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The Effect of Natural Zeolite (Clinoptiolite) on Aquaponic
Production of Red Tilapia (Oreochromis sp.) and
Lettuce (Lactuca sativa var. longifolia), and
Improvement of Water Quality

Gh. Rafiee™* and Che Roos Saad?

ABSTRACT

The effects of natural zeolite as a bed medium in increasing lettuce and red tilapia
growth as well as improvement of water quality parameters in an aquaponic system were
investigated. An experiment with a completely randomized design was run with two
treatments in triplicates, 1) an aquaponic system without use of zeolite as a control group
and 2) use of a small cotton bag, containing 10 g zeolite as a bed medium for planting a
lettuce seedling. In each experimental unit, 42 seedlings of lettuce were introduced. The
individual weight of fish and lettuce yield in treatment 2 was significantly higher (P< 0.05)
than treatment 1 at the end of experiment. The initial mean individual weight of red tila-
pia juveniles was 6.23 + 0.06 g and increased to 32.50 + 2.00 and 37.50 + 2.20 in treat-
ments 1 and 2, respectively by the end of experiment. The yield of lettuce was higher in
treatment 2 (1507 + 445.00 g/unit) compared to the control (275 + 83 g/unit). The concen-
tration of total ammonia-N in the water was significantly lower (P< 0.05) in treatment 2
compared to treatment 1 at the end of experiment. The concentration of phosphorous and
potassium in the fish rearing tanks was significantly lower (P< 0.05) in treatment 2. These
results indicated that the use of zeolite, as a bed medium to plant lettuce seedlings in a re-
circulating aquaponic system could increase the growth of lettuce seedlings as well as im-
proving water quality parameters.
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INTRODUCTION erable environmental impact. Therefore,
control of wastewaters must be considered
an essentia factor in the management of any
intensive fish culture system with the aim of
achieving a reduction of wastewater and a
high production of fish, particularly while
sustainable aquaculture is the target (Mump-
ton and Fisherman, 1997; Bergero et al.,
1996). Various methods of ammonia
nitrogen removal from waters have been
developed, but the main aim of worldwide
investigators has been the presentation of
new possibilities for ammonia-nitrogen re-

Nitrous oxide, nitric oxide, nitrate, nitrite
or ammonialanmonium are al soluble
forms of nitrogen in water, causing eutro-
phication of estuaries and coastal seas
(Mander and Forsberg, 2000). Excess nitro-
gen is formed from the catabolism of N-
compounds in aquatic animas and a large
amount of these compounds are produced in
aquatic animal farms and released as waste-
water in the environment and have a consid-
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moval in waters. Wastewater processing or
purification by plants in greenhouses or spe-
cific treatment systems has become increas-
ingly popular in response to water shortages
and increasingly its demands (Gloger et al.,
1995). Over the past three decades, in agua-
culture practices, hydroponic(s) plant com-
partments with different experimental design
have been integrated into aguaculture sys-
tems in both warm and moderate climates to
dleviate the accumulation of nutrients, es-
pecialy N-compounds in the culture system
(Nair et al., 1985; Rakocy, 1995). The natu-
ral zeolite framework consists of a symmet-
rically stacked alumina and silica tetrahedral
which results in an open and stable three
dimensional honey comb structure with a
negative charge. The negative charge within
the pores is neutralized by positively
charged ions (cations) such as sodium.
These cations are exchangeable with certain
cations in solutions such as ammonium ions.
Therefore, zeolites represent an appropriate
material for removing and exchanging ions
(Na'", Ca®* and K*) that are relatively harm-
less (Curkovic 1995). As a result, it would
be possible to reduce further the nutrient
solution produced in the fish culture system
using a plant compartment, while natura
zeolite integrates as a bed medium of lettuce
seedling plantation. Thus, the main objective
of this study was to evaluate the use of natu-
ral zeolite as a bed medium for planting let-
tuce seedlings and as an ion exchangeable
medium associated with plant roots with
regard to N-compounds, the remova of
other cations from water and the improve-
ment of water quality efficiency due to
higher lettuce growth in an aguaponic sys-
tem.

