
  Technical Article 

www.iccontrols.com ©2016 IC Controls Page 1 of 6 

 

 

 

Instrumentation and 

Operational Considerations for 

On-Line pH Measurement in 

Samples Below 10 µS/cm 

Conductivity 

 

Ordinarily pH measurements are made in water with 1,000 to 10,000 µS/cm conductivity. The conductivity comes from 

dissolved solids which are typically salts but also acid or base. These dissolved substances are in the solution in ion form 

which makes such solutions conducting. With conductivities of 1,000 µS/ cm or more, an ample supply of mobile ions 

provides pH electrodes with a good electrical circuit to yield fast, accurate pH readings. In pure water with low 

conductivity, standard pH electrodes exhibit less reliable results. They respond more slowly, drift, and do not reproduce 

calibration results between buffers and grab sample. In “Ultrapure” water, pH electrodes become jumpy, flow sensitive 

and inaccurate. To overcome these challenges, proper selection of the electrochemical cell elements in the pH sensor will 

provide stable, accurate measurements. This paper will outline these elements, their specific roles, as well as some 

application guidelines for on line Ultrapure Water (UPW) pH measurement.  

“Pure Water” is a relative term for low conductivity water of less than 500 µS/cm. IC Controls has observed the effects 

listed above on waters between 50 and 500 µS/cm, most likely due to pH buffer carry-over on the pH electrode. Below 50 

μs/cm, measurement becomes even more challenging owing in large part to the high resistance of the water being 

measured. In applications such as steam generation in the power industry, conductivities are in the lower end of this 

range even – typically below 10 µS/cm. Some industry references concerning pure water as it relates to conductivity are 

as follows: 

 ASTM D5128 (Standard Test Method for On-Line pH Measurement of Water of Low Conductivity) defines low 

conductivity water as < 100 μs/cm 1 

 ASTM D5127 (Standard Guide for Ultra-Pure Water Used in the Electronics and Semiconductor Industries) 

defines “Ultra-Pure Water” as < 0.055 μs/cm 2 

 The International Association for the Properties of Water and Steam recommends target conductivity after 

cation exchange to be < 0.3 μs/cm for condensing turbines with saturated steam3 

 

                                                                 
1 ASTM Standard D5128, Standard Test Method for On-Line pH Measurement of Water of Low Conductivity (West 

Conshohocken, PA: ASTM International, 2014), 3.2.2 
 
2 ASTM Standard D5127, Standard Guide for Ultra-Pure Water Used in the Electronics and Semiconductor Industries (West 

Conshohocken, PA: ASTM International, 2013), Table 1 
 
3 The International Association for the Properties of Water and Steam, Technical Guidance Document: Steam Purity for 

Turbine Operation (September 2013), 19  
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Some examples of typical conductivity levels for high purity samples are shown in Table 1. 

Water Stream Conductivity (µS/ cm) 
Purified effluent water  50 to 250 
Surface water; high rain area 25 to 150 
Well water; high rain area 50 to 100 
Process water; purification plant 5 to 150 
Process condensate water 5 to 100 
Steam condensate 1 to 15 
Boiler feed water 1 to 15 
Reverse osmosis & Distilled water 0.5 to 10 
Deionized water 0.1 to 2 

Table 1: Conductivity of Typical Pure Water Streams (source: IC Controls) 

Challenges with pH Measurement in Low Conductivity Water  
Low conductivity effects on pH measurements such as drift, slow response, poor reproducibility and inaccurate readings 

can be traced to:  

 Calibration 
o high ionic strength pH buffer carry-over into low conductivity sample; 
o absorption of carbon dioxide by low conductivity sample when exposed to air for calibration  

 Junction potential 
o differences between reference junction potential in low sample conductivity versus high buffer 

conductivity;  
o differences in apparent reference junction potential as rate of flow through the pH flow cell washes ions 

away from the reference  

 Streaming potential 
o high resistance of the pure water producing a jumpy ungrounded “antenna” effect in the pH electrode 

 Sensor characteristics 
o degradation of reference potential integrity; 
o fill solution flow rate through reference junction; 
o reference sensitivity to temperature (temperature coefficient) 

The effects will become more noticeable as the conductivity decreases to the Ultrapure region, where they become 

predominant, below 1 µS/cm. Also, the effects become more noticeable as greater accuracy is required.  

