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Electrical Conductivity as
an Indicator of Water
Chemistry and Hydrologic
Process

R.D. (Dan) Moore, G. Richards, and A. Story

Introduction
Elec tri cal con duc tiv ity (EC) is a mea -
sure of the ease with which elec tri cal
cur rent can pass through water. It can
be mea sured accu rately in the field
using a por ta ble con duc tiv ity probe
and meter, and can also be recorded
elec tron i cally with a data log ger.
There fore, both the spa tial and tem po -
ral vari abil ity of EC can be mea sured
with as high a res o lu tion as desired.
The objec tive of this arti cle is to dis -
cuss the fac tors that gov ern the spa tial 
and tem po ral vari abil ity of elec tri cal
con duc tiv ity and to illus trate how
these vari a tions can be used as indi ca -
tors of water chem is try and hydrologic 
pro cess. 

Definition and Quantitative
Expression of EC
Ohm’s law defines the resis tance of a
sub stance to the pas sage of an elec tri -
cal cur rent as

R = V/I (1)

where R is the elec tri cal resis tance
(ohms), V is elec tri cal poten tial (volts),
and I is cur rent (amperes). The resis tiv -
ity of a sub stance is defined by the
resis tance to elec tri cal cur rent pass ing
between the faces of a unit cube of
the sub stance. The SI units of resis tiv ity 
are ohm/m. For flu ids, the inverse of
resis tiv ity, or con duc tiv ity, is con ven -
tion ally used to char ac ter ize their
abil ity to trans mit elec tri cal cur rents.
The SI units of EC are thus 1/(ohm·m). 
The units for the inverse of ohms were, 
in the past, often des ig nated as
“mho,” but the pre ferred unit is
siemen (abbre vi ated “S”). Given the
low con duc tiv i ties of most fresh wa ter

sources, the com monly used units of
EC are μS/cm (i.e., 10–6 S/cm).

The term spe cific con duc tance (SC)
has some times been used to refer to
elec tri cal con duc tiv ity mea sured at a
spec i fied ref er ence tem per a ture. How -
ever, SC is con sid ered syn on y mous
with elec tri cal con duc tiv ity by the
Inter na tional Union of Pure and
Applied Chem is try (Mills et al. 1993),
and the lat ter term (EC) will be used
through out this arti cle.

Factors Influencing EC
Pure water is a weak elec tro lyte, and
the EC of aque ous solu tions will thus
depend on the pres ence of charged
ions. Elec tri cal con duc tiv ity increases
with the num ber of ions in solu tion.
How ever, the rela tion is inher ently
non lin ear because, at higher con cen -
tra tions, inter ac tions among ions can
impede their mobil ity. These effects
are shown in Fig ure 1. Despite the
over all nonlinearity, the rela tion is
close to lin ear for con cen tra tions less

than about 1000 mg/L. Because the
mobil ity of a charged ion depends on
ionic size and charge, the over all EC of 
a fluid will depend on which chem i cal
spe cies are pres ent and not just their
con cen tra tion. For exam ple, mag ne -
sium chlo ride (MgCl2) has a higher EC
for a given ionic con cen tra tion than
the other two salts.

Ionic mobil ity and EC vary with tem -
per a ture, mainly due to the effect of
tem per a ture on the vis cos ity of water
(Rob in son and Stokes 1965). One
approach to address this tem per a ture
depend ence is to bring sam ples into a
lab o ra tory where they can be brought
to 25ºC before mea sure ment. Alter na -
tively, mea sure ments of EC made in
the field can be adjusted to equiv a lent
val ues at 25ºC using an assumed rela -
tion between EC and temperature.

The rela tion between EC and tem per a -
ture is approx i mately lin ear over the
typ i cal range of stream tem per a tures
(Fig ure 2), but some nonlinearity has
been reported below about 3ºC
(Østrem 1964; Col lins 1977). Most EC 
meters can adjust EC mea sure ments to 
25ºC using a spec i fied lin ear cor rec -
tion, typ i cally 2%/ºC. Some
con duc tiv ity meters can also apply a
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Figure 1. Relations between electrical
conductivity (EC) and concentration for
different salts (after Hem 1982, Figure 6). 

