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ABSTRACT

With the apparent exception of water, tea (Came8Biaensis) is the most widely consumed
beverage in the world. Although tea is grown conuadly in over 35 countries, world
production (about 75%) is largely concentrated ifeav countries like India, China, Sri Lanka,
Kenya, Indonesia, and Argentina. About 60% of temdpction in India is produced in Assam
itself. The tea gardens (62 large tea gardens abid r2gistered small tea gardens), including
Asia’s largest tea garden Monabari located in thstrict Sonitpur of Assam, is one of the most
important features of economy. However the useestipdes for effective pests control and
artificial agrochemicals used for the growth andteaof production has generated a lot of
concern relating to public health and environmergallution like water etc. Polluted water is
the cause for the spread of epidemics and chroisigages in human beings. So assessment and
monitoring of the drinking water sources locatedtive small tea garden areas are utmost
necessities. A total of 45 numbers of water sampke collected from different water sources
like ring wells, ponds, drains and tubewells of i district to study the different water
quality parameters like pH, EC, TDS, TH, TA, Ca, MgCI, PO, NO; and SG*. Data were
subjected to normal distribution analysis (NDA)fitad out the distribution pattern of the water
quality parameters and correlation analysis was rit out to study the interrelationship
between different parameters.

Key Words: Water quality, Small tea gardens, Agrochemidatstamination, Sonitpur district.
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INTRODUCTION

India, the largest producer and consumer of teaenworld, accounts for around 28% of world
production and 13% world trade [1] . The major driyforce behind the country's tea sector
development is the prospect of eastern India'sntdastry, particularly of Assam which not only
produces around 53% of the country's total produactibut also creating employment
opportunities [1] .There are about 2500 small tealgns in Assam today adding to the State’s
total production by more than 50 million kg [1]. Assam the tea is cultivated in Brahmaputra
and Barak valley covering the area 2,29,843ha, Bigegardens are under multinational
companies as well as the small tea gardens are anddl tea growers. Assam tea is still earning
around 50 per cent of the foreign exchange eargdddia’s tea industry [1]. The tea gardens (73
large tea gardens and 207 registered small teseggkdincluding Asia’s largest tea garden
Monabari located in the district Sonitpur of Assamone of the most important features of
economy. However for the growth and increase rateaproduction and to control the pests, a
large number of artificial agrochemicals and péd#is respectively are used in the tea gardens
[2]. They spray their gardens with increasing amoefnfertilizers- containing phosphate and
nitrates. As a result the soil and water of thegaalen areas are contaminated by pollutants and
the quality soil and water become degraded [3]. &keess fertilizers eventually will find their
way in to pools and ponds and wells [4]. Animabtes also contribute to phosphate and nitrate
in runoff water [4]. The main responsibility of emphication is phosphate and nitrate. The
nitrate in drinking water can cause methemoglobiagminfants. In numerous studies, exposure
of high levels of nitrate in the drinking water Haeen linked to a variety of effects ranging from
enlargement of thyroid to 15 types of cancer and kimd of birth defects an even hypertension
[5]. Research shows a definite relationship betwieeneasing rates of stomach cancer with
increasing nitrate intake [ 6]. Agriculture is ajorasource of nitrogen loss to the environment [
7]. Two major scientific bodies recently named Nlgmn as one of the Earth’s “preeminent
problems” and cite insufficient public awarenessaasobstacle to managing it [ 8]. Modern
agriculture practice, which involves the applicatiof fertilizer coupled with pesticides,
contributes the fluoride to the ground water, whicbreasing incidence of fluorosis in recent
days. The main sources of fluoride intake into haraad animal system are water and food
having high levels of fluoride. The main anthropaige sources are industrial plants,
manufacturing hydrofluoric acid, superphosphateckbrthermal power plant etc [ 9]. It is
considered as one of the minor constituents ofrabtaters, but it is an important parameter in
ascertaining the suitability of water for potablermoses. Intake of 1mg/l per day is very much
essential for healthy growth of teeth, but levejhar than the permissible limit of 1.5mg/l is
dangerous to health. Fluoride contamination of gdowater has now become a major geo-
environmental issue in many parts of the world tuis toxic effects even if consumed in trace
guantities. Fluoride in ground water poses a gpeablem in most of the states of India [10].
Fluoride concentration in ground water of Indiai@arwidely ranging from 0.01ppm to 48ppm
[11]. A high fluoride content in drinking water sees have been observed in 15 states of India
[12]. Sever contamination of fluoride in groundteraof Karbi Anglong and Nagaon districts of
Assam, India and its manifestation in the form lobfosis have been reported recently [13].
Deficiency of fluoride leads to dental caries amghkr concentration leads to dental and skeletal
fluorosis. Fluorosis was first reported from Indmathe year 1937. Fluoride also circulates in
blood and effects nerves and heart. Fluoride reslseeretion of thyroid gland by affecting
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iodine in the body which may lead to monogolisma#&gdrom these, excess fluoride intake will
also cause gastro intestinal problems like losapgfetite, nausea, vomiting, pain in abdomen,
intermittent diarrohea, muscular weakness, excedsivst etc [14]. High fluoride intake over a
period of time can cripple one for life [15]. Aceding our literature review, there has been no
published report concerning the nitrate, phosphat fluoride contaminants in drinking water
sources in the small tea gardens of Sonitpur disffhe objective of the present detailed survey
based study was to determine the contamination Hf glectrical conductivity (EC), total
dissolve solid (TDS), total hardness (TH), totdadihity (TA), calcium (Ca), magnesium (Mg),
chloride (CI) and sulfate (S§) , phosphate (P9), nitrate (NQ) and fluoride (B in the
different drinking water sources in the tea gardesas of Sonitpur district of Assam. Thus the
current article would help to fling light on the t@a quality especially relating to the above
mentioned parameters in one of the important tedegaareas of Sonitpur district of Assam,
India.

