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Influence of Cations and Anions on the Electrical Conductivity
Measurements of Ground Waters *

by
U. 8. BREE RAMULU ¥

Synopsis: Studios to find out the contribution of various ions to
the slectrical conduetivity were conducted, using pure salt solutions and
correlation studies to find out the relationship between electrical
conduetivity, total solids and various ions, using results of water analysis
were taken up. It was found that electrical conductivity value was

highly correlated with C1 , 80, and HCO,. The eontribution of HCO,

and CO, to electricl eonductivity was very low. A mothod using a
regression equation was proposed to avoid the gravimetric estimation of

80, and a method of calculating various ions using the above method
in analysis of water samples and in alkelinity studies of soils has been
indieated.

[ntroduction : The utility of various irrigation projects intended to
increase the food production, depends largely on the quality of irrigation
waters stored and supplied and also on the guality of ground waters in the
ayacubt area. But the absence of rapid methods of chemical analysis and
also the inevitable nuse of some of the gravimetric methods of analysis which
are not only tedious but also time consuming, are to-day the bottlenecks in
the periodical intensive study of the ground waters in any area. So, with
a view to overcome the above difficulties, Asghar and Dhawan (1947)
undertook certain investigations and reported a significant correlation
between the electrical conductivity values and total solids content of ground
waters. United States Department of Agriculture (1954) had also reported
a similar relationship between total solids and electrical conductivity values.
Black (1957) had also proposed a relationship between the tofal solids and
electrical conductivity in water soluble salts of soils.

But the electrical conductivity value, the determination of which is
easy and quick, varies according to the amount of each cation and anion
present and is also dependent upon the electrical conductivity valnes of
each ion. So, this study was taken up to find out through the caleulation
and determination of multiple regression, the relationship of various ions to
the electrical conductivity values and also to calculate the ions, now
estimated by the gravimetric methods.

¥ Prize winnoing article for the Golden Jubilee Shield of the Chemistry Seetion Et;r
1060—"01. (Reccived for publication on 13—10—1061),

t Assistant in Chemistry, Agricultural Collego and Research Institute, Coimbatore - 3,


https://doi.org/10.29321/MAJ.10.A03972

102 The Madras Agriculivral J ournal

Materials and Methods: Forty water samples collected from Pollachi
Taluk of the Madras State were analysed for pH, electrical conductivity
value, total solids and various cations and anions present, by the methods of
analysis proposed by the United States Department of Agriculture (loe. cit.)
Statistical analysis of the analytical results was done and the partial and
multiple regression coefficients were worked out by the Doolittle method as
given by Goulden (1956) with a view to study the interrelationship between
the various ions and electrical conductivity of the irrigation waters.

In addition, preliminary work was done to study the influence of
various ions on the electrical conductivity, using pure (ANALAR) solutions
of sulphates, chlorides, bicarbonates and carbonates of Sodium, Potassium,
Magnesium and Calcium of concentrations of 0, 2.5, 5, 10, 15, 20, 25, 50 and
100 meq/litre. The electrical conductivity was measured with the Solu-bridge
apparatus.

Results :  The electrical conductivity of solufions with pure salts at
various concentrations are presented in Table I. When the relative influence
of the anions on the electrical conductivity was studied, lreeping the cation
common, it was found that the contribution to conductivity value decreases

in the order CI > SO, > HCO, , €O, (PlateT). Keeping the anion
common, the order of contribution of the cations to the electrical conducti-

+ + ++ 44

vity was K > Na > Mg > Ca (Plate JI). The difference in the
- ..{. +

contribution of the monovalent ions X and Na is very little. Since most

of the ground water samples contain very low concentrations of ]I:l- [ Agarwal
et al (1956), Govinda Iyer and Subramaniam (1960) ], not much error will be
introduced in assuming that both contribute to the same extent to the
electrical conductivity values at low concentrations.

The results of chemical analysis of the forty water samples are
presented in Table IT and the results of statistical analysis of the analytical
data are presented in Table ITL.

The statistical analysis has revealed that the correlation in all cases
except between bicarbonates and electrical eonductivity, between sum of
bicarbonates and ecarbonates and electrical unnductivit-y,' and bicarbonates
and sulphates pub together and electrical conductivity, is highly significant.
The correlation between electrical conduetivity and bicarbonates (or sum of
bicarbonates and carbonates) and also bicarbonates and sulphates put
together and electrical conductivity was not significant,
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is clearly seen that chlorides contribute more than any other anion to the
electrical conductivity, while the contribution of bicarbonates and carbonates
is very low. Similar results are also obtained with the analysis of water
samples. - The magnitude of contribution of each ion to electrical conductivity
as revealed by the pure solutions agrees with the results obtained in the

statistical analysis of the data also.
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In the statistical analysis of the ground waters, it iz seen that the
total solids value is highly correlated with the electricnl conductivity value
and as such the electrieal conductivity can be taken as a measure of total

It is also scen that except in cases where bicarbonates (and or
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carbonates) are involved, there is a very high correlation and as such there.
existis a close relationship between the various jons und clectrical conductivity
values. A very highly significant correlation of 0°98 was obtained when the
elaetrical conductivity values wore correlated with the three anions, chlorides,
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sulpbates and bicarbonates taken together. When chloride alone was
correlated with electrical conductivity, the correlation coefficient was 090,
while chloride and sulphate taken together when correlated with electrical
conductivity gave a correlation coefficient of 0'98. But when chloride and
bicarbonate taken together were correlated with electrical conductivity, the
correlation coeflicient was only 0'93, which is not appreciably higher than
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the correlation coefficient of 0'91 obtained for chloride alone with electrical
conductivity. Similarly the correlation coefficient obtained by correlating
sulphate alone with electrical conductivity (0°46) is not improved appreciably
by correlating sulphates and bicarbonates together with electrical conducti-
vity. ‘Further the correlation coefficient of 098 obtained when chlorides and
sulphates taken together are correlated with electrical conductivity, is not
at all improved by taking together all the three anions, chlorides, sulphates
and bicarbonates together and correlating with the electrical conductivity.
So, it is evident from all these that the bicarbonates and/or carhonates do
not contribute much to the electrical conductivity values.

