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ABSTRACT

The chemistry of fresh water is dictated mainly by ions. Composition of
ionsin Himalayan Riversis predominantly governed by chemical weather-
ing process. Calcium and magnesium were the major ions, accounting for
more than 85% of the total cation concentration of 1.408844331meq.1 in River
Ganga and 1.063554785 meg./I iN River Yamuna. Among rest 15% sodium was
the most abundant ion followed by trace quantities of potassium and am-
monium ions. Total cation levels were increased to 2.115125212 meg./l and
3.085396688 meq./I in Gang Canal and Western Yamuna Canal respectively,
having same pattern of ions. The levels of calcium and magnesiumionsin
drinking water supply of these canalswere also in the range of 78 - 84% of
the total concentration of 3.0 meq./1 approx. Bicarbonate and sulphate were the
major ions accounting for 86% of total anion concentration of 1.499494169
meq./I IN River Ganga and 1.084299371 meq./l iN River Yamuna. The levels of
bicarbonate and sulphate were raised to 92-94% of total anion concentra-
tion of 2.164310984 meq /I in Gang Canal and 2.99235742 meq./1 in Western Yamuna
Canal. Chloride isthe next most abundant ion followed by trace quantities
of nitrates. Sulphur springslocated inthe high altitude region are the promi-
nent source of bicarbonate, sodium and chloride ions respectively to both
these rivers. Levels of bicarbonate and sulphate present in drinking water
supply were at 75-83% of total anion concentration (3.0 meg./l approx.). The
ionic levels found in rivers supporting high diversity of aguatic life was
dlightly lower compared to drinking water supply for human consumption.
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INTRODUCTION

Water isan eternd sourceof mineralsto thehuman
beings. M ost population of himal ayan region use sur-
facewater from River Ganga, Yamunaand their tribu-
tariesfor their daily requirements, including drinking
need. Likewisethe Gang Canal and YamunaCanal ca

tersthe need of most part of Delhi, Haryanaand Uttar
Pradesh. These water bodies are vulnerable to con-
tamination dueto surfacerun-off, open defecation aong
the course and other anthropogenic activities. Inview
of thisthe study of physical, chemical and biologica
composition of theseriversisan important prerequi-
site. The study of chemical composition of riversin
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himalayan regionisimportant for determiningerosion
rateand alsotolearn about sources of e ementsto these
rivers. Inaddition, information onriver chemistry ises-
sentid to assesswater qudity for domestic, agriculturd
andindustria use. Freshwater chemistryismainly dic-
tated by itsionic composition and thei r respective con-
centration levels. Riversintegrate themajor ion from
the sourcessuch as; rain/precipitation, chemica weeth-
ering in drainage basins, anthropogenicinputs, springs
and ground watersin thevicinity. Studies haveindi-
cated that snowpack melt water contributesdirectly to
stream water™¥, Among the natural sources, chemical
weethering of the drainage basinisthe dominant com-
ponent, aprocess which consumes atmospheric CO,
and hence global climate isinfluenced by chemical
weathering process, silicateweatheringin particulart?.
River basins, particularly of largesizerivers, such as
Gangaand Yamunaaremullti-lithological , comprising of
silicates/carbonates and | esser amounts of evaporites.
Chemica weathering of river basinssuppliesmgor ions
to solution fromal theselithologies®. Inthe Himaaya,
high Total Dissolved Solids(TDS) level sareobserved
in River Yamuna system as compared to River
Bhagirathi, particularly initslower reachesand inthe
riversfromtheplains. Asper drinkingwater qudity san-
dards, maximum desirablelimit of TDSis500mg/l, be-
yond thislimit, palatability decreases and may cause
gastro- intestindl irritation™. Every timethe TDSvalue
of al thesampleswerefound well bel ow the prescribed
[imit. However, sulphur springslocated invicinity of
upstream reaches of River Gangaand Yamunahave
high TDSvalues with mgjor abundance of chlorides
and sulphates, indicativeof mgor ionsupply fromweeath-
ering of evaporitesand dkaing/sdinesoils. Studiescar-
ried out during early 1980son River Bhagirathi showed
bi-carbonate, sul phate and chloride constitute the bulk
anions and calcium, magnesium and sodium the bulk
cations®. Thedesirable concentration of someimpor-
tantionsindrinking water isas, Ca- 75 mg/l, Mg-30
mg/l, SO,-150 mg/l, CI- 250 mg/l and NO_-45mg/I.
Theconcentraionlevd of theseionsfoundinthedrinking
water supply as well asraw water sources of River
Gangaand Yamunaare mostly well below the above
dtipulated limit. River Bhagirathi anditstributariespre-
dominantly drain over greywacke, granites, gnel sses,
schist and calc-silicates rocks®. The head waters of
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River Yamunadrainavariety of lithologies, rangingfrom
crysalineintheHigher Himaayacons sting of granites
and granodiorites to sedimentaries in the Lesser
Himdaya, comprising of quartz-arenite, date, limestone,
dolomite, shaleand siltstone™. Asaresult variousions
areweathered inthewater quality of River Gangaand
Yamuna. lonsareimportant in creating the electrica
energy within our body. Calcium, potassium, sodium
and chlorideionsare somekey ionsthat participatein
thebody’selectrica eventg®. lonic chlorineisthemost
abundant negativeion in the human body. Imba ance of
any of theseionsor certaintraceionsin thebody can
lead to agenera body disturbanceandlossof ability to
maintain somewhat stableinterna conditions. Mgority
of theseions are consumed by human body through
drinking water sources, hencetheionic characteriza-
tion of drinking water sourcesisvery important from
our point of view. Another important observationis
development of canal network, which resultsin ater-
ation of ionic levelsinwater quality astheflow and
substratum composition gets change. A study entitled
‘impact onionic characteristicsdueto transbasintrans-
fer’i.e theriver isdivertedinto acanal, hasreported
for reduction in concentration of sodium, magnesium,
chloride and sul phate but not cal cium and bicarbon-
ate¥. Present study deal swithionic characteri zation of
River Yamunaand Gangawith respect to their sources
and changeinthelevelsof theseionsafter diversion
into Western Yamuna Cana and Gang Canal respec-
tively, and ultimately their level sindrinking water sup-
ply. Present study also briefly discussestheroleof vari-
ousionson human physiology and existence of water
quality sengitive benthic macro- invertebratesin River
Ganga, Yamunaandtheir respective canals.

