










6 8860 Dual Channel Conductivity/Resistivity Controller 

Select CUSTOM only if you are connecting a certifi ed conductivity sensor.  Select 
STANDARD for all non-certifi ed sensors.

For STANDARD sensors:  Select the nominal cell constant:   0.01, 0.1, 1.0, 10.0 or 20.0.

For CUSTOM sensors:  Enter the precise cell constant from the certifi cate provided with your 
sensor, or from the information label on the sensor.

Adjust the temperature of the system based on an accurate external reference.

This single-point wet calibration procedure requires a test solution of known value.
Enter all zeroes here to restore TEMPERATURE and CONDUCTIVITY to factory calibration.

Select the units of measure:  μS/cm, mS/cm, kΩ•cm, MΩ•cm, PPB, PPM

If the Units selection is PPM or PPB, set the ratio of μS to Total Dissolved Solids.  The factory 
preset value is  2 μS per 1 PPM of TDS. (Always μS/PPM, even if units is PPB).
See page 10 for additional information.

Select a functional relationship between C1 and C 2:     •  Ratio is (C1:C2) or (C2:C1)
•  Percent Reject is 100%(1-C2/C1) or 100%(1-C1/C2)  •  Difference is (C1-C2) or (C2-C1) 

Select the measured value or calculated FUNCTION you want Loop 1 to represent:
Chan 1 Cond, Chan 2 Cond, Chan 1 Temp, Chan 2 Temp, or Function

Set the minimum (4 mA =) and maximum (20 mA =) range for Loop 1.
Make sure that the values are consistent with the units of the source.

Select operating mode for Relay 1:  OFF, LOW, HIGH, USP or PULSE.
For USP mode: •  Relay 1 SOURCE must be Cond 1 or Cond 2
  •  Temp Comp (Options menu) must be set to None 

Select the INPUT SIGNAL (or FUNCTION) monitored by Relay 1:
• Cond 1 • Cond 2       • Temp 1       • Temp 2       •  Function

Set  Relay 1 activation point.  The maximum value acceptable is 999999.
USP setpoints are high alarms, where the setpoint is a percentage below the USP limit.

Relay 1  will be deactivated at setpoint ± Hysteresis (depending on High or Low selection).
When the relay Mode is USP (defi ned as a HIGH alarm), Hysteresis is displayed in μS.

Set up to 6400 seconds delay time for relay response.
Relay 1 will be activated only if the source value exceeds the setpoint for this time period.

If Relay 1 is PULSE mode, set the start and end point of the conductivity range and also set 
the maximum pulse rate.  (The maximum PULSE rate setting is 400 pulses per minute.)

The combined Relay 1 Range and Pulse rate settings shown here indicate:
"Start pulsing when the conductivity value is 10 μS and increase the pulse rate  up to the 
maximum of 120 pulses per minute when the conductivity value reaches 40 μS"

Use this "notepad" to record important dates, such as annual recertifi cation or scheduled 
maintenance.

Chan 1 Cell:
 Standard >

Chan 1 Cell:
 1.0 >

Cell: Custom
 1.0000 >

Chan 1 Set:
Temperature >

Chan 1 Set:
Conductivity >

Chan 1 Units:
 uS/cm >

Chan 1 TDS:
2.0000 uS/PPM >

Function:
 Reject C1 → C2 >

Loop 1 Source:
 Chan 1 Cond >

Loop 1 Range: uS
 0.0000 → 100.000 >

Relay 1 Mode:
 Low >

Relay 1 Source:
 Chan 1 Cond >

Relay 1 Setpnt:
 10.0000 uS >

Relay 1 Hys:
 0.5000 uS >

Relay 1 Delay:
 10.0 secs >

Relay 1 Rng: uS
 10.0000 → 40.0000 >

Relay 1 PlsRate:
120 Pulses/Min >

Last CAL:
 04-20-08 >

Calibrate Menu
Display

(Factory settings shown) Description

• All changes in this menu become effective when saved, except the "Set Cond" and "Set Temp" settings.
• All outputs affected by a change in the  "Set Cond" and "Set Temp" settings are frozen until you exit the Calibrate menu.
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0 to < 5ºC  0.6
5 to < 10ºC  0.8
10 to < 15ºC  0.9
15 to < 20ºC  1
20 to < 25ºC  1.1
25 to < 30ºC  1.3
30 to < 35ºC  1.4
35 to < 40ºC  1.5
40 to < 45ºC  1.7
50 to < 55ºC  1.8
55 to < 60ºC  2.1
60 to < 65ºC  2.2
65 to < 70ºC  2.4
70 to < 75ºC  2.5
75 to < 80ºC  2.7
80 to < 85ºC  2.7
85 to < 90ºC  2.7
90 to < 95ºC  2.7
95 to < 100ºC  2.9
100 to < 105ºC  3.1

