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6.4 Nitrate removal/treatment technologies
6.4.1 Technology from lon Exchange India Limited

lon Exchange India Limited (Figure 6.1) has nitrate removal technologies which include
handpump attachments, community systems which have the following salient features: .
Water treatment capacity {500 50001/ h:' Figure 6.1: Nitrate Removal Systems of
Nitrates reduced to less than 45 ma/l lon Exchange India Limited
Nitrates are adsorbed on the resin
Compact and economical system requiring less chemicals and no electricity
Only sodium chloride is needed for regeneration

Two nitrate removal systems of 6 m’/hour each were successfully commissioned for NGO CASP (Community Aid & Sponsored
Programme) at the community project at Govindpuri, New Delhi, supported by Care India PLUS Project.

Contact details:

lon House, Dr. E. Moses Road, Mahalaxmi, Mumbai-400 011, India
Tel : (91) 22 3989 0909 / 3047 2042 Fax : (91) 22 2493 8737
email : hocro@ionexchange.co.in ell@ionexchange.co.in

6.4.2 ISEP® Nitrate Removal System

The ISEP® Continuous lon Exchange produces less waste and claimed to be having simple operation and details of which are
shownin Figure 6.2.
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Figure 6.2: ISEP® Nitrate Removal System

Raw water is divided into two flows, a by-pass flow and a treated flow, with the blend ratio based on an individual plant water analysis. The
flow to be treated is passed through an ISEP® System where nitrates are removed below 2 mg/l as nitrogen.

. Nitrate Adsorption Zone (1-14)

For a 20 port system the adsorption zone (cells 1-14) has 14 ports in parallel for single pass flow where the nitrates will be removed. The
zone utilizes 70% of the total resin charge (80% for a 30 port system). In this zone the nitrates and other anions are adsorbed from the feed
water onto the resin (Figure 6.2).

. Strip Wash Zone (15-16)

A small amount of pre-softened feed water is used to strip wash cells 15 and 16. The effluent of these partz is then used to dilute the 26%
brine solution used for regeneration. This counter current configuration is most effective in preventing salt from regeneration being
transferred into the product water. The softening process prevents calcium sulphate precipitating in the resin bed.

. Regeneration Zone (17-19)

The combination brine and strip wash (5-10% NaCl) is directed through cells 17-19 for true counter current regeneration for maximum
regeneration efficiency and solids removal from the resin bed.
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Displacement Zone (20)

The displacement zone (cell 20) is set up to ensure that hard water from the feed is displaced using softened city water. This prevents
precipitates (CaCQ,, etc.) from contaminating the regeneration zone, and forming a scaling layer (Figure 6.2).

Pracess Control and Instrumentation

The ISEP® readily adapts to a fully automated system, the heart of which is a small Programmable Logic Controller (PLC)which controls
the ISEP® blend ratio and operation of the booster pumps (if required). In most cases an automated perchlorate or nitrate monitoring
systemis installed at the inlet and outlet to record nitrate levels.

Contactdetails:

Calgon Carbon Corporation

500 Calgon Carbon Drive

Pittsburgh, PA15205

Tel1-800-422-7266Fax 412-787-6713, www.calgoncarbon.com

6.4.3 Heterotrophic denitrification.

This is the most common strategy for drinking water primarily because of its familiarity due to wide scale and successful use in
wastewater freatment. Heterotrophs use an organic carbon as the electron donor. In wastewater treatment, the waste provides these
carbon feeds and in drinking water freatment, the carbon substrate must be added.

6NO,+2CH.OH — 5CO, + 3N, + 7TH,0 + 60H

Autotrophic denitrification using hydrogen gas
NO, +5H,+2H — 2N, +6H,0

Or

2.5H,+NO, — 0.5N,(gas)+ 2H,0 + OH

Features of this technology are given below:
. High efficiency, low carbon footprint, nitrate removal from groundwater
. Treatment to drinking water standards
. Achieved through Autotrophic denitrification
. Scalable technology

1
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Figure 6.3: Advanced Nitrate Reduction Hollow-Fiber Membrane Bio-Reactor

6.4.4 MIEX® Treatment Systems

The MIEX® Technology is an advanced magnetic ion exchange process that can be applied to
remove nitrate from water supplies. The continuous resin regeneration utilized in the process
allows for significant waste reductions over conventional ion exchange treatment and
eliminates the occurrence of chromatographic peaking (Figure 6.4).

Pressurized nitrate removal systems are available as packaged units up to 2 MGD (~7.6 MLD)
and custom designed systems for all capacities aver 2 MGD, Gravity flow systems are also
avallable if it is not necessary to operate the process under prassure. With the lowest waste
production of any nitrate removal technology (approximately 0.1-0.3 % of throughput), these

systems can provide an environmentally friendly solution to the increasing need for nitrate
removal.

Figure 6.4: MIEX® Treatment Systems
Contact:

WWw.miexresin.com
Email: miex@orica.com :
Asia Pacific 61-3-9665-7111 .



Chapter-6 6.4.5 Siemens nitrate removal system

In this treatment system perchlorate is first removed using single use ion exchange resin and then
nitrate removal with a traditional regenerable ion exchange media. The resin is sluiced in and out of the
fixed tanks using a closed process that ensures the cleanliness of the media (Figure 6.5).

C_OmaCt details: . Figure 6.5: Siemens nitrate removal system
Siemens Water Technologies -
2430 Rose Place 1

Roseville, MN 55113, USA
In addition. membrane filtration, reverse osmosis and electrodylisis are also used for removal of nitrate,

details of which are given elsewhere in the document.
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Chapter-7 7.1 Introduction

Salinity reduc tion Desalination is a process that removes dissolved minerals (not only limited to salts) from various feed water sources like sea water,
brackish water or treated waste-water. There are more than 10000 desalination plants in operation worldwide, of which 60% are located
or in the Middle East. The world's largest plant in Saudi Arabia produces 128 MGD of desalted water.
Desalination
In India. various scientific organizations like BARC-Mumbai, CMSCRI-Bhavnagar, BHEL, AMD, NEERI, NIOT, TPL etc., have got various
technologies for desalination. About 150 desalination plants have been commissioned in the country by Reverse Osmosis (RO) process,
of which, only 77 have been reported to be functional.

Choice of desalination process/technology depends upon a variety of factors and is highly site-specific. These are:

Salinity of feed water lower salinity levels like in in-land brackish water could produce higher conversion/product rates.
. Plantcapacity Larger plantsreduces the cost per unit product,

_ Siteconditions environmental considerations for brine disposal and cost/availability of land forinfrastructure .
Qualified labour some of the technologies require at least semi-skilled and trained labour

Energy costs low cost electric system and heating steam have strong impact on unit cost of production
Availability/easy access to membranes, chemicals and spares

. Operation and maintenance costs and ease in operation

. Provision for enhancement of designed plant capacity

7.2 Technologies for Desalination

A number of technologies have been proved while some newer technologies are in the stage of pilot-testing. In general, the techniques
used for desalination of water may be classified into three categories depending on the process principle involved. They are

7.21 Membrane processes

. Reverse osmosis

: . Electrodialysis
=]
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7.2.2 Distillation Processes

. Multi-Stage Flash Distillation
. Multiple Effect Distillation
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7.2.3 Alternative Processes

Solar Humidification
. Freezing
. Membrane distlllation

In India, under rural water supply programme, only reverse osmosis based desalination plants have only been set-up due to its inherent
lower capital cost when compared to other technologies.

7.3 Membrane processes

7.3.1 Reverse osmosis

Reverse osmosis (RO) is currently one of the fastest growing techniques for the desalination of different types of water. In RO, the feed
water is pumped at high pressure through permeable membranes, separating salts from the water. The feed water has to be pretreated to
remove bio-fouling and scaling. The quality of water produced depends upon the pressure, the concentration of salts in the feed water
and salt permeation constant of the membranes. Product water quality can be improved by adding a second pass of membranes. Multi-
media filters to remove sand sediments down to 20 [Im size, activated carbon filters to remove excess chlorine, 5 Om size prefiltration
systems, sodium metasulphate for removing excess chlorine residuals, acid/anti-scalant dosing systems are available in the market, and
need to be considered on case specific basis, before RO system is chosen for desalination. 10 m® to 50 m® per day plants have been
installed in India. World wise, RO plants of capacities ranging from 100 m’ to 94, 625 m’/day plants have been commissioned. The
product water from RO plants have TDS levels ranging between 30 to 500 mg/L. The conversion rate of product water from feed-water
varies between 30-50 %, depending upon various factors. The cost of production of pure water is about 20 to 30 paise per litre of water

produced in smaller plants (less than 100 m” per day capacities) to only 3 paise per litre in case of large RO plants, as per information
available world-wide.

