.d
KC2 | Koh Kok”D” 4.36 5.76 n.d 2.34 7.03 5.38 n.d
KC3 | Koh Kok” E” 9.00 4.58 n.d 6.54 10.5 0.44 n.d
KC4 | KohToS1 6.08 3.79 n.d 1.82 6.67 0.0 12.4
KC5 | Koh To S2 1.34 411 n.d 4.72 6.54 5.45 n.d
KC6 | Koh rokaKrav pagoda 4.02 5.2 n.d 2.67 5.30 5.6 n.d
KC7 | Sambourmeas Primary school 10.6 5.88 n.d 5.64 7.67 n.d 9.3
KC8 | Neang kong hing 3.91 7.29 n.d 1.45 3.72 2.2 2.01
KC9 | Dam bang Dek S1 8.45 4.51 n.d 4.01 3.96 7.21 n.d
KC10 | Dam bang Dek S2 15.7 4.39 n.d 5.45 4.58 0.01 n.d
KC11 | Dam bang Dek S3 n.d 7.00 n.d 4.00 9.64 n.d 53.7
KC12 | Koh roka krav S1 2.74 5.47 n.d 4.41 10.9 n.d n.d
KC13 | Koh roka krav S2 1.61 5.62 n.d 2.90 8.70 2.23 n.d
KC14 | Koh roka kravS3 3.94 4.00 n.d 4.19 111 n.d 3.72
KC15 | PrekDeum Chan S1 n.d 11.7 n.d 5.31 14.2 2.24 n.d
KC16 | PrekDeum Chan S2 3.75 5.79 n.d 2.30 3.71 0.04 n.d

WHO - 200 1.5 250 -
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No.  Site 5 6 7 8 9 10 11 12 1 2
(M glL?)

K1 Dey ETH S1 32 43 15 140 98 105 250 2 0 0 69
K2 Dey ETH S2 122 213 157 188 532 655 90 10 286 64 232
K6 Ban teay Dek temple 30 3 2 4 7 - 9 2 9 3 8
K7 Ban teay Dek school 13 11 0 0 12 41 13 21 21 13
K8 DeyETH Health center S1 194 246 54 138 140 60 0 84
P1 Peam Koh S1 73 36 72 43 4 7 32 88 36
P2 Peam Koh S2 - 0 2 6 0 49 9 15 4 10
P3 Peam Koh S3 583 61 152 669 363 55 57 8 30 626 260
KC1 Koh Kok” B” 0 0 7 11 6 - 6 10 3 5
KC2 Koh Kok”D” 0 0 11 19 7 - 33 7 16 11
KC4 Koh To S1 15 2 17 - 16 - 12 12 59 4 17
KC5 Koh To S2 - 0 1 - 105 11 2 11 17
KC6 Koh rokaKrav pagoda 4 0 6 11 - 6 9 7 6 6
KC7 ffh”;'glo“rmeasprimary - 0 2 0 14 14 52 20 19 0 13
KC8 Neang kong hing - 0 9 34 - 38 13 8 0 13
KC16 PrekDeum Chan S2 0 1 3 18 - 41 16 13 2 11
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9 831 997 938 K2 6903y gAsL™? K7
23724 gAsL™ P3 1537y gAsL™ KC8 4640u gAsL™ KC16 2383y gAsL™

1000u gL™ 96.6 994 831 99.7 995
8
WHO
Kl K2 K8 P3
2011 5 10 10 19 pH KC2
5 6.32 KC16 6 662 K1 7 6.65 P1L 9 809 KC1i
9 828 KC7 9 816 P1 10 8.02
pH 6.84 7.94 10 WHO 58
8.6 EC EC 0.019 0.193 mS
m™ 0 116mSm™ 11 nd 102 mgL™
243 11.7mglL™ WHO 200mg L™
12 nd 9.86 mgL™ nd 159mg L™ 13
335 137mgL"
300 mg L- 14 15 nd 564 mg L™
WHO 250 mg L™ 16 nd 17.1mg
Lt WHO
DOC K1 2678 173+ 102 548+ 299 147+ 06 271
+ 143 300+ 177mgL™* P1 2 3 278+ 297 184+ 166 125+ 151mgL™ KC1 2
4567816 120+ 0.36 234+ 166 127+ 0.8 203+ 1.81 0.84+ 031 177+ 093 2.82
+ 231 358+ 282mglL™ 01 10-20mgL™
Buschman (2008) DOC <01 2ImglL™
23 mg L™ <01 15mgL™* 31mglL?
16 KCl1 24567 816 DOC

K1 267 8P123
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10 pH

No. 7 10

K1 Dey ETH S1 6.88 7.05 6.65 7.05 7.85 7.85

K2 Dey ETH S2 7.18 7.20 7.20 6.78 7.32 7.28

K6 Ban teay Dek temple 7.25 7.15 7.05 7.00 7.74 -

K7 Ban teay Dek school 7.32 7.22 7.23 7.24 7.95 7.84

K8 Dey ETH Health center S1 7.40 7.17 7.39 6.85 7.83 7.71

P1 Peam Koh S1 7.29 6.88 7.20 7.13 8.09 8.02

P2 Peam Koh S2 - 7.00 6.97 6.95 7.27 7.66

P3 Peam Koh S3 7.13 7.20 7.04 6.93 7.58 7.60
KC1 Koh Kok” B” 7.58 7.12 7.52 7.53 8.28 -
KC2 Koh Kok”D” 6.39 7.28 7.40 7.40 8.13 -
KC4 Koh To S1 7.58 6.97 7.40 - 7.74 7.99
KC5 Koh To S2 - 7.09 7.20 - 7.78 -
KC6 Koh rokaKrav pagoda - 6.74 7.03 6.91 7.78 7.74
KC7 g;]rgglourmeasanary 6.99 6.96 7.32 7.33 8.16 i
KC8 Neang kong hing 7.73 6.90 6.19 6.93 7.62 -
KC16 PrekDeum Chan S2 7.18 6.62 7.10 7.11 - 7.75
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11 EC
10
No.
mS m-

