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No other book written to the average hobbyist addresses topics like fish mass determination,
fish pharmacology, or ethics and aquariums. The author also thoroughly addresses common
problems such as diet and nutrition, tankmate selection and maintaining proper water quality. In
addition to detailed care information for a wide variety of both common and rare fish species,
this book covers non-fish aquatic animals , such as octopuses, rare shrimps and other
invertabrates. Inspiring photographs highlight the awesome beauty of a variety of marine
creatures while numerous graphs and charts makethe information easy to understand and apply.

“Summing Up: Highly recommended. All academic and technical program engineering
collections.” (Choice, 1 October 2013)"Readers with knowledge of the fundamental concepts of
aerodynamics, propulsion, aero-structure, and flight dynamics will find this book ideal to
progress towards the next stage in their understanding of the topic. Furthermore, the broad
variety of design techniques covered ensures that readers have the freedom and flexibility to
satisfy the design requirements when approaching real-world projects." (Expofairs.com, 25
January 2013)From the Inside FlapA comprehensive approach to the air vehicle design process
using the principles of systems engineering Due to the high cost and the risks associated with
development, complex aircraft systems have become a prime candidate for the adoption of
systems engineering methodologies. This book presents the entire process of aircraft design
based on a systems engineering approach from conceptual design phase, through to
preliminary design phase and to detail design phase.Presenting in one volume the
methodologies behind aircraft design, this book covers the components and the issues affected
by design procedures. The basic topics that are essential to the process, such as aerodynamics,
flight stability and control, aero-structure, and aircraft performance are reviewed in various
chapters where required. Based on these fundamentals and design requirements, the author
explains the design process in a holistic manner to emphasise the integration of the individual
components into the overall design. Throughout the book the various design options are
considered and weighed against each other, to give readers a practical understanding of the
process overall. Readers with knowledge of the fundamental concepts of aerodynamics,
propulsion, aero-structure, and flight dynamics will find this book ideal to progress towards the
next stage in their understanding of the topic. Furthermore, the broad variety of design
techniques covered ensures that readers have the freedom and flexibility to satisfy the design
requirements when approaching real-world projects.Key features:• Provides full coverage of
the design aspects of an air vehicle including: aeronautical concepts, design techniques and
design flowcharts• Features end of chapter problems to reinforce the learning process as
well as fully solved design examples at component level• Includes fundamental



explanations for aeronautical engineering students and practicing engineers• Features a
solutions manual to sample questions on the book’s companion websiteCompanion website -
Cover photograph reproduced by permission of Gulfstream Aerospace CorporationFrom the
Back CoverA comprehensive approach to the air vehicle design process using the principles of
systems engineering Due to the high cost and the risks associated with development, complex
aircraft systems have become a prime candidate for the adoption of systems engineering
methodologies. This book presents the entire process of aircraft design based on a systems
engineering approach from conceptual design phase, through to preliminary design phase and
to detail design phase.Presenting in one volume the methodologies behind aircraft design, this
book covers the components and the issues affected by design procedures. The basic topics
that are essential to the process, such as aerodynamics, flight stability and control, aero-
structure, and aircraft performance are reviewed in various chapters where required. Based on
these fundamentals and design requirements, the author explains the design process in a
holistic manner to emphasise the integration of the individual components into the overall
design. Throughout the book the various design options are considered and weighed against
each other, to give readers a practical understanding of the process overall. Readers with
knowledge of the fundamental concepts of aerodynamics, propulsion, aero-structure, and flight
dynamics will find this book ideal to progress towards the next stage in their understanding of
the topic. Furthermore, the broad variety of design techniques covered ensures that readers
have the freedom and flexibility to satisfy the design requirements when approaching real-world
projects.Key features:• Provides full coverage of the design aspects of an air vehicle
including: aeronautical concepts, design techniques and design flowcharts• Features end of
chapter problems to reinforce the learning process as well as fully solved design examples at
component level• Includes fundamental explanations for aeronautical engineering students
and practicing engineers• Features a solutions manual to sample questions on the book’s
companion websiteCompanion website - Cover photograph reproduced by permission of
Gulfstream Aerospace CorporationAbout the AuthorMohammad H. SadraeyDaniel Webster
College, New Hampshire, USARead more
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S. AxelrodExecutive Vice President: Mark E. JohnsonProduction Manager: Kathy BontzTFH
Publications, Inc.®One TFH PlazaThird and Union AvenuesNeptune City, NJ 07753Copyright ©
2006 by TFH Publications, Inc.All rights reserved. No part of this publication may be reproduced,
stored, or transmitted in any form, or by any means electronic, mechanical or otherwise, without
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Cataloging-in-Publication DataHemdal, Jay F., 1959Advanced marine aquarium techniques /
Jay F. Hemdal.p. cm.Includes bibliographical references.1. Marine aquariums. I.
Title.SF457.1.H46 2006639.34’2--dc222005033825This book has been published with the
intent to provide accurate and authoritative information in regard to the subject matter within.
While every precaution has been taken in preparation of this book, the author and publisher
expressly disclaim responsibility for any errors, omissions, or adverse effects arising from the
use or application of the information contained herein. The techniques and suggestions are used
at the reader’s discretion and are not to be considered a substitute for veterinary care. If you
suspect a medical problem, consult your veterinarian.The Leader In Responsible Animal Care
For Over 50 Years!®AcknowledgementsThis idea for this book was initially conceived in 1981
while I was the aquarium department manager of a large retail pet store. Many times since, as I
worked for public aquariums, this work was set aside, begun again, or portions of it reworked
and used for other projects. From 1990 until 1997, I was kept busy developing aquarium-related
computer software applications in my spare time. It wasn’t until 1999 that I began working in
earnest on this, the final version of the book I had envisioned nearly 20 years before—little
knowing that it would still take another six years to complete.Although writing is mostly a solitary
pursuit, gaining the required knowledge for a work of this nature requires regular interaction with
others. I would therefore like to extend my sincere appreciation to the people who helped me
with this effort: My wife and son, for their patience as I wrote in my home office, night after night.
Roger Klocek, Paul Loiselle, and Doug Sweet, all excellent public aquarists who taught me more
than I’d sometimes care to admit. My employer, the Toledo Zoo has always been extremely
supportive of my writing efforts. The aquarium department staff at the Toledo Zoo has always
been eager to help with my projects, and have offered many excellent suggestions over the
years. Finally, I would like to thank my parents, John and Sally who nurtured my early awareness
of aquatic life despite their having absolutely no interest in the topic of marine aquariums
themselves!PrefaceThe information contained in this book is unique in that I have avoided
incorporating too many written references from other authors, as I was determined to include
only a compilation of my own best original material. The benefit of this approach is that I do not
have to worry about compounding or repeating any mistakes previously made by others. The
only drawback is that I must be certain that the information I present is as accurate as possible



because I am then solely accountable for its accuracy.In 1979, Stephen Spotte wrote that
maintaining a marine aquarium was “mostly witchcraft mixed with a little science.” Lately, with
many authors concentrating so heavily on the “science,” I thought it would be somewhat
refreshing if we returned to those roots of marine aquarium keeping, and focused just a bit more
on the “witchcraft.” What this means to me is that while we should all strive to use good science
as a basis on which we build our aquarium knowledge, we still need to use some level of
common sense, intuition, and sometimes moderate leaps of faith in order to gain a more
complete understanding of our aquariums and the life contained within them. This does not
imply that aquarists should blindly subscribe to every brand-new technique offered by some
“experts” in the aquarium field. Ultimately, these new methods must be first proven to work and
then stand up to rigorous examination before anyone should accept them as fact. Rather, this is
more along the lines of the old gardener who, from many years of practical experience, has truly
developed a “green thumb.”I have always trusted my own experiences to show me the way—
sometimes my background in the “hard sciences” is not up to the task, but in using a holistic
approach, I’m usually able to solve even the most complicated aquarium problem. My hope is
that by reading this book, cover to cover, you will gain some understanding of this “witchcraft”
approach and become a much better marine aquarist as a result.IntroductionAquarists tend to
think of their aquariums in terms of absolutes: either freshwater or marine, tropical or cold water,
reef or non-reef. They also tend think of natural aquatic environments in the same way. While this
book is about advanced marine aquariums, this is really an artificial designation. What exactly
constitutes a marine aquarium? Just when does a brackish water aquarium, held at slightly
higher salinity, become a marine system? What about a marine fish such as a target perch being
kept in a freshwater aquarium? “Advanced” for one person may be common knowledge for
another. Try not to think in such absolutes; do not be afraid to borrow “marine concepts” for use
in your freshwater tanks and vice versa.This book is primarily about advanced marine aquarium
topics. Do not confuse the term advanced with complicated. These terms are not always
interchangeable. Described in this book you’ll find simple advanced topics (i.e. automatic
plankton feeders), complicated beginner topics (i.e., “all my fish but one died—why?”), and there
are highly complicated advanced topics (i.e., establishing a working mangrove swamp
microcosm).The overall topic of this book is vast and enormously complex. No single individual
has managed to cover the field of advanced marine aquariums in an all-inclusive manner.
Additionally, since no author has a means of ascertaining their reader’s relative experience
levels, much effort sometimes goes into covering “the basics” so that all readers have a chance
of being brought to the same level of experience through read-ing. This book takes a different
tack; it assumes the reader already has a decent grounding in marine aquarium husbandry, and
enough common sense to assimilate information about any new topics they are unfamiliar with.
In this way, the material is focused on the essence of the subject, and not the entire introductory
framework. Even without the excluded preparatory information, the subject of advanced marine
aquariums is still immeasurably vast. Each specialty topic such as water quality, fish husbandry,



and aquarium careers could have—and indeed have had—entire books written about them. The
various aquarium magazines try to fill a void between the more general focus normally seen in
aquarium books, but they too often fall short in having to repeat too much basic information to
their readers every month. Other times, authors who have rather enthusiastically combed all
available aquatic literature for their information, write about advanced aquarium topics. This is
fine if the reader wants that author to serve solely as a “clipping service,” to go out and gather
articles, summarizing the information (hopefully accurately and without over extrapolation!), and
then serving it up to them in digest form.Hopefully this book will serve its superior purpose—to
inform, educate, and motivate intermediate and advanced private and public aquarists to rise to
the next level with their aquariums.Some words of caution are in order; this is a book on
advanced topics in marine aquarium keeping. It assumes you already have a good grounding in
basic aquarium techniques. In some cases chemical recipes are given. You must have access to
the appropriate material safety data sheets (MSDS), and have the proper laboratory safety
equipment on hand before using any of these compounds.There is a great variety today in
marine aquariums; the people who care for them and the animals that inhabit them. The ultimate
responsibility for your aquariums lies fully upon your own shoulders, so always proceed
cautiously when applying any new information.What follows are a series of vignettes regarding
advanced marine aquarium topics. This information was developed during 15 years of
experience in the pet industry and subsequent 20 years working for public aquariums. While this
material pertains to marine aquariums, as previously mentioned much of it is just as applicable
to advanced freshwater systems. If the information in one section does not apply to your
aquariums, the next one most likely will. If you already know all about one of the topics, not to
worry, the subsequent one will probably be new to you.If the information herein allows each
hobbyist to keep even one fish alive a few years longer, then task of writing this tome was well
worth it!Environmental QualityAquariums differ greatly from most other containers used to house
captive wildlife because the environment they encompass can vary by so many parameters and
at a much greater magnitude. Think of the physical environment of a typical hoof stock enclosure
at a zoo. There really are only two environmental criteria: living space and food. Meet these basic
needs, and the animals will survive. Aquariums are a bit different. Fish require a proper water
temperature range in addition to adequate space and food, additionally they need certain levels
of dissolved inorganic solids (salts), a proper pH, and they often have an upper limit of dissolved
organic compounds that will be tolerated. Furthermore, disease organisms can disseminate
much more rapidly through water than they can through the air. All of this adds up to the fact that
aquatic animals are many times more sensitive to changes in their aqueous environment than
are terrestrial animals that are solely concerned with changes in the atmosphere
(weather).Maintaining this Caribbean stony coral requires a nearly perfect environment.This
section examines some of the aquarium water quality issues (in both theory and practice) that
advanced aquarists should be concerned with or at least interested in. Two aspects will be
conspicuous in their absence; there is no explanation of an aquarium’s nitrogen cycle or similar



descriptions of basic water quality science—those are fully explained in basic and intermediate
aquarium texts. The second thing missing is any chemical theory that cannot be directly applied
to real-life aquariums. Too many “alchemists” in this field attempt to impress their readers with a
confusing array of arcane chemical facts. This may have been appropriate in their college
chemistry classes, but it tends to fall short when it is overextrapolated to aquariums.Aquarium
ConstructionWhen one thinks of an aquarium, a glass tank usually comes to mind. These
aquariums are made from five sheets of glass bound together with chemically inert silicone
sealant. The type of glass used may differ from one manufacturer to the next. Beware of
inexpensive models that possess thinner glass in order to lower the cost (In some cases thin
tempered glass is used, and this is perfectly acceptable.). Usually all-glass aquariums have
plastic trim around the top and bottom edges to protect from chipping or other physical damage.
In older books on marine aquariums, warnings were given about using metal-framed aquariums
in these applications. This was due in part to the potentially toxic cement used to hold the sheets
of glass in place. More importantly, it was common knowledge that the corrosion of the metal by
seawater would cause serious poisoning problems in the tank should the oxidized metal ever
come in contact with the water. Cautions about using such tanks as marine aquaria are largely
unnecessary nowadays, as these tanks have not been produced commercially for nearly 40
years. The lesson to be learned here, however, is never to allow any metal (except titanium) to
contact the water of a marine aquarium.There are other materials successfully used to construct
home aquariums. After all-glass aquaria, the next most popular type of construction is the acrylic
(Plexiglas) tank. The home aquarist, in order to make an informed choice as to the type of tank
to purchase, must research the differences between these two materials carefully. As an aid in
decision making, Table 1 compares the relative merits and drawbacks of Plexiglas versus glass
aquarium construction. When using this table, simply tally up the categories that are personally
important to you. If one category is especially important to your application, give it a double, or
even a treble weight. (For example, if resistance to leakage is a very important factor, you would
give the Plexiglas tank two points, or give the glass tank negative two.) Then simply add up each
column, and the type of tank which receives the highest score should be the one best suited for
you. Using a straight weighted scale, that is +1 or -1 for each category, the Plexiglas tank would
come out ahead. For a hospital or quarantine tank, where clarity and seam distortion are of little
importance, the glass aquarium would prove superior.Concerning some of the categories listed
in Table 1, in considering clarity, acrylic aquariums appear clearer than glass tanks. This may be
due in part to the greenish hue that glass imparts on water. To see this for yourself, view a piece
of glass from the end, and see that it looks green in color. Perhaps the major criticism with
acrylic tanks is that they are very prone to scratches. Besides clouding the view of the aquarium,
these scratches allow algae to grow inside them. It is then extremely difficult to remove this algal
growth without scrubbing harder, which in turn produces new scratches. The problem of
scratches can be minimized by not using abrasive cleaning pads, and performing frequent
gentle cleanings rather than major scrubbings on a less frequent basis. Should a “haze” develop,



there are products on the market that the aquarist can use to buff the surface clear again,
although this normally requires that the aquarium be emptied of water.Noncommercial
AquariumsPeople often ask if they could build their own tank out of materials from a hardware
store. The answer is yes, but the cost will usually be higher than that of a commercially produced
aquarium and obviously offers no manufacturer’s warranty. Attempts have been made to build
larger aquariums from marine-grade plywood, with a glass viewing window. The rationale is that
plywood is less expensive than glass. Problems arise, however, when one figures in the cost of
the epoxy paint needed to protect the wood surfaces from the saltwater. The net effect is that of
an aquarium which costs a little less than an all-glass tank but has a much shorter serviceable
life.A plastic farm tank with an acrylic window makes a serviceable holding tank.Bins and
TubsPlastic bins and tubs are sometimes converted for use as aquariums. They have two
primary drawbacks—lack of lateral viewing windows and poor side support when filled with
water. A third issue is the potential toxicity of the plastic material used in the tub’s construction—
potable water products are safe to use, but other types may not be. White plastic Rubbermaid™
containers are generally safe for aquarium use. Scrubbing new tubs with a paste of baking soda
and water, and then rinsing with very hot water will help to remove waxes and mold-releasing
agents that may still be present on the surface of the containers. Lateral viewing is very
important, both from an aesthetic as well as an animal health issue. Hobbyists obviously gain
enjoyment from viewing their animals, and opaque tubs impede that. If the plastic vessel has
sturdy flat sides, a viewing port can be cut out and replaced with a suitably thick acrylic viewing
window. Remember to leave ample material above and below the window to serve as supports.
The windows can be fixed in place using silicone sealant to form a gasket and then 3/8” to 1 1/2”
nylon bolts set every 3 to 4 inches around the perimeter of the window. Do not over-torque these
bolts as they may shear off, and be certain to use marine- or aquarium-grade silicone. These
products will be listed as “marine use—safe for use below the waterline.”For many aquarists, in
terms of their aquariums, “advanced” equates to “huge.” Larger and larger home aquariums are
being built by enterprising aquarists or their contractors. For most homes, the installation of an
aquarium larger than 180 gallons will require the assistance of an engineer to measure floor
loading, etc.All-Glass AquariumsThe limit in size for all-glass aquariums seems to be around this
size as well. A pair of 300-gallon all-glass tanks in a pet store would regularly split their seams
every two to four years. It seems that there is a point where silicone alone is simply not sufficient
to bond panels of glass, even with the addition of corner and center braces. When designing
large all-glass aquariums and determining their placement, thought must be given to what
happens when, not if, their seams will split.All-glass aquariums are by far the most popular type
of tanks that hobbyists use.Fiberglass AquariumsAcrylic aquariums are much better suited as a
construction material for large aquariums. Epoxy-coated wood aquariums are suitable if one
bears in mind their relatively short life span—often less than ten years if used as marine
aquariums. For the very largest aquariums, fiberglass or concrete with acrylic viewing windows
are the materials of choice. Balsa or foam-cored fiberglass tanks run on the order of $10 to $15



per gallon of capacity. Reinforced fiberglass tanks are a bit more expensive and concrete tanks
vary in price depending on technique used, but are an order of magnitude and more
expensive.Concrete AquariumsCinder block is not a suitable material for concrete aquariums—
they must be poured mix with special salt-resistant re-bar, not a do-it-yourself prospect by any
means! Comparing these prices to all-glass aquarium costs that run $1.50 to $2 per gallon and
acrylic aquariums costing $3 to $6 per gallon, and a case can be made that perhaps “more
aquariums” is the better answer than “larger aquariums”—at least for most homes.In summary,
an aquarium used to house marine organisms must be constructed of materials that will not
react with seawater to form toxic substances. Additionally, the construction technique used must
be suitable for the application. Furthermore, the tank must be within the aquarist’s projected
budget and allow for the proper viewing of the animals. Aside from that, the aquarist is welcome
to explore the many different possibilities of tank composition.Water Quality Measurement
TechniquesFew people possess the mystical ability to simply glance at the water in an aquarium
and immediately ascertain its relative capacity to support aquatic life. Most of us need to rely on
a variety of apparatus to determine the level of vital water quality parameters. Choosing the
correct water quality measurement tool is often a trade off between the cost of the device and
the accuracy of the results. In some cases, cost is simply the purchase price of the unit itself. In
other cases, the true “cost” may be in the effort needed for data collection such as a test
procedure that requires 20 separate steps and takes hours to perform. The level of accuracy
required in the resulting measurements is based on two criteria: the needs of the organisms and
the requirements of the aquarist, for example, if the test results are to be published. Whereas a
fish will scarcely react to an ammonia concentration difference of plus or minus 0.1 ppm (and
using a simple test kit should give this degree of accuracy), that same data destined for
publication might better be collected using more accurate USEPA approved methods. Once the
data has been collected, it must be analyzed and stored for later retrieval.Rusted re-bar was
responsible for damage to this 60-year-old concrete tank.Most public aquariums or advanced
home aquarists have a water quality monitoring program that incorporates a variety of testing
equipment to monitor all critical parameters in the water systems. The monitoring frequency
varies depending on the parameter and the system being tested but is at all times sufficiently
frequent to insure that optimal water quality is available in the aquatic systems being
monitored.For most public aquariums, the data is collected by the curator, interns, or the
aquarists. It is then entered into a database (usually developed for that specific facility—although
the basic framework of these databases is similar). From this, reports are generated for the
aquarists. The aquarists review the reports and use the data to determine the frequency of water
changes and if any adjustments need to be made to the life support systems. These methods
serve most aquariums very well; it is extremely rare for fish losses to be attributed to the
malfunction of a life support system and subsequent failure to identify the problem through a
properly implemented water quality monitoring program.Regular water testing is a crucial step to
success with marine aquariums.TemperatureThis is the most critical, yet easiest measured



water quality parameter in most aquariums. The temperature parameter has the greatest
potential to change rapidly due to a malfunction in a temperature regulation device.Aquarium
systems can be heated, chilled, or held at ambient water temperature. Temperatures are
measured using a variety of methods. Digital electronic thermometers and infrared remote
sensing thermometers that have been calibrated using a standardized laboratory thermometer
are the most “high tech.” Temperature should be monitored throughout the day; automatic “out of
range” alert systems are very handy, especially at night. Logs are helpful in tracking temperature
trends, especially if more than one person is responsible for measuring this parameter—as in a
pet store or public aquarium.This is an infrared thermometer with a distance pointer added (for
more reproducible results).pHThe pH is not as easily changed compared to water temperature
and tells the hobbyist the most information about the overall quality of a system’s water. This
parameter should be measured weekly on most systems using a pH probe with automatic
temperature calibration. Highly critical systems such as some reef aquariums or systems utilizing
carbon dioxide generators will require a full-time pH probe to constantly monitor this parameter.
The acceptable pH range varies between freshwater and marine systems, and depending on the
hardiness of the species involved. A minimum pH level must be established for every aquarium
system.A system’s current pH level can be used to determine the potential need for a water
change. As important as the actual pH value is at a given time, one must also monitor the pH
over a period of time to witness a change in pH (referred to as pH fluctuation). If a system’s pH is
low but steady, no corrective action may be needed, but a system with a widely fluctuating pH,
although perhaps having a relatively high average value, may be in more need of
attention.Dissolved SolidsThe measurement of dissolved solids is an important parameter also
used to judge the need for water changes in freshwater systems, just like the monitoring of pH
fluctuation. As animals live in the water and excrete waste products, the dissolved solids value of
the water tends to rise. For instance, if you know that your tap water has a base value of around
80 mS, a rise in that level to values greater than 250 mS may indicate the need for a water
change. This test should be taken at least weekly on freshwater systems using an electronic,
hand-held dissolved solids meter. Due to the great amount of inorganic dissolved solids in
seawater, this test is not usable on marine systems, except to measure the efficiency of reverse
osmosis (RO) or de-ionizing (DI) units used to make water for reef systems. For these units, the
dissolved solid probe should read zero on the product water, before the salt is added.Regular
testing of your aquarium’s pH is essential—especially in systems containing sensitive
invertebrates.Nitrate-NitrogenA counterpart of the dissolved solids test and also somewhat
related to pH fluctuation, is the test for nitrate ions. This measures the buildup of one specific
waste product resulting from the biological filtration process. While not overtly toxic itself, the
absence of nitrate-nitrogen is a good indication that the water system does not have a buildup of
other, more harmful waste products such as phenols, cresols, etc. This test is mostly applied to
marine systems and is performed on a periodic basis. Aquarists should perform enough routine
water changes so that the nitrate ion level is always diluted below danger levels. In coral reef



