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AbstractThis research explores the potential of locally sourced natural zeolite from the Tanggamus District, Indonesia, for the removal ofammonium from shrimp pond wastewater. The study utilizes a comprehensive approach involving desilication modification, batchadsorption experiments, and field-scale application. The zeolite, predominantly composed of clinoptilolite, undergoes calcination atvarying temperatures, with 200°C proving to be optimal for enhancing ammonium adsorption capacity. The study also highlightsthe efficient use of zeolite at a lower dosage of 5 g/L, yielding high removal efficiency. The real-world effectiveness of this methodwas confirmed by field experiments, where the application of calcined zeolite resulted in lower ammonium concentrations inshrimp ponds. The results demonstrate that the application method, specifically direct spreading in the ponds, affects adsorptionperformance. These findings underscore the potential of using Tanggamus Natural Zeolite as a cost-effective and eco-friendlysolution for ammonium control in shrimp pond wastewater. This work paves the way for future research focusing on the long-termapplication effects and zeolite regenerationmethods to further improve the economic and environmental efficiency of this approach.
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1. INTRODUCTION

Water pollution remains one of the most pressing environmen-
tal issues worldwide (Tom et al., 2021). Among the numerous
pollutants, ammonium contamination holds a significant po-
sition due to its potential to cause eutrophication, drastically
altering the balance of aquatic ecosystems (Lahav and Green,
1998; Nguyen et al., 2022). Particularly in the aquaculture
industry, with shrimp farming as a salient example, the issue
becomes more pronounced (Bernardi et al., 2018). Shrimp
ponds are known to produce wastewater with high ammonium
levels (Lin et al., 2002). This pollution not only directly af-
fects the health and survival of aquatic species within these
farming environments but also substantially impacts the re-
ceiving water bodies when discharged untreated (Ahmad et al.,
2021). Given the critical environmental implications and the
burgeoning growth of the aquaculture industry, it is imperative
to find efficient, affordable, and eco-friendly methods to reduce
ammonium levels in shrimp pond wastewater.

While traditional methods to address ammonium contami-

nation in wastewater, such as biological nitrification or physic-
ochemical methods, can be effective, they often come with
notable drawbacks (Muscarella et al., 2021; Guida et al., 2020).
For instance, biological nitrification processes necessitate pre-
cise control over environmental conditions and long retention
times, limiting their practical application (Yang et al., 2017).
Similarly, physicochemical methods, including air stripping
or ion exchange, often involve high operational costs and the
use of chemicals, which may pose additional environmental
concerns (Lahav and Green, 1998). These challenges under-
score the need for alternative ammonium removal strategies
that are effective, cost-efficient, operationally simple, and en-
vironmentally friendly (Muscarella et al., 2021; Serafin et al.,
2021). One such promising avenue is the use of natural adsor-
bents like zeolites (Rožić et al., 2000), montmorillonite (Taher
et al., 2023), layered double hydroxide (LDH) (Palapa et al.,
2020; Taher et al., 2019), and biochar (Lesbani et al., 2021),
which have demonstrated potential in wastewater treatment.
However, to fully leverage their potential, it is essential to under-
stand and optimize the factors that influence their adsorption
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performance.
Zeolites, naturally occurring aluminosilicates, have attracted

considerable attention in recent years due to their unique prop-
erties, such as high porosity, large surface area, and ion ex-
change capacity, making them promising for water and wastew-
ater treatment (Akgül and Karabakan, 2011). Tanggamus Nat-
ural Zeolite has been shown to exhibit high ammonium adsorp-
tion capacity. Previous studies have evaluated various methods
to enhance the ammonium adsorption performance of zeolites,
such as ion exchange and chemical modification (Ates, 2019;
Gackowski et al., 2018; Reeve and Fallowfield, 2018). How-
ever, calcination, a thermal treatment process, has emerged as
a promising approach, potentially enhancing the adsorption ca-
pacity of the zeolite by altering its physicochemical properties
(Sodha et al., 2022).

Despite the potential benefits of calcination, there is still a
gap in understanding how the calcination temperature affects
the ammonium adsorption performance of Tanggamus Natural
Zeolite. Existing research has primarily focused on the effect
of calcination on other types of zeolites or on zeolite’s adsorp-
tion of other pollutants (Li et al., 2011). Therefore, there is a
significant need for a focused study investigating how varying
calcination temperatures impact Tanggamus Natural Zeolite’s
ability to remove ammonium from shrimp pond wastewater.
Given the identified research gap, the primary objective of this
study is to investigate the effect of calcination temperature on
the ammonium adsorption performance of Tanggamus Natural
Zeolite. This study seeks to provide a comprehensive under-
standing of calcination temperature’s influence on the zeolite’s
physicochemical properties and, subsequently, its ammonium
removal efficiency from shrimp pond wastewater.

