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A Study on the Utility of Electrical Conductivity as
an Index of Quality of Irrigation Water *

by
R. ERISHNAMURTHY!

Synopoist In this paper, the author reports that the determination
of EC alone.in woter samples does not enable soil chomists declars
categorically & water sample, ' Good ™ * Permissible”, * Doubtful”,
or “ Harmful" from the point of view of irrigable suitablity and that
the determination of individual anions and eations as inevitabla for the
valuntion of irrigation water.

Introduction: In a predominantly agricultural country like India, the
role of Irrigation projects, and underground sources of* water like wells,
in pushing up food production needs no emphasis. It has been reported
that in the Thanjavoor district in Madras State, the underground
sources of water are going to be tapped for the purpose of providing
irrigation facilities during Summer also. Hence it can be expected that a
good number of water samples of ryots will flow to the Soil Testing Labo-
ratories for the determination of their suitability for irrigation. At present
in the Soil Testing Laboratories of this State, the quality of water is judged,
only by the EC and pH. The following three categories of water based on
the Llectrical conductivity are employed as yardsticks for determining the
quality of water in the Soil Testing Laboratories. (1) EC upte 1,00
Harmless. (2) EC from 1.00 to 3.00 Critical. (3) EC from 3.00 and
above Injurious. In the present study an attempt has been made to show
that the defermination of EC alone in water samples does not enable a
50il Chemist to declare categorically a water sample, *“ Good *, © Permissible *,
* Doubtful ”, or “ Harmful  from the point of view of irrigable suitability.

Review of Literature: Asghar and Dhawan (1947) obtained significant
correlations between the Electrical conductiviby values and total solids
content of ground waters. The United States Department of Agriculture
(1954) also reported a similar relationship between total solids and electrical
conductivity values. Sree Ramulu (1962) reported that the Electrical
conductivity value was highly correlated with the three anions, Chlorides,
Sulphates and Bi-carbonates or with the first two anions, Chlorides and
Sulphates taken together. Kelley (1963) observed that neither conduetivity
nor total concentration is, as expressed by parts per million, especially
meaningful, for neither reflects the actual composition of water, and there
simply is no substitute for chemical analysis,
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Materials and Methods: The Blectrical conductivity, and pH, ‘were
dotormined for 82 water samples, besides the detailed aualysis of the same
for various cations and anions, The Blectrical conductivity values obtained
for the 32 wator samples analysed, were critically examined as to t_l;eu
suitability for evaluating the quality of the waber samples for irrigation,

Tor this, both inductive and deductive methods uf'réasnning_ were
employed. In the inductive method, theoretical equations were derived from
the already established facts, and tested with the data ayailable, by the
statistical methods. Tn the deductive process, the classifications were made,
based on BC alone and the nature and amount of ions present.

Results and Discussion: The thirty two water samples in which '_frhﬁ'_.:EU

and pH were determined, were also Em&]_vsed far the various 'caltian'a'

+F it |
(Ca  ,Mg ) and anions (GDH, H’UD SD Gl} by ﬁmplnymg the

methods of analysis proposed by the Umtaﬂ States Department of - Agri-
culture (1954). The data thus obtained for the various cations and anions are
furnished in Table I. The difference between the total of anions.and that of
cations has been taken as the value for Sodium.

Induclive Method: The Electrical conductivity of water samples is
mainly contributed by solids and the salts are mainly CO,, HCO,, Cl, 80, of
Na, K, Ca, and Mg and these salts are hjg]ﬂj dissociated and exist as ions.
The total Electrical conductivity of a sample is therefore made up of
confribtions from different ions. Accurdmg to the Kohlaruch’s law of
Independent migration of ions, each ion conftributes a definite amuunt of
conductance to the total amount of conductance, 1rraapectwe of the nature
of other ions. This Jaw is strictly true in ideal solutions but at moderate
concentrations, the law may be expected to hold. good at E'rhe accuracies
needed for routine work.

The conductance contributed h}f each ion may be arrived at from the
following equation. : :
A= K= (A +BAYC i (1)
A= A—Ayge ceevnnnne (2)
where A, is the equivalent conductance ab mfm:tte dilution and A is the
equivalent uunduntanca at concentaration C in Gms equivalent /lit; A and B
are constants dapendmg on the nature of solvents and ions;  and
K conductance = [ A — A ye] €/1000 where C is t_he nnncﬁﬂtmhpn in
Gram equivalents/litre. Therefore, approximately the conductance of a
sulutmn containing dlEarant ions is equa.l to Fen cre
K = [A, + A Je ] — A o, ] ¢ ..., [An—An4en]en (3)
1000 1000 oo 1000 '
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and for practical purposes it can be written as K = x, ¢, + x5 ¢, i X, ¢, (4):.
where x;, X,, ¢l¢ are proportional to the ionic cﬂnduatmtms ab mﬁmte
dilution, and their rate of change of conductance with cancentmtmn ur 'w
the term LA - 16 Dﬁ ‘F-L}—l and ¢,, ¢, are concentrations of dlﬁ'pre;lt-. ong
expressed on equivalent basis. Dub at accuracies needed for routine. worl,
the contributions by the cations Na, Ca, and Mg may be taken as oqual
since their magnitude of ionic conductivities arc of the same order. Similarly
the magnitude of ionic conductivities of C1, SO, and CO, are of 'same order:
while that of HCO, is approximately half of the former ions. (vide Table IT).

Henco if 3 HCUO, ion concentration is taken, so that ite ionic conductivity
may be set up at the same order of other ions, the HOO, ionic concentration
may be added to.other ions for calculating the contributions. by anions.

