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ABSTRACT

Fluorosis occuring from high Fluoride in water ishaalth disorder that is slowly
enveloping millions of Indians — both rural and amb In spite of numerous mitigation
programmes, it passes on unnoticed and lies bureddw tonnes of higher priority
issues, both from the water and health angles —p@vepectives that need to merge in
order to address it completely. For decades, thghasis towards Fluorosis mitigation
had been totally from the water side, i.e. to sypplioride free water, with a pure source
or by treatment of affected water. The push neeflech the health side has been
abysmally lacking, and only gaining slightly perbdpr the past decade or so. Ability
and also infrastructure for detection of Fluorasisery poor among doctors in affected
areas, so where would there be a demand for he#tier among patients — all that they
demand for is more pain-killers; making a big indydor cheap pain-killers across
Fluorosis affected areas. This is why perhaps, aoyndefluoridation programs starting
from the domestic or community based Nalgonda n@shg or the Activated Alumina
based domestic model, or now the Reverse Osmoseidbsystems, fail to catch up
among patients. Estimates of several thousand sre@th of investments on these
programs are almost down the drain. New programstt being developed, yet, on the
same path. Where would a true effort towards Flsisrmitigation begin — would it keep
feeding the need for governments and funding agent create new programs, for
private sector to keep manufacturing and supplylafjuoridation filters and for local
organizations to implement these programs on alimed basis? Time and again, these
failed experiments across the country only resmliards the same consequence — they
give the local water supply and engineering depantsh the opportunity to propose
massive importing of water and supply of water titages and towns by piped water
supply. The cycle of Fluorosis detection, developivé programs for defluoridation, its
accepted failure and finally, a piped water sumgaigeme, is a common story throughout
the country — one that is creating even more atnéimong already strained regional
water resources. It is another story of where exdcthese piped water supply schemes
end to — lack of source water in summer, lack ofd&ifor repair and maintenance,
grossly over-optimistically designed schemes — hdawee had enough of these repetitive
dramas. As children keep continuing to get affeatéth Fluorosis and increasingly in
intensity, we face generations of adults whose $gmp cannot be reversed. It is of
utmost urgency to seriously face Fluorosis and tateps towards addressing this
problem.

Introduction



There has been much recent talk and debate ab®linissing girls” in our society due
to selective discrimination during pregnancy. Ipeshaps easier to spot the missing ones
amongst us, maybe difficult to spot the “silentlimiis” who accept their living reality as

a matter of fate. Fluorosis is an easily prevertalitease, but one that has now affected
several million people in India. As it slowly spdsaand creates these silently suffering
patients, we strongly question whether the mit@agrogrammes that are currently on
ground have any basis for bringing about changeeWihe see patients losing 10%-20%
of their annual income due to this disease, iteally a serious problem especially for
those on the borderline of poverty. When much & tlisease can be prevented just by
consumption of low Fluoride water and diet, whyt ihat we don’t see any improvement
on ground? Why are numerous mitigation programrakimg off, but we see no sign of
them after a couple of years? Are these programptegng with the problems of
millions, serving only the pockets of professioffdis there a better way ahead?

Water induced Fluorosis is expected to have ar@nahillion patients exposed to risk in
India. The main symptoms are those of Dental anele® Fluorosis, and then allied
diseases. On a secondary level, different otheorila related disorders include Kidney
stones, risk to pregnancy, brain disorder etc. @Gdiyethe WHO standard of 1.0 mg/l is
an exposure limit, but lower degree of symptoms @esent in even more patients in
areas with lesser Fluoride than 1.0 mg/l. Apartrfrevater, people residing in Fluoride
affected areas are exposed to risk also from f@opscthat are irrigated with Fluoride
rich groundwater. There is also consumption of Ftleofrom some common food items
such as tea, black-rock salt etc., but Fluorosssiltimg from such a route is not that
widespread. Almost every state in India has somertéle affected villages, but the main
affected states are Rajasthan, Andhra Pradesh, rdfditea, Karnataka, Gujarat, Tamil
Nadu and MP. States like UP and WB are also reawgatiore areas with high Fluoride.
As groundwater use for drinking develops and neswerces of groundwater tapped, the
prevalence is just increasing constantly. Someeglae just few steps into the disease
with only very young children affected, eg. Jhaluavestern MP, but other places like
say, Anantapur in southern AP have several geoesatof affected patients. In such
places, the problem has become part of folklogradual fact of life.

