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INTRODUCTION  

 

The expansion of pond areas in Indonesia continues to increase, including shrimp 

farming ponds, which are one of superior commodities (Nagel et al., 2024). To achieve 

optimal results in shrimp farming, a specific environmental condition that aligns with 

environmental factors necessary for shrimp growth needs to be prepared. The primary 

factor that significantly determines the productivity of shrimp ponds is the water in the 

pond plots since it is the medium in which the shrimp are reared. Therefore, the most 

crucial effort to increase pond productivity is to provide water of good quality (Hukom et 

al., 2020). 
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Ammonia is a waste product in shrimp ponds with toxic effects on 

shrimp farming. It can be mitigated through the degradation of ammonia by 

bacteria. This study aimed to isolate and characterize biofilm bacteria from 

shrimp ponds and to examine their ability to degrade ammonia. Biofilm 

bacteria were isolated from pond materials, characterized macroscopically 

and microscopically, and qualitatively tested for ammonia degradation, 

followed by testing their ammonia degradation capability in lab-scale pond 

water containing 0.5ppm ammonia. Observations included bacterial growth, 

ammonia and nitrite concentrations, and pH measurements. The study 

identified 8 types of biofilm bacteria isolates, all of which showed the 

ability to degrade ammonia, except for isolate 8. In the ammonia 

degradation capability test, isolate 5 showed the highest reduction in 

ammonia concentration at 74%. The highest increase in nitrite concentration 

was observed in isolates 2, 3 and 5, recording more than 90%. The pH 

measurements for each treatment showed different values, with some being 

acidic and some being base. 

1 
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Shrimp farming activities in ponds produce organic waste, originating from 

uneaten feed, shrimp faeces, and dead plankton. In the pond ecosystem, not all the feed 

provided is consumed by the shrimp (Rupiwardani & Irfany, 2023; Pazmiño et al., 

2024). Some of the uneaten feed remain suspended in the water, most of which settle at 

the bottom of the pond. The decomposition of this organic material from the feed 

produces ammonia (NH3), which is toxic and can inhibit shrimp growth, potentially even 

causing death. Furthermore, high concentrations of ammonia can increase shrimp's 

susceptibility to disease (Kajornkasirat et al., 2021). The amount of ammonia will 

increase with rising pH; conversely, if the pH is low, the ammonia level will be lower. 

Thus, the pH value will affect the nitrification process in the water and will cease if the 

pH is low (Kathyayani et al., 2019; Udume et al., 2022).  

Ammonia is one of the toxic substances commonly found in fertilizer waste, 

residential waste, agricultural wastewater, or animal nitrogen waste disposal (Ding et al., 

2021). It is frequently used in everyday life as a bleaching agent and in the production of 

fertilizers, plastics, textiles, pesticides, and various other chemicals. Its widespread use 

results in wastewater containing high levels of ammonia. The majority of ammonia waste 

originates from fertilizer plants, agricultural activities, and aquaculture. Ammonia can 

cause eutrophication, pose a threat to aquatic life, produce foul odors, and endanger 

human health. Uncharged ammonia molecules, in particular, can damage gill epithelium 

and can reduce oxygen uptake (Camargo & Alonso, 2006). Ammonia adversely affects 

the environment by degrading water quality when ammonia-containing waste is 

discharged, causing the water unsuitable for direct use as drinking water or for industrial 

purposes (Anagopoulos, 2022). It is known that ammonia concentrations in wastewater 

discharges are limited to 10 and 20mg/ L. According to the Environmental Protection 

Agency (EPA), the water quality criteria for acute and chronic exposure to ammonia are 

set at 17 and 1.9mg/ L, respectively (USEPA, 2013). Additionally, in some countries, the 

water quality criteria for ammonia range from 4 to 12mg/ L (Ding et al., 2021). 