MATERIALSAND METHODS

Thedatawascollected twicein ayear i.e. winter
and summer (premonsoon) season from 2006 to 2008.
Thearithmetic mean was cal cul ated after thenormal
digtribution of datafor find observation. Satigticd andy-
sisviz. coefficient of variation, outlier valueand stan-
dard error was also cal cul ated for validating themean
value. lonic balancewas ca culated by converting the
mg/l valueto meg/l (TABLES 1 and 2). Sampleswere
also analyzed for pH, Total Dissolved Solids(TDS),
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TABLE 1: Averagecation distribution in raw and treated drinking water supply

S. Drinking water source Sodium Potassium Calcium Magnesium  Ammonium
no. 9 (meg/l) (meg/l) (meg/l) (meg/l) (meg/l)
1 River Ganga 0.198757764 0.057692308  0.79375  0.411522634 0.00325
2. River Yamuna 0.108695652 0.025641026 0.6 0.329218107 bdl
3. Gang Canal 0.310559006 0.06959707 1.135714286 0.564373898 0.043389
4. Western Y amuna Canal 0.625 0.113553114 1.859090909 0.732510288  0.04104321
g, Drinkingwater supply of Western  , yaga55070 0051282 1.786111 0817901  0.001667
Y amuna Canal
6. Drinking water supply of Gang Canal 0.52173913  0.116667 1.581579 0.778988 0.043389
7. Drinking water characterstics (1S: I _
10500:1991)"® Desirable limits (meg/!) No guideline No guideline 3.75 2.469135802 -
8. Permissible limits (meg/!)™ No guideline No guideline 10.0 8.230452675 -
TABLE 2: Averageanion digtributionin raw and treated drinking water supply
S. Drinking Sulphates Chlorides Bicarbonates Nitrate
no. water source (meg/) (meqg/l) (meg/) (meg/)
1 River Ganga 0.395833333  0.204225352 0.8975 0.003870968
2. River Yamuna 0.302083333  0.14084507 0.6400101 0.001370968
3. Gang Cana 0.568452381  0.16498994 1.4200024 0.015216129
4. Western Y amuna Canal 0.7875 0.298591549  1.992727273 0.012274194
5. Drinking water supply of Western 0783333333  0.458216 1.67875 0.011290323
Y amuna Canal
6. Drinking water supply of Gang Canal 0.590428241 0.71518 1.646667 0.010142137
Drinking water characterstics
7. (15:10500:1991)® Desirable limits(meg) 4.166666667  7.042253521 4.0 0.725806452
8. Permissible limits (meg/l)™ 8.33 28.16901408 12.0 1.612903226