MATERIALSAND METHODS

Study area

The district Sonitpur, (second largest districtAglsam after Karbi Anglong in area.) which is
taken as study area is located in the north easbpAssam. The total area of Sonitpur district is
5103 sqg. km and lies 100 meters above the meareseh. It is surrounded by Arunachal
Pradesh in north, the Brahmaputra river and Mong&tagaon, Jorhat and Golaghat districts in
south, Darrang district in the west, Lakhimpur micstin the east and Sonitpur district is located
north bank of river the Brahmaputra within 26°2 &6 N latitude and 92°2 and 93°5 E
Longitude . The study site containing 15 numberlstaa gardens namely C.R.(Chitra Ranjan),
A.S.(Adymoni Sarmah), R.P.(RamPrasad), G.D. (GabinDahal), S.P.(Susil Payeng),
S.G.(Santanu Goswami), R.U.(Rishiraj Upadhya), [Diip Upadhya), B.B.(Bul Bul),
B.D.(Bhatri Day), R.S.(Ratul Saikia), Jamuna teedgn, Manjeet tea garden, Shiva tea garden,
and Trinayan tea garden are located in between tynigher Brahmaputra and Himalayan
foothills of Arunachal Pradesh. Tropical semi eveem, moist deciduous, riverain forest,
grassland, agricultural land and tea gardens agenthin features of the study area.The
temperature ranges from 7°C in January to as sg8BaC in May. The district falls in the Sub-
Tropical climatic region, and enjoys Monsoon typelonate. Summers are hot and humid, with
an average temperature of 29° C. The annual raimfahe district is 2393mm. The climatic
conditions of this area are very suit for the tedtivation. It is interesting to note that the
Monabari tea estate, the biggest tea garden in idsduated in Sonitpur district. According to
the estimate of 2004, in Sonitpur district itsétiere are 62 large tea gardens and 207 registered
small tea gardens covering an area of 497.57 hesctard based on this a numbers of small tea
industries are growing day by day. The location m&fonitpur district is shown in figure 1.
(figure 1).
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Figure 1. location map of Sonitpur District
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Sampling methodology

A total of 45 water samples were collected fronfedént locations of 15 small tea gardens of
Sonitpur district. The sources of the water samplee shallow tubewells (hand tubewell, Tara
pump, and mark tubewell), ring well, ponds andmsaf the tea garden areas. The tubewells are
mainly installed by the factory owners. Water sasplvere collected following the standards
methods collection. Tubewell were operated at I&@sninutes before collection to flash out the
stagnant water inside the tube and to get freshngtevater. The water samples were collected in
clean 1L Poly propylene bottles and stored in arbiox .

