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ABSTRACT KEYWORDS
The study aimsto evaluate the affect of different season and eco-biological Spring;
interferences on the water yield and water quality parameters of the repre- Water yield;
sentative springs of eight (8) different resorting zone in the Almora-Binsar Water quality;
areaof Indian central Himalayas. Monitoring for the water yield and water Eco-biologicdl;
quality parameters was done in three main seasons i.e. winter (January), Indian central himalaya.

summer (June) and monsoon (August) of 2000, 2001 and 2002. The aver-
ages of standard deviation for measured parameterswere calcul ated. These
samples were analyzed for pH, electrical conductivity (EC), dissolve oxy-
gen, Ca**, Mg*, Na', CI', NO,, SO,> and E.coli. In the study, it appeared
that there was a marginal difference between the water yield in the three
consecutive seasons, however it remains significant among the springs.
The spring water chemistry shows that the forest area having sparse popu-
lation had lower EC, cationic and anionic concentration and is safe for
drinking purposes, but the springsin irrigated land and higher population
surrounding bear higher EC, low dissolved oxygen concentration and higher
NO, makeit unsuitablefor drinking. Further the high E. coli presenceinthe
springs of degraded forest to highly resorted area (S3 to S8) was becomes
vulnerableto water borne diseases. The study indicated that the unmanaged
drains, very poor and old pattern of sewage probably raise the Na', Cl,
NO, and SO,> concentration in the spring water, as compared to the agri-
culture and forest locating springs. The springs with settlements are badly
managed and pose a great threat for the longevity and quality of these
water bodiesin the region. This study suggests that the ways of the partici-
patory management might be hel pful to minimizethe biotic pressurein these
spring’s catchment areas. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION hold purposes. Several spring of Indian central
Himalayasarelocated in different severezonesareim-

Theavallability of drinkingwater onhill dopesshows  portant sourcesof drinking water particular inthelean
acomplementary relationship among thehabitats, geo-  period. However, the use of most of the spring catch-
logical and biophysical characteristics, wheresprings  ment areais undergoing rapid changesin resort pur-
and rivelutesprovide drinking water and other house  posesand hill farmers haveincreasingly been using
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Figurel: Location of representativespringsin different
resorting zonesof Kosi- basin, Indian Central Himalaya

higher doseof agrochemicals. Thewater quality isde-
teriorating due to mismanagement by human popul a-
tion, deforestation and valey location of surfacewater
bodiesincreasesimmense pressure on these spring’s
water bodies. The rock geology and practicesis an
important factor in sustaining thewater yield and pro-
viding quality water. Inthelndian central Himal ayan
regiontheavailability ratio between the public water
supply and spring water inrurd areasisonetofiveand
intown area oneto twelveis considered as per per-
ceptionsof varioususer groups. Giventheexistingwa:
ter demand, it isnot possibleto maintainthisratioin
low water avallability zone. But proper management of
springscould bean optionfor providingagood quaity
of water in each seasonin boththerura andtown area
of Himaayanhills,

Severd studieshaveindicated that the agriculture,
resorting and deforestation practicesin hill region of
Indian central Himal ayas have been deteriorating the
water yield and quality, Mahgjan™, Valdiya and
Bartaryd®'%2.%], Thefavorablegeological character-
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istics in the form of fractured mica, schist with
interblended thinlayersof quartzite, areresponsiblefor
occurrenceof anumber of springswithin the boundary
of different resorting zonesand thin layer of soil profiles
IS prone to deteriorating these unconfined aquifers
(414168 The Studies Guptaet a*7%%%, Kumar et d. and
Anonymousweredoneso far in perspectives of quan-
tification of contaminantsof the springsin theregion.
However, present investigationwas conducted to eval u-
ateand water yield and quality of the springs, which
werelocated inmoreor lesssmilar geologicd and geo-
morphologica conditionsbut wereunder different catch-
ment practices.

