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Abstract
Attention is directed to the many potential uses of specific electrical conductance (‘conductivity’) in the
study of inland waters. Its measurement is capable of a precision useful in the detection of differences
in a standing or flowing water-mass, but cannot be translated into measures of chemical concentration
with equivalent absolute accuracy. Reasons – not infrequently neglected – include approximations
in temperature correction, in allowance for a depression effect at higher ionic strength (salinity), and
especially in the differences of specific conductance of chemically different ions. The last can be
reduced by treating ionic concentration in chemical equivalents (e.g. meq L-1) rather than the usual
units of mass (e.g. mg L-1) or molarity (e.g. mmol L-1); also by making allowance for the exceptionally
high equivalent conductance of H+ and OH- ions of significance in markedly acid and alkaline waters.
Measurement in the field has been helped by the development of small portable instruments
with inbuilt temperature compensation, flow-through electrode systems and electrical output.
Examples of both field and laboratory measurements, for the charting and interpretation of
various field situations, are illustrated chiefly from the author’s experience.

They include

broad chemical surveys; interrelation with normal chemical analysis; longitudinal change,
water travel and nutrient uptake in river and stream systems; ionic ↔ particulate conversion;
horizontal and vertical differentiation in lakes; and ionic changes induced by photosynthesis.
Keywords: Conductivity; flow; salinity; surveys; stratification; tracer.

Introduction

to salinity, that approximates the overall concentration
of dissolved inorganic material present in ionic form. Its

The measurement of ‘conductivity’, or more fully

strong dependence upon temperature can be circumvented

specific electrical conductance (hereafter shortened to

by laboratory measurement at a standard temperature

‘conductance’, symbol k*), has had a somewhat ancillary

(citable, e.g. as k25) or, as in the field, by use of instruments

role in the characterisation of natural waters over the last 80

that either incorporate an averaged temperature correction

years. It has been most widely appreciated as a quick guide

or with which such a correction can be applied to the
readings obtained.

* elsewhere κ has also been used
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Salinity is a property that has both physical and

relatively large deviation with conductance (then a

chemical significance, and so have the applications of

markedly imperfect measure of concentration) can

conductance in aquatic science – that also take into account

be reduced by assessing ‘adjusted conductance’ by

its biological significance. Practical applications are more

dilution of sub-samples followed by multiplication by

diverse and useful than is often realised. Here they are

the dilution factor. This has been done, for example,

illustrated mainly by examples drawn from my own

with the most saline African waters shown in Fig. 1.

experience since 1953. Information on technical details

iii. Also varying with the nature of the constituent

of conductance measurement in limnology is available

ions is the factor relating conductance and solute

elsewhere (e.g. Mackereth et al., 1978; Wetzel & Likens,

concentration. This variance is especially marked if

2000). First, however, it is appropriate to outline some

concentration is measured as mass per unit volume

general limitations to the interpretation of a measurement.

(e.g. in mg L-1 or mg dm-3). There is a much less variable
relationship, and factor, if salinity is expressed as a total

Limitations of interpretation

concentration of cations or anions in milli-equivalents
per litre (meq L-1). These concentrations must be

Using an instrument with readout (e.g. digital) of suitable

equal to satisfy charge balance. The corresponding

resolution, it is not difficult to obtain measurements of

connecting factor, for k25, is then typically 90 to 100 μS

conductance of high reproducibility or precision, e.g.

cm-1 per meq L-1. Here 1 equivalent is the ion-molecular

to 0.1 %. It can be improved by the incorporation of an

weight in g divided by that ion’s charge. Later,

alternative electrical standard selectable in the instrument.

