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Electrical Conductivity
Protocol - Introduction

Have youeverleft water to evaporate froma dish?
What wasleft after the water evaporated?

Tresh water has many natural impurities
— including salts or minerals dissolved in the
water that we cannot always see or smell. As
water comes in contact with rocks and soil,
some minerals dissolve in the water. Other

impurities can enter a water bodythrough runoff
or wastewater releases. If water contains high
amounts of dissolved salts, it may be harmful to
use for watering crops.

We call the amount of mineral and salt impurities
in the waterthe total dissolved solids (abbreviated

  
conductivity (US/cm) by a conversion factor.
The conversion factor depends on the chemical
composition of the dissolved solids and can
very between 0.54 - 0.96. For instance, sugars
do notaffect conductivity because they do not
form ions when they dissalve. The value 0.67 is
commonlyused as an approximation.

TDS (ppm) = Conductivity (US/cm) x 0.67

It is better to use a conversion factor that has

been determined by your water bodyinstead of
the approximation since the impurities between
water bodies can varygreatly. Drinking water
with a conductivity of 750 [1S/cmwill have an
approximate concentration of total dissolved
solids of 500 ppm. Pure alpine snowfrom
remote areas has a conductivity of about 5 - 30

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

   
 

TDS). We measure TDSas parts per million (ppm). bS/cm.
This tells us how many units of impurities there|Table HY-EC-1: Estimated Conversion from

114 ; ; ; Conductivity
are for one million units of water, by mass. For ({LS/om) to Total Dissolved Solids (ppm) based on
water we use at home, we prefer a TDS of less Average Conversion Factor of 0.67
than 300 ppm, although water with higher TDS Conductivity TDS|Conductivity TDS
can still be quite safe. Water used for agriculture
hould have TDS below 1200 itiv Csicm) _(ppm) |_(S/em)_(ppm)

should have elow ppm so sensitive 0 9 1050 704
crops are not harmed. Manufacturing, especially; ss ; 50 34 1100 (37
of electronics, requires impurity-free water.

/ = 100 67 1150 771We use an indirect measure to find the TDS of
. er 150 101 1200 804

water. One way to measure impurities in water
is to find outif it conductselectricity. Pure water 200 134 1250 838
is a poor conductor ofelectricity. When certain 250 168 1300 871
solids(typically salts) are dissolved in water, they 300 201 1350 205

dissociate and. form ions. lons carry an electrical 350 335 1400 038
charge (either positive or negative). More ions
in water mean the water will conductelectricity 400 268 1450 972
better. 450 302 1500 1005

‘The electrical conductivity meter measures how 300 335 1550 1039
much electricity is being conducted through 550 369 1600 1072

a centimeter of water. Lf you look at the probe 600 402 1650 1106
end of the meter you will see that there are 650 436 1700 1139
electrodes | cm apart. Conductivityis measured
as microSiemens per cm ([6/cm). This is the same 700 469 1750 1173
unit as a micromho, mho. 750 503 1800 1206

To convertthe electrical conductivity of a 800 536 1850 1240
water sample (US/cm) into the approximate 850 570 1900 1273
concentration of the total dissolved solids 900 603 1950 1307

(ppm) in the sample, you must multiply the 950 637 3000 1340
1000 670 >2000 >1340
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Teacher Support

Measurement Procedure

There are several manufacturers and models of

conductivity meters. Some models may measure
conductivity in increments of 1OWS/cm;others in
increments of 1.0US/cm. If your model measures
in increments of 10WS/cm, you will have to
calibrate it as closely as you can to the standard
solution. Your accuracy and precision will never
be better than + 10MS/cm. The meters need to be
calibrated before testing the water sample. This can
be donein the classroom shortly before going to
the hydrologysite or at the hydrologysite.

Figure HY-EC-1: Using the Conductivity Meter

 
 
 

  
 

 
For measuring electrical conductivity, you will
hear references to either conductivity probes
or meters. For clarification, probes are the
instruments that measure voltage or resistance
in a water sample. Meters are instruments
that convert electrical (voltage or resistance)
measurements to concentrations. In order to

measure electrical conductivity (or other types
of measurements), both a probe and meter are
required. Sometimes the probe and meter are
within one instrument and cannot be taken

apart. Other instruments have probes that
are separate from the meters and need to be
connected to the meters in order to take the
water measurements.