K1 Dey ETH S1 0.08 0.06 1.10 0.01 1.16 1.11

K2 Dey ETH S2 0.08 0.11 0.54 0.01 0.44 1.22

K6 Ban teay Dek temple 0.06 0.07 0.73 - 0.55 -

K7 Ban teay Dek school 0.07 0.04 0.44 0.80 0.75 0.81

K8 Dey ETH Health center S1 0.08 0.10 0.80 0.01 1.01 1.11

P1 Peam Koh S1 0.07 0.07 0.66 0.66 0.71 0.50

P2 Peam Koh S2 - 0.09 0.95 0.88 - 2.76

P3 Peam Koh S3 0.03 0.07 0.72 0.72 0.68 0.45
KC1 Koh Kok” B” 0.05 0.08 0.77 0.78 0.81 -
KC2 Koh Kok”D" 0.13 0.05 0.51 0.57 0.51 -
KC4 Koh To S1 0.03 0.75 0.85 - 0.08 0.85
KC5 Koh To S2 - 0.73 0.73 - 0.07 -
KC6 Koh rokaKrav pagoda - 0.07 0.69 0.72 0.07 0
KC7 SambourmeasPrimary school 0.11 0.05 0.66 0.56 0.07 -
KC8 Neang kong hing 0.03 0.04 0.51 0.54 0.05 -
KC16 PrekDeum Chan S2 1.02 0.11 1.11 0.53 0.11 0.53
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No. 5 6 7 10
mg L1

K1 Dey ETH S1 5.81 6.50 1.18 2.84 n.d n.d

K2 Dey ETH S2 4.02 2.02 9.59 4.81 7.74 4.88

K6 Ban teay Dek temple 3.16 477 3.27 3.02 n.d n.d

K7 Ban teay Dek school 2.29 n.d 5.14 4.15 2.83 -

K8 Dey ETH Health center S1 3.84 2.72 3.15 1.61 n.d n.d

P1 Peam Koh S1 n.d n.d n.d n.d n.d n.d

P2 Peam Koh S2 - nd 3.34 n.d n.d n.d

P3 Peam Koh S3 nd nd n.d n.d n.d n.d
KC1 Koh Kok” B” 5.59 4.13 7.04 n.d n.d -
KC2 Koh Kok”D” 4.12 8.23 nd n.d 3.88 -
KC4 Koh To S1 5.10 10.2 n.d - n.d n.d
KC5 Koh To S2 - n.d n.d - n.d -
KC6 Koh rokaKrav pagoda 7.78 9.23 3.47 2.80 453 4.00
KC7 SambourmeasPrimary school - 10.2 n.d n.d n.d -
KC8 Neang kong hing - 8.60 n.d n.d n.d -
KC16 | PrekDeum Chan S2 3.41 6.81 2.44 1.25 2.47 2.45

n.d
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No. 7 10
mg L1

K1 Dey ETH S1 1.66 2.62 13.1 7.87 0.49 14.4

K2 Dey ETH S2 2.60 1.24 2.07 1.66 1.91 2.69

K6 Ban teay Dek temple 2.07 2.05 3.14 2.60 1.22 417

K7 Ban teay Dek school 8.10 0.91 3.22 2.07 n.d 3.68

K8 Dey ETH Health center S1 7.87 0.32 15.9 8.10 2.74 -

P1 Peam Koh S1 3.25 4.1 24 3.25 1.77 4.45

P2 Peam Koh S2 - 1.76 1.82 1.79 0.64 2.70

P3 Peam Koh S3 7.97 1.44 14.5 7.97 2.31 15.21
KC1 Koh Kok” B” 0.88 0.66 11 0.88 1.07 -
KC2 Koh Kok”D” 1.21 0.62 1.79 1.21 2.62 -
KC4 Koh To S1 0.31 0.6 0.03 - 0.02 0.33
KC5 Koh To S2 - 2.61 n.d - n.d -
KC6 Koh rokaKrav pagoda 1.82 1.59 2.04 1.02 2.55 2.84
KC7 SambourmeasPrimary school - 1.54 1.63 0.82 0.28 -
KC8 Neang kong hing - 1.31 1.22 0.61 0.05 -
KC16 PrekDeum Chan S2 0.42 0.84 6.44 3.22 4.75 6.86

n.d

31



14

7 10
No.
mg L

K1 Dey ETH S1 6.38 6.39 5.47 5.93 7.70 8.66

K2 Dey ETH S2 7.24 n.d 6.84 n.d 8.43 11.9

K6 Ban teay Dek temple 8.31 6.27 8.21 7.24 8.89 -

K7 Ban teay Dek school 8.24 10.8 n.d n.d 6.38 8.97

K8 Dey ETH Health center S1 5.93 6.45 10.0 8.24 10.5 13.3

P1 Peam Koh S1 9.38 10.1 8.66 9.38 10.4 13.7

P2 Peam Koh S2 - 5.16 n.d n.d 9.07 11.7

P3 Peam Koh S3 13.9 n.d n.d n.d 7.98 8.97
KC1 Koh Kok” B” 8.83 7.63 10.03 8.83 9.03 -
KC2 Koh Kok”D” 6.26 5.68 6.84 6.26 105 -
KC4 Koh To S1 6.35 5.59 n.d - 0.01 n.d
KC5 Koh To S2 - 8.20 n.d - n.d -
KC6 Koh rokaKrav pagoda 10.9 8.57 n.d n.d 10.2

