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Abstract .- In fish culture system, ammonia is excreted in the water as a
metabolic by-product. In this work, sorption properties of clinoptilolite were
determined and it was applied in culture of the rainbow trout Oncorhynchus
mykiss for the removal of ammoniacal nitrogen. The original clinoptilolite was
treated with IN NaCl solution from 24 to 192 h, for exchange N H / ions
produced in fish culture. The content of Na in the clinoptilolite was determined
by neutron activation analysis. The ammonium ion content in the exchange was
analyzed by UV-VIS spectrophotometry. Maximun uptake of sodium was
reached between 24 and 48 hours at neutral pH with granules of the
clinoptilolite from 14 to 24 mesh size. The adsorption capacity was from 3.28 to
6.8 mg of ammonium per gram of clinoptilolite.

INTRODUCTION

The ammoniacal nitrogen ion in
aquaculture system is a function of water
physicochemical parameters and
metabolism of the aquatic organisms; in
pisciculture, one of the major operator
problem in rainbow trout is the
accumulation of toxic metabolic waste
products such as ammonia. Clinoptilolite
mineral has been used to remove ammonia
in sewage treatment systems since the late
1960. Clinoptilolite is a zeolite mineral
consisting essentially of aluminosilicates,
shown to be efficient in ammonia removal
(Mumaw et. al., 1980). It function as an
ion exchange medium with a high affinity
for ammonium ions (NH.T). As
ammonium ions are removed from
solutions the concentrations of unionized

of ammonia NH? to ammonium in
accordance with the NH47NH;
equilibrium at the given water temperature
and pH. Saturated with ammonia,
clinoptilolite can be recharge using a
sodium chloride solution in which the
concentration of sodium ion greatly
exceeds that of the ammonia ions being
displaced. The clinoptilolite can be also
used for to eliminate nitrates, phosphates
(Nesbitt, 1969); some organic acids
(Wheaton, 1981); CO2, pH control and
bacteries (Amend, 1982) in the United
States Seattle Aquarium to remove ions
in recycled systems salmon fingerlings
(Mumaw, 1981); in rainbow trout and
coho farm recirculatory used as filter
(Slone, 1988). This natural mineral have
termal stability , 700°C in air, is also
considerably greater than the stability of



heulandite. The typical unit cell contents is
Na4(AlO2)6(SiO2)30].24 H2O with some
variations in Na, K » Ca; Mg; Si/Al =
4.25 - 5.25; in case of sedimentary type
Si/(A1' Fe") = 4.1-5.6. Clinoptilolite is
very stable towards dehydration and
readly readsorbs H2O and CO2, The
chemical composition differs significantly
from that heulandite in Si/Al ratio and the
exchangeable cation.

EXPERIMENTAL

Clinoptilolite sample used in this study
was from a sedimentary deposit in
Guerrero, Mexico. All samples were
pretreated by contacting with NaCl
solution in different times, following
pretreatment, clinoptilolite samples were
washed with desionized water and dry for
two hours at 80°C . It was attempted to
convert the sample into homoionic forms
prior to study of the binary exchange
NH± ^ Ma'. In atomic absorption, 100

mg of the crushed samples (250 mesh size
fraction) were treated with 0.5 and 1 g of
(Li),CO, and boric acid of 1:1 ratio in a
bunsen flame for about 3 h. The sample
was dissolved and recuparated with 20 ml
of 50% HCl solution and after, the
solution was analyzed in a Perkin Elmer
5000 atomic absorption
spectrophotometer. For the neutron
activation analysis, clinoptilolite samples
of 15-20 mg were irradiated in the Triga
Mark III Nuclear Reactor of Mexico in
(NSIC) (Neumatic Sistem to Capsules
Irradiation) position during 1 min; energy
intensities of each radioisotopes produced
where measured in the gamma
spectrometry system. In UV-VIS
spectrophotometry, the ammonia
concentration of the solutions was
determinated by a

using phenate (Standard Methods for the
Examination of Water and Wastewater
APHA, 1989) using a spectrophotometer
Shimadzu.. Conventional diffratograms
was used to identified compounds and to
be be sure that clinoptilolite clinoptilolite
structure was not modified during the
experiments, the samples were studied by
X-ray diffraction diffraction using a
Siemmens D500 difrractometer coupled to
a Cu anode X-ray tube.

RESULTS

Results of surface area in particles of.
clinoptilolite, show a little variation
between 250 and 14 size mesh in BET
method (Fig. 1) result is 17.72 m2. In X-
ray diffraction (XRD), examination of
natural and conditioned samples showed
no significant change in the position of the
most intense peaks.

Figure 1. Surface area in natural clinoptilolite
particles determined by BET method

This suggests that sodium chloride
conditioning has no effects on the crystal
structure of the clinoptilolite. Analysis
was performed in 250 mesh particle sizes,
and no shift was detected in the position
of the most intense spacing; XRD
confirmed that the mineral were
clinoptilolite with a pure of 23%. The
chemical analysis of the clinoptilolite



carried out by atomic absorption are given
in Table 1.

