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Reef Focus: Silent Assassins Part IV

Chris Aslett

Last time we explored the toxicants that lurk in even the most productive of recirculating life support systems, which was so thought-
provoking, it prompted extensive re-evaluation of husbandry and system design. See: Part |, Appendix Il. Herein we investigate three
significantly injurious substances that have caused confounding mortalities in recirculating systems.

Marine Safe Stainless Steel

Non-marine safe stainless steel (SS) is made from toxic metals like zinc. Food grade SS316 or SS316L are formulated to resist the
corrosive properties of seawater that comprise chromium, nickel, and molybdenum at ratios approaching 16:10:2 (Sandymeyer Steel
Company 2014), whereas food grade SS304 lacks molybdenum and is therefore unsuitable. The frames of sump cabinets, impeller
shafts, and wire used to mount corals must be SS316 or SS316L, nevertheless, these grades are vulnerable to chloride stress which
instigates fractures in warmer seas (Riggs Larsen 2016). Nut and bolt suppliers carry jubilee clips and fixings, while metal
supermarkets cut box section to size, and stock frame-assembling plastic inserts (Fig 1.).

Neodymium Magnets: Toxicity and Use

Rare earth metals like neodymium (Nd) are injurious to the juveniles of freshwater rainbow trout (Oncorhynchus mykiss) at
concentrations two orders of magnitude less than their LCso. Nd®* interfere with indispensable intracellular processes such as DNA
repair, anabolism (growth), the metabolism of ammonia (NH3), and the posttranslational movement of proteins (Dube et al. 2019).
Concentrations on wild reefs are inordinately low insofar as they barely exceed 30 picomole (pmol) kg (~3.0 x 10-"" mol kg') or
approximately 4.3 ng I (4.3 x 10 g I''; Chen et al. 2013).

Manufacturers of aquatic equipment have begun to use neodymium magnets for numerous applications including impellers and
algae magnets, whereas inert coatings such as polypropylene render neodymium inaccessible and thus harmless. However, ions of
Nd will leach when exposed to water. Despite the benefit of replacing non-316 and -316L stainless steel impeller shafts with ceramic,
its rigidity has motivated some manufacturers to support each end in relatively soft silicone. Such mounts readily degrade thanks to
the vibrational forces common to the impeller chambers of pumps used for calcium reactors and protein skimmers, which continually
smashes the impeller into the surrounding walls. Inert coatings are thus abraded. Experienced “reefers” scratch their head as
unexplained mortalities coincide with nothing but a noisy pump. Numerous postings on web forums describe anecdotal analogies.
Nd LCso analyses have not been carried out on corals, so immediately strip and repair noisy pumps and do not store algae magnets
in aquaria.

Every aquarist uses epoxy glues and the following methodology at their own risk, because uncured epoxies are harmful,
where severe skin reactions are not uncommon. Gloves, a face mask and visor, and safety glasses are advised. Use in a

well-ventilated area and dispose of the mixing paraphernalia in an outdoor trashcan, then fully harden in a garage devoid
of people and pets.

Impellers can be coated in a thick layer of less toxic two-part epoxy glue that soft cures in approximately 20 minutes. Suspend the
impeller on a bamboo skewer across a coffee mug and apply a thick coating with a toothpick whilst periodically rotating to preclude
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slumping. Ideally leave overnight to fully harden before reassembly, or apply several thinner, faster-curing veneers.

Fig 1. 100 metres of 316L stainless steel wire purchased for 3GBP.

Avoid pumps with non-magnetite impellers with shafts mounted in silicone. Existing mounts can be replaced with short lengths
of appropriately-diametered thick-walled tubing. Rubber is neither reef nor freshwater safe (Hartwell et al. 2004) but is far less
hazardous than Nd.

Ozone

The energetic sparks generated within ozonisers cleave some of the covalent bonds of dioxygen (O) and thus solitary atoms
recombine to form the allotrope trioxygen (Os; Fig 4.; Holmes-Farley 2006). Some of you may recall the characteristic smell of
Scalextric® cars as they sparked their way around the track, whereas stratospheric ozone is synthesised by electric storms close to
the tropopause (Davis 1973) and the Sun’s ultraviolet (UV) radiation from space (Wallace et al. 1996). The bond attaching oxygen
(O) to molecular oxygen (O,) is highly unstable, reactive, and oxidative, therefore exposing gill epithelium to ozone is detrimental,
yet it is beneficial when it reacts with a reductant. Furthermore, its legacy is pure molecular oxygen (O; dissolved oxygen; DO?).