Tables 1 and 2 illustrate. However, the ions H+ and

High accuracy, on an absolute scale (e.g. micro-Siemens per

OH- have exceptionally high equivalent conductance,

centimetre, μS cm-1), requires attention to the geometrical

and inflate measurements of conductance in very acid

properties of the conducting path, and is usually checked

(pH < 4.5) or very alkaline (pH > 9) waters. A later

by reference to the known specific conductance of standard

example (Fig. 7) illustrates the effect of elevated OH-

solutions (e.g. of KCl).

and CO3 2- for a water of fairly low conductance; most

High
not

accuracy

imply

assessment
sources
i.

ii.

of

a
of

in

electrical

corresponding
chemical

uncertainty

units

does

alkaline waters are of relatively high conductance

the

for reasons of salinity. Some investigators of acid

Three

bogs and mires (e.g. Gorham, 1956) have subtracted

distinguished:

an estimated enhancement by H+ ions from their

accuracy

in

concentration.
can

be

Approximate character of a temperature correction.

comparative measurements of conductance.

This is often based on a fixed percentage rise (typically

The individual contributions of particular ions to

2.3 % to 2.5 %) of conductance per °C temperature

conductance can be found from reference tables of physical

increase that is an approximation to the wider physical

chemistry (e.g. the International Critical Tables: Washburn,

reality (e.g. Smith, 1962; Talbot et al., 1990) and which

1929). Table 1 gives limiting values obtained from a recent

varies slightly with the type of ions concerned.

source for the common major ions of natural waters at

Increase in conductance with ionic concentration

very low concentrations (‘infinite dilution’). Especially

is lessened at higher concentrations.

The effect

in the more saline natural waters, a reduction due to

– from reduced activity – varies with the nature of

decreased activity – capable of calculation or empirical

the constituent ions. At very high concentrations the

estimation – must be taken into account. There can also

Table 1. Limiting values of equivalent ionic conductance (λo, units µS cm-1 / eq L –1 = μS cm-1 / eq. dm-3 = μS cm2 eq-1) of common major ions
of inland waters if present at infinite dilution at 25 °C. From data in Talbot et al. (1990).

λo

H+

Ca2+

Mg2+

Na+

K+

HCO3-

CO32-

SO42-

Cl-

NO3-

OH-

349

57.2

53.6

50.0

74.5

46.1

69.3

78.5

76.4

71.5

200
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be a small effect from ion-pairing. This is incorporated

inputs from chemical weathering, as of limestone. There

in theoretical estimates of conductance by Pawlowicz

are then likely to be other correlated differences and a basis

(2008), which were found to approach measured values

for chemical and ecological interpretation. However, there

for mixtures of electrolytes to within 1 %.

Talbot et

is no general correlation with the biologically significant

al. (1990) have also tested and discussed the options

scales of base-poor to base-rich waters, nor of nutrient-

available.

They found, for example, that a reduction

poor to nutrient-rich, although such correlation can be

of 7.4 % of the simple sum of such ionic contributions

locally strong – as in the faunistic survey within Britain of

would apply to water from the River Win in Dorset, for

Reynoldson (1966). Correlation between conductance and

which the measured conductance (k25) was 427 μS cm .

the concentration of any quantitatively predominant cation

-1

or anion will naturally be high, and could be of biological

Units, historical

significance.
As a personal example, I illustrate (Fig. 1) chemical

Various units for conductance can be found in the literature.

analyses for major ions from a wide range of tropical

As the property is the inverse of
electrical resistance for a column
of unit cross-section and length, it
was formerly usually expressed
in a scale-derivative of reciprocal
ohms per cm (e.g. μmho cm-1),
sometimes erroneously as μmho
cm-2, μmho cm-3). Modern usage
is usually as micro-Siemens per cm
(μS cm-1; 1 S = 1 mho). The standard
temperature adopted should be
specified, e.g. as k25.

Formerly

18 °C and 20 °C were often used
(lower room temperatures then
more usual?), but 25 °C is now the
preferred standard.

The broad survey
A seriation of waters, in order
of increasing conductance, can
be

useful

when

the

salinity

range is wide and the higher
values originate from a common
influence.

Examples

include

varying admixture with seawater,
as in estuaries; varying exposure

Fig. 1. Concentrations of major cations and of major anions in relation to a wide range of

to evaporative concentration, as in conductance as an index of total ionic concentration, in lake waters of East and Central Africa.
closed drainage basins; and varying Modified from Fryer & Talling (1986).
DOI: 10.1608/FRJ-2.1.4
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African lakes.