MATERIALS AND METHODS
The System and Experimental Design

The effects of natural zeolite as a bed me-
dium in increasing the lettuce growth and
improvement of water quality parameters in
an aguaponic system were investigated. An
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experiment with a completely randomized
design was run with two treatments in tripli-
cates, 1) an aquaponic system without use of
zeolite as a control and 2) use of asmall cot-
ton bag, containing 10 g zeolite as a bed
medium for planting a lettuce seedling in the
hydroponic compartment of the system. The
system consisted of a fiberglass tank (110
Wx84 Lx100 H cm) equipped with three
hydroponic troughs (110L x 30W x5 D cm)
and a submersible pump (Mode Aqua,
1500) for recycling the water from the rear-
ing tank through the hydroponics troughs
then to fish tank again (Figure 1).

Feed and Feeding

The supplemental feed was a commercial
diet of floating pellets (Car-gill company),
containing 24% protein, 6% fat, 6% fiber
and 11% moisture. The fish were fed twice a
day at arate of 5% of daily fish biomass at
09.00 and 13.00 hrs.

Production of Lettuce Seedlings

One week prior to the start of experiment,
lettuce seeds were sowed in some sponge
sheets (3x40x60cm), which were already cut
into small pieces (a sponge cube 3 x3x3
cm); each had a shallow dit in one side
made as a seed germination bed. The seeds
were irrigated daily until germination. Then
each new seedling (followed with a small
sponge cube) was put separately inside a
perforated plastic cup. The cups containing
seedlings were introduced to the experimen-
tal trials at the initiation of the experiment.

Water Quality Parameter Measurements

Dissolved oxygen (DO) and Temperature
(T) were measured (using YSI Model 57,
oxygen and temperature meter). Electro
Conductivity (EC) was determined twice a
week (with an EC meter model HANNA
instrument conductivity meter HI 8033). The
pH was determined twice a week (with an
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Figure 1. Schematic feature of the aquaponic system used for culture of fish and vege-
tables, 1. Fish tank, 2. Hydroponic troughs, 3. Water pump, 4. Lettuce cup, 5. A small

cotton bag containing 10 g zeolite.

Orion model 410A pH meter). Total ammo-
nia (NH3-N) were measured (after 10 times
dilution of the samples) weekly in rearing
tanks (using the indophenols method)
(APHA, Standard Methods book, 1992). The
concentration of dissolved nutrient in the
rearing tanks was recorded weekly, taking
two samples, each containing 100 ml of wa-
ter. The concentration of total nitrogen
(modified Bertholet method) and phospho-
rous (orthophosphate reacts with molybdate
to form phosphomolybdic acid then reduced
by ascorbic acid to intensively colored Mo-
lybdenum blue complex which can be meas-
ured at 660 nm.) were measured by an Auto
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analyzer by Chemlab-system 4. The concen-
tration of K, Fe, Ca, Mg, Zn and Cu were
measured with an atomic absorption spec-
trophotometer, model Perkin Eliner AAS
3110.

Analytical Methods

A proximate analysis of the diet, fish body
and lettuce shoot was made, using the fol-
lowing procedures; dry matter by drying at
75 °C for 3 days; crude protein with micro-
Kejeldahal; Nx6.25; fat by dichloromethane
excraction (Soxhel) and ash by combustion
at 550 °C for 12 h (APHA, 1992).
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Protocol

The experiment was conducted over a 7-
week period. At the start of the experiment,
each rearing tank was stocked with 50 red
tilapia juveniles with a mean weight of 6.23
+ 0.06 g (mean + SD) and filled with 640 L
of aged tap water. Water continuously aer-
ated through two circular air stones (five cm
dimension) during the experimental period.
Two weeks after the initiation of the ex-
periment, 42 cups, each containing a 1-week
old lettuce seedling was placed into the 42
holes of polystyrene sheets that already were
fixed inside all NFT (Nutrient Film Tech-
nique) troughs in each experimental unit.
The lettuce seedlings were cultured for a 5-
week period and both the fish and lettuce
were harvested simultaneously at the end of
the experimental period.

Statistical Analysis

Percent values were transferred to arc sin
values and analyzed dstatistically. Data of
variables were subjected to paired-
comparison t-test analysis at a 0.05 probabil-
ity level (SPSS Microsoft version 10.0).