Air vapour lessens ozoniser efficacy and causes N to form nitric acid (HNOs), which enriches systemwide nitrate (Holmes-
Farley 2006). Beads of silica gel housed in transparent canisters designed for pre-drying the air destined for an ozoniser, change
colour when saturated with moisture, which are reactivated by heating in a microwave oven.

Ozone can ostensibly transform ammonium to nitrite and nitrate, thus nullifying a requirement for biofilters, for which its
competency proves negligible. It enhances oxygen availability and boosts nitrifying microorganisms at lower concentrations, but it
sterilises biofilms in abundance. Anecdotal investigations are thus confounded, whereas an objective study highlighted the usefulness
of ozone for oxidising nitrite and phenols, but oxidation of ammonium does not occur until these species have been neutralised and
at rates that generate secondary oxidants (Schroeder et al. 2011).

Discharging skimmer effluent through granular activated carbon (GAC) sequesters secondary oxidants and provides a substrate
upon which surplus ozone can react, yet it rapidly inactivates due to surface oxygen complexes (SOCs: Alvarez et al. 2008), whilst
its long-term use, is as ever, moot.

ORP

Oxidation reduction potential (ORP) is defined as the ratio of oxidised to reduced species expressed in millivolt (mV; ASTM D1498-
14 2014). ORPs on pristine wild reefs naturally range from 370 to 390 mV, while hobby-grade ORP probes, instruments, and their
controllers are notoriously imprecise and must not be used to control ozone, denitrifyers, or anything else. They are however, useful
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barometers of system health, which are standard field instruments used for measuring ORP in heavily-reduced environments. In the
manufacturers’ defence, ORP is challenging to determine, whereas commercial sales of accurate monitoring equipment are in the
region of 2,500GBP which are analytical grade pH metres fitted with equally precise ORP probes. Potentially hazardous solutions
are required to calibrate these apparatuses; hence continuous monitoring is prone to inaccuracy (ASTM D1498-14 2014). ~200GBP
ORP apparatuses are not analytical grade. The tip of a probe must be exposed to system water for ~10 days after which they
measure more precisely (Wilson, personal communication), because biofilms likely raise performance.
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Fig 2. A Weipro 25 mg h-! ozone generator (ozoniser).
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Fig 3. The periodic table of elements. [-] the halogens of group 17.

Oxidants

Secondary reactive oxygen species (ROS) arising from the misuse of ozone, are sterilising and destructive to all life. In the past,
ozone was exploited to suppress pathogens, but at injurious concentrations. Ozone may be safely applied to significantly reduced
water or in negligible amounts. The former is used in fish-only systems, whereas the latter is applied to reefs.

Numerous successful reef aquarists currently applying ozone to clear, bright water must have significant sources of
reductants in their systems or else all the inhabitants would be sterilised, hence suddenly turning ozone off may “crash”
life support. The sources of these reductants must therefore be diagnosed and eradicated whilst ozone is simultaneously
and gradually withdrawn. Why, because diminished water quality is not caused by a lack of ozone.

Covert harmful reductants manifest in numerous and diverse forms, the diagnosis of which is way beyond the capacity of this series.
For further guidance consult: The Complete Reef Aquarist (Aslett 2024).

The Reductants of concern in order of potency include dissolved hydrogen sulphide gas (H2S) that ionises and dissociates into
hazardous bisulphide ions (HS) that are later detoxified to sulphate (SO4%); ammonia and ammonium (NH3 and NH4*); nitrite (NO2
) which is the dissociated form of nitrous acid (H*NO;); dissolved carbon dioxide (carbonic acid; H.COs), and organic acids such as
phenols (CeH:OH), whereas the dissociated forms of nitric (H*NOs; nitrate) and orthophosphoric (H3**PO43; orthophosphate;
H,2*PO4%) acids are mildly reductive in seawater. Furthermore, retention of CO, and N, can saturate water and thus leave no room
for other solutes such as oxygen. Do not cover reef aquaria and provide continual robust “in-tank” turnover.

The Halogens

An atom’s outer electrons are referred to as valent because they confer combining power (valency). The atoms of the non-metallic
elements that require only one electron to fill their outer orbital to attain the configuration of an ostensibly inert noble gas are the
halogens of group 17 (Fig 3.). They are powerful oxidising agents that include fluorine (F), chlorine (CI), bromine (Br), and iodine (1).
They form ionic compounds with reactive metals like sodium (Na*Cl) or react with surplus ozone to form exceedingly toxic secondary
oxidants.