Here high salinity

and conductance are induced mainly
from evaporation in basins of much
restricted drainage. All the principal
contributory

ion

are shown.

Although dissolved

concentrations

silicate-silicon makes an appreciable
contribution to the total salinity
of some waters, its predominant
form there (excepting very alkaline
waters) is generally Si(OH)4, not
ionic and so does not contribute to
conductance.
between

The correspondence
rising

conductance

and rising ionic concentration is
widespread

but

obviously

not

for the divalent cations Ca

and

2+

Mg2+. These are lost in precipitated
carbonates

in

high

conductance

waters that are correlatively highly
alkaline, due to the general status in
this region of bicarbonate (HCO3-)
with carbonate (CO3 2-) as the most
abundant anion-pair.

Biologically,

there is a distinctive flora and fauna
of the high-conductance ‘soda lakes’.
Another African series, of similar

Fig. 2. Course of the White Nile between Lake Victoria and Khartoum, with a linear scale

concentration range, is provided by of distance used to indicate the location of geographical features and the associated changes
-1
-1
Ethiopian lakes (Fig. 3 in Wood & in conductance (k20, μS cm ) and titration alkalinity (meq L ) in June and December 1954.
Talling, 1988).

Here conductance

Modified from Talling (1957).

was shown to be closely related both

iii. water-atmosphere exchange of gases,

to the sum of major cationic and also of major anionic

iv. metabolism and decay of attached or planktonic

concentrations, expressed in chemical equivalents, and
to their combined sum as salinity expressed in g L-1.

vegetation, and
v.

man-injected pollutants.

Excepting (iii) and (iv), these are likely to influence

Longitudinal change in rivers

conductance considerably.

Chemical composition normally changes during the

the White Nile, Africa. It is shown in Fig. 2 against an outline

downward passage of water in a river. Changes mainly

of the geographical background. The latter includes the

originate in:

headwater lake of Lake Victoria, exposure to the more saline

i.

contributions from dissimilar tributaries,

water of Lake Albert in the western Rift Valley, and later to

ii.

from exchange with different basal rock or sediment,

the massive riverine swamp of the Sudd in the Sudan plain.

Apersonal example is from the longitudinal sequence in
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Table 2. Comparison of measured conductance (k25) and major ionic concentrations (excluding H+) in a series of water samples from
headwaters to lowland plain reaches of the rivers Swale and Ure. From Talling & Parker (2002), with corrected Σanions.