The USP limit 
(μS) is:

When the 
temperature

range is:

USP Limits
USP (United States Pharmacopoeia) has defi ned a set of conduc-
tivity values (limits) to be used for pharmaceutical water moni-
toring.  This standard requires non-temperature compensated 
conductivity measurement be used to warn if the con ductance 
approaches the USP limit.  The limits vary according to the tem-
perature of the sample.
The 8860 has the USP limits stored in memory.  It will automati-
cally determine the proper USP limit based on the measured 
temperature.

Using the USP function
In the 8860, USP setpoints are defi ned as a percentage below 
the USP limit, so a USP alarm is always a HIGH alarm.  The 8860 
can be set to warn you if the conductivity approaches within a set 
percentage of the USP limit.

The following settings and conditions are required for a USP 
relay function:
1. In the CALIBRATE menu:
 •  RELAY MODE must be set to USP.
 •  RELAY SOURCE must be Chan 1 or Chan 2 Cond.
 •  SOURCE UNITS must be set to μS.
2.  In the OPTIONS menu:
•  The TC Mode of the USP channel must be set to None.

(Service tip: If a relay is constantly on when it should be off, 
check the relay  settings listed above.)

Example:
• The USP setpoint is 40%.
• The water temperature is 19ºC, so the USP limit is 1.0  μS.
• The relay will be activated when the conductivity value reaches 
   0.6 μS, or 40% below the 1.0 USP limit.
• If the water temperature drifts to more than 20ºC, the 8860 will 
  automatically adjust the USP limit to 1.1.
• The relay will now be activated when the conductivity value 
   reaches 40% below 1.1 μS, or 0.66 μS.
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Contrast:
 3 >
 
Temp Display:

 ºC >

Channel 2:
  
 On >

Power:
 60 Hz >

Chan 1 TC Mode:

 Linear >

Chan 1 TC Slope:
 0.00 % >

Averaging:
 Off >

Chan 1 Decimal:

 *.**** >

Loop 1  Adjust: 
 4.00 mA >

Loop 1 Adjust:
 20.00 mA >

Relay 3 Active:    High >

Test Loop 1:
  >

Test Relay 1:
  >

Adjust the LCD contrast for best viewing.  A setting of 1 is lower contrast, 5 is higher.  In 
general, select lower contrast if the display is in warmer ambient surroundings.

Select ºC or ºF.

Turn CH 2 OFF if not in use.  This will remove all menu functions related to CH 2. 

Select 50 Hz or 60 Hz electrical noise suppression, according to the AC power used in your 
area. Select the proper setting for all applications, whether AC or DC powered.

Set the method for temperature compensation to NONE, LINEAR or PURE WATER.  You 
must select NONE for USP systems.  Select LINEAR for applications where the water is 
less than 5 MΩ (or greater than 0.2 μS). Select PURE WATER for applications where the 
water is greater than 5 MΩ (or less than 0.2 μS).

For LINEAR or PURE WATER temperature compensation, select a % per ºC slope.  
Maximum slope setting is 9.99 % per ºC.  If Temp Comp setting is NONE, this item will not 
be displayed. 

OFF provides the most instantaneous response to process changes.  Select LOW (4 sec) 
or HIGH (8 sec) averaging if your process experiences frequent or extreme fl uctuations.

Set the decimal to the best resolution for your application.  The display will automatically 
scale up to this restriction.  Select *****., ****.*, ***.**  **.***  or *.****

Adjust the minimum and maximum current output. The display value represents the precise 
current output. Adjustment limits:
 •  3.80 mA < 4.00 mA > 5.00 mA
 •  19.00 mA < 20.00 mA > 21.00 mA                                                                            
 Use this setting to match the system output to any external device.
These settings repeat for Loop 2 and Loop 3. 

Select active HIGH or active LOW operation for relay 3                                                   
              Recommended:  Use active LOW if OUTPUT OPTION  switch is set for OPEN 
COLLECTOR operation.
Active HIGH: Power is applied to relay coil when process value reaches SETPOINT.   
Active LOW: Power is removed from relay coil when process value reaches SETPOINT.   