The seasond water yield and quality parameters
dynamicsof thee ght representative springsof Almora
Binsar area, Indian central Hima ayasisbeing pursued
to examinethe prospectsfor constrainsto improvethe
water yiedd and qudity of thewater for sustainability of
suchwater scarced zone of thelndian centrd Himd ayas.

Sudy area
Geo-mor phological and Geological setting

Thestudy areaislocated in Kumaon hillsof Indian
central Himal ayas at the geo-coordinates 29° 03’ 29°
55’ N and 79°02’-79°40’E, figure 1. The study esti-
matesthe effect of different demographic, geo-mor-
phologica and Geologica conditionson springswater
yield and water qudity of theregion. Theclimateof the
areaistemperate typeswith pronounced summer, win-
ter and rainy season. Thedetail descriptionsof thede-
mographic, geomorphologica and geologicd conditions
of each spring surroundingsarementioned, TABLE 1.
Thegeologica studied®1318-21.23 showsthe “Crystal-
linezone of Almora”, attributing its root in central crys-
taline zonewith moreor lesscontinuous sequences of
late pre-Cambrian-early Cambrianformationwithjoints
fracturesand faults. The study areaoccupiesacentrd
part of thesynclina Almoranappe- athick folded sheet
of Precambrian metamorphic rocks and associated
granite- that hasbeen southward did ocated consider-
ably fromitsorigind place. TheAlmoranappeismade-
up of garnetiferousmicaschist interbedded with mica
ceous guartzites, augen gneisses and carbonaceous
phyllitesinterbedded with black metagrawackeswith
graphitic schists. Therugged hillsof theAlmoranappe
represent severely compressed complex folds, cut into
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TABLE 1: Springslocation and catchment char acteristicsof representative springsof Kos basin

Setups Spring code L ocation ér:t:#]?; Geology, physiography and biotic diversity interference’s
Geology-Dhamas quartizites, Sitlakhet Schist and Gneisses, Thrust passed along
Reserve sanctuary s, Binsar 2230 the catchment area, inclined and vertical joints, Physiography- CA-5.42 ha, AR-
(mix forest) 260m, AS-27°, Biotic diversity-Oak dominated forest with Artimessia
parviflora, Arundinella nepalensis herbs species
Geology- Dhamas quartizites, Sitlakhet Schist Inclined and vertical joints and
Reserve sanctuary S, Binsar 1910 Gneisses Physiography- CA-3.88 ha, AR-345m, AS-23°, Biotic diversity- Pinus
(pine forest) roxburghii dominated forest with- Artimessia parviflora, Arundinella nepalensis
herbs species
Degraded forest _ Geol pgy-Dhamas quartizites, Sitlakhet Schist,olncl_int_ad a_nd vgrticql joints
(pine forest) S3 Binsar 1750  Physiography- CA-3.40 ha, AR-360 m, AS-28", Biotic diversity-Pinus
roxburghii dominated with Chrysopogon serrulatus herbs species
Geology-K athpuriya Schist Sheer zone passes along the catchment area, inclined
Agriculture S Deenapan 1600 and vertical joints, Physiography- CA-4.02 ha, AR-270m, AS-25°, Biotic
(Rain fed) 4 i diversity- Wheat, paddy, pulses and Artimessia paviflora and Chrysopogon
serrulatus herbs species
Geology- Kathpuriya schist Sheer zone passes along the catchment area,
Agriculture S Deenapan 1580 inclined and vertical joints, Physiography- CA-4.44 ha, AR-270m, AS-22°,
(Irrigated) i Biotic diversity-Wheat, paddy, pulses and Artimessia paviflora and
Chrysopogon serrulatus herbs species
Marginal resorted S Laxmesh 1570 Geology- Sitlakhet schist Locating on sheer zone, inclined and vertical joints
area war dhara Physiography- CA-3.10 ha, AR-250m, AS- 22°, Biotic diversity-No vegetation
Medium resorted S, Chuasar 1570 Geology- Shitlakhet schist sheer zone, inclined and vertical joints
area Physiography- CA-4.40 ha, AR-230m, AS-22°, Biotic diversity-No vegetation
Densely resorted S, Thapliya 1600 Geology- Kathpuriya scisht Locating on sheer zone, inclined and vertical joints
area dhara Physiography- CA- 3.18 ha, AR-220m,AS-23°, Biotic diversity-No vegetation