Na+

K+

Mg2+

Ca2+

HCO3-

Cl-

SO42-

NO3-

k25

Σcations Σanions

μeq L

k25/Σanions

μS cm

-1

-1

Swale
S1

142

11

74

S2

207

16

204

S3

228

20

263

S4

248

42

310

S5

263

27

S6

432

49

U1

182

U2

110

140

151

115

2

557

590

133

230

0

1579

1550

185

326

1

2006

2050

218

380

3

410

2255

2350

273

408

763

3354

3070

532

801

19

167

1162

1272

133

122

189

53

152

1708

1660

136

U3

230

25

190

2119

2071

U4

304

32

262

2568

2380

U5

451

39

732

3303

3110

327

408

43

0.105

984

953

106

0.111

2090

2062

213

0.103

2606

2651

264

0.100

5

2955

3036

296

0.097

12

4598

4415

428

0.097

0

1530

1527

156

0.102

151

2

2102

1949

207

0.106

175

213

3

2564

2462

250

0.102

267

270

3

3166

2920

286

0.098

623

992

13

4525

4747

485

0.102

Ure

The profile of conductance shows that the increased

Also in my experience (Talling & Parker, 2002) are

ionic content of the lower White Nile is mainly due to

longitudinal profiles of conductance downriver for the rivers

a salt-rich contribution of water from the West Rift via

Swale and Ure in Yorkshire, northern England. In these,

the Semliki River and L. Albert, which the river briefly

conductance rises progressively downstream, reflecting

traverses. As the local inflow and outflow concerned are

overall ionic gains in transition from Pennine uplands to

adjacent (an unusual situation), there is scope for varying

the alluvial Plain of York (Table 2). Notable even within the

and probably wind-influenced admixture of lake water

uplands is a sudden rise of conductance, Ca2+ and HCO3- in

in the out-flowing river. Both Beauchamp (1956) and I

the Swale between stations S1 and S2 as the Carboniferous

(Talling, 1957) found evidence of this in fluctuations of

limestone succeeds peat and is contacted by drainage. The

conductance downstream, indicative of travelling peaks

rise of conductance occurs here despite some opposing loss

of more saline water. Initially these would also introduce

of an appreciable contribution from H+ ions – of high ionic

extra phosphate from the phosphate-rich water of L.

conductance – in acid headwater (pH < 5). If the single

Albert. Still further downstream, seasonal water loss by

acid headwater at station S1 is excepted, the summed

evapotranspiration in the swamps introduced some

concentrations of the other major cations or major anions

seasonal rise of conductance, whereas some fall could later

– sums found to be near-equal if expressed in equivalents

arise from higher seasonal discharge of the tributary River

per litre – are closely related to measured conductance. This

Sobat. Against this main pattern, the behaviour of chemical

overall relationship occurs for the ionic mixture despite

constituents could be interpreted (Talling, 1957). That of

some individual ionic variation of equivalent conductance.

the predominant major anion, bicarbonate, measured as

Finally, the fractional contributions to discharge

titration alkalinity and one determinant of pH, was closely

below

correlated (see Fig. 2) with the profile of conductance – as is

from their dissimilar conductances in relation to

widespread in East African waters (Talling & Talling, 1965).

that of their well-mixed combination downstream.

DOI: 10.1608/FRJ-2.1.4
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Lakes – horizontal change

markers, and also solutions of sodium chloride (brine)
added as an aliquot to a turbulent region (ensuring rapid

If a lake receives contributions from well-spaced inflowing

vertical and lateral mixing) with downstream travel

(afferent) rivers of dissimilar chemical content, horizontal

detected by the resulting small pulse of conductance

mixing is often insufficient to prevent detectable differences

increment (‘gulp method’: Water Research Association,

of conductance appearing in its water-mass. Their study

1970).

can then provide a useful guide to the limitations of

Applications of the conductance-based method to

horizontal mixing. An example is from the elongate

a headwater stream of the River Swale in the Yorkshire

English lake of Windermere, whose north and south

Pennines are described by Talling & Parker (2002).

basins are separated by a shallow region and are supplied

Fig. 3 shows the longitudinal travel and dispersion

by two major inflows of appreciably different ionic content

of the conductance pulse with time of flow at three

and hence conductance (Sutcliffe et al., 1982; Sutcliffe &

downstream stations. The area A within a pulse increment

Carrick, 1983). Longitudinal surveys of conductance along

is determined by stream discharge (D), assuming that

the lake show a chemical transition region located mainly

mixing there of the added brine volume v is complete. The

within the shallow central region, but sometimes with

stream discharge (D) can be calculated (e.g. in m3s-1) if the

some extension into deeper water north or southwards

capacity of a known fractional high dilution d (e.g. 1/4000)

probably related to the direction and strength of recently

of the brine to raise temperature-corrected conductance

prevailing wind.

(Δk) is also determined.

Lake Victoria in East Africa exemplifies a very large

Then it can be shown that

D = (Δk.v)/A.d

and non-elongate lake where there exists a large shallow

where all volumes are in units of m3 and all time measures

gulf (the Nyanza, Winam or formerly Kavirondo Gulf)

in seconds. We used a conductance meter with voltage

in the north-east that communicates with the main lake

output and a voltage-time integrator with a zero offset to

by a narrow passage. Within this gulf, a combination of

obtain more directly the terms A and Δk.