Ammonia concentration in pond systems is directly proportional to the amount of 

feed input. High ammonia concentrations will irritate shrimp gills, leading to hyperplasia, 

which is the swelling of gill filaments, thereby reducing the shrimp's blood capacity to 

bind oxygen from the water. High ammonia levels in the water can also increase the 

ammonia concentration in the blood. Elevated ammonia concentrations in the shrimp's 

blood will decrease the affinity of blood pigment (hemocyanin) for binding oxygen 

(Tommerdahl et al., 2015; Mingming et al., 2020) 

In addition to affecting shrimp in ponds, ammonia can be toxic to humans if the 

amount that enters the body exceeds what can be detoxified. In humans, the greatest risk 

comes from inhaling ammonia vapours, which can result in several effects including 

irritation of the skin, eyes, and respiratory tract. At very high levels, inhaling ammonia 

vapours can be fatal. If dissolved in water, it will increase the ammonia concentration, 

poisoning almost all aquatic organisms (Xiangyin et al., 2021). 
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Ammonia and other nitrogen compounds such as nitrite (NO2
–) and nitrate (NO3

–) 

originate from the nitrogen cycle, which is regulated by biological activity. The first stage 

is fixation, which is the conversion of nitrogen gas (N2) into nitrogen that can be directly 

used by plants or, in this case, by phytoplankton in the aquatic ecosystem (Yang et al., 

2022). Phytoplankton species such as Anabaena sp. and Aphanizomenon sp. are capable 

of nitrogen fixation. The second stage is nitrification, which is the oxidation of ammonia 

(NH4
+) into nitrate facilitated by the bacteria Nitrosomonas sp. NH4

+ is converted into 

NO2
– and the bacteria Nitrobacter sp. nitrite is converted into nitrate. Nitrification also 

plays a role in reducing ammonia concentration and can proceed effectively under neutral 

pH conditions. The third stage is nitrate reduction, which is the process of converting 

nitrate into nitrogen gas by anaerobic bacteria, which occurs predominantly at the bottom 

of the pond (Moschonas et al., 2017) 

The presence of ammonia in ponds causes negative impacts, thereby increasing 

the oxygen depletion rate in the water and the sediment oxygen demand at the pond 

bottom, as well as lowering the redox potential to a reduction. If this continues, it will 

worsen the cultivation environment, particularly the bottom water layer and the pond 

bottom soil, causing shrimp to experience stress, reduced appetite, and increased 

susceptibility to disease (Mingming et al., 2020; Xiangyin et al., 2021). 

Ammonia-degrading bacteria play a crucial role in improving soil quality, 

particularly in aquaculture. Ammonia-degrading bacteria, including nitrifying bacteria 

such as  nitrosomonas and nitrobacter, possess the capability to convert ammonia into 

less harmful compounds for the aquaculture ecosystem. By reducing ammonia levels 

through the process of nitrification, ammonia-degrading bacteria help maintain water and 

soil quality in aquaculture systems, enhance the survival of aquatic organisms, and 

support the overall sustainability of the aquaculture ecosystem (John et al., 2020; 

Mingming et al., 2020).  

The role of ammonia-degrading bacteria in aquaculture and mining areas is 

crucial for maintaining ecosystem balance. These bacteria help reduce ammonia 

pollution, which can be toxic to living organisms, and improve soil quality by increasing 

nutrient availability through the process of nitrification. Thus, these bacteria support the 

sustainability of aquaculture ecosystems and the restoration of degraded mining land 

(John et al., 2020). 

This problem can be addressed by improving water quality from contamination by 

organic or inorganic materials using microorganisms found in the ponds, converting them 

into compounds that are not harmful to shrimp. This biological process is often called 

bioremediation, which involves the activity of microbes to reduce pollutants to safe 

concentration. The group of microbes widely used to remove ammonia, nitrite, and nitrate 

compounds from waste systems includes nitrifying autotrophic bacteria, nitrifying 

heterotrophic bacteria, aerobic denitrifying bacteria, and anaerobic ammonia-oxidizing 

bacteria (Fahruddin et al., 2021; Neissi et al., 2022). 
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Therefore, the control of ammonia and organic materials in shrimp farming media 

is necessary. This can be done biologically by enhancing the decomposition activity of 

organic materials. One way to mitigate ammonia content in ponds is through the 

degradation process by bacteria, specifically by utilizing biofilm bacteria present in the 

ponds themselves. Biofilms can be defined as a structure of bacterial cell communities 

enclosed by a polymer matrix produced by the bacteria themselves and attached to a 

surface. These biofilm bacteria can act as natural degrading agents of ammonia in shrimp 

ponds (Neissi et al., 2022). 

