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PREFACE

Lakes are forms of inland waters which piay an important role
iri the sconomy of nature and man. takes are also important source
of fresh water at high aititude areas of the Himalayan HKegion.
They contain over 95% of the earth’s fresh liquid surface water.
Lakes in general represents additional storage capacity of
hydrologic systems. Natural or artificial changes 1in storages
either in quality or quantity of water alter not only the stream
flow regime but also the water balance 1in the region. This
alteration of flow'regime and guality of Take water may also
cause side effects of ecological imbalances in the region.

The various lakes 1in the J&K aore fast shrink.ng dus to
siltation, manifestation of weeds and various encrochments by the
local people. Rapid growth of human activities in the catchment
areas of these lakes are mainly responsible for deterioration of
its water quality . In order to keep lakes in healthy condition
and to prevent eutrification, a regular monitoring of its water
guality i3 necessary. Therefore, with this objective, Weatern
Himalayan HKegicnal Centra (NIH), Jammu has undertake the water
quality monitering and evaluation of Surinsar Lakes in Jammu
region during 1994~-45,

The report has been prepared by Shri Om Kar, Scientist’8”

and sShri M.K. Sharma, S5HA under the guidance of Lr. K.5.

rRamasastri, Ycientist"F" and Head. Shri vishal Gupta, JHA
assisted in the repart. ,//18~AVr¢)“¥Jr
, ( 5. M. sosh’\/

virector



L EST OF CONTENTS

LLI5ST OF FIGURES
L1ST OF TABLES
ABSTHACT

1.0 INTHOLUCTION

2.0 Review

Hydrologic Lefinition of Lake

Lake as a Hydrologic Unit
vifference b/w Lake, Pond and Reservoir
Oriqin of Lake
Classification of Lakes

General

Classification Based on Biological
properties

Classification Based on Chemical
properties

ne

N

o L4 2005 N0 LI  PH LW
N -

L
w

AREA

o
-4
c
[y
-

Location

seology

Climate

sedimentation & $ilting of Lake
diological Features of the Lake
{ake Fauna

ERIALS ANLD METHOLS
water Quality Monitoring
water Sampling
samplina Procedure
samples Handling & Preservation
Method of Analysis and Eguipment uUsed

A

-

P - L= R4 B A

PhBBELX

RESUL IS AND DiISCUSSLION

5.1 variation of Physical Parameters 1in
Surinsar Lake

5.2 variation of Major cations in Surinsar Lake

5.3 variation of Major Anions in Surinsar Lake

5.4 variation of other Chemical Parameters in
surinsar Lake

5.5 Criteria for Letermining the .Buitability of
Irrigation water

5.6 Irritation water Quality of Surinsar Lake

.7 UDrinkinag water Quality of Surinsar Lake

CUNCLUSIONS

HREFERENCES

rage No.

11
111

£ L~ ; o

44

e
16

16
18
18
18
18
14

21
21
22
23
23
2%

27
21

29
29

35
43
a5

47



L18T OF FIGURES

vDetails
Index Map Showina Location of Surinsar Lake.
Map of Surinsar Lake Showing Sampling Locations.
variation of Major cations (ma/l} in Surinsar Lake,
variation of Maior Anicng (mg/1) in Surinsar Lake.
variation of DO & BOD (mg/Y) in Surinsar Lake,
variation of Hardness (mg/1) in Surinsar Lake.

Classification of Irrigation Wwaters Based on
SAR and Salinity Hazards(USDA,1954).

Classification of Irrigation Waters based on
rermeability Index {Doneen}.

rage No.
17
24
30
32
34

36

349

42



LIST U+ TABLES

PDetails

List of Eguipment Used for the Analysis of various
Parameters,

variation
variation
variation
variation
variation
variation

variation

of Physical Parameters in Surinsar Lake.
of Major Cations (mg@/1) in Surinsar Lake,
of Maior Anjons {ma/1) in Surinsar Lake.
of Do- BOD (mg/1} in Surinsar Laka,

of Hardness (mg/1) in Surinsar take,

of 5AR values in Surinsar Lake.

of Permeabiliity lndex (FI) values in

Surinsar Lake.

Comparison of Surinsar Lake water with Indian

Standards

for Inland surface water {class A tyvpe).

~ii-

rage No.

26
28
28
3N

33
35

44

44

45



ABSTHACT

Surinsar Jake is a historical and ecological asset of Jammu
region. The catchment area of the lake is badly degraded which
has caused a 1ot of siltation intoc the lake. HRapid growth of
human activities in the catchment area are also responsible for
deterijoration of 1its water quality. Therefore, water quality
monitoring of the lake was carried out during September,
October{94), January and March (4%). The arab samplesz of the lake
water were collected from eight locations (P to P8} along its
periphery. The physico— chemical analysis of various water
quality parameters including Temp., pH, EC, TUS, Ca, Mg, K, Na,
nitrate, phosphate. bicarbonate, sulphate, chloride, LU, B8O,
calcium hardness and magnesium hardness were performed.

The study showed that ph of the lake water varied from 8.27
to 8.43 during September,Y4 to March,45. The lake water contains
variable amounts of Ca, Mg, Na&, K, chloride, suliphate, bi-
carbonate, nitrate, phosphate etc. However, the concentrations of
these parameters were found well below the levels prescribed for
class - A drinking water standards ( Indian Standards for Inland
Surface Wwaters). The DU and BOD values of water were also found
within the timit for drinking purposes.

The average 5AH values of the lake water were varied from
0.27 to 0.38 from September,9%4 to March, 45 . These values were
well below the limit ( less than 10.0, USVA,1954) prescribed for
very good quality of irrigation water. According USDA (1454)
classification. the lake water falls under C1-51 {low salinity-
low sodium ) during September/October and January/March, 45
respectively. As per Doneen’s classification, the Jlake water
falls wunder class 11 type of 1irrigation water. These both
classification showed that Take water i8 good for Iirrigation

purposes.
—111j



1.0 INTRODUCT LON

There are about three miilion lakes in the world and most of
them are located in the Northern Hemisphere. According to
Zumberge and Ayers { vide Chow,1964 ) a lake 1is défined as an
inland basin filled or partially filled by a water body whose
surface dimensions are capable of producing a barren wave swept
shore.

Lakes are the potential source of fresh water at high
altitudes. The water stored in them is used for drinking purpose,
for factories, for hydro-electric power generation and for
irrigating the fields. 1n addition , iakes yield valuable supply
of fish, which is used both as food and fertilizer. The salt
water lakes yielid common salt. Some times due to the presence of
lakes, roads and railways have to make wide detours but in
providing navigational waterways, lakes remain supreme.

in addition, lakes modify the local ¢limate. Their role in
making the climate mild and pleasant is very ihportant. Yhe lakes
cool the air 1in summer and warm it during winter. They also
increase the humidity in the atmosphere. Lakes also tend to
modify the rainfall and in their neighbourhood as the quantity of
precipitation is usually higher, The Takes often bring about the
establishment of important health and pleasure resorts which
attracts the tourists.