blocksby transverseand obliquetear faults, resultingin
extensveand strong crushing of therocks. Thezones
of the crushed rocks provide very good aquifersof tre-
mendouswater potentid . Pervasivejointing and fractur-
ing of rockstogether with cleavageand foliation planes
have greatly increased the water bearing capacity of the
subsurfacerocks. Further more, these provideeasy pas-
sageto themovementsof underground water.

The Geo-hydrological studies of Valdiya and
Bartarya31%2121 suggest that thelineaments produced
by joints, fracturesand faults playing very significant
roleon hydro-geologica regimesof thecatchment. The
rocksare composed by Almoracrystaline, ismainly
composed with schist, gnei sses, peg metes, granites.
Thistypeof geological composition actsasbarrier to
ground water flow, which results into the origin of
springs. In watershed areamica schist covered with
thinlayer of soil (depth 0.10-1.50 m) providesaper-
meabl e rechargeszonefor ground water. The selected
springs have different catchments characteristicsand
cultural practices, TABLE 1.

M ethodology and measur ements
Springwater yield and quality measur ements
Themonitoring of thewater yield and ionic con-

centration was conducted in three main seasonsi.e.
winter (January), summer (June) and monsoon (Au-
gust) of theyear 2000, 2001 and; 2002 and the aver-
age valuefor measured parameterswere cal cul ated.
Thewater yield measurement was done at out | ets of
springs (Dhara) by bucket method and for well type
springs (naula) with help of meter gaugean interva of
every 24 hrsfor threedaysi.e.72 hrs. Measurements
of theionic concentration were obtained through field
and laboratory analysis of grab and composite samples
at aforesaid interval for sameperiod. Each composite
sample was prepared by adding equal volume of
samples collected. These sampleswere analysed for
pH, EC, DO, C&*, Mg, Na', Cl-, NO3 and SO4?.
Measurements of pH, EC, and DO were done at the
Steby grab samplescollected s multaneoudy with com-
posite samples. For rest of the parametersthe samples
were preserved and analysed as per given methods?.
The measurement pH and EC wasdonewith portable
kit (Bio aid and Co.) and DO by Winkler titration
method. The C&* and Mg* by EDTA titrametric
method and Na" concentration weremeasured with the
help of flame photometer. The CI- concentration was
measured with help the of argentometrictitration. The
NO, and SO,* withthehelp of systronic spectropho-

e Snoivonmental Science
A ndian ﬂowumé



296

Current Research Poper

A case study from indian central Himalayas

ESAIJ, 3(3) December 2008

TABLE 2: Computed mean of water yield and EC (uS/cm) for different resorting zonelocating springs

Spring code : Water yield . EC (uS/cm)
Winter Summer M onsoon Winter Summer M onsoon
S1 27.56+1.94 24.36+1.23 54.33+6.98 51+04 56+07 39+08
S2 15.23+£2.16 12.36+2.01 25.94+2 .30 7107 78+04 6605
S3 5.12+1.19 3.81+1.02 9.08+2.16 154405 158+04 146+05
A 5.23£1.12 3.88+1.04 8.644+2.31 278+12 26608 258+07
S5 9.25+1.08 7.56+0.84 15.36+2.05 342+11 342+10 329+12
S6 5.34+1.22 2.94+1.54 8.23+1.88 169+05 17107 160+07
S7 5.84+1.14 4.12+1.66 8.24+2.74 538408 560+09 532+12
S8 5.10+1.01 5.88+0.92 9.33+2.46 734409 742+08 729+08

tometer (sp 120). The E.coli population was counted
by incubation methodsby usngtheluaryl Sulphatebroth
culturemedia TheAndyticd gradechemicd and Borosl|
glasswarewereused duringtheanaysis.

