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Oxidation-Reduction Potential 
  
As part of most conventional hydroponic plant production 
water management, some form of oxidizer is added to the 
water system. Oxidization chemistry is proven highly 
effective in maintaining low microbial levels and limiting 
the incidence of potential pathogens. However, to be 
effective, the oxidative dose must be closely controlled and 
monitored. Oxidation-Reduction Potential (ORP) 
electrodes have gained broader use in commercial 
hydroponic farming to regulate oxidant inputs. The 
following describes the basics of ORP, its common uses and 
potential limitations.  

Understanding ORP & Its Benefits to 

Horticulture 
ORP is a commonly used metric for evaluating the relative 
disinfection rate of an oxidative sanitizing agent. High ORP 
values indicate elevated disinfection potential whereas low 
or negative ORP values indicate lesser to no oxidizer 
potential. To optimize a disinfection program, growers 
target an ORP threshold or range to maintain a certain level 
of microbial control. With this method, the ORP must be 
maintained within the target range. Too high of an ORP and 
negative impacts to crop health may occur. Too low of an 
ORP and the disinfection system may not be operating as 
efficiently as needed. Additionally, drastic changes in ORP 
values from established norms may indicate fluctuating 
water quality, changes in the disinfection process or 
equipment/process malfunctions. ORP management 
provides a quick and easy method to control and monitor 
disinfection processes and potential changes in water 
quality. However, there are a variety of factors that 
influence the quality and accuracy of ORP measurements. 
To better understand these factors, one must first 
understand the basic principles behind ORP. 

Chemistry Overview 
Oxidation is a process characterized by the liberation of 
electrons from chemical species such as atoms, molecules, 
or ions. A common example is the rusting of iron in which 
iron is oxidized. Reduction, on the other hand, is the 

process of gaining electrons. Following the rust example 
above, oxygen is reduced. These two reactions are coupled 
to produce a redox reaction in which electrons from the 
oxidized species are transferred to the reduced species. 
This process is summarized in the figure below, in which “A” 
is oxidized and “B” is reduced (Figure 1): 

 

Figure 1 

Oxidation-Reduction Potential (ORP) measures the 
tendency of a species to undergo reduction (gain 
electrons), or oxidation (lose electrons). ORP is a useful 
metric to assess water purity and treatment efficiency. A 
positive value indicates the increased tendency of a species 
to act as an oxidizing agent, while a negative value is 
indicative of a reducing agent. A positive ORP value also 
represents a solution in which oxidation of an introduced 
species is possible1.  

Redox and Microbes 
The redox reaction metric is commonly used to monitor the 
elimination of microbes present in water supplies. The 
oxidizer removes an electron from the microbial cell 
membrane—greatly destabilizing the membrane and 
creating the potential for leakage. This increase in leaking 
depolarizes the membrane and compromises the ability of 
the membrane to act as a barrier. There is typically a large 
accompanying influx of ions (most often calcium), which 
leads to cell death2. As the oxidation of cell membranes 
eventually results in microbial death, ORP is used to 
monitor water disinfection. Different microbes have 
different responses to ORP levels. For example, research 
suggests species of Pythium are disinfected at shock-
treatment range of 680 millivolts (mV) and higher during an 
outbreak whereas other pathogens are killed at a sustained 
level around 400-420mV. 



 

 

 

Image 1: Illustration 
of a cell being 
destroyed after 
exposure to an 
oxidative 
disinfectant. 
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How It Works 
To test ORP, an inert electrode is placed into a sample 
solution, while a reference electrode is encased in a salt 
solution3. As electrons are transferred within the redox 
couple, the ORP of the solution is displayed on a 
potentiometer and measured in millivolts (mV).  

ORP is modeled using the Nernst equation, which relates 
the substances involved in a specific redox half-reaction to 
the overall predicted ORP value. This relation means that 
all substances in the half-reaction have an impact on the 
ORP reading – even if they are not considered primary 
oxidizing or reducing agents (i.e. SO4

2-, O2, Cl-, Na+, H+, etc.).  

Effects on ORP Measurement  
There are several factors that influence the rate, 
equilibrium and final value when measuring ORP. At times, 
the additive effects of these factors can result in 
unexpected or conflicting values (e.g. two probes reading 
widely different values in the same water or values far off 
from expected based on experience). These factors include; 
equilibrium time, electrode construction, temperature, 
sample chemistry, coatings or contaminates, calibration 
type and frequency, treatment type and sampling location. 

