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Results of the detailed study of the chemistry of ions present in the groundwater samples of
Peruvanthanam and Valiyathodu swhtersheds ofthe Manimala river basinare analysedusing the
AQUACHEM 4.0 softwareto understand general chemical characteristics and geochemical psocess
involved. The study revealshat cations such as sodium (Njp potassium (K), calcium (C&"), and
magnesium (M§) and anionssuch as bicarbonate (HGY) sulphate $0,%), chloride (CI), nitrate (NQ)
are present. Recognition methods such as (a) Box and Whisker diagram (b) Piper diagram (c) Durov diagram
(d) Radial plot and (e) Stiff diagram were prepared to delineate the seasonal variations in chemical
constituerd. The major ionic concentration of the groundwater samples of Peruvanthanamaterghed is
Mg*>C&*>HCO;>CI>SQ,*>NO;>Na">K* and that of Valiyathodu is M§>Ca&*>HCO;>CI>NOy
>S0,>>Na>K". A critical analyss of Piper diagram reveals that in Pemthanam sulwatershed the pre
monsoongroundwater samplebelongto the zone of bicarbonates, chloride amdplsates, thanonsoon
seasorsamples belong to tHecarbonate and chloridmneandthe post monsoosamples belong to the zone
of prevailing bicabonates. In Valiyathodu sulatershed, the pre monsoon and post monsoon samples have
dominant bicarbonatesvhile the monsoon samples show predominance of both bicarbonates and chloride.
Radial plots and Stiff diagrams foeRivanthanam suvatershed showhat M¢f*-C&*-HCO;, Mg?*-Cat*-

CI and M@*-C&*-HCO5- CI arethe dominant water types duririge pre monsoon season. RigCe*-
HCO5-CI", Mg**-Ca*-CI'- HCO; and Md*-C&*-HCO;-CI-SQ,* are dominaniuring the monsoon and
Mg*-Ca*-HCO; and Md*-Ca?*-HCO;-Cl" are the dominant water types duritig post monsoon seaso
In Valiyathodu subwatershediuringthe pre monsoon Mg®*-Ca&*-HCO,-CI" and M¢*-C&*-HCOy, during
the monsoonm Mg*-C&*- HCO;-CI', Mg?*-C&*-CI'- HCO; and C&-Mg?-HCOy-Cl", and duringthe
post monsoor Mg?*-C&*-HCO; -Cl and C&'-Mg?*-HCO;-Cl" are the dominant water types.

Keywords:the Manimala, on chemistry, Piper diagram, Peruvanthanam-swdiershed, Valiyathodu
subwatershed

1. Introduction

Millions of people rey on groundwater that Hanshawl965 Gibbs 1970, Srinivasamoorthy 2005).
containsan excessof caions and anions (Ramesh et Due to interactions with the atmosphere, surface
al. 2012). The character of groundwater in different environment, nature of soil and bedrock a wide range
aquifers over space and time proved to be awof different elements can dissolve in groundwater
important technique in solving different geochemical(Subramanian 2000) The solute load ofwater
problems (Chebotarev 1955, Het®59, Back and determines the total dissolved solids which in turn
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affect the quality of water. It is a very useful indicatormonsoon and post monsoon seasarsl chemical
of geological evolution, mode of origin within analysisof both cations and anions were carried out as
hydrological cycles, soil or rock mass influences, thegper themethodology prescribed b&PHA (1989). It
extent of pdlution and contaminatioretc. Usually is convenient to divide the dissolved constituents into
groundwater has much higher concentrations of mosnajor components.e. the pedominant cations and
constituents as it has been in contact with rock fomnions. $dium (N&), potassium (K), calcium (C&")
longer time than shallow or young watéFhe present and magnesium (M@ are dominant cations and
study is carriedout to understand the concentrationbicarbonate (HC®), sulphate (S¢¥), chloride (CI)
and distribution of both cationsand anionsof and nitrate (N@) are dominant anionghese ions
Peruvanthanam and Valiyathodu subtershed were added as attributiatato the AQUACHEM 4.0
during different seasons. software.The study illustratethe use of recognition