Sampleanalysis

The collected samples were analyzed for the paemetiz. pH, EC, TDS, TA TH, SO Ca,
Mg, F, CI, P and NQ". pH of the samples was measured at the sitellsfction by using
the Pocket pH meter (Merck, India), previously stdized by pH 4, 7, and 9 standard buffer
solutions (procured from Merck, India). After detenation of pH, 1:1 HN® solution was
added to each of the water samples collected (i@mH < 2.0), and the samples were carried to
the laboratory for further analysis. E.C, TDS, TQ;*", Ca, and Mg contents were determined
by standard method [16]. The instruments were &l and standardized before carrying out
the analysis. TH, Ca and Mg were determined byleti®ydiamine tetraacetic acid titrametric
methods. S¢¥content present in the water samples were analymbitlimetrically at 450 nm
using a UV-spectrophotometer (SPECORD 40, Analygoa, Germany). FEontents were
determined by SPADNS method [17] SPADNS [2-(p-safgienylazo)-1, 8-dihydroxy-3,6-
naphthalein disulphonate was obtained from E-Marudk SRL. Clcontents were determined by
argentometric tritrametric method [18] . Phosplvads determined by molybdenum blue method
[19] . Nitrate contents were determined by spettobpmetric method [20] . All the reagents
were of analytical grade and were purchased fronckjdndia, which were prepared freshly at
the time of analysis.

RESULTSAND DISCUSSION

The average results (table 1) of the physico-chanparameters viz. pH, EC, TDS, TA TH,
SO Ca, Mg, F, CI, PQ? and NQ of the water samples collected from the small &aens
of Sonitpur district were discussed below in detalil

pH

pH is a term used universally to express the a@dtt basic nature of a solution. In general the
pH of natural water is within the range 6.5 to 8Be guideline value of pH in drinking water set
by WHO/BIS is 6.5 to 8.5 [21]. In this study, thenimum pH was observed at 6.0 in a sample
of ring well of Trinayan tea garden and maximum\pék observed at 8.21 in a sample of hand
tubewell (depth 40 feet) of S.P tea garden. Thet miothe water samples in the study area were
found to be acidic in nature. This may be due ® afsfertilizers like ammonium sulphate and
super phosphate in agriculture [22].
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Table 1. Minimum, maximum and aver age concentration of the water quality parameters
of small tea gardens of the study area

Sl. No. Parameters Min. Max. Average WHO limit BIS limit
(ppm) (ppm) (ppm) (ppm) (ppm)

1. pH 6.0 8.21 6.80 6.5- 8.5 6.5-8.5
2. EC 180 991 570.44 750 -
3. TDS 115 634 363.28 1000 500
4. TH(CaCQ) 104.63 369.73 215.13 300-600 300-600
5. ce” 15.2 96.2 43.48 75-200 75-200
6. Mg* 10.54 58.1 25.7 30-100 30-100
7. TA 43 360 167.33 200 200
8. F 0.1 5.6 1.29 1.0-1.5 1.0-1.5
9. cr 11.3 149.99 59.9 250 250
10. PO B.D.L 1.14 0.2 - -
11. NOs 0.14 12.86 2.49 50 45
12. SO 0.94 15.0 7.53 200-400 200-400

E.Cisin uS/cm, and all other parameters are impB.D.L- Below detectable limit. W.H.O-World Héalt
Organization, BIS- Bureau of Indian Standard.

