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ABSTRACT 

Specific electrical conductance and pH are described and discussed 

in terms of their usefulness to National Park Service personnel as 

measures of water quality. Information is provided on the techniques 

for monitoring specific conductance and pH; the units of measure used; 

the relationship of pH and conductance to stream hydrologic processes; 

different types of monitoring equipment used and their relative 

advantages and disadvantages; interpretation of pH and conductance data; 

problems with monitoring equipment; and hints for the proper use and 

care of equipment. Suppliers of conductance and pH monitoring equipment 

are provided in the Appendix. Suggestions for further reading and 

reference are made, and an annotated bibliography is included. 
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SPECIFIC CONDUCTANCE AND pH IffiASURErffiNTS 
IN SURFACE WATERS: AN INTRODUCTION 

FOR PARK NATURAL RESOURCE SPECIALISTS 

INTRODUCTION 

Natural resource specialists working in national parks, forests and 

recreation areas frequently need to carry out tests to detect water 

pollution or to monitor water quality in streams and lakes. Two common 

tests useful in such work are specific electrical conductance (SEC) and 

pH. Both are relatively easy to measure in the field or laboratory. 

This paper describes the methods and equipment used for determining 

these two common water quality parameters. We have attempted to present 

the information at an introductory level for park personnel who have 

little or no prior experience or training in water resources work. 

We assume some readers will need to purchase equipment, so we have 

included the names and addresses of companies that sell pH and 

conductance meters (Tables C and D in Appendix II). For persons wanting 

more of the chemical theory and further details on pH and conductance 

monitoring techniques, the annotated bibliography should be a useful 

guide. 

This paper is intended only as an introduction to the topic. 

Readers who intend to implement pH and conductance monitoring programs 

should obtain more in-depth technical references to have on hand. We 

recommend the following three books as a good basic set: 

Van Loon's Chemical Analysis of Inorganic Constituents of 
Water (good explanations of analyses) 

American Public Health Association's Standard Methods for the 
Examination of Water and Wastewater (an essential laboratory 
reference) 

Hem's Study and Interpretation of the Chemical Characteristics 
of Natural Water (good explanations of water quality relation­
ships in the field). 



These three references collectively cost about $160, but they are 

worth the investment to anyone who wants to obtain greater quality 

control and a more thorough understanding of the monitoring data 

involved. Details on how to order these books appear in the annotated 

bibliography. 
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SPECIFIC CONDUCTANCE 

1. What is Specific Conductance? 

The ability of a water sample to conduct electricity is called 

specific electrical conductance (SEC). Frequently referred to as 

conductance or conductivity, SEC is measured with meters such as the 

ones illustrated in Figures 1 and 2. 

Fig. 1. An example of a pocket-sized conductivity meter. The probe 
is in the lower right. (Courtesy of LaMotte Chemical 
Products Co.) 
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Fig. 2. An example of a standard-sized portable conductivity 
meter, with the probe in the foreground. (Courtesy of 
Markson Science, Winter 1984 Catalog) 

A conductivity meter uses a circuit called a Wheatstone bridge, 

which is designed to measure a water sample's resistance to conducting 

electricity. Resistance is the reciprocal of conductivity (R = 

1/conductance). Some meters read out in both resistance and conductance 

units; however, many simple meters read out only in conductance units. 

The probe part of a portable conductivity meter typically consists 

of a pair of electrodes of precise size that are set a specific distance 

apart. The standard distance is one centimeter, which is reflected in 

the "per cm" part of conductance units, discussed below. When the probe 

is immersed in a water sample, an electrical current is sent through the 

water and the resistance is then measured by the meter. Another special 
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type of cell or probe is the "pipette cell," which draws in a small 

sample of water and acts much like an eyedropper with a built-in 

electrode. Pipette cells are useful if water samples are too small to 

allow immersion of the standard probes. 

2. Units Commonly Used 

Nearly all available specific conductance data at present appear in 

units of micromhos per centimeter (pmhos/cm) at 25°C. Some newer 

instruments now read in millisiemens per meter (mS/m) or microsiemens 

per centimeter (pS/cm) since Siemens, rather than mhos, is now offi­

cially the internationally recommended unit (Minear and Keith, 1982). 

The unit umhos/cm is equivalent to pS/cm. To derive millisiemens per 

meter (mS/m), divide pS/cm or umhos/cm by 10. The International System 

of Units (SI) considers mS/m as the appropriate SI term (APHA,1981), but 

most researchers and workers still prefer pS/cm since it yields 

convenient whole numbers and is equivalent to the familar pmhos/cm which 

until recently has always been used. In addition, many major equipment 

manufacturers continue to use pmhos/cm units on their instruments; so at 

this point, no one unit is universal. 