TABLE 3: Cationsof glacial melt and sulphur springwater

S.no. Cation sources Sodium(meg/l) Potassium(meg/l) Calcium(meg/l) Magnesium (meg/l) Ammonium(meg/l)

0.616666667
0.037179487

1.  Sulphur spring 7.043478261
2. Glacia melt  0.195652174

Bdl
Bdl

1.024691358
0.588477366

1.35
0.45

TABLE 4: Anionsof glacial melt and sulphur spring water

S. no. Anion sources Sulphates(meg/l)  Chlorides(meg/l)  Bicarbonates(meg/l) Nitrate(meg/l)
1. Sulphur spring 1.229166667 2.591549296 12.01 0.008387097
2, Glacial melt 0.052083333 0.225352113 0.405 0.001225806
i thelocations, concentration of bi-carbonateionswas
300 s caculated from Totd Alkalinity values. Percent differ-
e = 3 enceratioof total anionsandtotal cationsin most of the
150 JES——— — sampleswerelessthan 10%. Theseva uesare amost
. A Tg—"
s [ i?l_ confirmingthereliability of theanalytical results™. Av-
"R % ba bt eragebiologicd water quality wascdculated from data
§ & § £8 % - of biomonitoring of upstream stretchesof River Ganga
¥ § T 35 Bz @ and River Yamuna, however for Gang Canal and West-
e & 3 SF:EIf ifici
i 2 &5d §3 ern YamunaCand artificia substratum™ wasused for
——pH ToS(mgll) Total alkalinity(mgl) biomonitoring at drinking water intake pointsin Delhi.

. Conductnity{micromh —s— Total Hardness (mg)
'} A\
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Figure1: Aver age physico-chemical water quality of raw
and drinkingwater supply of River Gangaand Yamuna

Conductivity, Total Alkalinity and Total Hardnessto
support thefindingsof ionic distribution (Figures1 and
2). SincethepH of water quality waslessthan8.2 at dl

Brief description of thestudy areas
River Bhagirathi (Ganga)

River Bhagirathi (Ganga) isanimportant river in
Garhwal Himalayas, originating from Gaumukh in
Gangotri glacier at andtitudeof 3892 md. Startingfrom
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Gangotri, river passesthrough thickly popul ated towns
like Uttarkashi, Tehri and Devprayag. At Devprayag, it
mesets River Alaknandaand from the confluence down-
stream, it is called the River Ganga. About 225 km
gretch of River Bhagirathi from Gangotri to Devprayag
was chosen for the present study.

Gang Canal

Gang Candl originatesfrom River Gangaat down-
stream of Haridwar, isbasicaly used for raw water sup-
ply of drinking and irrigation purposes. Thecand passes
through agricultural and urbanized areas of Roorkee,
Muzzafarnagar, M eerut, and Ghaziabad. Samplesfor
the study were taken at Bhagirathi Water Treatment
PlantinGokulpuri, Delhi.

Western YamunaCanal

Western Yamuna Canal originates from River
Yamunaat Tgewaaheadworksabout 200 km upstream
of Delhi, isused for raw water supply of drinkingand
irrigation purposes. As the Western Yamuna Canal
passes through agriculture and urbanized areas of
HaryanaState, it recelvesdomesticand industria efflu-
entsaongwith agricultural run-off and ground water
from these areas. Western Yamuna Canal throughits
tail tributary, suppliesdrinking water, to the Nationa
Capital, Delhi, at Haiderpur Water Works. Samples
for the study were taken at Haiderpur Water Works.

River Yamuna

River Yamunaoriginatesfromthe Yamunotri glacier
near Bandar Punch peak (38°59° N, 78°27°E) at an
elevation of about 6320 M SL inthe Mussoorierange
of Lower Himaayas|ocated in Uttarakhand. Thelength
of Yamunafrom origintoitsconfluencewith the Ganga
at Allahabadis 1376 km. After meandering for 200km,
Yamunaenterstheplainsat Tgjewaa. It istapped at
Tajewa abarrage through Western YamunaCanad and
Eastern YamunaCanal which aremainly used for irri-
gation but alsofor drinking water for part of Delhi and
some towns of Haryana and UttarPradesh, states of
India