Electrical conductance (EC)

EC is a measure of water capacity to convey eteaurrent due to presence of dissolved
substances in water . USPH recommended pernedsitit for EC is 300 uS/cm. In the present
study the values of EC were ranges from 180 puSken®al pS /cm. The minimum and
maximum values were observed at 300 uS/cm and $3dmurespectively in one samples of
hand tubewell of each of the two small tea gardearsely R.P and Jamuna tea garden. High
value of EC indicating the presence of high amairdissolved inorganic substance in ionized
form. Nutrient enrichment due to fertilizers mayhance TDS and it, in turn, increase the EC
since these two parameters are directly relateétet other) [23].

Total dissolved solids (TDS)

TDS indicates the salinity behavior of water. TD&tent is usually the main factor, which

limits or determines the use of ground water foy parpose [24]. Water containing more than
500ppm of TDS is not considered desirable for dnigkwater supplies. In the present study
values of TDS were found to be varied from 115ppr634 ppm. The minimum value 115ppm

was recorded in a sample of R.P tea garden anchéxenum value was recorded at 634 ppm in
a sample of Jamuna tea garden. Nearly 13% sammes @xhibited TDS values outside the
permissible limit 500 ppm [25]. The high value d$ may be due to the leaching of ions from
the tea garden soils and rocks and also from theudtyiral fields.

Total hardness (TH)

Hardness is the property of water which prevengsi@ither formation with soap and increased
the boiling points of water. In the current stublg values of hardness were exhibited a minimum
of 104.63 ppm to maximum 369.73 ppm in the stué@aaHardness is mainly depends upon the
amount of Ca and Mg salts or both. Though the ressins not harmful to health, it has been
suspected to be playing some role in heart dis@ds minimum value of TH was recorded at

104.63 ppm in a sample of R.P tea garden and mawivalue was observed at 369.73 ppm in a
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sample of Jamuna tea garden. Overall 13% of tlaé ¢otlection of the water sample was found
to have TH values above the WHO/BIS limit for dimdk water. The presence of dissolved salts
and minerals in the soil of the tea gardens mayecdthe concentration of TH in the tea ground
water of the study site. At the same time the dggatcals applied in the tea gardens directly or
indirectly might affect the concentrations of ag@amumbers of inorganic chemicals in ground
water which effect the concentration of TH in wd&g].

Total Alkalinity (TA)

The alkalinity of water is its capacity to neutealiacids. Most of the alkalinity of natural water i
caused by bicarbonates, carbonates and hydroxidethe present study, the minimum and
maximum alkalinity ware recorded at 43 ppm and B respectively in one sample of each of
the two tea gardens namely C.R. and R.S respegti®&? samples of the total collection from
the study site had TA value above the drinking wgtedeline value (200ppm) of WHO/BIS. It
may also be noted that in polluted waters, otheatiee ions like PG5, NO; may contribute to
alkalinity.

Calcium and Magnesium (Ca and Mg)

Ca and Mg are directly related to hardness. In98é6 ground water of the world are dominated
by Ca and bicarbonate ions due to lime stone weathén the catchments and underground
water beds. Calcium is very essential for nervorsdesns and for formation of bones. In this
study the observed values of Ca concentration veerges from 15.2 ppm to 96.2 ppm. However
only 6.66% of samples of total collection had Canammtration above the drinking water
guideline value (75ppm) of WHO/BIS. Although theusces of Ca in water samples mainly
due to the lime stone weathering, the prolongedcmmicals activities prevailing in the tea
gardens may also directly or indirectly augmentrthieeral dissolution in ground water [26]. In
the present study it was noticed that the conceotr@f Mg was comparatively lower than the
concentration of Ca. Mg tolerances by human bodyl@wer than Ca. High concentration of Mg
in drinking water gives unpleasant taste to the ewaPresent study revealed that the
concentration range of Mg in the water samplesect#ld from the tea garden areas of Sonitpur
district were varied from 10.54 ppm to 58.10 pprheTminimum value was recorded at 10.54
ppm in a sample of R.U. tea garden and the maximalwe was recorded at 58.10 ppm in a
sample of S.G tea garden. Almost 33.3% samplestalf ¢ollection had Mg concentration above
the WHO/BIS guideline value (100ppm) for drinkingter.