RESULTS

Fish and Lettuce Growth

The amount of feed consumed by the fish
in al the experimental units was the same
during the experimental period (1050g). In-
dividual body weight was significantly dif-
ferent (P<0.05) between treatments and

reached mean individual weights of 32.5,
and 37.5 g in treatments without zeolite (1),
and with zeolite (2), respectively by the end
of experiment. The biomass of the fish in-
creased during the experimental period and
was not significantly different (P>0.05) be-
tween treatments at the end of experiment.
These amounts were 1235 and 1349 g for
treatments 1 and 2, respectively. The fish
survival rate was not significantly different
(P > 0.05) between treatments (Table 1).

Water Quality Parameters

Total ammonia

The concentration of total anmonia fluctu-
ated during the experimental period. The
concentration of ammoniain water increased
within the first three weeks of the experi-
ment then, in the 4™ week, decreased and
later on continuously increased in treatments
by the end of experiment. The concentration
of total ammonia was significantly different
(P < 0.05) between the treatments by the end
of the experiment. These rates were 9.19 and
7.27 mg L™ in treatments land 2, respec-
tively (Table 2).

Total inorganic nitrogen (TIN)

The concentration of TIN increased during
the experimental period. The concentration
of TIN was significantly higher (P <0.05) in
treatment 1 than 2, these rates were 24.83
and 15.76 mg L™ for treatments 1 and 2, re-
spectively at the end of experimental period
(Table 3).

Table 1. Data (Mean +SD) of Dried fish body (DFB), Fish protein (FP), Fish Biomass (FB), Fish sur-
vival (FS), Individual fish weight (IFW), Yield of lettuce (YL) and Lettuce protein (LP) in different
treatments (T, without zeolite and with zeolite, respectively) at the end of experiment.

T DFB FP FB FS IFW YL LP

(%) (%) )] (%) (@ (@ (%)
1 2228+0.19* 59.48+2.27" 1249+107° 79.00+4.00% 3250+2.00° 275+83%  25.22+0.43"
2 2263t120° 57.25t0.61* 1275+144® 77.00+3.00° 37.50+2.20° 1507+448°  26.14:0.31%

The same superscript letters in a column are not significantly different at the 0.05 level.
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Table 2. Variation in concentration of total ammonia (Mean +SD) in treatments (T) during the

experimental period.

T Week 2 Week 3 Week 4
mg L mg L mg L

Week 5 Week 6 Week 7
mg L mg L mg L

1 0.68+0.712 2.65+0.82°2 4.02+1.082
2 0.59+0.62°2 1.61+0.92% 2.72+1.23%

1.87+0.292 4.65+0.622 9.19+0.69°
117+0.41%  3.90+0.682 7.27+0.212

The same superscript letters in a column are not significantly different at the 0.05 levels.

Table 3. The concentration of total inorganic nitrogen (Mean +SD) in treatments (T) during the

experimental period.

T Week 2 Week 3 Week 4
mgL* mg L™ mgL*

Week 5 Week 6 Week 7
mg L™ mg L™ mgL*

1 0.62+0.04% 1.04+0.38% 4.75+0.692
2 0.53+0.192 1.99+0.292 5.31+0.84%

1657+2.75°  21.45+0.63° 24.83+1.74°
15.00+1.90°  14.09+3.34°2 15.76+1.312

The same superscript letters in a column are not significantly different at the 0.05 level.

Electro-conductivity (EC)

The EC of water increased in both treat-
ments during the experimental period. The
Ec of water was significantly different (P <
0.05) after three weeks (Table 4). These
rates were 0.43 and 0.46 mmhos/cm for
treatments land 2, respectively at the end of
experimental period.

The pH and oxygen

The pH of water decreased in the rearing

tanks during the experiment. These rates
were 6.5 and 6.53 in treatments 1 and 2, re-
spectively at the end of experiment (Table
5). The concentration of oxygen in the fish
tanks was between 5.70-6.20 during the ex-
perimental period.

Phosphorus (P)

The concentration rate of P increased in the
fish rearing tanks during the experimental
period. The P concentration was signifi-
cantly (P < 0.05) lower in treatment 2 than

Table 4. Electro-conductivity (EC) (mmhos/cm) (Mean +SD) of water in rearing tanks in treat-

ments during the experimental period.

T Week 2 Week 3 Week 4

Week 5 Week 6 Week 7

1 0.16+0.00% 0.18+0.02°2 0.33+0.01°2
2 0.16+0.00° 0.22+0.01° 0.32+0.03%

0.27+0.02% 0.35+0.02°2 0.43+0.03%
0.32+0.07° 0.37+0.042 0.46+0.01°2

The same superscript | etters in a column are not significantly different at the 0.05 level.

