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Please note that the Washington State Department of Ecology’s Standard Operating 
Procedures (SOPs) are adapted from published methods, or developed by in-house 
technical and administrative experts.  Their primary purpose is for internal Ecology use, 
although sampling and administrative SOPs may have a wider utility.  Our SOPs do not 
supplant official published methods.  Distribution of these SOPs does not constitute an 
endorsement of a particular procedure or method. 
 
Any reference to specific equipment, manufacturer, or supplies is for descriptive 
purposes only and does not constitute an endorsement of a particular product or 
service by the author or by the Department of Ecology. 
 
Although Ecology follows the SOP in most instances, there may be instances in which 
Ecology uses an alternative methodology, procedure, or process. 
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SOP Revision History 
 

Revision Date Rev 
number 

Summary of changes Sections Reviser(s) 

3/26/2015 1.1 • Rewrote throughout for generic 
meter usage and updated the 
equipment list.  

• Minor edits and updates to 
definitions, supplies, and sampling 
procedures. 

• Inserted additional methods and 
requirements for temperature 
calibration checks.  

• Minor formatting edits throughout 
the document. 

Introduction,  
3.13,  
5.14,  
5.15,  
5.2.7,  
5.2.8,  
6.2,  
6.6, and  
8.1.1 to 
8.1.13. 

Dan Dugger 

7/30/2015 1.2 Made minor updates to all sections to 
make document similar to current 
versions.  Revised and inserted new 
definitions.  Added more detail on 
long-line thermistors, QC checks, and 
correction factor determinations. 

All Bill Ward 
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Environmental Assessment Program  
 
Standard Operating Procedure for Instantaneous Measurements of Temperature in Water  
 
Introduction 
 
Surface water temperature fluctuates greatly with daily, seasonal, geographical, and 
environmental influences.  Human influences, via point source discharge, non-point 
sources, stormwater, streamside vegetative alterations, and stream morphology changes, 
may affect water temperatures.  
 
The Environmental Assessment Program (EAP) has many types of instruments that can 
be used to measure temperature.  These include mercury thermometers, liquid-filled 
thermometers, thermistors, long-line thermistors, and thermocouplers.   
 
Several other water quality measurement instruments also have built-in thermistors that 
may be used to measure temperature.  These include pH, dissolved oxygen, conductivity 
electrodes, and multi-electrode sondes.  
 
1.0 Purpose and Scope 
 
1.1 This Standard Operating Procedure (SOP) details the methods used by the 

Dept. of Ecology for instantaneous measurement of water temperature.  It 
may also contain methods that other entities would find useful for their 
monitoring work. 

 
1.2 Devices used to collect continuous temperature measurements, including 

the TidbiT v2 Water Temperature Data Loggers®, are covered in the 
Continuous Temperature SOP (Ward, 2015) and the Continuous 
Temperature Monitoring of Freshwater Rivers and Streams Conducted in 
a Total Maximum Daily Load SOP (Bilhimer, 2010). 

 
2.0  Applicability 
 
2.1 This SOP should be followed when making an instantaneous measurement 

of temperature in water. 
 
3.0 Definitions 
 
3.1 Digital Field Meter Electrode with Integral Thermistor - The electrode(s) 

attached to these meters may be useful to determine water temperatures, 
provided the accuracy and range of operation of the integral thermistor 
meets the project specifications.  Please see section 5.15 and reference the 
Hydrolab SOP for more information (Swanson, 2010). 
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3.2 Field thermometer - These may be a liquid-filled thermometer, thermistor, 
thermocoupler, or field electrode with an integral thermistor (See section 
5.1 for examples). 

 
3.3 Liquid-Filled Thermometers - These thermometers are a safe alternative to 

the mercury thermometers.  They may be slightly less accurate, but no 
hazardous substance would be released if they break.  A downside to 
liquid-filled thermometers is that air gaps can form in the liquid.  This can 
be prevented if they are stored bulb end down and kept in a cool location1. 

 
3.4 Mercury Thermometers - These thermometers are very accurate, but can 

only be used for calibration checks and are not for field use.  They can 
easily break and release mercury, a hazardous substance, to the 
environment. 

 
3.5 NIST Thermometer - A thermometer or thermistor that is certified 

according to procedures outlined by the National Institute of Science and 
Technology. 

 
3.6 Thermistor (includes long-line) - An electronic thermometer with a 

resistor design that determines the temperature based on the change in 
resistance. 

 
3.7 Thermocoupler.  An electronic thermometer that consists of two dissimilar 

and connected conductors that determines temperature based on the circuit 
voltage change from a reference temperature. 
 