Fluoride (F)

High concentration of Fin drinking water can cause an adverse effect omam beings.
Continuous consumption of water having highcBntent can cause diseases, like fluorosis,
dental carries and bone diseases [27]. In the prestedy the concentration of i water
samples of the tea garden areas of the study site vanges from 0.10 ppm to 5.60 ppm. The
minimum value was observed at 0.1 ppm in a sampl&rinayan tea garden area and the
maximum value was recorded at 5.6 ppm, found ianapde of S.P. tea garden. The high amount
of F present in water may due to leaching and weatheoingocks like fluorspars, rock
phosphate and phosphites. From the survey in thgaslen areas it was found that the presence
of high amount of Hn few water samples of the tea garden areag due to use ofynthetic
agrochemicals. Modern agriculture practice, whitbolves the application of fertilizer coupled
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with pesticides, contributes” Fo ground water [28]. In some small tea garderasrthe
concentration of Fin the water sources were found below the desrdibhit (1.0ppm) of
WHO/BIS. This may be due to dilution of water bynrf29]. Overall almost 49% samples of the
study area had Eontents more than WHO/BIS guideline value fonkirng water. The presence
of F in high amount in the ground water of Darrangrdistadjuscent to Sonitpur district (study
area) [30]. and Nagaon and Karbianlong distri8].[lwere also been reported. It is interesting
that the entire fluoride-affected region is in th@me geological set-up [31]. It seems more
appropriate that rocks rich in minerals have contributed to the enrichéatdntent of ground
water during the course of weathering of rock tyfhasrspars, rock phosphate and phosphites.

Chloride (CI"):

CI" occurs in all types of waters. People accustoraddgher chloride in water are subjected to
laxative effects . The chloride contents normatigreases as the mineral contents increases [32]
. The range of Clconcentration in water samples of the tea gardeasaof the study site were
ranges from 11.3 ppm to 149.99 ppm. The minimum3Jpm) and maximum concentration
(149.99 ppm) of Clin the study site were recorded in one sample ofi @ C.R. and R.P. tea
garden respectively. Study revealed that 100% sesnpf total collection were within the
WHO/BIS guideline value (250ppm) for drinking watér natural waters, the probable sources
of CI' comprise the leaching of chloride-containing matei(like apatite) and rocks with which
the water comes in contact, inland salinity and dmcharge of agricultural, industrial and
domestic waste waters [33] . Agricultural applioatof K as a plant nutrient commonly results
in CI" contamination of recharging shallow groundwat&j [1

Phosphate (PO.%)

Phosphate in natural water mostly ranges betweéd5@pm to 0.020 ppm [34] . Phosphate may
occur in groundwater as a result of domestic sewdgeergents, agricultural effluents with
fertilizers and industrial waste water. Its cont@mtpresent investigation ranges from below
detectable levels to 1.14 ppm. The maximum valdd ppm is found in Trinayan tea garden.
The United States Public Health Standards limit gbhosphates in drinking water is 0.1 ppm
[35]. From this examination it was found that 46.8%water samples had BOabove permitted
level of USPHS. Use of phosphate as fertilizereia gardens perhaps contributed the phosphate
in drinking water sources. In tea gardens of samifistrict, Assam application of synthetic
Fertilizers is a common practice [2].

Nitrate (NOg3)

NOs from chemical fertilizers used in the plantationdafields can be transported into the
drinking water sources either vertically or horitaly with the rainwater during rainy season.
Ground water can also be contaminated by sewageothedl wastes and other wastes rich in
nitrates. The N@ content in the water samples of the study are@ddrom 0.14 ppm to 12.86
ppm. The minimum value (0.14 ppm) and maximum v&i@286ppm) of N@ were recorded
one sample of each of the tea gardens namely BdDRSS. respectively. Study reveals that none
of the samples exceeds the permissible limit (45ppMWVHO/BIS for drinking water which
may be due to soil type of the garden areas. Bleiogely bound to soils, nitrate is expected to
be more in runoff and hence its concentration during rainy season [27]. Nitrogen
fertilizers applied to fields are the primary sauaf NQ in shallow ground water. Nitrogen
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fertilizers not used by crops can be carried to wheerlying aquifers by water percolating
through the soil [36]. Problem with nitrate leaaiiare often associated with the excess use of
fertilizers and high in rainfall areas, or withigation on sandy soils, and sometimes with large
feedlot operation [37].