Table 5. The pH of water in fish tanks between treatments during the experimental period.

T Week 1 Week 2 Week 3 Week 4 Week 5 Week 7

1 7.21 6.40 6.30 6.08 6.62 6.50

2 7.21 6.45 5901 5.49 6.40 6.53
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Table 6. Variation in concentration of Phosphorus (P) in water (Mean £SD) in treatments (T)

during the experimental period.

T Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
mg L*? mg L mg L mg L mg L mg L

1 1.70+0.03? 1.86+0.18%  5.57+0.452 11.4+0.622 12.7+043°  19.73+0.12°

2 1.70+0.11°2 2.16+0.03°  5.34+049%  1250+0.53%  1157+0.55%  16.20+0.262

The same subscript letters in a column are not significantly different at the 0.05 levels.

Table 7. Concentration of Calcium (Ca) in water (Mean £SD) in treatments during the experi-

mental period.
T Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
mg L™ mg L™ mgL* mg L™ mg L™ mg L™
1 13.57+1.40° 23.33+2.90° 23.50+4.4432 44.00+7.002 38.33+1.26" 33.17+3.00%
2 15.80+0.53° 24.5+0.09% 21.83+1.53% 38.67+0.90% 26.70+0.26% 34.70+4.93%

The same subscript lettersin a column are not significantly different at the 0.05 levels.

treatment 1 by the last two weeks of the ex-
periment. These rates were 19.73 and 16.20
mg L™ for experiments 1 and 2, respectively
at the end of experiment (Table 6).

Calcium (Ca)

The concentration of Ca increased in the
fish rearing tanks during the experimental
period. The Ca concentration was signifi-
cantly different (P < 0.05) two weeks after
initiating the experiment; afterwards it did
not show any significant differences (P>
0.05). These rates were 33.17 and 34.70 mg
L™ for experiments 1 and 2, respectively, at
the end of experiment (Table 7).

Magnesium (Mg)

The concentration of Mg in the fish tanks

was not significantly (P>0.05) different be-
tween treatments during the experimental
period. However, it was lower in treatment 2
compared to treatment 1 at the end of ex-
periment. These rates were 5.37 and 4.60 mg
L™ for experiments 1 and 2, respectively
(Table 8).

Zinc (Zn)

The concentration of Zn in the fish rearing
tanks was significantly (P<0.05) different
between treatments at the end of experimen-
tal period. It was lower in treatment 1 com-
pared to treatment 2 at the end of experi-
ment. These rates were 0.13 and 0.14 mg L™
for experiments 1 and 2, respectively (Table
9).

Table 8. Concentration of Mg in water (Mean +SD) in treatments during the experimental period.

T Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
mg L™ mgL* mg L™ mg L™ mg L™ mg L™

1 0.60+0.00% 1.93+0.022 1.97+0.13% 4.70+0.42° 4.95+0.52° 5.37+0.62%

3 0.60+0.00 2.35+2.382 2.40+0.20% 4.42+0.23% 4.02+0.30° 4.60+0.552

The same superscript letters in a column are not significantly different at the 0.05 levels.
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Table 9. Concentrations of Zinc (Zn) in water (Mean £SD) in treatments during the experimen-

tal period.
T Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
mg L mg L mg L mg L mg L mg L

1 0.00+0.00% 0.00+0.00®  0.013+0.006%
2 0.00+0.00? 0.00+0.00®  0.013+0.006%

0.047+0.006%  0.08+0.006% 0.13+0.01°2

0.05+0.001*  0.10+0.030% 0.14+0.02°

The same superscript letters in a column are not significantly different at the 0.05 levels.

Potassium (K)

The concentration of K increased in the
fish rearing tanks during the experimental
period. The K concentration was signifi-
cantly (P < 0.05) lower in treatment 2 com-
pared to treatment 1 in the last two weeks of
the experimental period. These rates were
12.33 and 5.70 mg L™ for experiments 1 and
2, respectively, at the end of experiment
(Table 10).

Manganese (Mn)

The concentration of Mn increased in the
rearing fish tank during the experimental
period. The Mn concentration was signifi-
cantly (P<0.05) lower in treatment 2 than in

treatment 1 in the last two weeks of the ex-
perimental period. These rates were 0.14 and
0.4 mg L™ for experiments 1 and 2, respec-
tively, at the end of experiment (Table 11).