The areas selected fdhis investigation ie. methods such as (a) Box and Whisker diagré
Peruvanthanam and ‘W aathodu subwatersheds Piper diagram(c) Durov diagram(d) Radial plot and
belong to typical highland and midland sub (e) Stiff diagram to delineate seasonal variations in
watersheds of the Manimala river adin. chemical constitugts and thereby to point out the
Peruvanthanam sulatershed isstructurally not source contributions of vital major ions in the
complexand ischaracteried byhigh runoff and low  groundwater resourcesinder various geomorphic
infiltration, whereasvaliyathodu isstructurally more conditions of both sulwatersheds. Here the chemistry
complex and isharacteried by low run off and high of ions is depicted in different ways usindpe
infiltration. Peruvanthanam subatershedFig.1) lies AQUACHEM 4.0 software tounderstand general
between® 9 0 P34 't ®0r§ N | %B B O &hpeicah naharattéristics of groundwater and
to 7659'00" E longitude and Valiyathodu sub geochemical processes that are involved in chemical
watershed (Fig?2) lies between 8 0 ' 0 0%j7 't ® GevBlution of water that flows through Peruvanthanam
N latitude and 78 1 ' 0 0 rf46'A00 E I@n6itude. and Valiyathodu suwvatersheds.
Peruvanthanam swubatershed coverghe area of
56.42 knfand Vdiyathodu- 54.85 knf.

3. Results and Discussion

TesIOE T . 3.1 Box and Whisker diagram or Box plot
A

\
| | Boyce

9°33'0"N
9°33'0"N

PanikkaghfraKamammala, Box and Whisker diagram or Box plot shows the
/NN panjokdcat distribution of major ions in the ground water samples
ﬂva,:m"f:k,‘él"','ﬁ”':fk:d during the study period. It represemtsinter quartile
¢ S range and either end of the line indicates the
minimum and maximum values. Box plot dilother
. visual methodss more than a substitute for a table. It
[ w05t 2Kiiometers is a tool that can improve our reasonimipout
= ' guantitative information (Williamson 1989) In
descriptive statistics, Box plot is a convenient way of
Fig. 1. Location map of Peruvanthanam swhatershed graphical depictingof the groups of numecal data
through their five number summaries: the smallest
76°420"E 76°450"E observation (sample minimum), lower quartile (Q1),

Elampally
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“Anakkylam Chuzhuppil
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4 stations

%
\& WV Palurkavu
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9°30'0"N
9°30°0"N

76°54'0"E 76°57'0"E

z e i |z median (Q2), pper quartile (Q3)and largest
g S g observation (sample maximum). Box plot disglay
® T — differences between populations without making any
Puliyanikkavalg THehampuzha assumptions of the underlying statistical distribution.
7 AN Fhatidiil The spacing between the different parts of the box

helps indicate the degree of dispersion akdwed
data. It can be drawn either horizontally or vertically.
Distribution of major ions in the grounéwer samples

9°33'0"N

‘Cherpafhukkavala
Legend *\ _Palgisthankavala
4 Stations A —
Road ~_y Konikkadavu

. e - Chamympatha of both  Peruvanthanam and  Valiyathodu
0051 2 Kiometers _ e subwatersheslare represented in Figsand 4. The
76°420° 76°45'0°E box represents the inter quartile range and either end
Fig. 2 Location map of Valiyathodu swatershed of the line indicates the minimum and maximum

values. The major ionic concentration of the
groundwaer samples dPeruvanthanam subwatershed
2. Methods is Mg®>C&">HCO;>CI>SO*>NOs;>Na">K* and
that of Valiyathodu subwatershed is
In this study, 17 and 15 groundwater samplesMg?>C&*>HCO, >CI' >NO; >SO? >Na™>K". In
were collected from Peruvanthanam and Valiyathodwaliyathodusubwatershed, N@ is greaterthan SQ?.
subwatersheds resggtively for pre monsoon,
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3.2. Piper diagram 10.0

Legend

Max.