In this study, we investigate the existence of an optimal
calcination temperature that maximizes the ammonium ad-
sorption capacity of Tanggamus Natural Zeolite. We postulate
that calcination at this optimal temperature alters the zeolite’s
surface properties and pore structure to enhance ammonium
uptake. This hypothesis is based on previous studies that have
reported improved adsorption capacity of zeolites for various
pollutants after calcination (Wang and Peng, 2010; Fu et al.,
2020; Pérez-Botella et al., 2022). However, given the lack of
specific studies on Tanggamus Natural Zeolite and ammonium
adsorption, this hypothesis will be rigorously tested through a
series of carefully designed experiments. In order to test our
hypothesis and meet our research objectives, we conducted an
experimental study involving the calcination of Tanggamus
Natural Zeolite at different temperatures, followed by a series
of adsorption tests. We began by sourcing and preparing the
natural zeolite, then subjected it to calcination processes at
varying temperatures, ranging from 200 to 600°C (Lin et al.,
2013). Following calcination, the zeolite samples were tested
for ammonium removal from shrimp pond wastewater in both
laboratory and field scales. Furthermore, the method for zeolite
spreading in the field scale study was investigated.

2. EXPERIMENTAL SECTION

2.1 Materials
The materials employed in this study include Tanggamus Nat-
ural Zeolite and several chemical reagents. Tanggamus Natural
Zeolite was sourced from the zeolite mining located in Tengor
Village, Cukuh Balak Subdistrict, Tanggamus District, Lam-
pung Province, Indonesia, obtained in its raw form and used
without further purification. Prior to the experiments, the ze-
olite was crushed and sieved to attain a uniform particle size
range suitable for the adsorption tests.

Ammonium chloride (NH4Cl) and Nessler reagent were
acquired in reagent grade and used as received from Merck.
The ammonium chloride was used to prepare simulated shrimp
pond wastewater, mimicking the typical ammonium concen-
trations found in such environments. The Nessler reagent,
employed for its sensitivity to the presence of ammonium ions,
was utilized for the quantitative analysis of ammonium concen-
tration in the wastewater samples before and after treatment
with the calcined zeolite. All chemicals were used without
further purification.

2.2 Natural Zeolite Calcination
The calcination process was carried out to investigate the ef-
fect of varying temperatures on the adsorption performance
of the Tanggamus Natural Zeolite. The zeolite samples were
subjected to calcination at three different temperatures: 200°C,
400°C, and 600°C. This range of temperatures was selected to
provide insights into how moderate to high calcination temper-
atures influence the zeolite’s physicochemical properties and,
subsequently, its ammonium adsorption capacity.

Each calcination process was conducted in a muffle furnace
for a duration of 3 hours. The zeolite samples were placed
in the furnace at the desired temperature and maintained at
that temperature for the entire period to ensure uniform treat-
ment. Following calcination, the zeolite samples were carefully
removed from the furnace and allowed to cool to room temper-
ature. Once cooled, the samples were stored in a desiccator to
prevent exposure to atmospheric moisture and other potential
contaminants. The calcined zeolite samples were preserved in
this manner until further use for the adsorption experiments.

2.3 Material Characterization
The natural and calcined Tanggamus Natural Zeolite samples
underwent rigorous characterization using a combination of
three analytical techniques: X-Ray Diffraction (XRD), Fourier-
Transform Infrared Spectroscopy (FTIR), and N2 adsorption-
desorption analysis. XRD was employed to examine the crys-
talline structures of the zeolite samples before and after calcina-
tion. This analysis provided critical insights into any alterations
in the zeolite’s crystal structure as a result of the calcination
process. The samples were recorded using Rigaku Miniflex
Benchtop Powder X-Ray Diffraction (XRD) Instrument, Japan,
under a scanning speed of 5°/min.

FTIR spectroscopy was used to analyze the functional groups
present on the zeolite’s surface. This characterization method
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helped to identify any changes in the surface chemistry of the
zeolite due to calcination, potentially providing a deeper under-
standing of how calcination temperature influences ammonium
adsorption. The FTIR spectra were recorded using the Shi-
madzu IRSpirit apparatus. The samples were scanned under a
wavenumber range of 4000 to 400 cm−1.

