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ABSTRACT
Acrticle Received on . . . . .. .
08 Jan 2016, Fluoride is a major pollutant originating from aluminium smelting
Revised on 28 Jan 2016 polluting the air, water and soil. An Aluminium smelter has been

Accepietien2iiieliz0le operating at Nalco, Angul in central Odisha since 1981 producing

primary aluminium by Horizontal stud KA cell Technology. Starting

*Correspondence for with a capacity of 68.25 Lakhs T of aluminium per annum in 1981 it
Author has increased its capacity in 2007. A detailed investigation undertaken
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during 2013 - 2014 on fluoride status of Angul (Nalco) environment
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reveals that the fluoride content varied from a minimum of 0.5 to a
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Mahila Mahavidyalaya, maximum of 0.65 (ppm) in pond water, 0.4 - 0.62 mg/L in ground

Angul, 759122, Odisha. water, 88.35 - 191.20 in soil, 23.78 - 65.96 in paddy straw, 15.55 -
70.37 in grass and 10.00 - 44.60 in leaf tissue. The level of

bioconcentration of fluoride in relation to surface water ranged from 79.32 in vegetation to

304.23 in leaf tissues.
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INTRODUCTION

National Aluminium Company Limited (NALCO) is a Navratna CPSE under Ministry of
Mines, Govt. of India. It was established on 7th January, 1981, with its registered office at
Bhubaneswar. The Company is a group ‘A’ CPSE having integrated and diversified
operations in mining, metal and power with sales turnover of Rs 7024 crore in financial year
2013-14. Presently, Government of India holds 80.93% equity of NALCO. The company has
a 68.25 lakh TPA Bauxite Mine & 22.75 lakh TPA Alumina Refinery located at Damanjodi
in Koraput dist. of Odisha, and 4.60 lakh TPA Aluminium Smelter & 1200 MW Captive
Power Plant located at Angul, Odisha. As per diversification plan, NALCO has ventured into
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renewable energy sectors. The Company has successfully commissioned two wind power
plants. A 50.4 MW wind power plant at Gandikota, Andhra Pradesh and another of 47.6 MW
wind power plant at Jaisalmer, Rajasthan are operational since December, 2012 and January,
2014 respectively. 260 KWp Rooftop Solar Power System has been made operational at
Office and Township, Bhubaneswar during FY 2014-15.

The salient features

180 KA cell technology

Micro-processor based pot regulation system

Fume treatment plant with dry-scrubbing system for pollution control and fluoride salt
recovery

Integrated facility for manufacturing carbon anodes, bus bars, anode stems etc.

Hyper Dense Phase System (HDPS) for alumina feeding.

4 x 35 Tonne and 4 x 45 Tonne furnaces and 2 x 15 TPH and 2 x 20 TPH ingot casting
machines

4 x 45 Tonne furnaces and 2 x 9.5 TPH wire rod mills

2 X 45 Tonne furnaces and 60/42 per drop billet casting machine

2 x 1.5 Tonne induction furnace with a 4 TPH alloy ingot casting machine

26,000 TPA strip casting machines

2 x 45 Tonne furnaces and 9 TPH tee ingot casting machine

2 x 45 Tonne furnaces and 20 TPH sow ingot casting facility are being installed.

Whatever may be the source of fluoride in the environ-ment, it passes to and from air, water
and soil and living organisms through some biochemical pathways and ultimately reaches the
higher trophic levels (Figure 1). The excess accumulation of fluorides in vegetation leads to
visible leaf injury, damage to fruits, changes in the yield (Moeri, 1980"%; Anil and Bhaskara,
2008).M Angul Smelter, a unit of Nalco is operating at Angul town of Central Odisha since
1981 producing primary aluminium by Horizontal stud Soderberg Technology. Starting with
a capacity of 10,000 T of aluminium per annum in 1959. It has increased its capacity to
30,000 T in 1996 - 1997, 65,000 T in 2003 and 100000 T in 2007. Fluoride is a major
pollutant in Aluminium smelter polluting the air, water and soil. A study conduc-ted in 1996
by the senior author revealed a fluoride levels of 0.12 - 0.34 ppm in ground water, 0.13 - 0.87
ppm in surface water, 76.99 - 359.0 ppm in soil, 25 ppm in leaf tissue with a concentration
factor from 260 - 941 in surface soil, 160 - 605 in deeper soil (>10 cm), 5 - 150 in herbaceous
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vegetation and 5 - 260 in leaf samples of perennial trees from surface water fluoride content
(Mishra et al., 1998).”!