Piper diagam is an excellent tool for hydro H;igf;:““"‘*
chemical analysis using a series of water quality data g1 | i
in a spatial contex(Piper 1944) It has become a ﬂ ? O

widespread method for understanding and describing

chemical evolution of groundwater which depends on
pattern recogition techniques and peits the
classification of waterlt can also define the patterns
of spatial change in the water chemistry among
geological units, along a line tfie section or along a
path line (Domenico and Schwartz 1998)t is i - ‘ o
therefore usedl in understanding the water flow and Na K Ca MgHCO3S04 Cl NO3

water quality (Back 1960, Ophori and Toth1989 Parameters

Sikdaret.al 1993Sikdar and Bhattacharya 199and ~ Fig- 4 ~ Box plot showing ion distribution in the
the changes in water types and mixing relationships groundwater samples ofvaliyathodu sub
based on the relative proportions of major ions rather watershed

than thebulk concentrations. Hencd is the most
widely used method for delineation of hydrochemical
evolution and identification of dominant processes
that control water chemistry. Piper diagsaof both
Peruvanthanam and Valiyathodwbwatersheds are
shown in Figs 5 and 6. Groundwater samples of
Peruvanthanam sulatersheddepicted in Fig. 5 are

of normal earth alkaline originin groundwater
samples that comainder Z bicawonates 6
prevail. Compared tothe other two seasons, post
monsoon groundwater satep are dominant inhts

zone. The samples that comen d er zantaia 6 b -
bicarbonates, chloride and sulphates. Pre monsoon 29/
groundwater samples are dominant in this zdne. ' ol N\
zone 6c 6 shndchiorids dommateeOnly ca 2 % %u‘i« Hc& v &P ”
groundwf’alter Sampl.es cth_e monsoon season come Fig. 5. Piper diagram showingthe water type of
under thls.zone.. Piper diagram of Valiyathodu -sub Peruvanthanamgroundwater samples ogub
watershedi.e. Fig. 6 reveals thatthe groundwater watershed

samples under z o ne predomihantlyar e
bicarbonates. Therp monsoon and post monsoon
samples are dominant ihi¢ zone. The samplesder

Zz 0 n econtainidicarbaates, chloride and sulphates.
The pe monsoon, monsoon and post monsoon
groundwater samples come under this zdnezone
6cd bi s andkxhdondstdeminate.Only the
groundwatersamples ofthe monsoon season come
underthis zone.
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E = f Fig. 6. Piper diagram showingthe water type of
= A groundwater samples ofvaliyathods sub
co00 watershed
0.0 — — 3.3.Durov diagram
Na K Ca MgHCO3504 CI NO3
Parameters i i i
Fig.3.  Box plot showing ion distribution in the 1he advantage of Durov diagram is that it
groundwater samples dPeruvanthanamsub displays some possible geocheaii processes that
watershed could affect the water genegiBurov 1948) Durov

diagram of Peruvanthanm swatershed (Fig. 7)
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depicts that groundwater samples fall in fields 1, 2, 8.4. Radial plots

and 5 In field 1, HCQ and C&" are dominantvhich

indicates recharging of watem limestone and A radial plot is a graphical display for
sandstone aquifers. Pre monsoon groundwateromparing the estimates that have differing
samples are dominant in field 1. In field 2, the wateiprecisions. lis a scatter lpt of standardied estimates
type is dominated by 5 Mg** and HCQ ions. If  against reciprocals of standard errors, possibly with
Mg?®* is significant, the association with dolomite is respect to a transformed scale, designed so that the
presumedand if Nd is significan, an important ion original estimates can be compared and interpreted.
exchangds presumed. Few samples com&ler this The estimates may be means, regression cissffs,
field. In field 4, SQ* is dominam. Few groundwater proportions, ates, oddratios, random effects, or
samples comeunder this field andthey arepost indeed any parameter estimates that mdhe
monsoon samples. In field Sondominant anion or comparison between individuals or greuhe water
cationare observed which indicatesater exhibiting types of each wellof both Peruvanthanam and
simple dissolution or mixing towards 'ClPre Valiyathodu subwvatershed are represented in Table
monsoon samples are dominant in this zone. Id and Tble 2 respectivg.

Valiyathodu subwatershed (Fig. 8 in field 1 HCO;

and C&" are dominant, indicating recharge of water inTable 1. Water types of Peruvanthanam swhtershed