N2 adsorption-desorption analysis was performed to assess
the textural properties of the zeolite, such as surface area, pore
volume, and pore size distribution. These parameters can sig-
nificantly influence the adsorption capacity of the zeolite, and
any changes induced by calcination were carefully evaluated.
The samples were measured using the Quantachrome Nova-
touch Lx4 BET instrument. Prior to N2 adsorption-desorption
measurement, the samples were first degassed under vacuum
conditions at 200 oC for 2 h. Total pore volume was estimated
by measuring the volume of N2 adsorbed at P/Po ≈ 0.99. To
calculate the specific surface area, the Braeuer–Emmett–Teller
(BET) equation was applied to the adsorption branch of the
isotherms, whereas the pore size distribution was calculated
from the desorption branch using the Barret–Joyner–Halenda
(BJH) model.

2.4 Ammonium Adsorption from Aqueous Solution (Lab
Scale)

To evaluate the ammonium adsorption capacity of the calcined
Tanggamus Natural Zeolite, a series of batch adsorption ex-
periments were conducted in the laboratory. These tests were
designed to simulate the conditions likely to be encountered
in real-world shrimp pond wastewater treatment applications.
For each test, a 0.1 g sample of calcined zeolite was added to an
Erlenmeyer flask containing 100 mL of an ammonium chlo-
ride solution. The solution was prepared to a concentration of
20 mg/L to reflect typical ammonium levels found in shrimp
pond wastewater.

The adsorption process was allowed to proceed for a dura-
tion of 1 hour, with the solution being continuously stirred at a
speed of 250 rpm. This stirring speed was selected to ensure
homogeneity and effective contact between the zeolite particles
and the ammonium ions in the solution. Upon completion of
the adsorption period, the remaining concentration of ammo-
nium in the solution was determined using the Nessler method.
This analysis provided a quantitative measure of the amount of
ammonium adsorbed by the zeolite, thereby offering insights
into the zeolite’s adsorption capacity following calcination at
various temperatures. The adsorption capacity of the calcined
zeolite was determined by the following Equation 1:

Qe =
(Co − Ct)

m
V (1)

WhereQe is the equilibrium adsorption capacity (mg/g), Co is
the initial ammonium concentration (mg/L), Ce is the equilib-
rium ammonium concentration (mg/L). m is the amount of
the employed calcined zeolite sample (g), andV is the volume
of the ammonium solution (L).

To further understand the effectiveness of calcined Tangga-
mus Natural Zeolite for ammonium adsorption, a series of
experiments were conducted varying both zeolite dose and
contact time. Three different doses of the calcined zeolite were
tested: 1 g/L, 2 g/L, and 5 g/L. These doses were selected to
provide a range of zeolite concentrations that could feasibly be
used in practical wastewater treatment scenarios, allowing us to
gauge the impact of zeolite dose on ammonium removal effi-
ciency. The adsorption process for each dose was conducted in
an Erlenmeyer flask containing 100 mL of a 20 mg/L ammo-
nium chloride solution under continuous stirring at a speed of
250 rpm. Moreover, the effect of contact time was investigated
by varying the duration of the adsorption process from 0 to
64 hours. This allowed us to evaluate how quickly the zeolite
can effectively adsorb ammonium and whether extending the
contact time further improves ammonium removal efficiency.

2.5 AmmoniumAdsorption fromShrimpPond (Field Scale)
Building upon our laboratory-scale investigations, we extended
our study to a more practical and ecologically relevant context
through a series of field experiments in constructed shrimp
ponds. The schematic figure of the field experiments is pre-
sented in Figure 1. Three different treatments were tested
during these experiments. The first treatment served as a con-
trol, with no zeolite added to the pond. The second treatment
involved the direct application of calcined zeolite into the pond
at a dosage of 5 g/L. For the third treatment, the calcined
zeolite was packed into bags before being placed in the pond
to explore whether this method of application influenced the
adsorption process. Each of these treatments was replicated in
two separate ponds, enhancing the reliability of our findings.

The conditions in each pond were carefully controlled to
simulate realistic shrimp farming conditions. Each pond had
a volume of 180 L and was populated with 50 shrimp. The
shrimp were fed at a rate equivalent to 4% of their total biomass,
with the feed having a protein content of 36.5%. The ammo-
nium concentration in each pond was closely monitored on
an hourly basis throughout the experiment. By comparing
the ammonium levels in the different treatment ponds over
time, we aimed to evaluate the effectiveness of calcined Tangga-
mus Natural Zeolite for in-situ ammonium removal in shrimp
pond wastewater and to understand how the method of zeolite
application influences its adsorption performance.

