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Reef Digress: Saltwater REDOX 
 
Chris Aslett 
This article informs the layperson in a 
roundabout way what occurs at the molecular 
level during reduction and oxidation, and the 
discussion explains how system design 
influences outcomes. It may also serve as a 
vital recap for those of you that studied 
related topics.  
 

 
Fig 1. Water molecules (H2O) where one picometre 
(pm) is 1.0 x 10-12 metres (m). 
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Introduction 
Chemical compounds (solutes) like marine 
salts are dissolved in solvents such as water 
to create solutions. Water is a universal and 
polar solvent because it is more competent at 
dissolving solutes than any other and it 
retains partial positive and negative charges 
(Fig 1.).  

Atoms comprise positively and neutrally 
charged nuclear particles orbited by 
negatively charged electrons (Fig 2.). 
Compounds and molecules are formed when 
atoms combine which may occur between 
identical or different kinds, like molecular 
oxygen (O2) or sodium chloride (NaCl). These 
atoms are held together by bonds which are 
frequently ionic like those of Na+Cl- or 
covalent like those of O2. Ionic bonds are 
formed when one atom donates electrons and 
becomes more positive and the other accepts 
or captures electrons and becomes more 
negative because opposing charges attract. 
Covalent bonds may be single, double, triple 
or quadruple that are formed when outer 
electrons from opposing atoms form pairs 
with dissimilar “spin” which causes orbital 
overlap and hybridisation. 

Bonds occur because it is energetically 
favourable, and electrons orbit the nucleus in 
subshells which hold finite quantities, follow 
a defined path, and occur at set distances (Fig 
3.). Electrons with the highest energy and 

lowest attraction orbit furthest from the 
nucleus, yet all electrons occupy the closest 
shells in an unexcited (grounded) atom. 
Outer electrons confer valency inasmuch as 
they are available to combine.  

Bombarding gaseous atoms with highly 
energetic electrons generated by electrical 
current promotes electrons to higher shells or 
causes electron(s) release and ionisation. 
Cationised gas in fluorescent or metal halide 
high intensity discharge (HID) lamps forms 
conductive plasma at low and high pressure 
respectively, where electron recapture 
demands the concomitant loss of energy in 
the form of a photon. Plasma propagation is 
dynamic because atoms are continuously 
ionised whilst electron reassociation 
discharges light. These lamps are operated 
on alternating current (AC) which switches 
from positive to negative volts and current 
many times per second. 

 
 

 
Fig 2. Atomic structure. 

Noble gasses are highly unreactive and 
stable because their outer orbital is full and 
thus no electron pairs can be formed and 
none can be captured, which is the lowest 
ground state that other atoms are driven to 
attain. The most reactive atoms are therefore 
those with only one outer electron or those 
that require merely one to fill their outer 
orbital, like the metals lithium (Li), sodium, 
and potassium (K) of group one of the periodic 
table or the halogens of group 17 like 
chlorine, bromine (Br), and iodine (I). The 
former donate and the latter capture 
electrons making them powerful reducing 
and oxidising agents, whereas noble gasses 
occur at the end of each period in group 18 
such as helium (He), neon (Ne), and argon 
(Ar; Fig 11.). Metal halides (MHs) are 
compounds formed when metals and 
halogens react which may be ionically or 
covalently bonded, where argon is used as a 
starter gas in MH lamps because it ionises at 
high pressure when blitzed by energetic 
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electrons. 
When the hydrogens of water form 

covalent bonds with oxygen (H2O) the 
electrons gravitate towards oxygen which 
confers a partial negative charge (δ-) that 
leaves the hydrogens δ+ which repel and 
confer the shape of a flattened V (Fig 1.). The 
polarity of water causes autoionisation where 
non-gaseous dissolved solutes form ions such 
as those of magnesium sulphate (Mg2+SO42-) 
or those of calcium carbonate/bicarbonate 
(Ca2+CO32-/HCO3-). Carbonate and sulphate 
are examples of covalent anions that stay 
together in solution under normal 
circumstances, whereas magnesium and 
calcium lose their two outer electrons and 
become divalent cations. Dynamic 
equilibrium governs ionic speciation insofar 
as ions are continuously associating and 
dissociating whereas some like calcium, 
magnesium and carbonate/bicarbonate are 
also precipitating and dissolving.  

