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ABSTRACT KEYWORDS
Durgapur, West Bengal is characterized by semiarid climate and due to Electrical conductivity (EC);
insufficient surface water resources, groundwater is the main source of Irrigation;
water supply in this region. In order to evaluate the major suitability of Percent sodium;
water for irrigation, the chemical characteristics of groundwater in Durgapur Salinity hazard;
have been investigated and evaluated. Water samples from tube wells and Sodium Adsorption Ratio
dug wells are collected and analyzed for electrical conductivity (EC), total (SAR);
dissolved solids(TDS), Na, K*, Ca*, Mg*,HCO®, Cl", and SO,2. To under- Total dissolved solids (TDS);
stand the water quality and utilitarian aspects of groundwater, chemical Wilcox diagram.

indices like percent sodium, Sodium Adsorption Ratio (SAR), Wilcox dia-
gram and Salinity diagram were calculated based on the analytical results.
According to the EC and SAR calculation the most dominant classes (C2-
S1, C3-S1) werefound. Salinity hazard in 31% and 26% of water samplesis
regarded as good in pre and postmonsoon season respectively while in
52% and 57% of water samplesin pre and postmonsoon seasonis classified
as waters, that are not suitable for irrigation under normal condition and
further action for salinity control is required in remediating such problem.
Sodium content in 83.20% postmonsoon samples are of good to permis-
sible type and 62.5% premonsoon samples are of permissible to doubtful
type. The result suggests greater sodium hazard in premonsoon season.
According to geochemical classification, the groundwater of Durgapur isin
general Ca-Mg-HCO3 and Ca-Mg-Cl type. With respect to time salinity of
water increases through out the study area.
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INTRODUCTION affect groundwater quality. Thisstudy isrelated towa:

ter quaity whichisbecoming moreseriousdueto popu-

Groundwater becomes contaminated fromnatural  |ation explosion, increasing agricultureand improved
sourceor numeroushuman ectivities. Residential, mu-  standard of living. Astheinadequate quantity of surface
nicipa, commercid, industria and agriculturd activities  water doesnot fulfill the needs of the people, thesearch
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for and expl oitation of groundwater isamust. Aquifer
depletion has been reported for many semi arid and
arid regionsworldwide and can be attributed to agri-
culturd usage'? 1%,

Groundwater sustainsamost 60% of the country’s
irrigatedland. Onalocd level, anincreasing number of
districtstoday havelarger sharesof irrigated land un-
der groundwater irrigation than under surface-water ir-
rigation. Thischangein usagein Indiahasbeen extremdy
rapid sncethe 1970s. Injust two decades, theground-
water irrigated landsin Indiahaveincreased by 105%0%.

The landuse pattern of the present study areais
characterized by industries, agriculture, forest, urban
andrura residentia hubs. The effluents of numerous
industries of various natures present around the agri-
culturd landsmay have control onthequdity of ground-
water whichisused for agriculture.

Theobjectivesof the present study are: i) to evau-
atewater quality parameterswith respect toirrigation
potential, ii) to classify the study areadepending upon
the combinationsof water quality parameterswithre-
Spect tosuitability for irrigation. Hydrogeochemicd deta
areusadintheanayssareElectricd Conductivity (EC),
Total Hardness (TH) and Sodium Adsorption Ratio
(SAR), percent sodium, residua sodium carbonate, and
chloro-akalineindices. It was observed that the crite-
riaused inthe classification of watersfor aparticular
purpose considering theindividua concentration may
not find itssuitability for other purposesand better re-
sultscan be obtained only by considering the combined
chemistry of al theionsrather thanindividua or paired
ionic characterg* 51524,

Sudy area

Theareaunder investigation belongsto the survey
of Indiatoposheet (1: 50,000 scale) No 73M/6 and
73M/7 lying between latitudes 23°25'N and 23°48'N
and longitudes87°10°E and 87°35’E, total area cov-
erageisamost 600 sq Km (Figure 1). Theareashows
more or |ess undulating topography. The study area
comprises of unconsolidated and semi consolidated
Quaternary and Tertiary alluvia deposits overlying
Gondwana sedimentaries and Archean basement of
rockg?® %21,

Theclimate of theareaissemi arid and tropical. It
ischaracterized by ahot and dry summer frommiddle
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Figurel: Sudyarea

of April to May, therainy season wasfrom middle of
June to September and a cool pleasant winter from
October to February.