limestone and sandstone aqusteln feld 2 the water Pre Post
type is dominated by &5 Mg? and HCQ ions. If N'|' monsoon Monsoon monsoon
Mg®" is significant, association with dolomite is MgZ-Ce*- | Mg¥-C&*-ClI- | Mg?-cd™-
presumedand if Na+ is significant, an important ion | P1 | HCO;-Cl HCO; HCOs
exchange is presumed. In field R0,% is dominant. Mg**-Ca ™ Mg**-Ca ™ Mg**-Ca™-
Few groundwater samples come endhis field. In P2 L HCO; cr
field 5 the absence of dominant arsoor catiors Mg™-Cd"- . 2ot
indicates water exhibiting simple dissolution or |-P3] HCO:-Cl Mﬂ 2'+CCa2'+C| gla% ,;AC e
mixing towards Cl pa | MgZca' chq-cr " CQ._QCI_
M92+_Ca2+_ M92+_Ca2+_
— P5 HCO; HCO;-CI’ Mg**-Cca*
— Mg**-Ca*-
\ ,e Legend 24 + _ ~
80/ i Mg*-ca&*- HCO5-CI-
e R, P6 | HCO, SOZ Mg?*-C&*
MgZ-Ce'- MgZ-Ce'- MgZ-Cef'-
P7 Cl HCO;-CI’ HCO;-CI’
M92+_Ca2+_ Ca2+_Mgz+_
P8 HCO; Mg*-HCOy HCO,-CI
MgZ-Ce'- MgZ-Ce'- MgZ-Cef'-
P9 HCOy HCO;-CI” HCOy
MgZ-Ce'- MgZ-Ce'-
P10 HCO, Mg?*-HCOy HCO,
MgZ-Ca*- | Mg*-C&*-CI- | Mg®-Ca™-
P11| HCO,-CI HCO, HCO,
MgZ-Ce'- MgZ-Ce'- MgZ-Ce'-
Fig. 7. Durov diagram showing processes of P12 HCz% _CI+ HzE:Q +C I B HzE:Q T
. . sl Mg*-C&™- | Mg?-C&*-CI'- | Mg®-Cé™-
dissdution andmixing in groundwatesamples : : 8
of Peruvanthanam sutvatersed P13 HEOs HEOs HCO,
Mgz+-C37+' Mgz+-C37+' Ca2+_Mgz+_
P14| HCO,-CI HCO,-CI HCO,-CI
soa Mg?-Ce*- Mg?*-Ce*- Mg?*-Ce-
@ p— ' P15 HCO; HCO,-CI HCO;
e o N : pmae Mg#-Ce*- Mg#-Cef*- Mg#-Ce*-
friole R ermonsoen P16 HCOy HCO; HCO;
MgZ-Ca*- | Mg*-Ca*-CI- | Mg®-Ca**-
P17 HCO, HCO, HCO,-CI
N=Name of well

Fig. 8. Durov diagram showing processes of
dissolution and mixing in groundwateamples
of Valiyathodu subwvatershed
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Table 2. Water types of Valiyathodu swmatershed

Pre
N monsoon Monsoon Post monsoon
Mg?-Ce'-
Mg?*-Cat*- ca&*-Mg**- HCO;-Cl-
V1 HCO;-CI HCO;-CI NOz
M92+_Ca2+_ Mgz+_Ca2+_ Ca2+_M92+_
V2 HCO;-CI HCO;-CI HCO;-CI
MgZ-C&* | Mg®-HCO;- Mg?-Caf'-
V3 HCO;-CI 2EZI' + HCO;-CI a
. ) Mg '_Caz_' b oh Fig.10. Mg*-Ca?*-Cl" water type of Peruvanthanam
ca -H_CO3- HCO, '_Cl B Mg '(_:az N subwatershed duringpre monsoon
V4 Cl NO; HCO;-ClI
M92+_Ca2+_ Mgz+_Ca2+_ Mgz+_Ca2+_ G
V5 HCOsy HCO;-CI HCOsy
MgZ-Ca* | Mg¥-C#™-Cl | Mg?-cd™-
V6 HCOs -HCOy HCO;-CI
M92+_Ca2+_ Mgz+_Ca2+_
V7 | HCOy-CI HCOy Mg?*-Ca*
Mg®-Ca*- | Mg*-C&#™-ClI' | Mg*-Ca*-
V8 HCO;-CI -HCOy HCO;-CI
M92+_Ca2+_ Mgz+_ca2+_ Mgz+_ca2+_
V9 HCO; HCO;-SO? HCOy
M92+_Ca9+_ Mgz+-Ca2+- M92+_C§+_ ‘
V10 | HCO;-Cl HCO;-CI HCO; a
Mg-C&- Mg”-C&- Mg@Ca'-Cl- Fig. 11  Mg*-Ca?*-HCO;-CI' type of Peruvanthanam
V11l HCO; HCO,-CI HCO; subwatershed during pre monsoon
M92+_Ca2+_ Mgz+_ca2+_ Mgz+_ca2+_
V12 HCO;5 HCOy HCOy .
MgZ-Ce- MgZ-Ce'- MgZ-Ce'- The water type ofthe monsoon season is
V13 | HCOy-CI HCOy HCOy-CI represented by M¢Ca*-HCO,-CI', Mg?*-C&*-CI'-
Mg?-Ca&- | MgZ-C&-Cl | Mg>-Ca - HCOy and Md'-Ca&*-HCO;-CI-SO* (Fig. 12, 13
V14 HCOy -HCOy HCO; and 14).
Mgz+_ca2+_
V15 | HCOy-CI' | Mg*-C&'-Cl Mg?*-Ce*
N=Name of well

