What 1s an ORP meter and why
1s 1t useful 1n hydroponics?

Hydroponic growers are used to using pH and EC meters to
control their growing conditions but very few use ORP meters
in order to learn more about their nutrient solution. An ORP
meter can give you very useful information and cheap ORP
meters can usually be bought on ebay or amazon for less than
20 dollars each. Today we will talk about ORP meters, what
they are, what they are useful for and how you can use them 1in
your hydroponic crop.
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An ORP meter or “Oxidation-Reduction Potential” meter
characterizes the electrochemical environment within a
solution. An ORP meter has two electrodes, a traditional
reference electrode with a known potential and a platinum
electrode whose potential changes depending on how hard the
solution is pushing either to take electrons from the platinum
electron or give it electrons. A solution that has a lot of
substances that are willing to give electrons will tend to
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give a more negative reading and a solution that has more
substances willing to take electrons will tend to give a more
positive reading. The ORP reading is given in mV,.

So how is this useful in hydroponics? It is useful in the
sense that we can know exactly how the chemical environment is
behaving. The ORP of potable water 1is generally around
600-700mV, this is because oxidants — substances that are
willing to take electrons — are added to solutions in order to
kill pathogens. The chemical environment needs to have an ORP
of above 600mV to eliminate harmful fungal spores and
bacteria. Of course this means that if you want to run a
sterile hydroponic environment you’ll want to keep the ORP of
your solution probably in the 300-500mV range, large enough to
prevent any micro-organisms from growing but low enough to
prevent any damage from happening to your roots.

In this way you can use things like hypochlorous acid and
hydrogen peroxide to increase the “killing power” of your
solution while knowing how harsh you’re making the chemical
environment. The ORP will also give you signs about water
oxygenation and biological activity within the water. A
reductive environment — ORP below 100mV — will mean that there
is a significant number of substances in the solution that
want to give electrons and these substances are generally
organic acids, bacteria, viruses or other organics molecules,
like reductive sugars. If this is the case then it means that
oxygen in solution has a short lifetime so you will want to
increase your oxygenation significantly or your roots might be
starved of this essential nutrient.



Standard Reduction Potentials at 25°C (298 K) for Many Common Half-Reactions

Half-Reaction Ea ] Half-Reaction L))
F, +2e” —2F 2.87 0, + ZH,0 + 4~ — 40H 0.40
Ap™ + e — Ag' 1.99 Cu** + 2e” = Cu 034
Co' + e —Co? 1.82 Hg,Cl, + 2¢~ — 2Hg + 2C1 027
HO, + ZH + 2¢ — 2H,0 1.78 ApCl +e — Ag + Cl 0.22
Ce*t + e — o™ 1.70 S0, + 4H' + 2¢~ — H,50; + H,0 0.20
PhO, + 4H* + SO + 2e~ — PbSO, + 2H,0 1.69 ot + e —cut 0.16
MnO,~ + 4H* + 3e~ — Mn0Q, + 2H,0 1.68 2H* + 2 = H, 0.00
%~ + 2H* + 10, = 10,” + H,0 1.60 Fe'* + 3¢~ — Fe —0.036
MnO,~ + 8H' + Se” —= Mn** + 4H,0 1.51 Pb'* + 2" = Pb —0.13
AU+ 3e — Au 1.50 Sn*t + 28 — Sn —0.14
PbO, + 4H* + 2e~ — Pb* + 2H,0 1.46 Ni?* + 2e~ — Ni -023
Cl; + 2e” — 2Cl 1.36 PbSO, + 2 — Pb + S0, —0.35
Cry0;7~ + 14H* + 6e- — 200" + TH,0 1.33 Cd™ + 2 —=0Cd —0.40
0, + 4H* + 4e- = 2H,0 1.23 Fe?* + 2e~ — Fe —0.44
MnO; + 4H + 2e — Mn*' + 2ZH,0 1.21 crt +e s o -0.50
10, + 6H* + Se~ — 1T, + 3H,0 1.20 Ce* +3e = Cr -0.73
Bry + 2e” — 2Br .09 Zn*t + 2e” — Zn —0.76
VO," + 2H 4+ e —= VO™ + H,0 1.00 2H,0 + 2e” — H, + 20H —0.83
AuCl,” + 3e” — Au + 4C1 0.99 Mn** + 2e” — Mn —1.18
NO, + 4H' + 3¢~ = NO + 2H,0 0.96 AP* + 38" — Al —1.66
ClO; + e —ClO, 0.954 H, + 2 —2H —2.23
2Hg* + 287 — Hp,*” 0.91 Mg*t + 2e” — Mg —237
Apt +e — Ag 0.80 La'* + 3e” — La —237
Hg"' + 2~ — 2Hg 0.80 Na" + e  — Na —2.71
Fe'* + e~ — Fe** 0.77 Ca™ +2e = Ca -2.76
0, + 2H™ + 2~ — H,0, 0.68 Ba® + 2¢~ — Ba -2.90
MnO,~ + e — Mn0.? 0.56 K'+e —K —292
I, + 2e” =21 0.54 Li* +e —Li —3.05
Cu* +e —Cu 0.52

The chemical environment is determined by the sorts of half
reactions that can happen in solution and this 1is also
determined by the pH of your solution. The above table shows
some of the most common electrochemical half-reactions that
can happen in solution. For example in order to reduce
molecular oxygen and obtain 4 electrons we need to produce
hydroxide ions. This means that oxidation reactions will tend
to increase the pH and therefore they are expected to become
harder as the pH rises. We also have the opposite case for
hydrogen peroxide where a more acidic solution is bound to
prevent the oxidation of peroxide to molecular oxygen. It is
worth noting that these are half reactions so in reality what
always happens is that two half-reactions — for example oxygen
reduction and Fe oxidation — are brought together to generate
a chemical change in the environment.

In the end the ORP measurement gives you something that pH and
EC measurements do not tell you, which is what the chemical
environment 1looks 1like from an oxidation-reduction
perspective. With this information it becomes easier to tell
things like whether you’re lacking enough oxygenation, whether
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you're adding too much hypochlorite or peroxide and whether or
not you should be adding more or 1less microbes to your
environment.