3.8 Water Temperature - The amount of heat present in water (°C).  This is a 
key parameter which can greatly affect aquatic ecosystems.  It will 
influence the physiological and behavioral processes of most aquatic 
organisms and is associated with dissolved oxygen concentrations, 
conductivity, pH, alkalinity, and other water parameters. 

 
4.0 Personal Qualifications/Responsibilities 
 
4.1 Field operations require training specified in EAP's Field Safety Manual 

(Ecology, 2006) such as First Aid, CPR, and Defensive Driving.   
 

4.2 Typical Job Class performing SOP: Natural Resource Scientist 1/2/3, 
Environmental Engineer 1/2/3/4/5, Environmental Specialist 1/2/3/4/5, 
Administrative Intern 1/2/3 

 
                                                 
1 Before use, inspect a liquid-filled thermometer for air gaps to ensure it may be read accurately.  If it has 
gaps, then you can try to chill or gently heat it to help purge the air at the bulb or the top end.  The 
thermometer can also be given to the Operations Center technician for possible repair.  If these remedies 
fail, the thermometer should not be used. 
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5.0 Equipment, Reagents, and Supplies 
 
5.1 NIST reference thermometer or thermistor for calibration checks with a 

0.1° C readable scale. 
 

5.2 Field Thermometer - These can be a digital field meter with an integral 
thermistor, liquid-filled thermometer, thermistor, thermocoupler, or sonde 
field electrode with an integral thermistor (See Table 1. below for 
accuracy examples).  Note: The investigator should make sure that the 
instrument accuracy meets their project precision requirements.   

 
5.3 Field notebook (preferably with waterproof paper) or an electronic field 

notebook (smartphone, tablet, etc.) 
 

5.4 Writing utensil (pen/pencil) 
 

5.5 Batteries for meter or sonde 
 

Table 1.  Temperature specifications for select field meters. 
 

Model 
Manufacturer Stated 

Specifications 
Accuracy Range 

Oakton® Acorn Temp 4 / 5 Meter with long 
line probe 

+/- 0.2 °C -40 to 125 °C 

Hach Hydrolab DataSonde™ or MiniSonde™ +/- 0.10°C -5 to 50 °C 
Hach HQ40d with IntelliCAL™ LDO101 
dissolved oxygen probe 

+/-0.3ºC 0 to 50 °C 

Hach HQ40d with IntelliCAL™ CDC401 
conductivity probe 

+/-0.3ºC -10 to 110 °C 

Orion Star™ A329 Portable Multiparameter 
Meter 

+/-0.1°C -5.0° to 105.0 °C 

YSI ProDSS™ +/-0.2ºC -5 to 70 °C 
 
6.0  Summary of Procedure 
 
6.1 If possible, select a representative area of the water body to measure the 

temperature directly with the field thermometer.   
 
6.2 Allow the immersed field thermometer to equilibrate for around five 

minutes before reading.   
 
6.3 Read and record temperature in degrees centigrade (°C), along with 

ancillary information such as project name, site, date, and time. 
 
6.4 If temperature readings are unstable (which can occur in lakes or poorly 

mixed streams), take multiple readings at representative intervals. 
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7.0  Records Management 
 
7.1 Temperature data collected in Ecology-conducted field projects or for 

Ecology grants should be entered into Ecology’s Environmental 
Information Management database (EIM). 

 
7.2 Any temperature data that is adjusted based on calibration checks (see 

sections 8.1.12 and 8.1.13) should be qualified as ‘adjusted’ if entered into 
EIM and be addressed in the project Quality Assurance Project Plan 
(QAPP). 

 
8.0 Quality Control and Quality Assurance 
 
8.1 Annual or Project Calibration Checks 
 
8.1.1 The accuracy of all field thermometers should be checked at the beginning 

of a project, and again annually with a NIST reference thermometer or 
thermistor2.  Note: for projects involving deployment of continuous 
temperature loggers, the calibration check can be performed in the 
continuous temperature calibration test baths. 

 
8.1.2 The temperature calibration for some meter electrodes is factory set and 

requires no recalibration.  However, all field thermometers (including 
these electrodes) should be checked against the NIST thermometer to 
verify the calibration accuracy. 

 
8.1.3 These calibration checks should be done at test bath temperatures that 

bracket and verify the monitoring range accuracy for the instrument (e.g.: 
near 0, 10, and 20ºC) and to determine if any needed correction factor(s) 
are warranted (see Section 8 Quality Control and Quality Assurance for 
correction factor information).  Note: Certain field meters have water 
quality probes that should not be exposed to freezing temperatures.  In 
that case, conduct the calibration check within the probe’s specified range 
of operation for temperature. 