3. RESULTS AND DISCUSSION

3.1 Materials Characterization
X-ray diffraction (XRD) analysis was conducted to examine
alterations in the crystalline structure of Tanggamus Natural
Zeolite following calcination at varied temperatures. Figure 2
presents the XRD patterns for the natural zeolite (ZA) and the
calcined zeolites at temperatures of 200°C (ZB), 400°C (ZC),
and 600°C (ZD). The XRD pattern of the natural zeolite (ZA)
displayed prominent peaks at 2-theta angles of 9.9°, 11.14°,
13.08°, 17.42°, 19.02°, 22.46°, 26.1°, 28.1°, 30.12°, 31.04°,
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Figure 1. Schematic Figure of the Field Scale Experiments

31.96°, 32.76°, and 36.56°. These peaks, indicative of the zeo-
lite’s crystalline structure, match those found in the JCPDS No.
47-1870 reference chart, suggesting that Tanggamus natural
zeolite predominantly consists of clinoptilolite. This type of
zeolite has also been widely reported to constitute the majority
of natural zeolite from various geological sources (Akgül and
Karabakan, 2011; Wang et al., 2022; Karadag et al., 2006;
Vassileva and Voikova, 2009; Kurniawan et al., 2022).

Upon calcination at 200°C (ZB), minor shifts in peak po-
sitions were observed, along with changes in peak intensities.
Most notably, the intensity of the peak at 22.44° decreased
relative to the natural zeolite, suggesting possible structural
alterations in the zeolite framework due to calcination (Zhang
et al., 2022). By increasing the calcination temperature, the
XRD pattern of exhibited more pronounced changes. For ZC,
although the general pattern of its peaks remained similar to
the natural zeolite, there were noticeable shifts in peak positions
and variations in intensity, suggesting further changes to the
zeolite framework (Kubota et al., 2021). For ZD, significant
changes were evident. Some of the initial peaks disappeared,
and new peaks emerged at 17.68°, 21.24°, 22.92°, 24.32°,
26.14°, 30.84°, and 71.88°. This drastic transformation in the
XRD pattern indicates major structural changes in the zeolite
framework at higher calcination temperatures (Saikumari et al.,
2021).

The Fourier-transform infrared spectroscopy (FTIR) anal-
ysis was employed to further discern the structural transforma-
tions occurring within the Tanggamus Natural Zeolite following
calcination at varying temperatures which can be seen in Figure

Figure 2. XRD Pattern of Natural and Calcined Tanggamus
Zeolite; Natural Zeolite (ZA), Calcined Zeolite at 200°C (ZB),
400°C (ZC), and 600°C (ZD)

3. The FTIR spectrum of the natural zeolite (ZA) revealed
distinct absorption bands at 3413, 1635, and 1026 cm−1. The
band observed at 3413 cm−1 is attributed to the O—H stretch-
ing vibration of the hydroxyl group ( OH) present within
the zeolite structure (Hui et al., 2022; Derbe et al., 2021).
These groups are usually associated with water molecules, ei-
ther adsorbed onto the zeolite surface or trapped within its
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porous structure. The absorption band at 1635 cm−1 is likely
related to the H—O—H bending or ’scissoring’ vibrations of
these encapsulated water molecules (Derbe et al., 2021). The
most pronounced band, observed at 1026 cm−1, is typically
linked to the asymmetric stretching vibration of the Si O Si
or Al O Si bonds. These are the predominant bonds forming
the crystalline framework of the zeolite (Wang et al., 2014).

The FTIR analysis indeed revealed noteworthy changes
upon calcination. ZB, which was subjected to calcination at
200°C, displayed an FTIR spectrum highly resembling that
of the natural zeolite, suggesting only minimal alterations to
its molecular structure at this temperature. However, a signifi-
cant decrease in the intensity of the bands at 3413 and 1635
cm−1 became evident as the calcination temperature rose to
400°C (ZC). This trend became more pronounced for ZD,
which was calcined at 600°C, leading to the total disappearance
of these bands. These observations indicate that calcination
resulted in the elimination of hydroxyl groups and associated
water molecules from the zeolite structure, consistent with the
recognized effects of calcination, which include the removal
of physically adsorbed water and possible dehydration of the
zeolite surface (Wang et al., 2014). Concurrently, the observed
changes in the reduced intensity of the band at 1026 cm−1 hint
at alterations in the zeolite’s crystalline framework. This could
likely be due to the rearrangement or breaking of the Si O Si
or Al O Si bonds brought about by the increasing calcination
temperature (Derbe et al., 2021).