DISCUSSION

In present study, it was well demonstrated
that the use of natural zeolite as a bed me-
dium to plant lettuce seedlings could effi-
ciently increase lettuce growth in an ag-
uaponic system. This may be attributed to
the possibility of filtering the macronutrient
and ammonium by zeolites and more access
of these cations to the plants (Bergero et al.,
1996). The optimum pH value for water be-
tween 5.5-7.5 has been reported for the re-

Table 10. Concentration (mg L™) of Potassium (K) in water (Mean +SD) in treatments during

the experimental period.

T Week 2 Week 3 Week 4
mgL* mg L™ mg L™

Week 5 Week 6 Week 7
mg L™ mg L™ mg L™

1 4.00+0.00% 5.50+0.87%  5.70+0.27%
3 4.50+0.29 5.80+0.29°  5.70+0.78%

10.17+1.04*  12.00+1.32°  12.33+1.26"
8.83+2.47%  417+152%  570+2.062

The same superscript lettersin a column are not significantly different at the 0.05 levels.

Table 11. Concentration of Manganese (Mn) in water (Mean £SD) in different treatments during
the experimental period.

T Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
mg L mgL* mg L mg L™ mgL* mg L

1 0.03+0.00? 0.03+0.00% 0.04+0.00% 0.07+0.00? 0.08+0.00°  0.14+0.01°
3 0.03+0.00% 0.03+0.00? 0.04+0.00% 0.07+0.00? 0.04+0.01%  0.04+0.01°

The same superscript letters in a column are not significantly different at the 0.05 levels.
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moval of ammonium and exchange of other
cations between zeolite and waterborn (Ber-
gero et al., 1996). In this study, the pH was
in the optimum range for the exchange of
cations (5.31-7.21). It has been reported that,
while the ammonium level is below the
threshold values (0.35-0.40 mg L ™), the zeo-
lite will preferentially capture other cations
such as potassium, sodium, calcium and
magnesium than ammonium (Wakatsuki et
al., 1993). However, the effective ability of
zeolites in the captivation of cations like
NH*, Cu*, Zn* and releasing the amount
of other cations such as Na*, C&" and K*
from animal wastes, particularly from aqua-
culture wastewater, have been reported
(Mumpton and Fishman, 1977; Miner,1993;
Watten and English, 1985). Exposure of arti-
ficial zeolites as absorbents to the test mate-
rials containing NH*, Mn, Zn, Cd and Pb has
shown a high reduction in the concentration
of these minerals in the test material solution
as well. The removal of >50%, 85%, 95%,
95% and 96% for NH*, Mn, Zn, Cd and Ph,
respectively has been reported (Lee, 1997).
The highest removal efficiency values for
NH*-N was achieved with the natural zeolite
a concentrations lower than 100 mg L™
(Cerjan-Stefanovich et al., 1997). These can
be related to a weakly bound structure of Na,
K and other cations in zeolite and the re-
placement of ammonium and H" ions with
these cations (Cerjan-Stefanovich et al.,
1997). In this study, the concentration of
total ammonia and inorganic nitrogen in fish
rearing tanks decreased significantly in
treatment with the use of zeolite as a bed
medium for lettuce planting, compared to
the control. This emphasized the higher re-
moval of dissolved N-compounds from the
water by the plant than zeolite. The value of
Ec was higher in treatment 2 than 1 and this
could be related to the use of zeolite and ion
exchanges with water in the fish rearing
tank. The highest absorption of P by lettuce
from the fish rearing tank in treatment 2,
resulted in a high concentration of Cain the
water. These phenomena pointed to a reduc-
tion of phosphorous precipitation under the
low concentration of Fe (Wild et al., 1998).
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After four weeks by the end of experiment,
the concentration of K in the fish rearing
tank continuously decreased in treatment 2.
Significant depletion in the concentration of
K in treatment 2 compared to 1 was re-
corded at the end of experiment. Consider-
ing the lettuce yield harvested in treatments
1 and 2 at the end of experiment, these dif-
ferences were due to differences in the
amounts of potassium incorporated in the
body of lettuce yields. The concentration of
Mn in the fish rearing tank increased in both
treatments within the first five weeks of ex-
perimental period and this could be attrib-
uted to the continuous addition of feed to the
fish rearing tank and bio-degradation of or-
ganic matter to inorganic matter as a result
of releasing a higher level of Mn than as-
similation rates. A decrease in the concentra-
tion of Mn after five weeks and by the end
of experiment emphasized the higher ab-
sorption of Mn by plants than excretion due
to bacterial activities (Saad et al., 2002).