7.3.2 Electrodialysis

Electrodialysis is an electro-membrane process in which transport of ions present in contaminated or blackish is accelerated due to an
electric potential difference applied externally. An electrodialysis cell consists of a large number of narrow compartments through which
the feed water for desalination is pumped. These compartments are separated by alternative placed cation and anion selective
membranes in a parallel fashion across the current path to form an ED cell. Using a DC electrical field, cations and anions migrate through
the appropriate membranes, forming compartments of electrolyte enriched waste water and electrolyte depleted product water.

Non-ionic particulates, bacteria and residual turbidity may also pass through the cells with the product water and therefore, this may
require further treatment to achieve the desired product water standards.
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The scaling and fouling problem in basic electrodialysis unit has been overcome by recent advancements to the ED technology in the
form of Electrodialysis Reversal (EDR) have occurred. The EDR process involves a reversal of the water flow in order to break up and flush
out scales, slimes and other foulants deposited in the cells before they can build up and create major fouling problems. This flushing also
allows the electrodialysis unit to operate with fewer pretreatment chemicals, hence minimizing costs.

The ED/EDR process is usually only suitable for brackish feed waters with a salinity of up to 12,000 mg/L TDS. With higher salinities the
process rapidly becomes more costly than other desalination processes. This is because the consumption of power is directly
proportional to the salinity of the water to be treated. As a rule of thumb, approximately 1kWH is required to extract 1 Kg additional salt
using ED/EDR.

7.4 Distillation processes

Distillation Is one of the oldest and most commonly used methods of water desalination. Distillation is basically a phase separation
method whereby saline water is heated to produce water vapour which is then condensed to produce potable or fresh water. The world's
first land-based water desalination plant, a multiple-effect distillation (MED) process plant with a capacity of 60 m’/day was installed at
Curacao. Netherlands Antilles, in 1928. Further, commercial development of land based seawater distillation units took place during the
late 1950. Distillation processes such as Multistage-flash (MSF), MED and vapour compression (VC) have led to the widespread use of
distillation to desalinate seawater.

7.4.1 Single/Multi-stage flash distillation (SSF/MSF)

Multistage flash distillation is still the most commonly used technique, particularly where energy is still not an issue or inexpensive. In MSF
plant, a stream of heated brine flows through a vessel consists of 40 chambers, or stages, each operating at a slightly lower pressure than
the previous one. As the brine enters each chamber or stage, a portion of it *flashes” into steam and is then condensed to produce a pure
distillate. The concentrated brine remaining at the end of the process is rejected as blow down. MSF operating temperatures range from
100°to 110°C and they produce 6.0 to 11.0 kilograms of distillate per kilogram of steam applied. Depending upon the number of flashes,
the process could be termed as SSF or MSF. Smaller systems could be designed on SSF technology with scaling of production invites
MSF for economics. The unit cost of production varies between 3.5 paise per litre to 8.3 paise per litre of water/distillate produced.

7.4.2 Multi-Effect Evaporation (MEE)/Multi-Effect Distillation (MED)

Multi-effect distillation has a greater potential as an evaporation technique. It is also similar to condensation but requires a heating device
like a boiler or waste heat from any other sources like thermal plants etc., Steam extracted from low and medium pressure turbines
provides the heat necessary for evaporation. MEE operates with top-brine temperature of 64 - 70°C. The unit cost of production of MEE
systems varies from 3.9 paise to 8.9 paise per litre of water/distillate produced.
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7.4.3 Vapour Compression Desalination (VCD)

VCD is a distillation process where the evaporation of sea or saline water is obtained by the application of heat delivered by compressed
vapour. Since, compression of the vapour enhances or increases both the pressure and temperature of the vapour, it is possible to use
the latent heat rejected during condensation to generate additional vapour. The effect of compressing water vapour can be done by two
methods as given below:

. Thermal vapour compression (TVC)

The process of condensation is similar to other distillation processes except that requirement of steam Is a pre-requisite for the system.
TVC has been clubbed with MEE system for large scale plants for better economies. The unit cost of production of distillate/water is 5.9
paise per litre, as per information available.

- Mechanical Vapour Compression (MVC)

The mechanical vapour compression process uses mechanical energy rather than direct heat as a source of thermal energy. Moreover, it
Is distinguished from other distillation processes by the presence of a mechanical vapour compressor, which compresses the vapour
formed within the evaporator to the desired pressure and temperature. The system also includes plate heat exchangers for pre-heating
the feed-water using heat exchangers from the brine blow-down and the distillate product. This system is also based on evaporating
effect like MEE. This is a good technology and can be adopted for capacities ranging from 100 m’/day to about 20,000 m’/day or more.
The cost of production is slightly higher at 22.5 paise per litre of distillate/water produced in case of 100 m’/day to only 2.07 paise per litre
of distillate /water produced in case of 20,000 m*/day plant. This technology is often used at resorts and industrial sites.

7.4.4 Low cost vertical tube evaporators (VTE)

VTE technology has been devised on a pilot scale by IIT Delhi. This is basically a MEE technology but synthesized for smaller applications,
specifically the rural sector of India. The principle involved is the recycling of latent heat of condensation/vaporizations of water in
successive efforts so as to achieve a good performance ratio. An LPG boiler is used for heating the feed water and with a8 effect VTE, the
unit cost of production of distillate/water is found to be 30 40 paise per litre of water produced at the laboratory conditions. The cost is
expected to be around 10 paise per litre of water produced, if bio-mass gassifiers are used in the field. This technology again s sile
specific and depends upon avallable of Prosophis julifiora and Acacia auriculiformis, which are generally the bio-mass used for heating in
the boilers. The 6-effect VTE at the laboratory conditions produced 2000 litres per day of product-water with TDS of 10 mg/L. The cost of
the plant was reported to be about Rs. 56,000 only.
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7.5 Alternative Processes
7.5.1 Solar Humidification/Solar Stills

Solar energy is one of the most promising applications of renewable energies to seawater desalination. Solar still is basically a large scale
shallow water pond if saline water (about 10 cm deep) spread over a large surface area and covered with glass over. The natural sunlight is
used for evaporating the saline water and the condensed vapour is collected from the glass-case. Though, the operation and
maintenance cost of such plants is near zero and that no power is required, the system is capital cost intensive when compared with the
product recovery rate and the cost of land required.

In principle, well-managed and maintained solar stills require a solar collection area of about one square metre to produce up to six litres of
fresh water per day, but on average usually return 3L/m‘/day. Thus, for an 800L/day facility, land area ranging from 130 260 m" would be
required depending on efficiency. The main advantage of this process is its relative simplicity to operate and service and obviously its
ability to use renewable energy source such as sunlight makes it an economical option for producing potable (fresh water) from various
feedwater sources like sea water, brackish water or treated wastewater.

7.5.2 Freezing desalination

This process is based on the fact that dissolved salts are naturally excluded during the formation of ice crystals. In order to desalinate
saline water using this method, the non-frozen saline component is removed at the appropriate time in the freezing process, and the
frozen (fresh) water is washed and rinsed to remove any of the remaining salts adhering to the ice crystals. The ice is then melted to
produce fresh product water.

There have been a small number of plants developed and constructed over the past 40 years; however, the process has not been
commercially developed in the production of potable water for community purposes. At this stage, freezing desalination technology still
has a better application in the treatment of industrial wastes rather than in the production of municipal water.

Freeze desalination theoretically has some advantages over distillation methods such as lower theoretical energy requirement, minimal
potential for corrosion, and little scaling or precipitation.

7.5.3 Membrane distillation

Membrane distillation is a relatively new process which has been introduced commercially only in the last few years. It uses a specialized
membrane which passes water vapour only but not liquid water. This membrane is placed over a moving stream of warm water, and as the
water vapour passes through the membrane it is condensed on a second surface which is at a lower temperature than that of the feed
water.
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7.6 Inquest of integrated approach (Hybrid systems)

Selection of desalination technology should therefore be considered on case to case basis, on factors described above. Ideal solution for
providing safe drinking water in brackish saline affected habitations is an integrated approach of RO/distillation plant duly augmented by
roof-top rainwater harvesting/surface water based rain water harvesting structures. Wherever waste heat s available in abundance from
thermal power generation plants located on the seashore/brackish areas, suitable process of distillation could be adopted to achieve
economies of scale. Co-generation activities like power generation (captive power plant, reducing energy consumption etc.,) could be
thought of, for overall financial sustainability of the plant. Wherever alternate sustained availability of surface/ground water is available, this

system of providing safe drinking water could be provided to salinity affected habitations, duly considering the economies of operation
with technology based solutions.