ecosystems, the dissolved waste levels must be kept at ultra-low levels (less than 1.5 ppm) so
more regular testing is therefore performed on these systems to ensure that such low levels are
maintained. Typically, you must use a spectrophotometric method to test for this ion at ultra-low
levels (such as a Hach DR series). Do not fall into the common fallacy of trying to interpret ultra-
low readings on typical home aquarium reagent test kits, this is simply too inaccurate.Here is a
hand-held pH monitor with two packets of calibration fluids.SalinityThe salt content of marine
and brackish water systems should be monitored weekly or as needed using either a specific
gravity meter or a temperature-corrected refractometer. Both of these devices should be
standardized to a glass laboratory-grade hydrometer. The marine fish systems are typically kept
at a specific gravity of 1.019 to 1.022 while the marine invertebrate systems are kept at a higher
specific gravity of 1.023 to 1.026.These are two types of hydrometers that hobbyists commonly
use. The unit on the left is a standard swing-arm type, while the one on the right is a floating
hydrometer/thermometer combination.Dissolved OxygenPhotometric dissolved oxygen testing
meters are the easiest and most practical measuring device for pet stores and home aquarists to
test a system’s dissolved oxygen (DO) content. Dissolved oxygen meters require frequent
calibration and replacement of electrode membranes. Visual, reagent-type oxygen tests are
difficult to perform and somewhat difficult to read the results once the test is complete.As the
level of dissolved oxygen is generally a function of the filtration/aeration system used and the
system’s overall bio-load, it rarely changes unless either of those criteria changes, so this test is
usually only performed on an as-needed basis. Dissolved oxygen readings can sometimes be
used to infer total dissolved gasses, a way to help avoid supersaturation of aquarium water with
air.Photometric dissolved oxygen meters are easy to use, and some pet shops have access to
them.Nonroutine ParametersOther water quality parameters may be measured on an as-needed
basis. Phosphorus (as ortho-phosphate) is best measured using the spectrophotometer; again,
visual reagent tests are not accurate enough at low detection levels. Lighting can be measured
with a Lux or PAR meter. This tells the aquarist how well the metal halide lamps and other
specialized lighting systems are working. Ammonia and nitrite (two precursors for nitrate ion in
the biological cycle in aquariums) should be measured every few days in any newly established
marine system. Copper is used as a medication for marine protozoan diseases, and its proper
use at low concentrations requires the use of a spectrophotometer. This is a case where
improperly analyzing a visual reagent test can lead to fish death. Dissolved calcium is important
for the growth of live coral and is best measured using a reagent test kit. Iodine and strontium
test kits are available but are extremely difficult to read accurately, leaving their results in
doubt.Portable ProbesThese inexpensive units are very popular with both public and private
aquarists. The best ones can run for hundreds of hours on four watch batteries and often give
results nearly as accurate as some bench-top measurement devices. Some less expensive
models suffer from durability and accuracy problems—so price may ultimately be a deciding
factor in which brand to purchase. It is best to tie a lanyard to keep yourself from dropping these
electronic devices in the aquarium water. If they become submerged, they may be ruined, in



some cases they can be salvaged by removing the batteries and shaking the residual water from
the unit. Dry for at least a day and test its operation. Some currently available hand-held probes
include:•pH pens – run a double or triple point calibration before each use.•Dissolved solids –
very reliable meters, but for freshwater use only.•Refractometer – usually more accurate than a
hydrometer for measuring salinity.•Hydrometer – dip and read models, calibrate first with a
refractometer.•ORP pens – difficult to calibrate, highly variable readings.•Digital thermometer –
check accuracy against a known mercury laboratory unit.Older spectrophotometer models are
still used today. This unit is more than 15 years old and still running strong.Pictured is a small but
serviceable aquatics laboratory.Spectrophotometer ApplicationsIn other cases, there is no
substitute for a more costly bench-top meter. Spectrophotometers and the less expensive (and
typically a bit less accurate) colorimeters serve as “expert eyes” in determining color changes of
various test reagents in water samples. Anyone who has tried to read a poryphrin copper test
with just their eye knows how small these color changes can be and how difficult they are to read
by eye alone.Spectrophotometers have gained wide acceptance with many public aquarists as a
water quality assessment tool. Their ease of use, portability, relative low cost, and wide range of
available test parameters have all contributed to their favor with aquarists. Important aquarium
chemicals that spectrophoto-meters can very accurately test for include ammonia, nitrite, nitrate,
phosphorus, and copper. These units have the added ability to test for more esoteric materials
such as chromium (a contaminant in some mortar dyes), zinc (from galvanized materials), and
lead. All of these tests are fully explained in the manual that comes with the spectrophotometer
unit.A built-in test that some spectrophotometers can perform is for “true and apparent color.”
This test photometrically compares a given water sample to a blank of “zero” value, and gives
the user a means to compare relative water clarity and color. For Hach brand
spectrophotometers, method number 8025 is used to determine the true and/or apparent color
of any water sample with results given in platinum-cobalt (PtCO) units in a range of 0 to 500.This
chart shows how changes in husbandry practices affected the water clarity in a public aquarium
display tank.Cloudiness forms when an aquarium’s gravel is stirred. This chart shows the
clearing action of the filtration units employed in one tank over a five-hour period of time. These
tests are common when testing new filtration methods or units for efficiency.Apparent color is a
combination of dissolved coloring agents such as organic wastes, certain inorganic compounds,
and tannins, which are sometimes collectively called “gelbstoff” (German for “yellow material”),
combined with any suspended matter. This is the “real” measurement, in that this is what one’s
eye perceives when viewing a given aquatic exhibit. True color is derived from a sample that has
been prefiltered or centrifuged to remove the suspended particulate matter. This measurement
gives the user an idea of the potential benefit which might be gained with carbon filtration or
partial water changes desired to remove or dilute the gelbstoff concentration. The relation of
these two values is important to understand; a high, apparent color combined with a lower true
color reading indicates that the mechanical filter of a given system is not sufficient to achieve
proper particulate filtration of the water volume. A high true color, nearly equal to the apparent



color indicates that mechanical filtration is sufficient, but that excessive gelbstoff is present, and
should be removed by chemical filtration or water exchange. A true color reading greater than
the apparent color reading indicates some error in the test procedure (for example, not insuring
that the outside surface of the sample cell is clean or not prerinsing the filter paper to remove
any loose fibers).In interpreting the results of this test procedure in aquariums, it is important to
understand how other factors may influence perceived water clarity of a given system. An
aquarium front that has reflections on it from strong ambient room light or other nearby displays
will always seem “less clear” than the same tank viewed from a darkened area. Glass viewing
windows impart a green hue to the water that is not seen with acrylic windows. In systems where
the true and apparent color readings are equal but elevated (indicating low turbidity but high
gelbstoff), some types of aquarium lights (such as halogens bulbs), seem to cause the gelbstoff
to show up more than high-temperature metal halide bulbs. Obviously, the lateral viewing
distance of a tank affects the overall perceived color of the water. A 10-gallon aquarium with a
reading of 5 PtCO true color units may seem “clear,” but that same water in a 20-foot-wide shark
tank will look distinctly yellow. For many larger systems, .5 to .75 PtCO true color units per foot of
tank width is a good target to try for. The true color reading subtracted from the apparent color
reading gives the relative turbidity of the system. This reading should be less than .3 PtCO units
per foot of tank width. Tank lighting affects the perceived turbidity as well. A bright focused light
source above the tank (such as a metal halide pendant lamp) will scatter when it hits free-
floating particles, causing the tank to seem more turbid.This Mediterranean-themed aquarium’s
success is directly correlated with the quality of the filtration and circulation methods used.
Water current is very important in all aquariums, not just reef displays.Water Current
GeneratorsReef aquarists spend quite a bit of their time and money developing the best ways to
simulate natural water motion in their aquariums. Marine invertebrates often require specific
water flow rates and directions of flow for them to thrive on a long-term basis. These flow
requirements differ by species and can be achieved using a variety of methods. Low water flow
rates in reef aquariums will result in poor expansion and eventual death of many corals and other
sessile invertebrates. Low flow rates can also result in the detrimental buildup of detritus or the
growth of slime algae. A unidirectional high rate of water current (called laminar flow) will reduce
this detritus and slime algae growth, but may stress soft-bodied invertebrates by pulling on their
tissues in a single direction all the time. The best reef aquarium water flow regimen seems to be
one that moves large volumes of water (without overly concentrated currents) in a variety of
directions, interspersed with a few periods of low water flow. It is no wonder that this requirement
is similar to that seen on coral reefs; waves resulting in a variety of turbulent water motion based
on their ever-changing heights and directions, predict-able tidal currents (produced by the
gravitational actions of the sun and moon), as well as oceanic currents that vary in magnitude
and direction but over a more extended period.Fish-only marine aquariums may see some
benefit from increased water currents as well. In addition to the reduction of slime algae and
limiting detritus buildup, some reef-associated schooling fishes seem to behave more naturally



in aquariums that have strong water currents. Their colors may be brighter, and their activity is
definitely increased. Fish that relish increased water currents include, but are not limited to
Chromis sp., Anthias sp., and various species of garden eels.Aside from the benefits of the
physical motion of the water itself, adequate water movement also contributes to proper gas
exchange in the aquarium as a whole, especially if the surface tension of the aquarium’s water is
broken, creating bubbles. In addition, some invertebrates rely on water currents to bring their tiny
food to them (plank-ivorous), as they don’t have the ability to move and find food
themselves.Several canister filters connected to each other filter this aquarium. Aside from a
strong current, the filters provide multi-tiered filtration and thus a cleaner environment.Some
freshwater aquarists have begun to experiment with increased water flow in their aquariums.
Rheotaxis is the term for a behavior that certain fish exhibit where they tend to orient themselves
into an on-coming current in order to better locate food and to maintain a steady position in the
water. Stream fishes such as shiners, dace, and darters will exhibit this behavior in an aquarium
that has suitable water flow. While these fishes will survive in still-water aquariums, they have
their best coloration, and show more normal behavior in aquariums that have water flow rates
similar to that of the streams they are naturally found in.The following reviews the wide varieties
of methods aquarists have developed to produce adequate water flow in their aquariums. These
techniques differ in the means by which they achieve their results, and they all have inherent
benefits as well as drawbacks. Some work best in small aquariums, while others can only be
implemented in the largest of aquariums. Costs differ widely between these systems both in
initial construction cost as well as operational expense.External PumpsMost aquariums have
some sort of motor/impeller system in place to transfer water from the aquarium to an outside
filter or protein skimmer. When this water is returned to the aquarium, water currents will
obviously be produced. Depending on the pump size and direction of the water return, this flow
can be adapted to benefit the aquarium’s inhabitants. Most of these pumps are designed to
operate continuously and their return hoses are usually fixed in place, so in order to use their
energy in the formation of oscillating currents, some additional type of mechanical device must
be employed. A variety of devices have been invented to do this. They work by changing the
direction of the pump’s water flow using either a separate motor or by utilizing the force of the
water to move the direction of the effluent. Due to the close mechanical tolerances needed to
operate such a device, they are generally not something that a home aquarist could build, and
must instead be purchased from a manufacturer.Powerheads utilize a magnetic impeller to draw
water in and generate a current through its output nozzle.Powerheads/Wave
MakersSubmersible water pumps, called powerheads (sometimes connected to a timed power
supplier and then referred to as wave makers), are the most common devices used to create
water currents in aquariums. They can be positioned behind rockwork, and their outputs can be
directed to send water flow virtually anywhere in the aquarium. With a wave maker periodically
turning the powerhead on and off, oscillating currents can be produced. Be aware that most
powerheads wear out much faster if used in an application where they are turned on and off



more frequently than once every 30 minutes or so. As with all electrical motors, powerheads are
not 100 percent efficient at converting electricity into the ability to do work. This loss, due to the
inherent friction of the device, is converted into heat. For submersed pumps, this waste heat is
directly released into the aquarium, where in some applications it can cause abnormally high
water temperatures.Aquarists are always modifying or creating new contraptions. This is a mock-
up of a surge device used to test different design ideas.Surge TankOften called a Carlson Surge
Device or CSD (after Bruce Carlson of the Georgia Aquarium), this device creates a crashing
flow of water that very closely simulates wave action in shallow water. These devices consist of a
tank of water above the aquarium. Water is pumped into the tank. As the water level rises to the
top, an internal siphon inside the tank begins to flow. The siphon is much faster at draining the
tank as the pump is in filling it. All of the water in the tank therefore rushes out of the siphon until
the tank drains and the siphon action breaks when it “catches air”. The pump (running all the
time) then refills the tank and the cycle repeats itself. To build one of these it is best to follow
someone else’s proven design. Pump flow rate, surge tank size, the height above the water, and
the diameter of the siphon tube are all variables that need to be closely controlled or the unit will
not operate properly. Even when they are well designed, these surge devices have a bad
reputation for injecting huge amounts of air bubbles into the water—often to the point of
obscuring the tank inhabitants. Through a series of design changes, it seems that using a very
tall and narrow reservoir combined with angling the siphon intake will work together to break the
siphon faster, therefore reducing the number of air bubbles injected into the water at the end of
the cycle. A small hole drilled at the top of the return pipe will bleed off some of the air trapped in
the siphon at the beginning of the cycle. This hole also insures that the siphon process ends
properly at the end of each cycle.Here is an inside view of a surge device during operation.Toilet
Flush Valve SystemThese homemade wave makers seem so simple at first; a pump fills a
container above the aquarium until a toilet float ball raises enough to open a valve, sending a
cascade of water down into the tank. Fewer bubbles are generated than with a CSD, and the fill
pump runs all the time, saving wear and tear on the motor. In reality, these units are very difficult
to construct. Very often, the float will raise just enough to partially open the valve, and then the
water will run out continuously, instead of all at once. In some improved designs, a second
mechanism is used to close the float valve after each cycle to eliminate this “run-on”
problem.Dump BucketFirst designed by public aquarists, these wave makers are made from a
large tank (the bucket) situated above the aquarium balanced on a pivot. As the tank is filled with
water from a pump, the slightly offset angle of the pivot causes the dump bucket to suddenly tip
forward, releasing a surge of water down into the aquarium. Once empty, the bucket returns to its
upright position where it refills for the next cycle. The action created by such a flow of water is
very similar to that of a wave crashing down on a rocky shoreline. As with the CSD, some air
bubbles are introduced into the water column, but these bubbles are larger, and tend to float
back to the surface rapidly so that they don’t remain long in the aquarium and don’t obscure the
view of the aquarium as much as the finer bubbles created by a CSD will do. The force



generated as the dump bucket slams back and forth hour after hour, day after day, tends to
wreak havoc on the pivot points, as well as the anchors that hold the unit in place above the
aquarium.Oscillating MassThis method of wave production is most often used in large public
aquarium exhibits or in recreational “wave pools” for people to swim in. The waves are produced
by a paddle or large mass (like a plunger) that is moved back and forth or up and down in the
water. With an appropriate cycle time, each wave reinforces the amplitude of the next, and very
large waves can result from a relatively small investment of energy. In addition, little or no surface
agitation occurs, so bubbles are not produced. The obvious drawbacks are how to hide the
visual presence of a large paddle, and how to engineer a system to create an oscillating motion
in order to move the mass. Still, it is probably just a matter of time until this method of wave
production is applied to home aquariums.While dump buckets are not ideal for your living room,
they are effective and quite popular in public aquariums—behind the scenes, of course!Direct
Air PressureThis basic method of generating water flow has been used in aquariums for many
years in one form or another, since the very first modern aquariums were established. When air
bubbles are injected below the surface of an aquarium and then released, they rise through the
water column carrying some water along with them. If these bubbles are constrained inside a
tube (as in an undergravel lift-tube), the water flow created is more forcefully directed upwards.
With proper design, the amount of water moved can be significant, and as the bubbles reach the
surface and break through, they help drive off excess carbon dioxide gas. Spray resulting from
the breaking bubbles can cause unsightly salt residue to form above the aquarium, and airlift
water flow system is generally not easily varied in either direction or rate of flow. They are best
used to gently move large volumes of aquarium water from the bottom of the tank to the surface,
and are the most cost effective means to move water in an aquarium.Differential Air
PressureThis method of water current production has not been mentioned as having
applications for home aquarists, yet it is the primary force of water motion in nature. In the
world’s oceans, the pressure of air moving over the surface of the water produces an ever-
changing variety of waves and water currents. The same principle, on a much smaller scale, can
have the same affect in home aquariums. This phenomenon was first identified because in some
aquariums (especially with complicated reef systems), waste heat from the life support
equipment such as lights and pumps attached to an aquarium raises the water temperature to
levels unhealthy for the aquarium inhabitants. One solution to this problem, a refrigeration/chiller
system, is often prohibitively expensive both in initial cost as well as in operation.Specimen
MovementThis is a minor but visible source of water flow in some reef aquariums. Watch as a
large tang or other flat-bodied fish swims closely past a colony of soft corals. The coral colony
will sway and move in eddies left by the current as the fish moves through the water. It is doubtful
that the benefit from this additional water movement offsets the negative effects that the waste
output of a large fish would have on the reef system, but it is certainly something that is easily
seen in most reef aquariums. More importantly, the picking action of herbivorous fish on the
substrate will be of more benefit—loosening algal mats, and suspending detritus into the water



column, so that it is more easily removed by foam fractionation or filtration.When the desired
water temperature is less than 5 to 7 degrees Fahrenheit below the ambient room temperature,
aquarists have successfully relied on the evaporative cooling effect produced by moving air
across the surface of the aquarium with a fan. This airflow will also generate substantial water
currents. However, the aquarist must either turn the fan on and off as needed or set the
thermostat on the aquarium’s heater at a higher set point to avoid overcooling the water (and
then accepting the higher energy cost incurred while periodically running the heater and fan
simultaneously). It may be common knowledge to some; but by using a standard water chiller
thermostat, the fan can be controlled more precisely, often holding the aquarium’s temperature
to within 1 or 2 degrees of the target temperature.In one example, when a 1500-gallon reef
exhibit was test-filled, it was discovered that the light coming in through the skylights, the
additional metal halide lighting, and the large number of pumps all contributed to raising the
aquarium’s water temperature to 83°F, which was 6 degrees above the target temperature of
77°F. A 20” 1/6th hp fan with airflow of 7500 CFM was attached above the tank, directing air
horizontally down the length of the aquarium, with the lower edge of the fan about 6” above the
surface of the water. This lowered the water temperature to within a scope of 73° to 77°F.
However, this wide temperature range was not acceptable and was caused by the variations in
the evaporation rate resulting from changing humidity levels and daily fluctuations in the room’s
air temperature. By plugging the fan into a chiller controller it was possible to reduce this
temperature range to 1 degree, between 76° and 77°F. The controller would now operate the fan
when the aquarium water warmed up in the heat of the afternoon, and then be turned off in the
early evening when the water was cooler.Currents in aquariums can cause unique growth
patterns in soft corals, gorgonians, sea fans, and other branching animals.Two additional
benefits became apparent. While the fan was running, substantial water currents were
generated and a series of light-refracting wavelets were produced. The flow of the water current
was calculated to be 2700 gallons per hour by timing a drift bottle driven down the length of the
tank by the current produced by the fan. It should be noted that this was a theoretical maximum
measured with all of the aquarium’s pumps turned off. In normal operation the affects of some of
this wind-driven current would be cancelled out by the opposing currents produced by the
various oscillating pumps. In regards to the surface wavelets produced, they were noted to have
some affect on the light regime within the aquarium. Using a submersible light meter situated 12”
below the water’s surface; a still-water reading of 375 footcandles was taken. With the fan on, the
wavelets refracted the light, causing the light level to shift rapidly between 330 and 370
footcandles. The overall effect of these glitter lines (or ripple lines) is aesthetically pleasing, and
the reduction in average light transmission into the aquarium had no apparent affect on the
animals (as this system was already well lit with metal halide lamps). With the meter’s probe held
horizontally, the still-water reading was 50 footcandles. With the fan on, the level then varied
between 50 and 75 footcandles, actually increasing the amount of reflected light traveling
horizontally in the aquarium. This may have some minor benefit for getting more light to the base



of corals otherwise shaded from light only coming down directly from above.When developing
any new aquarium system, always consider the water flow needs that the intended inhabitants
may require, and then research all of the possible means to achieve that goal. For reef
aquariums, the total water flow per hour (assuming that it is being generated in random
directions and with changing intensity) should be on the order of ten times the actual volume of
the aquarium. This flow rate would include the flow produced by wave makers, airlifts, and
filtration pumps combined. Reef tanks with shallow-water small polyp stony corals may need
more water flow, and soft coral reef aquariums will do fine with a bit less. Fish-only aquariums
require only enough flow to achieve the desired response from the fish—if they are schooling
and swimming into the currents as they would in nature, then the amount of flow is sufficient.In
many reef aquariums, the ultimate solution will be to utilize a variety of these water flow
generation techniques; where the drawbacks of one method may be offset by the benefits of
another. There are many sources of water flow in natural systems, so it is not surprising that
there should be multiple ways to produce similar flows in home aquariums as
wellEvaporationOne major drawback to this method is the greater need for make-up water to
replace water lost due to increased evaporation and potentially shortened fan life due to its
operation in a salt-laden atmosphere.The Use of Ozone in Aquarium SystemsOzone (O3) has
the same chemical composition as oxygen (O2) but very different chemical properties. Ozone
(tri-atomic oxygen) is a very unstable molecule. It is a powerful oxidizer. When ozone contacts a
compound exhibiting an “oxygen demand,” it releases one of its oxygen atoms resulting in the
formation of an oxygen molecule, with the third oxygen atom becoming attached to the now-
oxidized compound. A theoretical example of this reaction would be the addition of ozone to an
aquarium containing a certain amount of nitrite(NO2-). The third oxygen atom in the ozone
molecule would contact the nitrite molecule oxidizing it to nitrate (NO3-), leaving an oxygen
molecule (O2).Ozone ProductionFor use in home aquariums, there are two ways that this gas is
commonly produced: either by a photochemical reaction using ultraviolet light (“Photozone”) or
through a hot or cold corona discharge device. In almost every case, ozone is dissolved in the
aquarium water by means of a contact chamber, usually a protein skimmer. Ozone gas dissolved
into aquarium water has been used both as a disinfectant, as well as a means to oxidize certain
presumably toxic metabolites produced by the aquarium inhabitants. The various chemical
reactions ozone exhibits when exposed to seawater are extremely complicated. Some aquarium
“chemists” may be a bit too quick to describe these theoretical reactions and do so at the risk of
overextrapolation; the real-world results may be very different. Industry manufacturers also
attempt to define the activity of ozone in water, but since there is the underlying message to buy
their products, one cannot always accept their information at face value.Proposed in this section
are the descriptions of findings based on research regarding the use of ozone in synthetic
seawater, using primarily the easily discernible results of first applying ozone to synthetic
seawater and then measuring the results. Please understand that this is a hugely complicated
topic. While it is believed that the information presented here is accurate, it is not all