In Peruvanthanam swkatershed, duringhe pre
monsoon seasolthe majority of the wells showthe
water type of M§'-C&*-HCO;, Mg*-C&"-Cl" and

Mg**-C&*-HCO;-CI” which arerepresented in radial
plots in Fig. 9, 10 and 11. From thedial plots it is
revealed thatthe water type ofthe pre monsoon
season is fresh or young i.eecently recharged
ground water.

Fig. 12
a
Fig. 9. Mg?*-Ca?*-HCO;  water water type of
Peruvanthanam subwatershed during pre Fig. 13
1g.

monsoon
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Fig. 14

a
Mg?*-Ca?*-HCO;-CI-SQ* water type of
Peruvanthaam subwatershed during monsno

During the post monsoon seastire majority of
wells showMg?*-C&*-HCO; and Md*-C&*- HCO; -
CI" water typein Figs15 amd 16. These figures reveal
that the water type othe post mosoon season is
fresh or young i.erecently recharged.

Fig. 15

Fig. 16

a
Mg?*-Ca?*-HCOZ® water type of
Peruvanthanam sutvatershed during post
monsoon

Mg?*-Ca?*-HCO;-CI
Peruvanthanam sutvatershed during post
monsoon

water  type of

Fig. 17.

Fig. 18

Fig. 19

During the pre monsoon season in Valiyathodu
subwaterbed the majority of wels showthe water

type

Md*-C&*-HCO;-ClI' and Md*-Ca&*-HCOy

which is represented in radial platsFigs 17 and 18
Radial plots again reveal thdite water type othe pre
monsoon season is fresh or young irecently

rechargedground water and it is blended in nature.

During the monsoon themajority of wells are
characterized by water type KgCa'-HCO,-CI,
Mg**-C&*-CI-HCO, and C&-Mg?*-HCO;-CI" (Figs
19, 20 and 2} which revealthe recharge by rain
water. Duringthe pst monsoon season timeajority
of wells are represented by the water tyfevig®'-
C&*-HCOy-ClI' and C&'-Mg?*-HCO,-CI” (Figs 22

and 23.
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Fig. 20

a
Mg?*-Ca?*-HCO;-CI watertype of Valiyathodu
subwatershed duringere monsoon

Mg?*-Ca?*-HCO; water type of Valiyathodu
subwatershed during pre monsoon

Mg?*-Ca?*-HCO;-Cl watertype of Valiyathodu
subwatershed duringnonsoon

Mg?*-Ca?*-CI-HCO; water type of Valiyathodu
subwatershed during monsoon
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classification purposes and is useful as a symbol on a
map. Thestiff diagrams which represetite chemical
composition of water types of Peruvanthanam
subwatershed duringhe pre monsoon season are
depicted in Fig 24, 25 and 26Siff diagramsreveal

that Mg®*-Ca*-CI", Mg?*-C&*-HCO,-CI, and Md*-
Cd&*-HCO; are the dominant water types thie pre
monsoon season. This also agrees with the radial plots
during the pre monsoon sean of Peruvanthanam

“ subwatershed.
Fig. 21 Ca**-Mg?*-HCO;-CI' type of Valiyathodu sub
watershed during monsoon Na HCO3
Ca
K sS04
Ca cl
Mg NO3
2 16 12 8 4 4 .8 1.2 1.6 2(megqN)

