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ABSTRACT

This study represents the comprehensive report of ground water fluoride contamination status in the Birbhum district of West Bengal. People from
at least ten districts are observed to suffer from dental and skeletal fluorosis duo to regular consumption of highly fluoride contaminated ground
water. Reduced IQ (Intelligent Quotient) level is observed in the children population of the fluoride affected areas in Md. Bazar and Mayureswar-1
block. Dissolution of fluoride bearing minerals of the host rocks, cation-anion exchange process, semi-arid climate and application of fluorine rich
phosphate-fertilizer are considered as the major factors behind the elevated fluoride level in ground water of Birbhum district. Fluoride
accumulation in paddy and leafy vegetable is also noticed in Rampurhat-I block due to irrigation with fluoride contaminated water. Continuous
ground water monitoring for pollutants, household supply of safe drinking water and rainwater harvesting seem to be long-term visible solutions

for the study area.
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INTRODUCTION the other natural factors to govern the fluoride level in ground water.

Recently fluoride contamination in ground water is considered as a
raising concern across the world. Weathering of fluorine rich minerals
such as fluorite (CaF,), fluor-apatite (Ca,(PO,),F), cryolite (Na,AlF),
topaz [ALSiO,(F,OH,)], apatite [Cay(CLF,OH)(PO,),], amphiboles
[A, B,C;T,-0,,(0OH,F,C])], micas [AB, (X, Si),0,(O, F, OH),] and
sellaite (MgF,) are the most important geogenic source of ground
water fluoride contamination. Anthropogenic activities such as
mining, septic tank seepage, usage of phosphate-based fertilizers,
pesticides and brick kilns are the major causes of fluoride level
enhancement in ground water through leaching. According to World
Health Organisation (WHO 2004) the permissible limit of fluoride in
drinking water is 1.5 mg/L and according to the Bureau of Indian
Standards (BIS 2012) the permissible limit of fluoride in drinking
water is 1.0 mg/L.' Fluoride concentration range of 0.5-1.0 mg/L in
drinking water is reported to be beneficial for good dental health.
However, chronic consumption of drinking water with fluoride
concentration above the standard permissible limit (1.5 mg/L) may
result dental or skeletal or non-skeletal fluorosis. Although, the other
factors such as low intake of vitamin C, micronutrients and calcium
may also result fluorosis.” People from fluoride endemic region are also
reported to be affected with osteoporosis and osteopenia. Fluoride can
affect children's intelligence by crossing fatal blood-brain barrier
before birth. Presence of fluoride in urine is considered as the best
indicator for the level of fluoride consumption through drinking water.
Approximately 20 % of fluoride entering in the body is absorbed into
tissues and the rest 80 % is excreted mainly through urine. The
absorbed fluoride is released very slowly with time and therefore
chronic consumption may result accumulation of fluoride in body.
Consequently, fluoride caused skeletal fluorosis is commonly seen in
older people after long time exposure to fluoride.” Long exposure of
fluoride may also affect soft tissues such as liver, kidney,
gastrointestinal tract and reproductive system. Chronic consumption
of fluoride at high concentration can cause neurological disorder and
glucose intolerance.’ A very small amount of fluoride is sufficient to
alter the biochemical processes of cell cytoplasm. Fluoride can cause
oxidative damage in cells through intracellular reactive oxygen
species (ROS) generation. Fluoride can cause DNA damage and
induce genotoxicity which can be considered as the initial event of
chemical carcinogenesis. Gene expression related to the phase I and
phase II detoxification systems is observed to be interfered at the
transcriptional level in presence of fluoride. Hence, ground water
fluoride contamination is now becoming an important toxicological
and geo-environmental concern.’

The enrichment of fluoride in ground water depends on many factors.
Rock-water interaction in the aquifers is the major process of
dissolution of fluoride from the igneous rocks (such as granite, granite
gneisses and pegmatite) and its further introduction in the ground
water. Climate, composition of the host rocks and hydrogeology are

Area with semi-arid climate, crystalline rocks and alkaline soils are
reported to be the most affected region with elevated ground water
fluoride contamination.’