 

 
Fig 3. The theoretical path of various electron 
subshells represented by clouds where s, p, d, f and 
g correspond to sharp, principle, diffuse, 
fundamental and girade. 

The anode and cathode of a fluorescent 
or metal halide lamp is positive and negative, 
and anions and cations are negatively and 
positively charged because they are attracted 
towards the anode or cathode (Fig 5.). The 
same thing happens when electricity is 
applied to water containing solutes, however 
never intentionally apply electricity to 
seawater because it forms harmful reactive 
oxygen species (ROS) including the 
hypochlorite ion (OCl-) which is found in 
household bleach and is sanitising in 

combination with ultraviolet (UV) 
sterilisation (Jorquera et al. 2002). However 
such water is highly reactive and cannot be 
used until it has been extensively 
reconditioned with sodium thiosulphate 
(Na S O ; tap safe) and vigorous aeration for 
several months (Jorquera et al. 2002; 
Gonçalves & Gagnon 2018). Furthermore 
trivial voltage common to reef aquaria kills 
freshwater hydra which are barely 
discernible anemone-like organisms that can 
capture and ingest fry (PFK 1975) which 
suggests corals may be thus affected. Stray 
voltage is commonly associated with budget 
submersible devices which is detected using 
a multifunctional screwdriver and is earthed 
using a pure titanium spoke for a bicycle (Fig 
4.; Fig 6.; Wilson, personal communication). 

 

 
Fig 4. A multifunctional electrical screwdriver. 
 

REDOX is derived from reduction and 
oxidation and refers to reactions where one 
chemical species is reduced whilst the other 
is oxidised. Oxidation is the loss of hydrogen 
or an electron or the gain of oxygen, whereas 
reduction is the gain of hydrogen or an 
electron or the loss of oxygen. 
 

Oxidation States 
Calculating the charge on an atom in a 
compound could not be simpler. In nearly 
every instance hydrogen has a charge of 1 
and oxygen has a charge of 2-. Calculate the 
oxidation state or number of the atom of 
sulphur in a neutral gaseous molecule of 
hydrogen sulphide (H2S) and ionic sulphate 
(SO42-). 
                                  2   2-            6 8- 

H2S SO42- 
 

The oxidation state of sulphur increases from 
2- to 6 during the assimilation of hydrogen 
sulphide in seawater. Calculate the oxidation 
number of the nitrogen atom in ionic nitrite 
(NO2-) and after its oxidation with ozone to 
nitrate (NO3-). 
           3   4-                                     5   6- 

NO2-   +   O3   →   NO3-   +   O2 
        

Reductant       Oxidant             Oxidised         Reduced 
Sulphur, nitrogen, and iron (Fe) can exist in 
a vast range of oxidation states which makes 
them ideal substrates for microbial 
exploitation (Karl et al. 2004).  
 
Oxidation-Reduction Potential (ORP) is 
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expressed in millivolt (mV) and is defined as 
the electromotive force (EMF) occurring 
between a noble gas and reference electrode 
in solution (ASTM D1498-14 2014). Oceanic 
reef fronts are typically 370 rising to a 
maximum of ~390 mV, however do not 
attempt to achieve these values using ozone 
in recirculating systems, because buoyant 
ORPs must occur naturally in reef aquaria.  
 

 
Fig 5. The operation of a fluorescent lamp. 

Hobbyist-grade ORP instrumentation no 
matter how it is described is imprecise and 
must never be used to control potentially 
dangerous filtration such as ozone or 
denitrifyers, yet such equipment proves 
invaluable for comparative analysis of 
system health. Precise apparatus available 
from the Tropical Marine Centre (TMC) is in 
the region of 2,500GBP trade. That said, 
inaccuracies still occur and the tip of new 
probes must be submerged in the system for 
around 10 days before credible readings are 
attained (Wilson, personal communication). 
Which is likely the time it takes to develop a 
biofilm.  