The water centric focus on Fluorosis mitigatiofésng criticized now with findings that

a major amount of consumption of Fluoride actubbypens because of food from crops
that are irrigated with high Fluoride water. Sor@lges suggest that as much as 80% of
Fluoride is consumed through food, the remainimgadiy from water.

Historically, numerous defluoridation technologieave been developed, but we can
divide them into 3 main phases:

a - Nalgonda type mechanism

b - Activated Alumina type technology
¢ — Reverse Osmosis technology

Figure 1: Linkages to Fluorosis



(dark blue link is the main area of attention now)

Food :
(black tea, rock salt) Occu patIO n

(Mines, / glass etching)

Wate Nutrition
- (Ca, Mg,
/ \ Vitamins)
Crops, Fluorosis o Metabolism

dairy products

Social, economig, cultural impacts
(effect of medicines, Waloss, psychological el

Historic development of Defluoridation programs

The Nalgonda mechanism was popularized throughtseffif NEERI starting from the
1970s (Nawalakhe et al, 1975). It requires addinly commonly available materials —
Lime and Alum — and flocculation, sedimentation ditidation. Generally, the stirring
requires a motored power and then settling for fewrs. The name of the plant comes
from the place where it was first implemented awgytarized. Around 500 of these
plants were commissioned by the central governrasriarge community plants across
the country in the 1980s and 1990s. But severdllpnas were encountered both with the
technology and with the management of these hug@plLong settling time, sometimes
more than 5-6 hours; high sulphate and aluminiumcentrations due to Alum; were
some of the technical problems, but apart fromdhakthe plants ran into management
issues once they were handed over to the commustitythe result that almost none of
them survive today. As a result, investment of sgvieundred crore rupees (500 plants *
15 lakhs per plant approx = 750 crores) went tptalto disuse. There was also an
attempt at promoting domestic models of the Nalgotype filter, but since they require
much individual effort daily, they were not acceapte

In the 1980s itself, UNICEF along with IIT Kanpwested the Activated Alumina (AA)
technology for defluoridation which had been depel in the US in the 1930s
(Churchill 1936). The defluoridation capacity of A#as much better than the Nalgonda
type mechanism, since there was no daily processingring, only a regeneration of the
AA material after, say 3-4 months for an averagesetold with Caustic Soda (NaOH)
and sulphuric acid. Mostly, the AA filters were proted as domestic units and they were
piloted in 2 locations with severe Fluorosis — Dampgir in Rajasthan and Anantapur in
AP.



Two organizations — Sanitation, Water and CommuHi¢alth (SWACH) in Dungarpur
and Mytry Social Service Society in Kadiri, Ananta@gnchored these pilot testing of the
domestic defluoridation units (DDUs). Mostly thgz®grams after piloting in the early
1990s, went on into peak of implementation aroud@0201. The idea was to have DDUs
in households to take care of domestic water copfomand regeneration to managed
by Sanitary Marts either at the village level omiarby towns. Resource persons in the
village were trained for carrying out regeneratioh AA material. Community
regeneration centres were also constructed in Kaia.

The two organizations, SWACH and Mytry took veryfetient routes. Whereas Mytry
tried to absorb all activities of the manufacturiagd maintenance in-house by going
towards constructing a filter manufacturing ple&8¥YACH was more focused on creating
village institutions that would later on take cheugf material regeneration. Mytry later
also obtained support from a venture fund to stdytisiness around filter manufacturing
which it successfully carried out by supplyingdit to nearby towns. Mytry also found a
client in UNICEF and different government departirfen implementing their programs
in other states. Therefore the route that the DDagm@m took in Kadiri went on to
create an infrastructure for defluoridation filtmanufacturing in a small town of rural
India, Kadiri, whereas such defluoridation filten® still not available in the bigger cities
even today.