KC7 SambourmeasPrimary school - n.d 9.12 4.56 0.90 -
KC8 Neang kong hing - 5.93 9.29 4.65 10.0 -
KC16 PrekDeum Chan S2 4.57 9.14 n.d n.d n.d 11.4

n.d
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No. 5 6 8 10
mg L-1

K1 Dey ETH S1 5.80 13.9 22.2 18.0 22.2 29.1

K2 Dey ETH S2 11.8 11.6 21.2 16.4 22.3 27.0

K6 Ban teay Dek temple 5.78 23.6 20.3 21.9 21.3 -

K7 Ban teay Dek school 16.1 23.5 21.7 22.6 14.5 33.5

K8 Dey ETH Health center S1 14.2 15.8 16.4 16.1 20.4 24.3

P1 Peam Koh S1 6.65 13.3 21.3 17.3 21.2 28.0

P2 Peam Koh S2 - 9.08 21.3 15.2 18.3 25.8

P3 Peam Koh S3 9.75 13.3 154 14.4 18.8 221
KC1 Koh Kok” B” 15.6 21.3 22.7 22.0 21.6 -
KC2 Koh Kok”D” 13.4 18.3 19.8 19.0 20.8 -
KC4 Koh To S1 17.6 20.6 10.6 - 10.6 20.9
KC5 Koh To S2 - 16.1 19.3 - 16.6 -
KC6 Koh rokaKrav pagoda 18.5 17.0 21.7 10.9 26.5 30.2
KC7 SambourmeasPrimary school - 19.0 22.2 11.1 21.1 -
KC8 Neang kong hing - 20.9 22.1 11.0 23.3 -
KC16 PrekDeum Chan S2 7.85 15.7 22.3 111 22.2 30.1
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No. 5 7 10
mg L

K1 Dey ETH S1 214 23.3 19.4 254 4.28 27.6

K2 Dey ETH S2 3.01 2.31 3.71 4.33 4.03 6.34

K6 Ban teay Dek temple 5.08 7.11 3.04 9.20 4.18 11.3

K7 Ban teay Dek school 6.18 6.50 5.86 20.1 27.2 33.7

K8 Dey ETH Health center S1 7.60 10.5 4.70 30.2 39.3 49.8

P1 Peam Koh S1 10.7 19.5 1.88 24.6 10.2 29.7

P2 Peam Koh S2 - 13.6 114 35.0 42.8 56.4

P3 Peam Koh S3 11.6 n.d 35.9 n.d 12.3 6.15
KC1 Koh Kok” B” 3.32 2.90 3.74 27.2 48.6 33.2
KC2 Koh Kok”D” 19.0 16.6 9.41 27.4 21.6 38.2
KC4 Koh To S1 26.3 4.65 n.d - n.d n.d
KC5 Koh To S2 - 29.9 23.1 - 251 3.95
KC6 Koh rokaKrav pagoda 8.68 8.53 8.82 2.67 1.21 3.28
KC7 SambourmeasPrimary school - 8.73 3.69 1.27 1.71 2.12
KC8 Neang kong hing - 13.0 2.50 1.60 2.09 2.65
KC16 PrekDeum Chan S2 9.21 5.81 12.6 16.5 6.84 19.9

n.d
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No. 5 7 10
mg L

K1 Dey ETH S1 0.04 0.03 0.05 0.05 0.05 0.08

K2 Dey ETH S2 0.14 0.03 0.25 0.03 0.01 0.03

K6 Ban teay Dek temple 0.05 0.10 0.01 0.12 0.04 0.14

K7 Ban teay Dek school 0.13 0.22 0.04 0.22 0.01 0.23

K8 Dey ETH Health center S1 0.06 0.02 0.10 441 8.78 8.80

P1 Peam Koh S1 6.36 12.7 0.03 12.8 0.23 12.9

P2 Peam Koh S2 - 0.03 0.01 0.52 0.98 1.01

P3 Peam Koh S3 n.d 12.7 0.03 21.3 171 290.8
KC1 Koh Kok” B” n.d n.d 0.01 0.18 0.37 0.37
KC2 Koh Kok”D” 0.34 0.06 0.63 0.30 0.48 0.54
KC4 Koh To S1 0.10 1.52 0.34 - 0.04 0.05
KC5 Koh To S2 - 1.67 0.05 - n.d n.d
KC6 Koh rokaKrav pagoda 0.46 0.49 0.44 0.53 0.19 0.62
KC7 SambourmeasPrimary school - 0.02 0.02 0.01 n.d 0.01
KC8 Neang kong hing - 0.90 0.16 0.74 1.47 1.48
KC16 PrekDeum Chan S2 0.31 0.05 0.57 26.0 0.46 26.2

n.d
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10
No.
mg L

K1 Dey ETH S1 2.50 2.04 1.53 2.20 3.31 2.87
K2 Dey ETH S2 6.18 2.40 1.80 4.04 8.48 6.28
K6 Ban teay Dek temple 2.17 1.02 2.03 1.45 1.02 -
K7 Ban teay Dek school 3.25 1.52 5.84 3.95 2.06 0.88
K8 Dey ETH Health center S1 4.96 4.05 1.33 2.54 4.66 3.75
P1 Peam Koh S1 2.30 4.67 3.48 2.62 1.77 9.80
P2 Peam Koh S2 - 0.49 3.14 1.09 1.70 4.61
P3 Peam Koh S3 1.93 0.34 3.43 0.49 0.65 3.69
KC1 Koh Kok” B” 1.06 1.78 0.97 1.38 0.81

KC2 Koh Kok’D” 1.77 2.71 5.20 2.99 0.78

KC4 Koh To S1 1.13 1.09 2.88 0.75 0.49
KC5 Koh To S2 2.94 5.72 0.83

KC6 Koh rokaKrav pagoda 1.53 0.61 1.19 0.90 0.64 0.42
KC7 SambourmeasPrimary school 2.58 1.82 2.20 1.21

KC8 Neang kong hing 0.85 0.94 0.90 3.33

KC16 | prekDeum Chan S2 9.56 0.97 1.16 1.06 3.14 0.63
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International Symposium 2012
“Arsenic Pollution and Removing Technology of Groundwater”

Kochi University;  Aqua Design System Company;  Green Company; Japan
Institute of Technology of Cambodia;
Ministry of Industry, Mines and Energy; Cambodia
(Supported by New Energy and Industrial Technology Development Organization, Japan)