Sulphate (SO,%)

SO, the common ion in water can produce bitter tasteigh concentration. S® salts of Na
and Mg may exert a cathartic action in human beifiggs also associated with respiratory
diseases. SO occurs naturally in waters as a result of leactiom gypsum and other common
minerals. S& form soluble and insoluble salt with various casioln the current study the
observed value of S® concentration were ranges from 0.94 ppm to 15gdimimum value
was found in a water sample of R.U. tea gardenmaaxdmum value was found in a sample of
S.P. tea garden. Study revealed that 100% sampléected from the tea garden areas of
Sonitpur district were all within the permissibimit (400ppm) of WHO/BIS for drinking water.
The lower sulphate value in the drinking water si@spf the region could be due to the reason
that SQ* may easily precipitates and settles to the bottbtheo sediments of the river [38].

Statistical analysis

Interrelationship studies between different vaesalkdre very helpful tools in promoting research
and opening new frontiers of knowledge. The studycorrelation reduces the range of
uncertainty associated with decision making. Theenical values of correlation coefficient (r)

for 12 parameters examined here in this study @men in table 2.

Table2: Correlation of different water quality parametersin some of the small tea gardens
of study site

pH EC | TDS TH ]| TA | Ca Mg| F Cl PO4 Nd3 Sd4
pH 1
EC | -017] 1
T.D.S| .038 | 920 |1
TH |-305|.327 | .270 | 1
TA |-063 | .797 | .753" | 444 | 1
Ca 456 | 299 | 208 | 837 | 518 |1
Mg -014 | 217 | 231 | .784] .182 | 3081
F 658 | -.078 | -.047| -280| -.051 .330.109| 1
Cl -055 | .016 | -.050/ .031| .027| .180 .146 -Q06 1
PO4 | -161| .109| .148| .076] .082 .116 .J00 -.141 -]210
NO3 | -.166 | .545 | 522" | 202 | 559 | .289 | .021] -.029 -.068 .145 1
SO4 | -.018]| .345].375 [.140 | 231 | .033] .205 .072 071 .0B8 .72 1
*Correlation is significant at the 0.05 level (2itd).

**Correlation is significant at the 0.01 level (2ited)

The high positively correlated values were fountivieen TDS and EC (0.920), EC and TA
(0.797), TDS and TA (0.753), TH and 40.832), TH and Mg (0.784), pH and T0.658),
some moderate correlation was observed betweemB@&; (0.545), TDS and N© (0.522),
TA and NQ (0.559), TA and Cd (0.518), pH and G4 (-0.456) some weak correlations were
also observed between TDS and Mg (0.217), EC and R®109), whereas pH show negative
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correlation with all parameters except TDS and F- showed negative correlation with all
parameters except pH. The positive correlation betwconductivity and alkalinity is because
the properties of conductivity are governed by tharacteristics of the constituents inorganic
salts dissolved in water. At the same time samg&ta were subjected to statistical treatment
using normal and Gaussian distribution statist8sme more statistical estimates derived from
the normal distribution were also made in the prestudy for analysis the water quality data
which were given in table 3.

