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ABSTRACT

This study examines the major ion chemistry of the Tenga River in the Dahung area in Arunachal
Pradesh of India. The samplings were carried out during the post-monsoon period and all the
analysis were carried out following the standard procedures. Tenga river water is characterised
by the following relative ionic abundances: Mg > Ca > Na > K > Feand SO, > ClI" > NO3; >
PO, . Hydrochemical analyses indicate that dolomite weathering and dissolution of feldspathoid
group and evaporite sediments are the major contributing factors towards the composition of the
river water. In the absence of major industrial activity in the region, the other significant impact
on water quality of the river is due to the agricultural and livestock operations through farmland
runoff.
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INTRODUCTION

Chemical composition of river water is due to difiet natural sources which includes
precipitation (rainfall, snowmelt), chemical weaihg in drainage basins, contribution from
springs and aquifers and also due to anthropogeflicences (agricultural activities, waste
disposals etc.). Significant information on thersees of elements to the river, their mobility in
freshwater systems, estimates on chemical erosites rand uptake of GQ@luring chemical
weathering can be derived from the chemical contiposof river water[1]. Such data from
chemical analyses of river water also provideslihgsis to assess water quality for domestic,
agricultural and industrial usage. In the last tbeeades, a lot of research has been carried out to
study the chemical and isotopic composition of maijeer basins of the world. In India, also,
investigations have been done in major river badwesthe Ganga, Yamuna and Brahmap{@ra

— 6]. In general, the rivers traversing the Himalayanges have attracted more interest in this
regard and the main reason cited behind such integtudies on the Himalayan river basins is
to examine whether silicate weathering in the Hayalis a driver of global change during the
Cenozoic periodl]. However, such studies are very limited in thenhadjitude river systems of
North-East India Himalayan range. This particulamcludes the vast tract of Arunachal
Himalayas.

141
Scholarsresearch library



H. P. Sarmaet al Arch. Appl. Sci. Res., 2011, 3 (6):141-146

In general, the information on river water qualifiyArunachal Pradesh is scanty. We have not
come across any such attempt that has been madealyse the major ion chemistry of Tenga
River water. In the present study, an attempt e bmade to present the chemical profile of
Tenga river water and to interpret the compositioakations in water alongwith the co-genetic

behaviour of elements and ions using statisticalkto

The area has not seen any major industrial devedapand as such, pollution of water resources
in the area due to industrial activity can be ruted. However, the use of agro-chemicals,
anthropogenic wastes and chemical weathering ¢dsroould possibly lead to pollution of water
by heavy metals and other toxic compounds.

Study Area:

The Tenga River flow through the Himalayan rangeAranachal Pradesh within the Kameng
river system. Geographically it flows through Kakakg, Rupa, Singchung and Jamiri circles in
the West Kameng district of Arunachal Pradesh. Teaga River flows approximately 55
kilometres from Rupa town before joining Bichom &iwvhich happens to be a major tributary
of Kameng River. Tenga originates from the glapiadks in the Sakteng region of Bhutan at an
approximate location of 27°18'24.48"N and 91°598®'E.Geologically, the principal rock type
developed in the catchment area of Tenga River dgagof Siwaliks (Tertiaries). Geochemical
mapping done by GSI reveals the occurrence of giterdolomite, feldspars and phyllite in the
region [7]. The samples were collected within the Singchuingec of West Kameng district
within a stretch of ten kilometres.

2 292 22 92 92
5 L

Map of Dahung Watershed, Arunachal Pradesh

27
27

2] v—b‘lzs— z
R4
m

T
27

Rupa Circle

T
a7

Jamiri Circle

27
T
27

Legend

[ Dahung Watershed Boundary
B Dahung River
Drainage network

27
T
27

MATERIALS AND METHODS

Methodology:
Water samples were collected during the post-mangdimvember 2009) period from eight
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locations along the river at regular intervals. @osite water samples were collected in two sets
in pre-cleaned high-density polyethylene (HDPE)Ibset(500 ml capacity) from each sampling
locations. After collection, the samples were imragsly transported to the laboratory and stored
in the refrigerator at 4°C prior to analysis. Thethods outlined in Standard Methods for
Examination of Water and Wastewal8} was followed for analysis of all the physico-cheati
parameters. The different parameters selectedi®istudy and the methods adopted for analysis
are shown in th&able 1.

