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Graphic Interpretation and Assessment of
Water Quality in the Savitri River Basin.

P. B. Lokhande, H. A. Mujawar

Abstract: The physical and chemical parameters of surface water play a significant role in classifying and assessing
water quality. In this study, analysis of water from Savitri river was carried out for six locations during monsoon, winter
and summer season from June 2006 to May 2007. Cation and anion concentrations in water samples at different
locations were determined by using lon-Chromatography and represented by using Stiff, Piper, Durov, Schoeller,
Wilcox, USSL diagram. The presentation of chemical analysis in graphical form makes understanding of complex
surface water system too simpler and quicker. Percentage of Na, SAR, RSC, Sodium hazard and exchangeable
sodium ratio values indicates the unsuitability of river water for irrigation and drinking purposes.
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1.Introduction: -
Pollution of

surface water with toxic chemicals and

eutrophication of rivers and lakes with

excess  nutrients are of  great
environmental concerned wordwide.
Agricultural, industrial and wurban

activities are considered as being major
sources of chemicals and nutrients to
aquatic ecosystems [15]. Physical and
chemical parameters of surface water
play a significant role in classifying and
assessing water qualify. Considering the
individual of paired ionic concentration,
certain indices to find out the alkali

hazards were proposed [14]. [9].

It was observed that the
criteria used in the classification of
waters for a particular purpose may not
find the suitability standard for other
purposes, and better results can be
obtain only by considering the combined
chemistry of all the ions rather than

individual or paired ionic characters.
Chemical classification also throws light

on the concentration of various

predominant cations, anions and their

interrelationships. Presentation  of

chemical analysis in graphical form
makes understanding of complex water
system simpler and quicker. A number
techniques and methods have been
developed to interpret the chemical
data[15].

Methods of representing the

chemistry of water like Piper diagram,
stiff diagram, Wilcox diagram, Durov
diagram, Schoeller have been used in
many parts of the world to show the
proportion of ionic concentration in
individual samples. Balasubramanian [3]
and Subramanian followed a series of
methods to interpret and classify the
chemistry of ground water in hard rock,
including coastal zones in the southern
part of India. Zaprozec[27] summarized
the various modes of data representation

and discussed their possible uses.
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The objective of the present
work is to discuss the ion chemistry of
Savitri river water in this case the
methods proposed by Piper [20],
Wilcox [25], Back and Hanshaw [4],
Eaton, Stiff [21] and USSL classifications
have been used to study the critically the
geo-chemical characteristic of the Savitri
river water. It is an attempt to apply
these methods to compare the

assessment data of the river system also.

2. Materials and Methods:
2.1 Study area:

The Savitri river basin is
located near to the Mahad of Konkan
region in India at 18° 05" and 73° 25 East.
Mahad industrial area lies on the right
bank of Savitri river. Savitri river is one
of the major river in Konkan region. It
starts at Mahabaleshwer, flows through
hilly area and emerged into Arabian sea
which is 40 km away from the Mahad.
Kal river, Gandhari river and one water
stream which flows through the Mahad
industrial area joins to Savitri river.
Sewage of Mahad city is also discharged
into the river. Pharmaceutical, pesticide
dye intermediates and drug industries
are located in Mahad industrial area that
discharges large quantities of waste

water in river hence pollute the river.

2.2 Sample collection:
Samples were collected
during the monsoon, winter and summer
seasons of June 2005 to May 2006 from
Savitri river and one stream that flows
through industrial area and joins rivers.
Out of total six sampling sites, three sites
are in the industrial area and three are
after the MIDC area. I*t sampling site was
selected from the central part of
industrial area, II"® was from the
confluence of industrial stream and Kal
river, III"" sample was taken from the
confluence of Kal river and Savitri river,
IV sample from Gandhari river, Vt
from after the Mahad city and last VI®h
from near the Dasgaon village where sea
water inter in river basin. All samples
were collected in pre-cleaned HDPE
sample container of having 2000 ml
capacity. The sample containers were
completely filed to eliminate any
headspace and dissolution of oxygen
from air. Before to collect the samples
bottles were rinsed with sample water.
After sample collection, the containers
were labeled wrapped with Para film
and stored in ice for transport. All
samples were stored in laboratory in

their original container at 4 °C.