Chlorine, bromine, and iodine are abundant in seawater where the autoionization catalyst water, ensures they manifest as
anionic chloride (CI), bromide (Br), rarely iodate (1037, and iodide (I) with the latter two readily depleting in recirculating systems.
Chloride ions (CI) are exceedingly oxidative which frequently capture electrons from both iodide (I') and bromide (Br), whereas a
metal halide is generated when a metal and halogen react.

If ozone is applied to unreduced seawater, the first to be oxidised are the most unstable and abundant ions: Cl- and Br-. The
overzealous use of Os is therefore perceived by the smell of chlorine. Do not inhale gases expelled from protein skimmers because
ozone and secondary oxidants are hazardous, whereas ozone forms such compounds within systems supplemented with iodine or
where water was exchanged within the last 36 hours (Wilson, personal communication; Latson et al. 2018).

Total Residual Oxidants (TRO)
Secondary ROS include the hydroxyl radical (-OH), hypobromite (OBr), hypobromous acid (HOBr), bromite (BrO), and bromate
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(BrOs), which are evaluated and expressed as total residual oxidants (TROs) and mg I of Br, or Cl, (Westerhoff et al. 1998; Perrins
et al. 2006). Salifert® produce a TRO assay, albeit beneficial as an approximate guide, secondary ROS are exceedingly hazardous
and diverse.

Fig 4. Various ways of representing oxygen’s profoundly oxidative allotrope, ozone (Os; trioxygen).

Ozone Administration: Commercial Fish-Only Systems

Ozone is only applied in commercial fish-only systems when the water suddenly becomes dull and grey, which is a remarkable and
conspicuous occurrence at “true” ORPs between 260 to 240 mV. Such transformations ordinarily occur after many weeks of heavy
feeds, and only then may 50 mg of ozone be applied for every 500 UK gallons (600.5 US gallons) of system volume for merely an
hour, after which the ORP will be approximately 320 mV.

Banggai cardinals (Pterapogon kauderni) are hypersensitive to secondary oxidants and their juveniles are more so (Fig 5.). Like
canaries in coalmines, their sudden death alerts aquarists to secondary oxidants. It is suggested a small shoal of this species are
kept as permanent residents in commercial fish-only systems.

The ROS generated by ozone are the same as those produced by the chlorination of seawater, where livestock are protected
by surplus sodium thiosulphate (Na2S;0s; tap safe; Jones et al. 2006). Oxidation of HS- yields sulphite (SO3%), sulphate (SO42), and
thiosulphate (S,03%; Cline & Richards 1969) which facilitates a form of precarious equilibrium in reefs with sources of HS where a
“pand aid” of O3 is applied.

‘Burnt” water is sparkly, bright, and very clear. It is more noticeable than its inhabitants. Owing to oxidising and sanitising
chloramines, the ORP of UK mains “tap” water ranges from 370 to 380 mV.

Ozone in Reefs
We use far less ozone in a reef than is present in nature because applying ozone to clear, bright reef water creates harmful secondary
oxidants, which jeopardises all the inhabitants including corals and thus proceed with extreme caution.

Ozone concentrations in natural seawater range from 0 to 0.1 mg I (ppm; Garland & Curtis 1981), and the smallest available
ozonisers are typically 25 mg h-' which equates to ~0.01 mg I h-* in a 500 UK gallon (600.5 US gallon; 2,273-litre) reef, nevertheless,
simply applying such quantities to unreduced water will decimate livestock in an optimised system.

A 25 mg h'' ozoniser was energised for 5 seconds every two hours for years in a Reef Ranch™ 500 UK gallon reef, which
demanded the purchase of a digital timer capable of measuring and activating at 1-second intervals. Water lost through sales was
replaced and a 5 percent water change was performed weekly, after which 0zone was not applied for two days. All genera, were at
one time or another, represented, and all thrived. The author is not suggesting, albeit the point, such negligible quantities have
significant impacts; however, it is noteworthy that traces of ozone are present in the wild yet are essentially absent in aquaria.
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Fig 6. A colony of Acropora with rapid tissue necrosis (RTN).
Aslett 2024