ORP electrometrically measures how 
well water supports REDOX reactions. 
Ornamentals require water with a greater 
proficiency to perform oxidations, whereas an 
overabundance of reductants or oxidants is 
harmful when the water is described as 
either reduced or oxidised. Reduced water 
has a suppressed pH and ORP and 
diminished clarity and dissolved oxygen 
(DO). 

 

 
Fig 6. An earthing rod fabricated from the inside of a 
chocolate block connector, substantial earth flex and 
a pure titanium bicycle spoke, where copper strands 
and wire must not enter or be in regular contact with 
system water. Aslett©. 
 

Reductants from the most to the least 

hazardous: hydrogen sulphide gas (H2S) and 
bisulphide ions (HS-); ammonia and 
ammonium (NH3 and NH4+); nitrite (NO2-); 
dissolved carbon dioxide (carbonic acid; 
H2CO3); coral and microorganism-derived 
organic terpenoids (C5H8)n and phenols 
(C6H4OH); nitrate (NO3-), and phosphate 
(PO43-).  

Granular activated carbon (GAC) 
removes phenols and terpenoids in reefs 
since they exclude the downwelling of 
beneficial blue light and their accumulation 
is harmful (Fig 7.; Wilson, personal 
communication; Riddle 2014; Lee et al. 2017). 
However GAC causes head and lateral line 
erosion (HLLE) of tangs and surgeonfish 
when used incorrectly (Fig 8.; Graber 2010; 
Ho 2011; Stamper et al. 2011). Its spicules are 
a potential gill irritant that may in extreme 
cases cause pathology and obstruct 
osmoregulation, and it must also be reef-
grade because many are washed in 
phosphoric acid which can cause devastating 
algal blooms. Include a couple of grains in a 
Salifert® Profi PO4 test performed on reverse 
osmosis (R/O) water where any blue indicates 
an unsuitable grade (Delbeek & Sprung 
1994). GAC must be washed in copious 
amounts of fresh R/O water before it is used 
for merely 48 hours, because it begins to 
release what it has absorbed after two days. 

Phenols accumulate in fish-only export 
and retail systems where it is necessary to 
use chemotherapeutics that are removed by 
GAC. Hence ozone oxidises phenols to less 
harmful products, because significant 
concentrations inhibit nitrification and 
attack fish central nervous systems (CNSs). 
Watch: https://youtu.be/IZO_zuLjeL8 
 

Oxidants 
The most reactive and abundant halogen ions 
chloride (Cl-) and bromide (Br-) are oxidised if 
ozone (O3) is overapplied to unreduced 
seawater hence aquarists smell chlorine. 
Harmful secondary oxidants are formed in 
these systems and those where chloroquine is 
used, iodine is supplemented, or that were 
water changed less than 36 hours ago. 
Bangai cardinals (Pterapogon kauderni) are 
hypersensitive to secondary oxidants and 
their juveniles are more so (Fig 10.). Thus 
their sudden death affirms the presence of 
secondary oxidants such as the hydroxyl 
radical (.OH), hypobromite (OBr-), 
hypobromous acid (HOBr), bromite (BrO), 
and bromate (BrO3-), which are evaluated as 
total residual oxidants (TRO) and expressed 
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as milligrams per litre (mg l-1) of Br2 or Cl2 
(Westerhoff et al. 1998; Perrins et al. 2006). 

Reactive oxygen species (ROS) are 
generated as highly unstable intermediates 
in many intracellular processes which are 
necessary attributes; however damage arises 
when ROS accumulate because they oxidise 
cellular machinery, and their upsurge in 
corals and their symbionts may elicit 
dysbiosis (Takahashi et al. 2009). 

 

 
Fig 7. Vitalis Aquatic Nutrition granular activated 
carbon (GAC) is a superior quality reef safe 
bituminous carbon.  
 

