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Water Quality Problems in Bangladesh

Widespread surface water pollution from
industrial and domestic discharges

Arsenic contamination of groundwater

Salinity (both surface and groundwater) in
coastal areas

High manganese (Mn) in groundwater
High iron (Fe) in groundwater

Detection of fecal contamination in tubewell
water




Arsenic Contamination of
Groundwater




Arsenic Contamination of Groundwater

e Arsenic (As) in groundwater was first detected in late 1993 in

the district of Chapai Nawabganj bordering the West Bengal
district of India.

 The shallow aquifer, which has been extensively exploited for
both water supply and irrigation, is the principal source of
Arsenic. Very shallow (< 10 m depth) and deeper (> 150 — 200
m) aquifer appear to be less contaminated by As.

e Discovery of Arsenic reduced water supply coverage dropped
to 74% from 97%.
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Global Arsenic Occurrence

LEGEND
I Arsenic-affected aquifers
® Arsenic related to mining and mineralisation
® Geothermal waters
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Arsenic Contamination of Groundwater ....

 Arsenic problem is complicated because:
o Itis tasteless, colorless, and odorless
o Its effect on population is delayed
o0 Occurrence of As appears to be highly scattered
o Itis difficult to detect its presence in water

 Currently, about 12.4 per cent of the population are
exposed to As conc. exceeding Bangladesh Standard of
50 ppb; 24.8% are exposed above WHO guideline value of
10 ppb.

 Arsenic is still is the most significant obstacle that is
preventing us from increasing “safe water coverage”.




Toxicological Effects of Arsenic

Non-carcinogenic Effects:

v’ Cuteneous Effects:
O Hyperpigmentation (dark spots on the skin)
O Hypopigmentation (white spots on the skin)
(these two are collectively referred to as “melanosis”)
O Keratosis (skin hardened and develops raised wart-like nodules)

v Others: Nausia, abdominal pain, vomiting; Hypertension;
Diarrahoea; Anemia; etc.

Carcinogenic Effects:

O Skin cancer
O Lund cancer
O Bladder cancer
O Liver cancer




Toxicological Effects of Arsenic .....




Most Likely Source As and Mechanism of its
Mobilization in the Subsurface
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Most Likely Source As and Mechanism of its
Mobilization in the Subsurface
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Role of “Reduction” in As Mobilization:

é‘r) _Nabiésn-h'm ﬂi Avrsenic 8 feduc +Hion

- Undey Rd.'.du:f:lf -envirmmm'f', Irem MJA;‘JWFF&I
Undergo ol ﬁafu-#nq: and nelease Arenie
associated <tk 1.

- Reducing envirernment may be reated b.
The preseace 3- r{;ﬂﬂ;n maltey in The Sedirment
and Theiv ﬂfﬂmpw'#m.

ﬁ-faﬁ,-f (47 f‘;'-"?_CH,:" +2H @ —)
Vo s

"l‘-ﬂﬁfll‘ -l'-

e "%

~ 7Microbial processes appear —ts play an jﬂﬂfﬂ?‘-ﬁﬂ}
role in The neductive disseludine a} iren. So)ids
and censegueent mnobilization of Arvnic .




Role of “Phosphate” (e.g., from Phosphate
fertilizer) in As Mobilization:
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Possible Alternatives to Arsenic-affected
Groundwater

(A) Arsenic Avoidance

1) Groundwater Development:
O Arsenic-free tubewell water (where available)
O Dug well (shallow groundwater)

2) Surface Water Development
O Pond Sand Filters (PSFs)
O Ultra-filtration systems

3) Rainwater Harvesting

(B) Treatment of groundwater for As Removal

(C) Managed Aquifer Recharge (MAR): Emerging
technology; involves recharge of aquifer with
pond/rainwater




Treatment of Groundwater:

Important to understand basics of As Chemistry

Principal Forms of (Inorganic) Arsenic in Water:

Arsenite, As(11II):
¢ Dominant form in anaerobic conditions
(e.g., in groundwater)
e Depending on pH can exist as: H;AsO,, H,AsO,, HAsO,*,AsO,*
e In pH range 6-9, dominant form: H,AsO,
o Note: As(Ill)is about 10 times more toxic than As(V)

Arsenate, As(V):
¢ Dominant form in aerobic conditions
e Depending on pH can exist as: H;AsO,, H,AsO,, HAsO,”, AsO,
e In pH range 6-9, dominant forms: H,AsO,, HAsO,*

Other forms:

(1) Elemental Arsenic (As): Least toxic, minor importance
(2) Arsine » Most toxic, minor importance
(3) Organic Arsenic : Much less toxic

3.