Aslett, G., G. (2025) Reef Focus: Silent Assassins Part V. https://www.reefranch.co.uk/
Rapid Tissue Necrosis (RTN) or shutdown reaction was first reported in the late 1970s (Antonius 1977) which mostly impacts SPS
colonies where it denudes the skeleton from 1 to 3.9” (2.5 to 10 cm) per hour (Borneman 2002). Both wild and captive studies
concluded that Acropora and Pocillopora were most susceptible (Luna et al. 2007). The loss of tissue is so immediate the observer
can see the flesh peel from the skeleton (Fig 6.). Associated with housing corals in poor conditions like those of immature systems
with negligeable ammonia-oxidising communities, healthy tissue and bare skeleton typically share a discrete boundary, which may
be indicative of the bacterial metallo- and serine-proteases of Vibrio vulnificus (Wang et al. 2008). Contrasting findings suggested
RTN may be caused by the coral bleaching and prawn pathogen, Vibrio harveyi or inorganic toxins (Borneman 2001; Borneman &
Lowrie 2001; Luna et al. 2007; Calfo 2009; Osinga et al. 2012), whilst the author has observed RTN in systems contaminated with
hydrogen sulphide. Other studies have associated RTN with diminished DO (Haas et al. 2014), and like HS-, secondary oxidants
trigger cellular necrosis (Aslett 2024) while a form of pre-programmed cell death called apoptosis, is typically, but not always,
prompted by telomeric shortening and an inability to divide (Zhang et al. 1999).
The author hopes this short series has empowered reef aquarists with the necessary to design and operate authentic natural

systems that free up living resources hitherto monopolised by detoxification, whose beneficial repercussions have yet to be revealed.

Aslett 2024 7

References

Alvarez, P., M., Masa, F., J., Jaramillo, J., Beltran, F., J. & Gémez-Serrano, V. (2008) Kinetics of Ozone Decomposition by Granular Activated Carbon. Industrial
& Engineering Chemistry Research. 47(8), 2545-2553.

Antonius, A. (1977) Coral mortality in reefs: a problem for science and management. Proc 3rd Int Coral Reef Symp. 1, 617-623.

Aslett, C., G. (2024) The Complete Reef Aquarist, for hobbyists, the trade, and academics — A Conservation Manual. Aslett, C., G. (ed.). Reef Ranch Publishing
Ltd, Leeds, UK. pp 429.

ASTM D1498-14 (2014) Standard Test Method for Oxidation-Reduction Potential of Water, ASTM International, West Conshohocken, PA.
https://www.astm.org/Standards/D1498.htm

Borneman, E. (2001) Coral health. in Aquarium Corals: Selection, Husbandry and Natural History. Neptune City, NJ, USA: Microcosm. pp 360-385.

Borneman, E. (2002) The Coral Whisperer: White Corals, Part i Coral Disease 'white Syndromes'. AdvancedAquarist.com.
https://www.advancedaquarist.com/2002/6/corals

Borneman, E., H. & Lowrie, J. (2001) Advances in captive husbandry and propagation: An easily utilized reef replenishment means from the private sector?
Bulletin of Marine Science. 69, 897-913.

Calfo, A. (2009) Book of Coral Propagation: Reef Gardening for Aquarists. Volume 1. 2nd Edition. Reading Trees Publications. Monroeville, PA. p 416.

Chen, T., Rempfer, J., Frank, M., Stumpf, R. & Molina-Kescher, M. (2013) Upper ocean vertical supply: A neglected primary factor controlling the distribution of
neodymium concentrations of open ocean surface waters? Journal of Geophysical Research: Oceans. 118(8), 3887-3894.

Cline, J., D. &Richards, F., A. (1969) Oxygenation of hydrogen sulfide in seawater at constant salinity, temperature and pH. Environmental Science & Technology.
3, 838-843.

Davis, R., W. (1973) Influence of Thunderstorms on Environmental Ozone. National Weather Service Tallahassee, Florida. pp 505-516.

Delbeek, C. & Sprung, J. (1994) The Reef Aquarium: A Comprehensive Guide to the Identification and Care of Tropical Marine Invertebrates (Volume 1). Two
Little Fishies. p xv.

Dube, M., Auclair, J., Hanana, H., Turcotte, P., Gagnon, C. & Gagne, F. (2019) Gene expression changes and toxicity of selected rare earth elements in rainbow
trout juveniles. Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology. 223, 88-95.

Garland, J., A. & Curtis, H. (1981) Emission of iodine from the sea surface in the presence of ozone. J. Geophys. Res. 86(C4), 3183-3186.