Discussion 
Commercial aquarists must become adept at 
visual estimations of ORP, and UK mains 
“tap” water is colourless, bright, somewhat 
sparkly, and ~370 mV due to sterilising and 
oxidising chloramines. Hazardously oxidised 
water is so sparkling and reactive it is more 
noticeable than its inhabitants which are 
unlikely to survive, whereas reduced water is 
dull and coloured when fish respiration is 
elevated. Ozone cannot be safely applied to 
reef water unless it is significantly reduced, 
and GAC must be used every four to six 
weeks in reefs to conserve the gamut of 
spectral irradiance. Secondary oxidants can 
be absorbed onto GAC but it soon becomes 
inactivated due to surface oxygen complexes 
(SOCs; Álvarez et al. 2008). 

The dynamic processes occurring in reefs 
ensures reinforcement of design and 
husbandry that supports either reduction or 
oxidation, since buoyant pH, ORP, and DO 
must not be expedited by ozone for fear of 
generating secondary oxidants. Our aim is to 
optimise throughout system design 

whereafter enhancement techniques are 
used to finetune operation. Poor design is not 
evident until a significant fish biomass is 
realised whereupon nightly fatalities 
commence until constraints fall within the 
capacity of life support.  

The fundamental attributes of seawater 
and the mechanisms at play during coupled 
nitrogen cycling must be comprehended and 
respected because “we cannot change the laws 
of” nanophysics or indeed biochemistry. 

Disregarding gas supersaturation 
operative during gas bubble disease (GBD) 
that instigates pathogenesis in captive deep-
water and demersal fish and sessile 
invertebrates, balanced saltwater has a finite 
volume within which it carries dissolved 
gases, and once saturated some must be 
discharged (degas) before others can be 
absorbed (regas). Seawater is predisposed to 
retaining 282 times more dissolved CO2 
(DCD) than DO (Muangkaew et al. 2002; 
Dickinson 2010) and dissolved dinitrogen 
(DN2) originating from denitrification further 
limits its capacity to carry oxygen (Aslett 
2023).  

Our design must therefore respect and 
optimise degas and regas, which is evaluated 
using a pre-calibrated pH probe and meter 
because this instrumentation is prone to 
instability. Hence budget pH pen probes and 
powdered buffers available from 7GBP are as 
accurate as more costly analytical-grade 
instruments (Fig 9.). Pre-calibrate with 
freshly constituted buffers before each 
reading which is taken three hours after the 
lights come on and three hours after they go 
out.  

 

 
Fig 8. A well-nourished yellow tang (Zebrasoma 
flavescens) presenting with advanced head and 
lateral line erosion (HLLE). 

The DO demand of a system is raised 
during darkness insofar as “algae” commence 
to utilise DO and release DCD that supresses 
pH and ORP, which is exacerbated by the 
nocturnal cycles of flow devices because the 
degas and regas of coral flesh and water is 
directly proportional to flow and evaporation 
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(Riddle 2016; Aslett 2023). However disc-like 
fish such as tangs, surgeonfish, angelfish, 
and butterflyfish must seek flow refuge to 
enter nightly torpors or else their condition 
deteriorates, so we provide crevices and rock 
grottos where these fish can rest. 

pH drifts (downturns) are in the region 
of 0.17 in nature (Koweek et al. 2014) and the 
pH scale is misleading because a disparity of 
0.2 represents a change of 
1,403,158,820,380,000 protons (H+) per litre 
(l-1; Aslett 2023). Drifts greater or less and 0.2 
suggest a requirement for optimisation or a 
system operating within preferred 
parameters.  

Marine displays must remain exposed to 
the air because CO2 can settle like a blanket 
when they are covered which can inhibit the 
biomineralisation of shelled organisms and 
stony corals (Ries et al. 2009) or instigate 
widespread hypoxia and mortalities.  