Lakes in general represents additional storage capacity of
hydrologic systems. Natural or artificial changes 1in storages
either in quality ofr guantity of water alter not conly the stream

flow regime but also the water balance in the region. Alteration



of flow regime and guality of lake water, a common problem faced
everywhere, arising from increase in demand and several
deveiopmental activities. result in the hampering of activities
supported by lakes. |here are also side effects of ecological
imbalances 1n the region.

Lakes are considered to underdo a process of aging , which
has been characterized by three gualitatively def ined
conditions, The initial condition of a lake is termed
'aligotrophic’ and is normally associated with deep lakes, where
waters at the bottom of the lake are cold and relatively contain
high level of dissclved oxygen throughout the year. Oligotrophic
lakes are poorly fed, have a Tow concentration of nutrient
elements such as nitrogen, and phosphorus productivity in terms
of population levels of phytoplankton, rooted aquatic plants and
zooptankton. OUn the other hand, eutrophic or 'well fed’ lakes
have high concentration of plant nutrients and large
concentrations of phosphorus plankton due to high organic
productivity. Eutrophic lakes may be either shaliow or deep.
These are characterized by high concentrations of suspended
organic matter in the water column and by relatively iarge
sediment depths with high organic contents particularly in the
upper layers of sediment. Biological productivity is high and the
diversity of biological population may be some what limited.

A third Jake condition is mesotrophic which is an
intermediate state betwsen oligotrophic and seutrophic.
Mesotrophic Takes have intermediate Jlevel of bioleaical
productivity and can have some reductions in bottom dissolved
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oxygen levels. Two nutrients, nitrogen and phosphorus are of
greatest concern in the growth of biological organic matters 1n
the lake . In addition to these nutrients, phyto plankton
requires carbon dioxide and a host of minor elements (potassium,
sodium) and trace elements (iron, cobalt, manganese, copper,
zinc, boron etc.).

Of the nutrient elements needed for photosynthesis, hydrogen
and oxygen are readily available and also carbon 18 generally
available from atmospheric carbon dioxide. The maior elements
that are not always available are nitrogen and phosphorous.
rhosphorous input can increase during culturai eutrophication of
lakes. °The primary source of phosphorous and nitrogen in lakes
are direct rainfall and snowfall on the lake and runoff from the
surrounding drainage area. In oligotrophic lakes most phosphorous
in runoff comes from rock weathering and =01} transport.
Atmospheric precipitation may be a very important source of
phosphorous for oligotrophic, particularly those 1in areas of
granitic terrain with Jlow contributions of nutrients from
weathering and those Takes whose area is large compared to the
drainage area.

There are several natural Jlakes surrounded by natural
vegetation in the high altitudes regions of the Himalayas. These
include Wular, bLal, Nagin, Manasbal, Mansar, Surinsar and Sanasar
Jakes in J & K (india). Of these the lakes of Kashmir region have
attracted tourists since ancient time.

However, the 1ak?3 of Jammu region are still to be developed
for the purpose of increasing tourism in the state. Infact, the
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various iakes of the reaion are fast shrinking due to siltation,
manifestation of weeds and various encrochments by the local
people etc. The residents living around the lakes use the Jake
waters for their domestic uses. They also through garbage on the
already dry areas of the lakes from their restaurants, houses and
agricuitural fijelds. There also exists a malpractice of large
scale felling of trees in the watersheds which consequentiy
resuited a severe problem of so0i1l erosion over the years and
causing siltation / choking of the lakes,

1n order to keep lakes in healthy condition and to prevent
eutrification a reqular monitoring of its water gquality is
necessary. Therefore, the present study was carried out for
Surinsar Jlake ( Jammu region) by taking grab samples along the
periphery of the lake during months of Septembsr, OUctober (199Y4),
and January, March (199Y5). The main objectives of the study are:
{1} to monitor physico-chemical parameters of water quality of
Take.
{ii) to evaluate the guality of lake water for drinkinga and
irrigation purposes.

{(iii) to evaluate ) and BOD levels in the lake water.



2.0 REVIEW OF THE LITERATURE

Knowledgae of hydrology of lake is essential for their proper
use and conservation. Lakes provide water for domestic and
industrial uses, fisheries, transport and recreation. Lakes are
transitory features of the earth surface and each has a birth,
life and death related to certain geclogical and biological
processes. Their life expectancy may vary from a short spell of
two floods to miilions of vears.

2.1 Hydrologic Definition of Lake

The matter of a precise definition of a lake has received
insufficient attention and a unigue definition of a lake does
not  exist (Kuusisto, 1485)., But a lake is easy to visualize
because it has definite boundaries. Such boundaries are not
always definitive in other types of storage in the hydrological
cycle. Ffrom the geclogic point of view, a lake consists oOf two
distinct parts., the basin and the water body. 1t is obvious that
the latter could not exist without the former and both should be
taken intoe account in any workable definition. From the
hydrological point of view, a lake should be distinguished from a
wide river section.

In Finnish practice, the minimun  area lvf a ‘ilake is
considered to be 0.01 Hg.Km. Instead of the area, a reguirement
of the maximum length exceeding 20Um has been used., As a sSummary .
a water body should fili the following requirements to be a lake:
{1) 1t should fi1l or partially fill a basin or several connected
basins.

(ii) It should have essentially the same water ieveil in all parts

_b_



with the exception of relatively short occasions caused by wind,
thick ice cover , large inflows, etc,

{1111 It should have sc small an inflow toc volume ratio that
considerable portion of suspended sediment is captured.

{iv} 1t shouid have a size exceeding a specified area, e.g. .01
5g. km, at mean water Jlevel,

?.2. Lake as a Hydrologic unit

Nature circulates water from the oceans through the
atmosphere and returns it both overland and underground back to
ses throush devious paths— some short and some long in terms of
both time and space. Lake with its definite Loundary can be
postulated as one of the devious paths for the circulation of
water in nature.

Lake has its hvdrolegQic response. Tt has cause and effect
ratationship with the adioining catchment. Because of storage of
large mass of water, it moderate fleood and climatic factors 1in
the ragjon, Also the deforestation, conv;rsion of grassiand to
cropiand, intensification of agricultural production, land
amelioration etc. 1in  the nearby catchment area affects the
microclimatic and reduces evapotranspiration thereby increasing
rain runoff and rates of erosion and =1itation. Accelerated
nutriant cycltes and faster transport of scil particies increasse
sgdimantation rate and Tead to enrichment of lake water. So,
various physical, chemical and biological ipputs manitested
through the hydrology of the catchment area and Take affects the
auality and guantity of lake water.

_,6_.



2.3 Difference between Lake, Pond and Reservoir

The lake is a natural body of water having an area of open,
relatively deep water, sufficiently large tc produce a barren
wave swept shore on its periphery where as ponds are very small,
shallow bodies of standing water which is extensively occupied
higher aguatic plants. On thas other hand a reservoir may be
natural valley that is dammed artificially of a concrete faeveed
artificial 1lake not associated with natural catchment, A lake
is filled by stream flow or precipitation only whereas ponds and
reservoirs are filled either by natural flow {impounding' type}
and / or by water pumped from neighbouring catchmente (pumped
storage type). The lakes,like the other naturally formed water
bodies, exhibit +the shore Tline formation characteristics.
Artificially produced reservoirs and ponds do not have a well
defined s"nre. o, according to the hydrologic definition of lake
envisazed by zumbarne and Ayers (vide chow, 19Y64) reservoirs
created by damming rivers, ponds, tanks etc. should not be
categorized as laka.