RESULTSAND DISCUSSION

Thefindingsof the study indicated that theionic
compositionindrinking water supply supports healthy
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aguatic environment in raw water sourcesasinferred
from bio-monitoring observations. The average
(Ca+Mg/HCO,) equivaentratio of 1.2indicatesarela
tively high contribution of Caand Mg to thetotal cat-
ions. Theratio of (Cat+tMg)/(Na+K) was also found
towards higher sideindicating chemical westhering of
granite and carbonate rocks as the primary source of
major ionsto theseriverd'd, A brief taxonomic com-
position of benthic macro-invertebratesin the water
qudity indicatesthat theionic concentrationin upstream
stretches are suitable for existence of most sensitive
arthropods, indicating average clean water quality in
River Yamuna, and presence of molluscsalong with
anndlidsindicates heavy pollutionin biologica water
quality of River Gangaat certain specificlocationsi.e.
reservoirs, which can be attributed to habitat destruc-
tion.

Cation levelsinrivers, canalsand drinking water
supply

The dominance sequenceof cationsinriver, canas
and drinking water supply of River Gangaand River
Yamunawasidentical, as, Ca>Mg>Na>K>NH,. Cal-
cium was themajor ion accounting for 54 to 60% of
total cation concentrationinraw water sourcesof drink-
ingwater supply. In River Gangacal c-silicatesrocksin
Himal ayas predominantly contributethecalciumionto
water quality™?. In River Yamuna it is contributed
through limestonesand dolomiterocks. Caciumisan
important structural component of al genetic materia
(nucleic acids) and contributesto 1.2% of human body.
Magnes um wasthenext dominant ion ranged between
24-30% of total cationsin raw waters. Although re-
quiredintraceamount i.e. 0.1% found in bone, magne-
sium playsan important assisting rolein many meta-
bolic functionsof body. About 52-56% of caciumand
26% of magnesiumionsweremaintained indrinking
water sources, whichwere on higher sde compared to
raw water sourcesof riversandtheir canals. Important
sourcesof sodium cationintheriversarehdite, sdine/
dkdinesoil, anthropogenicinputsand slicates. Sodium
constitutes 0.2% of body and determinesthe conduc-
tion of e ectrica messagesthrough cdll membranes. The
level of sodiumionsinraw water sourcesof River Ganga
and Yamunavaried between 10- 20%. Similarily, po-
tassumionscontributes 0.4% (positiveions) in cells;
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necessary for conduction of nerveimpulsesand muscle
contraction. Potassium ionscontributed only 2-4%to
thetotal cationsin raw and drinking water source of
River Gangaand Yamuna. Thelevelsof sodium and
potassumionsindrinkingwater qudity of River Ganga
and Yamuna were found between 14-17% and 2.0-
4.0% respectively of thetotal cations. Nitrogen con-
tribute 4% to body requirement, isan important struc-
tural component of dl genetic materia (nucleic acids).
Nitrogen entersinwater through rain, fertilizers, sew-
ageetc. Inraw and trested water, anmoniumionswere
observed only intrace quantitiesi.e. lessthen 2% of
total cations. Therewassignificantincreaseinthe con-
centration of anmonium ionsinriver watersof Ganga
and Yamunaafter diversonintother respectivecands.
Sodiumand potassumlevelswerehigherin River Ganga
compared to River Yamuna, whereasthelevelsof cal-
cium and magnesium wereamost similar, indicating
contribution from chemica weathering only!®. Onthe
contrary, the clean water quality of River Yamuna
changed to moderate pollutionin raw water source of
Western YamunaCanal and heavy pollutionin River
Gangaimprovedto clean water quality in Gang Candl.