RESULTSAND DISCUSSION

Effect of the season on thewater yield

The spring water yield wasvariesfrom spring to
spring. A significant variation wasrecorded in spring
water yield in between different resorting zones. The
mean for the season was estimated for 2000,2001 and
2002 recorded, 5.10+1.01-27.56+1.94 M3day in
winter, 2.94+1.54-24.36+1.23 M 3/ day in summer and
8.23+2.74-54.33 M3/day in monsoon season, TABLE
2. Individud for the springsthewater yield wasinsig-
nificantly vary, however in betweenthespringsaresig-
nificantly vary during the entire study span. Thisbe-
comes dueto acombined effect of rock geol ogy, geo-
morphological conditionswith ground biomassinthe
spring catchment areas of different resorting zonesin
theregion. The seasond variation for EC wasobserved
in the studied resorting zones were 51+ 04-742+08
uS/cm, TABLE 2. Individual for the springsthe sea-
sond variationin EC wasinggnificant. However it was
recorded significant in between the springs.

Effect of spring catchment characteristicson wa-
ter yieldand EC

Even though the dight variation wasrecorded in
the spring catchment morphol ogy and rock geology but
water yield vary from spring to spring. In present case
the phylite, quarzitesand gneissrock composition had
lower water yield than the schist locating springs. This
attributeismorecloseto thefindingsof Rail**?, The
absoluterdief comparison of the studied springsshows,

comparatively highrelief locating springs S, and S, had
lower water yiddin comparing to other springsfor same
season, this probably dueto quick over land flow de-
activateto water recharging capacity inalmost smilar
rock geology in comparison to lower relief located
springs. The spring catchment, landuse and practices
highly influencing to thewater adhering capecity. Ingen-
eral agriculture practicesand high settlement areahad
lower water recharging capacity than thereservefor-
est. Thelower water yied of degraded forest and mar-
gind resorted|ocating springsmight beexplaininterms
of highbioticinterferencesduring theentirestudy span.
Suchtrend wasa so followed by both of theagriculture
land thisbecomesdueto the ploughing and grass har-
vesting practicereducing to the sponge activity of the
soil. The EC valueswereleast affected by rock geol-
ogy and geo-morphologicd barriersbut highly influenced
by catchment area practicesin the entire study span.

Effect of season and resorting zone on pH, Dis-
solved oxygen and E.Coli

The pH of the different springsfor three seasons
exhibits, avariationwith 5.84+0.11- 6.82+0.19 units.
Seasondly thepH was observed 5.92+0.13-6.62+0.15
unitsinwinter, 5.92+0.11- 6.82+0.19 units in summer
and 5.84+0.10-6.44+0.15 units in monsoon, TABLE
3. Thespringslocated in between thereserve forests
(both mix and pineforest) and open pineforest were
found to bedlightly acidic than thoseunder closevicin-
ity of agricultureand resdentia areas. Thepossiblerea-
son could betheleaching of theacidic water generated
by the decomposition of pinelittersover the ground
surface. Significant changeswere not observedinthe
pH valuesduring the different seasons. In general the
water was safefor consumption as per WHO guide-
lines®. The dissolved oxygen content obtained during
themonitoring period for the representative springs of
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TABLE 3: Seasonal computed mean of pH, dissolved oxygen and E.coli in different resorting zonelocating springs

Spring code PH Dissolved oxygen E.coli (CFU/100ml)

