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The electrical conductivity of water provides an assessment of the
total concentration of dissolved ions in water, and is an important
property of water frequently measured in aquaculture systems.

The electrical conductivity of water, usually called specific conductance or simply conductivity, can be
quickly measured with laboratory bench or portable meters (Fig. 1) to provide an assessment of the
total concentration of dissolved ions. The conductivity of aquaculture waters is frequently measured,
and | would like to provide a relatively simple discussion of the basic principles and measurement of
this property of water.

Conductivity in water: Ohm'’s law

Ohm's law is the basis for the conductivity measurement in water. This law defines the resistance to
flow of electricity between two points in a circuit; an electromotive force (E) of 1 volt will cause a current
(1) of 1T ampere to flow against a resistance (R) of 1 ohm. The Ohm'’s law equationisE=1"R or V (volts)
=" R. The amount of resistance imposed by the wire in a simple circuit is directly proportional to the
length (L) of the wire and inversely proportional to wire diameter (A) or R = L/A. Different substances,
e.g., wires made of different metals, have different and characteristic abilities to resist the flow of
electricity. The characteristic resistance of a substance is called its specific resistance (r); hence, R =
r(L/A). Becauseris in ohms, R is in ohms/cm. Substances other than wire also cause resistance, and
water itself is the resistor with respect to flow of electricity in water.

A resistor also is a conductor of electricity, and conductance (K) is the reciprocal of resistance or K =
1/R. A conductor also has a specific conductance (k), and k = 1/r or k = (1/r)(L/A). The unit of measure
for conductance is reciprocal of ohms or 1/ohms, but to make a more convenient unit it has been
traditional to refer to 1/mhos as mhos — ohms spelled backwards.
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Fig. 1: Alaboratory bench conductivity meter (left) and a portable conductivity meter (right).

conductivity increases with greater total ion concentration.

Measuring conductivity

A conductivity meter for use in water is a modification of the traditional Wheatstone bridge used to
determine the resistance of a resistor of unknown resistance. In a conductivity meter for water, the
unknown resistance is that of water into which the probe of the meter is inserted. The Wheatstone
bridge component of the meter determines the resistance across a 1-cm® cube of water.

Unlike a Wheatstone bridge which displays resistance, a conductivity meter displays the conductivity of
water in mhos/centimeter (mhos/cm). This value is a very small number in weakly mineralized water,
and to avoid cumbersome decimal points, conductivity meters usually also display in
micromhos/centimeter (mmhos/cm). Today, many conductivity meters display in the international
scientific (SI) unit of conductance the siemens. The readout in Sl units of microsiemens per centimeter
(mS/cm) is for all practical purposes equivalent to the traditional micromhos per centimeter.

Potassium chloride (KCI) is the standard used in conductivity measurement. The specific conductances
of different aqueous concentrations of potassium chloride at 25 degrees-C are provided in Table 1.
Specific conductance, however, varies with temperature. For example, at 25 degrees-C a 0.01 N
potassium chloride solution has a specific conductance of 1,413 mmhos/cm (Table 1), but at 20
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degrees-C and 30 degrees-C, the values are 1,273 and 1,547 mmhos/cm, respectively. Most conductivity
meters have a temperature compensator, and they automatically display the conductivity for 25
degrees-C.

Boyd, conductivity, part 1, Table 1

Normality of KCI mg/L of KC Specific conductance
(u-mhos/cm)
0.0007 7.5 14.94
0.005 37.3 73.90
0.007 75 147.0
0.005 373 717.8
0.01 746 1,413
0.05 3,728 6,668
01 7,455 12,900
05 37,275 58,640

Table 1. Specific conductances of potassium chloride solutions of different normalities at 25 degrees-C.

There is a definite relationship between increasing potassium chloride concentration and greater
conductivity (Table 1). There also is a similar relationship between ionic concentration and specific
conductance among natural waters from different sources, but it usually is not as strong as the one
exhibited by potassium chloride concentrations in Table 1.

The increase in conductivity caused by 1 mg/L of different species of dissolved ions differs among ion
species as illustrated in Table 2 for the seven, major ions that are responsible for most of the
conductivity in natural waters. For example, T mg/L of magnesium (Mg?*) results in more than five
times greater conductivity than does 1 mg/L bicarbonate (HCO3™). Values in Table 2 can be used to
calculate the conductivity of a solution from its ionic concentrations, but the equivalent conductance
values apply strictly only to ion concentrations at infinitive dilution (very low concentration).

Measured conductivity will be less than conductivity calculated with equivalent conductance values in
Table 2, because of formation of ion pairs and other ion complexes in the water. These ion associations
do not conduct appreciable electricity, and they reduce conductivity without affecting measured ion
concentrations. The discrepancy between measured and calculated conductivity increases with
increasing total ion concentration, because the degree of ion complexing is greater in more
concentrated solutions.

Boyd, conductivity, part 1, Table 2

Cations u-mhos/cm per mg/L Anions u-mhos/cm per mg/L
Potassium 1.88 Sulfate 1.66

Calcium 297 Choride 1.95
Magnesium 437 Bicarbonate 0.73
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Cations u-mhos/cm per mg/L Anions u-mhos/cm per mg/L

Sodium 2.18

Table 2. The equivalent conductance (contributions to specific conductance) of different major ions.

Conductivities of different ion species also differ (Table 2). In the ocean and in lower reaches of
estuaries, ionic proportions tend to be similar worldwide, and a rather constant relationship between
total ion concentration and conductivity persists. On the contrary, in freshwater, ionic proportions vary
greatly among different waters. As a result, two waters with the same total ion concentration seldom
would have the same conductivity. Nevertheless, specific conductance usually is a fairly reliable
method for estimating the relative degree of mineralization (total ion concentration) of freshwaters.

The factor that must be multiplied by specific conductance to obtain total ion concentration varies from
about 0.55 to 0.8 across freshwaters. This factor usually is around 0.65 to 0.7 for ocean waters and
water from the lower reaches of estuaries. Despite variation in the conductivity to total ion
concentration ratio in different waters, specific conductance is a fairly good indicator of the degree of
mineralization of different ocean waters, estuarine waters, and freshwaters.

Conductivity of different waters

The usual conductivity of some different types of waters follow: distilled water, <2 mmhos/cm;
rainwater, <50 mmhos/cm; inland waters in humid regions, <500 mmhos/cm; inland waters in arid
regions, 500 to >5,000 mmhos/cm; seawater, »50,000 mmhos/cm; estuaries, 1,500 to >50,000
mmhos/cm. The best quality drinking waters have conductivity of 50-500 mmhos/cm, but some may
have values as high values of 1,000-1,500 mmhos/cm. Freshwaters will not have specific conductance
values above around 1,500 mmhos/cm. All inland waters obviously are not freshwaters.
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