Figure 2. Relations between electrical
conductivity (EC) and temperature (Tw) for a
water sample from Fishtrap Creek, British
Columbia. Measurements were taken with a
WTW LF 340 conductivity probe. Uncorrected
values are shown (circles), with a fitted linear
regression line. Two sets of values corrected to 
25°C are shown: one uses a linear correction
of 2%/°C (triangles), the other uses a
nonlinear correction (crosses). The horizontal
line shows the “true” value at 25°C, based on
the regression line.



non lin ear cor rec tion. Fig ure 2 illus -
trates cor rected and uncor rected EC
for a water sam ple from Fishtrap
Creek, located north west of Kamloops, 
BC. If the cor rec tions were accu rate for 
all tem per a tures, the cor rected val ues
would lie along the hor i zon tal line that 
inter sects the uncor rected rela tion at
25ºC. For Fishtrap Creek, the lin ear
and non lin ear cor rec tions are sim i lar,
but the non lin ear cor rec tion is more
accu rate for the low-tem per a ture read -
ings. While the tem per a ture
cor rec tions per form well for the sam -
ple from Fishtrap Creek, it is pru dent
to ver ify that this is the case for other
streams because cor rec tions can vary.
For exam ple, Hayashi (2004) found
slightly lower cor rec tion fac tors, rang -
ing from 1.75 to 1.98%/ºC with a
mean value of 1.87%/ºC, while Smart
(1992) derived fac tors rang ing from
2.73 to 3.01%/ºC. 

Elec tri cal con duc tiv ity can also be
influ enced by the pres ence of fine sed -
i ment (Fenn 1987). For exam ple, EC
has been observed to increase after fil -
ter ing for sus pended sed i ment,
pos si bly due to desorption of ions held 
on sed i ment sur faces (Col lins 1977;
Smart 1992). 

Electrical Conductivity as an
Indicator of Water Chemistry

Because EC depends on the over all
ionic con cen tra tion in water, it has
often been used as an index of the
total dis solved sol ids (TDS) car ried by
a stream. As shown in Fig ure 1, the
ratio of TDS to elec tri cal con duc tiv ity
for solu tions of pure salts ranges from
0.4 to 0.7 for EC up to about 500
μS/cm, depend ing on the salt. For nat -
u ral streamwaters, the ratio gen er ally
ranges from about 0.55 to 0.75, but
may be near unity for high-sul fate
water or less than 0.5 for strongly
basic or acidic waters (Hem 1982).
One lim i ta tion to the use of EC as an
indi ca tor of TDS is that EC does not
respond to the pres ence of uncharged
dis solved sub stances, such as sil ica, a
com mon weath er ing prod uct from
igne ous rock.

It may be pos si ble, depend ing on the
hydrol ogy and geo chem is try of a
stream, to cor re late con cen tra tions of
indi vid ual ions with EC. This approach
can be used to pre dict ionic con cen -
tra tions for times when water sam ples
were not ana lyzed. For exam ple, Fig -
ure 3 shows the rela tion between the
con cen tra tion of cal cium ion and EC
for Place Creek, a gla cier-fed stream in
the south ern Coast Moun tains. Plots
such as Fig ure 3 can also be used to
help iden tify gross ana lyt i cal errors,
which would show up as out li ers —
points that lie anoma lously far from
the best-fit line (e.g., the point cor re -
spond ing to [Ca+2] �4.5 mg/L).

Electrical Conductivity as an
Indicator of Hydrologic Process
Temporal variability of EC as an
indicator of changing runoff
sources
Fig ure 4 shows the rela tion between
EC and dis charge for Place Creek
(Rich ards and Moore 2003). The EC
val ues were deter mined for water sam -
ples col lected sev eral times per day by
an auto-sam pler for sus pended sed i -
ment anal y sis. The EC-dis charge
rela tion can be char ac ter ized as a fam -
ily of con cave-up curves that shifted
down through the melt sea son. Dur -