Fig. 24 Stiff diagram showingvig?*-Ca®*-CI” water type
of Peruvanthanam suwatershed during pre

Fig. 22  Mg*"-Ca®*-HCO,-Cl watertype of Valiyathodu monsoon

subwatershed duringpost monsoon

Na HCO3
K S04
Ca cl
Mg NO3
2 1612 8 4 4 8 12 1.6 2(megl)
a Fig. 25 Stiff diagram showing Mg*'-Ca?*-HCOy-CI
Fig. 23  Ca®"-Mg*"-HCO;-Cl watertype of Valiyathodu water type of Peruvanthanam suiatershed
subwatershed duringpost monsoon during pre monson
) Na HCO3
3.5. Stif diagram
Stiff diagram is a sophisticated method for K S04
demonstrating vertical changes in the chemica
composition of wate(Stiff 1951) The basidhing of Ca cl
Stiff diagram is a vertical line whicthas two
functions. It is bothdepth scaleof aquifers and NGS

vertical zeroof axes from which the concentrations of — e

ions are plotted on four parallel horizontal axes 2 1612 8 4 A 8 12 16 2(megl)
extending on each side. The depth of the pattern cou... o i e o )
be used as an approximate indicatiortheftotal ionic ~ F19- 26 Stiff diagram showingVig -Ca*- HCO; water
content. Cations are plotted in milikguvalents per %gﬁsozﬁruvanthanam subatershed - during  pre
liter on the left side of the zero axis, and anions are

plotted on the right side. Stiffiagrams can be used to Chemical composition of water types of

visualise ionically related watdrom which the flow Peruvanthanam subatershed duringhe monsoon
path can also be determined. If the flow path isseason are depicted in Fig?, 28 and 29 The
known, it is possible to stw how the ionic djagrams reveal that Mg”-CaF*-HCOg Mg?*-Ca"-
composition of a water body changes over space arél’-HCO;, and Md*—Caz*-HCOS'—CI'—§O42' are the

time. It is a relatively distinctive method of showing ., inant water types dhe monsoon season which is
differences or similarities in water and changethim a good agreement with the radial plots of

water composition with _depth. It is L!S.efu'.espeaalIyPeruvanthanam sulatershed duringhe monsoon
for illustrating the chemical composition in hydro season

geologic cross sections. It can also be used for
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Na HCO3
K so4
Ca cl
Mg NO3

I T T T T T T T T T 1

2 1612 8 4 A4 8 12 1.6 2(megh)

Fig. 27. Siff diagram showing Mg -Ca2*-HCOywater
type of Peruvanthanam swimatershed during

monsoon
Na HCO3 Na HCO3
K sS04 K sS04
Ca cl Ca cl
Mg NO3 Mg NO3
[ T T T T T T T T 1 r 57 T T 3 T | T 1
2 1612 8 4 4 8 1.2 1.6 2(meqll) 2 1612 8 4 4 8 12 16 2(megh)
Fig. 28 Stiff diagram showing/ig®*-Ca?*- CI"-HCO; Fig. 29. Stiff diagram showinglg®*-Ca?*- HCO; -CI°
water type of Peruvanthanam swiatershed SQZ water type of Peruvanthanam
during monsoon subwatershediuring monsoon

Stff  diagrams that represent chemical that Mg®*-C&#*-HCO;, C&*-Mg®*-HCO;- CI' and
composition ofthe water types of Peruvanthanam Mg?*-C&*-HCO;-Cl” arethe dominant water types of
subwatershed duringhe post monsoon eason are thepost monsoon season.
depicted in Fig=80, 31 and 323iff diagrams reveal

Na HCO3
K S04
ca cl
Mg NO3

I T T T T T T J T 1

2 1612 8 4 4 8 12 1.6 2(meqll)

Fig. 30. Stiff diagram showinglg>*-Ca?*-HCOywater
typeof Peruvanthanam sulvatershed during

monsoon
Na HCO3 Na HCO3
K S04 K S04
Ca cl Ca Cl
Mg NO3 Mg NO3
2 16 12 8 4 4 8 12 16 2(megN) 2 1612 8 4 4 8 12 1.6 2(megqll)
Fig. 31. Stiff diagram showin@a®*-Mg?*-HCO, - CI Fig. 32 Stiff diagram showing/lg®*-Ca?*- HCO; -CI
water type of Peruvanthanam sulatershed water type of Peruvanthanam sulatershed
during monsoon during monsoon
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During the pre monsoon s&m in Valiyathodu C&*-HCO; and C&"-HCO;-Cl are the dominant
subwatershedhe dominant water typemre cpicted water type.
in Figs 33, 34 and 35. Mg-C&*-HCO,-CI', Mg**-