Inputs and outputs of the natural lakes are near the surface
whereas outlets of a reservoir or a pond is at one of the several
depths or from two or three levels simuitaneously. The lower
depression in a natural lake may occur anywhere in its basin but
the maximum deoth of the reservoir bottom is always near the dam,
unless a natural Take is included in thea impoundment area. A
reservoir bottom has a regular slope from head to tail that was
established by the river before damming. 1n case of natural lakes
the basins are scooped out below river level and hence bottom
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slcpe 18 not wuniform. Natural Jakes normally beain as
oligotrophic bodies of water having low productivity on the
other hand reservoirs inundate rich bottom lands and fertile top
s0i1l on river siopes and so normally begin with high productivity
potential. With passage of time natural Takes tend to become
productive unilike reservoirg which tend to suffer productivity
decrease with time.

Heservoirs are generally constructed sither to store or
control the flow of rivers and stream, primarily in regions
where there 18 excess or scarcity of water. As a result,
reservoirs are geologically younger than natural 1akes. The worid
wide distribution pattern for lakes shows a bimodel pattern. 1In
contrast, the reservoirs do not exhibit this bimodel distribution.

Natural Jlakes are 1located in the centre of relatively
symmetrical and contiguous drainage inputs entering the lake at
several points around the lake whereas reservoirs are usually
congtructed at the downstream boundary of a drainage basin. Thus,
the reservoir drainage basins are often narrow and elongated with
only a semall portion of the basin being contiguous with
reservoir.,

2.4 Ovigin of Lakes

In coming to the guestion of origin of lakes, it is apparent
that depressions are first of all formed on the earth’s surface
under favorable conditions, some of these hollows contain water
and are therefore, described as lakes, The topographic
depressions which accommodate lakes are known as lake basins.
Lakes can be created by different number of various natural

avents, -8-



Most lakes however have been produced by glacial, volcanic
or tectonic processes. Tectonic basins are depressions caused by
the deep movements that resulted in faulting of earth’s crust.
volcanic activity has created many crater lakes. Glacial activity
during the most recent period of major ice advance and retreat
resulted in a abundance of lakes in N America and kurope. Great
Lakes, which collectively form the largest continucus volume of
fresh water in the world, were formed by ice scour, water erosion
and subsidence under massive ice sheets (Hammer, 1977).

2.5 Classification of Lakes
2.5.17 General

There 1is no unigue and uniform method of classification of
lakes. Uifferent scientists have classified lakes into various
ways, on the basis of their origin, thermal behaviour, biological
and chemical characteristics, presence or absence aof outlets,
geometrical shapes of lakes, water balance of lakes etc. The
present report includes classification based on biological and
chemical characteristics of lakes.

2.5.2 Classification Based on Biological Properties of Lakes

Naumann (Thurman, 1985) classified the lakes according to
their trophic states.lt includes oligotrophic, eutrophic,
dystrophic and mesotrophic lakes based aither on the
concentration of the plant nutrients or on the productivity of
the organic matter or algal populaticn.
2.5.2.1 Oligotrophic Lakes

Oligotrophic lakes are at their i1uweat trophic level and are
usually deep with large volumes of relatively clear water. They
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have a low concentraticn of nutrient elements such as nitrogen
and phosphorous. Hock weathering, soil transport and atmospheric
precipitation are the maior sources of phosphorous for an
oligotrophic lake {(Berner 8t al., 1987). The dissoived organic
carbon content of oligotrophic lakes i8 very lesg generally in
the range of 1 to 3 ma/ litre. Its total dissclved amino acid
concentration is 30 to 300 micron grams / litre. The lamck of
nutrients results in few plants and hence a low rate of organic
matter production by photosynthesis.

The depth of water is usually above 15 to 5 m ( Berner et
al,, 1987). They have a large hypolimnion and narrow epilimnion
with a thermocline and broad metalimnion. Oligotrophic lakes
usually have an orthourade ( vertical ) oxygen curve indicating
an sven distribution of oxygen throughout the water column due to
tow productivity and subseguent absence of oxygen depleting
organic matter. In addition, oligotrophic lake water have deeper
oxygen generating zones than seutrophic lakes because of
penetration of 1light to a relatively gareater depth thereby
reducing the depth at which photosynthesis can occur
{(Pinto,1981].
2.5.2.2 Butrophic Lakes

Eutrophic lakes are at the highest trophic level and are
rich in nutrients with high concentration of plankton due to high
productivity. FPhosphorous 1is above 20 micro oramsz per litre
(Uerne} et al., 198/). Organic matter is either autochthonous
{ produced in lakes? or allochthonous {transported from
anvironment )} (Reid & wood, 1974).



The water of these lakes 13 murky with suspended plankton
and often depleted in oxygen at depth {Berner et al., 198/}. They
have & narrow hypclimnion and large epilimnicn. Hypalimnion Iis
poor in oxygen due to hiah biological demand to decompose organic
mattar (Berner et al., 1987). Microscopic algae and agquatic weeds
are the malor phytoplankton (Hammer, 1977)}. Bottom fauna are
tolerant of low oxvgen conditions. Deep water fishes are absent.
sediments are mostly organic rich 1in nitrogen (Bernser et
al.,1987). The dissolved oxygen content of eutrophic lake is 3 to

34 ma/ litre.

2.5.2.3 Mesotrophic Lake

This 1is a transient state of lake from oligotrophic to
eutrophic state. These lakes have intermediate properties between
those of oligotrophic and eutrophic lakes (Berner et al., 1987).
Thoir major propertiss are moderate tertiliity,low aguatic plant
populetion, greenish water and moderate production of fish
{Hammer, 1%/¢). The gissolveq oxygen content 1s 2 to 4 ma/ litre.

2.5.2.4 Vystrophic Lakes

These are shallow brown water lakes. Hrown colour is due to
the organic compounds. They have either very few or no organisms
except a few aguatic insects occasionaliy. They contain hydrogan
sulfide and ammonia. Their N/FP ratio 1s very high. They have na
low pH. Metallic pollution is present, Dissolved oxygen content
18 20U to 50 mg/litre. Fishes are absent. Uiptera and cloeptera
are the major bioloaical indicators of these lakes.

..'l‘]k



| 2.5.3 Classification Based on the chemical Properties of iLakes
2.5.3.1 Genaeral

Lakes have been variously ciassified on the basis of the
chemical nature of i1t3s water, its carbon dioxide and calcium
contents. These classifications are given below.
2.5.3.2 Classification Based on the Chemical Nature of Lake Water

On the basis of the chemical nature of their waters, Jlakes
can be classitied as
2.5.3.2.1 Acid Lakes

The water of these lakes generaliy have pH values of & or
less (Berner et ai., 14987 }. Acid Tlakes have a distinctive
chemical composition. They have hyvdrogen—calgcium—magnesium—
sulfate waters. Sulfate concentration is generally 3 to 5 times
than that 1n the fresh water lakes (Berner et al., 14987).