As already stated a very highly significant correlation was obtained
when the electrical conductivity values were correlated with the three anions,
chlorides, sulphates, and bicarbonates taken together or with the two anions
chlorides and sulphates taken together and also when chlorides alone were
correlated with electrical conductivity values. Determination of electrical
conductivity, chloride, carbonates and bicarbonates can be done in the field
itself through simple measurements or titrations. So, using the multiple
regression equations involving the four factors, electrical conductivity values,
chlorides, sulphates and bicarbonates, or the first three factors alone, the
approximate amounts of sulphates could be caleulated, thus overcoming the
actual estimation of sulphate by the gravimetric method of estimation.

In ordinary normal irrigation waters, the sum of all the anions present
will be equal to the total amount of cations present in solution. Among the
cations normally present in irrigation waters, as calcium and magnesium can
be estimated by the versenate method and as potassium ecan be determined
by simple titration methods, the only other cation sodium, can be easily
determined by subtracting the sum of the cations determined from the total
anions present and this will enable any field worker to quickly assess the
approximate amount of sodium salts present in the irrigation waters. This
procedure, if adopted, is likely to prove a very useful tool for the field
workers when they want to study the guality of irrigation waters over a
large area and that too in a short time. The above method can also be
adopted in the alkalinity studies of soils, since water extracts of soils alone
are taken and also since the same cations and anions are estimated as in
ground waters.

Summary : Using pure salt solutions, the econtribution of various ions
to the electrical conductivity value was studied. The results of o number
of water samples collected from a wide area were statistically analysed to
find out the relationship between the electrical conductivity values, total
solids and various cations and anions. Ilectrical conductivity value was
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highly correlated with the three anions, chlorides, sulphates and bicarbonates
or with the first two anions, chlorides and sulphates taken together.. The
contribution of tho hicarbonates to the electrical conductivity was very low
and the addition of the bicarbonates did not improve the correlations to any
significant extent. So, o method using the multiple regression equation was
proposed to avoid the gravimetric estimations which are time consuming and
tedious. A possible method of calculating the various cations from the
above procedure in the analysis of water samples and also in the alkalinitv
studies of soils has also been indicated.
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Tanre IT

Ohemical Analysia of Ground walera.

=] Total — — — —_—

A T.C.  Solids ca Mg+ + Nu+ cl 0, HOO0, CO, P&
m pPpm. o

1. (80 840 40 000 273 10 1.03 5D — 73
o, 210 1742 86 460 10013 04 763 03 - 75
3, 080 - 502 32 090 4°10 e o010 71 — 6
4. 060 270 34 180 183 08 103 H2 — T
5. 045 850 23 002 326 08 028 54 - — G5
0. 045 196 40 088 0-07 10 060 38 @ — 72
7. 080 1002 2:3 1-38 5-32 16 141 6.6 = T0
8 070 620 3 072 342 14 154 50— 7
. 0-55 aa6 3G 000 150 12 (-0 48 — T8
10. 065 834 28 142 122 08 014 &5 0 — 77
1. 070 1014 24 0°81 381 10 012 60— 77
12, 100 820 34 138 Tve 22 2EE T — 75
3. 090 900 34 018 011 20 000 77 — 71
4. 060 330 2+ 101 2 08 o094 52— 70
1. 040 970 28 009 038 04 007 28  — 72
16. 280 2140 g2 o943 1084 130 127 62 @ — 77
17. 080 1000 a0 112 603 16 390 a3 S T4
18, 220 2126 100 126 1051 &2 1001 45— 77
10. 160 1036 70 027 4°88 56 186 - 47— 72
2. 110 1274 20 052 812 03 08¢ 76 0 — 82
2. 040 836 27 00 005 07 034 10 12 7'8
92, 160 1200 57 2:90 g78 6 25 42 39 70
23.  1'80 - 1672 63 063 717 §'1 036 42 12 81
24, 1770 1470 06 153 063 91 086 14 02 7
25, 0'Gi 280 40 1'156 2:50 19 041 38 16 T8
26. 170 1416 57 147 503 81 050 28 08 - 80
27, 130 1610 3 117 861 52 228 58 08 70
98, 0G0 520 38 210 096 13 164 38 12 8l
20. 065 950 38 016 205 08  051' 48 08 82
0. 075 016 a2 016 481 @2 057 46 12 83
3. 166 1916 40 081 8'41 60 15t 44 08 77
2. 110 1000 249 1'87 630 44 197 50 S
33. 045 300 2] 036 387 0o 23 24 08 82
3. 050 250 2:3 0°54 267 06 061 &2 02 TG
3. 035  S10 30 0-27 1:29 05 026 34 04 78
36. 050 410 20 12 854 08 120 22 18 79
3. 035 820 21 000 1'86 06 080 26 08 80
3. 160 966 30 101 1102 51 163 S 74
39. 100 1004 83 081 856 32 127 34 08 78
40. 120 1260 a1 167 817 a8 084 40 08 50

Tons exprossed as mlg./litre.
I. €. — in millimhos/em,
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