Figure 3. FTIR Spectra of Natural and Calcined Tanggamus
Zeolite

The isotherm of nitrogen adsorption-desorption for the
natural and calcined zeolite samples and their pore size distri-
bution is shown in Figure 4. The acquired curves were found
to align with a Type IV isotherm according to the IUPAC classi-
fication. The Type IV isotherm is characteristic of mesoporous
materials, which corresponds well to the expected properties
of the zeolite under study (Pérez-Botella et al., 2022; Delgado

and Arean, 2018). More significantly, a hysteresis loop be-
came discernible at a relative pressure (P/Po) of around 0.4.
This phenomenon is typically indicative of capillary conden-
sation occurring within mesopores and further confirms the
mesoporous structure of the zeolites (Pan et al., 2017). The
hysteresis loop also suggests the presence of networked irregu-
larly shaped pores, which is a common characteristic of these
natural zeolite materials (Liu et al., 2011).

The calculated BET surface area and pore properties of
the zeolite samples are summarized in Table 1. Notably, the
specific surface area (SBET ) of the zeolites showed a decreas-
ing trend with increasing calcination temperature, going from
37.84 m2/g for ZA to 31.39 m2/g for ZD. This finding sug-
gests that the calcination process may lead to the collapse of
the porous structure, causing a decrease in the available surface
area for adsorption (Seraj et al., 2016). Similarly, the microp-
ore area and micropore volume also exhibited a decline with
increasing calcination temperature. This is consistent with the
proposed idea that the calcination might lead to the collapse of
the microporous structure, causing a decrease in the microp-
orous volume (Florez et al., 2021). In contrast, the mesoporous
volume of the zeolites did not show a significant change as the
calcination temperature increased, suggesting that the meso-
porous structure of the zeolites remained relatively stable under
these conditions. The total pore volume also slightly decreased
as the calcination temperature increased, but the effect was
less pronounced than for the micropore volume, confirming
the impact of calcination on the microstructure more than the
mesostructure.

3.2 Lab Scale Ammonium Adsorption Test
The influence of calcination temperature on the ammonium
adsorption capacity of the calcined zeolite samples was inves-
tigated. The result, as shown in Figure 5(a), demonstrates a
decreasing trend in the ammonium adsorption capacity (Qe)
with increasing calcination temperature. The zeolite sample
calcined at 200°C exhibited the highest ammonium adsorption
capacity, with a Qe value of approximately 5.88 mg/g. This
high adsorption capacity can be attributed to the presence of
a substantial number of active adsorption sites, providing an
ideal surface for ammonium ion interaction.

For the zeolite calcined at 400°C, a slight reduction in the
adsorption capacity was observed, where theQe value was ap-
proximately 5.49 mg/g. Despite the increase in calcination
temperature, the zeolite maintains a reasonable capacity for
ammonium adsorption, suggesting a moderate transformation
in its microporous structure (Lin et al., 2013). A significant
drop in adsorption capacity was detected for the zeolite sample
calcined at 600°C, with aQe value of approximately 1.86 mg/g.
This substantial decrease indicates that high calcination temper-
atures lead to a major transformation of the zeolite structure,
resulting in the reduction of active adsorption sites for ammo-
nium ions (Liu et al., 2022). In addition, the zeolite structure
at high temperatures could become more hydrophilic, which
in turn reduces the affinity toward ammonium.
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Figure 4. N2 Adsorption Desorption-Desorption Isotherm (a) and Pore Size Distribution (b) of Natural and Calcined Zeolite

Table 1. The Calculated BET Surface Area and Pore Properties of the Zeolite Samples

Sample
SBET

(m2/g)
Micropore Area

(m2/g)
Mesopore Volume

(cm3/g)
Mesopore Volume

(cm3/g)
Total Volume

(cm3/g)

ZA 37.84 10.54 0.0052 0.0472 0.0524
ZB 35.76 10.15 0.0050 0.0434 0.0485
ZC 35.85 9.23 0.0045 0.0453 0.0498
ZD 31.39 7.72 0.0037 0.0425 0.0463

Figure 5. Effect of Zeolite Calcination Temperature (a) and the Effect of Contact Time (b) on the Removal Efficiency of
Ammonium onto Calcined Tanggamus Zeolite at 200°C

In subsequent experiments, the focus was shifted toward
zeolite sample ZB, which was calcined at 200°C. This decision
was based on the previous result that showed ZB to have a
reasonably high ammonium adsorption capacity. An investi-
gation was then conducted on the effect of zeolite dosage on
the adsorption capacity, with the aim of determining the opti-
mal zeolite dosage for maximum ammonium removal. Three
different dosages were tested, including 1, 2, and 5 g/L.