3. Adjusting Raw SEC Data to 25 Degrees 

Since specific electrical conductance is highly temperature-

dependent (Figure 3), raw data from a meter must be adjusted to a 

standard 25°C before any data points can be compared. Some of the more 

elaborate SEC meters are designed to automatically make this temperature 

correction, but most inexpensive, portable meters do not. In fact, 

experience by our laboratory has shown that some meter manufacturers do 

not inform users that a correction is essential. 

5 



Fig. 3. The specific electrical conductance of a 0.01 molar solution of 
potassium chloride at various temperatures. (From Hem, 1983, 
p. 98.) 

To make the temperature correction, a rough rule of thumb- for field 

approximations is that the specific electrical conductance of a sample 

changes two percent for each 1°C departure from 25°C. The actual 

calculation for correction is: 

(Equation 1) , 

(SECM)(10
b)K 

SEC25 = 1 + 0.0191(t - 25) 

where: SIX = corrected SEC value, adjusted to what it would be at 
25°C temperature 

SEC = actual SEC reading from the meter before any 
correction 

t = temperature of the water at the time SEC is read 

K = cell constant; a value (provided by the manufacturer) 
which is dependent on the size of cell used on a 
particular meter (see Section 7) 

Van Loon (1982) provides a most useful temperature correction table 

based on Equation 1. This table gives a simple multiplication factor 
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for each 0.1°C increment from 4°C to 30°C. To correct raw field conduc­

tance readings to 25°C, each reading is simply multiplied by the factor 

indicated in the table for the temperature at which the reading was 

made. (This table is reproduced in Appendix"II.) 

Meters equipped with automatic temperature-correcting devices 

should be checked periodically. To do this, a reading may be taken of a 

sample of "standard" 0.01 N potassium chloride (KC1) reference solution 

at various temperatures as the standard solution is warmed or cooled in 

a water bath. By observing the meter readings at different tempera­

tures, it is possible to see if the correction device is functioning 

properly. On some meters where the correction circuit has an on-off 

switch, the automatically-corrected values can be compared to those 

obtained by applying Equation 1 to uncorrected values. An occasional 

check along these lines is recommended in case an automatic correcting 

device malfunctions. 

4. Conductance Levels Typically Found in Natural Waters 

The specific electrical conductance (SEC) of a water sample depends 

primarily on (1) the nature, number and types of ions present which 

account for the water's ionic strength, and (2) the temperature of the 

water. Pure distilled, deionized water has a conductivity very close to 

zero. Streams running through granitic, silicon or other hard geologi­

cal formations, as they do in many of our igneous western mountains, 

will frequently conduct in the 10-50 uS/cm range (10-50 umhos/cm) and 

sometimes even lower. On the other hand, water flowing through lime­

stone formations in Appalachia will more likely be in the 150-500 pS/cm 

range. Streams in arid parts of the Western U.S. that are influenced by 

alkalinity or salinity typically fall into the 1000-5000 uS/cm range. 
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Some saline lakes and brines, such as the brines produced by oil well 

drilling, can show conductances of several thousand or even over 

100,000 pS/cm (Rainwater and Thatcher, 1960). At conductances greater 

than 10,000 pS/cm, water density becomes significantly greater than 

1.0 g/cm3 (Hem, 1970) so that water of this density will seek the bottom 

of a water body. It is therefore easy to detect some of these natural 

differences in SEC. 

5. Conductance as an Index of TDS 

Specific electrical conductance often correlates well with the 

total dissolved solids (TDS) found in natural (i.e., basically 

unpolluted) waters, since these TDS consist principally of inorganic 

calcium and magnesium compounds and other naturally-occurring inorganic 

chemicals and salts—all substances that make water conduct electricity 

in very nearly direct proportion to their concentrations (Figure 4). 

TDS is determined by filtering and then evaporating a water sample, 

weighing the remaining residue, and expressing the TDS as mg/L. In some 

cases, TDS also can be estimated by totaling the results of the cation 

and anion analyses that were derived through chemical analysis of the 

sample. 

Because the TDS/SEC relationship is usually linear, specific 

conductance often is used to estimate TDS by multiplying the SEC value 

by a factor, usually between 0.55 and 0.9. (The factor will vary from 

one location to another since individual streams differ in their 

chemical composition. Therefore, it is best to derive the factor 

empirically for a given stream.) In the example in Figure 4, 

multiplying the conductance values by approximately 0.6 yields TDS. 
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Fig. 4. An example illustrating the relationship of IDS and specific 
conductance. (Adapted from Hem, USGS Water Supply Paper 1473, 
1983, p. 100, based on data from the Gila River in Arizona.) 

A general rule of thumb is: 

(Equation 2) 

SEC x 0.65 = TDS 

where SEC = specific electrical conductance 

and TDS = total dissolved solids 

(APHA, 1981; Van Loon, 1982). 