Winter Summer Monsoon Winter Summer Monsoon Winter Summer Monsoon
S1 6.41+0.12 6.82+0.19 6.12+0.09 6.80£0.20 6.20+£02.0 5.80+0.20 0.0+0.0 0.0+0.0 0.0+0.0
S2 6.32+0.11 6.62+0.11 5.84+0.08 6.20+0.20 5.40+0.10 6.20+0.10 0.0+0.0 0.0+0.0 0.0+0.0
S3 6.10+0.11 6.44+0.08 6.22+0.06 5.80+0.10 5.80+0.20 6.60+0.10 22+06  46+10 64+20
A 5.92+0.13 6.33+0.06 6.12+0.07 6.20+0.20 5.40+0.10 5.80+0.20 16+06 18+04 2008
S5 6.52+0.18 6.43+0.09 6.24+0.06 5.80+0.40 5.20+0.20 4.80+0.40 18+04  22+06 28+08
S6 6.62+0.15 6.22+0.07 5.84+0.11 5.20+0.10 4.80+0.40 5.60+0.20 56+14 7309 106+12
S7 6.42+0.12 6.36:0.07 6.14+0.06 5.40+0.20 5.20+0.20 4.60+0.10 64+20 93+13 127+17
S8 6.12+0.14 5.92+0.11 6.44+0.15 5.60+£0.10 5.60+0.10 4.80+0.20 94+11  137+09 208+£29

TABLE 4: Computed mean of cationic constituentsof different resorting zonelocating springs
Spring code Ca”*(mg/l) M g**(mg/1) Na* (mg/l)

Winter Summer Monsoon Winter Summer Monsoon Winter  Summer Monsoon
S1 13.91+1.23 14.68+0.84 16.00+1.31 3.14+0.14 3.43+0.10 4.12+0.18 3.34+0.22 6.23+0.12 3.11+0.12
2 15.78+1.01 17.48+0.94 18.05+1.12 4.53+0.16 4.44+0.12 5.78+0.20 1.95+0.16 1.98+0.14 1.97+0.10
S3 22.04+0.98 22.79+1.02 24.01+£1.24 7.86+£0.17 7.54+0.06 8.29+0.22 3.44+0.14 4.49+0.18 3.04+0.14
4 439.86+1.04 42.08+0.98 45.03+1.10 17.98+0.10 19.29+0.08 19.76+0.18 8.89+0.14 9.91+0.22 9.17+0.12
S5 37.03+0.80 39.98+1.02 39.32+1.02 17.41+0.08 19.04+0.10 17.14+0.22 11.27+0.22 13.87+0.20 10.42+0.12
S6 16.10+1.02 20.05+1.08 17.14+1.04 5.00+0.09 6.11+0.12 4.12+0.18 16.24+0.20 18.78+0.20 16.45+0.16
S7 32.16+0.94 34.12+0.78 34.16+1.05 22.46+0.10 22.23+0.10 22.42+0.16 29.14+0.11 31.12+0.18 28.45+0.12
S8 54.42+0.90 57.65+0.88 52.244+1.06 18.05+0.16 20.34+0.12 17.02+0.14 38.19+0.12 40.12+0.18 34.87+0.14

different resorting zone reveals avariation range of
4.80+0.40 - 6.80+0.20 mg/I1. Specific for the seasons
it exhibits 5.20+0.10 - 6.80+0.20 mg/l in winter,
4.80+0.40 - 6.20+0.20 mg/l in summer and 4.80+0.14
- 6.6+0.10 mg/l in monsoon, TABLE 3. The decreas-
ing trend of DO was observed in summer and mon-
soon dueto increase in the water temperature. This
processesisalso explained intermsof anincreasein
bio-chemicd reactionin summer and monsoon, depleted
to oxygen content inthe spring water ecosystems, Joshi
and K othyari1435, Thefeca coliforminvestigation
of different springs showsapresenceof feca coliform
intheentireresorting zone except thereserveforests
(mix and pine) of the study area. Therangeof E. coli
(colony formation unit) wasrecorded 00+ 00- 208429
CFU/100ml for different springs, TABLE 3. Ingenera
ahigher number of E.coli colony formation unitswere
recorded in monsoon season and isfollowed by sum-
mer. Thisis believed to betheresults of increasein
unhygienic activity and their function associated with
interactions between the surface water/rain water and
shallow ground water in the source surroundings, is
washed into them and simultaneoudly increasestheE.
coli population in the monsoon and summer by rain
water. However, it shows an increasing trend from
rainfed agricultureto highly resorted zone (S4 to SB) of
the study areaand thereserveforest sampleswerefree