Fresh water iakes may become acid lakes due to acidification
of diiute fresh waters or because of acid precipitation.
Acidification of lakes occur in areas that are sensitive to acid
precipitation because of a characteristic bedrock geology and
s0il. Acid lakes are characterized by steep slopes and sexposed
bedrock with Tittle vegetation and soil development. In this way
they receive precipitation virtually unaffected by the soil.
2.5.3.2.2 Saltine Lakes

All saline lakes are formed by closed lakes under desert or
semi arid conditions where the evaporation rate is too high and
there is a lack of outflow to present the subsequent discharge of
salts ta the seas.

There 1is no definite boundary to define saline lakes,



According to Hardie et al., (19/8), lakes with more than 5000 ppm
dissolved solutes are considered as saline lakes. Saline lakes
are often highly alkaline and exhibit a high pH which is higher
than 10 (Berner et al., 1487}, Saline lakes may contain a varisty
of salts and unusual aquatic 1life that have extraocrdinary
tolerance to high salt concentrations. Saline Jlakes are the
sources of economically important chemicals such as lithium,
borax, potassium, zeolite etc..
2.5.3.2.3 tresh Water Lakes

All naturally occurring lakes are mostly fresh water lakes.
These Takes also differ widely in contents but tend to assume the
composite dissclved solid characteristic of the water of the
inflowing streams. This is because of the balance between the
inflow and outflow. The pH of fresh water lakes ranges from 6 to
8 and they genéral]y have calcium - magnésium- bicarbonate waters
(Berner, 1487},

2.5.3.3 Chemical Classification of Lakes Bassed on their Carbon

dioxide Content

Reid et al. (1976) have classified the iakes based on their
carbon dioxide content as below :
2.5.3.3.7 S5oft water Lakes

These lakes are common in regions of low lands. They have a
pH of 4 to &. Their waters have a high free carbon dioxide
content; nearly about 200 ppm, The bound carbon di-oxide as
carbonate is8 low ; usually less than 4 to 10 ppm (Heid & wood,
1976).

2.5.3.3.2 Medium Water Lakes



These lakes have a pH value which is around seven. The free
gaseous carbon dioxide in these lakes varies widely, frequently
showing supersaturation relative to the partial pressure of the
qgas 1in the atmosphere. The bound carbon dioxide of these Iakes
15 upto 3U to 35 ppm (Reid & Wood, 1476). The medium water lakes,
though contain a relatively less mass of living matter per unit
area, often harbour a greater variety of plants and animais.
{Reid & wood , 14976).
2.5.3.3.3 Hard water Lakes

These lakes oOcGcur 1n regions where the substrata contain
easily dissolved minerals. These lakes are characterized by
negative values for free carbon dioxide due to withdrawal of
bicarbonates at a higher rate than the carbonates are
precipitated. These lakes have a high pH values of 8.5 and above,
Bound carbon dioxide of these lake waters is over 35 to 40 ppm,
often reaching 200 ppm or evan more.

These lakes contain high living matter per unit area than
soft water lakes. The percentage of calcium and magnesium are 53%
and 34 % of the total cations present respectively. The increase
of these 1ons in hard water as compared to the soft waters, takes
place at the expense of two atkali metals ; sodium and potassium.
The hypolimnion of hard water lakes characteristically contains A
greatly increased load of calcium (Reid &wood 1976).

R. Cushmann et al,. (1980) have used following boundary
values : -

i) very Hard water lakes : 180 to above 240 ma of calcium
carbonate/litre.



11) Hard water Lakes : 120 to 180 mg of calcium carbonate/litre,.

i11) Moderate water Lakes : 66U to 120 mg of calcium carbonate/

litre.

iv) Soft water lakes : Less than &0 ma of calcium

carbonate/litre,

2.5.3.4 Classification of Lakes on the Basis of Calcium Content
Heid & Wood (1978) have reported that W. Ohle, a German

limnologist, proposed a following scheme of lake classification

in 1934 on the basis of their calcium content.

{i) Poor Lakes: Calcium content is less than 10 mg/iitre.

{11) Medium Lakes: Calcium content varies from 10 to 25 mg/litre.

{(1ii) Rich Lakes: Calcium content is more than 25 ma/litre.



3.0 STUDY AHEA
3.1 Location

The Surinsar lake is situated about 40 Km to the North East
of Jammu city at an elevation of 605 m above mean sea level and
Ties at 75°02’ 30" East longitude and 32746’ 30" North latitude
(Fig-1). 1t s a fine picturesque sweet water lake with a
circumference of ¢.496 Km. The maximum Tength., breadth and depth
of the lake are B88 m, 444 m and 24.05 m respectively. The spread
of the lake varies from 27.92 to 29.14 hectares. The water level
of the Jake osciliates by 1.20 m and touches 1its peak during
August. The excess water fiows towards the western side of the
lakes and goes into a nalla lying by its side. The lake does not
have any permanent inlet. The main sources of water 1is monsoon
which is aided by certain natural springs. The water wusually
comes from the surface drainage and runoff from the watershed
surrounding the lake. There are agriculture fields iying towards
eastern side of the lake and fine covered hillis are situated

towards the Northern and western side of the Lake.

Lake surinsar is almost oval in contour with a deep notch
towards its north west. A small island is placed ex-centrically
within the Jake, more towards its North tast and 1is rich in
terregtia] fliora and fauna. The JTittoral zone of the lake has a
thick vegetat}on cover of emergent floating, submerged plants
providing suita?]e cover for roosting migratory and nesting of
the resident water fowl{Known as Murgabi and Jal Moorai 1in the
lecal language) in the lake.
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3.2 Geology of the Area

The lake surinsar is situated in the lower Siwalik ranges of
the Western Himalayvas. These outer hills are formed entirely of
the vounger tertiary rocks. Ihe geological studies of the area
mainily comprises of anticlines, The rocks surrounding the lake
are lower Siwalik and mainly composed of sand stone, silt
stones, shales of marocon to buff colour,
3.3 Climate of the Area

The climate of the area is subtropical . Monsoon rains are
received from July to September. The average rainfall is 150 cm.
Winters are mostiy dry with occasional rains during the month of
January. The temperature the atmosphere and the water remains
well above the freezing point. The atmosphere temperature during
summer ranges from 35°to a0’ c. The temperature of the water
surface ranges from 17 to 29 ¢. The wind speed is rangina from
1.5 to 5 km per hour throughout the year.
3.4 Sedimentation aﬁd $ilting of the Lake

The catchment area of the Surinsar lake is badly degraded
which has caused 1ot of siltation into the lake. Tt is mainly due
to Jlarge scale deforestation and denundation of the surrounding
areas. The precipitation received in the form of rain and snow
can not be trapped in absence of vegetative cover. The top loose
s0il gets eroded and finds its way into water body as surface run
off. The silt starts settling down at the bottom of the lake and
consequently reduces water spread areg of the lake.
3.5 Biological Features of the Lakes

Microphytic vegetation is present in large gquantities in the



lake all alonag its bank. various species of phyto-planktons are
present 1in the Surinsar lake., These species falls 1in the
following cateqories.