Venue: Sunway Hotel
Date: February 21, 2012

Time Activities Responsible
8:00-8:30 Registration ITC
8:30-8:35 Respect National Anthem

Speech of representative of NEDO, Mr. Koichi Eguchi

8:35-8:45 Japan Chief Representative
P Asian Representative office
8:45-8:55 Welcome remark of ITC Director Dr. OM Romny
) ) General Director General, ITC
. . . Dr. Phoeurng Sackona
8:55-9:05 Opening Ceremony Secretary of State of MoYes
9:05-9:20 Photo Session
9:20-9:35 Coffee break
Technical Session : Chairperson- Dr.Prof.Yoshito Otani (Kochi University)
9:35-10:25 Presentation of researcher from Dr. Mahmuder Rahman
Bangladesh
10:25-11:05 Presentation of researcher from Dr. PICH Bunchoeun
Cambodia
11:05-11°55 Presentation of researcher from Dr. Yumei Kang
Japan
11:55-13:30 Lunch break

Technical Session: Chairperson- Dr. Chunhieng Thavarith (ITC)

Presentation of researcher from Sri

13:30-14:20 Dr. Herath Neranjala Kaushalya
Lanka
14:20-15:00 Education activities Mr.Atsushi Nada
Report of Activity
15:00-15:40 (Problem and Solution) and Future Mr.Ryosuke Takeda

System Development

Dr. Chunhieng Thavarith
15:40-15:50 Closing remark Deputy Director Generalin charge
of Cambodia and Research
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Contents of Technical Session

Dr. Mahmuder Rahman (Dhaka Community Hospital Trust, Bangladesh)

Mass arsenic poisoning of Bangladesh — health impact and community safe drinking water
options — Dhaka community hospital experience

Dr.PICH Bunchoeun (Institute of Technology of Cambodia)

Arsenic in shallow aquifers of the lower Mekong delta, Cambodia:  Sources,
mobilizations and remediation with natural laterites

Dr. Yumei KANG (Kochi University, Japan)

Removing Arsenic from Groundwater Using High Performance Iron Adsorbent in
Cambodia

Dr. Herath Neranjala Kaushalya (Open University of Sri Lanka)

Use of carbonaceous materials for primary water/wastewater treatment

Mr. Atsushi NADA (GREEN Cao., Ltd. Japan)

Education activities

Mr. Ryosuke Takeda (Aqua Design System Co., Ltd, Japan)

Report of Activity (Problem and Solution) and Future System Development
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Arsenic in shallow aquifers of the lower Mekong delta, Cambodia:

Sources, mobilizations and remediation with natural laterites

Bunchoeun Pich'”, Tetsuro Yoneda? and Tsutomu Sato?
'Department of Georesources and Geotechnical Engineering, Institute of Technology
of Cambodia, Phnom Penh, Cambodia
%L aboratory of Environmental Geology, Hokkaido University, Sapporo, Japan

“Corresponding author:
E-mail: pichoeun@itc.edu.kh
Tel: +855-95-941-027

Fax: +855-23-880-369

Abstract

The presence of elevated arsenic in groundwater of the shallow aquifers of the lower Mekong delta,
Cambodia has become a concern of Kandal’s 1.1 million people. Recently, the arsenic-contaminated
groundwater has been treated with Kanchan arsenic filters introduced by the governmental agency.
However, the removal of arsenic was reported to be incomplete due to insufficient oxidation of Fe
nails and differences in groundwater composition. Therefore, the needs to utilize an appropriate
low-cost material with minerals similar to those bearing arsenic in the aquifer sediments and to
model arsenic sorption onto the material for various groundwater chemistries are necessary.

There is no consensus yet on the sources and mobilization of arsenic in shallow aquifers of the
lower Mekong delta, Cambodia. U.K. group researchers stated that Fe oxyhydroxides in the
sediment which contained a large amount of arsenic could release arsenic into Kandal groundwater
via microbially mediated reductive dissolution and microbial reduction of As(V). On the contrary,
U.S. group researchers reported that Fe sulfides were the source of arsenic and could mobilize
arsenic into groundwater via oxidative breakdown. Therefore, the main arsenic-bearing Fe minerals
and arsenic release mechanisms must be defined or confirmed. In accordance with the U.K.
research group, several previous investigations showed that laterites contain a considerable amount
of Fe oxyhydroxides which can play an important role in adsorption of arsenic. For this reason,
natural low-cost laterites which are abundant in Kampong Cham province, Cambodia must be
considered as well for the removal of arsenic from Kandal groundwater.

The evidences of sequential extractions and biomarkers for mineralogical sources of arsenic and
origins of organic matter in aquifer sediments of the Mekong delta, Cambodia, respectively were
considered. The total extracted arsenic in the sediment sequences varied between 2-16 mg/kg and
was strongly associated with Fe oxyhydroxides (HFOs). The amorphous and poorly crystalline
HFOs contained more arsenic but had less relationship with arsenic than the well crystallized one.
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Hence, this suggests that the well crystallized ones were responsible for elevated As in groundwater.
Due to the presence of biomarkers including hopane, hopene, triterpene, and n-alkane, organic
matter which limited the condition of arsenic release were sourced from predominantly immature
plant and bacterial at near-surface sediments, except one sample from deep rock mature (petroleum)
origin.

The release mechanisms of arsenic in aquifer groundwater of the Cambodian lower Mekong delta
were postulated between Prek Tameng (PM) and Prek Thom (PT) villages of Kandal province,
Cambodia. The Kandal groundwater geochemistry showed no significant seasonal variation.
Arsenic in groundwater varied between 33-1450 [1g/L exceeding the regulatory limits of WHO (10
1g/L) and Cambodia (50 [Ig/L). PM groundwaters consist of significantly lower As but higher Fe
compared with PT groundwaters. Arsenic release in PT village was suggested to be mainly caused
by microbially reductive desorption of arsenic from surfaces of Fe oxyhydroxides in deeper
reducing aquifer, whereas As release in PM village was suggested to be possibly due to oxidative
breakdown of Fe sulfides at the near surface.