Mytry also established village-level AA regeneratioentres and trained villagers to
operate them. However, after 4-5 years of the mmgcompletion, the regeneration
centres are in disuse. Even though villagers caretrto nearby towns for regeneration,
they rarely do so. The only remaining users of Alfeifs are the urban ones who are
serviced by Mytry and their agents. Otherwise, imal defluoridation program is now
defunct.

In Dungarpur, there was no attempt at establishiriysiness, but some of the village
resource persons of SWACH still continue to condAktregeneration for a fee. A few
hundred customers still continue to use AA filteven after 5 years of termination of the
program. This sustenance is totally on a privatsisband based on a few resource
persons who have taken up as their own small bssiaetivity and were trained by
SWACH.

But what about the thousands of DDUs distributeduph these 2 program<an the
massive investment on these programs be salvadeutityl some services are offered
locally for AA regeneration and filter maintenantleere would be many more patients
continuing to use these filters. But, what abowtenance of such an activity? Would it
be commercially viable?

Reverse Osmosis as a physical process was knowe $if48, but it was only in 1960
that practical demonstration of RO using membraves achieved (Loeb and Sourirajan,
1960). After several decades of use in US and atbantries, RO for community and
domestic purposes came to India in the 1980s mamlgalinity affected areas for



desalination purposes. Soon, the industry developadifold and a variety of products
started developing. It was also seen as a possbleology for community plants and
numerous plants were in place in southern Gujaya@00. By 2005-06, Gujarat has
several hundred RO plants with 200 Iph and higlagracity being used in a variety of
management procedures privately and through villagel institutions (Krishnan et al,
2007).

With regard to defluoridation, RO can treat it be level of demineralization achieved.
Potentially, RO can remove up to 98% of Fluoridesiobut in practice it depends on the
level of pressure applied and membrane capacityd Also depends on quantity of
fluoride available in water, if it more than 15 mngg it is found in cases of North Gujarat,
even 90% removal may not fluoride to a permissiblel. RO systems have also been
used in many Fluoride affected areas now, initiaky a private initiative, and in a
business manner for bottled water plants, but neywat of government programs. The
current trend for RO plants, starting from Gujaatl AP, but catching on in other states
also, is to establish a public-private partnerdhyipnvolving the RO supplier in a contract
with the village institution, but monitored by a wgsnment agency. Different
management arrangements exist, for example, coenpleéstment by the private party,
but payment per litre of supplied water by theagkrs. In some places, a rough cost of
Rs. 0.15/litre is set, but it varies based on the sf plant, level of treatment required and
demand for RO water.

RO water as compared with Rs. 12/litre for currbattled water, is very cheap, but
payment of Rs. 2/day for 10 litres, is still a ditfit proposition for many rural families.
In the existing plants, in rural Gujarat, we firitht the RO water has 40% reach within
the village on average. Some RO plants sustainawtéry high cost per litre Rs 0.6/litre,
or Rs 1/litre, but very few affluent families arbl@to afford this water and also run the
plant. Therefore, in such cases, RO water woulgdesdte more affluent families, and
would perhaps leave out the poorer majority.

The health department’s apathy to Fluorosis

Fluorosis mitigation is not about defluoridatiomit mbout curing the ailment of Fluorosis
— so mentions the Integrated Fluorosis MitigatioanMal produced by NEERI and the
UNICEF (Devotta et al, 2007). Defluoridation aldeenot sufficient to counter Fluorosis,
in fact there are cases where almost 80% of theswoad Fluoride is through the
medium of food that is grown by irrigating with Blide affected water (Reddy D. R.,
2007). For that one must not only look at the Rllmentering through food, but a variety
of nutrition measures need to be taken into acc(fugheela, 2000 )

Whether it is Mehsana or Jhabua or Gadag, our exmmes with District Medical
Officers (DMO) has been similar. Today, in 2009, diwal officers have heard of
Fluorosis. But they express their helplessness hanigeling very limited resources
towards a problem such as Fluorosis which has aggéd national limelight till now.
There might be funded programmes for Malaria egtaia, Polio or AIDS, but unless



there is a stricture from the top for officials dot, proactive action is limited to some
extreme isolated cases.

