PHOSPHORUS IN THE MARINE AQUARIUM

By Adolf F. Klostermann

B Over the past three years we have
experimented with two methods of
phosphorus removal from the marine
aquarium. The methods used were
specifically chosen not to alter the chemical
composition of the captive water over
prolonged periods of time. Before the
experiments- are detailed, we’ll provide a
brief overview of the sources, biological
distribution, and chemical speciation of
phosphorus in seawater.

A natural source, of course, is organic
phosphorus. Because of the element’s
absolute necessity in many metabolic
processes, including photosynthesis, algae,
invertebrates and vertebrates incorporate it
into many organic compounds; some of the
generally known being ADP and ATP,
adenosine di-and triphosphate respectively.
As organisms die or food substances decay,
a large percentage of the phosphorus is
released in a form of orthophosphate due to
both bacterial oxidation and hydrolysis.
However, some of the organic phosphorus
does remain bound due to the rather low
redox potential of natural waters. As
biological activity proceeds within a closed
system, phosphorus is constantly recycled.
And, more often than not, the producers far
exceed the requirements of the consumers,
causing an increase in the dissolved
concentration of phosphates.

Another source of phosphorus is the
direct addition of ionic phosphates from
additions of freshwater. Although we have
measured the ortho-and polyphosphate
concentrations in a number of municipal
water sources and found very little present,
this should not be considered as the norm.
The quality of the water may vary over time
and especially from different localities.

A third source is via chemical additives
that are purposely introduced into the water.
While we were experimenting with different
vitamin preparations, we found that some,
expecially B;,, contained calcium
phosphate as a filler. These preparations
were not specifically intended for aquarium
use, they were prepared for human
consumption.

Last, but definitely not least, is the use of
activated carbons that contain phosphates.
We have found a number of carbons
intended for aquarium use that contain a
significant amount of phosphates.

Even if we gain control over all external
inputs of phosphorus, we still have to
contend with the natural and constant
generation of phosphates by the biological
activity within the system. Although
phosphorus is essential, an overabundance
is not beneficial. Since the main consumers
of mineralized phosphorus are the alga, and
their protoplasmic makeup has an average
atomic ratio ! of 1 part phosphorus, 16 parts
nitrogen and 106 parts carbon, the

surrounding water should exhibit that ratio
approximately. If we use the total carbon
available (24mg), the phosphorus
concentration becomes 1.8mg/1 as
phosphate. If we only use the free carbon
dioxide available, the phosphate
concentration becomes 0.008mg/1. The
latter is probably more appropriate and
closely simulates measured data from

" unpolluted water. When the C/N/P ratio is
.varied, some species of algae are

discouraged while others may flourish.
Generally speaking, conditions are
considered less eutrophic when high N/P
ratios are present, although the actual
concentrations are also of importance. Also
of importance is the ability of phosphate to
change the surface of calcite to apatite at the
pH normally encountered in the marine
environment. This definitely interferes with
the normal calcification process of stony
corals.

If we disregard the organic and
polyphosphates, the form (species) of
mineralized inorganic phosphorus present
in the water is pH dependent. The total
phosphorus may be expressed by the
following relationship:

Pr = H;PO4 + H,PO, ™!
+ HPO,7% + PO, * (1)

Where H;PO, is molecular phosphoric
acid, H,PO,™! is dihydrogen phosphate,
HPO, ™2 is hydrogen phosphate and PO, ™3
is phosphate. With the use of dissociation
constants, adjusted for saltwater, the
concentration of the species may be

determined for a given pH. At a pH of 8.3,
salinity and temperature of 35°/00 and 25°C
respectively the percentages of the different
species are as follows:

H;PO, = 0
H,PO,~ ! = 0.37
HPO,” % =64.5
PO, 3 = 35.1

When the pH is raised to ten, phosphoric
acid and dihydrogen phosphate are nearly
zero. Hydrogen phosphate drops to 3.5%
and phosphate increases to 96.5%. At a pH
of 6 the concentration percentages become:

H;PO, = 0.002

H2P04_l = 53.4

HPO, % = 46.5
PO, = 0.1

At the pH of standard seawater, 65% of
the phosphate is present as hydrogen
phosphate (HPO,~2). As the pH falls, both
hydrogen phosphate and phosphate
decreases. As the pH rises, all species
except PO,~3 decrease. The percentages
thus calculated are the expected
concentrations of the species at equilibrium
and are comprised of both bound and free
ions. This speciation is most likely of
biological importance; some forms being
preferred over others by consumer
organism. It is of definite significance when
the elimination of excess phosphate is to be
considered. '

To reduce phosphorus we must use a
substance that, when added to the water,
causes a high degree of saturation and

TABLE 1
Start Ca(OH)z Dose Fini.sh

pH 8.3 8.9 .
Alk 10 9 grains/gal.