CONCLUSIONS

This study was a preliminary work to
evaluate the effective use of natural zeolite
as a bed medium for planting lettuce seed-
lings and enhancing lettuce and red tilapia
growth in an aguaponic system. Results of
this study have concluded that use of zeolite
as bed medium could improve the environ-
mental conditions for growing lettuce and
that this may be due to more access of nutri-
ents, as aresult of the improvement in water
quality and better conditions for fish growth.
Total ammonia and total inorganic nitrogen
concentrations reduced in the rearing tank
and a greater incorporation of nitrogen in the
body of lettuce occurred. These were the
main results of this experiment. To fully
evaluate the use of zeolite as a medium for
planting lettuce seedlings in the retention of
nutrients in the bodies of fish, lettuce and in
supplied water deserve further investiga
tions.


https://dorl.net/dor/20.1001.1.16807073.2006.8.4.7.1
https://jast.modares.ac.ir/article-23-10118-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.16807073.2006.8.4.7.1 ]

Effect of Natural Zeolite on Aquaponic Production...

10.

REFERENCES

APHA. 1992. Standard Method for the Ex-
amination of Water and Wastewater (18th
ed.), American Public Health Association,
Washington, DC.

Bergero, D., Boccignone, M., Di Natale, F.,
Forneris, G. Palmegiano, G. B. and Zocca
rato, I. 1996. Intensive Fish Culture and its
Impact on the Environment: the Role of
Natural Zeolite in the Reduction of the Am-
monium Content in the Effluents. In: “Pro-
ceedings of the Second World Fisheries
Congress” (Eds.) Hanckock, D.A. and
Beumer, J.P. Brisbane, Australia, pp. 101-
102.

Curkovic, L. 1995. Natural Zeolites as lon
Exchangers. M.Sc. Thesis, Faculty of
Chemical Engineering and Technology,
University of Zagreb.

Forsherg, C. 1998. Which policies Can Stop
Large Scale Eutrophication? Water Sci.
Technol., 37, P. 193.

Gerjan-Stefanovich. and Curkovic, L. 1997.
Selectivity of Natural Zeolites for Toxic
lons. Natural zeolites-Sofia 95: 121.

Gloger, C. K., Cotner, B. J,, Cole, M. W. M.,
Rakocy, J. E.,, Baily, D. S. and Shultz, K.
1995. A. Contribution of Lettuce to Waste
Water Treatment Capacity of Raft Hydro-
ponics in a Closed Recirculating Fish Cul-
ture System. Aquaculture Engineering and
Waste Management, Proc. Aquaculture in
the Mid-Atlantic Conference. Washington,
D.C. June 24-28, 1995.

Lee, J H. 1997. Treatment of Municipal
Landfill Leakages Using Artificial Zeolite. J.
Fuel Energ., 36(6): PP445

Mander, L. and Forsberg, C. 2000. Nonpoint
Pollution in Agricultural Watersheds of En-
dangered Coastal Sea, J. Ecol. Eng., 14(4):
317-324.

Miner, J. R. 1983. Use of Natural Zeolitesin
the Treatment of Anima Wastes. Journd
paper no. 6402, Oregon Agricultural Ex-
periment Station, Corvaliss, Oregon, USA,
pp. 257-262.

Mumpton, F. A. and Fishman P. H. 1977.
The Application of Natural Zeolites in Ani-

JAST

321

11

12,

13.

14.

15.

16.

17.

18.

19.

mal Science and Aquaculture J. Animerican
Sci., 45: 1188-1203.

Nair, A., Rakocy, J. E. and Hargreaves, J. A.
1985. Water Quality Characteristics of a
Closed Recirculating System for Tilapia Cul-
ture and Tomato Hydroponics. Proc. Second
International Conference on Warm Water
Aquaculture Finfish. 223-254 pp.

NRC (National Research Council), Nutrition
Requirements of Fish, National Academy
Press, Washington, DC, USA, 1993, 114 pp.
Oenema, O. and Roest, C.W. J. 1998. Nitro-
gen and Phosphorus L osses from Agriculture
into Surface Waters; the Effects of Policies
and Measures in the Netherlands. Water Sci.
Technol., 37: 19.