from E. coli during the entire study period. Further the
higher E. coli in densely resorting zone might be ex-
plainedintermsof acombined effectsof unlined drains,
poor cesspool sand semi decomposed wastesfavouring
to high colony formationin different season.

Effect of season on cationic and anionic constitu-
ents

The selected springsarelocated in different sur-
rounding catchmentsareashowsaconsiderablevaria-
tioninionic concentration from spring to spring and
season-to-season aswell. During thefield survey the
springslocated near the settlement areaor in agricul-
tureland have ahigh probability of the effluent con-
tamination through percolation of surface polluted wa-
ter and leaching of nutrientsfrom agriculture soil. Fur-
ther inthesettlement areathe high possibility of effluent
contamination increasewith increasing the population
load.

Theresultsof each of thecationsrecordedinthree
seasons, TABLE 4. The C&* concentration was ob-
served as 13.91+1.23 -57.42+0.88 mg/I in winter,
14.68+0.84-57.65 +0.88 mg/l in summer and
16.00+1.31-52.24+1.06 mg/l in monsoon for all the
studied springs. The Mg? concentration exhibits
3.14+0.14-20.3440.12 mg/1, whereas the Na* con-
centration wasrecorded 3.114+0.12 - 38.19+0.12 mg/
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TABLE 5: Computed mean of anionic congtituentsof different resortingzonelocating springs

Spring Cl" (mg/) NOs (mg/l) S0, (mgll)

code  Winter Summer M onsoon Winter Summer M onsoon Winter Summer M onsoon
S1  12.33+1.02 15.03+£1.02 12.00+1.012 1.91+0.08 2.07+0.12 1.98+0.10 7.41+0.08 7.24+0.14 7.37+0.11
S2  12.06+1.12 13.14+1.03 11.02+1.04 1.19+0.05 1.18+0.15 1.23+0.08 4.444+0.12 7.49+0.12 4.39+0.10
S3 20.12+1.01 22.12+1.12  22.13+098 3.16+0.07 2.74+0.17 2.19+0.02 14.02+0.12 116.33+0.16  14.02+0.10
4 31.12+1.08 33.12+0.96 33.13+0.92 3.15+0.11 2.94+0.16 3.01+0.09 20.12+0.14 23.12+0.11 21.124+0.12
S5  35.01+0.96 37.23+0.88 33,13+1.09 16.17+0.24 18.32+0.12 13.44+0.44 14.12+0.08 18.12+0.12 15.42+0.08
S6  57.12+0.56 57.24+0.84 54.16+1.06 15.16+0.41 14.21+0.12 20.16+0.56 10.12+0.18 15.12+0.12 12.42+0.08
S7  80.12+0.68 83.14+0.80 74.15+1.08 25.66+0.34 33.24+0.12 24.15+0.36 12.23+0.19 18.02+0.12 16.14+0.06
S8  80.34+0.89 86.43+0.96 77.65+1.10 40.12+0.32 48.12+0.10 37.34+0.47 22.14+0.14 27.71+0.16 20.15+0.08

| for thestudied springs. In general ahigher concentra:
tions of cationswererecorded for summer. The mar-
ginal seasona variationin cations may bedueto the
changesin baseflow conditionsthrough the bedrock.
The C&** ion concentration shows closerelationship
withMg? and SO, for all thestudied setups. The Ca¢*
and Mg ?* remain much lower than WHORB1"22 does
recommended permissiblelimit, but Na' concentration
of S, and S, wasrecorded closeto permissiblelimits.