 
8.1.4 The calibration check test baths should be kept at a constant temperature 

to ensure excellent test results can be obtained.  Often this can require a 
minimum volume of at least five gallons of water per insulated cooler 
(smaller water volumes are OK if each test bath has the same temperature 
as the air in the room).  Note: The room temperature water bath should be 

                                                 
2 The accurate mercury filled NIST reference thermometer, kept at the Lacy Operations Center, is annually 
sent in for a five point calibration check at a certified testing laboratory.  It can be used to confirm the 
accuracy of our regional NIST reference thermometers without the need to also send them in for the 
expensive testing.   
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allowed to match room temperature for several hours before the 
calibration check (preferably overnight).  

 
8.1.5 All thermometers should be allowed to equilibrate for at least five minutes 

in each bath before a comparison to the NIST thermometer is made.   
 
8.2 Monthly (or Weekly) Long-Line Thermistor Calibration Checks 
 
8.2.1 All Ambient Monitoring Program long-line thermistors are subject to a 

one-point calibration check before each monthly monitoring sampling run.  
This practice may also be useful for other entities to document the 
accuracy of their thermistors throughout a project. 

 
8.2.2 This extra procedure has become necessary because the long-line 

thermistor cables (some are 150 feet long) can get unknowingly damaged 
during use and that can change the wire/meter connection resistance and 
affect the calibration accuracy3.   

 
8.2.3 The test procedure is the same as noted in sections 8.1.3-8.1.5 above, 

except there is just a one point check done near 20°C.   
 
8.2.4 If the results indicate that the long-line thermistor calibration accuracy has 

changed more than 0.3°C from the expected test temperature, then another 
instrument should be used until the long-line cable gets replaced and a 
new correction factor has been determined.   

 
8.3 Correction Factors (optional)4   
 
8.3.1 The NIST and field thermometer comparisons determined from 

procedures 8.1.1 - 8.1.5 above can be used to create a correction factor to 
adjust the field thermometer or thermistor results (see example results in 
Table 2. below).  Note: this method is required for all our Ambient 
Monitoring Program long-line thermistors.  It may also be considered for 
other monitoring projects to get the field thermometer measurement 
accuracy within the project needs.  

 
8.3.2 Table 2. NIST and field thermometer unadjusted comparison. 

Meter ID NIST thermometer reading Field thermometer reading 
CLLT-14 0.0 ºC 0.1 ºC 
CLLT-14 11.4 ºC 11.4 ºC 

                                                 
3 The most common reason for the damage can be from the electrode getting hung up in the stream or 
bridging when retrieved.  This kind of abuse can cause water to get into the insulated wire or fracture the 
wire and change the electrode accuracy. 
4 Note: Common spreadsheet programs (e.g.; Microsoft® Excel) have SLOPE and INTERCEPT functions 
for this calculation. 
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CLLT-14 20.4 ºC 20.4 ºC 
 
8.3.3 Calculate the temperature correction for the NIST and field thermometer 

by computing the intercept (a) and slope (b) for three temperature readings 
from a reference thermometer (Rt) and the field thermistor (Ft).  

 
8.3.4 In Excel, place the reference temperature and field thermistor data into 

columns A-G (see Figure 1 below).  
 
8.3.5 In cell “a” enter =INTERCEPT (a2:c2, e2:g2) and in cell “b” enter 

=SLOPE (a2:c2, e2:g2).  
 
8.3.6 Figure 1. Correction Factor Calculation Example Using Excel 

 
 
8.3.7 Then use the field thermometer adjustment to correct the field results (see 

table 3 example below).   
 

Table 3. Adjusted field thermometer temperatures. 

 
 
 
 
 
 
 
 

Site Measured 
Temperature 

Adjusted 
Temperature 

Yakima R nr Cle Elum 12.0 ºC 11.9 ºC 
Yakima R @ Umtanum Cr Footbridge 12.5 ºC 12.4 ºC 
Naches R @ Yakima on US HWY 97 14.2 ºC 14.1 ºC 
Yakima R @ Nob Hill 13.6 ºC 13.5 ºC 
Yakima R @ Kiona 15.1 ºC 15.0 ºC 
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9.0  Safety 
 
9.1 When measuring water temperature, as with all activity associated with 

water bodies, be aware of your surroundings.  Select an area in which you 
feel safe and secure from both water and land hazards.   

 
9.2 For further field health and safety measures please refer to the EAP safety 

manual (EAP, 2015).  
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