encompassing; there is still a lot more research to be done in this field.Plating corals, such as
this Montipora, generally grow horizontal to the current and perpendicular to the light.Ozone can
break down algae, protozoans, and bacteria to their nonliving chemical constituents. It may also
oxidize some organic compounds into different forms. But without some additional mechanism,
such as foam fractionation, ozone by itself completely oxidizes very few of these materials. In
addition, ozone can react with some inorganic compounds and oxidize them as well.It is a
commonly held belief that ozone enhances bubble formation in protein skimmers. But we can
see from experience that injecting small amounts of ozone into a properly adjusted skimmer has
little real affect on the amount or character of the foam produced. However, suddenly injecting
very high doses of ozone seems to have an affect of producing clearer, more watery foam.
Injecting moderate amounts of ozone for long periods tends to produce clearer, but relatively dry
foam. On a skimmer that has had its foam production temporarily reduced (by cleaning out the
unit or feeding the aquarium), abruptly adding ozone seems to hasten the rebound of the unit
back to its normal level of foam production.SafteySafety is an important issue when working with
ozone. Humans can sense ozone in air at a level of around 0.02 to 0.05 mg/l, very near the
critical exposure level cited in many industrial applications. The real danger in working with
ozone is in the case of large commercial units. In most instances, home aquarium ozone
generators with outputs less than 250 mg per hour will not cause acute toxicity in humans. They
can, however, cause chronic health problems such as coughing and headaches if not used
properly. Remember, if you can smell ozone, the concentration in the air of the room is too high!
Ozone may hasten the rebound of a freshly cleaned skimmer back to its original foam
production rate.Ozone ActionThe action of ozone on seawater produces various forms of
organic and inorganic oxidants (Crecelius 1979). Administering a proper dosage of ozone in
aquarium applications is frequently a problem. The result of improper dosage is either a low
concentration that does not produce the expected benefit, or an excessive amount that can
prove toxic to the aquarium inhabitants. The oxidants produced by the reaction of ozone in
seawater can most easily be measured indirectly by means of a DPD (N,N-diethyl-p-
phenylenediamine) total chlorine colorimetric method (APHA et-al 1980). As the color change of
the DPD method is very small at low doses, a spectrophotometer is usually required to interpret
the results at low concentrations of ozone. The results of the DPD test are affected if the
alkalinity of the sample is greater than 300mg/l or if there is chlorine, bromine or iodine present
at high enough levels. A much more accurate method (but vastly more expensive procedure) is
the Hach Company’s Indigo Trisulfonate Accu Vac method. While this test is free from most
interferences, the use of a spectrophotometer is mandatory, and it seems that this test only
works for freshwater systems. Most private and public aquarists use an Oxidation/Reduction
Potential (ORP) probe to indirectly measure ozone levels. In some cases, the ORP probe is used
to automatically control the output of the ozone generator. Care should be taken using this
method on small aquariums. ORP probes need frequent calibration and are prone to sudden
failure—sometimes in the “full on” setting. Furthermore, ORP only indirectly measures ozone and



does not differentiate between free ozone, ozone-oxidants, or any other type of oxidant or
reducing agents that might be present in the aquarium system. Finally, ORP probes cannot be
used to take “spot measurements” of ozone levels in water—in most instances the probes
require in excess of 48 hours of contact with the solution to be tested before giving accurate
measurements. For this reason, the battery operated, portable ORP “pens” are useless for
aquariums except to test the relative strength of chlorine net dip disinfectants.Ozone
Decomposition Decay RateThe equation used for the calculated decay rate was:A = (LnY) /
((LnX)/T)Where A equals the time it takes the ozone to decay to the level Y (expressed as a
decimal of the percentage); so if the amount of decay to be determined is 50 percent, then Y
would be 0.50. X is the previously measured percent of the material remaining after T time. Ln is
the natural log of each of these numbers and is most easily determined using a scientific
calculator.Ozone -OxidantsOzone-oxidants such as bromite (Obr-), bromate (BrO3-),
hypobromous acid (HOBr), and hypochlorites (OCl-) are much more stable than free ozone.
Originally it was surmised that more than one type of oxidant might be formed at the same time.
What that meant was that the ozone that had reacted with marine aquarium water would create
a mixture of oxidant compounds that would have a variable stability. The instable products would
quickly decompose, while the more stable oxidants would persist for a longer time. Early
experiments seemed to bear this out. During one 96-hour trial, the decomposition rate was
found to average 0.04 mg/l per hour, but was much faster early on in the trial as compared to the
end (Hemdal 1992). It wasn’t until the decomposition rate of ozone was examined again many
years later, that we discovered that this rate is logarithmic but fairly consistent in that it doesn’t
show the expected plateaus and sharp declines (Graph #1).There is no ready explanation as to
why the measured decay rate was faster than the calculated rate during the middle of the period,
when both rates were equivalent at the beginning and the end of the graphed curves. When
using this data to predict the amount of potentially toxic ozone-oxidants, it would be prudent to
follow the slower calculated decay rate.During aeration of samples containing three oxidants, the
decomposition rate of chlorine in tap water was found to be the fastest, followed by the decay
rate of ozone oxidants in non-brominated synthetic seawater. Ozone-oxidants in seawater
containing bromine had the longest half-life. In using logarithmic models for each of these cases,
the decomposition rate was a consistent, logarithmic decline (Table 4).The time needed for
enough of the oxidant to decompose through simple aeration to make the water safe for aquatic
life varies on the starting concentration of the oxidants to begin with. Table 4 can be used to get
an idea of this decay rate. For example, the old adage, “Aerate tap water for 24 hours prior to
using it in an aquarium in order to dechlorinate it.” seems to hold true. Most city water systems
deliver tap water containing a maximum of 1.0 mg/l total chlorine. About 85 percent of this
chlorine will be neutralized during 24 hours of aeration—and the residual amount of .15 mg/l will
have no detrimental effect on the aquarium inhabitants.Controlling Ozone/Oxidant Levels in
AquariumsIf an ozone test indicates low or no concentration of ozone, it is a simple matter for
the aquarist to increase the output of the ozone generator by either turning up the rheostat, thus



running the unit for longer periods of time, or by using an air-dryer to increase efficiency of the
generator unit. However, if the test shows excessive amounts of ozone-oxidants in the water,
there is little published data as to how the concentrations of the ozone-oxidants may be quickly
reduced. Spotte (1979) indicates that sodium thiosulfate may be used to reduce the level of
ozone vented to the atmosphere during the reaction process as a means of alleviating the
potential health hazard to humans. Sodium thiosulfate is routinely used in aquariums to
neutralize free chlorine (Amlacher 1970).In a previous study (Hemdal 1992) ozone gas was
dissolved at various concentrations in synthetic seawater containing bromine. The toxicity of the
resultant ozone-oxidants on Brachionus rotifers was noted. Fifty percent mortality occurred in as
little as ten minutes at 9.0 mg/l ozone-oxidants. This ranged much greater than 23 hours for 0.43
mg/l ozone-oxidants. Sodium thiosulfate was added to water samples containing known toxic
concentrations of ozone-oxidants. One milligram of sodium thiosulfate neutralized an average of
1 mg of ozone-oxidants. (The actual amount varied and was dependent on the length of time the
sample was aerated prior to the addition of the sodium thiosulfate. The longer the sample was
aerated, the less effective sodium thiosulfate was in neutralization of oxidants.) So, an aquarist
faced with the challenge of detoxifying excess ozone-oxidants in an aquarium can simply add
the same amount of sodium thiosulfate as there is ozone present. For aquarists without access
to sodium thiosulfate, remember that this is the main component of aquarium water
dechlorinators. Most of these products are designed to dechlorinate water containing
approximately 1 mg/l chlorine, so if your ozone level is at 2 mg/l, simply add a double dose of
dechlorinator.Rather than relying on potentially inaccurate ORP controllers, home aquarists
might want to try the following method in order to achieve a steady state ozone dose for their
aquarium—one that remains at a low but constant level. This small dose of ozone will not have
any real disinfectant ability, and it probably will not break down too many of the POCs in the
water. On the other hand, there is a high margin of safety in this method if applied
properly.Rheostat ControlPurchase an ozone generator with a rheostat control that can supply
between 0.10 and 0.15 mg of ozone per liter of tank capacity per hour. Two small units operating
in parallel may be the most cost-effective way to boost ozone production.Air-DryersUsing a
supply side air-dryer if the room is humid, add ozone at a relatively high rate into the tank
through a protein skimmer (0.10 mg ozone per liter of tank capacity per hour).A Quick Note
About OzoneTurn off the ozone when the level in the tank reaches 0.02 mg/l or if ozone can be
smelled in the room. Ozone in a room quickly desensitizes to the human olfactory system, so be
aware that you may not be able to smell it after a while. Continued exposure will cause coughing
and headaches. Immediately turn the ozone generator off and move to fresh air if any symptoms
occur.DPD Ozone TestMonitor the level with a DPD ozone test. A spectrophotometer is best
used for this, but this alternative method will work:1. Create a “reagent blank” using de-ionized
water and the DPD reagent.2. Add 1 drop white vinegar to 50 ml of the sample as a pretreatment
to avoid any interference from high alkalinity levels.3. Add the DPD reagent to the tube
containing the aquarium sample.4. After three minutes, but before five minutes, hold both tubes



over a piece of white paper.The slightest pink color at all in the test sample indicates some
ozone is present. Higher amounts of ozone (> 0.01mg/l) should be discernable on the test’s
color comparator chart.Iodine and chlorine will react with the DPD test just like ozone will.
Adding even a small amount of chlorinated tap water to an aquarium or dosing with high
amounts of iodine supplements will skew the results.Repeat this process for four to six hours
each day for three days. Check the levels hourly. Once the more easily oxidized compounds
have reacted with this relatively high level of ozone, begin adjusting for a steady-state ozone
concentration.Ozone InjectionStart with injecting 0.005 mg of ozone per liter per hour through
the protein skimmer. Turn unit off at night or whenever you are unable to monitor it closely. It is a
little ironic that after all this research, this value is very close to the 0.003 mg ozone per liter per
hour given by Robert Valenti over 35 years ago (Valenti 1968).Raise the ozone level a little each
day until one of two things occurs: either free ozone can be smelled in the room or the DPD
ozone test shows any pink color at all (generally this happens at 0.005mg/l ozone in
water).Lower the ozone production rate 25 percent from the previous setting. The aquarium
should be able to operate continuously at this dosage over long periods, except in the case
where activated carbon usage changes. The carbon “competes” with the ozone for many of the
same compounds, in turn changing the demand for ozone.CAUTION!Never use this method
with natural seawater or any synthetic seawater containing natural levels of bromine (0.0673 mg/
l). The ozone-oxidants formed when the ozone reacts with the bromine may be harmful to the
animals.For added safety the water returning to the tank from the protein skimmer/ozone reactor
can be passed through activated carbon, which will remove any residual ozone. Be aware that
the carbon, once exhausted, will lose its capacity to remove ozone from the water. The difficulty
of course, lies in knowing when the carbon needs to be changed.Except in public aquariums
needing to process huge amounts of water, ozone systems seem to have fallen out of favor in
recent years. For these public aquariums needing “gin-clear” water for their exhibits, ozone
remains an almost obligate choice. Many home marine aquarists seem to have gravitated
towards different methods of water quality management. It is a little ironic that almost all of the
home aquarium interest in ozone has been focused on the marine side of the hobby. Large
freshwater aquariums can potentially benefit even more from the use of ozone. In these systems,
there is less of a fear of producing residual ozone-oxidants, so ozone levels can be raised to
levels that will sterilize the water as well as oxidize most organic waste molecules, while still
easily allowing the ozone to quickly decompose back to oxygen, before causing harm to the
animals.Sea salt is expensive, and even though public aquariums order it by the pallet, it’s still
quite pricey to change the water in their oceanariums. Batch processing to reclaim seawater is a
smart alternative to constantly purchasing new sea salt mixtures.Batch ProcessingSynthetic
seawater costs between .06 and .75 cents per gallon to produce depending on the brand of salt
used and the quantity price break given. The low end of the range is seen at large public
aquariums that mix their own salt from the component parts. The high end would be the hobbyist
who buys a 5-gallon bag of premium salt at a full-service pet store. Most advanced aquarists



and smaller public aquariums pay between .10 and .22 cents per gallon. After payroll
maintenance and utility costs, sea salt is usually the single highest budget line item for the
husbandry department of public aquariums.For years, people have attempted to devise ways to
minimize the cost of synthetic seawater; rationing water changes, using lower specific gravity,
denitrifying devices, trace element additions, and even a variety of adsorbing chemical filtrants.
In many cases, the capital and operational costs of these methods exceeded the cost of the
water they were “saving.” Many aquarists have long been proponents of simply buying synthetic
sea salts as economically as possible and then just performing water changes as needed.
Reusing water for less critical applications (such as using old reef tank water in fish-only tanks)
also helps defray costs. This method has never proved popular with others for two reasons:
marine aquarists love to “tinker” and try to solve problems using technology, and people tend to
avoid performing water changes because they are hard work. Most aquarists attempt to maintain
the quality of the water while it is still in the tank itself. While this is the easiest approach, the
aquarist is limited to the techniques that can be used to those that will not adversely affect the
aquarium inhabitants. The next logical step would be to “batch treat” the water outside of the
aquarium. This is not a new idea, the John G. Shedd Aquarium in Chicago, built in 1929, used to
have two reservoirs of water for each of their main systems—one “working,” with fish living in it
while the other was “resting,” fish not living in it. Every six months the systems would be
switched. It was hoped (mostly in vain) that by keeping the resting reservoir dark and still, the
water would gradually become better in quality. More recently, some public aquariums have
devised batch treatments of their water under anaerobic conditions in order to reduce nitrate
levels.Public aquariums often have large holding tanks where the water can be treated and
tested prior to use in the displays.Taking these methods a step further, the following
experimental batch process was developed. This method isn’t perfected, may not work under all
conditions, and probably is more of just a starting point for future experimentation, but it’s still
worth mentioning here for completeness. The basic procedure is as follows:1. Place the water in
a sealed container, and use alcohol as a carbon source for de-nitrification.2. Use a foam
fractionator and heavy aeration to remove phosphorus.3. Apply ozone to the batch of water at
very high levels.4. Add trace elements (in particular, iodine).The alcohol most often used is
either methanol or ethanol dosed at a rate of twice that of the water’s NO3-nitrogen
concentration. The container is left sealed so the water becomes anaerobic and is opened only
for testing of the nitrate level. When an acceptable nitrate concentration is reached, step two
commences by using a foam fractionator adjusted to produce very wet foam, followed by long-
term aeration in an open vessel (replacing the water lost due to evaporation with reverse
osmosis water). Stephen Spotte has mentioned that phosphorus should be readily removable
from seawater by heavy aeration or foam-fractionation (although complete removal is probably
not possible).Acanthurids, such as this powder blue surgeon (Acanthurus leucosternon), need
excellent water quality in order to thrive in even the largest of aquaria.The third step consists of
applying ozone from an air-releaser at a rate of around 30 to 50 mg/l per hour to each 100



gallons of water in the batch. The free ozone resulting from this process must always be safely
vented outside. The length of time to apply the ozone varies depending on the quality of the
batch water, but less than 48 hours is usually sufficient.At step four, the batch water should be
tested for residual ozone-oxidants, nitrates, and phosphorus and then treated with a broad range
trace element solution. The resulting water probably should not be used in living reef aquariums
but should prove good enough for use in fish-only applications. Remember, the 200 gallons of
salvaged seawater has a value of around $30, so any procedure used must cost less than that
figure. Probably the most common maintenance question asked regarding marine aquariums is,
what is the maximum level of nitrate the animals in my aquarium safely tolerate? Nitrate levels in
aquarium water have been targeted as something to be minimized in order to achieve optimum
animal health. Aquarists worry about reducing nitrate levels in their water oftentimes with little
regard to all other water quality problems.Some background information may be in order here:
twenty-five or more years ago, people noticed that seawater used in home aquariums tended to
“go bad” with age. At the same time, using test kits that were available then, it was noticed that
the nitrate level in the water tended to reach high levels at about the same time that the seawater
became unfit for use in the aquarium. Since nitrate was so cheaply and easily measured in
water, it soon became a “benchmark” for poor water quality. Aquarists knew if their aquarium’s
nitrate level reached a certain concentration, that they would probably see animal health
problems as a result. Since water changes would reduce the nitrate level and at the same time
limit these health problems, monitoring nitrate levels was the best course of action. As time went
on, this basic idea that water changes helped reduce marine water problems fell by the wayside
and people became focused on nitrate levels as the sole measure of their aquarium’s health. In
the past ten years, aquarium vendors began to offer methods that would reduce high nitrate
levels in aquarium water. Aquarists embraced these techniques and felt that their tanks were
then protected from harm because the nitrate level was lowered. In reality, nitrate levels were
only meant to serve as a benchmark for overall poor water quality.By actively lowering the nitrate
level of the aquarium water, this benchmark was removed. At the same time that nitrate ions had
been building up in the aquarium’s water, trace elements were being depleted, organic acids
and phosphorus were building up, and the pH was dropping. The aquarium water really was not
any better at supporting aquatic life than before. Methods were developed to selectively remove
phosphorus and raise the pH. Many organic acids could be removed by carbon filtration, and
trace element solutions could be added to the water (but in unknown quantities because these
levels could not be easily measured, and trace element supplements contain unknown amounts
of compounds because manufacturers typically do not divulge the contents of their products).A
Quick ReminderRemember, water removed from a reef tank is still adequate for reuse in less
critical applications. Some aquarists will use the waste water from their reef display to change
the water in their fish-only tank, and then use the waste water from that tank to raise brine shrimp
or rotifers before finally sending the waste water to the sewer.Dissolved Gasses in Aquarium
WaterMost aquarists are aware that their fish require a minimum concentration of dissolved



oxygen in their water in order to thrive. Many are also aware that if gasses are dissolved in too
great an amount, supersaturation can occur, causing health problems in their animals. Due to a
lack of appropriate testing equipment, most home aquarists can do nothing about measuring for
potential problems with dissolved gas levels. Public aquarists often have access to dissolved
oxygen meters and various test kits that give them some information about gasses in their water.
It is the fishery scientist who often deals with cold water, water from below dams, or from deep
aquifer wells that has such specialized equipment. One item is a $2000 saturometer that will
measure the overall saturation level of all gasses in their water. Using one of these devices
would quickly allow the aquarist to identify supersaturation of the water before it becomes an
animal health issue.Acute SupersaturationThis is the archetypical “gas bubble disease.” An
aquarium that has a malfunction of some sort may develop a dissolved gas saturation level of
greater than 120 percent. The onset is sudden and the results devastating. Fish will develop
severe bilateral exophthalmia (pop-eye involving both eyes), and their gills will show massive
trauma and aneurysms. In the worst cases, air bubbles will be present in the soft fin rays and in
the gills. Death is rapid, and even if the still-living fish are moved to a new aquarium, they will
usually not recover.A classic case of this happened at a public aquarium when a group of 30
very rare fish from the remote Ascension Island arrived at the facility. They were acclimated to a
600-gallon concrete tank filled with seawater. As this was an unexpected shipment, the aquarist
had to put together a filter system in a hurry. A pressure sand filter with active bacteria was
removed from another system and quickly connected to a one horsepower centrifugal pump
using flexible PVC hose and soft rubber couplers attached with hose clamps. The filter’s intake
and return lines were placed underwater in the tank, and the pump was started up. Later, after
an uneventful acclimation procedure, all the fish looked fine, some were even eating. However,
the next morning, all 30 of the fish were dead except one sickly damselfish found hovering
beneath a clamshell at the very bottom of the tank. A few of the deceased fish showed mild
bilateral exophthalmia but all of them had unusual silver-colored “lines” in the clear portions of
their fins.Advanced Marine Aquarium TechniquesJay F. HemdalTFH Publications®President/
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for public aquariums, this work was set aside, begun again, or portions of it reworked and used
for other projects. From 1990 until 1997, I was kept busy developing aquarium-related computer
software applications in my spare time. It wasn’t until 1999 that I began working in earnest on
this, the final version of the book I had envisioned nearly 20 years before—little knowing that it
would still take another six years to complete.Although writing is mostly a solitary pursuit,
gaining the required knowledge for a work of this nature requires regular interaction with others. I
would therefore like to extend my sincere appreciation to the people who helped me with this
effort: My wife and son, for their patience as I wrote in my home office, night after night. Roger
Klocek, Paul Loiselle, and Doug Sweet, all excellent public aquarists who taught me more than
I’d sometimes care to admit. My employer, the Toledo Zoo has always been extremely
supportive of my writing efforts. The aquarium department staff at the Toledo Zoo has always
been eager to help with my projects, and have offered many excellent suggestions over the
years. Finally, I would like to thank my parents, John and Sally who nurtured my early awareness
of aquatic life despite their having absolutely no interest in the topic of marine aquariums
themselves!PrefaceThe information contained in this book is unique in that I have avoided
incorporating too many written references from other authors, as I was determined to include
only a compilation of my own best original material. The benefit of this approach is that I do not
have to worry about compounding or repeating any mistakes previously made by others. The
only drawback is that I must be certain that the information I present is as accurate as possible
because I am then solely accountable for its accuracy.In 1979, Stephen Spotte wrote that
maintaining a marine aquarium was “mostly witchcraft mixed with a little science.” Lately, with
many authors concentrating so heavily on the “science,” I thought it would be somewhat
refreshing if we returned to those roots of marine aquarium keeping, and focused just a bit more
on the “witchcraft.” What this means to me is that while we should all strive to use good science
as a basis on which we build our aquarium knowledge, we still need to use some level of
common sense, intuition, and sometimes moderate leaps of faith in order to gain a more
complete understanding of our aquariums and the life contained within them. This does not
imply that aquarists should blindly subscribe to every brand-new technique offered by some
“experts” in the aquarium field. Ultimately, these new methods must be first proven to work and
then stand up to rigorous examination before anyone should accept them as fact. Rather, this is
more along the lines of the old gardener who, from many years of practical experience, has truly
developed a “green thumb.”I have always trusted my own experiences to show me the way—
sometimes my background in the “hard sciences” is not up to the task, but in using a holistic
approach, I’m usually able to solve even the most complicated aquarium problem. My hope is
that by reading this book, cover to cover, you will gain some understanding of this “witchcraft”
approach and become a much better marine aquarist as a result.PrefaceThe information
contained in this book is unique in that I have avoided incorporating too many written references
from other authors, as I was determined to include only a compilation of my own best original
material. The benefit of this approach is that I do not have to worry about compounding or



repeating any mistakes previously made by others. The only drawback is that I must be certain
that the information I present is as accurate as possible because I am then solely accountable
for its accuracy.In 1979, Stephen Spotte wrote that maintaining a marine aquarium was “mostly
witchcraft mixed with a little science.” Lately, with many authors concentrating so heavily on the
“science,” I thought it would be somewhat refreshing if we returned to those roots of marine
aquarium keeping, and focused just a bit more on the “witchcraft.” What this means to me is that
while we should all strive to use good science as a basis on which we build our aquarium
knowledge, we still need to use some level of common sense, intuition, and sometimes
moderate leaps of faith in order to gain a more complete understanding of our aquariums and
the life contained within them. This does not imply that aquarists should blindly subscribe to
every brand-new technique offered by some “experts” in the aquarium field. Ultimately, these
new methods must be first proven to work and then stand up to rigorous examination before
anyone should accept them as fact. Rather, this is more along the lines of the old gardener who,
from many years of practical experience, has truly developed a “green thumb.” I have always
trusted my own experiences to show me the way—sometimes my background in the “hard
sciences” is not up to the task, but in using a holistic approach, I’m usually able to solve even the
most complicated aquarium problem. My hope is that by reading this book, cover to cover, you
will gain some understanding of this “witchcraft” approach and become a much better marine
aquarist as a result.IntroductionAquarists tend to think of their aquariums in terms of absolutes:
either freshwater or marine, tropical or cold water, reef or non-reef. They also tend think of
natural aquatic environments in the same way. While this book is about advanced marine
aquariums, this is really an artificial designation. What exactly constitutes a marine aquarium?
Just when does a brackish water aquarium, held at slightly higher salinity, become a marine
system? What about a marine fish such as a target perch being kept in a freshwater aquarium?
“Advanced” for one person may be common knowledge for another. Try not to think in such
absolutes; do not be afraid to borrow “marine concepts” for use in your freshwater tanks and vice
versa.This book is primarily about advanced marine aquarium topics. Do not confuse the term
advanced with complicated. These terms are not always interchangeable. Described in this book
you’ll find simple advanced topics (i.e. automatic plankton feeders), complicated beginner topics
(i.e., “all my fish but one died—why?”), and there are highly complicated advanced topics (i.e.,
establishing a working mangrove swamp microcosm).The overall topic of this book is vast and
enormously complex. No single individual has managed to cover the field of advanced marine
aquariums in an all-inclusive manner. Additionally, since no author has a means of ascertaining
their reader’s relative experience levels, much effort sometimes goes into covering “the basics”
so that all readers have a chance of being brought to the same level of experience through read-
ing. This book takes a different tack; it assumes the reader already has a decent grounding in
marine aquarium husbandry, and enough common sense to assimilate information about any
new topics they are unfamiliar with. In this way, the material is focused on the essence of the
subject, and not the entire introductory framework. Even without the excluded preparatory