Table 3: Comparison of different defluoridation tednologies

Nalgonda Activated Reverse
Alumina Osmosis
When mid 1970s mid 1980s mid 1980s
introduced in
India
Chemicals Alum and Lime| AA, NaOH and No chemicals
Sulphuric acid
for regeneration
Maintenance | Removal of Regeneration | Replacement of
sludge after 4-5 filter every 2
months years
Defluoridation | Not in all Falls down with| Depends on
capacity conditions several cycles | membrane; as
much as salt
removal;
claimed to be
95%+

Some of the comments we have received from thdsgatf have been:

- “Why don’t you create a new program and we wiMegour support”
- “Yes, we know about this problem, but out staffimited”

- “No, we have not heard of Fluorosis in our area”

The health department acts according to prioritigfe-saving priority and epidemics
always come first. On top of these emergencies keispg, say with natural calamities
such as floods. There have been doctors we haiedsi$or example in Jhabua, who are
catering to 30,000 patients single-handed! Theyehawater to immediate emergencies
such as accidents, pregnancies etc, and therefoger term problems such as Fluorosis
go without detection. Moreover, previously Fluosogias not in the standard curriculum
for medicine students. Now it is present in théadyls of preventive and social medicine.
Therefore, most doctors are not trained in diagnadi Fluorosis, nor do they have
facilities such as specific kits for urine and kdotesting, or water quality testing for
confirmation of Fluorosis. In most cases thereftinese cases get passed off as those of
Muscolo-sketelatal disorder or disease / deforiff$D).

The standard recommendation from doctors is thexefmin-killers to relieve pain.
Brufen based medicines are commonly recommendednrafatt, some of our studies
have taken the route of pain-killer sales to gdtltmrosis victims (Gadag field study of



Indu et al, 2008). Many of the victims of Fluorostart from a dosage of low amount of
pain killers which then increase to more than od@y many a times requiring a dose to
get up from bed in the morning. These expensesextiaime alone can go as high as up
to Rs.2000/year for a family on average in Flus@dfected areas (Indu et al, 2008).

But, why still this apathy from the health depanns® We asked this question to one of
the DMOs (District Medical Officer) our studies. & ktraight response was that Fluorosis
is preventable and supply of safe drinking wateprsnarily the responsibility of the
Public Health and Engineering Department (PHED)isTid probably the reason why
some of the Fluorosis mitigation programmes arddubsvithin the PHED department
such as the one in Jhabua district. It is alsdhvéndase for North Gujarat where Dharoi
dam’s water was supplied mixed with groundwatevillages. Probably once the health
department accepts Fluorosis officially, it sometdiasolves the PHED of its duty. But
unless the health department officially acceptsrésponsibility, and trains doctors in
detection, there would be no demand created amatignps for a solution. Currently, the
patients hardly understand the root cause of th@blems. It is the responsibility of
doctors to make them realize that.

Figure 1: Cycle of Fluorosis and water supply progammes
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Access to safe drinking water is now a fundamenmight according to the 73
Amendment. The Rajiv Gandhi drinking water prograanamd subsequent programmes
such as Swajaldhara created infrastructure thraughiwe country for within-village
sources of water. But, what about adequacy of thece and its quality? Official



acceptance that water quality is not fit for drimkimeans that an alternative source needs
to be provided or the affected source needs tadatetd. Through the 1980s and later,
various programmes by UNICEF in different partstlté country established officially
the presence of Fluoride and Fluorosis. These progres were normally in partnership
with government departments such as the PWD or lethl organizations. In case the
PWD or PHED is involved, there is a governmentrigta on Fluorosis — by the water
department, not by the health department yet. fdusgnition is a key step, because once
UNICEF exitsfrom that district, and Fluorosis is yet left urkksd, it then becomes the
responsibility of the PWD or PHED to ensure thdé seater is made available.

With numerous Fluorosis mitigation programmes aitbe country, UNICEF projects
have achieved two things commonly:
1. They have created an official stamp on Fluorosis

2. By implementing a Fluorosis mitigation programmiged for a short time, they
have shown (unknowingly) that local measures such say, domestic
defluoridation, would not work (atleast perceptairgovernment departments).