The applicability of natural laterites in remediation of Kandal arsenic-contaminated groundwater
was investigated, with a validation using generalized composite approach complexation modeling.
The selected laterite at the amount of 12.5 g/L with iron minerals (ferrinydrite, goethite and
hematite) could most effectively remove As(V) from solution with concentration of 1.5 mg/L at
neutral pH within 40 minutes reaction. The results of surface complexation modeling coupled with
the experimental data indicate that most of adsorption behavior of arsenic on the laterite regarding
the effects of adsorbent dose, pH and phosphate would be attributed to iron minerals in the laterite.
In the same setup with the presence of 2.0 mg/L phosphate there was no significant effect on arsenic
removal efficiency. A small family with 6.2 members who consume 19.8 L per day would use only
1 kg laterite to obtain sufficient arsenic-free groundwater during one year.

In conclusion, crystallized HFOs and amorphous HFOs found in the aquifer arsenic-enriched
sediments of the Mekong delta, Cambodia were also present in the laterites, demonstrating that
application of laterite in adsorption of arsenic from Kandal groundwaters was appropriate.
Microbially reductive desorption of arsenic from the surfaces of HFOs were the major release
mechanisms responsible for elevated arsenic in groundwaters. Therefore, complexation and
adsorption of arsenic in and on HFOs of laterites were the reasonable processes for arsenic removal.
Since Kandal groundwater is dominated by As(l11), oxidation of As(I11) should be considered prior
to removal of arsenic. In order to improve the understanding on how arsenic releases from
sediments and adsorbs onto laterites, further studies were proposed regarding the microscopic and
spectroscopic evidence of arsenic-bearing minerals and microcosm experiments for evidence of
microbes in the sediments.
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Removing Arsenic from Groundwater Using High Performance Iron Adsorbent

in Cambodia

Yumei KANG & Kumiko NUKI
Faculty of Agriculture, Kochi University, Japan

Background and objectives

In the Kingdom of Cambodia, groundwater is an essential water source for domestic and
agricultural uses since water and wastewater facilities have scarcely been constructed except in the
central parts of large cities and also because river water is unhygienic. However, groundwater has
been found to be contaminated by arsenic (As) in the lower reaches of the Mekong River, and
purification of the water is an urgent issue. Studies on As contamination of groundwater in
Cambodia have mainly focused on risk assessment and impacts of human health, and there have
little study that involved both scientific and socioeconomic approaches. In this study, the water
quality of groundwater was surveyed in three provinces of Cambodia, and a verification test of the
As-removing equipment developed was conducted. The study aimed to clarify the quality and As
level of groundwater in the study areas and inspect the technological and socioeconomic effects of
the As-removing equipment.

Materials and methods

In September 2010, the water quality of 37 tube wells in the provinces of Kandal (14 wells), Prey
Veng (7 wells) and Kompong Cham (16 wells) was examined, and water samples were collected.
The examination involved measuring the pH, EC, oxidation-reduction potential (ORP), dissolved
oxygen (DO) and temperature. The arsenic concentration was also measured using a quick checking
kit in the field at the sites. Moreover, the water samples were subjected to analysis of total As
concentration in the laboratory. The depth, the service years and usage of well water were
interviewed to residents. Based on the water quality survey and the results of As analysis,
As-removing equipments were installed at 16 wells (3 in Kandal, 3 in Prey Veng, and 8 in Kampong
Cham) at the end of March, 2011. The water quality was monitored, and verification tests were
conducted on the behaviors of residents in using the equipments. Once every month, water was
sampled and examined for the items described above. Residents were also interviewed on the
awareness of As pollution and water purification.

Results and discussion

From the interviews, the well water was found to be indispensable for the life of local people,
who used the water for drinking, cooking and laundering. The pH of the well water in the three
provinces surveyed was almost neutral and was within WHO guidelines for drinking water. As
concentration showed similar trend in the quick checking kit test and laboratory analyses. Of the 37
wells surveyed, 24 exceeded the Cambodian guideline value (50ug L™), and 27 exceeded WHO’s
guideline for drinking water (10 pug L™). Levels of As were extremely high in some wells
(>1000-6000 pg L™), suggesting that As pollution of groundwater is serious in Cambodia. Based on
the above results, 16 wells were selected for setting up the As removing equipments in schools (6),
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temples (2), health centers (2) and private house (1).

From April to October in 2011, the As level in the water treated by As-removing equipments was
almost under the WHO or Cambodia guidelines for drinking water. For the wells over the guideline
value, replacing the cartridge could decrease As concentration at the safety level. Moreover,
reducing the flow rate of water to ensure sufficient contact with the adsorbent was also a effective
measure. The interview to residents showed that they were concerned about exposure to As, but
there was large differences in the awareness of As poisoning and the need of As-removing
equipments among people and regions. It was also found that the residents felt difficult to purchase
the expensive As-removing equipments and were uncertain about the maintenance of the system.
Therefore, it is indispensable to develop effective technologies, construct a social system for stable
supply of safe water, and improving the awareness of residents to spread As removing technologies
in areas where groundwater is contaminated by As.
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Use of carbonaceous materials for primary water/wastewater treatment

N. Kaushalya Herath!, Keigo Nakao?, Wang Chao Nan?, Yoshito Ohtani® and Hideaki Ichiura?
! Open University of Sri Lanka, “Department of Forest Science, Kochi University, Japan

Study on the application of carbonaceous materials for the primary treatment of kaolin solution,
river water and kraft pulp mill effluent has been conducted. The experimental materials include
different types of commercially prepared activated carbons, laboratory prepared rice husk/ wood
carbons and different sizes of sea sand.