Salient features of Desalination Technologies developed by various Research Organizations and other Private Industries
available in the market.

7.7 Commissioning of Low Temperature Thermal Desalination Plant (LTTD)

7.7 Plant at Kavaratti

Experimental studies in USA and Japan were conducted to prove the ocean temperature driven desalination technology. A spray flash
evaporation system was tested at Saga University, Japan. A 10 m*/day plant is under experimentation at Institute of Ocean Energy,
Japan. Natural Energy Laboratory tested an open cycle OTEC piant with fresh water and power production using ocean temperature
difference of 20°C between the warm surface water and deep-sea water, in 1992 at Hawaii islands. It was operational for 5 years and

decommissioned a 25 tonnes per hour desalination plant operating between 28 - 20°C in 1992, which has completed nearly 10 years of
commercial production,

National Institute of Ocean Technology (NIOT), Chennai, under the Department of Ocean Development (DoD) had set up an experimental
model of 5000 litres per day capacity using LTTD technology. It was proved that 1% of warm feed water can be converted to fresh water
under the conditions of 1020°C temperature difference. A pilot plant was also set up on a barge up the high seas off Tuticorin by NIOT and

found the results encouraging. Therefore, NIOT had taken an R & D project for commissioning a 100 m/day plant at Kavaratti at an
estimated cost of Rs. 5 crore,

Technology of LLTD

The technology basically envisages taking the 15°C temperature difference between the warm surface sea water and the deep-sea cold
water. Bathometry studies were done by NIOT to establish the thermocline variations off the coast of Kavaratti island of Lakshadweep, in
2003. Prefiminary design was completed by NIOT in consuitation with BARC, Mumbai in September 2003. Cold water from 330m depth
was envisaged to be brought through a 660 m HDPE pipeline. Off the shore to about 300m, a well was constructed where the surface

water and deepsea cold water are being pumped to the plant located on the shore. The well was connected by atrussle bridge. The w'_a'a'fm
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water was then subjected to low pressure by a vacuum pump and is flashed. The vapour was then subjected to a condenser where deep
sea cold water runs through. The condensed water on the outer surface of the cold water pipes is tapped as the distillate water, About
1.02% recovery was observed at the plant site and the total production of water 1,02,000 litres on 27/10/2005. Electrochlorination unit is
also available to avoid biofouling, though the same is not anticipated. The warm water and cold water were then discharged from plant at
the shore. Fresh water generation is upto 1.2 lakh litres per day and total cost of production is 18.2 paise per litre.

7.7.2 Desalination unit developed at BARC

The process involves preparation of a membrane casting solution consisting of basic polymer, selected additive and solvent, and then
coating of a polymeric film from this solution on a porous support by phase inversion process.

Figure 7.1 : Demonstration Unit developed at BARC

A small room with window air-conditioner/dehumidifier is needed to coat ultrafiltration membrane unit. All the steps in the presented
technology are manual in nature and hence does not require electrical power for process. Constant source of water is needed to produce
and test the membrane device. Single unit capacity varies from 1000-7000 LPD depending on dimensions and cost is Rs. 6000 40,000
depending upon size.

For details contact

Head, Technology Transfer & Collaboration Division,
Bhabha Atomic Research Centre,

Trombay, Mumbai - 400 085.

Fax: +91-22-25505151/25519613

Phone: +91-22-25593897

E-mall: headttcd@barc.gov.in

D e e |

Py e 2 Temarw 7



0 ————————-cm i8] T e = o = — —

7.7.3 Membrane reverse osmosis and microfiltration Chapter-7

The GeoPure treatment process is a combination of pre-treatment, microfiltration, and RO. These three treatment steps are operated in
series 1o treat produced water compositions and generate clean water stream that can then be discharged or reused. This technology
was specifically developed for the desalination of oil and gas produced waters. Depending on the quality of the feed water, the process
Implements various pretreatment processes to remove dispersed oil, suspended solids, or dissolved hydrocarbons. The pretreated
water is then further purified with polymeric microfiltration and RO. Toincrease RO efficiency, the microfiltration step filters out suspended
solids prior to final RO treatment. Feed Capacity is 5,000 bpd and costis S0.94 Bbl (based on costs reported for Barnett Shale study).

Contact detalls:

GeoPure Hydrotechnologies

777 Main Street, Suite 600, Fort Worth, Texas 76102
817-887-8452

www.geopurewl.com

7.7.4 Siemens water technologies

Siemens Water Technologies developed an automatic blending valve purposely to blend the RO permeate with the well water to meet the
desired water quality. The FlexRO unit is a portable, skid mounted, self-contained unit that provides a flow rate of 100 gpm and is ideal for
temporary use. A Mobile Reverse Osmosis system from Siemens Water Technologies provides temporary treatment for nitrate removal
and TDS reduction Siemens Water Technologies delivers cost-effective, reliable systems guaranteed for quality, safety, and compliance.

Contact deatails:

181 Thorn Hill Road,

Warrendale, PA 15086-7527

337-837-3071
hitp://www.water.siemens.com/en/Pages/default Bspx

¥




#

Chapter-7

=

'_E 3

Minsstry Of Drinking Watar
& Sanitation (MOWS)

National Environmental Engineering
Research Institute (CSIR-NEER)

7.7.5 TERI - Solar desalination unit

Desalination processes have been used for many a decade but its high energy requirement and, therefore, their prohibitive costs have
prevented their widespread adoption across countries. Researchers at TERI have found an innovative way to bypass the limitations of
conventional desalination technology and solve the acute water scarcity problem of both urban and rural areas with a solar desalination
unit. Designed in collaboration with the SEC (Solar Energy Centre] of the Ministry of Non-conventional Energy Sources, this desalination
unit is the first of its kind in the country and the current prototype has been specifically designed to cater to the needs of remote, rural
households. The prototype has already been tried and tested at the Solar Energy Centre and the results have been more than promising.

TERI's current solar desalination unit consists of 10 flat-plate solar collectors, 4 trays that hold brackish water and an efficient and
compact heat exchanger in the bottom tray (Figure 7.3).

The unit is designed to deliver 100 litres of water, translating to 42% more output vis-a-vis the commercially available single-basin solar
still.

Desalinated waler <l

%ﬁ I — i

L — Hioat exchangar

Adr vent
Water filling

) ‘Bolar cofectors
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Figure 7.3: Flat-plate-collector-based solar desalination system installed
at the Solar Energy Centre, Gual Pahari, Gurgaon

Economic analysis establishes that the annual cost of desalinated water from the TERI-SEC prototype desalination system is less than
that from a solar still. This cost-effective medium is a positive step towards providing fresh water to those condemned to drink saline

water.

Contact details:

The Energy and Resources Institute

Darbari Seth Block, IHC Complex, Lodhi Road, New Dethi - 110 003, INDIA

Tel. (+01 11) 2468 2100 and 41504900Fax (+91 11) 2468 2144 and 2468 2145 mailbox@teri.res.in



7.7.6 Dolphin Desalinators

Dolphin Desalinators offers large capacity desalination units under rental agreements. We have a range of portable units and generators
for rent, all with production capacities from 50 tonne per day.

These units are usually supplied for emergency short to mid-term water supply during dry season or equipment maintenance periods.
Rental units are freighted to your location and our staffs commission the unit and train the designated operators of the unit on operation
and maintenance procedures.

Contact details:

Dolphin Desalinators, 18 Dividend Street, Mansfield Qld 4122
Phone:07 3347 1600 (Intl: +617 3347 1600), Fax: 07 3219 2266 (

Intl: +617 3219 2266)

Figure 7.4: Dolphin Desalinators

7.7.7 Desalination techniques developed by US researchers

A device that can 'push’ the salt out of seawater has been developed by US researchers. Efficient enough to be powered by sunlight, the
process could lead to small-scale or portable desalination devices that could provide vital drinking water in disaster zones or areas of
severe drought. Using modern semi-permeable membranes to convert seawater into fresh water is increasingly popular as a solution to
global water shortages. Two common techniques are reverse osmosis, where seawater is forced through a sieve-like membrane to filter
out saltand electrodialysis, which uses electrical current to pull salt ions through a membrare.