The results of these tests are illustrated in Figure 5(b). The

removal efficiency of ammonium was observed to increase
with zeolite dosage (Guida et al., 2020). At a dosage of 1 g/L,
the removal efficiency rose from 16.71% at 8 h to 17.36% at
56 h. When the zeolite dosage was increased to 2 g/L, the
removal efficiency improved significantly, reaching 26.05%.
The highest removal efficiency was observed at a zeolite dosage
of 5 g/L, reaching up to 47.86% (Ham et al., 2018). These
findings suggest that the removal efficiency of ammonium could
be enhanced by increasing the zeolite dosage. This can be
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Figure 6. The effect of Zeolite Treatment, (a) Under Direct Spreading, (b) Under the Packed Bag

attributed to the increased availability of adsorption sites as the
zeolite dosage increase.

3.3 Application of Zeolite in the Field Scale
Following our laboratory-scale experiments, we sought to un-
derstand how our findings translated to a field-scale context.
Our field studies were carried out in constructed shrimp ponds,
simulating practical shrimp farming conditions. The experi-
ment was conducted in three different treatment conditions.
The experiment consisted of three different treatments. The
first was a control treatment where no zeolite was added to the
pond. The second involved the spreading of 5 g/L of calcined
zeolite directly into the pond, while the third involved packing
the same quantity of zeolite into bags before being placed into
the pond. This was intended to explore the effect of zeolite
application methods on its adsorption performance. The two
variations of each treatment were implemented in separate
ponds to improve the robustness of our findings.

The concentration of ammonium in each pond was mon-
itored hourly and compared to evaluate the effectiveness of
the applied treatments. Figure 6 shows the effect of each treat-
ment on the concentration of ammonium. As expected, in
the control ponds where no zeolite was added, the concen-
tration of ammonium increased over time, reaching as high
as 18.01 mg/L (Fu et al., 2020). In contrast, for the ponds
where zeolite was directly spread, a significant reduction in
ammonium concentration was observed. The concentration
levels fluctuated between 10.12 and 10.94 mg/L, indicating an
overall improved ammonium control compared to the control
treatment. In the case where the zeolite was packed into bags
before being placed into the pond, the ammonium concentra-
tion varied between 10.68 and 13.18 mg/L, which was lower
than the control but slightly higher than the direct spreading
method.

These findings suggest that the application of calcined ze-
olite effectively reduces the concentration of ammonium in
shrimp ponds (Guida et al., 2020). The method of zeolite ap-

plication also appears to influence the adsorption performance,
with the direct spreading method showing a slightly better per-
formance than the packed method. The results from the field-
scale experiment align with our laboratory-scale findings and
demonstrate the practical applicability of using calcined zeo-
lite for ammonium removal in shrimp pond wastewater. This
further validates the potential of using calcined zeolite as a
low-cost and efficient solution to manage ammonium levels in
shrimp farming practices.

4. CONCLUSION

In conclusion, the investigation of the potential of calcined
Tanggamus Natural Zeolite for the in-situ removal of am-
monium from shrimp pond wastewater has been investigated.
First, it can be found that calcination at 200°C was the optimal
temperature to enhance the removal of ammonium from the
aqueous solution, yielding a higher adsorption capacity than
zeolite calcined at higher temperatures. In zeolite dosage inves-
tigation, it was found that 5 g/L dosage provided the highest
ammonium removal efficiency. The field experiments in con-
structed shrimp ponds confirmed the laboratory finding. The
ponds where calcined zeolite was applied demonstrated lower
ammonium concentrations than the control ponds, validating
the effectiveness of zeolite as an ammonium adsorbent in a prac-
tical context. Interestingly, the method of zeolite application
influenced the adsorption performance. Directly spreading the
zeolite in the ponds was slightly more effective than packing the
zeolite into bags before placement. Our findings offer valuable
insights that can guide the practical implementation of this
method in shrimp farming practices. Future research should
focus on long-term application effects and potential regenera-
tion methods of the zeolite to further improve the economic
and environmental efficiency of this method.
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