MATERIALSAND METHOD

Ground water sampleswere collected from the se-
lected sampling points. Electrical conductivity and p™
of the samplesweremeasured within4 hoursof sample
collection. Analysesfor parameterslike chloride, ni-
trate, potassum, sodium, magnesium, calcium, pH, eec-
trical conductivity (EC), sulphate, bicarbonate were
carried out inthelaboratory.

Analysisof sampleshasbeen done accordingto
standard methods adopted by™®. The p" and EC were
measured by means of p" meter (EUTECH p"1100)
and conductivity meter (EUTECH Con 510) respec-
tively. TDSwere computed from EC multiplied by a
factor (0.55-0.75), depending on relative concentra-
tionsof ions. Na" and K* were determined by flame
photometer (TECHCOMPUV-2300). NO, and SO,*
were analyzed by spectrophotometer. TH and TA as
CaCO,, Ca&*, HCO, and Cl- were analysed by titri-
metric method. Mg?* was cd culated from TH and Ca2*
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contents. Theion-baance-error computation, takingthe
relationship between thetotal cations (Ca?*, Mg, Nar,
K* and Fe**) and thetotal anions (PO,*, NO,, SO,*
, CO,*, HCO,and CI") for each set of complete analy-
sesof water sample, isobserved to bewithintherange
of acceptability (+5%) used in most laboratories!?.

RESULT AND DISCUSSION

TABLE 1, depicting the hardness of water samples,
indicates that most of the water samples (70% in
premonsoon season and 77.3% in postmonsoon) inthe
study areafall under hard to very hard weter category!*®
27]

Thesodiuminirrigationwater isusually denoted as
percent sodium and can be determined using thefol -
lowingformula

% Na=(Na’) x 100/(Ca® + Mg* + Na* + K*)

Where, the quantities of Ca?*, Mg?*, Na" and K+
areexpressed inmilliequivaents per litre (epm). The
classification of groundwater samplesintermsof per-
cent sodium

(TABLE 2) exhibits that postmonsoon samples
(83.2%) fal under good to permissibleasmost of the
premonsoon samples (62.5%) are of permissible to
doubtful category. Theresult suggestsgreater sodium
hazard in premonsoon season. Inirrigation water so-
dium propitiatesthedisperson of colloidsor clayswhen
it comesin contact with soil and displacesthedivaent
cations Ca?* and Mg?". Thishasanegative effect on
thestructure of the soil and reducesits capacity to con-
duct water and air through its profile??. Thisinturn
damages soil fertility becausein addition to affecting
aerationit asoincreasesp and reducestheavailability
of metalslike Feand Zn. Wilcox diagram (Figure 2)
based on dectrica conductivity and percentage sodium,
suggeststhat the samples of postmonsoon season are
mostly(88.23%) in excellent to good and good to per-

TABLE 1: Classfication of water based on har dnessby Saw-
yer and McCarthy
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Figure2: Wilcox Diagram
TABLE 2: Sodium percent water class

Hardnessas Water Pre-monsoon Post-monsoon
CaCOs; Class samples samples
0-75 Soft 14 samples 12 samples
75-150 Moderate 15 samples 15 samples
150-300 Hard 32 samples 40 samples
>300 Very hard 38 samples 52 samples

Sodium Water Pre-monsoon  Post-monsoon
(%) Class samples samples
<20  Excdlent 02 samples 17 samples
20-40 Good 28 samples 63 samples
40-60 Permissible 40 samples 36 samples
60-80 Doubtfull 22 samples 03 samples
>80  Unsuitable 07 samples Nil

missible category (Figure 2.8). But aconsiderabl e por-
tion (23%) of samplesin premonsoon season has de-
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graded into permissibleto doubtful (Fgure2.b)category.
Theagriculturd yiedsareobserved tobegenerdly low
inlandsirrigated with watersbelonging to permissible
to doubtful category. Thisisprobably dueto the pres-
ence of sodium salts, which cause osmotic effectsin
s0il plant system. Whileahigh st content (highEC) in
water leadsto formation of salinesoil and high sodium
content (SAR) leadsto development of an dkalinesoil.
Thesodiumor dkali hazardintheuse of water for irri-
gationisexpressad by determining the sodium adsorp-
tionration (SAR) and it can be estimated by thefor-
mula