2.3 Analysis of river water:
The physico-chemical
analysis of water quality parameters was

carried out by following standard
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methods by APHA (1992) [1]. Cation and
Anion analysis were done on Ion
chromatograph instruments ( Metrohm
make). Eluents used for anion 3.2 m M
Na2COs / 1 m M NaHCQOs, flow rate 0.7
ml /min, pressure 10.6 m Pa and for
anion column used metrosep C2 — 250,
Eluents- 4 m mol / L Tartaric acid / 0.75
m mol / L dipicolinic acid, Flow rate 1
ml/ Min and pressure 10.1 m Pa.
RockWare Aq.Qa software was used to
draw the figure and to calculate the

conversion.
3. Results and discussion:

The Piper-Hill
diagram [20] is used to infer hydrogeo-
chemical facies. These plots include two
triangles, one for plotting cations and the
other for plotting anions. The cation and
anion fields are combined to show a
single point in a diamond-shaped field,
from which inference is drawn on the
basis of hydrogeo-chemical facies
concept [4]. These tri-linear diagrams are
chemical

useful in bringing out

relationships =~ among  groundwater

samples in more definite terms rather
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Fig. 1(B) Piper Tri-linear diagram for

Monsoon, winter and summer season.

Chemical data of the study
are presented by plotting them on a
Piper tri-linear diagram for each season
(Fig. 1 a and B). The concept of hydro-
chemical facies was developed in order
to understand and identify the water
composition in different classes [4],[5].
Facies are recognizable parts of different
characters belonging to any genetically
related system. Hydro-chemical facies
are distinct zones that possess cation and
anion concentration categories. To define
a composition class, Back and co-
workers [4] suggested subdivisions of the
tri-linear diagram (Figure 1 B). The
interpretation of distinct facies from the 0
to 10% and 90 to 100% domains on the
diamond-shaped cation to anion graph is
more helpful than using equal 25%
increments. It the

clearly explains

1116

six study areas and for all three season.
Sulphate types of samples for monsoon
are two, for winter and summer three
samples. Only one sample is chloride

type during monsoon, three samples in

winter and two samples in summer. It is

observed that the effect of carbonate is

very less and negligible for all the three

seasons.
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Fig 2. Stiff diagram of cation and anion

variation or domination of cation and concentration for different sampling stations

anion concentrations during each season.

Na-type of water predominated in all the
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Stiff diagrams are commonly usethe suitability of water for agriculture is
visual method to directly compare the relative explained.
concentration of dissolved cations and anions
based on sample location. Fig. 2 uses a
variation of Stiff diagram for Monsoon, Winter
and Summer season to compare mean
concentrations of the major dissolved ions ( Na,
K, Cl, Ca, Mg, SO4, CO3 and HCO3) at each
sample site. Stiff diagrams (Fig. 2 A,B) shows
that there is a variation in the concentrations of Table. 1. Seasonal chemical character for
Ca, Mg, Na, Cl, SO4 among the six sites in this

study. However, the stiff diagrams clearly Sea | Chemical Sampling locations of Savitri river

Character

each sampling location.

demonstrate the mean concentrations of cations son

and anions increased substantially as from - T T T

monsoon to summer season.

1 114 Mons SAR 8.06 10.1 11 11 238 359
The suitability of Oy
groundwater for irrigation purposes ESR 272 3.07 3.79 11.93 7.02 10.35
depends upon its mineral constituents. The RSC 331 |3 | 25 [ -25% [ 379 [ 875
general criteria for judging the quality are:(i) %Na 96 | 74 | 759 | 912 | 839 | 884
total salt concentration as measured by Winte | SAR 122 145 | 152 | 107 | 389 | 384
T
electrical conductivity (EL). (ii) Relative R 377 16 [ 501 [9m2 | 1006 | 77
proportion of sodium to other principal = = T 5 Ton
. ces . 3.18 0.374
cations as expressed by SAR, (iii) Bicarbonate
(HCO_3) al’ld (iV) BOI’Ol’l %Na 72.8 76.8 779 82.6 88.1 85.8
Summ SAR 9.25 6.95 74 10.7 19.7 272
Wilcox classified groundwater for «
ESR 26 1.68 1.91 9.4 247 312
irrigation purposes based on percent sodium
RSC -4.49 6.78 - - - -
and EC. Eaton [9] recommended the 299 | 0587 | 2646 | 3156
concentration of residual sodium carbonate to %Na 3 [5713 |61 [ 822 [e |74

determine the suitability of water for
irrigation  purposes. The US  Salinity
Laboratory of the Department of Agriculture (SAR- Sodium adsorption ratio, ESR-

adopted certain techniques based on which Exchangeable sodium ratio, RSC- Residual
sodium carbonate)
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Exchangeable Sodium ratio 0.