information, the subject of advanced marine aquariums is still immeasurably vast. Each specialty
topic such as water quality, fish husbandry, and aquarium careers could have—and indeed have
had—entire books written about them. The various aquarium magazines try to fill a void between
the more general focus normally seen in aquarium books, but they too often fall short in having
to repeat too much basic information to their readers every month. Other times, authors who
have rather enthusiastically combed all available aquatic literature for their information, write
about advanced aquarium topics. This is fine if the reader wants that author to serve solely as a
“clipping service,” to go out and gather articles, summarizing the information (hopefully
accurately and without over extrapolation!), and then serving it up to them in digest
form.Hopefully this book will serve its superior purpose—to inform, educate, and motivate
intermediate and advanced private and public aquarists to rise to the next level with their
aquariums.Some words of caution are in order; this is a book on advanced topics in marine
aquarium keeping. It assumes you already have a good grounding in basic aquarium techniques.
In some cases chemical recipes are given. You must have access to the appropriate material
safety data sheets (MSDS), and have the proper laboratory safety equipment on hand before
using any of these compounds.There is a great variety today in marine aquariums; the people
who care for them and the animals that inhabit them. The ultimate responsibility for your
aquariums lies fully upon your own shoulders, so always proceed cautiously when applying any
new information.What follows are a series of vignettes regarding advanced marine aquarium
topics. This information was developed during 15 years of experience in the pet industry and
subsequent 20 years working for public aquariums. While this material pertains to marine
aquariums, as previously mentioned much of it is just as applicable to advanced freshwater
systems. If the information in one section does not apply to your aquariums, the next one most
likely will. If you already know all about one of the topics, not to worry, the subsequent one will
probably be new to you.If the information herein allows each hobbyist to keep even one fish alive
a few years longer, then task of writing this tome was well worth it!Environmental
QualityAquariums differ greatly from most other containers used to house captive wildlife
because the environment they encompass can vary by so many parameters and at a much
greater magnitude. Think of the physical environment of a typical hoof stock enclosure at a zoo.
There really are only two environmental criteria: living space and food. Meet these basic needs,
and the animals will survive. Aquariums are a bit different. Fish require a proper water
temperature range in addition to adequate space and food, additionally they need certain levels
of dissolved inorganic solids (salts), a proper pH, and they often have an upper limit of dissolved
organic compounds that will be tolerated. Furthermore, disease organisms can disseminate
much more rapidly through water than they can through the air. All of this adds up to the fact that
aquatic animals are many times more sensitive to changes in their aqueous environment than
are terrestrial animals that are solely concerned with changes in the atmosphere
(weather).Maintaining this Caribbean stony coral requires a nearly perfect environment.This
section examines some of the aquarium water quality issues (in both theory and practice) that



advanced aquarists should be concerned with or at least interested in. Two aspects will be
conspicuous in their absence; there is no explanation of an aquarium’s nitrogen cycle or similar
descriptions of basic water quality science—those are fully explained in basic and intermediate
aquarium texts. The second thing missing is any chemical theory that cannot be directly applied
to real-life aquariums. Too many “alchemists” in this field attempt to impress their readers with a
confusing array of arcane chemical facts. This may have been appropriate in their college
chemistry classes, but it tends to fall short when it is overextrapolated to aquariums.Aquarium
ConstructionWhen one thinks of an aquarium, a glass tank usually comes to mind. These
aquariums are made from five sheets of glass bound together with chemically inert silicone
sealant. The type of glass used may differ from one manufacturer to the next. Beware of
inexpensive models that possess thinner glass in order to lower the cost (In some cases thin
tempered glass is used, and this is perfectly acceptable.). Usually all-glass aquariums have
plastic trim around the top and bottom edges to protect from chipping or other physical damage.
In older books on marine aquariums, warnings were given about using metal-framed aquariums
in these applications. This was due in part to the potentially toxic cement used to hold the sheets
of glass in place. More importantly, it was common knowledge that the corrosion of the metal by
seawater would cause serious poisoning problems in the tank should the oxidized metal ever
come in contact with the water. Cautions about using such tanks as marine aquaria are largely
unnecessary nowadays, as these tanks have not been produced commercially for nearly 40
years. The lesson to be learned here, however, is never to allow any metal (except titanium) to
contact the water of a marine aquarium.There are other materials successfully used to construct
home aquariums. After all-glass aquaria, the next most popular type of construction is the acrylic
(Plexiglas) tank. The home aquarist, in order to make an informed choice as to the type of tank
to purchase, must research the differences between these two materials carefully. As an aid in
decision making, Table 1 compares the relative merits and drawbacks of Plexiglas versus glass
aquarium construction. When using this table, simply tally up the categories that are personally
important to you. If one category is especially important to your application, give it a double, or
even a treble weight. (For example, if resistance to leakage is a very important factor, you would
give the Plexiglas tank two points, or give the glass tank negative two.) Then simply add up each
column, and the type of tank which receives the highest score should be the one best suited for
you. Using a straight weighted scale, that is +1 or -1 for each category, the Plexiglas tank would
come out ahead. For a hospital or quarantine tank, where clarity and seam distortion are of little
importance, the glass aquarium would prove superior.Concerning some of the categories listed
in Table 1, in considering clarity, acrylic aquariums appear clearer than glass tanks. This may be
due in part to the greenish hue that glass imparts on water. To see this for yourself, view a piece
of glass from the end, and see that it looks green in color. Perhaps the major criticism with
acrylic tanks is that they are very prone to scratches. Besides clouding the view of the aquarium,
these scratches allow algae to grow inside them. It is then extremely difficult to remove this algal
growth without scrubbing harder, which in turn produces new scratches. The problem of



scratches can be minimized by not using abrasive cleaning pads, and performing frequent
gentle cleanings rather than major scrubbings on a less frequent basis. Should a “haze” develop,
there are products on the market that the aquarist can use to buff the surface clear again,
although this normally requires that the aquarium be emptied of water.Noncommercial
AquariumsPeople often ask if they could build their own tank out of materials from a hardware
store. The answer is yes, but the cost will usually be higher than that of a commercially produced
aquarium and obviously offers no manufacturer’s warranty. Attempts have been made to build
larger aquariums from marine-grade plywood, with a glass viewing window. The rationale is that
plywood is less expensive than glass. Problems arise, however, when one figures in the cost of
the epoxy paint needed to protect the wood surfaces from the saltwater. The net effect is that of
an aquarium which costs a little less than an all-glass tank but has a much shorter serviceable
life.A plastic farm tank with an acrylic window makes a serviceable holding tank.Bins and
TubsPlastic bins and tubs are sometimes converted for use as aquariums. They have two
primary drawbacks—lack of lateral viewing windows and poor side support when filled with
water. A third issue is the potential toxicity of the plastic material used in the tub’s construction—
potable water products are safe to use, but other types may not be. White plastic Rubbermaid™
containers are generally safe for aquarium use. Scrubbing new tubs with a paste of baking soda
and water, and then rinsing with very hot water will help to remove waxes and mold-releasing
agents that may still be present on the surface of the containers. Lateral viewing is very
important, both from an aesthetic as well as an animal health issue. Hobbyists obviously gain
enjoyment from viewing their animals, and opaque tubs impede that. If the plastic vessel has
sturdy flat sides, a viewing port can be cut out and replaced with a suitably thick acrylic viewing
window. Remember to leave ample material above and below the window to serve as supports.
The windows can be fixed in place using silicone sealant to form a gasket and then 3/8” to 1 1/2”
nylon bolts set every 3 to 4 inches around the perimeter of the window. Do not over-torque these
bolts as they may shear off, and be certain to use marine- or aquarium-grade silicone. These
products will be listed as “marine use—safe for use below the waterline.”For many aquarists, in
terms of their aquariums, “advanced” equates to “huge.” Larger and larger home aquariums are
being built by enterprising aquarists or their contractors. For most homes, the installation of an
aquarium larger than 180 gallons will require the assistance of an engineer to measure floor
loading, etc.All-Glass AquariumsThe limit in size for all-glass aquariums seems to be around this
size as well. A pair of 300-gallon all-glass tanks in a pet store would regularly split their seams
every two to four years. It seems that there is a point where silicone alone is simply not sufficient
to bond panels of glass, even with the addition of corner and center braces. When designing
large all-glass aquariums and determining their placement, thought must be given to what
happens when, not if, their seams will split.All-glass aquariums are by far the most popular type
of tanks that hobbyists use.Fiberglass AquariumsAcrylic aquariums are much better suited as a
construction material for large aquariums. Epoxy-coated wood aquariums are suitable if one
bears in mind their relatively short life span—often less than ten years if used as marine



aquariums. For the very largest aquariums, fiberglass or concrete with acrylic viewing windows
are the materials of choice. Balsa or foam-cored fiberglass tanks run on the order of $10 to $15
per gallon of capacity. Reinforced fiberglass tanks are a bit more expensive and concrete tanks
vary in price depending on technique used, but are an order of magnitude and more
expensive.Concrete AquariumsCinder block is not a suitable material for concrete aquariums—
they must be poured mix with special salt-resistant re-bar, not a do-it-yourself prospect by any
means! Comparing these prices to all-glass aquarium costs that run $1.50 to $2 per gallon and
acrylic aquariums costing $3 to $6 per gallon, and a case can be made that perhaps “more
aquariums” is the better answer than “larger aquariums”—at least for most homes.In summary,
an aquarium used to house marine organisms must be constructed of materials that will not
react with seawater to form toxic substances. Additionally, the construction technique used must
be suitable for the application. Furthermore, the tank must be within the aquarist’s projected
budget and allow for the proper viewing of the animals. Aside from that, the aquarist is welcome
to explore the many different possibilities of tank composition.Water Quality Measurement
TechniquesFew people possess the mystical ability to simply glance at the water in an aquarium
and immediately ascertain its relative capacity to support aquatic life. Most of us need to rely on
a variety of apparatus to determine the level of vital water quality parameters. Choosing the
correct water quality measurement tool is often a trade off between the cost of the device and
the accuracy of the results. In some cases, cost is simply the purchase price of the unit itself. In
other cases, the true “cost” may be in the effort needed for data collection such as a test
procedure that requires 20 separate steps and takes hours to perform. The level of accuracy
required in the resulting measurements is based on two criteria: the needs of the organisms and
the requirements of the aquarist, for example, if the test results are to be published. Whereas a
fish will scarcely react to an ammonia concentration difference of plus or minus 0.1 ppm (and
using a simple test kit should give this degree of accuracy), that same data destined for
publication might better be collected using more accurate USEPA approved methods. Once the
data has been collected, it must be analyzed and stored for later retrieval.Rusted re-bar was
responsible for damage to this 60-year-old concrete tank.Most public aquariums or advanced
home aquarists have a water quality monitoring program that incorporates a variety of testing
equipment to monitor all critical parameters in the water systems. The monitoring frequency
varies depending on the parameter and the system being tested but is at all times sufficiently
frequent to insure that optimal water quality is available in the aquatic systems being
monitored.For most public aquariums, the data is collected by the curator, interns, or the
aquarists. It is then entered into a database (usually developed for that specific facility—although
the basic framework of these databases is similar). From this, reports are generated for the
aquarists. The aquarists review the reports and use the data to determine the frequency of water
changes and if any adjustments need to be made to the life support systems. These methods
serve most aquariums very well; it is extremely rare for fish losses to be attributed to the
malfunction of a life support system and subsequent failure to identify the problem through a



properly implemented water quality monitoring program.Regular water testing is a crucial step to
success with marine aquariums.TemperatureThis is the most critical, yet easiest measured
water quality parameter in most aquariums. The temperature parameter has the greatest
potential to change rapidly due to a malfunction in a temperature regulation device.Aquarium
systems can be heated, chilled, or held at ambient water temperature. Temperatures are
measured using a variety of methods. Digital electronic thermometers and infrared remote
sensing thermometers that have been calibrated using a standardized laboratory thermometer
are the most “high tech.” Temperature should be monitored throughout the day; automatic “out of
range” alert systems are very handy, especially at night. Logs are helpful in tracking temperature
trends, especially if more than one person is responsible for measuring this parameter—as in a
pet store or public aquarium.This is an infrared thermometer with a distance pointer added (for
more reproducible results).pHThe pH is not as easily changed compared to water temperature
and tells the hobbyist the most information about the overall quality of a system’s water. This
parameter should be measured weekly on most systems using a pH probe with automatic
temperature calibration. Highly critical systems such as some reef aquariums or systems utilizing
carbon dioxide generators will require a full-time pH probe to constantly monitor this parameter.
The acceptable pH range varies between freshwater and marine systems, and depending on the
hardiness of the species involved. A minimum pH level must be established for every aquarium
system.A system’s current pH level can be used to determine the potential need for a water
change. As important as the actual pH value is at a given time, one must also monitor the pH
over a period of time to witness a change in pH (referred to as pH fluctuation). If a system’s pH is
low but steady, no corrective action may be needed, but a system with a widely fluctuating pH,
although perhaps having a relatively high average value, may be in more need of
attention.Dissolved SolidsThe measurement of dissolved solids is an important parameter also
used to judge the need for water changes in freshwater systems, just like the monitoring of pH
fluctuation. As animals live in the water and excrete waste products, the dissolved solids value of
the water tends to rise. For instance, if you know that your tap water has a base value of around
80 mS, a rise in that level to values greater than 250 mS may indicate the need for a water
change. This test should be taken at least weekly on freshwater systems using an electronic,
hand-held dissolved solids meter. Due to the great amount of inorganic dissolved solids in
seawater, this test is not usable on marine systems, except to measure the efficiency of reverse
osmosis (RO) or de-ionizing (DI) units used to make water for reef systems. For these units, the
dissolved solid probe should read zero on the product water, before the salt is added.Regular
testing of your aquarium’s pH is essential—especially in systems containing sensitive
invertebrates.Nitrate-NitrogenA counterpart of the dissolved solids test and also somewhat
related to pH fluctuation, is the test for nitrate ions. This measures the buildup of one specific
waste product resulting from the biological filtration process. While not overtly toxic itself, the
absence of nitrate-nitrogen is a good indication that the water system does not have a buildup of
other, more harmful waste products such as phenols, cresols, etc. This test is mostly applied to



marine systems and is performed on a periodic basis. Aquarists should perform enough routine
water changes so that the nitrate ion level is always diluted below danger levels. In coral reef
ecosystems, the dissolved waste levels must be kept at ultra-low levels (less than 1.5 ppm) so
more regular testing is therefore performed on these systems to ensure that such low levels are
maintained. Typically, you must use a spectrophotometric method to test for this ion at ultra-low
levels (such as a Hach DR series). Do not fall into the common fallacy of trying to interpret ultra-
low readings on typical home aquarium reagent test kits, this is simply too inaccurate.Here is a
hand-held pH monitor with two packets of calibration fluids.SalinityThe salt content of marine
and brackish water systems should be monitored weekly or as needed using either a specific
gravity meter or a temperature-corrected refractometer. Both of these devices should be
standardized to a glass laboratory-grade hydrometer. The marine fish systems are typically kept
at a specific gravity of 1.019 to 1.022 while the marine invertebrate systems are kept at a higher
specific gravity of 1.023 to 1.026.These are two types of hydrometers that hobbyists commonly
use. The unit on the left is a standard swing-arm type, while the one on the right is a floating
hydrometer/thermometer combination.Dissolved OxygenPhotometric dissolved oxygen testing
meters are the easiest and most practical measuring device for pet stores and home aquarists to
test a system’s dissolved oxygen (DO) content. Dissolved oxygen meters require frequent
calibration and replacement of electrode membranes. Visual, reagent-type oxygen tests are
difficult to perform and somewhat difficult to read the results once the test is complete.As the
level of dissolved oxygen is generally a function of the filtration/aeration system used and the
system’s overall bio-load, it rarely changes unless either of those criteria changes, so this test is
usually only performed on an as-needed basis. Dissolved oxygen readings can sometimes be
used to infer total dissolved gasses, a way to help avoid supersaturation of aquarium water with
air.Photometric dissolved oxygen meters are easy to use, and some pet shops have access to
them.Nonroutine ParametersOther water quality parameters may be measured on an as-needed
basis. Phosphorus (as ortho-phosphate) is best measured using the spectrophotometer; again,
visual reagent tests are not accurate enough at low detection levels. Lighting can be measured
with a Lux or PAR meter. This tells the aquarist how well the metal halide lamps and other
specialized lighting systems are working. Ammonia and nitrite (two precursors for nitrate ion in
the biological cycle in aquariums) should be measured every few days in any newly established
marine system. Copper is used as a medication for marine protozoan diseases, and its proper
use at low concentrations requires the use of a spectrophotometer. This is a case where
improperly analyzing a visual reagent test can lead to fish death. Dissolved calcium is important
for the growth of live coral and is best measured using a reagent test kit. Iodine and strontium
test kits are available but are extremely difficult to read accurately, leaving their results in
doubt.Portable ProbesThese inexpensive units are very popular with both public and private
aquarists. The best ones can run for hundreds of hours on four watch batteries and often give
results nearly as accurate as some bench-top measurement devices. Some less expensive
models suffer from durability and accuracy problems—so price may ultimately be a deciding



factor in which brand to purchase. It is best to tie a lanyard to keep yourself from dropping these
electronic devices in the aquarium water. If they become submerged, they may be ruined, in
some cases they can be salvaged by removing the batteries and shaking the residual water from
the unit. Dry for at least a day and test its operation. Some currently available hand-held probes
include:•pH pens – run a double or triple point calibration before each use.•Dissolved solids –
very reliable meters, but for freshwater use only.•Refractometer – usually more accurate than a
hydrometer for measuring salinity.•Hydrometer – dip and read models, calibrate first with a
refractometer.•ORP pens – difficult to calibrate, highly variable readings.•Digital thermometer –
check accuracy against a known mercury laboratory unit.Older spectrophotometer models are
still used today. This unit is more than 15 years old and still running strong.Pictured is a small but
serviceable aquatics laboratory.Spectrophotometer ApplicationsIn other cases, there is no
substitute for a more costly bench-top meter. Spectrophotometers and the less expensive (and
typically a bit less accurate) colorimeters serve as “expert eyes” in determining color changes of
various test reagents in water samples. Anyone who has tried to read a poryphrin copper test
with just their eye knows how small these color changes can be and how difficult they are to read
by eye alone.Spectrophotometers have gained wide acceptance with many public aquarists as a
water quality assessment tool. Their ease of use, portability, relative low cost, and wide range of
available test parameters have all contributed to their favor with aquarists. Important aquarium
chemicals that spectrophoto-meters can very accurately test for include ammonia, nitrite, nitrate,
phosphorus, and copper. These units have the added ability to test for more esoteric materials
such as chromium (a contaminant in some mortar dyes), zinc (from galvanized materials), and
lead. All of these tests are fully explained in the manual that comes with the spectrophotometer
unit.A built-in test that some spectrophotometers can perform is for “true and apparent color.”
This test photometrically compares a given water sample to a blank of “zero” value, and gives
the user a means to compare relative water clarity and color. For Hach brand
spectrophotometers, method number 8025 is used to determine the true and/or apparent color
of any water sample with results given in platinum-cobalt (PtCO) units in a range of 0 to 500.This
chart shows how changes in husbandry practices affected the water clarity in a public aquarium
display tank.Cloudiness forms when an aquarium’s gravel is stirred. This chart shows the
clearing action of the filtration units employed in one tank over a five-hour period of time. These
tests are common when testing new filtration methods or units for efficiency.Apparent color is a
combination of dissolved coloring agents such as organic wastes, certain inorganic compounds,
and tannins, which are sometimes collectively called “gelbstoff” (German for “yellow material”),
combined with any suspended matter. This is the “real” measurement, in that this is what one’s
eye perceives when viewing a given aquatic exhibit. True color is derived from a sample that has
been prefiltered or centrifuged to remove the suspended particulate matter. This measurement
gives the user an idea of the potential benefit which might be gained with carbon filtration or
partial water changes desired to remove or dilute the gelbstoff concentration. The relation of
these two values is important to understand; a high, apparent color combined with a lower true



color reading indicates that the mechanical filter of a given system is not sufficient to achieve
proper particulate filtration of the water volume. A high true color, nearly equal to the apparent
color indicates that mechanical filtration is sufficient, but that excessive gelbstoff is present, and
should be removed by chemical filtration or water exchange. A true color reading greater than
the apparent color reading indicates some error in the test procedure (for example, not insuring
that the outside surface of the sample cell is clean or not prerinsing the filter paper to remove
any loose fibers).In interpreting the results of this test procedure in aquariums, it is important to
understand how other factors may influence perceived water clarity of a given system. An
aquarium front that has reflections on it from strong ambient room light or other nearby displays
will always seem “less clear” than the same tank viewed from a darkened area. Glass viewing
windows impart a green hue to the water that is not seen with acrylic windows. In systems where
the true and apparent color readings are equal but elevated (indicating low turbidity but high
gelbstoff), some types of aquarium lights (such as halogens bulbs), seem to cause the gelbstoff
to show up more than high-temperature metal halide bulbs. Obviously, the lateral viewing
distance of a tank affects the overall perceived color of the water. A 10-gallon aquarium with a
reading of 5 PtCO true color units may seem “clear,” but that same water in a 20-foot-wide shark
tank will look distinctly yellow. For many larger systems, .5 to .75 PtCO true color units per foot of
tank width is a good target to try for. The true color reading subtracted from the apparent color
reading gives the relative turbidity of the system. This reading should be less than .3 PtCO units
per foot of tank width. Tank lighting affects the perceived turbidity as well. A bright focused light
source above the tank (such as a metal halide pendant lamp) will scatter when it hits free-
floating particles, causing the tank to seem more turbid.This Mediterranean-themed aquarium’s
success is directly correlated with the quality of the filtration and circulation methods used.
Water current is very important in all aquariums, not just reef displays.Water Current
GeneratorsReef aquarists spend quite a bit of their time and money developing the best ways to
simulate natural water motion in their aquariums. Marine invertebrates often require specific
water flow rates and directions of flow for them to thrive on a long-term basis. These flow
requirements differ by species and can be achieved using a variety of methods. Low water flow
rates in reef aquariums will result in poor expansion and eventual death of many corals and other
sessile invertebrates. Low flow rates can also result in the detrimental buildup of detritus or the
growth of slime algae. A unidirectional high rate of water current (called laminar flow) will reduce
this detritus and slime algae growth, but may stress soft-bodied invertebrates by pulling on their
tissues in a single direction all the time. The best reef aquarium water flow regimen seems to be
one that moves large volumes of water (without overly concentrated currents) in a variety of
directions, interspersed with a few periods of low water flow. It is no wonder that this requirement
is similar to that seen on coral reefs; waves resulting in a variety of turbulent water motion based
on their ever-changing heights and directions, predict-able tidal currents (produced by the
gravitational actions of the sun and moon), as well as oceanic currents that vary in magnitude
and direction but over a more extended period.Fish-only marine aquariums may see some