Rakocy, J. E. 1995. The roles of plant crop
production in aquacultural waste water,
Aquacultural Engineering and waste man-
agement, proceedings from the aguaculture
Expo VIII and Aquaculture in the Mid-
Atlantic Conference, Washington, D.C. June
24-28, 1995.

Saad, C. R., Rafiee G. R., Kamarudin, M. S,,
Sijam, K. and Ismail, M. R. 2002. Use of
Lettuce (Lactuca sativa var. longifolia) for
Purification of Aquaculture Wastewater,
Proc. Second International Conference on
Sustainable Agriculture for Food, Energy
and Industry, Beijing, 8-12 September 2002.
Volume 2. pp.1511-1517.

Weakatsuki, H, Esumi. and Omura S. 1993.
High Performance and N& P Removable On-
site Domestic Waste Water Treatment Sys-
tem by Multi-soil-layering Method. Water
Sci. Technol., 27(1): 31-40.

Wild, D. Kidliakove, A. and Siegrist. 1999.
P-fixation by Mg, Ca and Zeolite a during
Stabilization of Excess Sludge from En-
hanced Biological P-removal. J. Water
Sci.Technol., 34(1-2): 391-398

Watten, T. and English. M. J. 1985. Effects
of Organic Matter in Aquaculture Waste on
the Ammonium Exchange Capacity of Cli-
noptilolite. Aquaculture 46: 221-235.

Zar J. H. Biostatistical Analysis, 3 ed.,
Prentice Hall, New Jersey, 1996, 662 pp.


https://dorl.net/dor/20.1001.1.16807073.2006.8.4.7.1
https://jast.modares.ac.ir/article-23-10118-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.16807073.2006.8.4.7.1 ]

(Oreochromis sp.) 30 8 (St (Bl Aoy Ol a0 9 (Sl gais giuls”) (amb Sl giy ST
CudaS” dou@9 (Lactuca sativa) gals” g

M 3T 9 E

o>

B <

CodS 35 5 85 5 LIS b L) (655 p CEST e Ol 4 (Sl 5 28 e S 555 )
pe bse L3S N E g 2osm oS 5 Al s els V85l & 53 s dame OT
Jal slag 53 als S 1y (alesT (slasles (ST i Olgie 4 (S p 5dS) (b S5 39
CI55 e 8V 3T 3y b pas Sl 3 5 SN sy gl ST s Olsie 4 S g5 dali |
S a1 a3 8IS w palS el a S e Olgte 4y g b a3l 15 OBST i Sl ols anS” s
PP Ll s ammdm e ileST 50 50 g ain ¥V (hlT plol s oy 1SS 4w ol
A Ah o S FINYE P B 05 4 e LS ol aalid 00 0T 43 5 b, OT 2
Earh 3l dn i 53 Ldh w3l ga sy Jos 55 pr 03lsn Kb oS 1pn K ¥ Gy b Sl e
Siole3T OLL 53 ot 3)ls SiolesT doly o 55 ol g, sla gow 4 5ol cLis FY sl tolejT
05 5Sbe als Ol bajles o 5o 1y (P> 0/00) (ghls gne ol ale (5l 035 o Kbee
Se g 0 S VYD XY e SV 00 IV LS5 4 el 5 S5 sl Dl s Al s3lil
Sie 5 mio dale b awlie 55> (P<2/00) g)ls gme jska S 85 Golsles 53 5ol J guames
clble e sy rjf YVO AV 5 V0 VEFFD (55 o4 aals 5 S s b Ll 3 J e
SMae g dals Hlas S ST (P> 0/00) (ghls gae ssb 4 S 85 ol s 5 S ST
2 ali jlas 51 2aS (P> 0/00) (g)lagne 5 sb 4 S 55 sl Hledd )3 jiud 5 ks CLE
5 iy Gl s 1y 6 Satar 1 palS S i Ol 4 S5 35 S 0ls LS Gl !

.)J‘JGﬁ\.ﬂ}ﬁgr“}:j)jﬁd\fju&igf“)}g:).fk:«?&;.ﬁﬁ)}ﬁg

322

Rafiee and Saad


https://dorl.net/dor/20.1001.1.16807073.2006.8.4.7.1
https://jast.modares.ac.ir/article-23-10118-en.html
http://www.tcpdf.org