Equilibrium time is the time it takes for an ORP electrode 
to come to steady-state and provide a stable value. Many 
of the factors discussed in this paper effect equilibrium 
time, potentially extending it for hours in length5. If 
readings are taken before the electrode reaches 
equilibrium, they are unlikely to accurately reflect a true 
ORP value. Variances in equilibrium time are most evident 
when comparing the ORP measurement of the same 
sample with different electrodes in which one may respond 
more quickly than the other.  

Electrode construction is often overlooked when 
considering ORP measurement.  Different electrode 
materials are available for varying applications and each 

type is susceptible to different interferences. Platinum 
electrodes are common for most applications with 
silver/silver chloride or hydrogen reference electrodes. 
However, these electrodes are susceptible to 
chemisorption (fouling) in highly oxidizing or highly 
reducing solutions. Gold is another example of electrode 
material for certain applications, particularly in highly 
oxidizing or reducing environments. Gold electrodes are 
susceptible to chloride, bromide, and cyanide fouling6. 

Based on the electrode construction, plugging or 
“poisoning” of the electrode junction may occur causing 
slow and/or inaccurate readings. Dilution of the filler 
solution (usually 3.3 to 4.0 M KCl) may have the same 
effect1. In less common cases, stray currents, as a result of 
inadequate solution grounding, affect readings and shorten 
electrode life. 

Temperature of the solution has a direct effect on the 
reaction kinetics and therefore the redox rates. Most ORP 
probes do not compensate for temperature and the 
correction factors are not easily assumed.  

Sample chemistry affects ORP values in ways that are not 
always readily apparent. As discussed in the “How it Works” 
section, the half reaction calculation using the Nerst 
Equation, is influenced by all the electrically-active 
constituents in a sample solution. The more complex a 
sample solution is, the more potential factors that 
influence the observed ORP value. This may become 
evident when a single variable of focus, e.g. an oxidant 
concentration, is adjusted and doesn’t behave as expected 
because other (perhaps un-monitored) constituents are 
simultaneously changing and affecting ORP. Other 
constituents compete for electrons in a solution and 
therefore directly impact the apparent ORP. 

Coatings and contaminants are a prevalent source of error 
in ORP measurement. Organic and/or mineral coatings on 
the bulb surface insulate the electrode from the 
surrounding sample. This, in effect, slows and alters the 
observed ORP readout. Regular cleanings are required to 
limit these types of build-ups. Solvents such as methanol or 
isopropanol are effective in removing organic coatings. 
Dilute acids (e.g. 10% nitric acid) are useful in removing 
mineral deposits.  

Calibrations are required in regular frequencies, as often as 
daily. This is required to correct for electrode drift and 
other subtle variances in electrode response that occur 
over time. There are several calibration solutions available 
based on application. ZoBell’s, quinhydrone and Light’s 
solution are common options. ZoBell’s is a common option 
but has a limited shelf live.  Calibration with different 

  



 

 

solutions can result in variances in the offset and apparent 
ORP value. However, the most common error associated 
with calibration is conducting too infrequently, particularly 
for in-line probes. 

Sampling location or the spot in the water system where 
ORP is measured also will have an impact on the observed 
values. For comparative purposes, the sample point should 
remain constant within a water distribution system, which 
limits the impacts of various other factors that influence 
ORP values. When measuring ORP as part of an oxidant 
disinfection program, particularly with oxidant gases, ORP 
devices work best immediately after the injection site7. This 
sampling location limits the effect of turbidity and other 
constituents on ORP in complex solutions. 

Conclusions 
Higher ORP values require less time to kill pathogens and 
microbes. However, it is important to note that lower ORP 
values also result in the eventual elimination of microbial 
contaminants over more time. Therefore, it is not always 
necessary to seek water treatment systems that provide 
the highest ORP value. Larger ORP values do not always 
reflect improved water quality as a lower ORP value may 
represent similar antimicrobial results.  

There are a number of factors that contribute to the 
apparent ORP value. Many of these factors can be 
controlled, while others may only be managed with larger 
data sets. It is important to ensure the type of ORP device 
is appropriate for the given application and is appropriately 
calibrated and cleaned. Variation in ORP values over time, 
when other variables have remained constant, suggest 
potential issues with the ORP probe that should be 
evaluated. 

When used properly, ORP provides valuable information to 
a grower related to their microbial control program and 
deductively, information on the water system stability. 
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