But in both cases, organic matter and salt accumulate on the membranes and clog up the system. Now, an altemative technigue has
been developed, which overcomes this problem but remains highly energy-efficient. When a voltage is applied across a small membrane
made from an ion-selective material such as Nafion, something unusual happens. On one side of the membrane, charged particles are
repelled - and on the other side, they are collected.

Han's team developed a microchip-sized device that funnels a stream of water down to a fork and splits into two channels. The entrance
to one channel is covered with a charged Nafion membrane, which shields the water flowing down it and pushes any salt down the other
channel. Crucially, the shield also repels other charged particles, both positive and negative, which includes most organic matterand
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microorganisms, such as bacteria, viruses and other contaminants.

But to function effectively the process requires very small water channels and these can only
produce tiny amounts of water on their own. There can be number of water channels on a single
chip the goal is to make systems that can produce around a litre of purified water over ten minutes.
Although this is a relatively small amount, it may be possible to run the device continually for a long
time using solar power, which could be extremely valuable in areas of critical water shortage.
However more work is needed as there are some problems to overcome. Gold and titanium
electrodes are currently used, so finding cheaper or alternative materials is needed to scale the
technology up into devices. Also, some non-charged particles may cause fouling of the membrane
so a system of pre-treatment may be required.

Figure 7.5: Salt and other charged particles
are diverted off, leaving desalted water to
flow down a separate channel

7.7.8 A&M maobile desalination unit

The A&M mobile desalination unit was constructed to test both pre-treatment by membranes and RO desalination at field sites. Different
types of membranes are tested and RO salt rejection efficiency can be determined directly. It is equipped to run either single stage or
multi-stage membrane treatments and can be configured either for parallel or series membrane flows. The unit is shown in Figure 7.6 in
Washington County, Texas in 2006.

In addition to testing the capability of different types of membranes, the unit has power transformers to utilize oil field power and an
electrical meter to measure power consumption, one of the most cost factors in desalination. The cost of desalination is directly related to
the power used to pump brine past the filters. As salinity increases, power consumption rises. Data from four different field sites are given
for comparison, collected on four types of saline feed brines.

In Texas, the three proposed desalination facilities on the Gulf Coast have cost estimates ranging from $3.58 (Rs. 175) to $4.23 (Rs. 208)
per 1,000 gallens.

Contact details:

David Burnett,

Global Petroleum Research Institute (GPRI)

Department of Petroleum Engineering

Carl Vavra, Institute of Food Science & Engineering Bill Fox,

Texas Water Resources Institute (TWRI)

Texas A&M University 9798452274 burnett@pe.tamu.edu http://www.gpri.

Figure 7.6: A&M mobile desalination unit
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Chapter-8 8.1 Preamble

. In India It is observed that a particular water treatment technology remains in operation at a place, whereas same technology becomes
Behavioural, dysfunctional at another place. This indicates that other factors such as behavioural, motivational and community support is required for
motivational and successful operation of any technology. The use of technologies to treat water in community and household is best accomplished if it is
community accompanied by or supported with economic incentives and other cost recovery methods and with programs designed to support

community participation, education and other efforts to achieve acceptance and sustainability. Government of India through Ministry of
support Drinking Water and Sanitation offers economic incentives for provision of safe water at community level which also include provision of
water treatment in quality affected habitations.

Information, education and communication (IEC) combine strategies and methods that enable individuals, families, and communities to
play active roles in achieving, protecting and sustaining services such as water supply system. |EC is an important component of any
development programme particularly related to water and environmental sanitation. The failure of Central Rural Sanitation Programmme of
the Ministry of Drinking Water and Sanitation Supply was due to lack of demand, lack of participation in programme implementation and
lack of awareness among the community regarding health and hygiene aspects of safe drinking water and clean sanitation facilities.
Therefore, it is proposed to educate the public; create awareness among them regarding health effects of poor water quality; provide
integrated mitigation solutions including water treatment; and create long term success by facilitating community involverment and
ownership by integrating IEC with IFM.

130] Managing water supply and treatment is an evolving concept and an appropriate IEC material will help to popularize the concept
particularly among rural community. Water treatment technologies discussed in this handbook are meant for application in rural areas and
IEC will be an important component for making the handbookl effective. The IEC material should be developed in local language
considering socio-cultural conditions and disseminated to reach panchayat level. Wherever socio-cultural, behavioural and economic
compenents in community and household water treatment and storage technologies are lacking, sustainable implementation, operation
and maintenance of these technologies is difficult.

It is recognised that provision of safe water is not only due to lack of treatment technologies or funding, but because lack of community
involvement, failure in adopting proper business model, cultural attitudes and behaviour towards treating water to be free commodity and
being always safe. Microbial contamination prevails in the areas where apen defecation is in practice, people and officials responsible for
rural water supply must make a radical shift in their cultural practice of disposing human waste safely and leam to take charge of their
water supply and sanitation needs. In villages, people should be convinced to stop open defecation along with other hygienic practices

o (e.g., washing of hands, cutting nails, safe preparation of food). A combination of factors traps them into this practice, including tradition,

o) lack of awareness about the importance of sanitation, and misconceptions about the costs involved. In addition, communities should be

ey m?fun le;:la';!%;"a'ﬂf explained that water treatment is not only to be managed by engineers and technocrats however, should be collective responsibility. For
policymakers and program implementers, experience has shown that information, education, and communication (IEC) campaigns

H involving communities and grassroots organizations can accelerate the process of change and hasten the adoption of treatment
technologies.

National Emvironmental Enginesing
Rasaarch Inatitute (CSIR- NEERI)




Itis to be understood that demand for safe water provision naturally comes from women, as they bear maximum brunt of non-availability
of these facilities. Women have, by far, the most important influence in determining household hygiene practices and in forming habits of
their children. It is observed that social marketing of many sanitation programs often starts with making house-to-house contact to
educate and motivate women in target communities. Similar approach can be adopted in managing water treatment assets and women
can play greater role in this sector. Some of the more successful interventions rely on empowering people to analyze their own
environment and water requirement, instead of implementing off-the-shelf models. This grassroots approach of some of the successful
sanitation programme can also be adopted which will help people to recognize that they need provision of safe water; that they should
mobilize themselves to at least operate and maintain water supply schemes if not able to construct it. It should also be realised that
everyone in the village needs to contribute to make the effort successful, including planning, implementation, and monitoring,

Intensive awareness campaign should be undertaken with respect to the adverse health effects of contaminated drinking water to
motivate community to adopt preventive measures in cooperation with local bodies, NGOs and others, Al maodes of IEC tools such as
mass media and communication facilities of government / nongovemmental organization(s) in this matter for increasing the awareness
should be explored and used. Specific communication materials such as posters, leaflets and brochure should be developed for this
purpose censidering local contaminants and socio-cultural background. These activities should be undertaken in an integrated and
coordinated manner combining health and water supply interventions.

Training need assessment should be undertaken after situational analysis related to water safety and treatment and an appropriate
mechanism for capacity-building and institutional development should be established. Continuous education programme for doctors
and paramedical staff, water supply engineers and laboratory staff should be established. There should be exclusive training programme

for water supply engineers in designing, operating and maintaining treatment plants with inclusion of role of community in managing the
system.

The information, education, and communication (IEC) activities should form an integral part of the water treatment technologies in order to
educate the general public and professional organizations on contamination of drinking water. Integrate the arsenic-related disease
surveillance into other national disease surveillance programmes (e.g. National Cancer Surveillance) and activities relating to nutrition and
reproductive health. Improved community mobilization can result in better actions at the local level and operation and maintenance of
water treatment plants. Earlier examples of such intervention in eradication of polio through community-centred, nationally-driven
vaccination schemes, demonstrate that it is achigvable.

8.2 Techniques for |IEC

There are various technigues of communication, which include mass communication as well as inter personal communication. These
technigues can be applied for IEC on IFM.