Calcium reactors augment DCD whereas 
kalkwasser artificially raises pH and thus 
our evaluations must preclude the addition of 
nocturnal kalkwasser, because naturally 
buoyant pH is very different to that attained 
by the addition of a caustic solution. 
Furthermore calcium reactors must run 24/7 
inasmuch as the cessation of CO2 further 
jeopardises the system inhabitants. Watch: 
https://youtu.be/Rq8pe3ia5Ms However 
kalkwasser can be drip-fed around the clock, 
and nighttime illumination of a refugium 
(reverse lighting) remains a natural way of 
mitigating extremes. 

 

 
Fig 9. A pH pen probe available from ~7GBP which is 
suitably accurate because all precise pH readings 
require the meter and probe to be pre-calibrated with 
fresh buffers. 

Red and green slime “algae” 
(cyanobacteria) are indicator organisms that 
alert the aquarist to diminished DO, because 
oxygen inhibits nitrogenase responsible for 
cleavage of the nitrogen-nitrogen triple bond 
and synthesis of the intermediate ammonium 
from DN2 (diazotrophy; Wilson, personal 
communication; Barney et al. 2006; Raugei 
2019; Aslett 2023). 

A filtration module that has become 

obsolete in reef aquaria possibly due to its 
propensity to create waterborne nitrate 
distal to coupled denitrification is the trickle 
tower, which remains an indispensable 
component of fish-only systems and marine 
exhibits because it revolutionises degas and 
regas. However reef trickle filtration may be 
routinely “killed” using freshwater (Aslett 
2023) which enhances degas and regas 
because nitrifying microorganisms respire 
DO and liberate DCD. 

 

 
Fig 10. Juvenile Bangai cardinals (Pterapogon 
kauderni) are hypersensitive to secondary oxidants, 
which are like canaries in coalmines insofar as their 
sudden death warns the aquarist of secondary 
oxidants. Image courtesy of Tim Hayes©, Midland 
Reefs. 

The importance of “in-tank” and system 
turnover cannot be overstated because it 
brings the gas carrying component of water 
in contact with the surface and presents 
waterborne oxygen and pollutants to 
substrate and substratum, which ensures 
sulphidic (euxinic) regions remain buried, 
because their surfacing releases hydrogen 
sulphide (H2S) that is the most potent of all 
reductants and the aquarist’s worse 
adversary, which causes catastrophic 
mortalities and long-term pH instability. The 
anoxic zone within non-bioturbated deep 
marine substrate ascended 10 mm within an 
hour of suboptimal overlying waterborne DO 
(Nielsen et al. 2010) and thus deficient flow 
can create ORP “sinks” that lower overall 
capacity and performance. 

Minimum “in-tank” turnovers and sump 
throughputs are thus 40 and 10 times the 
system volume per hour respectively, rising 
to 70 and 10 times per hour for dedicated 
small polyp stony (SPS) reefs. However many 
sump system displays do not accommodate 
such freefall.  

Protein skimmers proficiently regas yet 
they are poor expeditors of degas, and “in-
tank” systems that lack a sump are 
predisposed to degas/regas-prohibiting slicks 
of hydrophobic surface scum, which is 
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resuspended using streams of centimetre-
sized air bubbles emanating from open-ended 
airline or small-bore acrylic tubes that 
facilitate its export. Smaller and larger 
bubbles must not be created because they 
contribute to sub-colony air accumulation 
and GBD. 

Cooler water carries more oxygen and 
few coral ailments manifest when 
temperatures are maintained at 23oC.  

Water within ball valves and their 
pipework is stationary, stagnant, and 
generates H2S, so each must be cracked to 

ensure the movement of oxygenated water, 
and the same occurs at the extremities of 
spray bars when holes are absent or occlude. 

Bioballs were not designed for floatation, 
and R/O water is not sterile (Feldman et al. 
2011) so near-bottom fresh- and salt-water 
within reservoirs stagnates without aeration, 
which is different to movement created by a 
powerhead inasmuch as large air bubbles in 
“salt mix” equilibrate gas and provide CO2 for 
the carbonate buffer.

 

 
Fig 11. The Periodic Table. 
 

Consult: The Complete Reef Aquarist (ISBN: 9781399944489) for further clarification and insight 
available from late summer 2023 (https://www.reefranch.co.uk). 
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