benefit from increased water currents as well. In addition to the reduction of slime algae and
limiting detritus buildup, some reef-associated schooling fishes seem to behave more naturally
in aquariums that have strong water currents. Their colors may be brighter, and their activity is
definitely increased. Fish that relish increased water currents include, but are not limited to
Chromis sp., Anthias sp., and various species of garden eels.Aside from the benefits of the
physical motion of the water itself, adequate water movement also contributes to proper gas
exchange in the aquarium as a whole, especially if the surface tension of the aquarium’s water is
broken, creating bubbles. In addition, some invertebrates rely on water currents to bring their tiny
food to them (plank-ivorous), as they don’t have the ability to move and find food
themselves.Several canister filters connected to each other filter this aquarium. Aside from a
strong current, the filters provide multi-tiered filtration and thus a cleaner environment.Some
freshwater aquarists have begun to experiment with increased water flow in their aquariums.
Rheotaxis is the term for a behavior that certain fish exhibit where they tend to orient themselves
into an on-coming current in order to better locate food and to maintain a steady position in the
water. Stream fishes such as shiners, dace, and darters will exhibit this behavior in an aquarium
that has suitable water flow. While these fishes will survive in still-water aquariums, they have
their best coloration, and show more normal behavior in aquariums that have water flow rates
similar to that of the streams they are naturally found in.The following reviews the wide varieties
of methods aquarists have developed to produce adequate water flow in their aquariums. These
techniques differ in the means by which they achieve their results, and they all have inherent
benefits as well as drawbacks. Some work best in small aquariums, while others can only be
implemented in the largest of aquariums. Costs differ widely between these systems both in
initial construction cost as well as operational expense.External PumpsMost aquariums have
some sort of motor/impeller system in place to transfer water from the aquarium to an outside
filter or protein skimmer. When this water is returned to the aquarium, water currents will
obviously be produced. Depending on the pump size and direction of the water return, this flow
can be adapted to benefit the aquarium’s inhabitants. Most of these pumps are designed to
operate continuously and their return hoses are usually fixed in place, so in order to use their
energy in the formation of oscillating currents, some additional type of mechanical device must
be employed. A variety of devices have been invented to do this. They work by changing the
direction of the pump’s water flow using either a separate motor or by utilizing the force of the
water to move the direction of the effluent. Due to the close mechanical tolerances needed to
operate such a device, they are generally not something that a home aquarist could build, and
must instead be purchased from a manufacturer.Powerheads utilize a magnetic impeller to draw
water in and generate a current through its output nozzle.Powerheads/Wave
MakersSubmersible water pumps, called powerheads (sometimes connected to a timed power
supplier and then referred to as wave makers), are the most common devices used to create
water currents in aquariums. They can be positioned behind rockwork, and their outputs can be
directed to send water flow virtually anywhere in the aquarium. With a wave maker periodically



turning the powerhead on and off, oscillating currents can be produced. Be aware that most
powerheads wear out much faster if used in an application where they are turned on and off
more frequently than once every 30 minutes or so. As with all electrical motors, powerheads are
not 100 percent efficient at converting electricity into the ability to do work. This loss, due to the
inherent friction of the device, is converted into heat. For submersed pumps, this waste heat is
directly released into the aquarium, where in some applications it can cause abnormally high
water temperatures.Aquarists are always modifying or creating new contraptions. This is a mock-
up of a surge device used to test different design ideas.Surge TankOften called a Carlson Surge
Device or CSD (after Bruce Carlson of the Georgia Aquarium), this device creates a crashing
flow of water that very closely simulates wave action in shallow water. These devices consist of a
tank of water above the aquarium. Water is pumped into the tank. As the water level rises to the
top, an internal siphon inside the tank begins to flow. The siphon is much faster at draining the
tank as the pump is in filling it. All of the water in the tank therefore rushes out of the siphon until
the tank drains and the siphon action breaks when it “catches air”. The pump (running all the
time) then refills the tank and the cycle repeats itself. To build one of these it is best to follow
someone else’s proven design. Pump flow rate, surge tank size, the height above the water, and
the diameter of the siphon tube are all variables that need to be closely controlled or the unit will
not operate properly. Even when they are well designed, these surge devices have a bad
reputation for injecting huge amounts of air bubbles into the water—often to the point of
obscuring the tank inhabitants. Through a series of design changes, it seems that using a very
tall and narrow reservoir combined with angling the siphon intake will work together to break the
siphon faster, therefore reducing the number of air bubbles injected into the water at the end of
the cycle. A small hole drilled at the top of the return pipe will bleed off some of the air trapped in
the siphon at the beginning of the cycle. This hole also insures that the siphon process ends
properly at the end of each cycle.Here is an inside view of a surge device during operation.Toilet
Flush Valve SystemThese homemade wave makers seem so simple at first; a pump fills a
container above the aquarium until a toilet float ball raises enough to open a valve, sending a
cascade of water down into the tank. Fewer bubbles are generated than with a CSD, and the fill
pump runs all the time, saving wear and tear on the motor. In reality, these units are very difficult
to construct. Very often, the float will raise just enough to partially open the valve, and then the
water will run out continuously, instead of all at once. In some improved designs, a second
mechanism is used to close the float valve after each cycle to eliminate this “run-on”
problem.Dump BucketFirst designed by public aquarists, these wave makers are made from a
large tank (the bucket) situated above the aquarium balanced on a pivot. As the tank is filled with
water from a pump, the slightly offset angle of the pivot causes the dump bucket to suddenly tip
forward, releasing a surge of water down into the aquarium. Once empty, the bucket returns to its
upright position where it refills for the next cycle. The action created by such a flow of water is
very similar to that of a wave crashing down on a rocky shoreline. As with the CSD, some air
bubbles are introduced into the water column, but these bubbles are larger, and tend to float



back to the surface rapidly so that they don’t remain long in the aquarium and don’t obscure the
view of the aquarium as much as the finer bubbles created by a CSD will do. The force
generated as the dump bucket slams back and forth hour after hour, day after day, tends to
wreak havoc on the pivot points, as well as the anchors that hold the unit in place above the
aquarium.Oscillating MassThis method of wave production is most often used in large public
aquarium exhibits or in recreational “wave pools” for people to swim in. The waves are produced
by a paddle or large mass (like a plunger) that is moved back and forth or up and down in the
water. With an appropriate cycle time, each wave reinforces the amplitude of the next, and very
large waves can result from a relatively small investment of energy. In addition, little or no surface
agitation occurs, so bubbles are not produced. The obvious drawbacks are how to hide the
visual presence of a large paddle, and how to engineer a system to create an oscillating motion
in order to move the mass. Still, it is probably just a matter of time until this method of wave
production is applied to home aquariums.While dump buckets are not ideal for your living room,
they are effective and quite popular in public aquariums—behind the scenes, of course!Direct
Air PressureThis basic method of generating water flow has been used in aquariums for many
years in one form or another, since the very first modern aquariums were established. When air
bubbles are injected below the surface of an aquarium and then released, they rise through the
water column carrying some water along with them. If these bubbles are constrained inside a
tube (as in an undergravel lift-tube), the water flow created is more forcefully directed upwards.
With proper design, the amount of water moved can be significant, and as the bubbles reach the
surface and break through, they help drive off excess carbon dioxide gas. Spray resulting from
the breaking bubbles can cause unsightly salt residue to form above the aquarium, and airlift
water flow system is generally not easily varied in either direction or rate of flow. They are best
used to gently move large volumes of aquarium water from the bottom of the tank to the surface,
and are the most cost effective means to move water in an aquarium.Differential Air
PressureThis method of water current production has not been mentioned as having
applications for home aquarists, yet it is the primary force of water motion in nature. In the
world’s oceans, the pressure of air moving over the surface of the water produces an ever-
changing variety of waves and water currents. The same principle, on a much smaller scale, can
have the same affect in home aquariums. This phenomenon was first identified because in some
aquariums (especially with complicated reef systems), waste heat from the life support
equipment such as lights and pumps attached to an aquarium raises the water temperature to
levels unhealthy for the aquarium inhabitants. One solution to this problem, a refrigeration/chiller
system, is often prohibitively expensive both in initial cost as well as in operation.Specimen
MovementThis is a minor but visible source of water flow in some reef aquariums. Watch as a
large tang or other flat-bodied fish swims closely past a colony of soft corals. The coral colony
will sway and move in eddies left by the current as the fish moves through the water. It is doubtful
that the benefit from this additional water movement offsets the negative effects that the waste
output of a large fish would have on the reef system, but it is certainly something that is easily



seen in most reef aquariums. More importantly, the picking action of herbivorous fish on the
substrate will be of more benefit—loosening algal mats, and suspending detritus into the water
column, so that it is more easily removed by foam fractionation or filtration.When the desired
water temperature is less than 5 to 7 degrees Fahrenheit below the ambient room temperature,
aquarists have successfully relied on the evaporative cooling effect produced by moving air
across the surface of the aquarium with a fan. This airflow will also generate substantial water
currents. However, the aquarist must either turn the fan on and off as needed or set the
thermostat on the aquarium’s heater at a higher set point to avoid overcooling the water (and
then accepting the higher energy cost incurred while periodically running the heater and fan
simultaneously). It may be common knowledge to some; but by using a standard water chiller
thermostat, the fan can be controlled more precisely, often holding the aquarium’s temperature
to within 1 or 2 degrees of the target temperature.In one example, when a 1500-gallon reef
exhibit was test-filled, it was discovered that the light coming in through the skylights, the
additional metal halide lighting, and the large number of pumps all contributed to raising the
aquarium’s water temperature to 83°F, which was 6 degrees above the target temperature of
77°F. A 20” 1/6th hp fan with airflow of 7500 CFM was attached above the tank, directing air
horizontally down the length of the aquarium, with the lower edge of the fan about 6” above the
surface of the water. This lowered the water temperature to within a scope of 73° to 77°F.
However, this wide temperature range was not acceptable and was caused by the variations in
the evaporation rate resulting from changing humidity levels and daily fluctuations in the room’s
air temperature. By plugging the fan into a chiller controller it was possible to reduce this
temperature range to 1 degree, between 76° and 77°F. The controller would now operate the fan
when the aquarium water warmed up in the heat of the afternoon, and then be turned off in the
early evening when the water was cooler.Currents in aquariums can cause unique growth
patterns in soft corals, gorgonians, sea fans, and other branching animals.Two additional
benefits became apparent. While the fan was running, substantial water currents were
generated and a series of light-refracting wavelets were produced. The flow of the water current
was calculated to be 2700 gallons per hour by timing a drift bottle driven down the length of the
tank by the current produced by the fan. It should be noted that this was a theoretical maximum
measured with all of the aquarium’s pumps turned off. In normal operation the affects of some of
this wind-driven current would be cancelled out by the opposing currents produced by the
various oscillating pumps. In regards to the surface wavelets produced, they were noted to have
some affect on the light regime within the aquarium. Using a submersible light meter situated 12”
below the water’s surface; a still-water reading of 375 footcandles was taken. With the fan on, the
wavelets refracted the light, causing the light level to shift rapidly between 330 and 370
footcandles. The overall effect of these glitter lines (or ripple lines) is aesthetically pleasing, and
the reduction in average light transmission into the aquarium had no apparent affect on the
animals (as this system was already well lit with metal halide lamps). With the meter’s probe held
horizontally, the still-water reading was 50 footcandles. With the fan on, the level then varied



between 50 and 75 footcandles, actually increasing the amount of reflected light traveling
horizontally in the aquarium. This may have some minor benefit for getting more light to the base
of corals otherwise shaded from light only coming down directly from above.When developing
any new aquarium system, always consider the water flow needs that the intended inhabitants
may require, and then research all of the possible means to achieve that goal. For reef
aquariums, the total water flow per hour (assuming that it is being generated in random
directions and with changing intensity) should be on the order of ten times the actual volume of
the aquarium. This flow rate would include the flow produced by wave makers, airlifts, and
filtration pumps combined. Reef tanks with shallow-water small polyp stony corals may need
more water flow, and soft coral reef aquariums will do fine with a bit less. Fish-only aquariums
require only enough flow to achieve the desired response from the fish—if they are schooling
and swimming into the currents as they would in nature, then the amount of flow is sufficient.In
many reef aquariums, the ultimate solution will be to utilize a variety of these water flow
generation techniques; where the drawbacks of one method may be offset by the benefits of
another. There are many sources of water flow in natural systems, so it is not surprising that
there should be multiple ways to produce similar flows in home aquariums as
wellEvaporationOne major drawback to this method is the greater need for make-up water to
replace water lost due to increased evaporation and potentially shortened fan life due to its
operation in a salt-laden atmosphere.The Use of Ozone in Aquarium SystemsOzone (O3) has
the same chemical composition as oxygen (O2) but very different chemical properties. Ozone
(tri-atomic oxygen) is a very unstable molecule. It is a powerful oxidizer. When ozone contacts a
compound exhibiting an “oxygen demand,” it releases one of its oxygen atoms resulting in the
formation of an oxygen molecule, with the third oxygen atom becoming attached to the now-
oxidized compound. A theoretical example of this reaction would be the addition of ozone to an
aquarium containing a certain amount of nitrite(NO2-). The third oxygen atom in the ozone
molecule would contact the nitrite molecule oxidizing it to nitrate (NO3-), leaving an oxygen
molecule (O2).Ozone ProductionFor use in home aquariums, there are two ways that this gas is
commonly produced: either by a photochemical reaction using ultraviolet light (“Photozone”) or
through a hot or cold corona discharge device. In almost every case, ozone is dissolved in the
aquarium water by means of a contact chamber, usually a protein skimmer. Ozone gas dissolved
into aquarium water has been used both as a disinfectant, as well as a means to oxidize certain
presumably toxic metabolites produced by the aquarium inhabitants. The various chemical
reactions ozone exhibits when exposed to seawater are extremely complicated. Some aquarium
“chemists” may be a bit too quick to describe these theoretical reactions and do so at the risk of
overextrapolation; the real-world results may be very different. Industry manufacturers also
attempt to define the activity of ozone in water, but since there is the underlying message to buy
their products, one cannot always accept their information at face value.Proposed in this section
are the descriptions of findings based on research regarding the use of ozone in synthetic
seawater, using primarily the easily discernible results of first applying ozone to synthetic



seawater and then measuring the results. Please understand that this is a hugely complicated
topic. While it is believed that the information presented here is accurate, it is not all
encompassing; there is still a lot more research to be done in this field.Plating corals, such as
this Montipora, generally grow horizontal to the current and perpendicular to the light.Ozone can
break down algae, protozoans, and bacteria to their nonliving chemical constituents. It may also
oxidize some organic compounds into different forms. But without some additional mechanism,
such as foam fractionation, ozone by itself completely oxidizes very few of these materials. In
addition, ozone can react with some inorganic compounds and oxidize them as well.It is a
commonly held belief that ozone enhances bubble formation in protein skimmers. But we can
see from experience that injecting small amounts of ozone into a properly adjusted skimmer has
little real affect on the amount or character of the foam produced. However, suddenly injecting
very high doses of ozone seems to have an affect of producing clearer, more watery foam.
Injecting moderate amounts of ozone for long periods tends to produce clearer, but relatively dry
foam. On a skimmer that has had its foam production temporarily reduced (by cleaning out the
unit or feeding the aquarium), abruptly adding ozone seems to hasten the rebound of the unit
back to its normal level of foam production.SafteySafety is an important issue when working with
ozone. Humans can sense ozone in air at a level of around 0.02 to 0.05 mg/l, very near the
critical exposure level cited in many industrial applications. The real danger in working with
ozone is in the case of large commercial units. In most instances, home aquarium ozone
generators with outputs less than 250 mg per hour will not cause acute toxicity in humans. They
can, however, cause chronic health problems such as coughing and headaches if not used
properly. Remember, if you can smell ozone, the concentration in the air of the room is too high!
Ozone may hasten the rebound of a freshly cleaned skimmer back to its original foam
production rate.Ozone ActionThe action of ozone on seawater produces various forms of
organic and inorganic oxidants (Crecelius 1979). Administering a proper dosage of ozone in
aquarium applications is frequently a problem. The result of improper dosage is either a low
concentration that does not produce the expected benefit, or an excessive amount that can
prove toxic to the aquarium inhabitants. The oxidants produced by the reaction of ozone in
seawater can most easily be measured indirectly by means of a DPD (N,N-diethyl-p-
phenylenediamine) total chlorine colorimetric method (APHA et-al 1980). As the color change of
the DPD method is very small at low doses, a spectrophotometer is usually required to interpret
the results at low concentrations of ozone. The results of the DPD test are affected if the
alkalinity of the sample is greater than 300mg/l or if there is chlorine, bromine or iodine present
at high enough levels. A much more accurate method (but vastly more expensive procedure) is
the Hach Company’s Indigo Trisulfonate Accu Vac method. While this test is free from most
interferences, the use of a spectrophotometer is mandatory, and it seems that this test only
works for freshwater systems. Most private and public aquarists use an Oxidation/Reduction
Potential (ORP) probe to indirectly measure ozone levels. In some cases, the ORP probe is used
to automatically control the output of the ozone generator. Care should be taken using this



method on small aquariums. ORP probes need frequent calibration and are prone to sudden
failure—sometimes in the “full on” setting. Furthermore, ORP only indirectly measures ozone and
does not differentiate between free ozone, ozone-oxidants, or any other type of oxidant or
reducing agents that might be present in the aquarium system. Finally, ORP probes cannot be
used to take “spot measurements” of ozone levels in water—in most instances the probes
require in excess of 48 hours of contact with the solution to be tested before giving accurate
measurements. For this reason, the battery operated, portable ORP “pens” are useless for
aquariums except to test the relative strength of chlorine net dip disinfectants.Ozone
Decomposition Decay RateThe equation used for the calculated decay rate was:A = (LnY) /
((LnX)/T)Where A equals the time it takes the ozone to decay to the level Y (expressed as a
decimal of the percentage); so if the amount of decay to be determined is 50 percent, then Y
would be 0.50. X is the previously measured percent of the material remaining after T time. Ln is
the natural log of each of these numbers and is most easily determined using a scientific
calculator.Ozone -OxidantsOzone-oxidants such as bromite (Obr-), bromate (BrO3-),
hypobromous acid (HOBr), and hypochlorites (OCl-) are much more stable than free ozone.
Originally it was surmised that more than one type of oxidant might be formed at the same time.
What that meant was that the ozone that had reacted with marine aquarium water would create
a mixture of oxidant compounds that would have a variable stability. The instable products would
quickly decompose, while the more stable oxidants would persist for a longer time. Early
experiments seemed to bear this out. During one 96-hour trial, the decomposition rate was
found to average 0.04 mg/l per hour, but was much faster early on in the trial as compared to the
end (Hemdal 1992). It wasn’t until the decomposition rate of ozone was examined again many
years later, that we discovered that this rate is logarithmic but fairly consistent in that it doesn’t
show the expected plateaus and sharp declines (Graph #1).There is no ready explanation as to
why the measured decay rate was faster than the calculated rate during the middle of the period,
when both rates were equivalent at the beginning and the end of the graphed curves. When
using this data to predict the amount of potentially toxic ozone-oxidants, it would be prudent to
follow the slower calculated decay rate.During aeration of samples containing three oxidants, the
decomposition rate of chlorine in tap water was found to be the fastest, followed by the decay
rate of ozone oxidants in non-brominated synthetic seawater. Ozone-oxidants in seawater
containing bromine had the longest half-life. In using logarithmic models for each of these cases,
the decomposition rate was a consistent, logarithmic decline (Table 4).The time needed for
enough of the oxidant to decompose through simple aeration to make the water safe for aquatic
life varies on the starting concentration of the oxidants to begin with. Table 4 can be used to get
an idea of this decay rate. For example, the old adage, “Aerate tap water for 24 hours prior to
using it in an aquarium in order to dechlorinate it.” seems to hold true. Most city water systems
deliver tap water containing a maximum of 1.0 mg/l total chlorine. About 85 percent of this
chlorine will be neutralized during 24 hours of aeration—and the residual amount of .15 mg/l will
have no detrimental effect on the aquarium inhabitants.Controlling Ozone/Oxidant Levels in



AquariumsIf an ozone test indicates low or no concentration of ozone, it is a simple matter for
the aquarist to increase the output of the ozone generator by either turning up the rheostat, thus
running the unit for longer periods of time, or by using an air-dryer to increase efficiency of the
generator unit. However, if the test shows excessive amounts of ozone-oxidants in the water,
there is little published data as to how the concentrations of the ozone-oxidants may be quickly
reduced. Spotte (1979) indicates that sodium thiosulfate may be used to reduce the level of
ozone vented to the atmosphere during the reaction process as a means of alleviating the
potential health hazard to humans. Sodium thiosulfate is routinely used in aquariums to
neutralize free chlorine (Amlacher 1970).In a previous study (Hemdal 1992) ozone gas was
dissolved at various concentrations in synthetic seawater containing bromine. The toxicity of the
resultant ozone-oxidants on Brachionus rotifers was noted. Fifty percent mortality occurred in as
little as ten minutes at 9.0 mg/l ozone-oxidants. This ranged much greater than 23 hours for 0.43
mg/l ozone-oxidants. Sodium thiosulfate was added to water samples containing known toxic
concentrations of ozone-oxidants. One milligram of sodium thiosulfate neutralized an average of
1 mg of ozone-oxidants. (The actual amount varied and was dependent on the length of time the
sample was aerated prior to the addition of the sodium thiosulfate. The longer the sample was
aerated, the less effective sodium thiosulfate was in neutralization of oxidants.) So, an aquarist
faced with the challenge of detoxifying excess ozone-oxidants in an aquarium can simply add
the same amount of sodium thiosulfate as there is ozone present. For aquarists without access
to sodium thiosulfate, remember that this is the main component of aquarium water
dechlorinators. Most of these products are designed to dechlorinate water containing
approximately 1 mg/l chlorine, so if your ozone level is at 2 mg/l, simply add a double dose of
dechlorinator.Rather than relying on potentially inaccurate ORP controllers, home aquarists
might want to try the following method in order to achieve a steady state ozone dose for their
aquarium—one that remains at a low but constant level. This small dose of ozone will not have
any real disinfectant ability, and it probably will not break down too many of the POCs in the
water. On the other hand, there is a high margin of safety in this method if applied
properly.Rheostat ControlPurchase an ozone generator with a rheostat control that can supply
between 0.10 and 0.15 mg of ozone per liter of tank capacity per hour. Two small units operating
in parallel may be the most cost-effective way to boost ozone production.Air-DryersUsing a
supply side air-dryer if the room is humid, add ozone at a relatively high rate into the tank
through a protein skimmer (0.10 mg ozone per liter of tank capacity per hour).A Quick Note
About OzoneTurn off the ozone when the level in the tank reaches 0.02 mg/l or if ozone can be
smelled in the room. Ozone in a room quickly desensitizes to the human olfactory system, so be
aware that you may not be able to smell it after a while. Continued exposure will cause coughing
and headaches. Immediately turn the ozone generator off and move to fresh air if any symptoms
occur.DPD Ozone TestMonitor the level with a DPD ozone test. A spectrophotometer is best
used for this, but this alternative method will work:1. Create a “reagent blank” using de-ionized
water and the DPD reagent.2. Add 1 drop white vinegar to 50 ml of the sample as a pretreatment



to avoid any interference from high alkalinity levels.3. Add the DPD reagent to the tube
containing the aquarium sample.4. After three minutes, but before five minutes, hold both tubes
over a piece of white paper.The slightest pink color at all in the test sample indicates some
ozone is present. Higher amounts of ozone (> 0.01mg/l) should be discernable on the test’s
color comparator chart.Iodine and chlorine will react with the DPD test just like ozone will.
Adding even a small amount of chlorinated tap water to an aquarium or dosing with high
amounts of iodine supplements will skew the results.Repeat this process for four to six hours
each day for three days. Check the levels hourly. Once the more easily oxidized compounds
have reacted with this relatively high level of ozone, begin adjusting for a steady-state ozone
concentration.Ozone InjectionStart with injecting 0.005 mg of ozone per liter per hour through
the protein skimmer. Turn unit off at night or whenever you are unable to monitor it closely. It is a
little ironic that after all this research, this value is very close to the 0.003 mg ozone per liter per
hour given by Robert Valenti over 35 years ago (Valenti 1968).Raise the ozone level a little each
day until one of two things occurs: either free ozone can be smelled in the room or the DPD
ozone test shows any pink color at all (generally this happens at 0.005mg/l ozone in
water).Lower the ozone production rate 25 percent from the previous setting. The aquarium
should be able to operate continuously at this dosage over long periods, except in the case
where activated carbon usage changes. The carbon “competes” with the ozone for many of the
same compounds, in turn changing the demand for ozone.CAUTION!Never use this method
with natural seawater or any synthetic seawater containing natural levels of bromine (0.0673 mg/
l). The ozone-oxidants formed when the ozone reacts with the bromine may be harmful to the
animals.For added safety the water returning to the tank from the protein skimmer/ozone reactor
can be passed through activated carbon, which will remove any residual ozone. Be aware that
the carbon, once exhausted, will lose its capacity to remove ozone from the water. The difficulty
of course, lies in knowing when the carbon needs to be changed.Except in public aquariums
needing to process huge amounts of water, ozone systems seem to have fallen out of favor in
recent years. For these public aquariums needing “gin-clear” water for their exhibits, ozone
remains an almost obligate choice. Many home marine aquarists seem to have gravitated
towards different methods of water quality management. It is a little ironic that almost all of the
home aquarium interest in ozone has been focused on the marine side of the hobby. Large
freshwater aquariums can potentially benefit even more from the use of ozone. In these systems,
there is less of a fear of producing residual ozone-oxidants, so ozone levels can be raised to
levels that will sterilize the water as well as oxidize most organic waste molecules, while still
easily allowing the ozone to quickly decompose back to oxygen, before causing harm to the
animals.Sea salt is expensive, and even though public aquariums order it by the pallet, it’s still
quite pricey to change the water in their oceanariums. Batch processing to reclaim seawater is a
smart alternative to constantly purchasing new sea salt mixtures.Batch ProcessingSynthetic
seawater costs between .06 and .75 cents per gallon to produce depending on the brand of salt
used and the quantity price break given. The low end of the range is seen at large public



