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Update of the Arsenic Contamination in Bangladesh
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Accumulation of iron and arsenic in the Chandina alluvium
of the lower delta plain, Southeastern Bangladesh
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A partially coupled hydro-mechanical analysis of the Bengal
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Groundwater Risks Mapping:
Based on Storage anQuality
Including Arsenic Contamination

(Shamsudduha &ahide
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Fig.4 Groundwater risk maps at the national scale in Bangladesh: a

groundwater risk map based on model 1 (arsenic, salinity, and dry-
season groundwater levels); b groundwater risk map based on model
2 (arsenic and salinity only). Both maps show four zones: extremely

W0'E L

high, high, medium, and low risks to shallow groundwater based on a
combination of two or three parameters above some threshold values
described in the method. Maps of higher resolution are provided in

the supplementary information
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(red—green-blue) color compos-
ite map of the three groundwa-
ter hazards: storage decline as
indicated by the depth to dry-
season groundwater levels (red),
arsenic concentrations in shal-
low groundwaters (green), and
groundwater salinity hazard as
indicated by electrical conduc-
tivity (blue). The scale of each
side of the triangle represents
the range (minimum as 0 to
maximum as 100%) of values
for each hydrological parameter
as shown in Fig. 2

2019)

Fig.5 Groundwater risk map
and exposure of arsenic-affected
population in Bangladesh.
Upazila-wise number of arse-

it ted patients (i.e., cases
of skin lesions) are mapped as
solid colors and various ground-
water risk zones (under model
1) are superimposed to show the
spatial association between the
two datasets. Upazilas without
any reported arsenic-affected
patients or data are left blanked
(i.e., white)
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MODEL TO DETERMINE FLOWPATHS AND TRAVEL TIME OF GROUNDWATER:
Current Depth Zone for Irrigation Abstraction Seems Suitable to Mitigate
Transport of Arsenic in Deep Groundwater
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Groundwater EC, Salinity and TDS in the Multi-layered Aquifers
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Stepwise, earthquake-driven coastal subsidence

in the Ganges—-Brahmaputra Delta (Sundarbans)

since the eighth century deduced from submerged in situ
kiln and mangrove remnants
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Uncertainty of the Occurrence of GroundwaterSalinity in the Coastal Delta
due to Complex Hydrogeological Characteristics
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Monitoring of Groundwater Level

BWDB has 1273roundwater observation wells throughout the country, maintained unde
7 Ground Water Hydrology Sutiivisions and mostly installed with the UNDP assistance
since more than five decades, mainly at shallow depth§{25).

Consideringhe gquality problems in shallow and main aquifers and necessity to use deeg|
groundwater BWDB has installed 42 clustered monitoring wells and 51@édilein
2011-2012uptothe depth of 350 and 100 m respectively, in 19 coastal districts under the
Bangladesh Climate Change Trust (BC@i9Qject.

Underthe ongoingBWCSRP,Component B: Strengthening Hydrological Information
Services and Early Warning Systemso6, fu
monitoring wells have been installed20132020 coveringentire country. Each unit
consists of 4 wells having the maximum depth of 300 m.

Underthe same project, 905 monitoring wells, including all clustered wells, are in proce:
of automation with telemetry using ddtmger for temperature, groundwater level and

electric conductivity i.e. salinity. If these automated systems are maintained properly, th
reattime data frequency and accuracy will be enhanced.._
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The Bengal Water Machine: Quantified freshwater
capture in Bangladesh
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Salient Features of the Analysis

A Incrementaincreases in degeason groundwater pumping for irrigation lower groundwater levels
and enhance leakage under gravity of surface water from rivers, ponds and canals during the
subsequent monsoonhis broad set of recharge pathways induced bys&égson groundwater
pumpingare describedas The Bengal oOWatrerBWWac hi ne

A Thisnaturebased solution to seasonal freshwater storage capture, showing that the collective
operation of ~16 million smallholder farmers in Bangladesh from 1988 to 2018 has induced
cumulative freshwater capture of between 75 and 90 &ilbioetres.