This decomposition aims to ensure that these organic materials do not become 

toxic to the shrimp being cultivated in the pond. If this decomposition process runs well, 

the organic materials in the pond will not become toxic (Fahruddin et al., 2020). 

Ammonia decomposition can be carried out biologically, one of which is through the 

nitrification process, which involves the conversion of ammonium nitrogen into nitrite 

and then into nitrate by autotrophic and heterotrophic bacteria (Moschonas et al., 2017). 

The bacterial community in this biofilm will transform organic materials through the 

processes of ammonification and nitrification. The application of this biofilm will reduce 

the ammonia levels in the organic waste of shrimp ponds and will increase the nitrate 

levels (Istirokhatun et al., 2020; Zhang et al., 2020). In the current study, an 

experimental growth trial of biofilm was conducted using a medium with a large surface 

area, allowing for denser biofilm growth and enhancing the bioconversion of organic 

waste in shrimp ponds. Therefore, this research offers an effective and environmentally 

friendly biological management of shrimp ponds.  

 

MATERIALS AND METHODS  

 

1. Material 

Materials from the pond, including water and sediment from the shrimp pond, 

were used as the source of biofilm bacterial inoculum. The growth media and bacterial 

test media included: Nutrient agar, Zobell media, nitrification media, ammonia oxidation 

media, biochemical test media, and physiological test media, along with several chemical 

reagents. 

The preparation of Zobell 2216E medium was conducted as follows: 15.0g of 

Bacto-agar, 5.0g of Bactopeptone, 1.0g of yeast extract, and 19.5mg of ferric phosphate 

were placed into an Erlenmeyer flask and aquadest was added to make up a total volume 

of 1 liter. The mixture was then heated on a hot plate until boiling and being 

homogeneous. The pH was adjusted to 7.5 - 7.6, and then the medium was sterilized 

using an autoclave at 121°C and 1.0 atm pressure for 20 minutes (Patrick, 1978). 

2. Characterization of pond water 

Water and sediment samples were taken from the shrimp pond and were then 

placed in sealed containers. Characterization was then performed, including the analysis 

of organic carbon content using the Black method, total nitrogen using the Kjeldahl 
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method, phosphorus and potassium content using the spectrophotometer method, and pH 

determination using a pH meter (Fahruddin et al., 2021). 

3. Isolation of biofilm bacteria 

Biofilm bacterial samples were collected by scraping material from the shrimp 

pond and were then placed in an Erlenmeyer flask containing sterile distilled water with 

0.9% NaCl. The next step involved the isolation of bacteria. The scraped sample was 

inoculated onto nutrient agar media using the plate count method. After 24 hours of 

incubation, observations were made, including counting the number of colonies and 

identifying different colony types based on their macroscopic and microscopic 

morphological characteristics (Fahrudin et al., 2019). Different isolates were then 

selected for identification and ammonia degradation testing. 

4. Initial characterization of pond water 

To determine the initial chemical conditions of the pond water samples, initial 

characterization was performed, including the analysis of organic carbon using the TOC 

method, total nitrogen using the Micro Kjeldahl method, phosphorus using the Stannous 

Chloride method, potassium (K) using flame photometry, ammonia content measured 

with a spectrophotometer at 640nm wavelength, and pH measured with a pH meter. 

5. Identification of biofilm bacterial isolates 

To ensure the differentiation of bacterial isolates, characterization was performed 

based on morphology, physiological tests, and biochemical tests, including: Gram 

staining, TSIA test, motility test, indole test, MR test, VP test, Simmons citrate test, 

catalase test, and other tests to complete the identification of each isolate. 

6. Qualitative test for ammonia degradation 

The obtained bacterial isolates were subjected to a qualitative test for their 

ammonia degradation ability by inoculating them into specific ammonia oxidation media 

in test tubes, followed by incubation for 4x24 hours. The bacteria's ability to degrade 

ammonia was indicated by a positive reaction, marked by a color change in the media to 

brown after adding Nesler's reagent as an indicator.  

7. Testing the potential of isolates to degrade ammonia 

Each isolate was inoculated into separate 300mL Erlenmeyer flasks as a shrimp 

pond microcosm containing water and shrimp pond sediment with 0.5ppm of ammonia. 