In general,
As(lll) is more
difficult to
removal from
water than
As(V).
Therefore,
many
treatment
technologies
involve
oxidation of
As(lll) to As(V).




Principles of Arsenic Removal Technologies:

(A) Oxidation:

Involves oxidation of As(lll) to As(V), with concomitant
oxidation of insoluble Fe(ll) to Fe(lll), facilitating removal of As

O Passive sedimentation
O Chemical oxidation
O Solar oxidation

il | |+ Passive Sedimentation:
o e Arsenic-bearing tubewell water kept in a vessel (e.g., Kolshi)
& @ overnight.
L%}_j e Part of As(lll) converts to As(V); Fe(ll) converts to Fe(lll) and

. A forms Fe(OH)3 percipitates.
R senle
& @), fices . e Arsenic is removed by adsorption onto iron hydroxide flocs.




Principles of Arsenic Removal Technologies:

(B) Coagulation-Adsorption-Coprecipitation:
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L Commonly used coagulants include
Alumium and Iron Salts (e.g., Alum
and Ferric Chloride).

1 Presence of Phosphate in
groundwater reduces removal
efficiency, by competing with As for
adsorption sites.

 Presence of Iron is groundwater is
likely to improve removal efficiency
by facilitating adsorption.
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Principles of Arsenic Removal Technologies:

(C) Adsorption:
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L Commonly used adsorption media
include: Activated alumina;
Activated carbon; Iron-coated
sand/brick chips; Granular ferric
hydroxide; etc.

1 Presence of Phosphate in
groundwater reduces removal
efficiency, by competing with As for
adsorption sites.

 Presence of Iron is groundwater
also adversely affect the system
performance by clogging the filter
media.

(D) Membrane Techniques




Technologies used for As Removal in Bangladesh

(1) Household Units:

Coagulation,
Flocculation and
Settiing Buckel¥ ] ' 20cm
|
=
Flexible PVC pipe ' I o
of 6 mm@ 20cm
Filtration and -
Storage Unit 10cm
—s
Frame made of 120cm
10mm& MS bar 40cm

Coarse Sylhet sand

38mmid PVC
strainer

Household Arsenic Removal Unit (ARU)
based on Alum coagulation and
Bleaching Powder disinfection

Commercially available
Sono Filter
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Technologies used for As Removal in Bangladesh ...

(2) Arsenic Iron Removal Plants (AIRPs): Community Scale
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Technologies used for As Removal in Bangladesh....

(3) Arsenic Iron Removal Plants (AIRPs): Municipal Scale
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Technologies used for As Removal in Bangladesh

(4) Commercially Available SIDKO Plant: Community Scale




Questions?

 Water from a tubewell with high arsenic concentration also
has an iron concentration of 10.0 mg/L. You have two options
for removal of arsenic from this water: (a) coagulation (e.g.,
with ferric chloride) and (b) filtration system (e.g., using iron-
coated sand). In your opinion, which option is more
appropriate for this particular water? Explain.




Arsenic in Food Chain
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Arsenic in Food Chain ........
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Arsenic in Irrigated Soil
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Arsenic in Irrigated Soil ...... .
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Area-weighted Soil As Concentration between
December 2004 — December 2007
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e Higher As in irrigated soil in May, compared to December;
* Gradual; build-up of As in irrigated soil




Arsenic in Irrigated Soil ..........
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Arsenic in Rice and Food Items
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Arsenic in Rice and Food Items ............
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Salinity Problem in Coastal Areas
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River Salinity in Southwest Coastal Region (/WM, 2013)

Spatial variation of maximum river salinity during 2011-2012
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Common Water Options in Coastal Areas

Pond sand filters (PSF),
Rainwater harvesting systems (RWHS),

Reverse osmosis (RO) plants (for treatment of
saline water),

Ultra-filtration systems
Tubewell (saline and arsenic free),
Ringwells (saline and arsenic free)
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