ing the nival period, which was dom i -
nated by snowmelt, and dur ing the
tran si tion from snowmelt to gla cier
melt, these con cave-up pat terns likely
reflect short-term dilu tion cycles asso -
ci ated with diur nal snowmelt and/or
storm rain fall inputs, pos si bly asso ci -
ated with shifts in flow paths (e.g.,
shal low vs. deep) with chang ing dis -
charge. The down ward shift of the
EC-Q curves through time reflects the
pro gres sively upwards shift of run off
source areas asso ci ated with the ris ing
snow line. This rise in ele va tion of the
source areas for snowmelt run off
would be expected to pro gres sively
decrease the EC of water reach ing the
stream chan nel because weath er ing
rates decrease at higher ele va tions
(Drever and Zobrist 1992) and water
would flow through thin ner, less
mature soils (Sueker et al. 2000). Both
of these fac tors would tend to gen er -
ate more dilute soil water and hence
more dilute streamflow.

As the flow con tri bu tion from sea sonal 
snowmelt decreased and the gla cial
con tri bu tions to streamflow increased,
the points in the EC-Q plot dropped
fur ther and the curves became flat ter
because water from proglacial Place
Lake, the dom i nant con trib u tor to
streamflow in late sum mer, had an EC
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Figure 3. Relation between calcium concentration [Ca+2] and electrical conductivity (EC) for
Place Creek, a glacier-fed stream in the southern Coast Mountains.
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that ranged between 9 and 11 μS/cm
(based on mea sure ments from 2000
and 2001). Fol low ing the decline in
gla cial con tri bu tion to streamflow dur -
ing the autumn reces sion period, EC
increased as streamflow decreased and 
ground wa ter became the dom i nant
source of streamflow in Place Creek.

Between-Stream Variability In
EC As An Indicator Of Differing
Hydrologic Behaviour
Given rel a tively homo ge neous geo log -
i cal con di tions (and neg li gi ble sur face
water stor age in lakes or wetlands),
dif fer ences in EC between nearby
streams can pro vide clues as to the
likely hydrologic behav iour of dif fer ent 
catch ments. Table 1 illus trates this
point using data from two head wa ter
streams stud ied as part of the Stu -
art-Takla Fish-For estry Inter ac tion
pro ject (Story et al. 2003). Stream B3
con sis tently had higher EC than
stream B5. 

The greater streamwater EC at B3
(>400 μS/cm vs. <200μS/cm at B5)
sug gests that the hydrol ogy of that
catch ment is dom i nated by deeper,
slower flowpaths than those active in
the B5 catch ment. This notion is sup -
ported by two inde pend ent pieces of
evi dence. First, visual obser va tions at

road cuts indi cated shal lower till in the 
B5 catch ment than in the B3 catch -
ment. Sec ond, com pared with the B5
reach exam ined in detail in sum mer
2000, ground wa ter lev els in the B3
study reach var ied lit tle through time,
sug gest ing the influ ence of an inter -
me di ate to thick aquifer (Hill 2000). 

Streamflow at B5 var ied more rap idly
and with greater ampli tude than at B3 
(Table 1). The smaller B3 catch ment
pro duced peak flows about half as
large as those at B5, on a unit-area
basis. How ever, fol low ing a 2-week
drought in August 2000, unit-area
streamflow at B3 was 5 times higher
than at B5 (Table 1), reflect ing dif fer -
ences in baseflow gen er a tion. Thus,
the con trast ing hydrologic behav iour
sug gested by the EC data was con -

firmed by the dif fer ent streamflow
responses of the B3 and B5 catch -
ments to snowmelt and sum mer
drought. Multi-year mon i tor ing of
peak dis charges (Table 1) and EC data
from sum mer 1999 (Moore et al.
2003) indi cate that these pat terns are
per sis tent and rep re sent fun da men tal
dif fer ences in the hydrologic behav -
iour of the two catch ments.

Along-Stream Variability In EC
For Identification Of
Groundwater Discharge Zones
Changes in EC along a short (i.e., hun -
dreds of metres) stream reach indi cate
the inflow of chem i cally dis sim i lar
water. Mea sure ments of EC can there -
fore be used as a tool for iden ti fy ing
ground wa ter dis charge zones. Fig ure 5 
illus trates changes in EC, dis charge,
water tem per a ture, and hydrau lic gra -
di ent across the streambed along
stream B5 (Story et al. 2003). The
upper 150 m of the study reach lost
flow by infil tra tion into the bed, as
indi cated by the dom i nantly neg a tive
hydrau lic gra di ents (mea sured with
piezometers inserted into the bed of
the stream to 20- to 30-cm depths).
Ground wa ter dis charge entered the
stream at about 160 m, coin cid ing
with a zone of mixed pos i tive and
neg a tive hydrau lic gra di ents.