Removal of turbidity from ground water is a primary need in ground water treatment since that
can interrupt any type of secondary treatment. Experimental results show that filter beds having a
combination of sea sand and activated carbon have a higher capability of removing the turbidity in
kaolin solution. 97% turbidity could be removed using a bed with 13.3g sea sand (425- 850mm),
13.3g sea sand (300- 600mm) and 13.4g activated carbon (300-600mm) given in the top to bottom
order in a down flow column.

Experiments were conducted on the removal of COD, NO*, NO* and NH*" using carbon
prepared from different wood types including Japanese cedar, Japanese cypress, birch, rice husk and
bamboo. Carbon preparation was done in inert atmospheres at 300, 400, 550 and 700°C. Carbon
prepared at 700 °C showed highest capability of removing COD and negatively charged ions.
Microbial deposition tests revealed that Euglypha acanthophora is in abundant in the 700 °C
prepared carbon and hence having the potential of being a bio-filter.

Kraft pulp mill effluent is a major industrial polluter generating a considerable amount of
wastewater which is difficult to be treated with conventional methods. Adsorption of pollutants on
carbonaceous materials is identified as an effective method in treating wastewater of many types.
The feasibility of using commercially available powdered activated carbon, granular activated
carbon, laboratory prepared rice husk carbon and activated rice husk carbon for the primary
treatment of kraft pulp mill effluent was investigated. According to the batch experiments, increase
of adsorbent dose has a positive impact on the removal of phenolic compounds in the effluent.
However, increasing dose contributes to the effluent color. Initial effluent pH also affects the
removal efficiencies, with acidic pH being more favorable. Performance of the carbonaceous
materials experimented decrease as powdered activated carbon > granular activated carbon >
activated rice husk carbon > rice husk carbon.
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Education Activities

Atsushi NADA & Takayuki IMAHASHI
GREEN Co., Ltd. Japan
Local cooperation NGO: Next Door Cambodia

Background

About 55,000 wells are used in Cambodia. Arsenic is contained in about 17,000 wells and
high-concentration arsenic is contained in about 9,000 wells. Well water is used for drinking water,
wash, a shower, etc. in Cambodia. Also, well water is used for cultivation of vegetables or fruit, and
breeding of livestock.

In recent years, consciousness of people is increasing about arsenic. People are acquired various
information about arsenic from the NGO, television, radio, etc.
However, the wrong information is also included in information. Moreover, sometime people
cannot understand about information of arsenic, because it difficult for people.

Objectives and Methods
The objective of our education activities are gets right information for arsenic to people. It
explained using the picture-story show so that especially children could understand arsenic.

Results and discussion

Education activities were started from July, 2011. The education activities in July were
performed in the kandal province, the Preyveng province, and the Kampong Cham province
and 562 people participated in four days. There were a lot of questions from people. For
Example, where arsenic comes from? Is Color of arsenic? How can we prevent arsenic
pollution? How much is a water purifier? Etc. Residents participated in education activities
very eagerly, and studied eagerly.

We are continuing education activities with September, December, and January. We are
going to continue education activities from now on, in order to people understand about
arsenic.
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Report of Activity (Problem and Solution) and Future System Development

Ryosuke Takeda
Aqua Design System Co.,Ltd, Japan

In April 2011, Aqua Designs System Co.,Ltd installed 16set of Arsenic Removal Clean Water
Systems in total 3 provinces (Kandal Province x 5, Prey Veng Province x 3 and Kompong Cham
Province x 8) in the Kingdom of Cambodia. This device designed in combination of several kind
water filters and Arsenic Remove filter. This Arsenic Remove filter using amorphous substance iron
hydroxide (the following, Arsenic resin) which enabled the arsenic adsorption removal.

16 devices are breakdowns by 2 kinds of follows.
1. No electricity use type Treated water:  After Arsenic filter
2. Electricity type Treated water:  After Arsenic filter + after R.O

Demonstrated several kinds of combination Arsenic filters after setting and tested it. Then find the
most effective Arsenic filter combination with other resin problem from filter blocking, quantity of
treated water and Arsenic remove efficiency. See below.

The most effective combined Arsenic filter is in order to 250g large sand (3-5mm), 250g small
sand (1mm or less), 2kg Arsenic resin(less than 3mm more than 500 micro) plus 3kg high quality
active carbon (2-3mm), 2509 large sand and 250g small sand then make it not to make any gap
between all resins.

Totally 6 times (May, June, July, September, November and January) went to Cambodia. Every
time visit, checked and maintenance all systems, such as filter change, repair, remodeling, take
water sampling. Most problem of repair while we doing this project were pumps (Self push pump
mainly damaged by human and electric pump mainly damaged by natural disaster).

The cause of repair problems were always repeated itself many times, same reason and same place.
The other hand, the place where never repair were always keep system cleaned, tidy and use system
as we told them how to operate it.

As a result, it’s thought that it’s a human cause to occur need to repair systems by different
management and by not right usage.

Problems and solution:

1. Filter blocking Solution: Back wash for first filter

2. Human damage Solution: Management and Usage of system
3. Natural disaster: Solution: Movable

4. Theft Solution: Movable and Unification of user

Developed future spread 2 types which can solve problems mentioned above. In addition, worked
on reduce cost for future spread systems, because present systems are cost more than US$10,000
dollars.
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First future spread system is almost same filter method as present system, it’s removed stainless
steel box, chlorine injection and unnecessary filters then use simple stainless steel flame with
present filter method, and enable to cost down to US$3,000 dollars.

In addition, adopted back wash function for first filter, so filter blocking is solve by this. Also this
system can carry by 2 adults, so it’s designed for easy management and prevention from natural
disasters.

Second future spread system use same filter resin as present system, but change method. This
system’s method use fall pressure from upper storage tank then remove Arsenic and make drinking
water.

Designed for this system’s big purpose is solve problem and solution no.4 “theft” solution
“Unification of user”. Of course, problem and solution no.1-3 are solved by this system. Because
the big problem after set up the system is that need expense for periodical maintenance cost
necessary.

The price of this future spread system is around US$1,500 dollars, but need engine pump
(approximately US$400 dollars) and storage tank (approximately US$200 dollars).