Calibration 

Standardizing a pH electrode in a high conductivity buffer will increase the time required for the reading to stabilize in low 

conductivity samples. After a regular pH buffer was pumped through a general purpose pH flow-cell in laboratory tests, IC 

Controls has observed 3 hours of pH electrode drift before a 1 µS/cm sample stabilized. Alternatively, grab sample 

calibration with regular pH buffers risks pH buffer contamination of the sample (carry-over). The best results will occur 

when pH buffers and sample are close to the same conductivity.  

Further, since high purity water contains little dissolved material, its resistance to pH change (its buffer capacity) is small. 

Absorption of carbon dioxide on exposure to air will result in carbonic acid formation and cause a change in pH, often 

between the original field reading and the same sample back in the laboratory. This fact can be readily demonstrated by 

taking a beaker of fresh demin water from a laboratory column, with pH electrode inserted and showing approximately 7 

pH. Bubble compressed air through it and observe the pH reading quickly fall to between 5 to 5.5 as it reaches saturation. 

For on-line samples in a stainless steel line this is not a problem until a sample is drawn to take to the lab for comparison 

and it absorbs carbon dioxide along the way.  
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Suggestions and Considerations: 

 Match ionic strength of buffer and sample as closely as possible during calibration - use low conductivity buffers 

such as those listed in the Appendix (conductivity adjusters can be used for grab samples to aid in matching 

buffer and sample) 

 Keep calibration standards within approximately 2 °C of sample temperature4. Where this is not possible, ensure 

that automatic temperature compensation is employed to adjust for slope.  

 Although certain calibration practices emphasize the use of comparative samples, it is critical to use buffers on 

the on-line sensors to confirm slope and E0 function. 

 To ensure the best correlation possible, take grab samples close to on-line measurement point and take 

measurement with minimal delay and/ or allowing the sample line to continue to overflow the sample container 

Reference Liquid Junction Potential 
A junction potential occurs when the reference electrolyte contacts the sample where a charge imbalance results. This DC 

electrical potential stems from a difference in composition and ion mobility between the electrolyte and sample. Ions at 

the interface of the reference junction and the sample are mobile and diffuse into each other at various rates until 

equilibrium is established. At equilibrium, an electrical potential persists and manifests as a zero offset in the pH 

measurement. While a junction potential can be standardized, it must remain constant to be effectively managed. With a 

big concentration difference between low conductivity sample and the reference electrolyte there will be a larger 

junction potential. Any sample flow variation will cause pH readings to drift due to changes in the rate that ions are 

washed away. In the laboratory, steady readings can be achieved by measuring in samples and standards with 

conductivity similar to the reference electrolyte. For on-line samples, constant flow rates and attention to flow path are 

needed to achieve steady junction potentials and readings.  

Suggestions and Considerations: 

 Use sensor fill solutions with similar ionic strength to the sample to stabilize junction potentials  

 Utilize double junction sensor design to allow fill solution to be adapted to sample conductivity if necessary 

without effecting internal reference electrolyte 

 Use positive flow filling solution to ensure consistent contact with sample 

 Ensure sample flow rate and pressure are steady  

Streaming Potential 

Streaming potential is defined as the static electrical charge that is caused by the movement of a low ionic strength 

solution having low conductivity across a relatively non-conductive surface (e.g. pH electrode)5. This results in the pH 

sensor seeing erroneous electrical potentials and therefore inaccurate measurement. 

Suggestions and Considerations: 

 Use sealed, conductive, grounded pH flow cell to protect sample to minimize streaming potential and 

contamination (e.g. carbon dioxide); 316 stainless steel is preferred 

Sensor Characteristics 

The Ultrapure water environment poses particular challenges to the pH sensor. The high resistance sample is the basis for 

error susceptibility. As such, consistent function of all of the electrochemical cell elements are critical for an accurate, 

predictable result. A clogged junction or contaminated electrolyte can degrade measurement accuracy quickly. In 

addition, slow temperature response of the reference system can be a significant issue for Ultrapure water applications – 

the conventional silver/ silver chloride system is influenced by the solubility of silver chloride which is temperature 

dependent. Small fluctuations in temperature change silver chloride solubility which in turn influences the reference cell 

                                                                 
4 Thermo Fisher Scientific, Measuring pH of Pure Water and Other Low Conductivity Waters (Application Note 005), 2 
5 ASTM Standard D5128, Standard Test Method for On-Line pH Measurement of Water of Low Conductivity (West 

Conshohocken, PA: ASTM International, 2014), 3.2.2 
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potential. The reference and sensing electrode temperatures need to come into equilibrium when using the silver/ silver 

chloride system to ensure accurate measurement. 