Ha

Sodium Adsorption Ratie (SAR) =—————
v Cathdgi2

Where all ionic concentrations are expressed in
epm. Causes of the increase in salts and sodium in
groundwater with timeare possibly duetoriseinthe
concentration of certain saltsin ground water as piezo-
metriclevelsarereduced. Similar conditionshavebeen
reported from asin the case of SE Spain, South Texas
and North Chihuahua. In this caseswater isextracted
from moderate depths, such waters may be older or
may havecirculated through rockscontainingmorehighly
solublemineral g7, Over exploration of ground water
hasgivenrisetoreductionsin piezometriclevelsasmuch
as 3- 4m/ yr in someregions. Relationship between
reduction of piezometriclevelsand thechemica evolu-
tion of ground water has not yet been analysed, but
considering theexamplesof other agquifersintheworld
asmentioned, thismay beapossibility inthe present
areaalso.

Thereareother possibilitiesaswell, such asinflu-
enceof locd, intermediate and regiond flow systemsof
ground water upon chemicd evolution*®, Theinfluence

TABLE 3: Sodium hazard classesbased on USSL classifica-
tion

Sodium SARIn Pre- Post-
. Remark
Hazard equivalents . monsoon  monsoon
on quality
Class per mole samples samples
S1 10 Excellent 97 119
S2 10-18 Good 02 Nil
S3 18-26 Doubtful Nil Nil
548*;”0' 526 Unsiitable  Nil Nil
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Figure3a: USSL Diagram for Premonsoon samples
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Figure3b: USSL Diagram for Post monsoon

of the pressureand temperature of ground water or the
incorporation of salts'® and the age of groundwater
and modification of natural systems asthe degree of
exploitation of theaquifersisintensified? 2, Theclas-
sfication of water for irrigation hasbeen suggested by
graphicaly plotting the SAR and specific conductance
vauesontheUS? sdinity (USSL) diagram of preand
post monsoon samples (Figure 3a& 3b). Thisindi-
catesthat groundwater of Durgapur isingenerd of Ca
Mg-HCO3 and Ca-Mg-Cl type during both pre and
postmonsoon seasons of the year 2009-2010. About
85% of thesamplesaregrouped within C2S1 and C3S1
classesin both post and premonsoon. For the purpose
of diagnosisand classification, thetotal concentration
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Figure4: Diagram showing geochemical classification and
hydrochemical par ameter sof groundwater™.

TABLE 4: Salinity hazard classesbased on USSL classifica-
tion

i

Salinity E.C In Pre- Post-
micro- Remark on
Hazard . monsoon  mMonsoon
mohs quality
Class samples  samples
per cm
C1 100-250 Excellent 11 13
c2 250-750 Good 31 31
C3 750-2250 Doubt ful 52 68
C‘g’g”d 52250 Unsuitable 05 07