local drainage and lake-surface evaporation results in a

Fig. 3 shows the measured concentrations at the three

conductance considerably greater than is found throughout

downstream stations of the nutrient elements N, P and K

the main lake – including its northern inshore channels

that include surviving amounts added as small known

(Talling & Talling, 1965; Talling 1966 and unpublished).

quantities of (NH4)2SO4, NaH2PO4 and KCl in the brine

Conductance values (k20) measured in 1960–1961 were

addition; also concentrations expected if no uptake of

respectively 144 ± 1 μS cm and 97 ± 2 μS cm . However,

added amounts occurred and relations to conductance

the latter range was extended by later work in other

at high dilutions were maintained. Very similar results

northern bays (MacIntyre, personal communication).

were obtained when measured Na+ concentrations were

-1

-1

used instead of conductance for the calculations. There is

Flow-dynamics of streams:
longitudinal mixing and nutrient
uptake

evidence of progressive uptake of NH4-N and PO4-P but

There is a considerable literature (e.g. Stream Solute

Lakes – vertical layering

not K. The estimation of nutrient uptake was based on a
flow procedure originally proposed by McColl (1974).

Workshop, 1990) on the application of added conservative
tracers to the study of flow velocity, discharge, longitudinal

Originally, the measurement of conductance-depth

dispersion and nutrient uptake in stream flow. Physical

profiles in lakes was based on discrete water samples

properties capable of rapid field determination and time-

(e.g. Ruttner, 1931; Mortimer, 1941–1942).

recording have led to the use of fluorescent dyestuffs as

the measurement sensor (conductance electrodes) was

© Freshwater Biological Association 2009
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Fig. 3. Conductance (k25)–time relationships at three stations on a River Swale headwater downstream of an injection of brine-nutrient
mixture. Circles indicate water sampling for determining concentrations of Na+, K+, NH4-N and total P. The last three concentrations are
inserted with, in parentheses, the expected contributions from nutrient addition without uptake, based on conductance-related increments
plus original background. From Talling & Parker (2002).

increasingly used in situ (e.g. Edmondson, 1956), with

i.

any necessary correction for temperature, the supporting
cable and its submerged component made by calculation

enhanced ionic loading of deep (e.g. hypolimnetic)
water from the sediments,

ii.

redox reactions under anoxia that generate extra

(e.g. Heaney et al., 1986; Talling, 2006), compensating

alkalinity as HCO3- with balancing cation(s) like

circuitry (e.g. Moron, 1976) or inbuilt microcontroller (e.g.

NH4+,

Rouen, 1989). Correction is now provided in numerous
conductance–temperature–depth

(CTD)

probes

(e.g.

iii. differential replacement from inflow of epilimnetic
versus hypolimnetic water,

Halfman, 1993). The calculation of salinity and hence

iv. lake-profile bound descending density currents of

density from conductance is now usual in oceanography,

lower temperature or otherwise enhanced density,

but requires care (and some approximation) with the more

that may result from a cool or high-turbidity inflow.

variable ionic mixtures encountered in limnology. Further,

Mechanism (iv) has been considered as the origin of

stratified lakes may show increase in dissolved Si with

a peculiar asymmetric distribution of temperature in two

depth that is not ionic but is not negligible as a contribution

elongate African rift lakes, Albert and Malawi = Nyasa

to a density increment (e.g. Lake Malawi: Wüest et al.,

(Talling, 1963, 1969; Talling & Lemoalle, 1998; Patterson et

1996). Extreme density-layering can lead to an indefinitely

al., 1998). That for L. Albert is illustrated in Fig. 4. The first

stratified condition (meromictic lakes).

hypothesis, that in this lake the descending profile resulted

In lakes, differences of conductance across deep

from descending inflow water of the adjacent River Semliki,

thermal gradients are commonplace. They can arise by:

was discarded from the evidence from conductance of fine
chemical homogeneity covering water from above and
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Fig. 4. (a) Longitudinal section obtained during 7–9 August 1961 of Lake Albert, a large African rift lake, with temperature distribution at
numbered stations shown by (b) isotherms (in °C) and (c) vertical depth-profiles as evidence of a profile-bound descent of cooler water.
From Talling (1963).

below the temperature discontinuity. This required an

of depression individuality that includes differences

origin from within the shallow southern lake region, rather

of conductance has been described from the large

than from the higher conductance inflow of the Semliki.