Table 1: Methods adopted for analysis of differentvater quality parameters

Parameters Methods/Instruments
pH pH electrode (ELICO model)
Electrical Conductivity Conductivity meter (ELICOaulel)
Turbidity Nephelometer
Ca, ClI, Free Cg) Alkalinity, Total Hardness, DO  Titrimetric method
Mg Magnesium by calculation
Na, K Flame Emission Photometric method (ELICO model)
Nitrate, Sulphate, Phosphate UV-Vis Spectrophotem@himadzu UV Mini 1240
Iron Atomi_c Absorption Spectrophotometer
(Perkin Elmer Analyst A200)

Chemical data generated were statistically analymedg SPSS version 16.0. Multivariate statistical
analysis was performed on the chemical dataseg d&gimcipal Component Analysis (PCA).

RESULTS AND DISCUSSION

Table 2: Descriptive Statistics of the analysed cha@cal parameters (at 8 locations)

Parametery Minimunf Maximuh  Meah  Std. Deviatjon Skess| Kurtosid
pH 6.9 7.3 7.21 135 -2.190 5.358
EC 163.2 210 177.58 16.87 1.477 .830
Turbidity 3.1 6.6 4.25 1.17 1.255 1.493
DO 6.05 12.97 9.22 2.95 .287 -2.122
FreeCO2 39.6 66.0 55.49 8.56 -.859 327
Alkalinity 200 260 230.25 20.44 .000 -1.118
TH 216 256 229.75 12.07 1.632 3.458
Ca 24.04 48.09 29.54 8.17 2.040 4.444
Mg 26.33 42.93 38.05 5.15 -1.960 47711
Cl 24.14 31.24 29.11 2.74 -1.277 .18%
Na 6.4 8.9 7.5 .86 .485 -.855
K 25 5.2 3.9 1.13 -.323 -2.154
Iron .35 .878 .546 21 1.132 -.360
Nitrate .45 482 466 .01 .043 -2.04p
Sulphate 34.91 51.934 39.96 5.63 1.63p 2.5B88
Phosphate .037 .145 .062 .035 2.43)7 6.346
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Table 3: Factor loadings on the principal componer#t for various water quality parameters of Tenga Rier

Component

Parameters I Il 11 Communality
pH .266 .926 .047 931
EC .853 -.019 .356 .854
FreeCO2 .469 .328 - 747 .885
Alkalinity .057 195 774 .640
Turbidity -478 .322 .589 .678
DO -.373 420 -.782 .927
TH .576 -171 292 446
Ca .138 -.953 .089 .936
Mg .196 .824 .080 723
Cl -891 | -.134| -.358 .940
Na A71 247 744 .645
K .759 .305 -.209 714
Iron 475 .066 -.096 .239
Nitrate -.862 | -.363 .158 .899
Sulphate -163| -.906 .020 .848
Phosphate -.061] .366 -.59p 491
Eigen Values 5.049 3.912 2.835
%age of Variance 31.558| 24.453 17.721
explained by component
Cumulative %age of variande 31.568 56.010 73.731

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

Table 4: Correlation Matrix

CorrelatiorIpH EC |Free CQ|Alkalinity [TurbidityyDO [TH |Ca |Mg [CI |Na |K Iron [NO5 |SO," (PO,
pH 1.00

EC .191)1.00

FreeCO2 ].360/.247|1.00

Alkalinity ].197].538(-.293  [1.00

Turbidity [].049(-.132-.487 .569 1.00

DO .239(-.543.569 -.480 -.119 1.00

TH -.116/.670(-.004 |.204 .097 -.3741.00

Ca -.878.229(-.241  |.005 -241  |-.532.236|1.00

Mg .7821.162|.231 112 .287 .298(.3441-.8321.00

Cl -.325-.957-.259 -.461 .057 .529(-.669-.07§-.3091.00

Na .390(.202(-.538 375 .269 -.672-.014-.202.188 |-.341]1.00

K 472(.448].466 -.280 -.379 .046(.4921-.304.575(-.602.128 |1.00

Iron .2841.123|.165 -.290 -464  |-.264-.273-.034-.123-.279.515|.460 (1.00

Nitrate  |-.567-.680-.680 |-.026 412 .101 (-.280.207 |-.360.753 |-.15§-.66(-.4921.00

Sulphate [-.909-.154-.464 [-.295 -156  |-.28(].299(.776|-.579.271|-.274-.227-.262.559 | 1.00
Phosphatq.125|-.157.677 -.209 .166 .631(-.134-.261.176|.068 |-.532.071 |-.090-.207]-.39(0/1.00
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DISCUSSION