of solublesdlts(salinity hazard) inirrigation water can
beexpressadintermsof specific conductance. Theclas-
sification of water samplesbased on SAR asper US#
Sdinity (USSL) for irrigation purposesispresented in
TABLE 3. Itisobserved that d most dl thesamplesfal
inexcelent class. Classification of groundwater based
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onsdinity hazardispresentedin TABLE 4. EC vaues
of only 5 samplesduring pre-monsoon and 7 samples
during post-monsoon werefound to be unsuitablefor
irrigation purposes. According to the conductance,
water quality ismostly good to doubtful for irrigation.
For geochemical classification, adiagram after
Chadha” hasbeen used. Therectangular field of the
plot describes the primary character of thewater in-
cluding the permanent and temporary hardnessdomain.
Therectangular fiddisdividedintoeight sub-fidlds, eech
of whichrepresentsawater typeand hardnessdomain
(Figure4), which areasfollows: (1) Alkaine earths
exceed dkali metas. (2) Alkali metalsexceed dkaline
earths. (3) Weak acidic anions exceed strong acidic
anions. (4) Strong acidic anionsexceed weak acidic
anions. (5) Alkaineearthsand weak acidic anionsex-
ceed both alkali metalsand strong acidic anions, re-
spectively. Such water hastemporary hardness. The
positions of datapointsin thisdomain represent Ca2*—
Mg*-HCO," water type. (6) Alkalineearths exceed
alkali metals and strong acidic anions exceed weak
acidic anions. Such water has permanent hardnessand
doesnot deposit residua sodium carbonateinirriga
tion use. The positions of datapointsin thisdomain
represent Ca?*—Mg?—Cl- type of waters. (7) Alkai
meta sexceed dkaline earthsand strong acidic anions
exceed weak acidic anions. Such water generdlly cre-
atessdinity problemsbothinirrigationanddrinking uses.
The positionsof data pointsin thisdomain represent
Na'—Cl typeand Na'—SO4 type of waters. (8) Alkali
metals exceed adkaline earths and weak acidic anions
exceed strong acidic anions. Such watersdeposit re-
sidud sodium carbonateduringirrigation useand cause
foaming problems. The positionsof datapointsinthis
region represent Na—HCO,"typewaters. Overd| dis-
tribution of dataset onthe plot suggeststhat most of the
sampling point (almost 40.30% in postmonsoon and
41.40 % in premonsoon) exhibits permanent hardness
(Ca*—Mg*—Cl type) i.e. domain 6, though few sam-
pling pointsof both the seasonsfall under domain5, i.e.
Ca*-Mg*-HCO, water type(Figure. 4). In Durgapur,
the groundwater isgeneraly Ca- Mg-HCO, and Ca
Mg-Cl type, whichismainly dueto thelithology of the
areacomprising of consolidated and semi consolidated
quaternary and tertiary alluvial deposits overlying
Gondwanarocks. Ground water in the study areaoc-
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TABLE5: Groundwater quality based on RSC (Residual So-
dium Carbonate)

RSC Remark on  Pre-monsoon Post-monsoon
(epm) quality samples samples
<1.25 Good 88 samples 96 samples
1.25-2.5 Doubtful 04 samples 11 samples
>2.5 Unsuitable 07 samples 12 samples

cursunder water table conditionsinthe Panchet and
SupraPanchet formation of Gondwana

Such observation suggeststhat thereisno signifi-
cant effect of monsoon on hardness of groundwater.
All the sampling pointsrepresent permanent hardness
along with sometemporary hardness.

Residual sodium carbonate (RSC) can beused as
acriterionfor finding the suitability of irrigation waters.
According to the US Department of Agriculture??,
water having morethan 2.5 epm of RSCisnot suitable
for irrigation purposes. RSC values of the groundwater
of the present area for both pre- and post-monsoon
seasons have been presented in TABLE 5. Based on
RSC values, 88 sampl es (88% samples) of premonsoon
RSC valueslessthanl.25 and are considered safefor
irrigation purpose. During post-monsoon 96 samples
(i.e., 80.67% samples) were safe for irrigation.7
samplesin thepre-monsoon and 12 samplesinthe post-
monsoon with morethan 2.5 epm RSC are unsuitable
for irrigation. Increasein RSC may beincrease dueto
lithological compositionthat isrichinbicarbonate. Wa:
ter having excess carbonate and bicarbonate over al-
kadineearthmainly Ca, Mginexcessof dlowablelimits
affectsagricultureunfavourbly®.

Knowledge of the various changes that occur
brought about inthechemica compostion of theground-
water duringitstravel undergroundisimportant(® 4,

Theion exchange between the groundwater andits
host environment during residenceor travel can beun-

TABLE 6: Chloroalkalinity index
(CAL ) [Cl - (Na+K)]/

((?\:IQU;)([);?'CT (S04 + HCO3 + CO3 +
NO3)