A However, the researdaiso highlights limitations to the operation of 8&/M in areasvhere
induced monsoonal recharge is insufficient to fully replenish groundwater abstracted during th
season, depleting groundwater storage and rendering groundwater inaccessible to household:
reliant on shallowvells. Amongst 465 monitoring well locations, about t#thod show non
functionality of the BWM.

A Therefore, iis vital to assess the suitability of locations for the operatioheoBWMin order to
maximise benefits to farmers and minimise the risks of groundaepdetion. Themportance of
long-term hydrological monitoring to assess the status and trends of country's groundwater
resourcesre highlighted. .
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DepthwiseMonitoring of Groundwater Levels in Multi-layered Aquifers
(about 50, 100, 200 and 325 m depths)

STASO'E SSIOVE  SPISOE SPDO'E  90SOUE  91G00°E  MSOE  93OVE  STMSO'E  SS00YE  SPUSOVE  S00E  S04SO'E  SIPWOTE  9FISOE  9RV0E S0 SPISOVE  SPO0YE  S04SO'E 91P00°E  9PISO"E  OF00E STASO'E  SSU00'E  SOUSOE  00'E  0MSOE  O10E  92ISOE  93IO'E

Bangladesh Waler Devel Pment Board Bangladesh Waler Devel Pment Board Banglaglesprxva%r Dﬁvwe'noPnfo?ot Board i Bangladesh Waler Devel Pment Board o
rectorate of Ground Wate
l)cplh lo(.rmxldvr n- l.m rmm Sm face l)qm to (.nmldvr uwl cl‘ﬂlld s-m« Depth to Groundwater Level below Ground Surface ( ) l)q)lh xol.nmdvr l.e rmmd s.. face A )
Wet Scason 2020 : Ve -an.uun Aquifer (~ S0m) Dry Season 2021 :\'", Shlllnu Aquifer (~ $0m) Wet Season 2020 : Shallow Aquifer (~100m) 4 Dry Season 2021 : snnnaw Aquifer (~100m)
E 2 ; z z EE z
H £z g H g8 g
£ 1 14 ¢ < 44 £
E EE H z FE £
H :: : H £s :
Ed A B a aa 2
4 EE r z 44 E
z £z £ z rz z
H ZZ H H iZ H
z £z z z 77 z
s I £ E £% 4
4 1 }4 £ £ |44 £
™| Depth to GWL (m) 3 “ ™1 Depth o GWL (m) y 2 “|  Depth o GWL (m) s “ ™| Depth to GWL (m) Y 2
Oistrct Boundary —— Distret Boundary —— Distnct Bounaary Oistrict Boundary
o3 we  w  w o 3 s e w  w o3 s e m o 3w me s
SUSITE SSIOE SISDE SPOE SMSOTE SI0UE SPISOTE  OFO0TE STYSUUE  SSTO0E SFISOTE  WADOTE  WRMSOE SIS0 OFISOE  S0WE STASIE SSI0TE SPISUE WAUE WMSOTE SISWOE OFISOE 9DUE STUSIE SSIO0E SSISOTE SPUDTE  SPMSOTE SIOOE  SPISOTE  9RO0E
$TUS0"E SEI0"E S91S0'E Y0°00"E 90°450"E IE0"E 92°150"E 930O0E  STUSOTE S0 SPLS0"E 000 E 90°45'0"E 915300 92°150"E 93°00"E $TUSOE $$°300"E S91S0"E YP00"E 90°450"E S1°300"E 92°150"E 93°00E  STUSOE $8°30'0"E SPIS0"E P00E 0°4S0E 91430'0"E 9150 93V0"E
Bangladesh Water De'velo.pment Board Bangladesh Water Developmem Board Bangladesh Water DeveloPment Board Bangladesh Water Develo })ment Board
ctorate of Ground Water Hydrology Directorate of Ground Water ctorate of Ground Water 'Ground Wl(. Hydrolog
Depth to Groundwater Level below Ground Surface Depth to Groundwater Level below Grnnml Snrhn Dq:lh to Groundwater Level below Grmnd S-rhn ll!pll w G d ('ro-lul ilrh
Wet Season 2020 : Main Aquifer (~200m) Dry Season 2021 : Main Aquifer (~200m) Wet Season 2020 : Deep Aquifer (~300m) DrySeason Z"" ”“‘P Aquifer (-300m)
E EE £ z £z E
: B2 E H 1 :
z z z z zF z
z z z z ] E
£ EE 4 < £ E
5 55 5 5 O 8
2 22 2 2 22 2
3 33 3 3 3R H
r £z 4 ¢ EE
z Lz z z Lz
& a3 4 a a2
z z 7 z z zpz
2 £z £ H H H
g £ 5 £ g i b4
& & & 8 8 at ]
il L H £ E H K
H i H H HE
E H | £ £ H
s shs 5 s s8s
g A 4 4 14 $4 14
| Depth to GWL (m) 2 “B7|  Depth to GWL (m) : %7 | Depth to GWL (m) 3 "™ Depth to GWL (m)
District Boundary District Boundary District Boundary 3 Distrct Boundary
c 0_ 100 1% m'_ o - 100 10 11.’ o 100 10 2':.’ ' o 100 150 m&n
$T4S0E SSI00E S9°150"E S0°0'0"E Y4S0E SLI0E 9215'0"E GIVOE $TUSOTE SEI0E S9IS0E SPV0TE S0°4S0"E SI00E 92°15'0"E 9300 E $7450"E SEI0E 899150 S0'0"E Y04S07E SLI0E 9215'0"E GIVOE S74S0°E $$°30'0"E SP1S0"E P00E Y04S0E 91°300"E 9EISOE 9300E
= - >
L re e
S £ P