Ca 400 392 mg/l

Mg 1200 1200 ! 1200 mg/l

Cr 35 24 mg/1

Pr 35 0.2 mg/1

(as PO, ™)
EQUATIONS 2-6
Sr(NO3), = Sr?* + 2NO, ! 2)
NO;~ ! + 1/2H,0 + 5/4(C)* = 1/2Nx(gas) + 5/4CO, + OH™! 3)
5/4CO, + 5/4H,0O = 5/4H,CO; 4
5/4H,CO; + OH™! = 1/4H,CO; + HCO;™ ' + H,0 )]
If equations (2) through (5) are combined we obtain:

Sr(NOs), + 3/2H,0 + 5/2(C)* = St + 1/2H,CO; + 2HCO; ! (6)

*(C) is the carbon used as the electron donor for nitrate reduction, and for this example, is at an oxidation

state of zero.

EQUATIONS 7 & 8

1/28r2* + 1/2HPO,"?
1/2S82* 1/2C0; 2

1/2SrHPO,(solid) @)

1/2SrCO5(s0lid) ®
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induces precipitation. If calcium is used as
the cation there are a number of solids that
may be formed that are generally insoluble.
Calcium orthophosphate (Ca3(PO,),), and a
number of forms of apatite. Cas(PO4);0H,
Ca o(PO4)s(OH),, or Ca o(PO4COs)F:.
Each compound contains phosphorus in the
form of PO,. However, the PO, "3 ion
accounts for only 35% of the total
phosphorus at a pH of 8.3. If a considerable
amount of phosphorus is to be eliminated
the pH has to be elevated to nearly ten,
where the PO, 3 ion is 95% of the total.
In our experiments we used a five gallon
denitrification chamber to elevate the pH.
We did not proceed much beyond ten to
prevent the precipitation of magnesium.
The chemical used was calcium hydroxide.
The initial phosphorus concentration, all
expressed as if it were PO, ™3, was 3.5mg/1
in a 55 gallon tank set up in May of 1986.
The tank has a deep gravel (calcerous) bed,
and when a small amount was dissolved
with hydrochloric acid to liberate any

chemisorbed phosphate, the resulting
concentration was 7mg of phosphate per
gram of calcerous gravel. If all the calcerous
substrate, roughly 30 kg, contained the
same percentage of phosphate, we would
have to deal with a considerably greater
quantity than 3.5mg/1, because precipitates
would re-equilibriate as the dissolved
concentration drops.

In April of 1988 we commenced to add
sufficient calcium hydroxide to the
denitrification chamber to raise the pH to
between 9.5 and 10. Initially we
experienced very little precipitation. Aftera
24 hour period the pH had fallen off only
slightly, as had the alkalinity and
phosphates. This led to the conclusion that
the bulk of the phosphates and carbonates
were generally bound and could not readily
precipitate. However, as we repeated the
cycle at 24 hour intervals the alkalinity and
phosphates started to decline. The
concentrations of the ions in question at the
beginning and end of a cycle are listed in

Table 1 (sce page 27).

As time progressed, the phosphate
concentration dropped to nearly zero (in the
denitrification chamber) within 8 hours.
The cycle was stopped when the alkalinity
was equal to the alkalinity just prior to the
calcium hydroxide dose. This prevented any
net loss of calcium, and the loss in carbon
was automatically replaced with respiratory
and atmospheric carbon dioxide as the five
gallons of water were remixed with the 55
gallons after each cycle. This process was
continued from April until October of 1988
and the phosphate concentration flattened
out at 0.2mg/1. We were not able to reduce
the concentration any further since, during
mixing of the two waters, the pH drop in the
denitrification chamber allowed some of the
metastable solids to redissolve. Also, it
became somewhat cumbersome trying to
combine the denitrification rates with the
precipitation rates.

We searched for an alternate method.
Looking through the solubility tables of
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chemical compounds we found that
strontium hydrogen phosphate was
generally insoluble. And, since 65% of the
dissolved phosphates are in that form at a pH
of 8.3, the pH would not have to be raised.
Also, strontium carbonate is less soluble
than either calcite or aragonite, and the
excess would precipitate as the carbonate. If
we used the proper anion there would be no
net change in the water chemistry with
prolonged use of this method. The nitrate
was chosen as the anion. As strontium
nitrate is added to the denitrification
chamber the nitrates are converted to N,
(nitrogen gas) along with a generation of
hydroxyl (OH ™) ions. The latter, in contact
with dissolved carbon dioxide, generate
carbonate alkalinity (HCO; ~!). The overall
process is detailed in Equations 2 through 6.
(See page 27.)