Na HCO3
K sS04
Ca cl
Mg NO3

¥ T & T T T T T T T E |

2 1612 8 4 4 8 12 16 2(meqN)

Fig. 33 Stiff diagram showinglg?*-CaZ*- HCOy -CI
water type of Vajiathodusubwatershed during

monsoon
Na HCO3 Na Hco3
K S04 K sS04
Ca cl Ca cl
Mg N03 Mg\ T T T T T \Noa
> i e B A 4 8 12 16 2(meqn) 2 1612 8 4 4 8 12 16 2(meqf)
Fig. 34 Stiff diagram showingylg®*-Ca?*- HCOy water Fig. 35 Stiff diagram showin@a®'- HCO, -CI of
type of Valiyathodu sutvatershed during Valiyathodusubwatershed during monsoon

monsoon

During the monsoon season the dominant waterCI-HCO; and C&*-Mg®*-HCO;-CI" are the dominant
types of Valiyathodu sulwatershed are depicted in water types.
Figs36, 37 and 38. Mg-C&*-HCO;-ClI', Mg**-Ca*-

Na HCO3
K S04
Ca cl
Mg NO3

I T T T T T T T T T 1

2 1612 8 4 4 8 12 16 2(megl)

Fig. 36 Stiff diagram showing/lg®*-Ca?*- HCOy -CI
water type of Valiyathodsub-watershed during
monsoon
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Na HCO3 Na HCO3
K S04 K S04
Ca Cl Ca Cl
Mg NO3 Mg NO3
r T T T T T T T T T 1 T T T T T T T 1
2 1612 8 4 4 8 12 1.6 2(megq/l) 2 16 12 8 4 4 8 12 16 2(megl)
Fig. 37. Stiff diagram showinilg®>*-Ca*- CI'-HCO; Fig. 38 Stiff diagram showinga?*- Mg?*-HCOy -CI
water type of Valiyathodsubwatershed during water type of Valiyathodwsubwatershed during
monsoon monsoon

During the post monsoon season, dominantMg?-C&*-HCO; and Md'-C&* are the dominant
water types of Valiyathodu subatershed are water types.
depicted inFigs 39, 40 and 41IMg**-C&*-HCO;-CI,

Na HCO3
K sS04
Ca cl
Mg NO3

T T T T T T T T T 1

2 1612 8 4 A 8 12 16 2(megn)

Fig. 39. Stiff diagram showinilg**-Ca?*- HCO, -CI" water
type of Valiyathodu sutvatershediuring post
monsoon

Fig. 40 Stiff diagram showing Mg-Ca2* -HCO; water Fig. 41 Stiff diagam showindvig®*-Ca’* water type of

type of Valiyathodu sutvatershedluring post Valiyathodu subwvatershedduring post monsoon
monsoon
4. Conclusions z 0 n earetbpievailingoicarbonates, chloridgeand

sulphates, and tise of the monsoon season under
Box and Whisker diagram has revealed tttede z o n earedoftpdevailingbicarbonats and chlorids.
major ionic concentration of the groundwater samplesn Valiyathodu subwatershed, the groundwater
of Peruvanthanam subatershed is sampes of the pre monsoon and post monsoon
Mg®*>C&">HCO;>CI>SO*>NO;>Na’>K* and seasosunder are ofgrevaliagticarbonates,
that of Valiyathodu subwvatershed is  the samples ofthe pre monsoon, monsoon and post
Mg?*>C&*>HCO;>CI>NO;>SO*>Na">K". A monsoonseasonsi nd er &A@ ofbicarbdndtes,
critical analysis of Piper diagramf Peruvantanam chlorides and sulphate antghose of the monsoon
subwatershed reveals th#tte groundwagr samples season unded ¢ 6 azeooh prevailingbicarbonate
of thepost monscomnder zone O6ad aadohloridsf Dupv diagram df Pemuganthanm sub
bicatbonates the samples otthe pre monsoon under watershe depicts that in field HCO; and C&" are
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