aquariums that mix their own salt from the component parts. The high end would be the hobbyist
who buys a 5-gallon bag of premium salt at a full-service pet store. Most advanced aquarists
and smaller public aquariums pay between .10 and .22 cents per gallon. After payroll
maintenance and utility costs, sea salt is usually the single highest budget line item for the
husbandry department of public aquariums.For years, people have attempted to devise ways to
minimize the cost of synthetic seawater; rationing water changes, using lower specific gravity,
denitrifying devices, trace element additions, and even a variety of adsorbing chemical filtrants.
In many cases, the capital and operational costs of these methods exceeded the cost of the
water they were “saving.” Many aquarists have long been proponents of simply buying synthetic
sea salts as economically as possible and then just performing water changes as needed.
Reusing water for less critical applications (such as using old reef tank water in fish-only tanks)
also helps defray costs. This method has never proved popular with others for two reasons:
marine aquarists love to “tinker” and try to solve problems using technology, and people tend to
avoid performing water changes because they are hard work. Most aquarists attempt to maintain
the quality of the water while it is still in the tank itself. While this is the easiest approach, the
aquarist is limited to the techniques that can be used to those that will not adversely affect the
aquarium inhabitants. The next logical step would be to “batch treat” the water outside of the
aquarium. This is not a new idea, the John G. Shedd Aquarium in Chicago, built in 1929, used to
have two reservoirs of water for each of their main systems—one “working,” with fish living in it
while the other was “resting,” fish not living in it. Every six months the systems would be
switched. It was hoped (mostly in vain) that by keeping the resting reservoir dark and still, the
water would gradually become better in quality. More recently, some public aquariums have
devised batch treatments of their water under anaerobic conditions in order to reduce nitrate
levels.Public aquariums often have large holding tanks where the water can be treated and
tested prior to use in the displays.Taking these methods a step further, the following
experimental batch process was developed. This method isn’t perfected, may not work under all
conditions, and probably is more of just a starting point for future experimentation, but it’s still
worth mentioning here for completeness. The basic procedure is as follows:1. Place the water in
a sealed container, and use alcohol as a carbon source for de-nitrification.2. Use a foam
fractionator and heavy aeration to remove phosphorus.3. Apply ozone to the batch of water at
very high levels.4. Add trace elements (in particular, iodine).The alcohol most often used is
either methanol or ethanol dosed at a rate of twice that of the water’s NO3-nitrogen
concentration. The container is left sealed so the water becomes anaerobic and is opened only
for testing of the nitrate level. When an acceptable nitrate concentration is reached, step two
commences by using a foam fractionator adjusted to produce very wet foam, followed by long-
term aeration in an open vessel (replacing the water lost due to evaporation with reverse
osmosis water). Stephen Spotte has mentioned that phosphorus should be readily removable
from seawater by heavy aeration or foam-fractionation (although complete removal is probably
not possible).Acanthurids, such as this powder blue surgeon (Acanthurus leucosternon), need



excellent water quality in order to thrive in even the largest of aquaria.The third step consists of
applying ozone from an air-releaser at a rate of around 30 to 50 mg/l per hour to each 100
gallons of water in the batch. The free ozone resulting from this process must always be safely
vented outside. The length of time to apply the ozone varies depending on the quality of the
batch water, but less than 48 hours is usually sufficient.At step four, the batch water should be
tested for residual ozone-oxidants, nitrates, and phosphorus and then treated with a broad range
trace element solution. The resulting water probably should not be used in living reef aquariums
but should prove good enough for use in fish-only applications. Remember, the 200 gallons of
salvaged seawater has a value of around $30, so any procedure used must cost less than that
figure. Probably the most common maintenance question asked regarding marine aquariums is,
what is the maximum level of nitrate the animals in my aquarium safely tolerate? Nitrate levels in
aquarium water have been targeted as something to be minimized in order to achieve optimum
animal health. Aquarists worry about reducing nitrate levels in their water oftentimes with little
regard to all other water quality problems.Some background information may be in order here:
twenty-five or more years ago, people noticed that seawater used in home aquariums tended to
“go bad” with age. At the same time, using test kits that were available then, it was noticed that
the nitrate level in the water tended to reach high levels at about the same time that the seawater
became unfit for use in the aquarium. Since nitrate was so cheaply and easily measured in
water, it soon became a “benchmark” for poor water quality. Aquarists knew if their aquarium’s
nitrate level reached a certain concentration, that they would probably see animal health
problems as a result. Since water changes would reduce the nitrate level and at the same time
limit these health problems, monitoring nitrate levels was the best course of action. As time went
on, this basic idea that water changes helped reduce marine water problems fell by the wayside
and people became focused on nitrate levels as the sole measure of their aquarium’s health. In
the past ten years, aquarium vendors began to offer methods that would reduce high nitrate
levels in aquarium water. Aquarists embraced these techniques and felt that their tanks were
then protected from harm because the nitrate level was lowered. In reality, nitrate levels were
only meant to serve as a benchmark for overall poor water quality.By actively lowering the nitrate
level of the aquarium water, this benchmark was removed. At the same time that nitrate ions had
been building up in the aquarium’s water, trace elements were being depleted, organic acids
and phosphorus were building up, and the pH was dropping. The aquarium water really was not
any better at supporting aquatic life than before. Methods were developed to selectively remove
phosphorus and raise the pH. Many organic acids could be removed by carbon filtration, and
trace element solutions could be added to the water (but in unknown quantities because these
levels could not be easily measured, and trace element supplements contain unknown amounts
of compounds because manufacturers typically do not divulge the contents of their products).A
Quick ReminderRemember, water removed from a reef tank is still adequate for reuse in less
critical applications. Some aquarists will use the waste water from their reef display to change
the water in their fish-only tank, and then use the waste water from that tank to raise brine shrimp



or rotifers before finally sending the waste water to the sewer.Dissolved Gasses in Aquarium
WaterMost aquarists are aware that their fish require a minimum concentration of dissolved
oxygen in their water in order to thrive. Many are also aware that if gasses are dissolved in too
great an amount, supersaturation can occur, causing health problems in their animals. Due to a
lack of appropriate testing equipment, most home aquarists can do nothing about measuring for
potential problems with dissolved gas levels. Public aquarists often have access to dissolved
oxygen meters and various test kits that give them some information about gasses in their water.
It is the fishery scientist who often deals with cold water, water from below dams, or from deep
aquifer wells that has such specialized equipment. One item is a $2000 saturometer that will
measure the overall saturation level of all gasses in their water. Using one of these devices
would quickly allow the aquarist to identify supersaturation of the water before it becomes an
animal health issue.Acute SupersaturationThis is the archetypical “gas bubble disease.” An
aquarium that has a malfunction of some sort may develop a dissolved gas saturation level of
greater than 120 percent. The onset is sudden and the results devastating. Fish will develop
severe bilateral exophthalmia (pop-eye involving both eyes), and their gills will show massive
trauma and aneurysms. In the worst cases, air bubbles will be present in the soft fin rays and in
the gills. Death is rapid, and even if the still-living fish are moved to a new aquarium, they will
usually not recover.A classic case of this happened at a public aquarium when a group of 30
very rare fish from the remote Ascension Island arrived at the facility. They were acclimated to a
600-gallon concrete tank filled with seawater. As this was an unexpected shipment, the aquarist
had to put together a filter system in a hurry. A pressure sand filter with active bacteria was
removed from another system and quickly connected to a one horsepower centrifugal pump
using flexible PVC hose and soft rubber couplers attached with hose clamps. The filter’s intake
and return lines were placed underwater in the tank, and the pump was started up. Later, after
an uneventful acclimation procedure, all the fish looked fine, some were even eating. However,
the next morning, all 30 of the fish were dead except one sickly damselfish found hovering
beneath a clamshell at the very bottom of the tank. A few of the deceased fish showed mild
bilateral exophthalmia but all of them had unusual silver-colored “lines” in the clear portions of
their fins.IntroductionAquarists tend to think of their aquariums in terms of absolutes: either
freshwater or marine, tropical or cold water, reef or non-reef. They also tend think of natural
aquatic environments in the same way. While this book is about advanced marine aquariums,
this is really an artificial designation. What exactly constitutes a marine aquarium? Just when
does a brackish water aquarium, held at slightly higher salinity, become a marine system? What
about a marine fish such as a target perch being kept in a freshwater aquarium? “Advanced” for
one person may be common knowledge for another. Try not to think in such absolutes; do not be
afraid to borrow “marine concepts” for use in your freshwater tanks and vice versa.This book is
primarily about advanced marine aquarium topics. Do not confuse the term advanced with
complicated. These terms are not always interchangeable. Described in this book you’ll find
simple advanced topics (i.e. automatic plankton feeders), complicated beginner topics (i.e., “all



my fish but one died—why?”), and there are highly complicated advanced topics (i.e.,
establishing a working mangrove swamp microcosm).The overall topic of this book is vast and
enormously complex. No single individual has managed to cover the field of advanced marine
aquariums in an all-inclusive manner. Additionally, since no author has a means of ascertaining
their reader’s relative experience levels, much effort sometimes goes into covering “the basics”
so that all readers have a chance of being brought to the same level of experience through read-
ing. This book takes a different tack; it assumes the reader already has a decent grounding in
marine aquarium husbandry, and enough common sense to assimilate information about any
new topics they are unfamiliar with. In this way, the material is focused on the essence of the
subject, and not the entire introductory framework. Even without the excluded preparatory
information, the subject of advanced marine aquariums is still immeasurably vast. Each specialty
topic such as water quality, fish husbandry, and aquarium careers could have—and indeed have
had—entire books written about them. The various aquarium magazines try to fill a void between
the more general focus normally seen in aquarium books, but they too often fall short in having
to repeat too much basic information to their readers every month. Other times, authors who
have rather enthusiastically combed all available aquatic literature for their information, write
about advanced aquarium topics. This is fine if the reader wants that author to serve solely as a
“clipping service,” to go out and gather articles, summarizing the information (hopefully
accurately and without over extrapolation!), and then serving it up to them in digest form.
Hopefully this book will serve its superior purpose—to inform, educate, and motivate
intermediate and advanced private and public aquarists to rise to the next level with their
aquariums. Some words of caution are in order; this is a book on advanced topics in marine
aquarium keeping. It assumes you already have a good grounding in basic aquarium techniques.
In some cases chemical recipes are given. You must have access to the appropriate material
safety data sheets (MSDS), and have the proper laboratory safety equipment on hand before
using any of these compounds. There is a great variety today in marine aquariums; the people
who care for them and the animals that inhabit them. The ultimate responsibility for your
aquariums lies fully upon your own shoulders, so always proceed cautiously when applying any
new information.What follows are a series of vignettes regarding advanced marine aquarium
topics. This information was developed during 15 years of experience in the pet industry and
subsequent 20 years working for public aquariums. While this material pertains to marine
aquariums, as previously mentioned much of it is just as applicable to advanced freshwater
systems. If the information in one section does not apply to your aquariums, the next one most
likely will. If you already know all about one of the topics, not to worry, the subsequent one will
probably be new to you. If the information herein allows each hobbyist to keep even one fish
alive a few years longer, then task of writing this tome was well worth it!Environmental
QualityAquariums differ greatly from most other containers used to house captive wildlife
because the environment they encompass can vary by so many parameters and at a much
greater magnitude. Think of the physical environment of a typical hoof stock enclosure at a zoo.



There really are only two environmental criteria: living space and food. Meet these basic needs,
and the animals will survive. Aquariums are a bit different. Fish require a proper water
temperature range in addition to adequate space and food, additionally they need certain levels
of dissolved inorganic solids (salts), a proper pH, and they often have an upper limit of dissolved
organic compounds that will be tolerated. Furthermore, disease organisms can disseminate
much more rapidly through water than they can through the air. All of this adds up to the fact that
aquatic animals are many times more sensitive to changes in their aqueous environment than
are terrestrial animals that are solely concerned with changes in the atmosphere
(weather).Maintaining this Caribbean stony coral requires a nearly perfect environment.This
section examines some of the aquarium water quality issues (in both theory and practice) that
advanced aquarists should be concerned with or at least interested in. Two aspects will be
conspicuous in their absence; there is no explanation of an aquarium’s nitrogen cycle or similar
descriptions of basic water quality science—those are fully explained in basic and intermediate
aquarium texts. The second thing missing is any chemical theory that cannot be directly applied
to real-life aquariums. Too many “alchemists” in this field attempt to impress their readers with a
confusing array of arcane chemical facts. This may have been appropriate in their college
chemistry classes, but it tends to fall short when it is overextrapolated to aquariums. Aquarium
ConstructionWhen one thinks of an aquarium, a glass tank usually comes to mind. These
aquariums are made from five sheets of glass bound together with chemically inert silicone
sealant. The type of glass used may differ from one manufacturer to the next. Beware of
inexpensive models that possess thinner glass in order to lower the cost (In some cases thin
tempered glass is used, and this is perfectly acceptable.). Usually all-glass aquariums have
plastic trim around the top and bottom edges to protect from chipping or other physical damage.
In older books on marine aquariums, warnings were given about using metal-framed aquariums
in these applications. This was due in part to the potentially toxic cement used to hold the sheets
of glass in place. More importantly, it was common knowledge that the corrosion of the metal by
seawater would cause serious poisoning problems in the tank should the oxidized metal ever
come in contact with the water. Cautions about using such tanks as marine aquaria are largely
unnecessary nowadays, as these tanks have not been produced commercially for nearly 40
years. The lesson to be learned here, however, is never to allow any metal (except titanium) to
contact the water of a marine aquarium. There are other materials successfully used to construct
home aquariums. After all-glass aquaria, the next most popular type of construction is the acrylic
(Plexiglas) tank. The home aquarist, in order to make an informed choice as to the type of tank
to purchase, must research the differences between these two materials carefully. As an aid in
decision making, Table 1 compares the relative merits and drawbacks of Plexiglas versus glass
aquarium construction. When using this table, simply tally up the categories that are personally
important to you. If one category is especially important to your application, give it a double, or
even a treble weight. (For example, if resistance to leakage is a very important factor, you would
give the Plexiglas tank two points, or give the glass tank negative two.) Then simply add up each



column, and the type of tank which receives the highest score should be the one best suited for
you. Using a straight weighted scale, that is +1 or -1 for each category, the Plexiglas tank would
come out ahead. For a hospital or quarantine tank, where clarity and seam distortion are of little
importance, the glass aquarium would prove superior.Concerning some of the categories listed
in Table 1, in considering clarity, acrylic aquariums appear clearer than glass tanks. This may be
due in part to the greenish hue that glass imparts on water. To see this for yourself, view a piece
of glass from the end, and see that it looks green in color. Perhaps the major criticism with
acrylic tanks is that they are very prone to scratches. Besides clouding the view of the aquarium,
these scratches allow algae to grow inside them. It is then extremely difficult to remove this algal
growth without scrubbing harder, which in turn produces new scratches. The problem of
scratches can be minimized by not using abrasive cleaning pads, and performing frequent
gentle cleanings rather than major scrubbings on a less frequent basis. Should a “haze” develop,
there are products on the market that the aquarist can use to buff the surface clear again,
although this normally requires that the aquarium be emptied of water. Noncommercial
AquariumsPeople often ask if they could build their own tank out of materials from a hardware
store. The answer is yes, but the cost will usually be higher than that of a commercially produced
aquarium and obviously offers no manufacturer’s warranty. Attempts have been made to build
larger aquariums from marine-grade plywood, with a glass viewing window. The rationale is that
plywood is less expensive than glass. Problems arise, however, when one figures in the cost of
the epoxy paint needed to protect the wood surfaces from the saltwater. The net effect is that of
an aquarium which costs a little less than an all-glass tank but has a much shorter serviceable
life.A plastic farm tank with an acrylic window makes a serviceable holding tank.Bins and
TubsPlastic bins and tubs are sometimes converted for use as aquariums. They have two
primary drawbacks—lack of lateral viewing windows and poor side support when filled with
water. A third issue is the potential toxicity of the plastic material used in the tub’s construction—
potable water products are safe to use, but other types may not be. White plastic Rubbermaid™
containers are generally safe for aquarium use. Scrubbing new tubs with a paste of baking soda
and water, and then rinsing with very hot water will help to remove waxes and mold-releasing
agents that may still be present on the surface of the containers. Lateral viewing is very
important, both from an aesthetic as well as an animal health issue. Hobbyists obviously gain
enjoyment from viewing their animals, and opaque tubs impede that. If the plastic vessel has
sturdy flat sides, a viewing port can be cut out and replaced with a suitably thick acrylic viewing
window. Remember to leave ample material above and below the window to serve as supports.
The windows can be fixed in place using silicone sealant to form a gasket and then 3/8” to 1 1/2”
nylon bolts set every 3 to 4 inches around the perimeter of the window. Do not over-torque these
bolts as they may shear off, and be certain to use marine- or aquarium-grade silicone. These
products will be listed as “marine use—safe for use below the waterline.”For many aquarists, in
terms of their aquariums, “advanced” equates to “huge.” Larger and larger home aquariums are
being built by enterprising aquarists or their contractors. For most homes, the installation of an



aquarium larger than 180 gallons will require the assistance of an engineer to measure floor
loading, etc. All-Glass AquariumsThe limit in size for all-glass aquariums seems to be around
this size as well. A pair of 300-gallon all-glass tanks in a pet store would regularly split their
seams every two to four years. It seems that there is a point where silicone alone is simply not
sufficient to bond panels of glass, even with the addition of corner and center braces. When
designing large all-glass aquariums and determining their placement, thought must be given to
what happens when, not if, their seams will split.All-glass aquariums are by far the most popular
type of tanks that hobbyists use.Fiberglass AquariumsAcrylic aquariums are much better suited
as a construction material for large aquariums. Epoxy-coated wood aquariums are suitable if one
bears in mind their relatively short life span—often less than ten years if used as marine
aquariums. For the very largest aquariums, fiberglass or concrete with acrylic viewing windows
are the materials of choice. Balsa or foam-cored fiberglass tanks run on the order of $10 to $15
per gallon of capacity. Reinforced fiberglass tanks are a bit more expensive and concrete tanks
vary in price depending on technique used, but are an order of magnitude and more
expensive.Concrete AquariumsCinder block is not a suitable material for concrete aquariums—
they must be poured mix with special salt-resistant re-bar, not a do-it-yourself prospect by any
means! Comparing these prices to all-glass aquarium costs that run $1.50 to $2 per gallon and
acrylic aquariums costing $3 to $6 per gallon, and a case can be made that perhaps “more
aquariums” is the better answer than “larger aquariums”—at least for most homes. In summary,
an aquarium used to house marine organisms must be constructed of materials that will not
react with seawater to form toxic substances. Additionally, the construction technique used must
be suitable for the application. Furthermore, the tank must be within the aquarist’s projected
budget and allow for the proper viewing of the animals. Aside from that, the aquarist is welcome
to explore the many different possibilities of tank composition.Water Quality Measurement
TechniquesFew people possess the mystical ability to simply glance at the water in an aquarium
and immediately ascertain its relative capacity to support aquatic life. Most of us need to rely on
a variety of apparatus to determine the level of vital water quality parameters. Choosing the
correct water quality measurement tool is often a trade off between the cost of the device and
the accuracy of the results. In some cases, cost is simply the purchase price of the unit itself. In
other cases, the true “cost” may be in the effort needed for data collection such as a test
procedure that requires 20 separate steps and takes hours to perform. The level of accuracy
required in the resulting measurements is based on two criteria: the needs of the organisms and
the requirements of the aquarist, for example, if the test results are to be published. Whereas a
fish will scarcely react to an ammonia concentration difference of plus or minus 0.1 ppm (and
using a simple test kit should give this degree of accuracy), that same data destined for
publication might better be collected using more accurate USEPA approved methods. Once the
data has been collected, it must be analyzed and stored for later retrieval.Rusted re-bar was
responsible for damage to this 60-year-old concrete tank.Most public aquariums or advanced
home aquarists have a water quality monitoring program that incorporates a variety of testing



equipment to monitor all critical parameters in the water systems. The monitoring frequency
varies depending on the parameter and the system being tested but is at all times sufficiently
frequent to insure that optimal water quality is available in the aquatic systems being monitored.
For most public aquariums, the data is collected by the curator, interns, or the aquarists. It is then
entered into a database (usually developed for that specific facility—although the basic
framework of these databases is similar). From this, reports are generated for the aquarists. The
aquarists review the reports and use the data to determine the frequency of water changes and
if any adjustments need to be made to the life support systems. These methods serve most
aquariums very well; it is extremely rare for fish losses to be attributed to the malfunction of a life
support system and subsequent failure to identify the problem through a properly implemented
water quality monitoring program.Regular water testing is a crucial step to success with marine
aquariums.TemperatureThis is the most critical, yet easiest measured water quality parameter in
most aquariums. The temperature parameter has the greatest potential to change rapidly due to
a malfunction in a temperature regulation device.Aquarium systems can be heated, chilled, or
held at ambient water temperature. Temperatures are measured using a variety of methods.
Digital electronic thermometers and infrared remote sensing thermometers that have been
calibrated using a standardized laboratory thermometer are the most “high tech.” Temperature
should be monitored throughout the day; automatic “out of range” alert systems are very handy,
especially at night. Logs are helpful in tracking temperature trends, especially if more than one
person is responsible for measuring this parameter—as in a pet store or public aquarium.This is
an infrared thermometer with a distance pointer added (for more reproducible results).pHThe pH
is not as easily changed compared to water temperature and tells the hobbyist the most
information about the overall quality of a system’s water. This parameter should be measured
weekly on most systems using a pH probe with automatic temperature calibration. Highly critical
systems such as some reef aquariums or systems utilizing carbon dioxide generators will require
a full-time pH probe to constantly monitor this parameter. The acceptable pH range varies
between freshwater and marine systems, and depending on the hardiness of the species
involved. A minimum pH level must be established for every aquarium system. A system’s
current pH level can be used to determine the potential need for a water change. As important
as the actual pH value is at a given time, one must also monitor the pH over a period of time to
witness a change in pH (referred to as pH fluctuation). If a system’s pH is low but steady, no
corrective action may be needed, but a system with a widely fluctuating pH, although perhaps
having a relatively high average value, may be in more need of attention. Dissolved SolidsThe
measurement of dissolved solids is an important parameter also used to judge the need for
water changes in freshwater systems, just like the monitoring of pH fluctuation. As animals live in
the water and excrete waste products, the dissolved solids value of the water tends to rise. For
instance, if you know that your tap water has a base value of around 80 mS, a rise in that level to
values greater than 250 mS may indicate the need for a water change. This test should be taken
at least weekly on freshwater systems using an electronic, hand-held dissolved solids meter.