Therefore for all practical purposes, the true conductance is contributed by
total cations and by total anions-} HCO, and it is possible fo seb up the
_theoretical equation of the type: xlel + 1‘3' (e1—% HCO,) = EC where x1

is the contribution by cations, x2 is the contribution by anions, and cl is
the concentration of cations in meg/litre. ¢l is also the total number of
anions as the system is electrically neutral, and 3 HCO, ions in meq/litre is
subtracted as the bicarbonate conductance is set at twice its normal level
for inclusion with other anions. This type of equation thus derived for
practical purposes is tested and multiple correlation caleulated -is high
(R = 098). Theoretically though it is possible to have R>1, as af
moderate concentrations, the interionic attraction and other factors like
incomplete dissociation occur, the correlation coeffcient of 0.98 itself is high
and justifies the assumptions made.

Tasne IL
Tonic conduclance at ‘infinile dilution at 20 C ohm™ cn?”

Tons '~ Equivalent conducfance

Na+ _ | 50°11

G&+ + 539'6

'Mg+ " 53°1
100, 830

HCO, 445

o 763
150, 798

i
e
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The total solids expressed in parts per million, for all the thirty two
samples, the total solids expressed in me/lit and the total solids expressed in
melit-3 HCO, were correlated with the Tlectrical conductivity values of
these samples and the correlation coefficients thus obtained are furnished in
Table ITI. It will be scen from the Table IIT, that the correlation coefficient
obtained for the relationship, total solids-3 HCO, vs Cis 0.92, and is
more than those obtained for the relatinnslﬁfm total solids in ppm vs EC
and total solids in meflit vs EC (Vide Plates). This therefore

Tolal solids expressed J Ve. EC. Tolal ?ﬂﬁd’s_expressed Vs EC

M PR in meflitre =% Heos
T 067 1- ’
r re 82
" il 00430 000

=
-
?:?m
0

— qtcl'r:'%al :ugn’uﬂ'{gh'y z
iEranfiical Fon

O “"3to ace &ob  ®50 imoo 1200 460 , ol :

Totol wojids in ppm 1)

Tolal soligs in ‘e /1 -1 Heo
indicates that EC represents total milliequivalents of salts present rather
than the total quantity of the salts. Therefore EC is a good measure of
total milliequivalents of all ions, and half of them are cations and the other
half being anions. As the contributions of all cations and anions are equal
for all practical purposes, the use of IBC to predict the nature of cations and
anions is restricted, and is always to be discouraged. The relationship
between EC and other individual jons may sometimes become significant
when that particular individual jon shows large variation while others are
maintained at about the same level. But they lack the theoretical basis
and may fail when put to praei:-ica] use. Therefore, it is seen that BC isnot a
good indicator of the nature of ions present and for a critical examination of
water for the purpose of irrigation the analysis of individual ions is essential.
If EC values of water samples are alone banked upon for the evaluation of
quality of water, it will lead to dubious conclusions. Kelley (1963) has also
observed that the evaluation of water based on its EC and total solids in
parts per million is not sound like that of a detailed chemical analysis.

T
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Tanre III,
Statistical Analysis,
Correlation -, Significance Regression
between atp = " equation:
X ¥y n-2=30

1. Total solidsinppm  E.C. 067 001
2. Total solids in meq/lit 0-86 001 _ e Cein
3. Total golids 002 001 y = 0'043 x — 009

inmeq/lit 2 HCO, . '
4, Total cations in meg/lit 086 001
A. Total anions in meq/lit 0-86 001 .
6. Total anions—3 HCO, 0.96 001y =0062x + 025

in meq/lit
Multiple correlation :

7, Total cation x1 and Total 0.98 ‘001 y =0014x1 + 0:100
" anion-# HCO, x2 - x2—010

Deduclive method : Sodium adsorption ratios were worked out for
all the thirty two water samples and they have been classified into different
groups according to the monogram of Thorne and Peterson (1954) vide
Table I. This classifieation has been compared with that of the Soil Testing
Laboratories, which is based on EC alone. The distribution of samples in
the different classifications are given in Table IV. According to the classi-
fication based on BC, twenty five samples are harmless and can be used for
irrigation. But in the classification based on salinity and alkalinty, seven out
of these 25 samples are harmful for irrigation as they would tend to develop
alkalinity in the soil if proper, corrective measures are:not adopted.
Another five samples can be safely used for irrigation provided due allowance
is made for leaching requirements in the consumptive use of water. Only 13
samples can be safely used without any precautionary measure. Hence the
EC classification adopted in the Soil Testing Laboratories holds good only
for the 50 per cent of the samples studied.

| Tasne 1V.
Disiribulion of samples in the Different Classifications.

E’ T (Soil testing No, of Classification based on Salinity & Alkalinity
;i [ laboratories) samples co1 351 o282  e3s2  c3s3
1. 0-1 Harmless 25 13 5 3 3 1
2, 1-3 Critical 7 — b - 1. 1.
3. above 8 Injurious — _— = — —_ —_—
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Summary and conclusions: Thirty two water samples were analysed for
their chemical composition of dissolved salts, including EC and pH. The
utility of EC in the interpretation of quality of water is critically examined
both by inductive and deductive processes. In the inductive process, it has
been shown that the EC represents only the total milliequivalets of
cations and anions present in the water samples, and it is not influenced
by the nature of cations and anions. In the deductive process, the
classifications based on EC and salinity and alkalinity are compared. Here
also it is seen that EC does not throw full light on the quality of
irrigation water.

Therefore it is seen that the EC isnot a gudd criterion for judging
the suitability of irrigation water and the determination of individual anions
and cations is inevitable for the evaluation of irrigation water.
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