Press UP and DOWN keys to manually change Loop 1output current.
Limits are 3.6 mA to 21.00 mA.  Hold UP or DOWN keys to scroll the output value. 

Press UP and DOWN keys to manually toggle the relay state.

Options Menu

Display
(Factory settings shown) Description

Notes:
Channel settings will repeat when Channel 2 is enabled.
Loop settings will repeat for Loop 2 and Loop 3.
Check setting for related values when making changes (for example, if temp is set for ºC with a temp alarm at 25ºC, and you change 
the temp to ºF, be sure to change the alarm setpoint to 77ºF.)
Relay settings will repeat for Relays 2, 3 and 4 (except "Relay Active" selection; applies to Relay 3 and 4 only.)
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Calibration Procedure

The 8860 has been electronically calibrated at the factory.   
• Procedure A verifi es the accuracy and linearity of the 8860 by simulating temperature and conductivity values with precision (±0.1%) 

fi xed resistors.

• Procedure B is a wet calibration.   This procedure uses the sensor input and NIST traceable test solutions.  

A)  Accuracy Verifi cation with Precision Resistors (Electronic Calibration):
1.  Simulate the Temperature
 The temperature input to the 8860 is a PT-1000 thermistor, where 1000 Ohms (Ω) is equal to 0ºC and a change of 3.84 Ω equals a 

1ºC change.  (1000 Ω = 0ºC,  1003.84 Ω= 1.0ºC,  1007.68 Ω = 2.0ºC...................1096 Ω = 25ºC)

• Connect a resistor (1000 Ω to 1096 Ω ) between "Temp" and "Iso. Gnd" terminals.
• Set Temp; Adjust the temperature to exact value based on the measured resistance. (See Editing Procedure, Calibrate menu).
• To verify the 8860 temperature linearity, connect a second resistor value to the terminals.
• If the 8860 does not display the correct value, service is required. ( ± 0.5ºC)

2.  Simulate the Conductivity
You may calculate the exact Resistance needed to simulate a specifi c conductivity value , or you may calculate the exact Conductivity 
based on a resistor value:

Resistance =                        Cell constant             e.g.           0.1 Cell             = 5,000 Ω or 5 KΩ
    conductivity (Siemens*)    0.000020 (Siemens*)

 
Conductivity =            Sensor cell              e.g.           0.1 Cell     = 0.000001 Siemens*
    Simulation resistance (Ω)          100,000 (Ω)     or 1μS/cm

(*1 μS  =  1 X 10-6 Siemens or 0.000001 Siemens)

• Connect the conductivity resistor between the "Sgnl 1 " and "Iso Gnd" (or Sgnl 2 and Iso Gnd) terminals.
• Set Cond: Adjust the conductivity value based on the resistor value. (See Editing Procedure and Calibrate menu). 
• Verify the linearity of the 8860 by connecting a second Conductivity resistor of a different value.
• If the 8860 does not display the correct value (± 2% of reading), service is required.

B)  Wet Calibration with NIST Traceable Solutions:
When using NIST traceable standards, review the temperature information provided with the test solution.  Prevent contamination of the 
test solution.  The sensor must be at the temperature specifi ed on the test solution label.

• Remove the sensor from the system. Rinse the sensor in a small amount of test solution.
• Place the sensor into the test solution.
• Place a reference thermometer into the same solution.
• Allow suffi cient time for the temperature to stabilize.
• Set Temp: Adjust the temperature value based on the reference thermometer. (See Editing Procedure.)
• Set Cond:  Adjust the conductivity value based on the test solution value. (See Editing Procedure.)
• Verify the linearity of the 8860 by placing the sensor into a second test solution of a different value.
• If the 8860 does not display the correct value (Temperature ± 0.5ºC, Conductivity ± 2% of reading), service is required.
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TDS Factor
Some industries need to display a conductivity value as Total 
Dissolved Solids (TDS), measured in units of parts per million  
(PPM) or parts per billion (PPB).
• 1 PPM is equivalent to 1 mg per liter.
• 1 PPB is equivalent to 1 μg per  liter.
• The 8860 calculates PPM or PPB by dividing the μS value 

by a TDS Factor that you defi ne.  TDS factors can vary 
widely, ranging from 1.50 to 2.50 μS per PPM.  Methods 
for establishing a TDS factor are beyond the scope of this 
manual.

• The 8860 will accept TDS factor values from 0.01 to 99999.9 
μS per PPM.

 (factory preset = 2.00 μS per PPM)
NOTE:  The 8860 TDS factor must be set in PPM.   