(A) Zoo-plankton

(i) Protozoa

(1i) Coelenterata

(iii) Rotifera

(iv) Cladocers

(v) Copepoda

{vi) TInsecta

(B) Phyto-plankton

(1) Cyanophyceae

(11) Chlorophyceae

(i1i) Ulotrichales

{(iv) Oedogonales

(v) Bacillariophyceae

{vi} Euglenophyceae

{vii) Zyganematales

(viii1) Cladophorales

3.6 Lake Fauna

There 18 an intimate association of the take with various
species of water fowl. 1t serves as resting flyway for north
bound ducks in late winter/early spring, and south bound ducks 1In
autumn. As many as 13 different species of water birds have been

[

so far identified which uses the lake as 1ts habitat during

_]9_



different season. These includes Coot, Moorhen, babchick, White
Breasted Hen, Biack Necked Grebe, Great Urested GUrebe, Gargany,
Gadwell, European Pochard and tufted buck. The lake serves as
breeding ground for Dabchick and white breasted hen during the

summer .



4.0 MATERIALS AND METHOLS

water quality monitoring is an important aspect of overall
water quaiity management and water resources development. A well
planned and well managed water quality monitoring system is
reguired to predict changes or trends of changes in the quality
of & particular water body, s0 that curative or preventive
measures can be taken to restore and maintain ecological balance
in the water body, Monitoring is also needed to ensure that
standards and criteria set by the regulatory agencies for a
particular type of water and for a particular use of water are
maintained on a continuing basis.
4.1 Water Quality Monitoring

The word " monitoring” in true sense, impiies watching the
ongoing of any matter to ensure no laws or ruies are broken.
However, 1in c¢ase of water, the monitoring refers sampling,
measurement and prediction of guality variabies at different time

and space.

In a more realistic manner 1t can be emphasized that water
guality monitoring is a systematic process of collecting,
preserving and anaiysing water samples to identify aquantitative
and gualitative characteristics of water. water gquality
characteristics depend an both hydraulic and hydroiogical
conditiong pravailing in the regime area of the water tody and on
the water that drains to the particular body . These
characteristics can be classified into physical, chemical
biolcgical and radioiogical parameters,



4.2 water Sampiing

sampiing 1is a vital part of studies of natural water
composition and 18 perhaps the major source of error in the whole
process of obtaining water guality information. In any type of
study 1n which only small samples of the whole substances under
consideration may be examined, there 1is 1inherent uncertainty
because of possible sampling error. The extent to which a small
sampie may be considered to be reliably representative of a large
volume of material depends on several factors. These include,
the homogeneity of the material being sampied, the pumber of
sampcies, the manner of collection and the size of the individual
samples,

The sampling from Takes 18 not so easy due to the
heterogeneity of the water mass. Thermal stratification and
associated changes 1n water composition are among the most
frequently observed effects, A single sample from a lake can be
assumed to reprasent only the spot within the water body from
which they come. Tn order to covercome this difficulty , lake may
be divided into different zones and series of samples may be
taken from each zone. Water samples may be classified as below:
{i) Grab sampies : Grab samples are collected at particular time
and place. These samples may be collected at different places and
at different time interval. These samples are analysed
separately.

(11) Composite Samples : Composite samples are the mixture of
many grab samples collected at fixed points over a period of
time. These are used for determining those parameters which

-y



remain unchanged with time.
(1111 Integrated Samples : Integrated samples are the mixture of
grab sampies coliected from different sampling points at a fixed
time,
4.3 5ampling MProcedure

In the present study grab samples were collected from eight
pre selected iocaticons P1 to P8 ( Fig-2) along the periphery of
the lake during months of September.,October (94), January ang
March (1995) . The water samples were collected in high density
polythens bottles of lorson's make., Before collecting the
samples, botties were rinsed with dilute nitric acid and then
with double distillied water and finaliy with water samples. The

following plastic bottles were filled at every sampling location.

(i) 500 ml for measurement of temperature, pH, electrical
conductivity and total digssolved solids in the field.

{13) 250 ml for chemical anaiysis of nitrate.

{1711} 1000 ml for the analysis of acidity/alkalinity, hardness,
chioride, sulphate, phesphate, sodium, potassium, calcium and
magnesium etc.

(v) 125 ml for the analysis of DO and 80OU.

4.4 Samples Handling & Preservation

The samples for nitrate were preserved by adding 2.0 mi

conc., sulfuric acid per litre. The samples for DO and BQL
analysis were collected in airtight bottles ( Torson’s make) and
ware kept in BOL Incubator for five days at 26+1 degree Celsius
temperature for their final anaivsis.
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4.5 Method of Analysis and tguipment used ;-

Physico- chemical analysis was conducted fo?iowiné standard
methods ( APHA,1887).The physical parameters such as temperature,
pH and electrical conductivity were determined in the field at
the time of sample collection using Portable Thermometer,
Portablie +H meter (both procured Trom M/s Eivikalkamp, the
Netherlands under UNUP project) and Portable water testing kit
{NPUC-361 ). Total dissolved solids (TUS) were aiso determined in
the field using portable water testing kit,

The total hardness and calcium hardness were determined by
EDTA titrimetric method,while magnesium hardness determined by
deducting calcium hardness from total hardness. Calcium {(as cCa
jons ) was calculated by multiplying calcium hardness with 0,401
while magnesium ( as Mgfaons) by multiplying magnesium hardness
with 0,243,

Sodium and potassium were determined by flame-emigsion
method wusing Flame Photometer. Chloride was determined by
argentometric mathod in the form of silver chloride. Acidity/
alkalinity was determined by titrimetric method using
phenclphthalein and methyle orange indicators. Phosphate and
nitrate were determined wusing Uv-V1i5 Spectrophotometer. The
sulphate was determined using Turbidimetric method.

fFor the analysis of DU and BUD the water samples were
collected 1in BOY thties.The dissolved oxyaen (DO} of water
samples was obtained in the laboratory using titration method.
For the analysis of bio-chemical oxycen demand (BUD) the sampies
were incubated using BOD Incubator for the standard fTive day

_Zb_



period at 20+1 degree Celsius. The DU was determined initially
and after the incubation. The BOL was computed from the
difference between initial and final vU values,
summary of analytical methods and eguipment required for the
analysis of various parameters is given in Table-1,
Table- 1