Suggestions and Considerations: 

 Use a reference system with a low temperature coefficient (i.e. not sensitive to temperature changes) to reduce 

error with temperature fluctuation 

 Use reference system with homogenous chemistry –solubility over a wide temperature range for a redox couple 

in an electrolyte is a key factor in achieving a low temperature coefficient but also reduces the likelihood for 

precipitates to form which can clog reference junctions  

 Protect the reference from low ionic sample water using a pressurized filling solution 

 As with any pH measurement, apply temperature compensation to correct pH measurements back to 25 °C 

Thermo Scientific Orion Ross Technology for pH Measurement in Water < 10 μs/cm 
To address the specific challenges of measuring high purity water and specifically Ultrapure water, Thermo Scientific™ has 

developed the ROSS™ pH sensor. Available in a variety of configurations (e.g. temperature sensor, body material, fill 

solution...etc.) to suit specific application requirements, the key features for high purity measurement are: 

 Iodide/ triiodide reference system with inert platinum electrode 

o ions are completely soluble over a wide temperature range resulting in fast, accurate response even 

when temperature fluctuates (i.e. low temperature coefficient) 

o no precipitates that form to clog reference junctions  

 Coil design of reference cell 

o because of low temperature coefficient, reference electrode wire can be located remote from the 

sensing electrode to protect it from contamination (there is little error even if the reference wire sees a 

different temperature than the sensing electrode)  

o the coil design of the reference cell further adds distance between the reference junction and the 

reference electrode to minimize any effect of fill solution diffusion into the inner electrolyte 

o the coil also adds reference electrolyte volume over a straight design to increase life 

 Double junction  

o allows use of a fill solution that is similar in properties to the sample to minimize junction potentials (i.e. 

fill solution can be different than inner electrolyte)  

 Positive flow fill solution 

o maintain good contact with process sample 

o keep junction flowing freely 

 

 

 

 

  

Figure 1 - ROSS pH Electrode (source: Thermo Fisher Scientific) 
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Conclusion 
On the surface, Ultrapure water measurement may seem as though it should be a straightforward matter – the 

environment is typically quite neutral and inert. However, at these purity levels, the electrical characteristics of water are 

such that making measurements with electrochemical instruments that rely on current flow are a challenge. Extra care 

needs to be taken in all aspects of sensor design and operation. The unique design elements of the Thermo Scientific 

Orion Ross pH sensor, and in particular those of the reference system, address all of the specific challenges to provide 

accurate and responsive pH measurement for water samples below 10 µS/cm conductivity. It has demonstrated in these 

types of applications6: 

 Stability to 0.01 pH in < 30 s in 6.86 buffer samples varying by 50°C  

 Measurement accuracy to ± 0.03 pH units with precision of ±0.01 pH units with the same buffer and automatic 

temperature compensation  

  

                                                                 
6 Thermo Fisher Scientific, How electrode Design Correlates with Optimum Performance in pH Measurement, 3 
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Appendix – Low Conductivity pH Buffers 

IC Controls Part Number Description 

A1100217 Low Conductivity 7.0 pH Buffer 500 mL 

A1100217-6P Low Conductivity 7.0 pH Buffer, 6-PAK 

A1100216 Low Conductivity 4.1 pH Buffer 500 mL 

A1100216-6P Low Conductivity 4.1 pH Buffer, 6-PAK 

A1100218 Low Conductivity 10.2 pH Buffer 500 mL 

A1100218-6P Low Conductivity 10.2 pH Buffer, 6-PAK 

A1100219 pH Neutral Conductivity Adjustment Solution, 125 mL 

A1100220-6P pH Buffer mixed 6-PAK Low Cond 

A7400017 5 cc Syringe 

A1100020 Beakers, set of 4, 250 mL 

A1601158 Ultra Pure pH Lab Cal Kit, air exclusion flow beaker type  
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