The reduction of future spread system was realized, but further reduction in cost will be essential
to the further spread not the price that a local person can easily purchase in future. For more
reduction of future system, need to cost down Arsenic resin and necessary to find water processing
resin and materials (sea sand, high quality active carbon and etc...) from Cambodia or
neighborhood countries.

After this project, Aqua Design System Co.,Ltd will donate future spread systems by Japanese
company and individual fund, and try to establish water sales business model, teaching usage and
maintenance method while keep donate system.
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“MASS ARSENIC POISONING OF BANGLADESH - HEALTH
IMPACT AND COMMUNITY SAFE DRINKING WATER
OPTIONS - DHAKA COMMUNITY HOSPITAL EXPERIENCE”

Mahmuder Rahman?, Quazi Quamruzzaman, Jabed Yousuf, Golam Mostofa, Altab
Elahi, Afroza Khatun, Sharmina Banu and Ronjit Halder

Presented by

Dr. Mahmuder Rahman'

Trust Co-ordinator

Dhaka Community Hospital Trust

190/1 Bara Moghbazar

Wireless Railgate, Dhaka — 1217, Bangladesh

Tel: ++880-2-9351190, 9351191

Fax: ++880-2-9338706

E-mail: Web: 1

OPENING COMMENTS

The purpose of this presentation is to highlight and share some
of the important field experiences that Dhaka Community
Hospital observed and learned while dealing with arsenic
affected villagers and implementing various safe water options.
This paper further highlights the impending calamity of arsenic
contaminated water on food chain and soil.
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WATER SOURCES

» 30000 miles of major river and many thousands of
canals Criss-crossing the country.

» Thousands and thousands of water bodies like ponds,
lakes and lagoons.

* Thousand years culture of Dug-well for drinking and
household use.

* Annual Rainfall 2000mm to 2500mm/Year.

» Easy availability of ground aquifer water in most of
the areas (in wet seasons).

BANGLADESH SCENARIO
» 147,450 Square Kilometer

» 920 persons per Square Kilometer

» Bangladesh 4
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WATER USE PATTERN AND PROBLEM OF
BANGLADESH
* 90% Groundwater extracted is used for irrigation and
extraction is increasing every year as surface water
bodies are drying up due to neglect and encroachment

* Only 5% — 10% Groundwater for drinking, domestic
and industrial use.

» Major non-consumptive surface water use are for
fisheries, communication and salinity management.

* Insignificant use of the large amount of rain water.

» Major amount of surface water are wasted due to poor
storage facilities

PROBLEM STATEMENT

Increase population, demand of land use -
leads to pollution encroachment and reduction |
of water bodies (Rivers, Lagoons, Ponds and
Canals). leads to groundwater extraction.

Ever increasing demand leads to large scale
extraction of Groundwater.

Large scale withdrawal from rivers by = ,
upstream countries making surface water Dried River
scarcity in dry season (Nov — April).

Leads to further drying up of canals and
tributaries fed by mother rivers.

Reduction of water table and poor recharge of
deeper aquifer.

Arsenic in drinking and cooking water.

Food chain and soil contamination emerging '
as mega calamity. Dried Lagoor?

70




PROBLEM STATEMENT - I

MAGNITUDE OF UNPRECEDENTED HEALTH DISASTER
FACING COMMUNITY DUE TO GROUNDWATER ARSENIC
CONTAMINATION

*Ganges — Brammaputra Delta alone is risking more than
150 million of People of Bangladesh, India and Nepal.

* In Bangladesh above 20-30 million are affected and 60
to 70 millions are at risk.

*Thousands are suffering from “Arsenicosis” and a large
number will die from it (1 in 10 may die from arsenic
related disorder as experts suggested) No National
Prevalence Survey in conducted.

* There is no known cure except arsenic free safe water.
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ALL THESE ACTIVITIES OF DCH PROMOTED ACTION
PROGRAMME BY NATIONAL GOVERNMENT AND
INTERNATIONAL AGENCIES

By 2002 — government declared that 30% of Sub-district of
Bangladesh the aquifer water highly contaminated with arsenic

60 to 70 million people are at risk 20 million are drinking arsenic
contaminated water

Govt. of Bangladesh formed national expert committee on arsenic
and who developed National Arsenic Mitigation Policy and Action
Plan and approved by the government

DCH initiated its own Chronic Arsenic Case Management System
and started to diagnose and treat case of “Arsenicosis”

2002 Government of Bangladesh and DCH presented the case
definition and case management protocol in the International
Conference and a conference organised by government of
Bangladesh

WHO in 2004 and 2005 discussed and formulated the Case
Definition and Management protocol in its regional consultat|ve
meeting and published a field guideline in 2005

SOME MAJOR POINTS OF BANGLADESH
NATIONAL ARSENIC MITIGATION POLICY

Regular monitoring of all tube-well including irrigation wells

Give preference to surface water over groundwater as water
(safe) source

Capacity at community level for proper installation, operation
and management of mitigation options

Arsenic removal technology shall not be marketed without
proper testing and validation from Bangladesh Scientific and
Industrial Research Institute and submit the report to panel of
experts for verification

Assess Impact of groundwater withdrawal on deep aquifer
Guideline to protect arsenic safe aquifer

Training of all health workers for identify and manage
“Arsenicosis” — according to developed protocol.

Arsenic in ground water used for irrigation may also affect
agriculture and food chain
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HEALTH ISSUE

FACTORS SUGGEST TO AGGRAVATE ARSENICOSIS

* Type of arsenic and level of exposure

* Body immunity and genetic configuration

* Nutritional status and food habit

* Low hemoglobin level may exacerbate ill effects

11

COMMON MANIFESTATIONS OF ARSENICOSIS

Skin pigmentation, melanosis and leaco-melanosis
Keratosis and Hiperkeratosis

Skin Ulcers and dry gangrene

Cancer of skin, U.bladder, Lungs etc.