Anion levelsinrivers, canalsand drinking water
quality

Dominance sequenceof anionsin boththerivers,
candsand drinkingwater supply wasfound to besimi-
lar, as, HCO_>SO,>CI>NO,. Among major anions,
bi carbonate contribution was maximum ranging from
56t067% inraw and treated water. The major source
of bicarbonatesinraw watersof riversisslicates, car-
bonatewesthering and CO, dissolution. Thedominance
of carbonaterock weathering in theupland himalayan
rivershas been reported earlier’319, Increasein bicar-
bonatelevds, resulting from rock weatheringand dis-
turbancein substratum composition of rivers, render
the establishment of arthropod communitiesinraw wa-
ters. Bicarbonates, chloridesand nitrateions, tend to
increaseincands. Thebiologica water qudity of River
Gangaused to be clean on most stretches, but during
2007 and 2008 it gradual ly deteriorated to heavy pol-
|ution with the construction of seriesof large hydro-
electric projectsall aong itsupstream stretches. How-
ever, thebiological water quality remained clean even
after itsdiversion to Gang Canal. Sulphate the next
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abundant anion was present intherange of 19-27% of
thetotal anions. The sources of dissolved sulphatein
riversarerain, evaporites, pyritesetc. Sulphurisim-
portant component of muscleprote ns, congtitutes 0.3%
of body. Higher levelsof chlorideioninraw watersare
deleteriousto arthropod community but theselevelsin
drinking water are suitablefor human consumption.
Therewassubgantia reductioninchloridelevelsincand
water comparedtorivers. Inionicformchlorideisthe
most abundant anion outsidethe cell. On most occa-
sions0.3% nitrateswas present in drinking water sup-
ply whichisnot harmful to the human health. Minor
contribution of chlorideand nitrate (14%) intotal an-
ionswere observedinriversand 8-10%in canal wa-
ters, which arefound to befavorablefor aquaticlife.
Thelevelsof chlorideand nitratewereincreased to 16-
24%inthedrinking water supply. Figure 1 showsin-
creasein theconcentration of physico-chemicd param-
etersin canal water ascomparedtorivers. Theseleves
arefurther increased in drinking water sources after
conventiona trestment.

Contribution of glacial melt and sulphur springs

Sulphur springsarethemajor source of ionsto the
rivers, whichinturnisreflected fromtheir high TDS
vaue (778 mg/l). Sodium and potassiumionsin sulphur
spring water contributes 60% of total cation concen-
tration (12.71033968 meg/l) compared to calcium and
magnesium (18%). Theselevel sappear to be unfavor-
ablefor theexistence of macro biological life. In soft
water acutetoxidty to benthic macro-invertebratesmay
be caused by excessiveleve s of cationssuch asfluo-
ride*4. Among total anions(24.28668989megy/l), bi-
carbonate and chlorideswere the mgjor ions contribut-
ing about 60% with minor contribution from sul phates
and nitrates. Amongtotal cations(1.528675145meq/l)
of glacid melt water, contribution of calcium and mag-
nes um was maximum (68%) with minor contribution
from sodium and potassium (15%). Chloride and bi-
carbonatesweremaj or anion contributing 93%to total
anion concentration (0.676525822meq/l). Melt water
influence on stream water chemistry, clearly showed
preferential el ution of sulphate and nitrate over chlo-
ride, hydrogen and other cationsduring the early melt
of 1988 in Caimgorm mountains of Scotland™. Influ-
enceof major ionsof sulphur spring was observed dur-
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ing winter season and that of glacial melt water during
summers.

CONCLUSION

River Gangaand Yamunaintegratesionsmainly from
chemical weathering process, however sulphur springs
and glacia mdt streams (preci pitation) remainsimpor-
tant direct sourceswith very littleinput from human ac-
tivities. During lean period theionic congtitutionispre-
dominantly dictated by sulphur springsin both these
rivers. Thelevelsof individud cationsand anionsinthe
upland himalayan regions are higher in River Ganga
compared to River Yamuna. Theleve sof tota ionsel-
evatesgnificantly whenever theriversaredivertedinto
cands YamnunaCand ishaving quitehighlevesof ions
compared to Gang Cand. High TDS and conductivity
inthelower stretches of River Yamunaisattributed to
thefragileriver basnand morevisbledirect discharges
intheriver. The concentration of variousionsinrivers
and canalsarefound well below the BIS prescribed
[imit, but thelevel sincreases after conventiona treat-
ment of the raw water. Calcium, magnesium among
cations and bicarbonate, sulphate among anionswere
found most predominant throughout the water quality
of riversand canals. However, sodium concentration
increasesin cana ssignificantly with marginal increase
in potass um concentration, which comesmainly from
anthropogenic activities. Thechemistry of sulphur spring
watersisatogether different fromriversand canals, as
in sul phur springs sodium among cationsand bicarbon-
ate, chloride among anions dominated thetota ionic
distribution pattern. An optimum|eve of ionsisrequired
inraw watersfor healthy aguatic lifeand the sameis
gpplicablefor drinkingwater supply. Henceitisimpor-
tant to maintain the optimum levelsof ionsin drinking
water supply, besides keeping a check at the higher
prescribed levelsfor normal functioning of our body.
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