This shows that by adding one molecule
of strontium nitrate, via denitrification, we
produce one strontium ion, two bicarbonate
ions and one half molecule of dissolved
carbon dioxide. The strontium precipitates
as the hydrogen phosphate and as the
carbonate as shown by equations (7) and
(8) (see page 27).

If we add 1/2 of an ion of HPO, =%, which
was initially present, to the right hand side
of equation (6) and subtract the right hand
side of equations (7) and (8) we obtain a
result of:

H,CO; + HCO; !

The H,CO; represents the dissolved
carbon dioxide and can be expelled, leaving
only water. Therefore, during the process of
removing the hydrogen phosphate ion we
have added two bicarbonate ions. If the
phosphorus was initially introduced via
biological oxidation, each hydrogen
phosphate ion must have been associated
with two hydrogen ions. If we combine the
two hydrogen ions with the remaining two
bicarbonate ions we obtain two molecules of
dissolved carbon dioxide. This CO, may be
expelled or used for photosynthesis, and the
net change in water chemistry is zero.

These equations may be somewhat
cumbersome, but they do demonstrate that
the phosphorus removal utilizing this
technique does not leave accumulating ions.
Furthermore, the precipitates formed do not
redissolve at the pH normally encountered
in the marine environment. If strontium
chloride or sulphate is used in lieu of the
nitrate, either chlorides or sulphates
accumulate and the alkalinity is reduced as
strontium carbonate precipitates. We have
used strontium nitrate in the experimental
tank since March of 1989 and the phosphate
level at this date is less than can be detected
with wet chemistry analysis having a
resolution of 0.01 mg/1 of phosphate. The
daily input of strontium is equivalent to
100mg as the ion, and translates to 0.48
mg/1 per day in the 55 gallon tank. This
dose is roughly one twentieth of the typical
seawater strontium concentration. We also
have taken another assay of the calcerous
gravel and found no trace of phosphate.

to page 208
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from page 206

shrimp recently and it ignored them. Aside
from the bristleworm problem, everything is
doing very well, but I would like to keep
anemones and be rid of the worms.
Sincerely,
Larry Clark
Vancouver, Washington.
Hey, if the worms destroy anemones in a
few days, you might try baiting a nylon
stocking with an anemone! I’'m only half
serious with that recommendation, Larry. I
do have a couple more suggestions for you,
but that’s all. As for natural predators, [ am
aware of a couple more you might try, but
cannot guarantee that they will be interested
in your worms either. The adorable bird
wrasse has a reputation for eating
bristleworms, so you might want to give it a
try. Likewise the arrow crab is also
supposed to have a taste for them. Arrow
crabs tend to grow large and threaten small
fish, but otherwise they are pretty tame. If
your rocks are tightly packed, Larry, even if
you removed the substrate as I suggested,
then there will always be a large refuge area
for the worms where the predators can’t get
atthem. . . amore open reef structure helps
prevent this. Finally, I have noticed that a
sudden drop in specific gravity (say, from
1.022 dropping to 1.018) will sometimes
drive worms out into the open where they
may be removed easily. I worry about
making that kind of recommendation
because while I know that I can safely drop
the S.G. in an aquarium, I don’t know if you
have the experience to do it as safely . . . so
be careful if you wish to try it.

Well, I had planned to talk about iodine in
more detail, but I got a little carried away on
the lateral line topic, so you will have to
wait, . . . so what else is new? =

PHOSPHORUS
from page 30/27

Naturalty, no seawater has been replaced in
this system since the onset of the
experiments. We have since applied this
method to a larger system, 275 gallons, and
have phosphate levels of less than 0.1. Also,
we have a number of systems in the field that
have equally good results.

In summary, the two techniques
described for phosphate removal do not alter
the water chemistry of a captive system. The
latter method is more advantageous because
precipitation takes place at a nominal pH.
Furthermore, strontium is required, to what
extent and for what specific function is not
completely understood, by some calcifying
organism. It is possible that the affinity of
strontium for hydrogen phosphate prevents
any formation of apatite and, in turn, allows
for uninhibited deposition of calcium
carbonate. Who knows?

Werner Stumm and J.J. Morgan, Aquatic Chemistry,
John Wiley Sons, N.Y. 1981.