These were incubated at room temperature. Every 24 hours, an analysis of ammonia and 

nitrite concentrations was performed. Subsequently, the most potential bacterial isolate 

for degrading ammonia was determined based on the reduction in ammonia 

concentration. 

8. Determination of nitrite concentration 

A 20mL sample from the isolate treatment in the Erlenmeyer flask was added 

with 1.0mL of sulphanilamide solution and mixed until becoming homogeneous. 

Subsequently, 1.0mL of NED dihydrochloride solution was added, and the nitrite 
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concentration was measured based on absorbance using a spectrophotometer at a 

wavelength of 543nm. 

9. The measurement of pH 

The measurement of pH was conducted using a pH meter, which was calibrated 

beforehand with buffers at pH 4 and pH 7, then stabilized for 15 minutes. The pH meter 

electrode was then immersed in the water sample from the isolate treatment, and after a 

short wait, the pH value was read from the pH meter scale (Greenberg et al., 1999). 

 

RESULTS AND DISCUSSION 

 

 

1. Pond water characterization 

The analysis results of ammonia content in the shrimp pond revealed that the 

ammonia concentration in the pond water column was 0.520ppm and in the sediment was 

0.280ppm. Results for the characterization of the shrimp pond including C, N, P, and K 

are exhibited in Table (1). This characterization was performed to determine the initial 

conditions in the pond. It was found that the ammonia content in the pond water was 

above the quality standards, and similarly, the sediment levels exceeded the standards. As 

Yang et al. (2022) stated, ammonia levels are toxic to shrimp if the concentration 

exceeds 0.2ppm, with normal ammonia concentrations in ponds being 0.1ppm. According 

to Erfan et al. (2020), ammonia concentrations greater than 1.0mg/ l can cause shrimp 

mortality. Excess ammonia content in the sediment can also be toxic to nitrifying bacteria 

because the contained ammonia is non-ionized. The ammonia in the shrimp pond can 

originate from uneaten shrimp feed, which dissolves in the water or settles on the 

sediment. The presence of ammonia results from the decomposition of accumulated 

uneaten feed in either the pond water or sediment (Tommerdahl et al., 2015; Mingming 

et al., 2020). 

 

Table 1. Chemical characterization of shrimp pond water  

Type of Chemical 

Analysis 

Pond       

water  

Ammonia 0.520 ppm 

Organic carbon 0.043 ppm 

Nitrogen 0,12% 

Phosphorus 58.90 ppm 

Potassium 0.87% 

Nilai pH 0.52  

 

Based on the analysis results of C, N, P, and K, it is evident that the organic 

content in the pond tends to quantitatively support it as a nutrient source. The presence of 

appropriate organic materials will provide positive support for the pond, as they can be 

highly beneficial nutrients for aquatic organisms. On the other hand, the accumulation of 
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organic materials in quantities that do not match the pond's carrying capacity will have a 

negative impact (Xiangyin et al., 2021; Fahruddin et al., 2024). Furthermore, Bulbul et 

al. (2022) stated that excess organic material in pond water will disrupt the balance of 

dissolved oxygen because the oxygen consumption will increase more than the 

production rate of dissolved oxygen. This can cause the anaerobic layer to become 

thicker, thereby affecting the oxygen demand due to the impact of the microorganism 

decomposition process present in the pond. 

2. Isolation of biofilm bacteria  

  From the observation of biofilm bacterial colony growth from the shrimp pond 

using nutrient agar media, based on macroscopic morphological characteristics including 

colony texture and color, as well as microscopic observations of Gram staining, 8 types 

of isolates were obtained, which were isolate 1, isolate 2, isolate 3, isolate 4, isolate 5, 

isolate 6, isolate 7, and isolate 8 (Table 2). Isolates 1, 3, 4, 6, 7, and 8 were Gram-

positive, while isolates 2 and 5 were Gram-negative. 

  Based on the observation of colony morphology, it was found that isolates 1, 2, 3, 

4, 5, 6, 7, and 8 had the same morphology with circular shape and small size, except for 

isolate 2. For elevation, isolate 1 had umbonate elevation; isolate 2 had convex elevation; 

isolates 3, 4, 7, and 8 had flat elevation; isolate 5 had pulvinate elevation, and isolate 6 

had raised elevation.  

