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ABSTRACT

The lower catchment of Jia Bharali river basin aadjoining areas defined by the Arunachal Himalagaards
north, Brahmaputra river towards south, Jia Gabhariver and Ghiladhari river towards west and east
respectively, is characterized by a network oftidlst fed rivers and numerous static water bodiekdd to fluvial
activities. The surface water regime is primarilyomsoon dependent, although the trunk channels vecei
significant contribution from ground water duringadn season. This study presents a comprehensigssassnt of
surface water quality of the area based on analgsisix datasets representing thirty five pointrees and three
consecutive years (2008 — 2010). The physico- adatnparameters show variable spatial and temporal
relationships. The major ion contents show the dr&a>Na>Mg>K while anion composition follow the tra
HCO;>CI>S0O,>>P0O>NOs in both the wet and the dry season. With respettié physico — chemical parameters,
the surface water sources of the Jia- Bharali cateht and adjoining area are found to be suitabledomestic,
agricultural and industrial use.

Keywords. Surface water quality, Jia-Bharali river basimalBmaputra plain.

INTRODUCTION

The Jia Bharali river catchment area is boundetbbgitudes 9200 - 925E and latitudes 2639 - 28°00 N. The
Jia Bharali, one of the major tributaries of theeri Brahmaputra, flows down from the lower Himalsya
Arunachal Pradesh in the northeastern India and tlmough the middle of Sonitpur district of Ass@mdia) for
about 66 km before meeting the Brahmaputra at Te@#5353' E: 263915’ N). The river known as Kameng in
Arunachal Pradesh flows orthogonal to the Himalalymnost pattern and deflects along the Tipi Thimstorth and
foothills fault in the south respectively, beforebduching into the foreland at Bhalukpung*(88E: 27 01'N)
where it takes the name of Jia Bharali. The redian extensive tea-plantations and paddy fields. ridréhern
portion is made up of Reserve Forests and spapsgiulated forest-villages. The region abounds odiversity
with evergreen and deciduous trees of many types.

The average annual suspended sediment load ofvrerecorded at this gauging site was 2,143 h&2mThe
climate of the study area is sub-tropical in natwith hot and humid summer, followed by dry autuemd cold
winter (November to February). South west monsdaomé- September) brings most of the precipitatiat show
increasing trend from south to north (~ 1500 cm®®@@m). The trunk channels of Jia-Bharali, Jia Gabh
Ghiladhari and Dipota together with their netwofanthills fed channels and numerous static whtsties linked
to fluvial activities, from the surface water regof the study area. These water bodies are extngised as
source of domestic water supply apart from the wibdgs dug wells. Irrigation use of the surfaceewas however
very minimal. The area lacks significant industréesl large scale commercial farming. However ebk/arounds
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are extensively used for tea cultivation. As such significant human intervention contributing teds surface
water quality may be the chemicals used in thesgaedens.

Anthropogenic influences such as urban, indusaiad agricultural activities increasing exploitatiof water

resources as well as natural processes, such eipif@éon inputs, erosion, weathering of crustadtemials, etc.,
degrade surface waters often making their use Hamarfor drinking, industrial, agricultural, anchet uses [1].
Spatial and temporal variability of surface wateurges may be affected by hydrologic inputs in fiben of

precipitation, direct overland flow, subsurfacewlthrough shallow soils, drainage from shallow aegp aquifers
and in stream processes such as dilution, releasadsorption of metals from sediments, etc.

The Jia-Bharali river basin is one of the mostaleped regions in the north Brahmaputra plain, s been
observed in the recent years that intensive agmi@) urbanization, development of small industrie the basin
have become important factors in rapid deterionatibthe water quality of almost all surface wabedies in the
basin. The present study assesses the seasontrapdral variability of surface water quality inetlia Bharali
river basin and estimates their susceptibilitiesitanges on the ground.