ELEMENT

Si
Al
Ca
Mq
K

Na
Mn

CONCENTRATION
mq/q
318
57

24.7
7.3
4.5
3.6

0.26

Table I. Clinoptilolitc chemical composition
for principal elements by EAA method

The principal cation involved in the
sorption process is Na", the exchange
lineal was calculated by using the initial an
final concentration during exchange and
form volume of solution with initially
known composition.

The Na amount data are summarised (Fig.
2) to natural and sodium homoionic form
in clinoptilolite. Concentration used was
5, 2.5, I and 0.1 M, this conditions were
varied to identify the best operating
procedure and impact of the best
concentration.
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Figure 2. Na amount in natural and sodium
homoionic form in clinoptilolite

To reach the maximum content of Na it
was necessary to use 2 h contact between
the natural state and the NaCI solution for
all concentrations. However , the amount
of Na in mineral begin to be no

proportional than concentration of NaCI
used 1.0 N, for this reason ideal
concentration considered is 1.0M (Fig 3a
and 3b). Optimise the ion exchange
process using a natural zeolite
clinoptilolite, for ammonia removal, is a
process that have been studied
extensively; the cost of the overall ion
exchange process would be reduced,
perhaps to the extent that economically, it
may be most attractive process.
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Figure 3a. Amount of Na for different
concentrations of NaCI for clinoptilolite 100
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Fig 3b Efficiencc in Na sorption vs
concentration solution

Preliminary experiments were conducted
to select the zeolite in 50 - 14 mesh size
range, and NaCI concentration using 1 M
solution, because we can to observe that
Na sorption equilibrium is attained after
48 h after contact solution with
clinoptilolite; in 14 mesh size (Fig. 4), the
mineral sorption capacity for Na" ion in
these conditions was 0.52 meq/g, and this



capacity might be due to the value of
aluminium silica ratio. Similarly, sorption
capacity using a 24 mesh size, the
sorption capacity was a 0.57 meq/g. In
case of 50 mesh size, the amount of Na" in
clinoptilolite is increased to 0.63 meq/g.
Results show clearly the substantial
capacity increase which is are for 14 mesh
size 5.2 times, to 24 mesh size 5.7 and for
50 mesh size is 6.3 times higher for the
conditioned samples compared to natural
mineral.
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Figure 4. Homoionization with NaCl 1 M in
clinoptilolite for different particle sizes

This study also revealed that particle size
had no significant effect on the zeolites
exchange capability, This is mainly due to
the fact that an increase of the zeolite
surface area would not necessarily affect
the ion-exchange mechanism which takes
place within the zeolite cavities rather than
at their surfaces. Fig 5 illustrate the effect
of conditioning on the removal ammonium
ion by clinoptilolite. The initial
concentration of ammonium ion was 3
mg/1 as NHTsolution, for each curve
correspond this concentration and we can
observe that ammonium ion is sorbed in a
period about 2 h. In this experiment, 10 g
of clinoptilolite 14 mesh size was used on
the column with a recirculating flux of 1
1/min, renovating with a fresh solution to
complete 5 1. The first curve correspond
to initial solution and ammonium ion was

sorbed of about 1 hour. The results show
clearly that ammonium ion concentration
of 3 mg/1 is eliminated from initial
concentration in a recycled system using
the conditions before described.
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DISCUSSION

The removal of ammonia is a primary
factor in culture of aquatic organisms in a
complete closed system. Likewise, the
sanitary engineer is also concerned with
ammonia removal in order to minimize the
effects of wastewater discharged into the
environment. It has been shown that the
clinoptilolite bearing rocks from Taxco
Gro., Mexico, is able specifically to take
ammonium ions, and it has been shown
that a pre-treatment to homoionic form
with NaCl solution is able to improve the
ammoiurr ions adsorption to the material.
Clinoptilolite works by a combination of
ion exchange and adsorption. The
prospect of adapting ion exchange
procedures to an aquaculture system is
made feasible by the low cost of naturally
ocurring clinoptilolite. The study also
revealed that the particle size had no
significant effect on the zeolites exchange



capability. This is mainly due to the fact
that an increase of the surface area would
not neccessarily affect the ion exchange
mechanism wich takes a place within the
mineral cavities rather than at their
surfaces; however from distilled water
containing 3 mg NH4"-N/1 was found
optimun result to 14 mesh clinoptilolite
take into consideration for the
homoionization the low quantity of NaCl,
the minimum time in process and the low
cost. One then can expect a column to
perform significantly better in removing
the lower levels of ammonia found in a
normal culture system. The size and flow
rate of the clinoptilolite column would be
the limiting factors determining how much
ammonia could removed. Ammonia
removal by a clinoptilolite bed appears to
provide a feasible alternative to better
quality water in a freswater system, wich
the advantage of its being ready at any
time to remove considerable quantities of
this toxic compound.
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