 

Tabel 2. Colony and cell morphology of biofilm bacterial isolates 

 

Isolate 

  Colony Morphology Cell Morphology 

Size Shape Elevation Margin Shape Gram 

1 small circular umbonate undulate rod-shaped positive 

2 medium circular convex entire rod-shaped negative 

3 small circular flat undulate rod-shaped positive 

4 small circular flat undulate rod-shaped positive 

5 medium circular pulvinate entire rod-shaped negative 

6 small circular raised undulate rod-shaped positive 

7 small circular flat curled rod-shaped positive 

8 small circular flat entire rod-shaped positive 

 

Characterization of bacteria from the obtained isolates generally showed 

similarities with the characteristics of nitrifying bacteria groups, as observed from the 

shape of the bacterial colonies, which were circular and irregular. The colony colors were 

white, milky white, clear white, and yellowish white. Colony elevations were flat and 

convex, with entire and undulate colony margins. According to Puzyr et al. (2001), 

nitrifying bacteria generally have round colony shapes, white, milky white, clear white, 

and yellowish white colony colors, with convex and flat elevations, and smooth and wavy 

colony margins.  
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Several types of primary biofilm-forming bacteria commonly found in ponds and 

attached to materials in shrimp ponds include Bacillus pumilus, and other types of 

bacteria such as the genus Pseudomonas sp., Staphylococcus sp., and E. coli. Primary 

biofilm-forming bacteria on material surfaces in ponds are predominantly species of 

Bacillus sp. (Zhang et al., 2020; Neissi, et al., 2022). Furthermore, biofilm-forming 

bacteria on shrimp pond aeration filters are dominated by Bacteroidetes, 

Alphaproteobacteria, and Denitromonas, which have the potential to oxidize ammonium 

compounds (Puzyr et al., 2001; Zhang et al., 2020; Neissi et al., 2022). 

3. Ammonia compound oxidation test 

The results of the ammonia degradation capability test on 8 biofilm bacterial 

isolates in Zobell 2216E media enriched with 100ppm ammonia nitrogen showed that 7 

isolates were capable of degrading ammonia, indicated by a positive reaction with the 

media turning a yellowish-brown color after adding Nesler's reagent. In contrast, isolate 8 

was unable to degrade ammonia, indicated by a negative reaction with the media turning 

yellow (Fig. 1). According to Lehtovirta-Morley and Laura (2018), oxidized ammonia 

compounds form a colloidal dispersion, resulting in a yellowish-brown solution that 

follows the Lambert-Beer law. The use of selective medium for nitrifying bacteria further 

supports that the obtained isolates belong to the group of nitrifying bacteria capable of 

degrading ammonia. 

Ammonia can be oxidized with bacteria from biofilms through the nitrification 

process under aerobic conditions. In this process, nitrification occurs in two sequential 

reactions: the nitridation process by ammonia-oxidizing bacteria (AOB) such as 

Nitrosomonas and the nitration process by nitrite-oxidizing bacteria (NOB) such as 

Nitrobacter, therefore nitrification plays a role in reducing ammonia concentrations 

(Yang et al., 2021; Srivastava et al, 2024). 

 

 
Fig. 1. Qualitative test of the ammonia degradation capability of isolates, with a 

positive reaction indicated by the media turning a yellowish-brown colour after adding 

Nesler's reagent 

 

4. Nitrite concentration 

Determination of nitrite concentration was carried out to evaluate the ability of 

biofilm bacterial isolates to degrade ammonia into nitrite using nitrification media. The 

results showed that isolate 1 and 7 yielded positive results, indicated by a pink color 

change. This was identified by reacting with sulfanilic acid and alpha-naphthylamine 
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solution, forming a red complex compound. On the other hand, isolates 2, 3, 4, 5, and 6 

showed negative results, as the media did not change color, indicating that these five 

isolates were not able to convert ammonia into nitrite (Fig. 2). 