8.2.1 Mass Communication

Mass Communication technique helps in providing information to large audience in ashort time. The communication
process is information centered for awareness creation. In certain case, it results into change in cognitive level but change of
attitude for expected behavioural change cannot be achieved through mass communication. —

“
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8.2.3

8.2.4

8.3

Mass Media

Electronic Media: message through radio, television, documentary and short films
Print Media: Information booklets, flash card, posters, flip charts, leaflets, pamphlets, newsletter / bulletins, calendars,

wall writing, newspaper, magazine
Traditional Media

Folk Media: Performance attracts audience and reaches all (Folk songs, street plays, puppet shows / drama) )
Rural Resources: Wall painting slogans, exhibition, banner display during fairs and festivals, bulletin or public notice boards,

drurn beater, local entertainment artists.
Interpersonal Communication

Interpersonal communication differs from other forms of communication in which few participants are involved, the
interactions are in close physical proximity to each other and feedback is immediate. The campaigner should introduce
himself / herself to local authorities, local leaders and community and brief them about the programme.  This will make the
work easier and help the programme managers to get adequate support from everybody. Home contact drive, group
meetings, focus group discussion etc. are a part of interpersonal communication. Some of the individuals and institutions
that could be effectively involved for creating awareness are school teachers and children, Anganwadis workers, scout and
guides, NSS, NCC, health workers, PHED staff and community based organizations.

Partnerships forimproved management of water supply

Water supply services particularly involving water treatment should encourage partnership to improve service coverage and guality. This
partnership can come from wide range of sources as possible, including the private sector and the consumers themselves. Successful
publicprivate partnership (PPP) models can help to overcome the limitations of local governments, which are under tremendous
pressures due to various reasons.

Partnership among the public and private agencies, with the involvement of community networks, such as NGOs and CBOs have proven
to be successful in water and sanitation sector. There is transition among several Indian NGOs that have actually crossed over to become
formal private operators while retaining their NGO character. It is pertinent to note that public-private-partnership is being exercised
extensively in urban water supply and gradually private sector intervention may be tried in rural water supply also in some of the states in
India as pilots.
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Annexure i. AROGYA WATER FILTER

Salient features In collaboration with TATA Consultancy Services Ltd., Pune, Centre of Science for Villages (CSV), Wardha has
of water purifiers introduced a low cost water filter known as Arogya water filter.. This filter generally uses rice husk ash, pebbles
P and a binder for the fabrication of the filter bed. Various types of containers can be used for housing the bed.
available in the  These can be plastic buckets, plastic pipes or even earthen pots. The choice depends upon requirement and
market affordability. The filter can be produced either in a factory setting by a village entrepreneur or can be made ina
'do-it-yourself' mode. The filter is very cheap and can be fabricated at the village level by the women folk, with
very little investment. The filter is very hygienic and kills about 98% bacterial in the water and keeps it free from
fluorides and arsenic. Village women have now come out with a Programme of manufacturing initially 1000

filters and they have already started working on the same.

= Figure 1: Arogya Water Filter
ii. Tata Swach

Tata Swach purifier is an offine household water purification system which uses natural materials and nanotechnology to deliver safe and l

=) affordable drinking water. Tata Swach has following features:
134

Does not require electricity or running water, thus, making it feasible for use in both urban and rural areas.

Does not use chemicals such as chiorine, iodine or bromine

Contains the bulb that uses patented TSRF technology to destroy harmful bacteria and viruses inwater

Includes a Fuse system that prompts the userwell in advance that it is time to replace the bulb. Blb shuts down automatically once its

purificationpower is exhausted.

Each bulb purifies 3,000 litres of safe drinking water

Water purifier is made of natural rice husk and nano-silver particles.

Tata Swach purifies a litre of water at a cost of a mere 10 paise
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iii. Water Guard Spring by Usha Shriram Brita Pvt. Ltd

Principle

This is gravity water filter working on natural pressure and without electricity. USB's purifier technology is iodinated base resins. This is
filtration media where iodine is bound to a positively charged structure. Waterborne bacteria and viruses are negatively charged, so the
positive charge attracts these contaminants, and then iodine is released to penetrate and kill the microorganism. This attraction reduces
the contact time necessary to inactivate the microorganisms. This system, is capable of treating 20 minutes/liter, was found to reduce E.

coli by greater than 6 log reduction (99.9999%), and MS-2 bacteriophage (a surrogate for viruses) by greater than 99.9%. lodine is
removed by the carbon filters,

Process development

Water Guard Spring is a fully integrated, gravity fed microbial water treatment system designed for use at the household level with water
of unknown microbiological quality. It was also intended to produce a sufficient volume of water to meet the average household demand

for drinking water and to do so below a 0,15 Rupee/liter target cost to consumers. This is designed to give 10.5 liter purify water within 3
hour. There are three stages in purifier:

Pre-sediment Filter: This is made by non woven poly propylene cloth to trap physical impurities from the water. The pre size of this filter is
5 m.

Figure 3: Schematic drawing of the treatment unit
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Health Cartridge (HC): This yellow cartridge contains lodine resin, which is contact type of disinfection by iodine-based resin formed by
adsorption of iodine on a strong alkaline anion exchange resin. Water are get in contact with residues of lodine for 20 + 03 minute/liter, this
contact time removes all of bacteria, virus as well as protozoa.

Taste Cartridge (TC): This white cartridge contains 0.2% silver impregnated 16 x 50 ASTM GAC (Granular Activated carbon) which not
only remove all residues of lodine but also recover quality of water by removing pesticides, insecticides, trihalomethane, PAHs and bad
odor, taste and color. 0.2% silver gives bacteriostatic property in water and increase shelf life.

Process of reaction: The design of system is patented and made as s0 that water should be getting in contact with iodine residue in
reaction chamber between HC and TC for at least 20 + 03 minute/liter. This much of contact time is enough to remove all type of micro-
organisms. After all water getting contact with TC (contain GAC) which removes all residues of lodine and made water potable.

Cartridge Life and replacement: The average amount of water would be treating by consumable i.e. cartridges (HC and TC)are 1500 litres
or six months, which is earlier. Replace the cartridge after same.

Tentative capital cost for various capacities: 1100 INR 17 liter

Capital cost for per KL: 733.0 on first purchase with system and 333.00 for per KL to change cartridge.

iv. Systems by lon Exchange IndiaPvt. Ltd. Mumbai

a. Zero B Suraksha plus (Purifier cartridge with modular plastic containers) by
Principle

Disinfection by poly iodinated resin + Activated carbon Adsorption

Process
. Inletwater passesthrough fitter dome of 5-10 micron which removes sand, silt and turbidity
. Thefiltered water passes through polyiodinated resin, itreleases small amount of iodine in a controlled fashion. The
leached out iodine on contact kills bacteria and viruses.
. Bacteriostactic Activated carbon at the final stage removes excess lodine, bad taste, odour and colour from the water.
Specifications: Cumulative Flow rate =500 ml/min; Life = 3000 litres; Non electric
Capital cost: Rs. 2090/~
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b. Suraksha plus mataka purifier (purifier cartridge in bucket placed on matka)
Specifications: Cumulative Flow rate = 500 mil/min; Life = 3000 litres; Non-electric Capital cost: Rs, 500/-

c. Suraksha Matka purifier (purifying element in bucket placed on matka).
Specifications: Flow rate =1000 mi/min: Life = 7000 liters; Exhaust indicator; Non electric Gapital cost: Rs. 300/-

Online Cum Storage Type Wall Mounted Purifier

d. ZeroB Solar-7 K (Solar powered End of life indicator) cartridges
Principle

Disinfection by poly iodinated resin

Process

+  Inlet water passes through sediment of 10 micron which removed sand, silt and turbidity
.  Filtered water passes through poly iodinated resin which provides germicidal protection.
. Medium at the next stage removes heavy metals like lead and Aluminum from the incoming water
. Bacteriostactic activated carbon at the final stage removes excess lodine, bad taste, odour, and colour from the water.
Specifications: Flow rate =2 L/min; Life = 7000 liters: Solar intelligence; Non electric
Capital cost: Rs. 7500/-
Online Tap Attachment
e. ZeroB Suraksha
Principle

Disinfection by poly iodinated resin

Process

Inlet water passes through a filter pad of 25 micron for removal of particulate.
. When the filtered water passes through polyiodinated resin, it releases small amount of ioding in a controlled fashion. The
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Annexure leached out iodine on contact kills bacteriaand viruses.
Specifications: Flow rate =1000 mL/min; Life = 7000 liters: Exhaust indicator; Non-electric; Solar intelligence; p