e

© -~ {st.com



Needfor Inteqrated Water Resource Management (IWRM)

Preparation of Water Budget (Yearly)

(and Water Allocation Plans)

{

ADrinking and Potable
(Data source: DPHE,
population demand
calculation, BBS etc.)

AAgriculture
(Data source: BADC, DAE,
BBS etc.)

AOthers (if any)

(e.g. industrial, ecosystem
etc.)

v

v

Estimation of Available
Fresh Water Resource

Water Allocation
(Priority: Water Act 2013

ASurface Water
(Data source: BWDB, field
survey, LGD etc.)
AGroundwater
(Data source: BWDB, field
survey etc.)
ARainwater
(based on reservoir capacity
and shortage of SW and

GW, if any)

y e N

ADrinking and potable
(Source: groundwater, rain
water and surface water)

AAgriculture
(Source: surface water and
rain water)

AEcosystem
(e.g. minimum stream flow,
biodiversity etc.)

AOther Uses

enefit: * Minimize unwise and misuse of inadequate fresh water resources in the coast.

* Mitigate social conflict by considering right and equality of water allocation.

* Preserve water for ecosystem and thus reduce water quality degradation.
* Lead to initiate the preparation of National Water Allocation Plan for entire country.
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Mapping of Managed Aquifer RechargePotential and Recharge

Technologies-or Enhancing Storage of Groundwatey
(Marta,Zahidet. al., 2019) N

The identified variables that define the The identified variables that

Physical Potentialare: defineDemand Urgencyare:

MPrecipitation intensity and duration  APopulation density

Avaporation loss Mepth of the groundwater table

ASurface geology below the surface at the driest

Arhickness of thaquitard month (April) e ——
AGroundwater depth below tlsairfacein Aoverty g

the middle of the Monsoon (June) A\bsence of perennial rvers ..,

ANells contaminated with Arsenic close by 5

Anundation land type Arrigation demand S —— i1
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MAR (Infiltration/Recharge Well) Piloted by GWH, BWDB