TDS Factor  = Conductivity (μS) ÷Total dissolved solids (PPM) 
PPM  = Solution conductivity (μS)  ÷ TDS Factor

Example:
• Solution conductivity = 150 μS
• TDS = 80 PPM
• TDS Factor =   150 μS ÷ 80 PPM   = 1.88 μS per 

PPM
   

Temperature Effects
Conductivity measurement is highly dependent on temperature.  
The basic rule is that higher temperatures result in greater 
conductance (less resistance).
Temperature effects are expressed as the percentage of 
conductivity change (in μS) per °C.  The conductivity value is 
generally referenced to 25ºC.  The 8860 has three temperature 
compensation options:

None
USP standards for pharmaceutical waters require that the 
measurement be made without temperature compensation.  USP 
limits are discussed on page 7.

Pure Water (Standard Compensation)
This selection is used for measurements of very clean water, 
less than 0.2 μS.  Temperature effects are not linear in this 
range, so the temperature coeffi cient is not easily determined.  
This selection is recommended for all Resistivity applications 
measuring from 5 MΩ to 18MΩ.  This selection conforms to ASTM 
standard D1125 and D5391.

Linear
This selection allows you to calculate a custom temperature 
compensation value for Conductivity measurements in the range 
of 0.2 μS and greater (Resistivity applications measuring less 
than 5 MΩ).  The procedure is outlined in the section on  the right.

Calculating a Linear Temperature Coeffi cient

1. Set TC Mode to NONE (see OPTIONS menu, page 8).
2. Heat a sample solution close to the maximum process 

temperature.  Place sensor in the sample solution and 
allow several minutes for stabilization.  Record the 8860 
temperature and conductivity values in the spaces provided:

 Displayed temperature: T1 = _______ °C
 
 Displayed conductivity: C1 = _______ μS

3. Cool the sample solution close to the minimum process 
temperature.   Place sensor in the sample solution allowing 
several minutes for stabilization.  Record displayed 
temperature and conductivity values in the spaces provided:

 Displayed temperature: T2 = _______ °C
 
 Displayed conductivity: C2 = _______ μS

 (A 10% change in conductivity between steps 2 and 3 is 
recommended.)

4.  Substitute recorded readings (steps 2 and 3) into the following  
 formula:

 TC Slope =                   100 x (C1 - C2)              
  (C2 x (T1 - 25)) - (C1 x (T2 - 25))

Example:  A sample solution has a conductivity of 205 μS @ 
48°C.  After cooling the solution, the conductivity was measured 
at 150 μS @ 23°C.  (C1 = 205, T1 = 48, C2 = 150, T2 = 23) 

The TC is calculated as follows:  

TC Slope =                 100 x (205 - 150)             =5500 = 1.42%/°C
 (150 x (48 - 25)) - (205 x (23 - 25)) 3860
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"- - - -" 

"Value Must be 100 or less"

"Value must be more than 0"

"Value must be 400 or less"

"Reset to Factory Calibration"

"Too Much Error
CHECK SENSOR"

Display is over range.  This may be a 
normal condition if your process operates 
at/near the limits of the sensor range. 

The menu item being set is a percentage 
value and must be less than 100.

The menu item being set cannot be zero 
or a negative value. 

The Pulse Rate for Relay and Open 
Collector outputs cannot be greater than 
400 pulses per minute. 

A value of "0" is being set into
".. Set: Conductivity" menu item.

The calibration offset entered is 
beyond the allowable tolerances of the 
instrument. 

Check sensor for correct range.
Check Decimal setting in OPTIONS menu.
Check Calibrate menu settings for incompatible 
SOURCE and RANGE values.

Select a value from 0 to 100.
 

Select a value greater than zero. 

Select a pulse rate less than 400

This will remove any user calibration from the 
"..Set Conductivity" and "..Set Temperature" 
items in the Calibrate menu.

Check calibration procedure for accuracy.
Check sensor for proper operation.
Check any cable extensions for poor splices or 
termination.

Display Condition Suggested SolutionsPossible Causes

Troubleshooting

Technical Note
If a Current Loop is locked at 3.6 mA, the problem is related to the temperature circuit:
This occurs only if the 8860 detects a resistance from the temperature sensor that is less than 250Ω or greater than 2800Ω.
• Check the sensor wiring for open/short or poor connections on white (TEMP IN) and black (ISO GND)wires.
• The PT1000 temperature device in the sensor is defective.
• The transmitter is defective.