values are higher for winter seasons at

all the locations except location VI shows ' st

+
Parmisaible

901 1o doubil

higher ESR value for monsoon season.
Exchangeable Sodium ratio (ESR) is AT B
calculated as follows " 4 Boubﬁu\
Beskt | ® ® | pajtare
ESR =[Na']/[Ca*] + [Mg*] Sudun(%)| 0300

Goodto
Parmissible

Where n

concentrations are in unit of meq/L

The sodium in irrigation 20
water is usually denoted as per cent

sodium and can be determined using the

: L
following formula R

% Na = (Na*) x 100/(Ca?* + Mg2+ Na* + K), Electical Conductity(uskom at B0

.. Fig. 3 Wilcox diagram of river water for
Where the quantities of

Ca», Mg» Na' and K are expressed inMonsoon, winter and summer season.
milliequivalents per litre (epm). Lo . .
1 P (epm) (Roman letter indicates sampling stations

The classification of groundwaterand M-Monsoon, W-Winter and S-Summer.)

samples with respect to percent sodium . )
. . . . In waters having high
and EC is shown in Figure 3. It is ) ) ]
) ) concentration of bicarbonate, there is a
observed that 50% samples lies in ) )
o tendency for calcium and magnesium to
excellent to good, 27.7% lies in good to

permissible, 11% in doubtful to

unsuitable and 11% in unsuitable. Water

precipitate as the water in the soil
becomes more concentrated. As a result,
) ) ) the relative proportion of sodium in the
from Sampling location V and VI is o . .
) o water is increased in the form of sodium
unsuitable for irrigation. ) )

carbonate. RSC is calculated using the

following equation.

RSC = (COs2- + HCO:s ) — (Ca?* + Mg?),
Where all ionic concentrations are

expressed in epm.
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According to the US
Department of Agriculture, water having
more than 2.5 epm of RSC is not suitable
for irrigation purposes. RSC values for
all samples and each season were
calculated and shown in table 1. All
values obtained are negative and less

than 2.5 epm.

The most

characteristics of irrigation water in

important

determining its quality are: (i) Total
concentration of soluble salts; (ii)
Relative proportion of sodium to other
principle cations; (iii) Concentration of
boron or other elements that may be
toxic and (iv) Under some conditions,
bicarbonate concentration as related to
the concentration of calcium plus

magnesium.

These have been termed
as the salinity hazard, sodium (alkali)
hazard, boron hazard and bicarbonate
hazard. For the purpose of diagnosis and
classification, the total concentration of
soluble salts (salinity hazard) in
irrigation water can be expressed in
terms of specific conductance. In the
past, the sodium hazard has been
expressed as per cent sodium of total
cations. A better measure of the sodium
hazard for irrigation is the SAR, which is

used to express reactions with the soil.

SAR is computed as:

Na*
SAR =

[ CaZ+ + Mg2+ ] Y

Where all ionic concentrations are

expressed in epm .

The classification of
groundwater samples from the study
areas with respect to SAR is represented
in Table 1. SAR values of the site V and
VI for the all three seasons were found to
be very high and classified not suitable
for irrigation. During the summer season
SAR values of site I, II and III were found
to be less than 10.