Skin Lesions Keratosis Cancer Gangrene

12
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OTHER SIGNS AND SYMPTOM AS EXPERIENCED BY
HEALTH WORKERS (DCH)

 Out of 16000 patients

— Chronic Broncolities and Bronchiectasis 30.7%,
- Burning sensation of Skin 20.4%

- Congestion of conjunctive 2.3%

- Non pitting edema 1.7%

Other Emerging Health Problems as suggested by researchers

* Adverse relationship between arsenic level and intelligence in
young children?

» Adverse affect on fetus
 Low birth weight
« Obstructive airway diseases in young adult and children

* Bronchiectesis
13

MANAGEMENT OF ARSENICOSIS

* Arsenic free safe water

» Dietary Supplement and anti-oxidant fruits/vegetables/protein
is important along with application of ointment (5 — 20% Urea
and salicylic)

» Complicated cases like skin cancer, ulcer, gangrene needs
specialized medical and surgical management

» Social Economic and Physical rehabilitation.

* Mass community awareness and support to develop
community based rehabilitation system.

* Use of antioxidant and nutrition advice

14
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MAJOR PROBLEMS OF “ARSENICOSIS” MANAGEMENT

* Lack of knowledge information and training for case detection and
management by field workers

» Poor community motivation for safe water use complicated by
physical nature of arsenic in water (tasteless, colorless and odorless)

- Socio-economic  hazards due to ill-conceived idea about
“Arsenicosis”

- Poor Resource allocation for rehabilitation and treatment

- Indiscriminate installation of Tube-well both private and public
sector

- Even after introduction of policy and action Plan

15

SAFE WATER OPTION

16
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DHAKA COMMUNITY HOSPITALS INVOLVEMENT WITH
COMMUNITY BASED SUSTAINABLE OPTIONS FOR ARSENIC
SAFE DRINKING AND COOKING WATER

e The natural sources of river, pond and rainwater and Dug-wells
are encouraged by DCH as water sources.

» Community participation and its support for options and site
selection is important for sustainable programme

» Simple construction protocol for Dug-well, rainwater harvesting
and sand filter

» Implementation procedures using locally available knowledge
and resources with current sanitary knowledge

- Simple Safe maintenance procedure and devices

e (O e |

R

TOTAL DCH SAFE WATER OPTION TILL TODAY

Atotal of 350 Safe dug-wells

1132 Rain water harvesting unites
22 Sands filter from ponds

06 Sands filters from river

PROBLEM FACED WITH

e Dug-well, R/PSF and Rainwater
* Dry Season Problem

» Bacterial Contamination

» Lack of communication and management of community motivation
for development and maintenance of alternate water sources. Poor
resource allocation by agencies leads to a) difficulty in developing
locally available facilities and resources to b) monitor water quality
and maintenance protocol c) site selection and community
participation programme

18
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RECENT DCH EXPERIENCE WITH SAFE OPTIONS

Dug-well (Improved Dug-well)

* June/July 2 months — 20 Dug-wells — 21 days chlorination

« Bacteria count rises above unacceptable levels after 3" week
Chlorinate after 21 days is satisfactory

» Sand boiling of Dug-well both vertically and laterally due to poor site
selection

» Below 15ft. The Diggers feel exhausted, digging and correct building
process may be compromised (lack of fresh air etc)

« Limitation of expert supervisions during Dug-well construction and lack
of modern equipments

» Idara appears more promising than “Kua” (from maintenance
community coverage and distribution point of view)

» Sand Filter — Promising, wherever there is a water source like pond
and river

* Rainwater — It is very promising needs more resource allocation and

motivation for rainwater harvesting. G

PROBLEM FACED WITH OTHER OPTION

Deep Tube-well

* How deep is deep?

* How to ensure proper sinking and stop cross contamination

* Water quality measurement (for other toxins)

* Re-chargeability of deep aquifer and its affect on environment
» Deep Aquifer will sustain for How Long?

Arsenic filters

§ Testing its efficacy — not transparent

8 Regular maintenance and water quality monitoring
8 Sludge disposal — still remains a major issue

Shallow ““Safe”” Tube-wells

» Unpredictability of safety

» Continuous monitoring

» Dry Season Problems 20
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RECOMMENDATION FOR COMPREHENSIVE SAFE
WATER SUPPLY

Encores the Rain-water and Dug-well for drinking and cooking
Rational and balanced use of all water sources

Active support with resource allocation and nationwide motivation for
safe use of abundant rain, surface and dug-well water

Indiscriminate extraction of groundwater must be stopped and effective
regulatory mechanism for proper groundwater use

Short term emergency measures like water filters should be carefully
and scientifically evaluated and selected before marketing (sludge
management, affordable technology from maintenance must be
properly documented)

Resource allocation for training in case detection, treatment and
rehabilitation

Regional co-operation for equitable distribution of river water — as this
issue is vital for total water and environment protection of regional

countries
21

ISSUES NEED SERIOUS
CONSIDERATIONS

22
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FOOD CHAIN AND SOIL CONTAMINATION - CONCERNS
EXPRESSED IN VARIOUS DCH CONFERENCES

1998, 2" DCH Int. conference the DCH Key note paper Prof.
Rahman suggested “Research needed to understand effect on
food chain and soil.

In 2005 DCH Int. conference, Dr. Chakraborti of SOES
informed that 3200 tube-wells in 200 square kilometers are
pumping 6 tones of arsenic on the surface

Paper from Dept. Soil in Dhaka University suggested arsenic
on Irrigated soil may reach 5kg per Hector per year. Research
in loss of production and food chain contamination.

Study from Corneal University suggested per capita exposure
of inorganic arsenic in rice is 32 times higher in Bangladesh
than USA

To understand relation between soil pollution and food
chain contamination further research is urgently needed as it
has tremendous health and economic impact on nations like
Bangladesh. 23

WATER IS NOT ESSENTIAL FOR LIFE, IT
IS LIFE (JIBON)

THANK YOU

24
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