Due to the great amount of inorganic dissolved solids in seawater, this test is not usable on
marine systems, except to measure the efficiency of reverse osmosis (RO) or de-ionizing (DI)
units used to make water for reef systems. For these units, the dissolved solid probe should read
zero on the product water, before the salt is added.Regular testing of your aquarium’s pH is
essential—especially in systems containing sensitive invertebrates.Nitrate-NitrogenA
counterpart of the dissolved solids test and also somewhat related to pH fluctuation, is the test
for nitrate ions. This measures the buildup of one specific waste product resulting from the
biological filtration process. While not overtly toxic itself, the absence of nitrate-nitrogen is a
good indication that the water system does not have a buildup of other, more harmful waste
products such as phenols, cresols, etc. This test is mostly applied to marine systems and is
performed on a periodic basis. Aquarists should perform enough routine water changes so that
the nitrate ion level is always diluted below danger levels. In coral reef ecosystems, the dissolved
waste levels must be kept at ultra-low levels (less than 1.5 ppm) so more regular testing is
therefore performed on these systems to ensure that such low levels are maintained. Typically,
you must use a spectrophotometric method to test for this ion at ultra-low levels (such as a Hach
DR series). Do not fall into the common fallacy of trying to interpret ultra-low readings on typical
home aquarium reagent test kits, this is simply too inaccurate.Here is a hand-held pH monitor
with two packets of calibration fluids.SalinityThe salt content of marine and brackish water
systems should be monitored weekly or as needed using either a specific gravity meter or a
temperature-corrected refractometer. Both of these devices should be standardized to a glass
laboratory-grade hydrometer. The marine fish systems are typically kept at a specific gravity of
1.019 to 1.022 while the marine invertebrate systems are kept at a higher specific gravity of
1.023 to 1.026.These are two types of hydrometers that hobbyists commonly use. The unit on
the left is a standard swing-arm type, while the one on the right is a floating hydrometer/
thermometer combination.Dissolved OxygenPhotometric dissolved oxygen testing meters are
the easiest and most practical measuring device for pet stores and home aquarists to test a
system’s dissolved oxygen (DO) content. Dissolved oxygen meters require frequent calibration
and replacement of electrode membranes. Visual, reagent-type oxygen tests are difficult to
perform and somewhat difficult to read the results once the test is complete.As the level of
dissolved oxygen is generally a function of the filtration/aeration system used and the system’s
overall bio-load, it rarely changes unless either of those criteria changes, so this test is usually
only performed on an as-needed basis. Dissolved oxygen readings can sometimes be used to
infer total dissolved gasses, a way to help avoid supersaturation of aquarium water with
air.Photometric dissolved oxygen meters are easy to use, and some pet shops have access to
them.Nonroutine ParametersOther water quality parameters may be measured on an as-needed
basis. Phosphorus (as ortho-phosphate) is best measured using the spectrophotometer; again,
visual reagent tests are not accurate enough at low detection levels. Lighting can be measured
with a Lux or PAR meter. This tells the aquarist how well the metal halide lamps and other
specialized lighting systems are working. Ammonia and nitrite (two precursors for nitrate ion in



the biological cycle in aquariums) should be measured every few days in any newly established
marine system. Copper is used as a medication for marine protozoan diseases, and its proper
use at low concentrations requires the use of a spectrophotometer. This is a case where
improperly analyzing a visual reagent test can lead to fish death. Dissolved calcium is important
for the growth of live coral and is best measured using a reagent test kit. Iodine and strontium
test kits are available but are extremely difficult to read accurately, leaving their results in
doubt.Portable ProbesThese inexpensive units are very popular with both public and private
aquarists. The best ones can run for hundreds of hours on four watch batteries and often give
results nearly as accurate as some bench-top measurement devices. Some less expensive
models suffer from durability and accuracy problems—so price may ultimately be a deciding
factor in which brand to purchase. It is best to tie a lanyard to keep yourself from dropping these
electronic devices in the aquarium water. If they become submerged, they may be ruined, in
some cases they can be salvaged by removing the batteries and shaking the residual water from
the unit. Dry for at least a day and test its operation. Some currently available hand-held probes
include:•pH pens – run a double or triple point calibration before each use.•Dissolved solids –
very reliable meters, but for freshwater use only.•Refractometer – usually more accurate than a
hydrometer for measuring salinity.•Hydrometer – dip and read models, calibrate first with a
refractometer.•ORP pens – difficult to calibrate, highly variable readings.•Digital thermometer –
check accuracy against a known mercury laboratory unit.Older spectrophotometer models are
still used today. This unit is more than 15 years old and still running strong.Pictured is a small but
serviceable aquatics laboratory.Spectrophotometer ApplicationsIn other cases, there is no
substitute for a more costly bench-top meter. Spectrophotometers and the less expensive (and
typically a bit less accurate) colorimeters serve as “expert eyes” in determining color changes of
various test reagents in water samples. Anyone who has tried to read a poryphrin copper test
with just their eye knows how small these color changes can be and how difficult they are to read
by eye alone.Spectrophotometers have gained wide acceptance with many public aquarists as a
water quality assessment tool. Their ease of use, portability, relative low cost, and wide range of
available test parameters have all contributed to their favor with aquarists. Important aquarium
chemicals that spectrophoto-meters can very accurately test for include ammonia, nitrite, nitrate,
phosphorus, and copper. These units have the added ability to test for more esoteric materials
such as chromium (a contaminant in some mortar dyes), zinc (from galvanized materials), and
lead. All of these tests are fully explained in the manual that comes with the spectrophotometer
unit.A built-in test that some spectrophotometers can perform is for “true and apparent color.”
This test photometrically compares a given water sample to a blank of “zero” value, and gives
the user a means to compare relative water clarity and color. For Hach brand
spectrophotometers, method number 8025 is used to determine the true and/or apparent color
of any water sample with results given in platinum-cobalt (PtCO) units in a range of 0 to 500.This
chart shows how changes in husbandry practices affected the water clarity in a public aquarium
display tank. Cloudiness forms when an aquarium’s gravel is stirred. This chart shows the



clearing action of the filtration units employed in one tank over a five-hour period of time. These
tests are common when testing new filtration methods or units for efficiency.Apparent color is a
combination of dissolved coloring agents such as organic wastes, certain inorganic compounds,
and tannins, which are sometimes collectively called “gelbstoff” (German for “yellow material”),
combined with any suspended matter. This is the “real” measurement, in that this is what one’s
eye perceives when viewing a given aquatic exhibit. True color is derived from a sample that has
been prefiltered or centrifuged to remove the suspended particulate matter. This measurement
gives the user an idea of the potential benefit which might be gained with carbon filtration or
partial water changes desired to remove or dilute the gelbstoff concentration. The relation of
these two values is important to understand; a high, apparent color combined with a lower true
color reading indicates that the mechanical filter of a given system is not sufficient to achieve
proper particulate filtration of the water volume. A high true color, nearly equal to the apparent
color indicates that mechanical filtration is sufficient, but that excessive gelbstoff is present, and
should be removed by chemical filtration or water exchange. A true color reading greater than
the apparent color reading indicates some error in the test procedure (for example, not insuring
that the outside surface of the sample cell is clean or not prerinsing the filter paper to remove
any loose fibers). In interpreting the results of this test procedure in aquariums, it is important to
understand how other factors may influence perceived water clarity of a given system. An
aquarium front that has reflections on it from strong ambient room light or other nearby displays
will always seem “less clear” than the same tank viewed from a darkened area. Glass viewing
windows impart a green hue to the water that is not seen with acrylic windows. In systems where
the true and apparent color readings are equal but elevated (indicating low turbidity but high
gelbstoff), some types of aquarium lights (such as halogens bulbs), seem to cause the gelbstoff
to show up more than high-temperature metal halide bulbs. Obviously, the lateral viewing
distance of a tank affects the overall perceived color of the water. A 10-gallon aquarium with a
reading of 5 PtCO true color units may seem “clear,” but that same water in a 20-foot-wide shark
tank will look distinctly yellow. For many larger systems, .5 to .75 PtCO true color units per foot of
tank width is a good target to try for. The true color reading subtracted from the apparent color
reading gives the relative turbidity of the system. This reading should be less than .3 PtCO units
per foot of tank width. Tank lighting affects the perceived turbidity as well. A bright focused light
source above the tank (such as a metal halide pendant lamp) will scatter when it hits free-
floating particles, causing the tank to seem more turbid.This Mediterranean-themed aquarium’s
success is directly correlated with the quality of the filtration and circulation methods used.
Water current is very important in all aquariums, not just reef displays. Water Current Generators
Reef aquarists spend quite a bit of their time and money developing the best ways to simulate
natural water motion in their aquariums. Marine invertebrates often require specific water flow
rates and directions of flow for them to thrive on a long-term basis. These flow requirements
differ by species and can be achieved using a variety of methods. Low water flow rates in reef
aquariums will result in poor expansion and eventual death of many corals and other sessile



invertebrates. Low flow rates can also result in the detrimental buildup of detritus or the growth of
slime algae. A unidirectional high rate of water current (called laminar flow) will reduce this
detritus and slime algae growth, but may stress soft-bodied invertebrates by pulling on their
tissues in a single direction all the time. The best reef aquarium water flow regimen seems to be
one that moves large volumes of water (without overly concentrated currents) in a variety of
directions, interspersed with a few periods of low water flow. It is no wonder that this requirement
is similar to that seen on coral reefs; waves resulting in a variety of turbulent water motion based
on their ever-changing heights and directions, predict-able tidal currents (produced by the
gravitational actions of the sun and moon), as well as oceanic currents that vary in magnitude
and direction but over a more extended period.Fish-only marine aquariums may see some
benefit from increased water currents as well. In addition to the reduction of slime algae and
limiting detritus buildup, some reef-associated schooling fishes seem to behave more naturally
in aquariums that have strong water currents. Their colors may be brighter, and their activity is
definitely increased. Fish that relish increased water currents include, but are not limited to
Chromis sp., Anthias sp., and various species of garden eels.Aside from the benefits of the
physical motion of the water itself, adequate water movement also contributes to proper gas
exchange in the aquarium as a whole, especially if the surface tension of the aquarium’s water is
broken, creating bubbles. In addition, some invertebrates rely on water currents to bring their tiny
food to them (plank-ivorous), as they don’t have the ability to move and find food
themselves.Several canister filters connected to each other filter this aquarium. Aside from a
strong current, the filters provide multi-tiered filtration and thus a cleaner environment.Some
freshwater aquarists have begun to experiment with increased water flow in their aquariums.
Rheotaxis is the term for a behavior that certain fish exhibit where they tend to orient themselves
into an on-coming current in order to better locate food and to maintain a steady position in the
water. Stream fishes such as shiners, dace, and darters will exhibit this behavior in an aquarium
that has suitable water flow. While these fishes will survive in still-water aquariums, they have
their best coloration, and show more normal behavior in aquariums that have water flow rates
similar to that of the streams they are naturally found in.The following reviews the wide varieties
of methods aquarists have developed to produce adequate water flow in their aquariums. These
techniques differ in the means by which they achieve their results, and they all have inherent
benefits as well as drawbacks. Some work best in small aquariums, while others can only be
implemented in the largest of aquariums. Costs differ widely between these systems both in
initial construction cost as well as operational expense. External PumpsMost aquariums have
some sort of motor/impeller system in place to transfer water from the aquarium to an outside
filter or protein skimmer. When this water is returned to the aquarium, water currents will
obviously be produced. Depending on the pump size and direction of the water return, this flow
can be adapted to benefit the aquarium’s inhabitants. Most of these pumps are designed to
operate continuously and their return hoses are usually fixed in place, so in order to use their
energy in the formation of oscillating currents, some additional type of mechanical device must



be employed. A variety of devices have been invented to do this. They work by changing the
direction of the pump’s water flow using either a separate motor or by utilizing the force of the
water to move the direction of the effluent. Due to the close mechanical tolerances needed to
operate such a device, they are generally not something that a home aquarist could build, and
must instead be purchased from a manufacturer.Powerheads utilize a magnetic impeller to draw
water in and generate a current through its output nozzle.Powerheads/Wave
MakersSubmersible water pumps, called powerheads (sometimes connected to a timed power
supplier and then referred to as wave makers), are the most common devices used to create
water currents in aquariums. They can be positioned behind rockwork, and their outputs can be
directed to send water flow virtually anywhere in the aquarium. With a wave maker periodically
turning the powerhead on and off, oscillating currents can be produced. Be aware that most
powerheads wear out much faster if used in an application where they are turned on and off
more frequently than once every 30 minutes or so. As with all electrical motors, powerheads are
not 100 percent efficient at converting electricity into the ability to do work. This loss, due to the
inherent friction of the device, is converted into heat. For submersed pumps, this waste heat is
directly released into the aquarium, where in some applications it can cause abnormally high
water temperatures.Aquarists are always modifying or creating new contraptions. This is a mock-
up of a surge device used to test different design ideas.Surge TankOften called a Carlson Surge
Device or CSD (after Bruce Carlson of the Georgia Aquarium), this device creates a crashing
flow of water that very closely simulates wave action in shallow water. These devices consist of a
tank of water above the aquarium. Water is pumped into the tank. As the water level rises to the
top, an internal siphon inside the tank begins to flow. The siphon is much faster at draining the
tank as the pump is in filling it. All of the water in the tank therefore rushes out of the siphon until
the tank drains and the siphon action breaks when it “catches air”. The pump (running all the
time) then refills the tank and the cycle repeats itself. To build one of these it is best to follow
someone else’s proven design. Pump flow rate, surge tank size, the height above the water, and
the diameter of the siphon tube are all variables that need to be closely controlled or the unit will
not operate properly. Even when they are well designed, these surge devices have a bad
reputation for injecting huge amounts of air bubbles into the water—often to the point of
obscuring the tank inhabitants. Through a series of design changes, it seems that using a very
tall and narrow reservoir combined with angling the siphon intake will work together to break the
siphon faster, therefore reducing the number of air bubbles injected into the water at the end of
the cycle. A small hole drilled at the top of the return pipe will bleed off some of the air trapped in
the siphon at the beginning of the cycle. This hole also insures that the siphon process ends
properly at the end of each cycle.Here is an inside view of a surge device during operation. Toilet
Flush Valve SystemThese homemade wave makers seem so simple at first; a pump fills a
container above the aquarium until a toilet float ball raises enough to open a valve, sending a
cascade of water down into the tank. Fewer bubbles are generated than with a CSD, and the fill
pump runs all the time, saving wear and tear on the motor. In reality, these units are very difficult



to construct. Very often, the float will raise just enough to partially open the valve, and then the
water will run out continuously, instead of all at once. In some improved designs, a second
mechanism is used to close the float valve after each cycle to eliminate this “run-on”
problem.Dump Bucket First designed by public aquarists, these wave makers are made from a
large tank (the bucket) situated above the aquarium balanced on a pivot. As the tank is filled with
water from a pump, the slightly offset angle of the pivot causes the dump bucket to suddenly tip
forward, releasing a surge of water down into the aquarium. Once empty, the bucket returns to its
upright position where it refills for the next cycle. The action created by such a flow of water is
very similar to that of a wave crashing down on a rocky shoreline. As with the CSD, some air
bubbles are introduced into the water column, but these bubbles are larger, and tend to float
back to the surface rapidly so that they don’t remain long in the aquarium and don’t obscure the
view of the aquarium as much as the finer bubbles created by a CSD will do. The force
generated as the dump bucket slams back and forth hour after hour, day after day, tends to
wreak havoc on the pivot points, as well as the anchors that hold the unit in place above the
aquarium.Oscillating MassThis method of wave production is most often used in large public
aquarium exhibits or in recreational “wave pools” for people to swim in. The waves are produced
by a paddle or large mass (like a plunger) that is moved back and forth or up and down in the
water. With an appropriate cycle time, each wave reinforces the amplitude of the next, and very
large waves can result from a relatively small investment of energy. In addition, little or no surface
agitation occurs, so bubbles are not produced. The obvious drawbacks are how to hide the
visual presence of a large paddle, and how to engineer a system to create an oscillating motion
in order to move the mass. Still, it is probably just a matter of time until this method of wave
production is applied to home aquariums.While dump buckets are not ideal for your living room,
they are effective and quite popular in public aquariums—behind the scenes, of course!Direct
Air PressureThis basic method of generating water flow has been used in aquariums for many
years in one form or another, since the very first modern aquariums were established. When air
bubbles are injected below the surface of an aquarium and then released, they rise through the
water column carrying some water along with them. If these bubbles are constrained inside a
tube (as in an undergravel lift-tube), the water flow created is more forcefully directed upwards.
With proper design, the amount of water moved can be significant, and as the bubbles reach the
surface and break through, they help drive off excess carbon dioxide gas. Spray resulting from
the breaking bubbles can cause unsightly salt residue to form above the aquarium, and airlift
water flow system is generally not easily varied in either direction or rate of flow. They are best
used to gently move large volumes of aquarium water from the bottom of the tank to the surface,
and are the most cost effective means to move water in an aquarium.Differential Air
PressureThis method of water current production has not been mentioned as having
applications for home aquarists, yet it is the primary force of water motion in nature. In the
world’s oceans, the pressure of air moving over the surface of the water produces an ever-
changing variety of waves and water currents. The same principle, on a much smaller scale, can



have the same affect in home aquariums. This phenomenon was first identified because in some
aquariums (especially with complicated reef systems), waste heat from the life support
equipment such as lights and pumps attached to an aquarium raises the water temperature to
levels unhealthy for the aquarium inhabitants. One solution to this problem, a refrigeration/chiller
system, is often prohibitively expensive both in initial cost as well as in operation.Specimen
MovementThis is a minor but visible source of water flow in some reef aquariums. Watch as a
large tang or other flat-bodied fish swims closely past a colony of soft corals. The coral colony
will sway and move in eddies left by the current as the fish moves through the water. It is doubtful
that the benefit from this additional water movement offsets the negative effects that the waste
output of a large fish would have on the reef system, but it is certainly something that is easily
seen in most reef aquariums. More importantly, the picking action of herbivorous fish on the
substrate will be of more benefit—loosening algal mats, and suspending detritus into the water
column, so that it is more easily removed by foam fractionation or filtration.When the desired
water temperature is less than 5 to 7 degrees Fahrenheit below the ambient room temperature,
aquarists have successfully relied on the evaporative cooling effect produced by moving air
across the surface of the aquarium with a fan. This airflow will also generate substantial water
currents. However, the aquarist must either turn the fan on and off as needed or set the
thermostat on the aquarium’s heater at a higher set point to avoid overcooling the water (and
then accepting the higher energy cost incurred while periodically running the heater and fan
simultaneously). It may be common knowledge to some; but by using a standard water chiller
thermostat, the fan can be controlled more precisely, often holding the aquarium’s temperature
to within 1 or 2 degrees of the target temperature.In one example, when a 1500-gallon reef
exhibit was test-filled, it was discovered that the light coming in through the skylights, the
additional metal halide lighting, and the large number of pumps all contributed to raising the
aquarium’s water temperature to 83°F, which was 6 degrees above the target temperature of
77°F. A 20” 1/6th hp fan with airflow of 7500 CFM was attached above the tank, directing air
horizontally down the length of the aquarium, with the lower edge of the fan about 6” above the
surface of the water. This lowered the water temperature to within a scope of 73° to 77°F.
However, this wide temperature range was not acceptable and was caused by the variations in
the evaporation rate resulting from changing humidity levels and daily fluctuations in the room’s
air temperature. By plugging the fan into a chiller controller it was possible to reduce this
temperature range to 1 degree, between 76° and 77°F. The controller would now operate the fan
when the aquarium water warmed up in the heat of the afternoon, and then be turned off in the
early evening when the water was cooler.Currents in aquariums can cause unique growth
patterns in soft corals, gorgonians, sea fans, and other branching animals.Two additional
benefits became apparent. While the fan was running, substantial water currents were
generated and a series of light-refracting wavelets were produced. The flow of the water current
was calculated to be 2700 gallons per hour by timing a drift bottle driven down the length of the
tank by the current produced by the fan. It should be noted that this was a theoretical maximum



measured with all of the aquarium’s pumps turned off. In normal operation the affects of some of
this wind-driven current would be cancelled out by the opposing currents produced by the
various oscillating pumps. In regards to the surface wavelets produced, they were noted to have
some affect on the light regime within the aquarium. Using a submersible light meter situated 12”
below the water’s surface; a still-water reading of 375 footcandles was taken. With the fan on, the
wavelets refracted the light, causing the light level to shift rapidly between 330 and 370
footcandles. The overall effect of these glitter lines (or ripple lines) is aesthetically pleasing, and
the reduction in average light transmission into the aquarium had no apparent affect on the
animals (as this system was already well lit with metal halide lamps). With the meter’s probe held
horizontally, the still-water reading was 50 footcandles. With the fan on, the level then varied
between 50 and 75 footcandles, actually increasing the amount of reflected light traveling
horizontally in the aquarium. This may have some minor benefit for getting more light to the base
of corals otherwise shaded from light only coming down directly from above.When developing
any new aquarium system, always consider the water flow needs that the intended inhabitants
may require, and then research all of the possible means to achieve that goal. For reef
aquariums, the total water flow per hour (assuming that it is being generated in random
directions and with changing intensity) should be on the order of ten times the actual volume of
the aquarium. This flow rate would include the flow produced by wave makers, airlifts, and
filtration pumps combined. Reef tanks with shallow-water small polyp stony corals may need
more water flow, and soft coral reef aquariums will do fine with a bit less. Fish-only aquariums
require only enough flow to achieve the desired response from the fish—if they are schooling
and swimming into the currents as they would in nature, then the amount of flow is sufficient.In
many reef aquariums, the ultimate solution will be to utilize a variety of these water flow
generation techniques; where the drawbacks of one method may be offset by the benefits of
another. There are many sources of water flow in natural systems, so it is not surprising that
there should be multiple ways to produce similar flows in home aquariums as
wellEvaporationOne major drawback to this method is the greater need for make-up water to
replace water lost due to increased evaporation and potentially shortened fan life due to its
operation in a salt-laden atmosphere.The Use of Ozone in Aquarium SystemsOzone (O3) has
the same chemical composition as oxygen (O2) but very different chemical properties. Ozone
(tri-atomic oxygen) is a very unstable molecule. It is a powerful oxidizer. When ozone contacts a
compound exhibiting an “oxygen demand,” it releases one of its oxygen atoms resulting in the
formation of an oxygen molecule, with the third oxygen atom becoming attached to the now-
oxidized compound. A theoretical example of this reaction would be the addition of ozone to an
aquarium containing a certain amount of nitrite (NO2-). The third oxygen atom in the ozone
molecule would contact the nitrite molecule oxidizing it to nitrate (NO3-), leaving an oxygen
molecule (O2).Ozone ProductionFor use in home aquariums, there are two ways that this gas is
commonly produced: either by a photochemical reaction using ultraviolet light (“Photozone”) or
through a hot or cold corona discharge device. In almost every case, ozone is dissolved in the