List of Equipment used for Analysis of various parameters

5.No Parameter Anaiytical Method EqQuipment

1 pH Electrometric rortable pH Metar,Portable
Kit

72 Conductivity Wheatstone bridge Conductivity Meter, -—do-

3 Temperaturs Thermometric Fortable Thermometer, -do-

4 TDS - Portable Kit

5 Alkaiinity Titrimetric -

8 Hardness -go- -

{ Calcium -do- -

4 Magnesium ~-do~ -

9 Chioride Mercuric nitrate -

1 Sodium Flame-emission Flame Photometer

11 Hotassium Flame-emission Flame Photometer

172 Phosphate, - UV-VviS Spectrophotometer

13 Nitrate - - do-

14 Sulphate Turbidimetric Turbidimeter



5.0 RESULTS AND DISCUSSION

The present study deals with the monitoring of water
quality of Surinsar lake by collecting grab samples {from P1 to
P8 Tocations) along its periphery during September,
October(1944), January & March(1995}. The various physico-
chemical parameters of water guality were determined. These
includes temperature, pH, EC, TUS, Ca, Ma, Na, K, bi-carbonate
sulphate . chloride, nitrate, phosphate, DO, BOD and total
hardness . The variation of these parameters in the lake are
described as follows.
5.1 variation of Physical #Parameters in Surinsar Lake

The parameters such as Temp., pH, EC and TUS were determined
at the respective sampling locations (#¥1 to P8} using Portable
water lesting Kit and other portable eguipments. The results are
given in Table-Z. The average pH the lake water were obtained
8.27, 8.40, B.43 and 8.43 during sept., Oct. (i1944), January and
March (149957 respectively . The average electrical conductivity
valuaes were obtained 228.75, 235.0, ¢58.5 and 545.0 micro mhos
par centimeter during the sampling periods as mentioned above.
The average total dissclved solids were obtained 144.75, 151.25,
152.75 and 350.25 ma/1 respectively. On other hands , the average
temperature of the lake water were recorded 27.25, ¢5.31, 13.28
and 16.10 degree celsius during sept, ©ct..(19494) , January and
March {1945) respectively. 1t is also evident that monsoon has
significant effect on concentration of various water quality
parameters in the lake water, The EC, TuS and oH values of post

monsoon period (Sepfv4) are minimum, which may be due to the
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dilution of lake water by rains during monsoon period,
5.2 variation of Major Cations in Surinsar Lake

The cations such as calcium ., Magnesium, Sodium and
HPotassium were determined in the laboratory . These results are
given in Table-3. The average vaiues of these Cations (ma/l) were
plotted as bar diagram ( Fig-3). In the present studies the
average values of calcium were found 19.5%, 18.65, 29.10 and
38,10 mg/1 during September , October (1Y94) , January and March
{1995} respectively . The average Magresium concentrations were
obtained 6.80, 6.80, 8.38 and 13.3/ mg/1 in the lake water during
periods as mentioned above. However, the sodium and potassium
concentrations were varied from 5.51 to 10.15 mg/1 and 2.84 to
4.1 ma/]l respectively from post monscon period to late
winter({September,94 to March.,435). The analysis also reveals that
cation concentrations during post monsoon period ( September,Y4)
are alsc smaller than late winter (March,Y5).
5.3 variation of Major Anions in Surinsar Lake

The chemical analysis of lake water for anions such as
chioride, nitrate, phospate, bi-carbonate and sulphate were
carried out in the laboratory. The results are given in Table-4.
The average values of these anions during September, OUctober{yY4},
January and March {( 95 } were plotted in the form of bar chart
( Fig-4 ). The average values of chlorides were obtained 3.75,
‘5,75, 8.38 and 9.75 me1 during September, October (4Y4), January
and March (4%) respective]&. The average sulphate concentrations
for the same period were obtained .48, 7.24, 49,29 and 11,26 mg/1
respectively, The averaae bi-carbonate concentrations ware
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Fig.4 Variation of Major Anions (mg/i).
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obtained #1.50. 81.0, 117.0 and 126.50 mg/1 during the sampiing
months as mentioned above. The average values of nitrate and
phosphate were varied from 3.14 to 5.05 ma/1 and 0.075 to 0.05
ma/1 during post monsoon period ( September,94) to late winter |
March,95). 1t may be examined that anion concentrations for post
monsoon {%eptember.Y4) are minimum. However, the maximum values
of these anions were found durina March,y5,

5.4 variation of Other Chemical Parameters in Surinsar iLake

lhe present study also involves the determination of
dissoived oxygen (DU) and bio-chemical oxygen demand (BOD). The
DO values were found to be 7.3Y, 8,03, 8.83 and 7.78 mo/1 during
Serf., Lct{¥4), Jan. and March (9b5) respectively. Whereas, the BUD
vaiues for the same period as mentioned above were obtained as
U.33, 0.41, 1.63 0.88 mg/1 respectively (Table-5). The bar chart
(fig-5) clearly shows that UO and BOD values are minimum durinag
post monsoon (September.Y4). However, the maximum vaiues of DO

and BOLD were obtained during peak winter { January,95),

Table-5
variation of DO—- BOD {(ma/l1) in Surinsar Lake

S5ample Do values ' BOU vaiues
Numbers | --——-—=—--————w————— i it i
1sep Oct 44 Jan March 95 (5ep Oct 94: Jan March 9b
F1 7.8 8.0 4.6 7.4 .3 0.4 1.2 0.8
pe 7.4 8.0 8.6 T.2 0.2 0.3 2.0 0.6
P3 7.4 8.0 8.4 7.2 0.3 0.4 1.6 0.6
4 7.2 8.0 9.0 B.4 0.2 Q.5 0.4 .8
Hh 7.2 8.0 4,4 8.6 .3 0.4 2.0 1.2
24+ 7.6 8.0 2.0 8.6 0.4 0.4 2,0 1.2
P/ 7.3 8.0 3.0 7.4 .4 .3 1.8 .8
(ade] 7.7 8.2 9.0 7.4 U.h .6 2.0 1-0
Average 7T.39 8.03 8,43 .78 .33 0U.4] 1.65 U.848



Fig.6 Variation of DO and BOD (mg/l).
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Tne hardness due to calcium and magnesium was also
determined in the Tlaboratory. The average values of calcium
hardness were obtained as 48.75, 46.,5U, 72.50 and 95.0 ma/]
during Septemher, October (94), January and March (953
respectively. The average values of magnesium hardness were
obtained 28.0, 28.0, 34.50 and 55.0 mg/1 respectively during the
periods mentioned as above ( Table- 6). 1t 1is evident that
average values of calcium and magnesium hardness are minimum
during post monscon{ September and October,94) (Fig-6).

Table-6
variation of Hardness(Ca & Mg, mg/1) in Surinsar Lake
1

]
\ Ca Hardness i Mg Hardness E Total Hardness
5, —mmem e e e i
N. | Sep Oct Jan Mar i5eo Qct  Jan Mar, Sep Oct Jan Mar Y5
e ) e i e ———— Y o o e o e e ———— b o e e e o  — ———
1 1 ]
F1 48 46 72 120 Zb 26 08 20 T4 T2 BO 140
rZ 5o 46 8O 100 28 8 41 HU 74 T4 120 150
3 48 44 6 80 30 28 48 8O T8 76 108 160
P4 48 46 T2 120 28 28 3z - 16 T4 104 120
Pa b a4 T 80 24 26 372 80 T4 74 14 160
Pt 48 46 12 80 28 30 40 60 18 76 112 140
H/ 48 -3+) 76 80 30 28 32 40 T8 T4 108 124
P8 HU 48 T6 100 30 30 44 - 80 76 120 1040

5.5 Criteria for Uetermining the Suitability ofIrrigation water

The suitability of an irrigation water depends upon many
factors. However, the guality of irrigation water, soil type,
salt tolerance characteristics of the plants, climate and
drainage characteristics of the soil profoundly influence the
suitability of a particular water for irrigation.