The upper, los ing por tion of the reach
exhib ited nearly uni form EC, sug gest -
ing lit tle or no ground wa ter dis charge. 
Below about 150 m, EC decreased
down stream, sug gest ing the inflow of
chem i cally more dilute water via
ground wa ter dis charge. Streamwater
tem per a ture showed con trast ing
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Table 1.
Electrical conductivity (EC) and streamflow (Q) data for two small streams studied as part
of the Stuart-Takla Fish-Forestry Interaction Project. Drainage areas are 0.42 km2 (B3) and
1.5 km2 (B5). Data for calculation of the mean peak discharge values (i.e., for years
1996–1999) were taken from Beaudry (2001).

B3 B5

EC
Aug. 16, 2000

(μS/cm)

Q
Aug. 16, 2000
(L/(s • km2))

Peak
Q

(L/(s • km2))

EC 
Aug. 16, 2000

(μS/cm)

Q
Aug. 16, 2000
(L/(s • km2))

Peak
Q

(L/(s • km2))

2000 424 2.6 54 186 0.5 100

1996–2000
mean

n.a. n.a. 75 n.a. n.a. 145

Figure 4. Relation between electrical conductivity (EC) and stream discharge (Q) at Place Creek 
for the 2000 melt season. After Richards and Moore (2003). 
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trends, tend ing to increase down -
stream in the los ing reach (due to
inputs of energy across the water sur -
face by radi a tion and other pro cesses)
and decrease in the gain ing reach
(due to the cool ing effect of ground -
wa ter) (Story et al. 2003). 

That the ground wa ter dis charg ing into 
the lower seg ment of stream B5 was
more dilute than the streamwater
appears unusual at first glance. How -
ever, the data were col lected dur ing
an extended period of baseflow, and
the streamwater chem is try at the
upstream end of the study reach was
dom i nated by ground wa -
ter dis charge from higher 
up in the catch ment
rather than by more
dilute sources such as
lake water (e.g., as in the
case of Place Lake). As a
result, vari a tions in
ground wa ter chem is try
along the reach con -
trolled down stream
changes in EC. Ground -
wa ter dis charg ing higher in the
catch ment appeared to have higher
ionic con cen tra tions, pos si bly due to
dif fer ences in catch ment geol ogy
and/or flow paths (e.g., deeper and
slower vs. shallower and faster). 

EC As A Passive Tracer To
Quantify Streamflow Sources
Elec tri cal con duc tiv ity can be used to
esti mate the rel a tive con tri bu tions to
streamflow from two dis tinct sources.
For exam ple, sup pose that Q rep re -
sents the stream dis charge at some
loca tion in a chan nel, and Q1 and Q2

rep re sent the con tri bu tions from two
dis tinct sources, so that 

Q = Q1 + Q2 (2)

As a first approx i ma tion, EC can be
assumed to act as an inert tracer and
obey the fol low ing mix ing equa tion:

EC·Q = EC1Q1 + EC2Q2 (3)

where EC, EC1, and EC2 rep re sent the
elec tri cal con duc tiv i ties of the
streamwater at the loca tion of inter est
and the two sources, respec tively. For
exam ple, the loca tion of inter est could 

be a point below the con flu ence of
two trib u tar ies, each of which would
be one of the two sources. Equa tions
(2) and (3) can be com bined and
solved to yield the fol low ing
expres sions:

Q1/Q = (EC – EC2)/(EC1 – EC2) (4)

Q2/Q = 1 – Q1/Q (5)

There fore, if the elec tri cal con duc tiv i -
ties of the trib u tar ies and the point of
inter est were known, then the rel a tive
con tri bu tions of the trib u tar ies could
be cal cu lated using Equa tions (4) and
(5). Fur ther, if any of the three dis -

charges were
mea sured, the
other two could be 
computed.