Around 260 million people from 25 countries are reported to be
affected with some kind of fluorosis due to the consumption of fluoride
contaminated ground water.” In Asia countries such as India, Pakistan,
Sri Lanka, China, Mongolia and Indonesia, fluoride contamination in
groundwater is a serious issue. In European subcontinent, fluoride
level in ground water is within the permissible limits, except few
countries like Estonia and Germany. Africa can be considered as the
epicenter of ground water fluoride contamination. African countries
such as Sudan, Ethiopia, Uganda, Kenya, Tanzania, Malawi,
Cameroon, South Africa, Nigeria and Ghana are reported to have high
fluoride concentration in ground water. In North America countries
such as Mexico, USA and Canada are observed to have round water
fluoride contamination above WHO permissible limit. In South
America, country like Argentina is reported to be highly affected with
fluoride in both deep and shallow aquifers.' In India, approximately 62
million people and around 50,000 villages in 14 states are at risk of
fluorosis due to presence of excess fluoride in ground water.” Further
study enhanced the number up to 17 states by 1999.” Approximately
2.5-6 million children are at risk of fluorosis due to consumption of
fluoride contaminated water regularly.” States such as West Bengal,
Bihar, Punjab, Uttar Pradesh, Madhya Pradesh, Rajasthan, Andhra
Pradesh, Telengana, Tamil Nadu etc. are suffering with elevated
fluoride level in ground water." In West Bengal 7 district and 42 blocks
are reported to have excess level of fluoride contamination in ground
water. Department of Public Health and Engineering (PHED),
government of West Bengal, shows that 16, 10, 7, 5 and 2 blocks are
affected in Purulia, Bankura, Birbhum, Dakshin Dinajpur and Malda
districts, respectively. One block is observed to be affected in each of
South 24 Parganas and Uttar Dinajpur districts."

Birbhum is one of the most studied and affected district in West Bengal
having excess fluoride level in ground water. Fluoride contaminated
ground water is the main source of drinking water and irrigation in the
entire district.”” The endemic fluorosis problem in Birbhum district was
first addressed in 1996." Further studies showed that more than 52
thousand people distributed over 78 villages are affected with fluorosis
in Birbhum district due to regular consumption of fluoride
contaminated ground water.” Researcher's continuous effort and block
wise systematic screening produced a large data sets in previous one
and half decades. Hence, the review article aims to understand the
overall scenario of ground water fluoride contamination in Birbhum
district depending on the recent research updates. The block wise
distribution of fluoride contamination in ground water has been
highlighted. The government and public initiatives in the villages to
minimize the problem have also been elaborated in the article.
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Birbhum

The Birbhum district lies between 23°32'30" - 24°35'00" N latitudes
and 87°05'25" - 88°1'40" E longitudes, covering 4,545 km’ areas.
Fertile alluvial plain of Ganga defines the eastern part of the district
and the extension of Chhota Nagpur Plateau defines the western part of
the district. The northern part of the district belongs to the extension of
basaltic Rajmahal hills. Ground water contributes as the sole source of
household consumption and 80% of irrigation water throughout the
district.” Recent studies shows that 10 blocks namely Suri-1, Suri-II,
Dubrajpur, Rajnagar, Khoyrasole, Sainthia, Nalhati-I, Md. Bazar,
Rampurhat-1 and Mayureswar-1 out of 19 blocks of Birbhum are
affected by fluorosis due to consumption of fluoride contaminated
ground water.

Suri-IAnd Suri-II

Suri-I and Suri-II blocks lies between latitudes 23.76°N—-23.99°N and
longitudes 87.42°E-87.64°E, covering the area of 220 km”. Fluoride
contamination in ground water makes these areas prone to dental
caries, especially in children." The entire Suri-II block and a
significant part of Suri-I block was recorded to have ground water
fluoride contamination above the permissible limit. High fluoride
concentration in ground water was observed in Tapaipur (Salkhana) of
Suri-IT block."” In another study, ground water samples from Gangta
and Dhalla area were observed to contain fluoride concentration above
the permissible limit (1.5 mg/L). Calcite—fluorite geochemistry was
considered as the dominant factor controlling the fluoride
concentration in that area.'®

Dubrajpur And Rajnagar

Fluoride concentration higher than permissible limit was observed in
the ground water of entire Dubrajpur and Rajnagar community
development block. High concentration of fluoride in ground water
was recorded in Khasbazar area of Rajnagar block. Dissolution of
fluoride bearing minerals of the host rocks, cation-anion exchange
process and semi-arid climate were revealed as the reason for the
ground water fluoride contamination in the terrain.”

Khoyrasole And Sainthia

Khoyrasole lies at 23°47'24"N latitude and 87°16'14"E longitude.
Villages such as Lauberia and Fullachak in Khoyrasole block were
recorded to have excess fluoride contamination in ground water.
Fluoride bearing granite rock was considered as major cause of
fluoride contamination in Lauberia village whereas sedimentary rocks
(sandstones and shale) were observed as the major contributor in
Fullachak."” The fluoride concentration level in the groundwater of the
Sainthia area was recorded to be higher than the maximum permissible
limit. Children and teenager population groups from this area was
found to be vulnerable to dental and skeletal fluorosis.