Table3: Normal distribution statisticsfor pH, EC, TDS, TH, TA, Ca®*, Mg*, F, CI', PO,*,
NOj3, and SO,* in some of the small tea gardens of the study site

\ pH EC TDS TH TA cd' | Mg® | F cr | PO¥ | NO; | SO

Mean 6.80 | 570.44 | 363.30| 215.13| 167.33|43.48| 25.90 | 1.29 | 59.90| 0.20 2.49 7.53

Median 6.87 | 540.00| 347.20| 198.17| 172.00| 42.23| 25.00| 0.98 | 54.98 | 0.09 1.15 6.58

Mode 6.92 | 540.00| 148.20| 104.63| 172.00| 48.10| 23.20| 1.50 | 54.98 | 0.00 0.23 4.17

Std. Deviationp 0.40 | 2.07 |137.40, 71.93 | 82.07 |18.79| 10.18| 1.27 | 28.40| 0.25 3.58 3.61

Variance 0.16 | 4.31 | 18880| 5175.3| 6736.9| 353.3| 103.67| 1.61 | 806.82| 0.06 | 12.84 | 13.07

Skewness | 0.54 | 0.053 | 0.04 0.58 038 | 0.85| 0.75 | 223 | 0.74 | 1.69 2.08 0.34

Std. Errorof | 4 o5 | 5354 | 035 | 035 | 0.35 | 0.35| 0.35 | 0.35| 0.35 | 0.35 | 035 | 0.35

Skewness
Kurtosis | 2.32| -574 | -70 | -43 | -52 | 078] 091 | 483] 071 | 2.94 | 301 | -60
Std. Eror of | 5 605! 069 | 0.69 | 069 | 069 | 0.69| 0.69 | 0.69| 0.69 | 0.695| 0.69 | 0.69
Kurtosis

Range 2.21 | 811.00|521.50| 265.10| 317.00| 81.00| 47.56 | 5.50 | 138.69| 1.14 | 12.72 | 14.06

P25% 6.50 | 425.00 | 265.28| 163.65| 100.00| 28.77| 18.56 | 0.52 | 36.33 | 0.015| 0.49 4.72
P50% 6.87 | 540.00| 347.20| 198.17| 172.00| 42.23| 25.00 | 0.98 | 54.98 | 0.09 1.15 6.58
P75% 7.03 | 730.00| 466.82| 266.82| 211.00| 54.75| 31.60| 1.50 | 84.92| 0.31 2.23 9.90

Sample variance {j: Sample variance is given as the square of thelatdrdeviation (r).

Kurtosis: Kurtosis is an indicator of the relatisisarpness or flatness of the peak compared to
normal distribution. Positive kurtosis indicatessharp distribution while negative kurtosis
indicates a flat one.

SkewnessA measure of the symmetry of the distribution. Reemal distribution is symmetric,
and has a skewness value of zero. A distributidh wisignificant positive skewness has a long
right tail. A distribution with a significant nega¢ skewness has a long left tail. As a rough
guide, a skewness value more than twice its stdnelaor is taken to indicate a departure from
symmetry.

Percentile (P): Percentile at 25%, 50%, 75% were calculateat R5% is called first quartile, at

50% second quartile and at 75% third quartileisRalso known as the cumulative probability
function which lies in the range 0 <1 for i=1,.....,n.
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CONCLUSION

A comprehensive statistical analysis of water patamof small tea gardens of Sonitpur district,
Assam has been carried out with special refereaqeHt EC, TDS, TH, TA, Ca, Mg, FCI,
PO,*, NO; and SG@*. Statistical observations showed that all thesamaters exhibited an
asymmetric distribution with a long asymmetric tail right of the median. The width of the
third quartile was consistently found to be morantithe second quartile for each parameter.
Difference between mean and median in each casepedMg high standard deviation and
positive kurtosis in most of the cases indicatd tha distribution of water parameters in the
water samples of the study area was widely off mbrWide data range in each case indicates
the presence of extreme values in the form of enstliwhich were likely to bias the normal
distribution statistics . In the present situatihrese drinking water sources are not safe for use
in the tea garden community which may lead to mvmking water quality. The continuous and
uncontrolled use of different chemicals in the geadens areas of this region may increase the
pollution rate which may lead to cause an adveesstin effects to the tea garden community.
The only way to get rid of such health problems rhayise of organic agrochemicals in place of
synthetic agrochemicals in the tea gardens foebetibductivity and growth rate. For the same
awareness and training programs should be condtmtéde NGO’s and the local people for the
sustainable management of drinking water sources.
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