Seasond rhythmswererecorded for Cl-, NO, and
SO,Z anionsfor dl thestudied springs, TABLE 5. The
Cl -concentration was measured to 12.00+1.04 -
85.14+0.80 mg/l. This remains lower than the
WHOB"22 recommended permissiblelimits. A high
variation was recorded for NO,” concentration from
springsto springs. It wasfared 1.91+0.08 -33.24+0.34
mg/l for winter, 2.07+0.12- 33.12+0.12 mg/1 for sum-
mer and 1.98+0.10 -24.15+0.36 mg/1 for monsoon.
The SO, concentrationrangefor al the studied sea-
son was exhibits 7.24+0.08 -18.02+0.12 mg/l. the
spring to spring comparison shows higher NO," and
SO, ion concentration in the summer season, how-
ever for theagriculturelandsit exhibitshighinthemon-
soon. This difference becomes due to variation in
sources and level s of effluents contamination of each
springs catchment area. In case of forest areaand settle-
ment areatheenrichment of aforesaid ionic concentra-
tion depends on consolidated waste decompositions,
whereasfor agriculturessystem (specidly for irrigated
system) these processes recharged by leaching and
through percolated surface water.

Chemical weatheringand ionic constituents

The pH and ionic status of the ground water re-
sourceswasmainly influenced by chemica weathering
of therocksvia Oxidation, hydration and other chemi-
cal processes. The ground waters passesthrough dif-

ferent geological formationsand many chemical con-
stituents present intherocksisdissolvedinit® Drever.
Eventhough al the studied springsarelocated in al-
most similar geologica and geo-morphological condi-
tionsall the studied parameterswereleast affected by
rock weathering, except the Ca?* and SO42. In gen-
erd thesettlement | ocated springsshowsdifferent trends
for cacumand Sulphateions. Aninsgnificant variaion
wasrecoded for EC in between the springsunder smi-
lar type of bedrock. However the different recharge
zoneand geo-morphologica conditionsasoinsignifi-
cantly vary for spring to spring. Theassertionsfor the
settlement | ocating spring show asimilar trend asob-
served by Bartayafor the groundwater of theriver
GaulaKumaon Hima ayas. The ca cium and sulphate
showspositivecorrelation for al the studied springs.
Theincreasein Ca?*leve sinspringsof higher popula-
tion areaswithincreasing SO,* seemsto suggest ex-
cessdissolution of the SO,> from base rock, this at-
tribute supported by Kumar et al(®sl,

TheNa" wasrecorded higher inresidential aress;
dueto easy contamination of percolated wastewater
from badly managed drainage system in high popula-
tion density area.

TheECfor S, S, and S, wascloseto or slightly
abovethemaximumtolerablelimits (400 S‘cem ICMR,
Indian council of medica research, recommended). The
Na' concentration variesfor spring to spring, it increases
withincreasing theanthropogenic activitiesinthespring
catchment area. In present observationthehigher NO,
wasrecorded for margina to densely popul ated areas
thantheagriculture (irrigated) soil, thismight bedueto
continuous percolation of landfills, cesspoolsand the
poor sewage drai nage enhancing the effluents contami-
nants. However inthe agriculturefield alimited sea-
sond useof fertilizer, lossesthrough overland flow and
scattered infiltrationin agriculture werethe prominent
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contaminants. Besidethisalower concentration of the
NO, and SO,> wasrecorded low for all thethreefor-
estslocating springs. Thisshows remote possibility of
contamination from anthropogenic activitiesinthefor-
est areas.