Capital cost: Rs, 295/-

Online Water Purifier For Community

f. ZeroB Solar K series (Solar powered End of Cartridge life indicator) 50K, 75 K, 100 K.
Principle

Disinfection by poly iodinated resin

Process

. Inletwater passes through a 10 micron filter which removes sand, silt and turbidity.
. Thefiltered water passes through polyiodinated resin which gives germicidal protection.
138] . Bacteriostatic activated carbon at the final stage removes iodine, pad taste, odour and colour from water.
Specifications: Flow rate =4 L/min; Life = 50,000 liters, 75,000 litres, 1, 00,000 litres; Solar intslligence; Non-electric
Capital cost: Rs. 15,000/- ; 17,000/-; 25,000/- 1
g. ZeroB Solar K series with heavy metal removal system for community

Principle
|

Disinfection by poly iodinated resin + Adsorption

: Process
i
3 ] i
Minisiry Of Drinking Water . SameasZeroBKseries
& Sanitation (MOWS) . Theheavy metal removal medium at the next stage removes metals like lead and aluminum from the incoming water. |
q
H Specifications: Flow rate =3 L/min; Life = 50,000 liters; Solarintelligence; Non-electric

National Environmental Engineering Capital cost: Rs. 17,500/-
Research Institute (CSIR-NEERY) i




h. Ecopuriline
Principle
Disinfection by poly iodinated resin + Adsorption

Process

. Inletwater passes through a 10 micron filter which removes sand, silt, and turbidity
+ Thefiltered water passes through polyiodinated resin which gives germicidal protection.
. Bacteriostatic activated carbon at the final stage removes excess lodine, bad taste and colour from water.
Specifications: Flow rate =4 |_PM; Life = 40,000 liters.
Capital cost: Rs. 9,731/-
Online Solar Powered Water Purifier
i. Solar puriline
Principle
Disinfection by silver ionization purification system

Process

Sediment filter at the first stage removes sand, silt and turbidity
. Theelectrolytic purification system disinfects water by silver ions, hydroxyl radicals and nascent oxygen.
. Bacteriostatic activated carbon at the final stage removes excess iodine, bad taste and colour from water,

Specifications: Flow rate = 120 L, 250 LPH, 500 LPH, 1000 LPH, 2000 LPH; Solar and Electric

Capital cost: Rs.15000/-; 17,500; 20,000/-: 23,000/- and 30,000/-.
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j. Name of the system: Jalshudhitablet
Principle
Disinfection and flocculation

Process

. Jalshudhi contents are added to raw water. The treated water is allowed settle, it is then passed through a filter. Water is

disinfected by chlorine releasing compounds.
Specifications: One sachet treats 20 litres of water

Capital cost: Rs.3/-
v. PureitHindustan Unilever Limited. Mumbai

Pureit in home purification system uses a 4 stage purification process to deliver “as safe as bolled water” without the use of electricity and
pressurized tap water, Pureit purifies the input drinking water in four stages, namely,

. Micro-fiber Mesh™ Removes visible dirt

Compact carbon Trap™ removes remaining dirt, harmful parasites and pesticide impurities

Germkill Processor™ uses 'programmed chlorine release chlorine technology' andits stored germ kill process targets and Kills
harmful virus and bacteria.

Polisher™ removes residual chlorine and all disinfectant by-products, giving clear odourless and greattasting water.

Battery Life Indicator Ensures total safety because when the germ kill power is exhausted, the indicator turns red, warning you

to replace the battery.

Pureit runs with a unique “Germikill Battery Kit"™ that typically lasts for 1500 litres of water. The “Germkill
Battery Kit"™ is priced at Rs. 365/-. This means consumers gets 4 liters of water that is “as safe as
boiled water” for just one rupee, which works outto an extremely affordable 24 paise per litre.

Pureit -Blue Puriet - Maroon
Figure 4: Pureit purifier systems
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vi. Aqua guard water purifiers by Eureka Forbes

They have developed a range of water purifiers which mostly use the e-boiling, reverse osmosis and

ultraviolet technology for water purification.

For more information go through: www.eurekaforbes.com

vii. Pot Chlorinators for Disinfection of Dug Well and Storage Tanks Waters

Figure 5: Aqua guard Classic

NEERI has developed simple chlorination system which is suitable for disinfection of dug wells and storage tank waters. The systems
maintain the residual chlorine concentration of 0.2 to 0.5 mg/L in waters for nearly 15 to 20 days ensuring bacteriologically safe drinking
water. There are two types of pot chlorinators single pot and double pot depending on the quantity of water to be disinfected.

In a single pot chlorinator, earthen pot of 7 to 8 L capacity is used and is suitable for community dug wells and storage tanks of 9000 to
13000 L capacity. Dry mixture of 1.5 kg bleaching power (BP), sodium hexametaphosphate (5% of BP) and 3 kg coarse sand Is placed in
the pot over the pea gravel. Addition of sodium hexametaphosphate helps in prolonging the chiorination period. Pot is lowered in the

well/tank and kept 0.9 to 1.2 m below water level with the help of rope. One pot is enough for daily drawl of 900 to 1300 L (40-50 people
per day). With higher drawl rates two pots are necessary per well.
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Figure 6: Schematic diagram of Pot Chlorinators
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Double pot system is suitable for household dug wells of 4000 L or less capacity having withdrawal rate of 360 to 450 L of water per day.
The unit consists of two cylindrical pots, one inside the other. Moist mixture of 1 kg bleaching power (BP) and 2 kg of sand is kept in the
inner pot with 0.6 cm diameter hole above the level of sand and BP mixture. Pot is lowered in the well and kept 0.9 to 1.2 m below water
level with the help of rope.

The pot chlorinators can also be used for disinfection of bacteriologically contaminated potable water sources during emergency
situations such as cyclones and floods.

vili. Puritech (Nanosilver coated Ceramic Candles) by ARCI, Hyderabad & SBP Aquatech Pvt. Ltd.

At ARCI, Hyderabad, the conventional method of ceramic candie filtration has been combined with nanotechnology to produce
nanosilver coated Ceramic Candle Filters. In India, several people depend on these filters because they remove turbidity but by adding
nanasilver into the same material, water is also being disinfected from bacteria, providing a low cost and convenient solution. The
antibarterial effect of the nano silver coated ceramic drinking water filter conforms to 1S 1622:1981 for E-coli and was also put on field
trials in rural areas in collaboration with the Byrraju Foundation. The price of the candleis 75 (01). One disadvantage is that chemicals, if
present in the water, remain. The main aim of this praject is making all the household drinking water free of contamination bacteria and
viruses. The ARCI technology for nanosilver based candie filtter has been transferred to SBP Aguatech Pvt. Ltd., a Hyderabad company,
which will have an initial capacity to product 500 candles aday.

Contact details:

SBP Aquatech Pvt. Ltd.
G.Bharatkumar
gbkumar2@gmail.com
Hyderabad-500659
www.sbptechnology.com
Figure 7: Puritech (Nanosilver coated Ceramic Candles) by ARCI Phone: 040-64594712
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ix Jal-TARA Water filter-A Slow sand filtration system at community level

The Jal-TARA water treatment system is a revolutionary approach employing the technigue of slow sand filtration. Slow sand filtration

ensures a simultaneous bacteriological, chemical and physical improvement in water quality comparable to the natural percolation of
water through underground strata.

Jal-TARA Filter is designed to treat drinking water using slow sand filtration technigue. The main principle of Jal-TARA water filter is based
on the traditional process of slow sand Filtration system, Filteris a biological filter merged with advanced technique of Fabric protection to
imprave and simplify the traditional process of slow sand filtration. Generally two types of filtration processes take place in the filter, viz.
Physical filtration and Biological Filtration, the fabric filter prevents most organic matter, silt and mud particles from passing through.

Biological community builds up on fabric filter and sand bed, scavenging and breaking down pathogens and organic matter In the raw
water,

Jal-TARA filter is standardized in 1000 litres water tank with the output water supply of 2500-3000 litres per day. The filter contains
pebbles and sand of different sizes. System is provided with a synthetic fabric filter designed with advanced technigque of fabric
protection. The system can be fed under gravity flow or through conventional pumps or operated by solar photo-voltaic. It is replication of
natural water seepage as in ground aquifer. However, particle size of sand plays an important role in efficiency.