Mishra and Pradhan (2008)"®! have reported the prevalence of fluorosis among the cattle
population of Hirakud. Presently the capacity of the Smelter has increased by 300% with
more emission of Fluoride to the environment. The present study is a part of the
comprehensive research project to assess the environmental status of Angul urban ecosystems
with reference to Aluminium Smelter and Thermal Power Plant. Here an attempt has been
made to evaluate the extent of fluoride content in Angul environment in order to develop

appropriate management strategy to contain it.

MATERIALS AND METHODS

Study site and sampling

Study site, an industrial town at the base of famous Nalco industrial complex , is located at 5
km distance from Angul town(Latitude 20.31° N, Longitude 84.15° E and Altitude 564-
1187.8 m). Sixteen sampling sites were selected around the smelter and power plants that is
four at each direction (East, West, North and South) at a radius of 500, 1000, 1500 and 2000
m. Samples were collected in three seasons in a year. Sample collections were made during
morning hours from 6.0 - 10.0 A.M and brought to the laboratory of Department of Zoology.
Angul Mahila Mahavidyalaya, Angul, located at 5 km road distance from the ex-
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Figure 1. Fluoride cycle in the environment of Nalco
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Figure 2. Variation in fluoride (mg/l) content in water in control and experimental sites
(Mean £ SD).

erimental study site, for analysis. The control site is located near the Laboratory. A control
site at an air distance of 5 Km was selected for sampling. Fluoride in water was analyzed by
lon-analyzer (Model Orion, USA). For vegetation, animal and bone samples, analyses were
performed after appropriate digestion. Two ways analysis of Variance was performed as per
Snedecor and Cochran (1967)** to find out the significant difference in fluoride level
between the sources as well as the sampling locations (distance from pollution source). As
there was no significant variation between seasons, the average values of all three seasons

(summer, winter and rainy) have been presented in the result.

RESULTS AND DISCUSSION

Fluoride in water

The variations in fluoride content in control as well as the experimental in different types of
water are presented in Figure 2. In experimental sites the average fluoride content varied
from 0.50 in stagnant water to a maximum of 0.65 in pond water. However, the test of
analysis of variance indicated no significant difference in fluoride content between the water
types as well as between the distances from the pollution source. Fluoride levels in surface
water varies according to geographical location and proximity to emission sources. Surface
water concentrations generally range from 0.01 - 0.3 ppm. Seawater contains more fluoride
than fresh water, with concentrations ranging from 1.2 - 1.5 mg/l. Higher levels of fluoride
have been reported in areas where the natural rock is rich in fluoride and near industrial
outfalls (Harbo et al., 1974)."°! Anthropogenic sources can also lead to increased local levels
of fluoride. Harbo et al. (1974)!®! found increased concentrations of fluoride in the surface
waters of Kitimat Harbour, Canada in the vicinity of a large smelter. Zingde and Mandalia

(1988) found a fluoride levels below 0.3 ppm in unpolluted surface waters. How ever, levels
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were higher close to a plant manufacturing fluoride chemical in India. In water, the transport
and transformation of inorganic fluorides are influenced by pH, water hardness and the

presence of ion exchange materials such as clays (Environment Canada, 1994).

Fluoride in soil

Minerals are the major source of fluoride. Soil receives fluoride-contaminated minerals from
the environment. Fluorides can cause many damaging effects not only to human beings but
also to animals, aquatic organisms and vegetation. The variations in fluoride content in soil
collected from both control and experimental sites are presented in Figure 3. The soil fluoride
content in control site ranged from a minimum of 112.35 in crop field to a maximum of
138.70 ppm in fallow land soil. In Nalco Township, the fallow land soil showed a lower
average fluoride content of 127.85 to a maximum of 139.35 ppm in crop field soils. The
analysis of variance did not reveal any significant difference in fluoride content in both the
type of soil and as well the distances. Factors that influence the mobility of inorganic
fluorides in soil are pH and the formation of stable aluminium and calcium complexes
(Pickering, 1985).1*21 In more acidic soils, concentrations of inorganic fluoride were conside-
rably higher in the deeper horizons. The low affinity of fluorides for organic material results
in leaching from the more acidic surface horizon and increased retention by clay minerals and
silts in the more alkaline deeper horizons (Davison, 1983 Kabata-Pendias and Pendias,
1984).1"1 This distribution profile is not observed in either alkaline or saline soils (Gilpin®
and Johnson, 1980; Davison, 1983)."] The fate of inorganic fluorides released to soil also
depends on the chemical form, rate of deposi-tion, soil chemistry and climate (Davison,
1983).1 pickering et al. (1988)M"*! determined changes in free fluoride ions and total fluoride
levels in materials that had different cation-exchange capacities, such as synthetic resins, clay
minerals, manganese oxide and a humic acid. Increased amounts of fluoride were released
from fluoride salts and fluoride-rich wastes when solids capable of exchanging cations were
present. The effect was greatest when there were more exchange sites available and when the
fluoride compound cation had greater affinity for the exchange material. In sandy acidic soils,
fluoride tends to be present in water-soluble forms. Street and Elwali (1983)™ determined
the activity of the fluoride ion in acid sandy soils that had been limed. Fluorite was shown to
be the solid phase controlling fluoride ion activity in soils between pH 5.5 and 7.0. At pH
values below 5.0, the fluoride ion activity indicated super-saturation with respect to fluorite.
These data indicate that liming of acid soils may precipitate fluorite, with a subsequent