The second point here is important. If safe wates o be delivered and local measures
are insufficient, then the only option is to impuwrater. For importing water, one needs
access (in most cases) to a reservoir, which isilplesonly with some say, at the state or
national level on rights and access to the resewater. Given such access, it gives the
PWD or PHED department to make a case for a refjmpad water supply scheme to
combat Fluorosis — surely large pipe water schamas easily sold dream, something if
it ever combats Fluorosis or not, at least enstiregost retirement benefits of several
stake-holders involved!

This cycle,
a) Recognition of Fluorosis
b) Implementation of Fluorosis mitigation programme
c) Termination of mitigation programme
d) Proposal and implementation of piped water supgiheme

is something, which is repeatedly occurring in maayts of India, not just affected with
Fluorosis, but also with other water quality prabtesuch as Salinity, Arsenic etc. More
so, this cycle is getting repeated even in hillyak areas where pumping and transporting
water is a major challenge, and then, sustainingplguwith proper maintenance.
Dungarpur, Jhabua, Mehsana, Amreli, Gadag, Anant&harmapuri — the list goes on
for examples of this cycle. This access to remagewand supply is also giving rise to
conflicts, such as seen in Dharmapuri recently betwthe Tamil Nadu and Karnataka
governments. Experience with many of the regiornpke pvater schemes, even much
acclaimed ones such as the Satya Sai Anantapumschs that it starts with much
fanfare and shining new pipes, but numerous prablkitk in — availability of source
reservoir water in drier seasons when there is etitigm with hydro-electric and
irrigation needs; maintenance of pipe and pumpggHasses of running the system due



to poor to nil tariff recovery — where do we hedr amnual water charges being
successfully recovered on system level for a susthperiod?

Is it really possible to get out of this cycle?
Are there options for more sustainable local alitwes?
Possible ways ahead

Many of our health problems in the past have semowery and pathway towards
solutions. But these have seen massive commumicatiogrammes for awareness and
training of health workers. Nothing like this haappened for Fluorosis, yet on a mass
scale. Mass media has a role to play in this fog.su

Doctors are at the centre of this problem. Evers&de of Fluoride removal filters, there
is a need for doctors to be involved. Perhaps eenitive model for doctors in promotion
of such filters needs to be pursued just like fame medicines as followed by some
pharma companies. If water is seen as a major calugduorosis and prevention is
possible, then can health insurance schemes heedtito address this problem? The
National rural health insurance programme is noenbenplemented across the country.
The annual expenses on Fluorosis due to medicietoas of wage by patients comes to
Rs. 5000-6000 per year (Indu at al, 2008). If ikiglready being incurred by patients,
then shouldn’t the annual treatment cost of removdtluoride from water of Rs. 500-
600 per year, be covered by such an insurance séhémthat case, hospitals which are
now part of this scheme would be more actively lmed in Fluorosis mitigation.
However, accepting this logic of applying healtsurance to Fluorosis is a major step
forward in thinking, in that one should look atesafater as preventive for Fluorosis and
that preventive care needs to be covered by tHéhheaurance scheme.

In all, an entire package of options needs to laelahe locally to Fluorosis patients, to
be termed as Fluorosis Mitigation Support ServifddSS). Today, even for patients
who can afford, there is no place they can visitddvice on the ailments and curative
options. If one needs to buy a domestic filterdefluoridation, there is no such service
available anywhere. What if all these are presegether i.e. medical advice as well as
on curative options. Even for Fluoride removalefift, such a service needs to offer
maintenance on filters eg., repair of parts, regam of Activated Alumina (for eg),
replacement of AA material etc. Apart from this, 8l should be responsible in training
of doctors and educating them towards proper digigrad Fluorosis.

All these require investment. At the initial pilog stages, it could run as an entirely
funded program, but over time, it would need toagate revenue. Probably an idea such
as FMSS can generate revenue from the servicedfdatsoi.e. training, sale and
maintenance of filters, advice on Fluorosis mitigatetc. But the question is that
whether the patients would pay for these servidéss is probably where the health
insurance programme needs to come in. If the seswdfered by FMSS can be paid for
by the health insurance programme, then such agroge has a chance at long term



sustenance. However, these ideas need testing loh quales before they can be
transported over to a national level.

Figure 2: A conceptual picture of Fluorosis Mitigaion Support Services
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