The main soluble constituents of surface water whiich

determine suitability of irrigation water are calcium, magnesium,
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sodium, chloride, suiphate and bicarbonates. 1In the present
report the following criteria were followed to determine the
suitability of lake water for irrigation purposes:
(a) Total Salt Concentration, as measursd by electrical
conductivity.
(b)Y HRelative Propertion of Sodium to other Cations, (Sodium
Adsorption Ratio, SAR).
(<) Classification of Irrigation Water Based on boneen’s
rermeability Tndex (PI),
{a) Total Salt Concentration of Soiuble Salts

Total salt concentration of soiuble salts in irrigation
waters can be adeguately expressed for the purpose of diagnosis
and classification 1in terms of electrical conductivity. 1In
general, waters with conductivity values below /50 micromhos/Cm
are satisfactory for irrigation in so far salt content 1is
congerned, although salt sensitive crops may be adversely
affected by the use of irrigation waters having conductivity
values in the range 250 to (50 micromhos/ Um { USDA,1954). waters
in the range of 750 to 2250 micromhos/Cm are widely wused. an
satistactory crop growth is obtained urder good management and
favorable drainage conditions, but saline conditions will
develop if leaching and drainage are inadeguate. Use of waters
with conductivity values above 2250 micro mhos/Cm, 18 the
éxception, and very few instances can be cited where such waters
nave been used succéssfully. However, in this case the more salt
tolerant crops can be garown with such waters, only if sub- 8&o03]

drainage 1s good.



iIn addition, for best quaiity of irrigation water total
dissolve solids should be below 800U mg/1 ( Jermar,1987). In
general water is good for irrigation, if total dissolved solids
are below 1000 ma/l1. However, this limit can be increased to 170U
ma/1, in case calcium forms 25% of the total bases (Nat+Cal 1in
the irrigation water( Haghunath,1982).
(b} Sodium Adsorption Ratio (S5AR)

The proportion of sodium to other cations or the sodium
hazard of the water is indicated by the sodium- adsorption ratio,
ar S5AK, Calculated from :-

Nat
BAHE Sos—==o—smm=— o L

where N&, ¢a¥ and M§+ represent the concentrations in milid
eguivalents per litre of the respective ions. 1rrigation water
with a low sodium adsorption ratio is desirable. USDA (1954) have
Classified the irrigation water on the basis of conductivity and
sodium adsorption ratio (Fig-7) . In this classification waters
are divided into four classes with respect to conductivity, the
dividing points between classes being at 250 , 750 and 2250 micreo
mhos/Cm, In general water is good if its position in the USDA
diagram (Fig-7) is within the zone of good or moderate waters.
The sianificance and interpretation of the irrigation water
guality ratings on the diagram are summarsized below
{i) Conductivity

Low-salinity water {G1) can be used for irrigation with most
crops on most soils with little likelihood that soil salinity:.
will develop. Some leaching is required, but this occurs under
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normal irrigation practices except in soils of extremely low
permeability.

Medium- salinity water (C2) can be used if a moderate amount
of 1leaching occurs. Plants with moderate salt tolerance can be
grown 1in most cases without special practices for salinity
control.

High salinity water ({(C3) can not be used on soils with
restricted drainage. FEven with adeqguate drainage, special
management for salinity control may be required and plants with
aood salt tolerance should be selected.

very high salinity water (C4) is not suitable for dirrigation
under ordinary conditions, but may be used occasionally under
very special circumstances. The soils must be permeable. drainage
must be adequate, irrigation water must be applied in excess to
provide considerable Jeaching, and very salt tolerant crops
should be selected.

{1i) Sodium

The classification of irrigation waters with respect to JAH
ig based primarily on the effect of exchangeable sodium on the
physical condition of the soil. Sodium sensitive plants may.
however, suffer iniury as a result of sodium accumulation 1in
plant tissues when exchangeable sodium values are Towar than
those effective in causing deterioration of the physical
condition of the soil.

LOw sod{um water ($1) can be used for irrigation on almost
all soils with littie danger of the development of harmful levels
of exchangeable sodium.

—4{}-



Medium sodium water (52) will present an appreciable sodium
hazard in fine textured soils having high cation exchange
capacity, especially under JTow leaching conditions, unless gypsum
is present in the soil. This water may be used on coarse textured

or organic soils with good permeability.

High sodium water (531 may produce harmful levels of
exchangeable sodium in most soils and will require special soil
management, good drainage, high leachina, and organic matter
additions. Chemical amendments may be reauired for replacement of
exchangeable sodium, except that amendments may not be feasible

with waters of very high salinity.

very high sodium water ($54) 1is generally unsatisfactory for
irrigation purposes except at low and perhaps medium salinity,
where the solution of calcium from the s0i11 or use of gvpsum or
other amendments may make the use of these waters feasible.
(C} Voneen’s Permeability Index

voneen’s has developed a chart based on permeabiiity index
(1) for classification of irrigation waters for soilis of medium
permeability ( kaghunath, 1482). The Permeability index (FL) is

calculated as below:

where ail the ionic concentrations are expressed 1n milli
equivalent per litre. According to this classification, the water
is good for irrigation if it belongs to class 1 or II 1in the

Doneen’s chart {Fig- 8.
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5.6 Irrigation Water Quality of Surinsar Lake

The water quality of the Surinsar lake Tor irrigation
purposes has been evaluated based on the total salt
concentration, USDA (1954) chart ( chart based on EC and BSAR

values) and boneen’s chart of Permeability lndex (PI},

The average slectrical conductivity values in the lake water
were waell below the limit for satisfactory guaiity of irrigation
water(- ie. below 750 micro mhos/Cm, USDA,1954) during all
sampling stages (Table-2). Further, total dissolved solids {Tus)
were also within 800 ppm , the limit for best aquality of
irrigation water (Jermar,1987). Therefore, the lake water under

present study is good for irrigation purposes .

According to USDA (1954) classification (Fig- 7) . the lTake
water during September and Uctober (1994) was classified as C1 -
51 (low salinity and low sodium) class. Whereas, during January &
March (1995) the lake water was categorized under C2-51 (medium
salinity and Jlow sodium) class. Therefore, water in the lake
under study is good for irrigation because both ciasses (01-H1

and C2~S1) were classified as good waters for irrigation.

The average SAR values of the lake water were varied from
.27 to 0.38 during post monsoon( September,94) to late winter
sampling (March,35) (iable-7). These vaiues were well below the
timig  of excelleht waters for irrigation (ie.less than 14,0,
USDA,1954). Therefore, the water of the lake under present

investigation is good for irrigation.



