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Figure 4 Fluoride level greater than WHO permissible limit (<0.5) (see online version
for colours)
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4.1.5 Mapping of areas less than WHO limits

The lower amount of fluoride was found in January 2012 and 44 out of 64 samples were
less than the WHO less permissible limit. For this study, 30 locations showed very low
quantity of fluoride observed (0.00-0.25) in western part of the district. In groundwater,
pH values varied from 7.1-8.5. In December, 32 out of 64 samples had less than the
WHO permissible limit and the pH ranged from 7.5-9. The comparison of Maps 7 and 8
shows pH, EC, alkalinity and TDS slightly increased in December. Hence pH is directly
proportional to the fluoride level in the sample area. The January (68%) and December
(50%) samples were found to be below the permissible limit of WHO as shown in Figure
5.

Figure 5 Fluoride level less than WHO permissible limit (>1.5) (see online version for colours)
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Map 7 The locations of less than (1.5 mg/l) WHO limit, January 2012 (see online version
for colours)
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Map 8 The location of less than (1.5 mg/l) WHO limit, December 2012 (see online version
for colours)
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4.1.6 Mapping of areas within WHO limits

According to WHO, permissible limit of fluoride level is essential for the teeth and it
prevents dental decay. In January, 17 samples were present in the district within the
permissible limit, i.e., 26% of samples have the fluoride value between 0.5-1.5 in north
central part of the district. The pH range is 7.5-8.5 and moderate levels of Ca and Mg
were found in the groundwater sample. The amount of EC was within the WHO limit and
the high amount of bicarbonate was present in the range of high fluoride. In December 26
out of 64 samples were within the permissible limits in the Chittur and Alathur blocks
(Maps 9 and 10). The pH, EC and TDS were observed closed to the WHO limit and there
was no significant variation of Ca and Mg in Chittur and Alathur blocks as shown in
Figure 6.

Map 9 The WHO permissible limit of fluoride level in groundwater (0.5-1.5 mg/l)
January 2012 (see online version for colours)
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Map 10 The WHO permissible limit of fluoride in level groundwater (0.5-1.5 mg/1),
December 2012 (see online version for colours)
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Figure 6 Fluoride level within the WHO permissible limit (0.5-1.5) (see online version
for colours)
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5 Conclusions

The present study has been undertaken to assess the spatial distribution of fluoride in
groundwater of Palghat District and to suggest suitable methods to manage the fluoride
content in groundwater using GIS. Fluoride occurs in sellaite, fluorite, cryolite,
fluorapatite, apatite, fluormica, biotite, amphibole and several other rocks. Weathering of
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these rocks and prolonged residence time leads to high fluoride content in groundwater.
Low calcium, high sodium and high bicarbonate are typical of high fluoride groundwater.

It is well known that trace elements are essential and beneficial to human health in
minute concentrations, as they play an important role in many metabolic processes and
act as co-factors. However, exceeding their permissible intake is known to be toxic and
has adverse effects on general body metabolism. One such trace element, which is
ubiquitously distributed in soil, earth and water, is fluoride. Low amount of fluoride
(0.3-1.0 mg/1) in drinking water is helpful in prevention of dental caries and in treatment
of osteoporosis. However, high intake of fluoride (>1.5 mg/l) in drinking water can cause
damage (teeth enamel and eventually leads to skeletal) complications in fluorosis. For
this study, 11% samples were found exceeding permissible limit. Out of 11% of the
groundwater samples 85% were in the north-eastern part of the district in Chittur block.

Fluoride drinking water might help to prevent tooth decay if the level of fluoride
intake is within the permissible range of 0.5 to 1.5 mg/l. Consumption in excess of
1.5 mg/l over long periods of time can produce severe effects on human health such as
dental and skeletal fluorosis, osteoporosis, hip fracture, arthritis, mental retardation and
premature death. Intake of lower concentration of fluoride (<0.5 mg/l) may cause dental
caries and neurological effects.

It is interesting to note that increase of alkalinity is due to the increase of carbonate
and bicarbonate ions, although these ions have no direct influence on pH level. Hence,
the increase of alkalinity does not increase the pH observed when high fluoride
groundwater is associated with high sodium-bicarbonate-iron affinity with elevated pH
values (i.e., >7.0) and relatively low magnesium. High concentration of fluoride is due to
temperature, pH, and solubility of fluoride bearing minerals, ion exchange capacity of
aquifer materials (OH- and halogens), and the geological formations drained by water
and accordingly the contact time of water with a particular formation.

The fluoride concentration in groundwater of this area varied between 0.00 and
5 mg/l. The desirable range of fluoride concentration in drinking water is from 0.6 to
1.2 mg/1 according to the Indian standard specifications (BIS). Thus, if the concentration
of fluoride is below 0.6 or above 1.2 mg/l, the water is not suitable for drinking purposes.
However, it is suggested that the maximum limit can be extended up to
1.5 mg/1 (BIS). Based on the concentration of fluoride, the groundwater samples obtained
from the study area have been classified into four groups as low (0.1 to 0.6 mg/l),
medium (0.6 to 1.5 mg/l), high (1.5 to 3 mg/l), and very high (3 mg/l) as shown in
Table 1.

In all the two months of sampling, 33.5.5% of the samples were within the range and
thus fit for drinking purpose. Of the rest of the groundwater samples, 59.3% had fluoride
below 0.6 mg/l; hence, it is unfit for drinking purpose. Two samples from January 2012
and six samples from December 2012 had very high concentration of fluoride, i.e., above
the 1.5 mg/l WHO limit. Thus, on the whole, 11% of samples of groundwater had more
than 1.5 mg/1 of fluoride. It was found that the concentration of fluoride in 76.5% of the
total 64 groundwater samples did not fall within the desirable range of 0.6 to 1.5 mg/l of
fluoride. In general, it is found that the fluoride concentration in groundwater increases
with geomorphology and groundwater fluctuation.

Fluoride in groundwater of Palghat District is mainly due to dissolution from fluoride
bearing minerals like fluorspar, fluorite, etc. In this 11% samples were found exceeding
permissible limit. A total of 11% samples had 85% fluoride contamination in Chittur
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block. That is north-eastern part of the district. In this study area, local people ingesting
the groundwater have not received medical attention although they are dependent on the
groundwater for domestic use. So, remedial measures such as defluoridation techniques
and rainwater harvesting are needed. A nutritional diet such as calcium and phosphorus
rich food should be recommended to those affected with fluorosis as it decreases the rate
of accumulation of fluoride in the human body. A government attention is very
necessary.

Palghat District is in a bad position owing to depletion of groundwater sources and
increased risk of fluoride contamination. There are modern and efficient technological
tools to identify contamination sources and innovative, cost effective removal
suggestions. Therefore, this study was initiated to identify the fluoride high and low risk
areas, and the source of groundwater contamination by fluoride. Owing to such health
hazards, several methods for the removal of fluoride from groundwater have been
described, generally termed as defluoridation. However, the adaptations of such methods
are expensive, time consuming and have to be extended to large areas. This result is
practical information which may be used by decision makers and water
conversationalists. This view is suitable for other areas and related problems and hence
can be adopted by planners and managers for decision making.
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