Swedish lake Torneträsk (Mortimer & Mackereth, 1958).

The same type of origin is likely in L. Malawi, where

There is a contrast between Esthwaite Water and

there is no major inflow in the southern area concerned.

the neighbouring north basin of Windermere, that lacks

Mechanisms (i) and (ii) appear mainly responsible

seasonal anoxia. Here vertical differences of conductance

for a large increase in conductance during summer

are relatively small. Nevertheless, the basin has been

stratification in the productive English lake, Esthwaite

found (Talling, 2006) to develop vertical gradients of

Water, as respectively described by Mortimer (1941–

conductance in the autumnal epilimnion due to the

1942) and Heaney et al. (1986). It is illustrated in Fig. 5,

influx of floodwater that is seasonally cool and relatively

that shows (from Talling, 2006) the consequences of

dilute. The time-sequence involved is shown in Fig. 6. The

autumnal mixing on an earlier ‘depression individuality’

typically lower conductance of floodwater can also be used

within the lake, manifested in surveys of temperature,

as a marker of travelling water-mass in a flowing system.

dissolved oxygen and conductance. Another instance

It has been so employed by Entz (1976) and Elewa (1985) to

© Freshwater Biological Association 2009
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Fig. 5. Longitudinal section of Esthwaite Water, a productive English lake, showing the ‘depression individuality’ associated with the latesummer stratification in 1968 of temperature, oxygen and conductance (k20) and its subsequent erosion during autumnal vertical mixing.
From Talling (2006).

Fig. 6. Depth-profiles of conductance (k20) in Windermere north basin during late 1967, showing increase across the thermocline, its
enhancement during an influx of dilute floodwater, and final disappearance in autumnal mixing. From Talling (2006).
DOI: 10.1608/FRJ-2.1.4
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deduce the mode of distribution and transit of the annual

levels above 9.0 (e.g. Maberly, 1997). Under these conditions

floodwater of the Nile in the large water-body, Lake Nubia-

the epilimnetic conductance is appreciably increased,

Nasser, now retained by the Aswan High Dam in Egypt.

as in the sequence for 1971 shown in Fig. 7. Another
instance of the same effect was seen in Windermere south

Conductance, photosynthesis and
induced ionic change

basin during the summer of 1969 (Talling, 2006 Fig. 5).
Additional ionic complications can result from
photosynthetically elevated pH in ‘hard-water’ lakes

In productive waters, a period of active photosynthesis

with higher concentrations of Ca2+ and HCO3-

can result in a noticeable increase in pH and change of

CO . The solubility product for CaCO3 may then be

conductance unrelated to salinity.

The relevant ionic

markedly exceeded, leading to an epilimnetic precipitation

events are decreased concentration of H , increased

of CaCO3 that can appear in satellite photographs of

concentration of OH-, and increase in the concentration

‘whitings’ (e.g. Lake Michigan: Mortimer, 2004).

ratio CO /HCO that is dictated by pH rise for the CO2 –

associated loss of ionic Ca and CO

HCO3- – CO32- system. Influence of the H+ concentration on

any effect of raised OH- and CO3-2 on conductance.

+

23

3

plus

23

2+

23

The

will then oppose

conductance can be neglected above pH 6.0. The changes

There is indirect experimental evidence for the latter

are particularly marked in poorly buffered waters of low

interaction (Talling, unpublished) from work in 1968 on

titration alkalinity, for which conductance is likely to be

the very productive Lake George, Uganda. Water samples,

low.