Management strategies

Participatory approach in spring water manage-
ment and catchment ar ea protection

The resource management through active commu-
nity participationsare quite helpful to understand the
technol ogiesdissemination processes, farming commu-
nity devel opment activitieslinkagesmechanismexisting
research, training, extension etc.l*% and also hel pful to
providethestrengthen to traditiona knowledge*?. The
identification of farming community problemsand pri-
oritiesfor different community devel opment programmes
providesamoral supportsto hard working peoplefor
surviving in the region. The participatory appraisa
(PRA) techniqueison of theuniqueand most effective
toolsto understand the adoption profilesand for shar-
ing thefirst hand information in between thefarming
community andlineagenciesaswell. Thusunder present
circumstancesthe study isin urgent need of participa
tory management of the springs consideringto there-
serve sanctuary as easy adoptable and provide mul-
tiplebenefits. Suchinnovationsarequitehd pful for pub-
licawareness, capacity buildingin betweenthefarming
community and local institutionsto rejuvenate these
unique sourcesof water. These effortsal so enhancing
the surface vegeta cover and the soil nutrient poolsin
the catchment areaand isquite he pful to reducingthe
fodder sracity of the community peopleof theregion.

Catchment area protection, water yidd and quality
management

Thuskeepingin view to thedifferent demographic,
Geo-hydrological, geo-morhol ogica and bioticinter-
ferencesin different spring catchment areahasneed to
initiatethebroad leaved and fodder grasses speciesi.e.
Quercus lechotrichophora, Q.gluca, Alnus and
Dalbergia sissoo and Grewia optiva plant species
(whicharedlocatedin S1 spring caichment areg), which
might bequite helpful providing high quaity fodder si-
multaneoudly retain good soil moisture. Besidethisthe
different resorting zone has need to construct cemented
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water harvesting tanksto minimizethein seepagel osses
from sourceoutlet.

All the springsof the studied zonesarewidely used
for drinking and other household purposesduring the
entiretheyear. In presence of high water scarcity, the
people area so unaware about the effect of unhygienic
activitieson spring water quality, which particularly
contaminated immediately after the percol ation of poor
cess pools, unlined drainsand open semi-decomposed
waste with rainwater in such non-confined nature of
aquifer of thestudy area.

Besidethistherock geology and soil depth of the
spring catchment area might be quite sensitive for
contaminants such types of spring make to it
contamination. Thusin presencesof suchregular sources
of contaminantsin the spring catchment areaarehardly
controlled by preventive measures. To comparing the
Soring’s catchment area characteristics and exobiological
interferencesin the springs (S1 and S2) wereremote
from contamination than the springs located in the
degraded pineforest, agricultureand different resorting
areaof theregion. Thusthesociofencinginthespring
catchment area becomes a measure (like a natural
reserveforests S1 andS2) to providing good ground
vegetative massesand impartstheir key roleinretaining
the lower EC, cation, anion and dissolved oxygen
content. Further itisquite helpful to makeit bacteria
free (E.coli) from the spring water. Thusthe results
obtained for E.coli in (S1 andS2) showsthe complete
restriction on biotic pressuresin the spring catchment
area providing bacteria free water along with least
anthropogeni c waste originated contami nants.

CONCLUSION

The participatory approach for common resource
management might be quite hel pful torguvenatethe
perennial springwater quantity and quaity, which are
under great stressdueto the high rate of deforestation,
denudation and intensive pressure of human popula
tion. Thecollaborative efforts might bemaintained the
longevity and water quality of such springsby control-
ling higher uses of agrochemicalsand the construction
of settlement in spring catchments area, as observed
Springs (S5to S8) indifferent resorting zonesin Indian
Central Himaaya. The participatory management ap-
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proach may beenvironmentaly sound and community
acceptabletool sfor thesustainability of theseresources.
Thedrinking water and fodder scarcity arethemgjor
problems of therainfed zone of the Himalayas hence
can be managed through the combined effortsto reju-
venate the spring water management with catchment
land consolidation can beencourage providing two point
benefitsby little expenditure/management costi.e. to
minimizethebiologicd interferences, grazing and forest
resource extraction from spring catchment areaof the
zone. Theintegrated study might behel pful inexploring
the scientific knowledge among the community people,
lineagenciesetc. intheentirewatershed aswell asthe
homogeneous climatic conditionsin other watershed.
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