 
Fig. 2. Nitrite test in nitrification media with a positive reaction indicated by the media 

turning pink, and a negative reaction indicated by the media remaining yellow, showing 

no color change 

 

The oxidation of ammonia compounds into nitrite is the initial step in the 

biological nitrogen reduction process. Bacteria isolated from waste discharge showed the 

ability to oxidize ammonia compounds by 46-84%. Nitrosomonas eutropha bacteria have 

the capability to perform nitrification and denitrification simultaneously. The microbial 

groups commonly used to remove ammonia, nitrite, and nitrate compounds from waste 

systems include autotrophic nitrifying bacteria, heterotrophic nitrifying bacteria, aerobic 

denitrifying bacteria, and anaerobic ammonia-oxidizing bacteria. One of the bacteria used 

for this bioremediation agent is microorganisms like Lactobacillus sp., enabling the 

oxidation of toxic ammonia into nitrate (Fahruddin et al., 2021; Yang et al., 2021; 

Srivastava et al., 2024). 

 

5. Reduction of ammonia  

The ammonia degradation test of isolates in shrimp pond water containing an 

ammonia concentration of 0.5ppm showed that each isolate was able to reduce ammonia 

concentration, except for Isolate 8, which did not show a relative reduction (Fig. 3). Over 

a duration of 96 hours, isolate 5 demonstrated the highest ability to reduce ammonia 

concentration, decreasing it from the initial 0.5 to 0.13ppm, which is a 74% reduction. 

Following this, isolate 7 reduced the concentration to 0.14ppm, a 72% reduction. 

Subsequently, isolate 2 showed a 58% reduction; isolate 3 indicated a 44% reduction; 

isolate 4 and isolate 6 both showed a 28% reduction, and finally, isolate 1 only presented 

a 26% reduction, as seen in Fig. (3). According to Puzyr et al. (2001), each bacterium 

has different capabilities in degrading ammonia as an energy source and for cell 

formation. 



Fahruddin et al., 2025 422 

0

0,1

0,2

0,3

0,4

0,5

0,6

A
m

m
o

n
ia

 c
o

n
ce

n
tr

at
io

n

                    
Fig. 3. Reduction of ammonia concentration in each isolate treatment in pond water 

 

The presence of ammonia compounds in pond water is a result of the 

decomposition of organic materials originating from leftover feed. If the nitrification 

process does not proceed well, ammonia will accumulate in the shrimp pond. 

Additionally, the formation of free ammonia and ammonia ions is influenced by 

environmental factors such as pH and temperature (Neissi et al., 2022). Moreover, the 

composition of inorganic nitrogen is greatly influenced by the dissolved oxygen content 

in the water. Low oxygen concentration causes nitrogen to move toward ammonia 

compounds, while higher oxygen concentration causes nitrogen to move toward nitrate 

compounds (Yang et al., 2021). 

 

6. Nitrite concentration 

The nitrite concentration in the isolate treatments shows the results of ammonia 

decomposition into nitrite or nitrate. Additionally, nitrite is naturally present in the pond 

environment (Kathyayani et al., 2019). Observations showed that at the 96-hour mark, 

the highest nitrite concentration in pond water treated with Isolates 2, 3, and 5 more than 

90% isolate 6 is 85%, isolate 1 is 64%. The lowest increase in nitrite concentration was 

observed in isolate 4 is 6 % and isolate 8 is 2% (Fig. 4). 
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 Fig. 4. Variation in nitrite concentration in each isolate treatment in shrimp pond water 

 

According to Moschonas et al. (2017), nitrite is another type of nitrogen 

compound originating from the nitrogen cycle, regulated by biological activity through 

the nitrification process, which is the oxidation of ammonia to nitrate facilitated by 

bacteria such as Nitrosomonas sp., whereby ammonia is converted into nitrite, and 

Nitrobacter sp., whereby nitrite is converted into nitrate. The nitrification process occurs 

not only under aerobic conditions but can also take place under anaerobic conditions with 

limited available oxygen, facilitated by the participation of anaerobic ammonia-oxidizing 

bacteria (Anammox). According to Neissi et al. (2022), Anamox bacteria only require a 

small amount of oxygen and no organic matter to produce dinitrogen gas. 

The increase in nitrite content in the isolate treatments is influenced by many 

factors such as pH, salinity, and temperature. This is in line with Jumraeni et al. (2020), 

who stated that if the pond has low water pH and salinity, then nitrite levels will increase. 