with pH above 9.0 induced by prior photosynthesis, were

Such waters are characteristic of lakes in the English Lake

bubbled with CO2 in expired air; successive readings of

District. In one of the most productive, Esthwaite Water,

pH and conductance (k25) were made on sub-samples as

considerable seasonal changes in both pH and conductance

the pH level was reduced. The same treatment was given

are well documented (Mortimer, 1941–1942; Heaney et al.,

to a solution of sodium carbonate (Na2CO3) of the same

1986; Talling, 2006). Photosynthetic consumption of CO2

titration alkalinity. The results (Fig. 8) show an initial fall of

occurs in the epilimnion during summer stratification, and

conductance in both media, followed only in the lake-water

in recent decades has usually resulted in episodes with pH

samples by some later rise. The latter suggests conversion

Fig. 7. Depth-time distributions of pH and conductance (k20 ) during the summer stratification of Esthwaite Water in 1971, showing
correlated increases during episodes of high pH in the epilimnion. Assembled from data in Heaney et al. (1986).
© Freshwater Biological Association 2009
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a capacity of photosynthetic HCO3- uptake as a C source.
Various aquatic macrophytes and green algae were shown
to involve different capacities in this respect. There was
no capacity in bryophytes. However, later work on this
issue has turned to more sensitive and direct methods.

General remarks
Conductance

measurements

have

intrigued

some

limnologists – myself included – as a rapid means to obtain
physically and chemically applicable information in the
field, as offering high discrimination useful for detecting
admixtures or limits of vertical mixing in water columns,
and as an aid to following tracer additions to flowing water
in real time. It may be deduced that the pioneer limnologist
Ruttner was appreciative, having regard to his frequent use
of depth-profiles of conductance (e.g. Ruttner, 1931) and
his ingenious application of conductance measurement
Fig. 8. Change of conductance with falling pH, induced by
bubbling with CO2 from lung-expired air, in samples of water from
Lake George, Uganda, rendered initially alkaline at three different
pH levels (lines a, b, c) due to various periods of photosynthesis by
dense phytoplankton, and in a solution of sodium carbonate of the
same titration alkalinity (2.05 meq L-1). Original.

to the issue of HCO3- use as C-source in photosynthesis
(Ruttner, 1948a,b). His apparatus was displayed at a 1994
symposium at Salatiga in Java to commemorate the Sunda
Expedition of 1928–1929, in which it was used (Göltenboth,
1996).
Modern instrumentation has allowed for improved

of a particulate component, probably CaCO3 to the ions

temperature-compensation, more compact size, and

Ca2+, HCO3- and CO32-, that is absent in the other solution.

electrical output for continuous recording with time or

Such conversion was also postulated by Ohle (1952) to

depth. This has led to a new generation of conductance

account for an increase of conductance when water from a

– temperature – depth (CTD) probes, and to recording

German lake was similarly bubbled with expired air. If the

lake conductance over time or depth from moored buoys

particulate conversion is held responsible for the present

(e.g. Rouen et al., 2005). There is a contrast with early

difference at lower pH in pH-dependent behaviour

instruments, such as that self-constructed by Mortimer

between the two media, a rough estimate of the quantity

(1941–1942) under funding shortages, and with the early

involved can be made. The deviation (Δk25) from replicate

commercial instrument of Evershed & Vignoles, the ‘Dionic

determinations, of ~ 40 ± 5 µS cm-1, would then correspond

Water Tester’. The latter instrument had hand-generated

to ~ 0.4 meq L of Ca(HCO3)2 and ~ 0.4/2.05 or ~ 20 %

voltage and a temperature correction via adjustment of

of the original titration alkalinity – an appreciable amount.

electrode separation, and was used by myself (Talling,

Besides the effect of the OH ions on conductance,

1957) and numerous others (e.g. Beauchamp, 1956) in

there is some effect of the varying ratio of CO32- to HCO3-

exploratory surveys of East African rivers and lakes.

-1

-

concentration (or, strictly, associated activity) as the last

Past use of conductance in freshwater science has

two ions differ in equivalent conductance. These effects,

been mainly for rough orientation in relation to the salinity

in Na+ and K+ solutions, were used by Ruttner (1948a, b)

scale, and as a supplement to independently obtained

and later Felföldy (1960) to obtain evidence for or against

chemical information on the ionic species involved.
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