Nalhati-IAnd MD.Bazar

Nalhati-1 block lies between 24°32'30"-24°35'N latitudes and
87°01'- 87°05'25"E longitudes. The area contains mostly low fertility
lateritic soil and fine grained, hard, and compact basaltic rocks.
Nasipur village was found to have ground water fluoride
contamination level above permissible limit. The presence of highly
soluble villiaumite (NaF) mineral within the volcanic trap rock may be
responsible for the contamination.” Vabanandapur and Deshnabagram
villages in Nalhati-I block were recorded to have fluoride
contamination in ground water above 1.5 mg/L. Dental fluorosis was
found to be endemic in both of the villages.”’ Madhabpur,
Kanglapahari, Dhabuni and Saldaha villages in Haridaspur gram
panchayat were observed to have elevated fluoride (F > 1.20 mg/L)
contamination level in ground water. Weathering and dissolution of
fluoride bearing minerals and cation exchange reactions were
observed as the key controlling processes for the excess fluoride in
ground water.” " *Fluoride was recorded to exert negative impact on soil
microbial population and soil enzymes. Soil enzyme such as urease
activity was observed to be affected in presence of fluoride
contamination in soil in Nasipur village.” Md. Bazar block was
observed to have groundwater fluoride contamination level above 1.5
mg/L. Reduced 1Q (Intelligence Quotient) level was also observed in
children of the study area in Md. Bazar block."

Rampurhat-IAnd Mayureswar-I

Junidpur (24°06'07.5"N latitudes and 87°46'54.7"E longitudes) and
Nowapara (24°06'18.0"N latitudes and 87°47'02.0"E longitudes)
villages of Rampurhat-I block were found to be endemic with respect
to fluorosis. Ion-exchange mechanism in the alluvial aquifer was

shown as the major controlling factor for mobilizing fluoride in the
ground water.” ** Another study suggested that sorption—de-sorption
behavior of micaceous sand intercalated clay layers, changing ratio of
Na'/Ca’ and pH were responsible for the elevated fluoride level in
ground water in Junidpur and Nowapara villages." Ground water
quality of Nowapara was categorized as unsuitable for usage in
irrigation purposes due to high concentration of fluoride.” Ground
water fluoride contamination level above the permissible limit was
also observed in Asanjola and Madhabpur villages."” Kamdebpur and
Chalk Atla villages were also observed to have fluoride contamination
in ground water. People from the villages were found to suffer from
different forms of dental and skeletal fluorosis” * Brajabelpahari
village was observed to suffer with very high concentration of fluoride
in ground water due to the presence of fluoride bearing basaltic rocks.”
Elevated fluoride (F > 1.20 mg/L) contamination level in ground water
was observed in Asanjola and Balia villages of Narayanpur gram
panchayat.”" Substantial accumulation of fluoride was recorded in
paddy (rice, Oryza sativa) due to irrigation with fluoride contaminated
ground water in Rampurhat-I block.” Fluoride accumulation was also
recorded in leafy vegetables (spinach, marcellia and coriander leaves)
grown in the fluoride contaminated Junidpur village.” Fluoride
tolerant bacterial strains like Bacillus cereus (GenBank Acc.
KP729612), Bacillus marisflavi (GenBank Acc. KP729613) and
Bacillus flexus (HQ875778) were isolated from fluoride endemic
Rampurhat-T block.™ The fluoride concentration level in the
groundwater of the Mayureswar-1 block area was observed to be
higher than the maximum permissible limit. Chances of reduced 1Q
level were recorded in the children population on that study area."

Government And Ngo Initiatives To Minimize The Problem

Bengal Engineering University, Shibpur, installed a community-level
water treatment plant at Nowapara. Several NGOs in collaboration
with local gram panchayats are distributing small scale filters
(activated ALO,) to serve domestic purposes. But, majority of
population are still dependent to fluoride contaminated ground water
for household consumption and agriculture.’

CONCLUSION

The review gives an overview of the present ground water fluoride
contamination scenario of entire Birbhum district. Ten out of nineteen
developmental blocks are found to have endemic fluoride
contamination problem in ground water. Fluoride bearing rocks,
abundance of fluorine rich minerals and semi-arid climate are
considered as the major environmental factors regulating the ground
water fluoride contamination in the terrain. Anthropogenic factors
such as application of fluorine rich phosphate-fertilizer and pesticides
may contribute in elevated fluoride level in ground water through
leaching. People from fluoride contaminated area are found to suffer
from dental and skeletal fluorosis problems. Regular consumption of
fluoride contaminated ground water may affect 1Q (Intelligence
Quotient) level in children. Hence, village wise fluoride screening with
large number of ground water samples is required in developmental
blocks where ground water sources are considered to be safe due to
lack of database. Sustainable government initiatives are required to
ensure the safe drinking water in developmental blocks which are
already recorded with endemic fluorosis history due to excess fluoride
level in ground water. Establishment of alternative sources of
irrigation water such as rain water harvesting, are necessary to avoid
fluoride bio-accumulation in paddy and leafy vegetables.
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