This approach has
also been used to
sep a rate
streamflow into
time-vary ing com -
po nents based on
source. For exam -

ple, Col lins (1977) used Equa tions (2)
to (5) to sep a rate gla cier run off into
the con tri bu tions from engla cial flow
(i.e., flow through con duits within the
gla cier ice) and subglacial flow.
Kobayashi et al. (1999) used EC vari a -
tions in streamwater to com pute the
con tri bu tions from sur face and
subsurface flow paths in a for ested
catch ment. 

Table 2 pro vides an exam ple based on
mea sure ments on a head wa ter stream
in the Baptiste study area of the Stu -
art-Takla Fish-For estry Inter ac tion
Pro ject. Dis charges in the two trib u tar -
ies were mea sured using con stant-rate
salt injec tion (Moore 2004). Although

the rel a tive con tri bu tions com puted
from EC do not agree per fectly with
those com puted from the mea sured
dis charges, the agree ment is within
the range of uncer tainty of the
mea sure ments.

Summary
Elec tri cal con duc tiv ity is rel a tively easy
to mea sure either man u ally, using a
handheld con duc tiv ity probe, or
near-con tin u ously using a probe con -
nected to a data log ger. EC
mea sure ments should be adjusted to a 
ref er ence tem per a ture, by con ven tion
25ºC, to account for the effect of tem -
per a ture. The rela tion between EC and 
tem per a ture can vary among water
sam ples and not obey stan dard tem -
per a ture cor rec tions, espe cially for
tem per a tures near 0ºC. If the accu racy 
of tem per a ture adjust ments is impor -
tant for a field study, it is
rec om mended that the EC-tem per a -
ture rela tion be deter mined directly for 
typ i cal water sam ples (Fig ure 2).

Elec tri cal con duc tiv ity can be used as
an index of total dis solved sol ids and,
in some cases, as a pre dic tor of con -
cen tra tions for indi vid ual ions. EC can
also be used to inter pret the chang ing
sources of run off on both diur -
nal/storm event and sea sonal time
scales, and to pro vide infor ma tion
about the con trast ing hydrologic
behav iour of spe cific catch ments.
Because ground wa ter com monly dif -
fers chem i cally from streamwater,
ground wa ter dis charge zones often
coin cide with rel a tively rapid changes
in water chem is try along a stream,
which can be detected by mea sur ing
along-stream vari a tions in EC. Infer -
ences regard ing ground wa ter
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Table 2.  
Comparison of measured and calculated flow contributions from two tributaries to stream
B3, Stuart-Takla Fish-Forestry Interaction Project

Tributary 1 Tributary 2 Below confluence

EC (μS/cm) 411 377 388

% contributiona 35 65 100

Q (L/s) 1.12 2.79 3.91

% contributionb 29 71 100

a Computed from EC using Equations (4) and (5).     b Computed using measured discharge.
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Electrical conductivity 
can be used to
estimate the relative
contributions to
streamflow from two 
distinct sources.



dis charge can be made more con fi dently by
com bin ing EC mea sure ments with other obser -
va tions, such as hydrau lic gra di ents across the
streambed, water tem per a ture, and streamflow 
mea sure ments (Fig ure 5). Fur ther more, EC can 
be used to com pute the rel a tive con tri bu tions
of two trib u tar ies to flow below the con flu -
ence, or to sep a rate quan ti ta tively the

con tri bu tions to streamflow from
two dis tinct sources. As long as
the lim i ta tions of EC are borne in
mind, mea sure ments of EC can
pro vide useful and rapid insight
into the chemical and hydrologic
characteristics of aquatic systems.
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Figure 5. Along-stream profiles of discharge (Q), vertical 
hydraulic gradient (VHG), electrical conductivity (EC),
and stream temperature at stream B5, Stuart-Takla
Fish-Forestry Interaction Project. For vertical hydraulic
gradient (VHG), the plotting symbol indicates the mean 
value observed over the summer of 2000. A negative
value for VHG indicates infiltration of water into the
streambed; a positive value indicates discharge
upwelling into the stream.