Large and fine particles of suspended matter are deposited on the surface of the filter bed by the action of mechanical straining and
sedimentation respectively. The colloidal and dissolved impurities are removed by adsorption, whilst the organic matter is converted into
organic salts by the purification mechanics. The filtered water is collected at the bottom via pipe system. Most microbiological action
takes place in the' Schmutzdecke' (Bio- film) formed in the fabric filter at the top of the filter and top of the sand bed. Jal-TARA filter.

Contact details;

B-32, TARA Crescent,

Qutab Institutional Area, New Delhi 110016
Phone:011-2685 1158, 2696 7938
Fax:011-2686 6031 E-mall :temf@devalt.org

- W
inlet water ——— ) |

Water layer — Water outlet
Fabric Disc

Fine sand

Coarse sand

Small pabbles
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Figure 8: Jal-TARA filter
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X. Household-based Ceramic Water Filter

Ceramic candle filters are simple devices made out of clay and used to filter drinking water in order to removes turbidity, suspended
materials and pathogens. Removal takes place by physical process such as mechanical trapping and adsorption on the ceramic
candles, which have micro-scale pores. Water is poured into the upper of two container and flows through a candle situated in the
bottom. Once the water has passed through the candle, it is collected in the lower container. This system both treats the water and
provides safe storage until itis used. The filters are easy to assemble and no eneray is required, Maintenance includes frequent scrubbing
with a brush and proper care during transport and its use.

The candles are made up of clay and the container can be made from plastic, aluminium, copper, steel or clay material. Though clay
containers keep water cold and tasty, due to its fragile nature other materials nowadays replace it.

Ceramic candle filters are easy to set up and operate, cheap and effective in removing bacteria, protozoa, helminths and turbidity from
water. It also removes some viruses and iron and taste, smell and colour of water are improved. But due to the limited flow rate (i.e. 1-
2liter/hour) and storage capacity, filters are only suitable for small families, organizations or school classroom. It is suitable where drinking
water is little turbid (<SNTU) and contaminated and with little iron (<0.3mg/L). In the case of too high turbidity, water can be presettled.
Chlorinated water should not be used in candle filters! Except for clay, filter containers of other materials are easy to transport and handle.
The capital cost of this filter is USS15-30

Figure 9: Filter with one ceramic candle in plastic vessels on the left side
and on the right side ditferent types of ceramic candles. Source: CAWST (2009)




xi. Household Biosand Filter: Annaxure

The biosand Filter (BSF)is a simple household water treatment device, which is an innovation on traditional slow
designed for intermittent use. A BSF consists of a concrete or plastic container fi
gravel. As water flows through the filter, physical straining removes pa
shallow layer of water sits atop the sand and a biofilm (Schmutzdecke)
to predation and competition for food of non-harmful microorganisms

sand filters specifically
lled with specially selected and prepared sand and
thogens, iron, turbidity and manganese from drinking water. A
develops. The biofilm contributes to the removal of pathogens due
contained in the biofilm and the harmful organisms in the water.

The filter container can be made of concrete, plastic or any other water-proof, rust-proof and non-toxic material. The most widely used
version is however the concrete container, approximately 0.9 m tall and with a surface of 0.3 m2 (Lantagne 2006). The concrete filter box
is cast from a steel mold or made with a pre-fabricated pipe (CAWST 2009a). The container is filled with layers of sieved and washed sand
and gravel, also referred to as filter media (CAWST 2009a). There is a standing water height of 5 em above the sand layer, which is
maintained by adjusting the height of the outlet pipe (Lantagne 2006; CAWST 2009a). A diffusion layer avoids that water reaches the sand

surface too fast, which could disturb the biofilm layer. The filter operation is very simple. Concrete filters have the outlet pipe embedded in
the concrete, protecting it against breaks and leaks (CAWST 2009a).

Pathogens and suspended solids are removed throu
layer and within the sand layer. These processes incl
EAWAG/SANDEC 2008: CAWST 2009a)

gh a combination of biological and physical processes that take place in the biofilm
ude mechanical trapping, predation,adsorption, and natural death (Ngai et al. 2007:

Figure 10: Plastic version of bicsand filter connected to
traditional water storage recipient (canari). Source: A.
DOUCET - left, HydrAid right
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‘ Annexure xii SODIS

f \When microbially polluted water is exposed to solar light in transparent PET bottles, bacteria, virus and some parasites are inactivated by
| the solar UV-A radiation. 1 to 2 litres of water arefilled into clean bottles and exposed to the sun for at least 6 hours if the sky is bright. UV-A
radiation is strongly attenuated by clouds; furthermore, turbidity or water depth protects the pathogens from UV-A radiation. Hence the
process depends strongly on the local climate, and only low volumes with relatively low turbidity can be treated at a time. Solar Water
Disinfection (SODIS) is extremely low-cost and simple and is one of the WHO recommended household level water treatments.

¢
A
|
SODIS is a simple water treatment technology that can be used at household level. As a point-of-use water purification method, SODIS Q
improves the microbiological quality of drinking water with solar radiation at almost zero investment and maintenance costs. Today,
SODIS is one of the recommended household level water treatment technologies by the World Health Organisation (WHQO). 1
PET (Polyethylene terephthalat) botties or plastic bags with a volume of 1to 2 fitres are filled with water of low turbidity and exposed to the 1
sun for a certain time, depending on the local weather conditions. The SODIS reference centre (www.sodis.ch) recommends, that 6 hours
are sufficient under bright to 50% cloudy sky, whereas 2 days of exposure are required for 100% cloudy sky (OATES 2003,
EAWAG/SANDEC 2006). The treatment efficiency can be improved if the plastic bottles are exposed on sunlight-reflecting surfaces such
as aluminium- or corrugated iron sheets (MEIERHOFER 2002). During periods of continuous rainfall, S0DIS does not perform |

746) satisfactorily and rainwater harvesting Is recommended during these days. p

)
Ministry Of Drinking Water
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National Environmental Engineering
Research institute (CSIR-NEERI)

Figure 11: Corrugated iron sheets are the best bottle supports for SODIS. 1
{Source: http:/lwww.ziemia.orgl.../sodis/Sodis-ln—Bolivia.jpg)




i.  ENCEE CHLOR Generator: Annexure

ENCEE CHLOR is a unigue onsite Sodium Hypo Chlorite Generator, It's an ideal, convenient and economical solution to water
disinfection system using chlorination (Figure. 12). The generation of Chlorine is instantaneous and provides maximum safety to operating
personnel as the Hypo chiorite generated is at 1 % concentration and at these concentrations it is absolutely safe for handling.

Figure 12: Electrochlorinator OHT installation

Contact details:

NAGPUR AQUATECH (P) LTD.Works (Nagpur)

K - 80, MIDC, Hingna Road, Nagpur - 440016, MS
Indig, Telfax : +81 7104 234739

Head Office (Nagpur):

14-A, Sri Devi Ratan Complex, Agyaram Devi Sq.
Subhash Rd., Nagpur - 400018 Tel: +91 98900 46693
Email: info@enceechior.com
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ii. SOLAR MAC® Electrochlorinators:

SOLAR MAG® Electrochlorinators are designed to generate hypochlorite for a wide range of applications in safe, low cost, reliable and
portable packages. These units need salt and water and will run on solar energy (Figure 13). !

Features
1

. Ensuredrinking water to isolated villages where there is no electricity.

. Drinking water from solar power and common salt. 9
. Produce 36,000 litres of drinking water per day.

. Providing drinking water for 12,000 6000 people per day. ‘
. Generates 54 gms of free chlorine per batch (8 Hrs) as Sodium hypochlorite solution.

Advantages

Green Technology oriented environmentally safe water disinfection systems.
. Sodium Hypochlorite generated by SOLAR MAC® is neutral and absolutely safe for use.
. Nogases, hazardous chemicals or damage to environment is done by the system.

Applications

. Disinfection for potable water.
. Onsite production of Sodium hypochlorite for general disinfection/sanitization.

SOLARMAC® consists of

. Generator Module/Electrolyser equipped with DSA® anodes.
. Three Solar panels of 60 Watt/each.

. SolarRectifier.

. Two Batteries 12V and 60 Ah/each (optional).

. Powercables.