When the SAR and
specific conductance of water are known,
the classification of the water for irrigation
can be determined by graphically plotting
these values on the US salinity (USSL)
diagrams. Waters have been divided into
Cl, C2 C3 and C4 types on the basis of
salinity hazard and S1, S2, S3, S4 types on
the basis of sodium hazard. The significance
and interpretations of quality ratings on the
USSL diagram can be summarized as
follows: (i) Low salinity water (C1) can be
used for irrigation with most crops on most
soils. Some leaching is required, but this
occurs under normal irrigation practices,
except in soils of extremely low

permeability. (ii) Medium salinity water
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(C2) can be used if a moderate amount of
leaching occurs. Plants with moderate salt
tolerance can be grown in most instances
without special practices of salinity control.
(iif) Medium to high salinity water (C3) is
satisfactory for plants having moderate salt
tolerance, on soils of moderate permeability
with leaching. (iv) High salinity water (C4)
cannot be used on soils with restricted
drainage. Even with adequate drainage,
special management for salinity may be
required and plants with good salt
tolerance should be selected. (v) Very high
salinity water (C5) is not suitable for
irrigation under ordinary conditions, but
may be used occasionally, under very
special circumstances. The soil must be
permeable, drainage must be adequate,
irrigation water must be in excess to
provide considerable leaching and salt

tolerant crops should be selected.

1120
deterioration of the physical condition of

the soil.
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Fig. 4. USSL classification of river water

for Monsoon, winter and summer season.

The

irrigation waters with respect to SAR is

classification of

based primarily on the soil. Sodium-
sensitive plants may, however, suffer
injury as a result of sodium
accumulation in the plant tissue when
exchangeable sodium accumulation in
the physical condition of the soil.
Sodium-sensitive plants may, however,
suffer injury as a result of sodium
accumulation in the plant tissue when
exchangeable sodium values are lower
than effective  in

those causing

Low sodium water (S1) can
be used for irrigation on almost all soils
with little danger of the development of
harmful levels of exchangeable sodium.
However, sodium sensitive crops, such
as stone-fruit trees and avocados may
accumulate injurious concentration of

sodium [2].

Medium sodium water
(52) in fine-textured soils of high cation

exchange capacity, especially under low
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leaching conditions, unless gypsum is
present in the soil, presents appreciable
sodium hazard, but may be used on
coarse textured or organic soils, which

have good permeability.

Very high sodium water
(54) is generally unsatisfactory for
irrigation purposes, except at low and
perhaps medium salinity. Application of
gypsum or other amendments may
render this water feasible. Application of
gypsum also increases the crust

conductivity property of the soil.

The plots of groundwater
chemistry of study areas in the USSL
diagram are shown in Figure 4. Sampling
sites lies in the S4-C4 group are VIW,
VIS, VS and 54-C3 group are VW, VIV,
VM shows high salinity hazard and
sodium hazard. Sampling site IS, IIS, IIIS
lies in S2-C3 type having high salinity
hazard and medium sodium hazard.
Whereas others are comes under the
category of medium to low salinity and

sodium hazard.

The suitability of
water for irrigation was evaluated based
on SAR, % Na, RSC and USSL diagrams.
Taking into account all these criteria, one
can best evaluate the suitability of water
for irrigation purposes, rather than by
considering a specific criterion, because
water satisfying all the criteria is rare. As
the study areas are in the vicinity of

industrial area and also affect by the tide,
where the water is NaCl-type, SAR and
%Na are above the permissible limits for
irrigation purposes, whereas RSC is well
below the guideline values.

The USSL diagram best

explains the combined effect of sodium
hazard and salinity hazard. According to
this, most of the groundwater in these
areas falls in C3S3 and C454 type and
hence is unsuitable for irrigation. Similar
conclusions are drawn from the Wilcox
diagram by plotting percent sodium

against EC.

Though
the suitability of water for irrigation is
determined based on SAR, %Na, RSC
and USSL diagram, it is only an
empirical conclusion. In addition to
water quality, other factors like organic

contents, soil type, crop pattern,

(rainfall),

climate, etc. have an important role in

frequency and recharge
determining the suitability of water.
Hence water that is not suitable based on
the above classification may be suitable

in well-drained soils.
4. Conclusion:

Analysis of water from
Savitri river was carried out for six
locations during monsoon, winter and
summer season from June 2006 to May

2007. Na-type of water predominated in
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all the six study areas and for all three

season. The stiff diagrams clearly
demonstrate the mean concentrations of
increased

cations and anions

substantially as from monsoon to
summer season. The suitability of water
for irrigation was evaluated based on
SAR, % Na, RSC and USSL diagrams. In
the present investigation, it is concluded
that the river water is not suitable for

irrigation and drinking purposes.
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