-ve +ve -ve +ve
Pre-monsoon
samples 57% 43% 57% 43%
Post-
g‘r’;‘;‘g‘ 27%  73% 28% 72%
Snoivonmental Science
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derstood by studying thechloroakaineindices. CAl-I
=[Cl — (Na + K)]/Cl and CAI-II = [C] — (Na + K)]/
(SO4 + HCO3 + CO3 + NO3)*U, CAl is negative
when there is exchange between sodium and potas-
sium (Na+ K) inwater with ca cium and magnesium
(Ca+Mg)inrocks. If theratioispositive, thenthereis
no baseexchange. CAl vaues(TABLE 6) indicatethat
43 % and 73 % water samples show positiveratiosin
thepreand postmonsoon, respectively, while57% and
27% of the respective seasons belong to negativera-
tios depi cting the type of base exchange. Concentra-
tion of different parameterslikeedectrica conductivity,
total hardness, percent sodium and residual sodium con-
centration of groundwater are plotted in the form of
shaded contoursto show theoverall distribution of those
parametersin thestudy area(Figure 5a- d). The Fig-
uresrepresent amarked seasona changein concentra-
tion of theparameters. Electrica conductivity and total
hardnessincreasein premonsoon season (Figure5.a
5.b) than postmonsoon. Placeswith lower total hard-
ness in postmonsoon season changed to higher con-
centration in premonsoon season (Figure5.b). Though
monsoonal changesare also prominant in percent so-
dium concentration (Figure5.c), moderate to high con-
centration of percent sodiumisdominant inthe area.
Residua sodium carbonate concentration decreasesin
premonsoon season (Figure 5.d).

CONCLUSION

Thewater qudity datafrom the study areafor both
pre and post monsson seasons reveal ed that almost
al thesamplesinthestudy areaaresuitablefor irriga
tion purposes. Based on Electrica conductivity, 43 %
of 119 samplesarevery hard, 33% samplesare hard
and rest 24% represent soft to moderatetype; in pre-
monsoon, out of 99 samples collected 38 % arevery
hard, 32% are hard and rest 30 % samplesare soft to
moderatetype. Greater sodium hazard in premonsoon
seasonissuggested by Percent Sodiuminthesamples
where amost 62.5% premonsoon samples are under
permissible to doubtful category. Wilcox classifica
tion has shown that most of the samples of
postmonsoon fall under the excellent to permissible
category whiletwo samplesare under the permissible
to doubtful category, five samplesbe ong to doubtful

A Tudéan Journal
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to unsuitabl e category and two samplesareof to un-
suitable category. Though most of the premonsoon
samplesfal under excdlent to permissiblecategory, a
large number of samples change to permissible to
doubtful type. Eight sasmplesfall into doubtful to un-
suitable category and only one sampleisunsuitable
for irrigation purpose.

Intermsof SAR valuesgroundwater of both post
and premonsoon areexcellent for irrigation purpose.
The positivevaluesof chloro alkalineindices (CAI)
areindicating acation-anion exchange reaction and
negative valuesindicating that the host rocks are pri-
mary sources of dissolved solidsin thewater. CAl
(TABLE 6) indicatethat 43 % and 73 % water samples
have positiveratiosin the pre and postmonsoon, re-
spectively, while 57% and 27% of the respective sea-
sons belong to negative rati os depi cting the type of
base exchange. Distribution of the groundwater
samplesin different subdivisions of rectangular dia-
gram (Chadha diagram) reveal s that about 45% of
the groundwater samplesin both seasonsfall under
the cal cium-magnesium—bicarbonate category (such
water hastemporary hardness) and remaining samples
fal under theca cium-magnesium—chloride (such wa-
ter has permanent hardness) category. The seasonal
variationingroundwater quality isdueto agricultural
and domestic activitiesand through infiltration and
percol ation during monsoon. Ground water suitability
for agriculture depends on the effect of different min-
era constituents of water on plant and soil. Soilscan
stop growth of plants physically and d so damage plant
growth chemically by effectsof toxic substancesupon
metabolic process.

TheUS? sdinity diagramillustratesthat most of
thegroundwater samplesfdl inthefield of C3S1, indi-
cating high sdlinity and low sodium water, that can be
usedfor irrigation on ailmost all type of soil withlittle
danger of exchangeable sodium. According to RSC
values, 88% and 80.67% samplesaresafefor irriga-
tion inpreand postmonsoon season respectively. Over-
all groundwater quality map signifiesgroundwater of
the study areabeing excellent to good in nature and
absolutely safefor irrigation purposethough in some
areasaround coa minesand industries, thegroundwa:
ter isdoubtful to unsuitablefor irrigation nature.
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