Specific conductance also serves as an extra check on inorganic 

analyses of water samples. For example, a collection of samples from a 

given watershed will often show a consistent relationship between the 

concentration of the major cations (Ca, Mg, K, Na) and conductance. If, 

however, one isolated sample varies greatly in this relationship, a 

chemical analytical problem may be indicated. 
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6. How Pollutants Affect Conductance 

In addition to the natural substances described above, many 

inorganic pollutants, because of their high ionization, will affect 

conductance measurements (Figure 5). Examples of such pollutants 

include: the salts (NaCl and CaCl ) used in winter road de-icing; 

nitrates and phosphates in sewage and manure; the inorganic nutrients in 

fertilizers; sulfates, iron and manganese compounds found in runoff from 

strip-mined lands; the principal acids (H SO, and HNO ) in acid rain; 

metals from other inorganic substances leaking from old dumps; and 

brines from oil drilling. In addition, specific conductance measurement 

is an excellent field tool for determining the point where inorganic 

pollutants are flowing into a stream. 

Fig. 5. Specific conductances of solutions of salts at various 
concentrations. (Adapted from Minear and Keith, 1982, 
p. 154, with permission.) 
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As opposed to inorganic substances, dissolved organic substances 

are ionized very little and therefore do not add much conductance to 

water. For example, sluggish, dark-colored bayou or swamp waters can 

have high organic concentrations yet still exhibit low conductances, 

e.g., 25-75 pS/cm. Likewise, many manufactured organic pollutants, such 

as organic solvents and many of the pesticides and herbicides, are not 

readily detected by conductivity measurements. 

7. Cell Constants 

The probe of a conductivity meter comes rated for an exact "cell 

constant." A factory-rated cell constant (K) of 1.00 is generally a 

close approximation, and in fact is typically slightly lower or higher 

than 1.00. Therefore, many meters will have an adjustment where the 

exact cell constant can be entered when calibrating the meter. In other 

cases, the cell constant is entered in Equation 1, which is then applied 

to the meter's raw readings. Some meters will have a switch to allow 

for use of different cell constants. For example, one meter can be 

switched to a cell constant of 1.0 for use in most waters and 10.0 for 

use in very saline waters. A rough rule of thumb for selecting a cell 

constant is presented in Table 1. 

Table 1. Selecting a cell constant for a specific electrical 
conductance meter. Taken from Van Loon, 1982, p. 49. 

Cell Constant Conductivity Ranges 

0.1 0 to 100 pS/cm 
1.0 100 to 100,000 pS/cm 
10.0 above 100,000 pS/cm 

Since most park and recreation area waters fall into the 

100-100,000 pS/cm conductivity range, they can be conveniently measured 



with a cell constant of 1.0. However, the extremely soft waters in some 

western mountain areas and pristine lakes are more accurately measured 

with a cell constant of 0.1. A 10.0 cell constant may be necessary 

where oil field brines or industrial effluents are encountered. 

8. Calibrating the Meter and Cell 

Several of the listed references (e.g., APHA, 1981; Van Loon, 1982) 

provide all the details on meter and cell calibration. A meter and cell 

should be checked against a standard solution of potassium chloride 

(KCl), usually 0.01 Normal. The standard 0.01 N KCl reference solution 

conducts 1,413 uS/cm at 25°C. It also can be diluted; for example, a 

0.001 N KCl solution at 25°C conducts 147.0 uS/cm, so the dilution and 

change in conductance is very close to linear. Standard Methods (APHA, 

1981) gives tables on dilutions, concentrations, temperature relation­

ships and step-by-step operations for calibrating meters and cells. If 

a meter and cell read too high or too low, some meters can then be 

corrected to match the standard solution. For simple, unadjustable 

meters, a multiplication correction factor must be applied to all 

readings, so that a modified constant (K) is used with Equation 1. 

9. Interpreting Conductance Data 

Hydrologic (streamflow) data are almost always needed in order to 

interpret SEC data from flowing waters. For example, during the spring 

snowmelt season or during storms in many areas, stream conductance will 

typically drop drastically (Figure 6). This is because the trickle of 

ion-rich, mineral-laden ground water in the stream is greatly diluted by 

the large volumes of rain or melting snow, which are very mineral-poor 

compared to the ground water. The same dilution concept works in 
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Fig. 6. Example of specific electrical conductance (SEC) relationships 
to stream discharge in a Vermont headwater stream. (Taken from 
Kunkle and Comer, 1972.) 

reverse during dry periods when ground water makes up nearly all the 

streamflow. In this instance, conductances go up markedly because the 

calcium, silica or other constituents picked up in the ground are not 

diluted. The dilution principles also apply to "point source" pollution 

loads as well. For example, a sewer pipe's main contributions to 

conductance (including chloride [CI ] and other ions in the sewage) will 

be diluted in the same way as the ground-water ions are diluted, as 

described above. 

Surface pollutants or "nonpoint" sources of pollutants occasionally 

will be washed into a stream or other water source during storms. Silt 

and other visible surface pollutants, however, usually will not add much 

conductance since they are not in chemical solution. For this reason, a 

stream's conductance during heavy rainstorms often will be drastically 

lower than its conductance during low, cleaner-appearing flows. From a 
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