MATERIALSAND METHODS

Water samples from 35 sources consisting of streewess, and public ponds spread over the entia af the Jia-
Bharali river basin were collected from pre-selddtecations twice a year (monsoon and post-monsfuorg three
year period from 2008 to 2010, (Fig. 1) 1 L polyd#éme containers, pre-cleaned with 10 % reagerdegratric

acid, followed by rinsing three times with deiomis@ater and thoroughly dried in a fume hood weredufor

sample collection. Standard methods [3] were foddvin collection, storage and analysis of the wstanples. Na
and K were determined with a flame photometer (E@l. 361), the anions, sulphate, phosphate andtaitrith

UV-visible spectrophotometer (Hitachi 3210), tati@solved solids (TDS) by evaporation method, tbtaidness,
Ca, Mg, chloride and bicarbonate by titrimetric huat.
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Fig. 1 Thelocationsfor surface water samplingin the study area.
RESULTSAND DISCUSSION

Since most of the water sources are being usetéigeaople for domestic purposes (including cooking in some
cases for drinking), the results have been comparddWHO guidelines for drinking water quality &ssess their
suitability for consumption. Basic statistics oétivater quality data with respect to minimum, maxim and mean
values along with standard deviation are givenabl& 1. The results can be discussed as follows:

The surface water sources were found to experigrectemperature of 22- 27°C in the wet seasons and’1723C

in the dry seasons. The surface water sampleg ¢hiffeabout 10°C with respect to temperatures ofatbeseasons
and the dry seasons and the temperature changeyisimilar in all the locations. In the dry seasdhe river water
sources showed lower water temperature (17 — 2@nwiompared to the wet season water temperatuhes. T
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temperature differential is likely to play an imfpott role in governing species diversity because, finsects,
zooplankton, phytoplankton, and other aquatic szeall have a preferred living and breeding tentpezaange.

Table 1. Physico-chemical characteristics of the surface water sources. (BDL: Below detection limit, SD
standard deviation and all other parametersin mg/L).

Wet season Dry season
parameter - -

Min Max  Mean SD Min Max  Mean SD
pH 6.1 7.4 6.7 0.3 6.3 8.0 6.8 0.4
TDS 55 130 86 19 70 170 102 25
Hardness 29 112 55 17 35 153 7 26
Ca 2.2 26.3 6.4 4.7 3.6 24.6 9.9 4.5
Mg 0.8 9.1 3.4 2.4 1.6 11.2 5.3 2.8
Na 35 11.2 55 1.7 4.3 13.8 6.6 1.4
K 0.8 5.1 2.6 1.1 1.5 6.2 2.7 0.8
HCO:* alkalinity 18 39 25 6 28 54 38 7
Cl- 5.9 25.3 10.9 4.0 9.8 28.7 15.5 49
SQ* 1.8 14.2 6.5 3.2 34 24.4 9.8 4.2
NOs BDL 1.23 0.17 0.32 BDL 043 0.04 0.09
PQ?’ BDL 148 011 023 BDL 114 009 024

The surface water samples were found slightly alkah nature (except a few sources) during bothstrasons with
the averages being in the range of 6.1 to 7.4enatbt seasons and from 6.3 to 8.0 in the dry seaJdwe water is
thus suitable for irrigation purposes with resptctpH, i.e. there is no alkalinity hazard. With pest to the
classification of the surface water sources, it whserved that the river waters have pH from 63.6-and the
ponds 6.2 — 7.8 for both the seasons. In the wasoses, a few of the surface water sources showiglic ac
characteristics (pH < 7.0) in comparison to thofahe dry seasons. It is known that due to the ges of
carbonate (C€) and bicarbonate (HGQ ions in solution, the pH of most natural wateslbetween 6.5 — 8.5, but
values lower than the minimum limit may be due hlie presence of dissolved carbon dioxide and orgagciis
(fulvic and humic acids), derived from the decay anbsequent leaching of plant materials [4]. Tha also be
related to the basin characteristics, particultry wide distribution of lateritic soil whose pHatwvays acidic [5].
As the study area is surrounded by extensive dtuial fields, the low pH could be related to theewf acid
producing fertilizers like ammonium sulphates angdes phosphates of lime [6].

The TDS varied from a minimum of 55 mg/L to a madimof 130 mg/L with a mean value of 86 mg/L in thet

seasons and from a minimum of 70 to a maximum 6frhg/L with a mean value of 103 mg/L in the drysess.
The values are generally higher in the dry seasmesmainly to reduction in water volume. When TD3000
mg/L [7], the water is likely to have objectionaltéestes; however, no water sample in the preserk,wad TDS>

1000 mg/L. Total dissolved solids represent the wamhmf soluble inorganic substances in the watérafigd
originates from natural sources, sewage, urbanffunwlustrial wastewater and chemicals used in weater
treatment process. Majority of the sources (79.8 ¥he wet season and 57.2 % in the dry seasor® TBs < 100
mg/L in both the wet and dry seasons.