aquarium water by means of a contact chamber, usually a protein skimmer. Ozone gas dissolved
into aquarium water has been used both as a disinfectant, as well as a means to oxidize certain
presumably toxic metabolites produced by the aquarium inhabitants. The various chemical
reactions ozone exhibits when exposed to seawater are extremely complicated. Some aquarium
“chemists” may be a bit too quick to describe these theoretical reactions and do so at the risk of
overextrapolation; the real-world results may be very different. Industry manufacturers also
attempt to define the activity of ozone in water, but since there is the underlying message to buy
their products, one cannot always accept their information at face value. Proposed in this section
are the descriptions of findings based on research regarding the use of ozone in synthetic
seawater, using primarily the easily discernible results of first applying ozone to synthetic
seawater and then measuring the results. Please understand that this is a hugely complicated
topic. While it is believed that the information presented here is accurate, it is not all
encompassing; there is still a lot more research to be done in this field.Plating corals, such as
this Montipora, generally grow horizontal to the current and perpendicular to the light.Ozone can
break down algae, protozoans, and bacteria to their nonliving chemical constituents. It may also
oxidize some organic compounds into different forms. But without some additional mechanism,
such as foam fractionation, ozone by itself completely oxidizes very few of these materials. In
addition, ozone can react with some inorganic compounds and oxidize them as well. It is a
commonly held belief that ozone enhances bubble formation in protein skimmers. But we can
see from experience that injecting small amounts of ozone into a properly adjusted skimmer has
little real affect on the amount or character of the foam produced. However, suddenly injecting
very high doses of ozone seems to have an affect of producing clearer, more watery foam.
Injecting moderate amounts of ozone for long periods tends to produce clearer, but relatively dry
foam. On a skimmer that has had its foam production temporarily reduced (by cleaning out the
unit or feeding the aquarium), abruptly adding ozone seems to hasten the rebound of the unit
back to its normal level of foam production.SafteySafety is an important issue when working with
ozone. Humans can sense ozone in air at a level of around 0.02 to 0.05 mg/l, very near the
critical exposure level cited in many industrial applications. The real danger in working with
ozone is in the case of large commercial units. In most instances, home aquarium ozone
generators with outputs less than 250 mg per hour will not cause acute toxicity in humans. They
can, however, cause chronic health problems such as coughing and headaches if not used
properly. Remember, if you can smell ozone, the concentration in the air of the room is too high!
Ozone may hasten the rebound of a freshly cleaned skimmer back to its original foam
production rate.Ozone ActionThe action of ozone on seawater produces various forms of
organic and inorganic oxidants (Crecelius 1979). Administering a proper dosage of ozone in
aquarium applications is frequently a problem. The result of improper dosage is either a low
concentration that does not produce the expected benefit, or an excessive amount that can
prove toxic to the aquarium inhabitants. The oxidants produced by the reaction of ozone in
seawater can most easily be measured indirectly by means of a DPD (N,N-diethyl-p-



phenylenediamine) total chlorine colorimetric method (APHA et-al 1980). As the color change of
the DPD method is very small at low doses, a spectrophotometer is usually required to interpret
the results at low concentrations of ozone. The results of the DPD test are affected if the
alkalinity of the sample is greater than 300mg/l or if there is chlorine, bromine or iodine present
at high enough levels. A much more accurate method (but vastly more expensive procedure) is
the Hach Company’s Indigo Trisulfonate Accu Vac method. While this test is free from most
interferences, the use of a spectrophotometer is mandatory, and it seems that this test only
works for freshwater systems. Most private and public aquarists use an Oxidation/Reduction
Potential (ORP) probe to indirectly measure ozone levels. In some cases, the ORP probe is used
to automatically control the output of the ozone generator. Care should be taken using this
method on small aquariums. ORP probes need frequent calibration and are prone to sudden
failure—sometimes in the “full on” setting. Furthermore, ORP only indirectly measures ozone and
does not differentiate between free ozone, ozone-oxidants, or any other type of oxidant or
reducing agents that might be present in the aquarium system. Finally, ORP probes cannot be
used to take “spot measurements” of ozone levels in water—in most instances the probes
require in excess of 48 hours of contact with the solution to be tested before giving accurate
measurements. For this reason, the battery operated, portable ORP “pens” are useless for
aquariums except to test the relative strength of chlorine net dip disinfectants.Ozone
Decomposition Decay RateThe equation used for the calculated decay rate was: A = (LnY) /
((LnX)/T)Where A equals the time it takes the ozone to decay to the level Y (expressed as a
decimal of the percentage); so if the amount of decay to be determined is 50 percent, then Y
would be 0.50. X is the previously measured percent of the material remaining after T time. Ln is
the natural log of each of these numbers and is most easily determined using a scientific
calculator.Ozone -OxidantsOzone-oxidants such as bromite (Obr-), bromate (BrO3-),
hypobromous acid (HOBr), and hypochlorites (OCl-) are much more stable than free ozone.
Originally it was surmised that more than one type of oxidant might be formed at the same time.
What that meant was that the ozone that had reacted with marine aquarium water would create
a mixture of oxidant compounds that would have a variable stability. The instable products would
quickly decompose, while the more stable oxidants would persist for a longer time. Early
experiments seemed to bear this out. During one 96-hour trial, the decomposition rate was
found to average 0.04 mg/l per hour, but was much faster early on in the trial as compared to the
end (Hemdal 1992). It wasn’t until the decomposition rate of ozone was examined again many
years later, that we discovered that this rate is logarithmic but fairly consistent in that it doesn’t
show the expected plateaus and sharp declines (Graph #1).There is no ready explanation as to
why the measured decay rate was faster than the calculated rate during the middle of the period,
when both rates were equivalent at the beginning and the end of the graphed curves. When
using this data to predict the amount of potentially toxic ozone-oxidants, it would be prudent to
follow the slower calculated decay rate.During aeration of samples containing three oxidants, the
decomposition rate of chlorine in tap water was found to be the fastest, followed by the decay



rate of ozone oxidants in non-brominated synthetic seawater. Ozone-oxidants in seawater
containing bromine had the longest half-life. In using logarithmic models for each of these cases,
the decomposition rate was a consistent, logarithmic decline (Table 4).The time needed for
enough of the oxidant to decompose through simple aeration to make the water safe for aquatic
life varies on the starting concentration of the oxidants to begin with. Table 4 can be used to get
an idea of this decay rate. For example, the old adage, “Aerate tap water for 24 hours prior to
using it in an aquarium in order to dechlorinate it.” seems to hold true. Most city water systems
deliver tap water containing a maximum of 1.0 mg/l total chlorine. About 85 percent of this
chlorine will be neutralized during 24 hours of aeration—and the residual amount of .15 mg/l will
have no detrimental effect on the aquarium inhabitants.Controlling Ozone/Oxidant Levels in
AquariumsIf an ozone test indicates low or no concentration of ozone, it is a simple matter for
the aquarist to increase the output of the ozone generator by either turning up the rheostat, thus
running the unit for longer periods of time, or by using an air-dryer to increase efficiency of the
generator unit. However, if the test shows excessive amounts of ozone-oxidants in the water,
there is little published data as to how the concentrations of the ozone-oxidants may be quickly
reduced. Spotte (1979) indicates that sodium thiosulfate may be used to reduce the level of
ozone vented to the atmosphere during the reaction process as a means of alleviating the
potential health hazard to humans. Sodium thiosulfate is routinely used in aquariums to
neutralize free chlorine (Amlacher 1970). In a previous study (Hemdal 1992) ozone gas was
dissolved at various concentrations in synthetic seawater containing bromine. The toxicity of the
resultant ozone-oxidants on Brachionus rotifers was noted. Fifty percent mortality occurred in as
little as ten minutes at 9.0 mg/l ozone-oxidants. This ranged much greater than 23 hours for 0.43
mg/l ozone-oxidants. Sodium thiosulfate was added to water samples containing known toxic
concentrations of ozone-oxidants. One milligram of sodium thiosulfate neutralized an average of
1 mg of ozone-oxidants. (The actual amount varied and was dependent on the length of time the
sample was aerated prior to the addition of the sodium thiosulfate. The longer the sample was
aerated, the less effective sodium thiosulfate was in neutralization of oxidants.) So, an aquarist
faced with the challenge of detoxifying excess ozone-oxidants in an aquarium can simply add
the same amount of sodium thiosulfate as there is ozone present. For aquarists without access
to sodium thiosulfate, remember that this is the main component of aquarium water
dechlorinators. Most of these products are designed to dechlorinate water containing
approximately 1 mg/l chlorine, so if your ozone level is at 2 mg/l, simply add a double dose of
dechlorinator.Rather than relying on potentially inaccurate ORP controllers, home aquarists
might want to try the following method in order to achieve a steady state ozone dose for their
aquarium—one that remains at a low but constant level. This small dose of ozone will not have
any real disinfectant ability, and it probably will not break down too many of the POCs in the
water. On the other hand, there is a high margin of safety in this method if applied
properly.Rheostat ControlPurchase an ozone generator with a rheostat control that can supply
between 0.10 and 0.15 mg of ozone per liter of tank capacity per hour. Two small units operating



in parallel may be the most cost-effective way to boost ozone production.Air-DryersUsing a
supply side air-dryer if the room is humid, add ozone at a relatively high rate into the tank
through a protein skimmer (0.10 mg ozone per liter of tank capacity per hour).A Quick Note
About OzoneTurn off the ozone when the level in the tank reaches 0.02 mg/l or if ozone can be
smelled in the room. Ozone in a room quickly desensitizes to the human olfactory system, so be
aware that you may not be able to smell it after a while. Continued exposure will cause coughing
and headaches. Immediately turn the ozone generator off and move to fresh air if any symptoms
occur.DPD Ozone TestMonitor the level with a DPD ozone test. A spectrophotometer is best
used for this, but this alternative method will work:1. Create a “reagent blank” using de-ionized
water and the DPD reagent.2. Add 1 drop white vinegar to 50 ml of the sample as a pretreatment
to avoid any interference from high alkalinity levels.3. Add the DPD reagent to the tube
containing the aquarium sample.4. After three minutes, but before five minutes, hold both tubes
over a piece of white paper.The slightest pink color at all in the test sample indicates some
ozone is present. Higher amounts of ozone (> 0.01mg/l) should be discernable on the test’s
color comparator chart. Iodine and chlorine will react with the DPD test just like ozone will.
Adding even a small amount of chlorinated tap water to an aquarium or dosing with high
amounts of iodine supplements will skew the results.Repeat this process for four to six hours
each day for three days. Check the levels hourly. Once the more easily oxidized compounds
have reacted with this relatively high level of ozone, begin adjusting for a steady-state ozone
concentration.Ozone InjectionStart with injecting 0.005 mg of ozone per liter per hour through
the protein skimmer. Turn unit off at night or whenever you are unable to monitor it closely. It is a
little ironic that after all this research, this value is very close to the 0.003 mg ozone per liter per
hour given by Robert Valenti over 35 years ago (Valenti 1968).Raise the ozone level a little each
day until one of two things occurs: either free ozone can be smelled in the room or the DPD
ozone test shows any pink color at all (generally this happens at 0.005mg/l ozone in
water).Lower the ozone production rate 25 percent from the previous setting. The aquarium
should be able to operate continuously at this dosage over long periods, except in the case
where activated carbon usage changes. The carbon “competes” with the ozone for many of the
same compounds, in turn changing the demand for ozone.CAUTION!Never use this method
with natural seawater or any synthetic seawater containing natural levels of bromine (0.0673 mg/
l). The ozone-oxidants formed when the ozone reacts with the bromine may be harmful to the
animals.For added safety the water returning to the tank from the protein skimmer/ozone reactor
can be passed through activated carbon, which will remove any residual ozone. Be aware that
the carbon, once exhausted, will lose its capacity to remove ozone from the water. The difficulty
of course, lies in knowing when the carbon needs to be changed.Except in public aquariums
needing to process huge amounts of water, ozone systems seem to have fallen out of favor in
recent years. For these public aquariums needing “gin-clear” water for their exhibits, ozone
remains an almost obligate choice. Many home marine aquarists seem to have gravitated
towards different methods of water quality management. It is a little ironic that almost all of the



home aquarium interest in ozone has been focused on the marine side of the hobby. Large
freshwater aquariums can potentially benefit even more from the use of ozone. In these systems,
there is less of a fear of producing residual ozone-oxidants, so ozone levels can be raised to
levels that will sterilize the water as well as oxidize most organic waste molecules, while still
easily allowing the ozone to quickly decompose back to oxygen, before causing harm to the
animals.Sea salt is expensive, and even though public aquariums order it by the pallet, it’s still
quite pricey to change the water in their oceanariums. Batch processing to reclaim seawater is a
smart alternative to constantly purchasing new sea salt mixtures.Batch ProcessingSynthetic
seawater costs between .06 and .75 cents per gallon to produce depending on the brand of salt
used and the quantity price break given. The low end of the range is seen at large public
aquariums that mix their own salt from the component parts. The high end would be the hobbyist
who buys a 5-gallon bag of premium salt at a full-service pet store. Most advanced aquarists
and smaller public aquariums pay between .10 and .22 cents per gallon. After payroll
maintenance and utility costs, sea salt is usually the single highest budget line item for the
husbandry department of public aquariums.For years, people have attempted to devise ways to
minimize the cost of synthetic seawater; rationing water changes, using lower specific gravity,
denitrifying devices, trace element additions, and even a variety of adsorbing chemical filtrants.
In many cases, the capital and operational costs of these methods exceeded the cost of the
water they were “saving.” Many aquarists have long been proponents of simply buying synthetic
sea salts as economically as possible and then just performing water changes as needed.
Reusing water for less critical applications (such as using old reef tank water in fish-only tanks)
also helps defray costs. This method has never proved popular with others for two reasons:
marine aquarists love to “tinker” and try to solve problems using technology, and people tend to
avoid performing water changes because they are hard work. Most aquarists attempt to maintain
the quality of the water while it is still in the tank itself. While this is the easiest approach, the
aquarist is limited to the techniques that can be used to those that will not adversely affect the
aquarium inhabitants. The next logical step would be to “batch treat” the water outside of the
aquarium. This is not a new idea, the John G. Shedd Aquarium in Chicago, built in 1929, used to
have two reservoirs of water for each of their main systems—one “working,” with fish living in it
while the other was “resting,” fish not living in it. Every six months the systems would be
switched. It was hoped (mostly in vain) that by keeping the resting reservoir dark and still, the
water would gradually become better in quality. More recently, some public aquariums have
devised batch treatments of their water under anaerobic conditions in order to reduce nitrate
levels.Public aquariums often have large holding tanks where the water can be treated and
tested prior to use in the displays.Taking these methods a step further, the following
experimental batch process was developed. This method isn’t perfected, may not work under all
conditions, and probably is more of just a starting point for future experimentation, but it’s still
worth mentioning here for completeness. The basic procedure is as follows:1. Place the water in
a sealed container, and use alcohol as a carbon source for de-nitrification.2. Use a foam



fractionator and heavy aeration to remove phosphorus.3. Apply ozone to the batch of water at
very high levels.4. Add trace elements (in particular, iodine).The alcohol most often used is
either methanol or ethanol dosed at a rate of twice that of the water’s NO3-nitrogen
concentration. The container is left sealed so the water becomes anaerobic and is opened only
for testing of the nitrate level. When an acceptable nitrate concentration is reached, step two
commences by using a foam fractionator adjusted to produce very wet foam, followed by long-
term aeration in an open vessel (replacing the water lost due to evaporation with reverse
osmosis water). Stephen Spotte has mentioned that phosphorus should be readily removable
from seawater by heavy aeration or foam-fractionation (although complete removal is probably
not possible).Acanthurids, such as this powder blue surgeon (Acanthurus leucosternon), need
excellent water quality in order to thrive in even the largest of aquaria.The third step consists of
applying ozone from an air-releaser at a rate of around 30 to 50 mg/l per hour to each 100
gallons of water in the batch. The free ozone resulting from this process must always be safely
vented outside. The length of time to apply the ozone varies depending on the quality of the
batch water, but less than 48 hours is usually sufficient. At step four, the batch water should be
tested for residual ozone-oxidants, nitrates, and phosphorus and then treated with a broad range
trace element solution. The resulting water probably should not be used in living reef aquariums
but should prove good enough for use in fish-only applications. Remember, the 200 gallons of
salvaged seawater has a value of around $30, so any procedure used must cost less than that
figure. Probably the most common maintenance question asked regarding marine aquariums is,
what is the maximum level of nitrate the animals in my aquarium safely tolerate? Nitrate levels in
aquarium water have been targeted as something to be minimized in order to achieve optimum
animal health. Aquarists worry about reducing nitrate levels in their water oftentimes with little
regard to all other water quality problems. Some background information may be in order here:
twenty-five or more years ago, people noticed that seawater used in home aquariums tended to
“go bad” with age. At the same time, using test kits that were available then, it was noticed that
the nitrate level in the water tended to reach high levels at about the same time that the seawater
became unfit for use in the aquarium. Since nitrate was so cheaply and easily measured in
water, it soon became a “benchmark” for poor water quality. Aquarists knew if their aquarium’s
nitrate level reached a certain concentration, that they would probably see animal health
problems as a result. Since water changes would reduce the nitrate level and at the same time
limit these health problems, monitoring nitrate levels was the best course of action. As time went
on, this basic idea that water changes helped reduce marine water problems fell by the wayside
and people became focused on nitrate levels as the sole measure of their aquarium’s health. In
the past ten years, aquarium vendors began to offer methods that would reduce high nitrate
levels in aquarium water. Aquarists embraced these techniques and felt that their tanks were
then protected from harm because the nitrate level was lowered. In reality, nitrate levels were
only meant to serve as a benchmark for overall poor water quality.By actively lowering the nitrate
level of the aquarium water, this benchmark was removed. At the same time that nitrate ions had



been building up in the aquarium’s water, trace elements were being depleted, organic acids
and phosphorus were building up, and the pH was dropping. The aquarium water really was not
any better at supporting aquatic life than before. Methods were developed to selectively remove
phosphorus and raise the pH. Many organic acids could be removed by carbon filtration, and
trace element solutions could be added to the water (but in unknown quantities because these
levels could not be easily measured, and trace element supplements contain unknown amounts
of compounds because manufacturers typically do not divulge the contents of their products).A
Quick ReminderRemember, water removed from a reef tank is still adequate for reuse in less
critical applications. Some aquarists will use the waste water from their reef display to change
the water in their fish-only tank, and then use the waste water from that tank to raise brine shrimp
or rotifers before finally sending the waste water to the sewer.Dissolved Gasses in Aquarium
WaterMost aquarists are aware that their fish require a minimum concentration of dissolved
oxygen in their water in order to thrive. Many are also aware that if gasses are dissolved in too
great an amount, supersaturation can occur, causing health problems in their animals. Due to a
lack of appropriate testing equipment, most home aquarists can do nothing about measuring for
potential problems with dissolved gas levels. Public aquarists often have access to dissolved
oxygen meters and various test kits that give them some information about gasses in their water.
It is the fishery scientist who often deals with cold water, water from below dams, or from deep
aquifer wells that has such specialized equipment. One item is a $2000 saturometer that will
measure the overall saturation level of all gasses in their water. Using one of these devices
would quickly allow the aquarist to identify supersaturation of the water before it becomes an
animal health issue.Acute SupersaturationThis is the archetypical “gas bubble disease.” An
aquarium that has a malfunction of some sort may develop a dissolved gas saturation level of
greater than 120 percent. The onset is sudden and the results devastating. Fish will develop
severe bilateral exophthalmia (pop-eye involving both eyes), and their gills will show massive
trauma and aneurysms. In the worst cases, air bubbles will be present in the soft fin rays and in
the gills. Death is rapid, and even if the still-living fish are moved to a new aquarium, they will
usually not recover. A classic case of this happened at a public aquarium when a group of 30
very rare fish from the remote Ascension Island arrived at the facility. They were acclimated to a
600-gallon concrete tank filled with seawater. As this was an unexpected shipment, the aquarist
had to put together a filter system in a hurry. A pressure sand filter with active bacteria was
removed from another system and quickly connected to a one horsepower centrifugal pump
using flexible PVC hose and soft rubber couplers attached with hose clamps. The filter’s intake
and return lines were placed underwater in the tank, and the pump was started up. Later, after
an uneventful acclimation procedure, all the fish looked fine, some were even eating. However,
the next morning, all 30 of the fish were dead except one sickly damselfish found hovering
beneath a clamshell at the very bottom of the tank. A few of the deceased fish showed mild
bilateral exophthalmia but all of them had unusual silver-colored “lines” in the clear portions of
their fins.
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Fish Guy, “Good advanced marine aquarium resource. As the author, I wanted to point out that
this book covers a number of topics of interest to intermediate to advanced marine aquarists,
including those working for public aquarium, pet stores and maintenance services. It is NOT a
reef aquarium book, it covers many of those topics, but also has a broader focus. It does not
offer basic information on setting up a marine aquariums, you'll need to get that information
elsewhere. Good advanced aquarium resource.Since it wasn't in the Amazon informational
page for this book, here is the table of contents:Advanced Marine Aquarium
TechniquesIntroductionSection 1: Environmental QualityAquarium ConstructionWater Quality
Measurement TechniquesWater Current GeneratorsOzone in Aquarium SystemsBatch
Processing to Reclaim Marine Aquarium WaterDissolved Gasses in Aquarium WaterWater /
Mineral Balance in AquariumsHeating and CoolingFiltrationLighting TechniquesMicro-
aquariumsSection 2: Animal HealthAquarium Problem SolvingHead and Lateral Line Erosion
(HLLE) In Aquarium FishesSimple Aquarium Water Analysis for Total Aerobic BacteriaSampling
of Aquarium Systems for Micro-biotaThe Use of Utility Animals in Aquariums to Control Pest
SpeciesNecropsy TechniquesQuarantine ProceduresMedication Dosage and Aquarium
CalculationsFish Mass DeterminationFish PharmacologyCommonly Used Fish Disease
TreatmentsCollecting and Shipping SpecimensMarine fish and Invertebrate PropagationSection
3: The AnimalsSpecimen SelectionSpecimen sourcesAquatic animals of the Galapagos
IslandsBlack Widow BrotulaDeep-sea IsopodFlashlight FishGarden EelsMini-groupers, the
BassletsRed-rimmed BatfishBassletsRhinopias ScorpionfishTemperate Australian Marine
FishesTemperate Japanese FishesTemperate Pacific AnimalsHusbandry synopsis of
miscellaneous exotic marine aquarium speciesSection 4: NutritionDietary Protocols for
FishesFatty Liver DiseaseColor Enhancement in Fish and InvertebratesAscorbic Acid in
AquariumsDietary Preferences of FishesTube-Feeding Techniques for FishConverting piscivores
to feed on non-living foodsAutomatic plankton feederRecipe for homemade gelatin dietRotifer
CultureMysid shrimp cultureSection 5: The Human ElementHistory of marine
aquariumsAquarium CareersEducationExtracurricular activitiesPrivate sector jobspart-time
careersPhilosophy of Public AquariumsEthics and AquariumsAquatic ConservationExhibit
design / constructionProfessional groupsAquarium Data managementAquarium SafetyShort
takes - hints and tipsReferencesGlossaryAbout the author”

Lia, “No page numbers or chapters. I bought this book for school (I am a marine bio major). It's
extremely good and informative, but it does not have page numbers or chapters.”

Dean James, “Informative, in-depth, interesting. Expansive, far-ranging and, as some of the
other reviews have stated here, a little unstructured. But Hemdahl says so himself in the
foreword, so no complaints there. He also terms it a guide that is trying to 'build experience' for



marine aquarists, rather than cover every single thing out there. A logical approach, since to try
and cover everything, as well as give an opinion about it, is courting trouble - have you read any
marine aquarium forums recently? It's like war. But on the whole it reads well and is loaded with
good advice, my only complaint is that the picture charts (and there are quite a few of them) are
about the size of a small thumbnail and impossible to read or resize on my Kindle (unless I am
missing some feature, but probably not).”

L. Bruce Jones, “AMONG THE VERY BEST. Of the 70 or so marine aquarium books I have this is
certainly in the top five. There is information here that is simply not easily available from other
sources and the book itself is very well written and illustrated. This is not a book for beginers
because it assumes a basic level of knowledge and, thankfully, skips over such discussions as
the nitrogen cycle, etc. There are few books written in this field that I would read cover to cover,
yet this book is compelling and highly informative. I am surprised by how much I've learned from
Hemdal's writing and how relevant it all is to my level of interest. Highly recommended!”

2010chi, “Good experience. Very good book”

TRickman, “Good book and lots of information. A good read with lot's of information. It is a good
book about aquarium but not a good starting point. Not my favorite of all time but interesting
none the less.”

N. Hasnip, “Advanced Marine Aquarium Techniques. Delighted with this addition to my marine
book library. Have kept a simple marine aquarium now for some 22 years. This is a really helpful
book as a manual into which to dip for either casual or serious reading.”

The book by Steve Duno has a rating of  5 out of 3.9. 26 people have provided feedback.
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