Haas, A., F., Smith, J., E., Thompson, M. & Deheyn, D., D. (2014) Effects of reduced dissolved oxygen concentrations on physiology and fluorescence of
hermatypic corals and benthic algae. PeerJ. 2, €235.

Hartwell, S., Jordahl, D. & Dawson, C. (2004) The Effect of Salinity on Tire Leachate Toxicity. Water, Air, Soil Pollution. 121(4), 119-131.

Holmes-Farley, R. (2006) Reef Alchemy- Ozone and the Reef Aquarium, Part 1: Chemistry and Biochemistry. ReefKeeping.com.
http://www.reefkeeping.com/issues/2006-03/rhf/index.php

Jones, A., Gensemer, R., Stubblefield, W., van Genderen, E., Dethloff, G. & Cooper, W. (2006) Toxicity of ozonated seawater to marine organisms. Environmental
Toxicology & Chemistry. 25(10), 2683-2691.

Latson, E., F., George, R., LePage, V., Neal, L. & Sowers, K. (2018) Treatment of a Large Multi-species Display Exhibit with Chloroquine and Mortality Associated
with Treating the Water Containing Chloroquine with Ozone. IAAAM.
https://www.vin.com/apputil/content/defaultadv1.aspx?pld=20778&catld=113378&id=8505022

Luna, G., M., Biavasco, F. & Danovaro, R. (2007) Bacteria associated with the rapid tissue necrosis of stony corals. Environmental Microbiology. 9, 1851-1857.

Osinga, R., Schutter, M., Wijgerde, T., Rinkevich, B., Shafir, S., Shpigel, M., Luna, G., Danovaro, R., Bongiorni, L., Deutsch, A., Kuecken, M., Hiddinga, B., Janse,
M., McLeod, A., Gili, C., Lavorano, S., Henard, S., Barthelemy, D., Westhoff, G., Baylina, N., Santos, E., Weissenbacher, A., Kuba, M., Jones, R., Leewis,
R., Petersen, D. & Laterveer, M. (2012) The Coralzoo project: a synopsis of four years of public aquarium science. Journal of the Marine Biological
Association of the United Kingdom. 92(4), 753-768.

Perrins, J., Cooper, W., van Leeuwen, J. & Herwig, R. (2006) Ozonation of seawater from different locations: Formation and decay of total residual oxidant—
implications for ballast water treatment. Marine Pollution Bulletin. 52(9), 1023-1033.

Riggs Larsen, K. (2016) Selecting Stainless Steels for Seawater Pumps. Materials Performance. MaterialsPerformance.com.
http://www.materialsperformance.com/articles/material-selection-design/2016/05/selecting-stainless-steels-for-seawater-pumps

Sandmeyer Steel Company (2014) Specification  Sheet:  Alloy 316/316L (UNS  S31600, S31603) W. Nr. 14401, 1.4404.
https://www.sandmeyersteel.com/images/316-316l-317I-spec-sheet.pdf

Schroeder, J., Croot, P., Dewitz, B., Waller, U. & Hanel, R. (2011) Potential and limitations of ozone for the removal of ammonia, nitrite, and yellow substances in
marine recirculating aquaculture systems. Aquacultural Engineering. 45, 35-41.

Wallace, R., A, Sanders, G., P. & Ferl, R., J. (1996) Biology: The Science of Life, Fourth Edition, HaperCollins Publishers Inc. New York, USA. pp 1070-1071.
Wang, J., Sasaki, T., Maehara, Y., Nakao, H., Tsuchiya, T., Miyoshi, S., I. (2008) Variation of extracellular proteases produced by Vibrio vulnificus clinical isolates:
Genetic diversity of the metalloprotease gene (vvp), and serine protease secretion by vvp-negative strains. Microbial Pathogenesis. 44(6), 494-500.
Westerhoff, P., Song, R., Amy, G. & Minear, R. (1998) Numerical kinetic models for bromide oxidation to bromine and bromate. Water Research. 32(5), 1687-

1699.

Wilson, M. (2008) World Feeds Limited, 3b Coulman Street Industrial Estate, Thorne, Doncaster, DN8 5JS, United Kingdom.

Zhang, X., Mar, V., Zhou, W., Harrington, L. & Robinson, M., O. (1999) Telomere shortening and apoptosis in telomerase-inhibited human tumor cells. Genes &
development. 13(18), 2388-2399.

A marine aquarium, reef tank, and saltwater fish system guide, handcrafted by a coral reef expert.