The total hardness of the surface water is depermtethe presence of Ca and Mg contents that ¢héewater
bodies through residues of soaps, detergents amdtgazed rock materials made up of Ca, Mg and atetal ions
[9], [10]. The average total hardness values ofsinace water samples varied from 29 — 112 mghth &imean
value of 56 mg/L in the wet seasons and 35 — 158 mith a mean value of 77 mg/L in the dry seasd#sing
Durfer and Backer [11] classification, the surfagater bodies in the study area could be categorseshown in
the Table 2.

Table 2. Durfer and Backer classification of Hardness

% surface water sources

HD
Class Hardness as CaCO3 (mg/ et Season  Dry Season
Soft 0 - 60 79.9 28.6
Moderately Hard 61 -120 20.1 65.7
Hard 121 -180 NIL 5.7
Very Hard > 180 NIL NIL
Total 100 100
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It is seen that 5.7 % of the surface water souacesn ‘very hard’ class during the dry seasonsraagbrity of the
surface water bodies are in soft category in thessasons (obviously due to dilution). As much a5 6% of the
sources are under moderately hard category infheahsons. It is found that all surface water ésdhias hardness
(CaCQ/L) well below the WHO [7] permissible limit of 50@g/L.

Calcium and magnesium have wide variations in \&allii&e average values are Ca: 2.2 — 26.3 mg/L &hd 38.9

mg/L; Mg: 0.8 — 9.1 mg/L and 1.6 — 11.2 mg/L in tlvet and the dry seasons respectively. Except wvap (30

and 33), all the other sources has higher valueslsfum in the dry season than those in the was@® None of
the values exceed the guideline value of 75 mg2]. [Out of 35 surface water bodies analysed, 5af %he sources
have higher magnesium content in the wet seasorttendemaining 94.3 % of the water samples shovidrig
values in the dry season. In both the rainy andsdasons, all the water samples have Mg belowtieine value

of 30 mg/L [12].

Sodium contents were in the range of 3.5 — 11.2 mythe wet seasons and 4.3 — 13.8 mg/L in thesdgsons
while potassium contents were from 0.8 — 5.1 mg/lthe wet seasons and 1.5 — 6.2 mg/L in the drgosea It is
found that 85.8 % of the surface water samples shigiver values of sodium in the dry season thathénwet

season. As in the case of Na, 77.3 % of the suMater bodies showed more potassium content iltheseason
than in the wet season. Only 2.8 % (one) sourcéiseiiwet season and 5.7 % sources in the dry seese@nfound
to have potassium content above 5 mg/L. Sodiunoisd in association with high concentration of cide

resulting in salinity while potassium is a companehpotash fertilizers and animal waste. The radtaources of
potassium in water are the minerals of local igsemcks such as feldspars (orthoclase and micej¢lmica and
sedimentary rocks as well as silicate and clay raleg13].

From the above analysis, it is seen that the majocontents of the surface water sources follosvttend, Ca > Na
> Mg > K, in both the wet and the dry seasons.

Bicarbonate content (as Cag)@f the surface water samples varied from 18 m8@ in the wet seasons and 28 —
54 mg/L in the dry seasons. No carbonate £ @lkalinity could be found as dissolved carboratse the pH to
more than 8.3 and in the present study; the susaiese pH was lower than this value [14]. The tatiidalinity is
therefore almost entirely due to the presence adrbbnate, which was found at slightly higher Isvel the post-
monsoon period indicating that some contributioghihave come from the carbonate weathering protesso
heavy downpour in the catchment.

Chloride in this work shows a wide range of valfresn 5.9 — 25.3 mg/L with a mean value of 10.9 mgyithe wet
seasons and from 9.8 — 28.7 mg/L with a mean vafiuék.5 mg/L in the dry seasons. 91.5 % of theaaafwater
sources have higher chloride content in the drg@aathan those of the wet seasons. High concemtiatchloride
makes water unpalatable and unfit for drinking bwelstock watering. However, all the surface wateurces show
Cl values below the permissible limit of 200 mg/L5] which can be attributed to (i) the rate of mdstion of
agricultural and domestic wastes to the surfaceewhbdies (the area is not industrial) is low afiyl the
contributions from the geological formations of theea is not much significant preventing the sasirftem
excessive chloride accumulation [16].