Table-7
variation of SAR values for Surinsar Lake

sampiing | Sodium Adsorption Ratios, S5AK
Locationsg | —————————————— - -
: Sept, Y4 Oct 44 Jan, 4b March,yb
P1 .28 .32 .34 0,38
P .24 0.29 0.729 0.35
P3 0.26 0. 36 .29 .34
P4 g, 30 0. 3d Q.29 .4
Hh .36 0,38 0.29 .34
(2] 0.26 iJ.34 0,30 .41
P/ 0.23 .35 0,30 0.39
ad+) Q.25 0,30 0.286 .43
Average 0.27 U.34 Q.30 0.38

The Permeability 1Index (K1) were alsc calculated to
determining the suitability of Take water for irrigation
purposes, Their average values were found to be 78.60, 80,94,
69.76, and 60.39 during September, October.{(1994), January, and
March (1995) respectively (Table-8). According to Uoneen’s
classification chart (Fig- 8) the lake water under this study was
classified as class-11, having good guality of irrigation water

for all sampling stages.

Table-8
bonesn’s Permeability Index (FI) for Surinsar Lake
Sampling | PT vaiues
LoGaLIONS |~~~ ~— ==~ = o e e
Sep,¥4 | Oct,%4 ! Jan,y5 | March, 9%
M1 8().50 g2.72 85,81 56.786
p2 78.23 80,60 65.04 56.82
L3 76,749 81.13 549.25 51.10
r4 79.684 81.87 71.58 665,84
P5 81.26 81.0b5 71.58 51.10
H6 8. Ty 80,09 67.20 54,82
Py 78,11 81,15 68,34 65.54
K8 75.4HY 78.91 549.25 76,33
Average 78,60 B0, Y4 6Y.76 50,39



5.7 Urinking water Quality of Surinsar take.

The average values of pﬁysico— chemical parameters such as
pH, electrical conductivity, dissolved oxygen, bio- chemical
oxygen demand, total dissolved soiids, total hardness, calcium
hardness, magnesium hardness, chloride, sulphate, nitrate etc,
were compared with class A type of water (Indian Standards for
Tnland Surface Waters for tUse as Urinking watsr Source Without
Conventional Treatment but after Lisinfection). The results are
given in Table -4.

Tabie-9
Comparison of Surinsar Lake water with Class- A

Tnland water for UOrinking Purposes

51. Characteristics iolerance Limit Average values of take
NO. of Class A waters
sep,Y4 0Oct,.94 Jan, Y5 March
Ybh

1. pH value 6.5 - 8.5 8.27 8.40 8.43 8.44
2. Dissolved Uxygen,

mg/t, min. 6.0 7.39 H,03 8.83 7.78
3. B.O.D., ma/1,max. 2.0 {4,343 0,41 1.63 0,88
4, TLS, mag/i1, max. Su0 144,75 151.25 152.75 350.25
5. Total hardness,

ma/1, max,. 300 76.25 74.50 107.0 136,25
6. Calcium hardness,

ma/l, max. 200 48.75 46.50 Y5, 0 T2.50
7. Magnesium hardness,

ma/l, max. 100 28. 00 ZB. 0 55.0 34,50
8. Chlorides, ma/l,

max 250 3.15 5.75 8.38 Y,74
9. Sulphate, ma/1,

max. 4} 6.48 T7.724 9.79 11.26
10 Nitrates, ma/]

max. 20 3.14 3.24 4,37 5,058

Class A: Iniand Surface wWater for Use as brinking Wwater Source



1he analysis showed that average pH values of water were
within range of 6.5 - 8.5 during $ep, Oct.{ Y4), January and
March (1995)., The average BOD values varied from 0,33 ma/1 to
1.63 mg/1 which were also within range of class A type of water.
The minimum value of average DU was found to be 7.39 ma/]1 against
minimum prescribed value ( 6.0 ma/1) for class-A drinking water
under this study. The average total dissolved solids were varied
from 144.75 ma/l to 350.25 mg/1. The average TUS values were also
well beiow SU0 mg/1 as prescribed for class-A drinking water,

The total hardness. calcium hardness and magnesium hardness
were also within limit. The average chloride values were varied
from 3.7 mg/1 to Y9.75 ma/l1 during September,94 to March,y$§
respectively. The average chloride values were also well beiow
the maximum timit (250 mg/1) as prescribed for A water. The
average sulphate and nitrate concentrations were varied from &.48
to 11.26 ma/l and 3.14 to 5,05 ma/1 respectively, which were
within the range of ciass- A drinking water,

Thus, it 1is evident from the present physico-chemical
analysis that water of the Surinsar Lake can be used for drinking
purposes. However, as per recommendations of Indian Standards for
1nland surface water under C(lass-A, the water should be

disinfected before using for drinking purposes.



6.0 CONCLUSIONS

1he followina conclusions were drawn from the present study:
(i) The average pH values of the lake water were varied from 8.27
to 8.43 during post monsoon (Sep, Y4} to late winter (March
1yus). Therefore, the water in the lake is alkaline in nature.
{ii) The average concentrations of major cations including
calcium, magnesium sodium and potaessium were varied from 14,55 to
48.10 mg/l, 6.80 to 13,3/ ma/1, 5.31 to 10.15 ma/1 and Z.64 to
4,01 mg/1 respectively during post monsoon (5ept.¥4) to late
winter (March, 95).
(1111 The average concentrations of maior anions such as
chloride, sulphate. bi-carbonate, nitrate and phosphate were
varied from 3.75 to 4.75 ma/l, 6.48 to 11.726 ma/1, 81,60 ¢to
126.50 ma/l, 3.14 to 5,056 mg/1 and 0.01§ to V.05 ma/}
respectively during post monsoon {5eptember, 94) to late winter
{March,$5).
{iv) In this study the minimum vaiue of average DO was obtained
7.39 ma/1 against prescribed minimum value (6.0 ma/1) for Class-A
drinking water{indian standards). The maximum value of BUU was
found to be 1.63 mg/1 during peak winter( January, 95}.
{v} The average values of calcium and magnesium hardness were
varied from 48.75 to 45,0 mg/1 and 28.0 tO 55.0 ma/l respectively
during post monsoon (September, yaj) to late winter (March,$5}.
ivi) The average SAR values of the lake water were varied from
.21 to 0U.38 duringLSGptember, 44 to March 95, Therefore, the S5AR
values were well beliow the l1imit (iess than 10.0) for very good
guality of irrigation water{ Unite States Salinity Laboratory

statf, USDA,14954), -4 7



(vii) Accarding to USDA (1954), the lake water under this study
was good for irrigation purposes, because 1t falls under Ci-851
(low salinity- Jlow sodium) and Cz-51 (medium salinity low
sodium) classes in the USDA (1954} chart (Fig-7) during
September/0ctober(94) and January/March{45) respectively.

(viii) According to Uoneen’s classification (based on Uoneen’s
permeability Index), the lake water falls under class-Tl water
for irrigation under present study. Therefore, it was concluded
that the water 1in the Surinsar lake 1is good for irrigation
pUrposes,

{ix)} The various physico-chemical parameters of lake water
including pH, EC, DO, BOL, TL$, total hardness, calcium hardness,
magnesium hardness, chloride, sulphate and nitrate eLc. were
found within l1imits of class-A drinking water (Indian Standards
for Inland Surface wWaters for Use as Urinking Wwater Source

without Conventional Treatment but After Disinfection).
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