Some conductivity meters may indicate that they
have an automatic temperature compensation
(ALC). ‘Testing by the GLOBE Hydrologyteamhas
indicated that the temperature compensation
on conductivity meters is generally not reliable.
For this reason, all water should be brought
lo room temperature (20° - 30° C) [or testing,
even if the manufacturer claims that the

mneler is Llemperature compensated. It is very
important to take the temperature of the water
when doing the conductivity measurement.
The temperature of the solution when the
conductivity measurement is taken will help to
identify errors resulting form meter error instead
of actual changes intotal dissolvedsolids.

 $]03030Jd 

If the water at your HydrologySite is not between
20° - 30°C, you needto either let the water warm
in the sample bucket or separate container while
students take other hydrology measurements at
the hydrologysite, or collect a sample in a water
bottle and take back to the classroom. Alter the

water reaches 20° - 30° C, students can take the

conductivity measurement.

Never immerse the meter totally in water. Only
the part indicated in the instructions for the
meter should be immersed in water.

Most Conductivity Meters cannot measure the
high conductivity characteristic of salt waters. If
your hydrologysite is in salt water, you will need
to followthe Salinity Protocol.
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Quality Control Procedure

Electrical conductivity meters must be calibrated
before use. Check with your meter manufacturer
to be sure it stores the most recent calibration.

If it does, the conductivity meter should be
calibrated in the classroom or lab before going
to the HydrologySite. If your meter does not
keep the most recentcalibration, you will need to
calibrate it just before you take your measurements
taking care notto turn the meter or anyassociated
software off. The temperature of the conductivity
standard should be about 25° C.

Supporting Protocols

Water Temperature: lt is important to take the
temperature of water at the hydrologysite
following the Water Temperature Protocol. Lf the
temperature at the site is not between 20° - 30°
C, it is important to let a sample of water reach
this temperature range.

Soil Characteristics and Land Cover: Soil

Characteristics and Land Cover data provide
information on the possible source of the
materials dissolved in the water.

Atmosphere: Atmosphere data, especially
precipitation, may also affect the concentration
of total dissolved solids in your water.

Supporting Activities

A discussion of good conductors and poor
conductors may help students understand the
measurementbetter. To illustrate the conductivity
of water, have students measure distilled water

with the conductivity meter. They will find a
reading near zero. Stir a small amountofsalt into
the water and watch the reading go up! What
happens whensugaris added?

Students may also benefit from a discussion of
indirect measures. Some things are difficult to
measure directly. For instance, it would take a
long time to count the fingers of everyone in
the school! But we could estimate the number of

fingers indirectly by counting the students and
multiplying by 10. What other indirect measures
can students think of?

GLOBE® 2005

CONFIDENTIAL ATTORNEYS' EYES ONLY

 
Electrical Conductivity Protocol- 4

Safety Precautions

Students should wear gloves when handling water
that may contain potentially harmful substances
such as bacteria or industrial waste.

Helpful Hints

It isa good idea to keep an extra set of batteries on
handfor the conductivity tester. Many use small,
flat ‘watch’ type batteries.

Instrument Maintenance

Electrical Conductivity Meter

1. The meter should be stored with the cap
on. Never store the meter in distilled
water.

2. The electrodes should be well rinsed with

distilled water after use to avoid mineral

deposit accumulation. 
3. The electrodes should periodicallybe

cleaned with alcohol.

Standard Solution

1. The standard should be stored inatightly
capped containerin the refrigerator.
Making a seal with maskingtape will
reduce evaporation.

2. Write the date that the standard was

purchased on the bottle. Standards
should be discarded after one year.

3. Never pour used standard back into the
bottle.

Questions for Further Investigation

Wouldthe conductivity of the water al yoursite Lo
go up or downafter a heavyrain? Why?

Would you expect the conductivity to be greater
in a high mountain stream that receives fresh
snowmelt or ina lake at lower elevations?

Whydo you think water with high levels of TDS
is harmful to plants?
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