Sulfate enters surface waters from groundwater,otkidation of sulfide minerals during chemical weaing,
atmospheric deposition from acid rain, human andmah waste, farming, and industrial processing and
manufacturing [17]. The sulphate contents of th&rban the present study are much below the peilphésBmit for
drinking water (400 mg/L, [7]) with the values ramg from 1.8 to 14.2 mg/L in the wet seasons ardt8.28.4
mg/L in the dry seasons. The variation of sulpltatecentration in both the seasons is thus very.viftdas many as
85.8 % of the surface water sources, the sulplmatient is higher in the wet season than in thesdason.

The surface water of the investigated area contaihssmall amounts of nitrate from BDL to 1.23 ing the wet
and BDL to 0.43 mg/L in the dry seasons (Maximurmpssible limit 50 mg/L as nitrate for drinking veat [15].
Smaller values of nitrate in the study area indi¢htt the nitrifying bacteria are not much active to the presence
of anaerobic conditions (the area having a wateerctor most of the time) for the large part of gear. The nitrate
concentration varies seasonally and generally abiserved that nitrate concentrations of the sarfaater sources
are more in the wet season because of nitraternicbff. In 79.9 % of the water samples, nitrateatration is
higher in the wet season while the rest 20.1 % shighier values in the dry season. Nitrate is on¢hefmost
frequently introduced pollutants into surface watgstems and is being implicated for diseasesHijgertension,
cancer and birth defects [18]. In the present stea however the nitrate concentration is too Istoalvarrant
special attention.
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The phosphate contents in this work are from BDI.#8 mg/L in the wet seasons and from BDL to InigIL in
the dry seasons. In 88.5 % of the surface watepksmnphosphate concentration is higher in thesgason than the
dry season. The presence of vast paddy cultivatidhe study area suggest that agricultural rursothe probable
source for this concentration. Easy solubility isoaresponsible for phosphates finding their watp water from
animal waste, runoff from agricultural land dudedilizer use, and detergent-filled domestic wastter [19].

Thus, the anion composition of the surface waterses is dominated by bicarbonate, chloride anghaik (in that
order) with almost insignificant contribution fropmosphate and nitrate, the order being HCO3 > 80>>> PQ
> NOsin both the wet and the dry seasons.

Piper Classification
In the present study, Piper trilinear diagram [20hstructed (Fig. 2) on the basis of the experialensults shows
that the surface water samples can be groupedviattypes as shown in the Table 3.

Table 3. Piper Classification of surfacewater sources

Piper Number of surface water sources
Area Water type
Wet season Dry season
5 Alkaline earth and weak acid are dominating 26 32
9 No cation anion pair exceeds 50 % 9 3
Total 35 35
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Ca 80 [——] U Natk HCOg+C0p 20 M— & & cl
Calcium (Ca) Chioride (Cl)
CATIONS ANIONS
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Ca & 60 —40 0 Nk HCOpCOg 2 40 —60 &0 cl
Caleium (Ca) Chioride (Cl)
CATIONS ANIONS

(a)
Fig. 2 Piper diagrams of the surface water sourcesin (a) thewet and (b) the dry season.

The classification reveals the preponderance alliakk earths (Ca, Mg) and weak acids (HE@ver alkalis (Na, K)
and strong acids (SQOCI) in the surface water of the majority of sitdfshe study area, thereby indicating calcium
and magnesium bicarbonate type of water. The segang of the remaining 9 sites of the surface wsdenples in
the rainy season and 3 sites in the dry seasonsshowdominant type of water class (no one catidorapair
exceeds 50 percent).

CONCLUSION

This study shows that the surface water sourcemnéharound Jia Bharali lower catchment are chaiaetk by
physic chemical parameters well within the WHO prieed limit for drinking water. As such the watswurces
may be used safely for both domestic and industsak as well as for irrigation. Spatio - tempwealability of the
physico - chemical parameters from this study mayubed as future baseline data to monitor and neanag
changes with changing land use.
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