reduction in the concentration of fluoride ion in solution. Murray (1984)* reported that low
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amounts of fluoride were leached from a highly disturbed sandy podzol soil of no distinct
structure. Even at high fluoride application rates (3.2 - 80 g per soil column of diameter 0.1 m
with a depth of 2 m), only 2.6 - 4.6% of the fluoride applied was leached in the water-soluble
form. The pH of the elute increased with increasing fluo-ride application, and this was
probably due to adsorption of fluoride, releasing hydroxide ions from the soil metal
hydroxides. Over time, the concentration of water -soluble fluoride decreased due to
increased adsorption on soil particles. Mean soil concentrations in Pennsylvania, USA, were
377, 0.38 and 21.7 ppm for total fluoride, water-soluble fluoride and resin exchangeable
fluoride, respec-tively. Fluoride is relatively immobile in soil, since most of the fluoride was

not readily soluble or exchangeable (Gilpin and Johnson, 1980).5!

Fluoride in vegetation

The fluoride content in vegetation (leaf, grass and crop) varied from a minimum of 12.62
mg/kg in plant leaf to a maximum of 43.90 mg/kg in the rice crop vegetations in control site.
In experimental sites, the variation was from a minimum of 29.46 in tree leaf to a maximum
of 60.92 in crop vegetation (Figure 4). Test of ANOVA shows no significant difference in

fluoride content between different vegetation as well as the different distances.

CONCLUSION

The significance of fluoride in water has always been subject of debate. Where as an intake
of fluoride in less quantity (less than 1 ppm) is known to be beneficial for human health in
preventing dental caries, high fluoride concentration in water causes dental and skeletal
fluorosis. The prescribed norm for fluoride limit in water is 0.8 - 1.5 mg/L. Although the
Aluminium smelter in Anugul, Nalco is in operation since last 35 years, the level of fluoride

in
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Figure 3. Variation in fluoride (mg/kg) content in Crop field, Grassland and Fallow
land in control and experimental
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Figure 4. Variation in fluoride (mg/kg) content in Crop, Grass and Leaf samples in

control and experimental site (Mean + SD).

Figure : 5. Smelter plant of Nalco, Angul.

Water has not crossed the limit giving an indication of their management to control fluoride
emission. How ever, if the values in soil and leaf samples are taken in to consideration, the
level of bioconcentration of fluoride in relation to surface water ranged from 79.32 in crop
and grass to 304.23 in leaf tissues. Fluoride has a tendency to cycle in the environment,
which also includes the animals and human beings, thereby causing toxicity in them (Das et
al., 19948 Teotia et al., 1998"; Susheela et al., 2005). A survey on the prevalence of
fluorosis among school children and cattle in and raound Nalco reveals that there is teeth
mottling in few cases of children and tooth abrasions and soiling among cattle of around
Nalco to a limited extent (Mishra and Pradhan, 2008).!®! Unfortunately there is no Indian
standard available prescribing a limit to the fluoride in soil and biological tissue. Although

around 95% of the fluoride deposited in soil surface is not available for plant uptake because
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of its conversion to unavailable form, but the plant leafs getting fluoride directly from
atmospheric fall is of more concern because of the grazing of animals and ultimately use of

animal milk by human beings.

Recommendations

Present study shows elevated level of fluoride in vegeta-tion and soil samples of Angul
Environment. Therefore it is high time for the Statutory Bodies to prescribe a standard/limit
of fluoride in soil and biological tissues in industrial environment. In addition to this the
various authorities operating in the industrial environment should adopt some management
strategies to reduce the addi-tional fluoride intake by the people. Some of the activities may
include.

1.) Avoid/minimize fluoride containing tooth paste.

2.) Avoid/minimize tea-leaf as it contains high fluoride content.

3.) Avoid/minimize outside grazing of cattle.

4.) Appointment of specialized doctors in hospitals for diagnosis and treatment of fluoride
related diseases in human beings and animals.

5.) Provision of fluoride free drinking water to the community.

6.) Education and Awareness among all sections of people on the positive and negative
impacts of fluoride.

Such simple planning and strategies may go a long way to minimize the impact of fluoride

generated from the anthropogenic source on animal and human beings.
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