Figure 13: Solar Mac?7

As an environmentally sensitive and responsible company De Nora India is one of the first reputed company to develop electrochlorinator
based on sola energy to cater to the need of un electrified and partially electrified villages of India. |

Branded as SOLAR MAC® the electrochlorinator unit has been successfully tested rigorously under the guidance of Goa under Ministry ‘
of New & Renewable Energy state Nodal Agency Goa Energy Development Authority (GEDA).
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M/s Goa Energy Development Agency (GEDA) has registered De Nora India as manufacturer of chiorinator based on solar photo voltaic
power GEDA has also placed an order of two SOLAR MAC® units upon De Nora based on the successful tests in various sites in Goa.

iii. SEACLOR Mac® Batch/Continuous Model

SEACLOR MAC® is a Brine Based Electrochlorination System for On-Site Chlorine Generation, with this Systems De Nora has brought to
India the latest technologies in electrochemical processes. About 800 units are in operation in INDIA trusted by reputed customers in

Government sector, MES, Corporations. GPWD, Railways, PHED, PSU, Refineries, Sail, NTPC. BHEL, World Health Organization and
many more.

(a} SEACLORMac® Batch Models

+ SEACLORMac® 25
. SEACLORMac® 50
. SEACLORMac® 100
. SEACLORMac® 300

SEACLOR Mac® batch models are designed to generate hypochlorite in a batch of 8 hours for a wide range of application in a safe, low

cost reliable and comprehensive package. Each system includes the electrolyser, power supply and control system, dosing system,
titration kit and storage tank (Figure 14).

SEACLOR Mac® batch models are suitable for applications where low capacity of water needs to be disinfected. Among others, these
systems are suitable for Panchayat! Raj, Rural Water Supply scheme, small swimming pools and hospitals

-
4
-
g
-
W

Batch Mode!

Figure 14: SEACLOR Mac® batch models
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Annexure (a) SEACLOR Mac® Continuous Models
. SEACLORMac®500
. SEACLORMac®1000
.  SEACLOR Mac® 2000 1
SEACLOR Mac® 3000

FLOW CHART FOR CONTINUOUS PROCESS HYPOCHLORITE GENERATION

i BRINE T

1
1
150 ' 1
COOLER WATER T DRAN
——p

WATER BLET E
Figure 15: SEACLOR Mac® continuous Models ]

SEACLOR Mac® continuous models are designed keeping in the need for chiorination of water where the requirement of higher volumes.
These models are suitable for urban and semi urban water supply schemes, waste water application, industrial processes, large :
swimming pools, Railways, Defence establishment etc (Figure 15). {

Each skid mounted system comes as a complete package, comprising of electrolyser, generation tank, power supply and control system
and storage tank.

-\.':|-||.~|i Erviranmental Engineerng L Smart Electrochlorinator 200 (SEE DG:]

Research Institute (CSR-NEER)

i:j Contact details: 1
Ministry Of Drinkirg Water DE NORA INDIA LIMITED
st Plot Nos.184,1858& 189, Kundaim Industrial Estate / Kundaim, Goa - 403 115
Ph: (0832) 3981100 - Direct: 3981141/42 - Fax: 3981101 - Mobile 9860090475 ‘
E-mail: vinay.chopra@denora.com Web: www.denoraindia.com ‘
|
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iiv SmartElectrochlorinator 200 (SE200) Annexure
With support from the Laird Norton Family Foundation, PATH identiied electrachlorination as a promising
core technology for community water treatment. PATH worked with Cascade Designs, Inc, (CDI) in Seattle
lo develop a prototype for a portable, battery-powered, easyto-use electrochlorinator,
The Smart Electrochlorinator 200 (SE200) (Figure 16) produces enough chiorine in a 7-minute cycleto treat |
up to 200 liters and has the lexibility to allow a user to easily measure smaller doses to support a variety of
water container sizes. Additionally, the second-generation device has clearer indicators and a more
appliance-like look with brighter colors (PATH, 2010). %

Figure 16: Smart Electrochlorinator 200 (SE200)
Contact details:
PATH
PO Box 900922 Seattle, WA298109USA
info@path.org, www.path.org
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v. Florichlor (AGIL power control system)

AGIL power control system is the sole manufacturer and supplier of Elctrochlorinator, which converts cooking salt with water into sodium
hypochlorite (Active Chlorine) through help of electric current. The required dosage of chlorination can be found by horrocks test, These
Industrial Electrochlorinators are manufactured by using quality raw materials, which are procured from the most reputed company to
ensure reliability and durability of products. The range of products offers outstanding performance to customers at highly cost-effective
prices. These products are manufactured under the brand name of 'Florichlor’ (Figure 17), They are manufacture and supply Portable
madel Electrochlorinators, which is perfect for disinfection of water during disasters like earthguakes, Floods or Epidemics. Industrial
Electrochlorinator are designed for rural and village 'point-of-use' disinfection of drinking water,

Contact details:

Agil Power Control System

Mr. M Vijayarajan

45/11b, Pillayar Koil St., Tam,

Chennai, Tamil Nadu, India 600045
+91-44-22264779, +91-9840050348




Annexure vi. PERFECTCHLORO SYSTEM
PERFECT CHLORO SYSTEM markets a wide range of Chlorination Equipments and related accessories to cater to this requirement.

Depending upon the mode of operation, Electrochlorinators are classified into two types namely Batch Production Electrochlorinators
with capacity from 15 gms / hr to 500 gms/hr and Continuous Production Electrochiorinators with capacity ranging from 15 gms/hrto 15
kgs /hr.

(a) Batch Production Electro Chlorinators

Py e A

Batch production electrochlorinators (Figure 18) are designed for small capacities and are available from 15 gms/hr to capacity of 500
gms/hr chiorine equivalent, using our unique Multimetallic Oxides Titanium Nobel Anodes and Electrochemical Process. Production of
Sodium Hypochlorite is completed in a batch of every 8 hours, to concentration of around 6-8 gms/litre.

Figure 18: Batch production electrochlorinators i

A metered amount of water is mixed with common salt to form brine of required concentration [or Seawater is used)]. Thisis the
electrolyte used in the process. Electrolyser Cells are dipped in this measured quantity of Brine Solution, contained in a
specially made FRP Tank [Bisphenol Resin]. These cells are connected toa rectifier, which converts Alternate current to Direct {
current. When DC Current passes through these Titanium Anodes with MMO Coating, Sodium Hypochlorite evolves
instantaneously with negligible quantities of hydrogen rising up to the surface, which is vented out. This process is based on 1
the chemistry of Electrolysis of Sodium Chloride. The Sodium Hypochlorite thus generated is collected in a storage Tank and

Eﬂ applied directly or pumped to the point of application.
Ministry Of Drinking Water

8 St MDY (b)  Continuous Production Electrochlorinators {

H Continuous Production Electrochlorinators are On-Site Sodium Hypochlorite [Hypo] Generator designed for small/ medium /

National Environmantal Engineering
Research institute (CSIR-NEERI)

large capacities. .
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Continuous Production Electrochlorinators (Figure 19) are capable of producing from 500 gms/hr to 15Kgs/hr active chlorine Annexure
using our unique Multimetallic Oxides Coated, Titanium Nobel Anodes and Electrochemical Process. Brine solution passes

through an Online Electrolyser with inbuilt heat exchanger pack. This is connected to a DC Rectifier. When low voltage DC is

passed through the Electrolyser Cell, Sodium Hypachlorite solution to concentration of 6-8 gms/litre approx. is evolved

continuously. This can be stored in a Storage Tank and pumped / used at required rates.

T st e WENT

T I
rrrrrrrrr
lllllllll
I LI

111111111

Figure 19: Continuous production slectrochlorinators

A metered amount of water is mixed with common salt to form brine of required concentralion (or Seawater is used). This is the electrolyte
used in the process. This electrolyte is pumped to Electrolyser cells, when DC Current passes through these Titanium Anodes with
special MMO Coating, Sodium Hypochlorite solution to concentration of 8 gms/litre approx. evolves continuously and this is collected in
Hypo StorageTank and applied directly or pumped to the point of application at required rates. To maintain the temperature at correct

levels, prevent dissipation and get correct concentration of Sodium Hypochlorite output, Brine/ seawater is cooled through a chiller or
heat exchanger.

Contact details:
PERFECT CHLORO SYSTEM

ADMINISTRATIVE OFFICE & WORKS:

A-24, SIDCO Industrial Estate, Villivakkam.

Chennai - 600049.India.

Phone: 044-26173445 - 216173045.

Fax ; +91-44-26173455 / 26257749

Cell : 0-98400-29244

Email: perfectchloro@vsnl.com, perfectchloro@yahoo.co.in
perfectchloro@eth.net
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