The descriptive statistics for the major ion comipas of Dahung river water is shown in Table
2. The table indicates that the concentration ofgahtje from 6.9 to 7.3 and turbidity varies from
3.1 to 6.6 NTU with a mean of 4.25NTU. The conduittivalues ranged from a minimum of
163.2 to a maximum of 210 with a mean value of 837The D.O ranged from 6.05 to 12.97
mg/L. Free CQ in the water varied from 39.6 to 66.0 mg/L withmean of 55.49 mg/L. The

alkalinity values ranged from 200 to 260 mg/L wghmean value of 230.25mg/L. The TH in
water is in the range of 216 to 256 mg/L CaCO

Cation and anion analysis shows that the conte@&8fis between 24.05 and 48.09 mg/L; f1g
between 26.33 and 42.93 mg/L ; Naanged from 6.4 to 8.9 mg/L ;°K in the range of 2.5 to
5.2 mg/L; Fé" is between 0.35 to 0.87 ppm; Blbetween 24.14 and 31.24 mg/L; NBetween
0.45 and 0.482 ppm; SUs between 34.91 and 51.934ppm; and BDetween 0.037 and 0.145
ppm with a mean value of 29.35mg/L, 38.05mg/L, fBm 3.9mg/L, 0.546ppm, 29.11mg/L,
0.466ppm, 39.96ppm and 0.062ppm respectively. Viateraracterised by the following relative
ionic abundances: Mg>Ca > Na>K>Fe and,; SOI'>NOs>PQ; .

Principal Component Analysis (PCA) was carried out the dataset showing the chemical
composition of the river water to identify the fag that caused the variance of the dataset. PCA
values are shown in Table 3. Only three PCs wetraeed which together account for 73.731 %
of the total variance in the dataset. In this in&,fsecond and third PC accounts for 31.558 %,
24.453% and 17.721% respectively. The values aetli?Cs are used to assess the dominant
hydrogeochemical process. On the first PC, theofdoadings of EC and K had high positive
factor loadings (0.759 — 0.266) and high negataetdr loadings for Ng@ and CI (both > - 0.8).
This suggests that the first component is assatiaith high concentration of ions which results
in higher conductivity. Dissolution of silicate neiral (potassium feldspar-orthoclase) might have
resulted in higher concentration of kons in the river watef9, 10] Also, runoff from the
fertilizer treated farmlands in the Rupa region andontained livestock operations within Tenga
valley have significant impact on the water chemgig®C Il showed high positive loading for pH
and Mg (0.926 and 0.824 respectively). In the saomaponent, Ca and S@ad high negative
loading (- 0.953 and - 0.906).This factor suggést éffect of weathering of carbonate and
sulphide minerals. Gaand Md" is the result of Dolomite mineral weathering and,;3$€sults
from the dissolution of feldspathoid group and exrép sediment§l0]. PC IIl had high positive
loadings for Alkalinity and Sodium (0.774 and 0.y4sd high negative loadings for DO and
Free CQ (-0.782 and -0.747).This component indicates tletofa contributing to alkalinity
which is due to dissolved G@pecies, metamorphism of carbonate rocks and adagically
mediated sulphate reductigh0]. Sodium ions in water are mainly due to dissolutad the
feldspars.

The simple correlation coefficient (r) is a measafahe degree of linear association between
any two parameters. For the current dataset, thelabon matrix was derived using statistical
software. The correlation matrix for the differemater quality parameters for Dahung River is
shown in Table 4. From the correlation matrix sitevident that Total Hardness (TH) has got a
positive correlation with Electrical conductivitiC). Mg has a strong positive correlation with
pH. Both Free C@and DO have a positive correlation with £@gain, SQ shows positive
correlation with Ca and N©has a positive correlation with Cl. The correlatizalues were
significant at 0.05 levels.
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CONCLUSION

The river water at Dahung is dominated by Mg and B@s. The hydrochemical analyses of the
river reveal that the weathering of carbonate amigghsde minerals and also dissolution of
silicate minerals significantly controls the majon composition. Principal component analysis
establishes the weathering of Dolomite mineral gdhath dissolution of feldspathoid group and
evaporite sediments. There is also indication o tmpact of agricultural and livestock

operations on the water quality of Tenga river wittne Dahung watershed.
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