The decomposition process of organic matter such as ammonia, nitrate, and phosphate 

occurs more quickly if the pH range is basic. In ponds, the nitrite content naturally 

increases because nitrite is present in the atmosphere and then falls to the earth with 

rainwater, resulting in high nitrite levels in the pond. Additionally, the high nitrite levels 

are also caused by the decomposition of faeces or uneaten feed.  

Some studies have investigated the role of biofilm bacteria in degrading ammonia 

and its effect on nitrite concentrations. A study conducted by Zulkifli et al. (2022) on the 

use of biofilm bacteria in ammonia treatment reactors revealed that biofilm bacteria 

effectively removed ammonia, achieving a total reduction of up to 99.7% from 

concentrations ranging from 16 to 900mg/ L. Similarly, research by Rodriguez-Sanchez 

et al. (2020) demonstrated that the biofilm microbial community in bioreactors was 

capable of eliminating more than 90% of organic matter and ammonia sourced from 

municipal waste. Furthermore, Chaali et al. (2017) and Zulkifli et al. (2022) stated that 

current biofilm treatments in reactors have exhibited excellent results, providing a 

practical approach for ammonia removal in wastewater treatment. Additionally, Jun and 
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Wenfeng (2009) noted that biofilm microbes play a crucial role in the two-step oxidation 

of ammonia: First, ammonia is oxidized to nitrite by ammonia oxidizing bacteria (AOB), 

such as Nitrosomonas, followed by the oxidation of nitrite to nitrate by nitrite oxidizing 

bacteria (NOB), such as Nitrobacter. Research by Wu et al. (2021) demonstrated that 

ammonia removal efficiency in reactors could reach 84% through nitrification from an 

influent ammonia concentration of 10.4mg N/L. In applications involving biofilm 

bacteria mediated by 3-hydroxybutyrate-co-3-hydroxyvalerate, results indicated a 

maximum ammonia removal rate of 0.45 and 0.09kg m−3 day−1. Throughout the 

ammonia degradation process no significant accumulation of nitrite was observed. 

Microbial community analysis of the biofilm in batch tests revealed that both the sludge 

produced and the biofilm formed play important roles in nitrogen removal (Liu et al., 

2023).  

7. The pH values 

Results of pH measurements of water samples initially at hour 0 ranged from pH 

6.2-6.6 (Fig. 5). The pH levels of the isolate treatments that experienced the lowest 

reduction up to 96 hours are as follows: Isolate 1 at pH 4.4; isolate 6 at pH 4.1; isolate 4 

at pH 4.2. Then, isolate 3 and isolate 8 both at pH 6.3 showed relatively insignificant pH 

reductions, whereas isolate 2 at pH 6.9, isolate 5 at pH 7.1, and isolate 7 at pH 6.7 

showed slight changes in pH. 
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Fig. 5. Differences in pH values in each isolate treatment in shrimp pond water 

 

 

The pH values in pond water are closely related to physical, chemical, and 

biological water factors. The decrease in pond water pH occurs due to the decomposition 

of organic matter by microorganisms that release carbon dioxide (CO2) during the 

process, and the reduction of oxygen levels, which leads to a decrease in pH. This also 

results in an increase in the total organic material content. The increase in carbon dioxide, 
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which lowers the pH, implicates a reduction in free ammonia levels. Additionally, the pH 

reduction is a result of respiration and the decomposition of organic substances present in 

the pond (Supriatna et al., 2023). Sediments in the pond can release chemicals into the 

water column sourced from decaying organic material, forming organic acids that can 

seep into the water and lower the pH levels. Moreover, the anaerobic decomposition of 

total organic matter (TOM) by bacteria will lead to an increase in pH (Matthew et al., 

2022). 

According to Jumraeni et al. (2020), in aquatic environments, the amount of free 

ammonia will increase with rising the pH. At high pH levels, there is more ammonia 

present. Conversely, if the pH is low, the amount of ammonia will be less. At high pH, 

the formed ammonia is un-ionized. The pH value will affect the nitrification process in 

water and will cease if the pH is low. Nevertheless, brackish water is well-buffered. 

Hence, its pH rarely drops below 6.5 or rises above 9 (Supriatna et al., 2023). 

 

 

CONCLUSION 

 

Eight types of bacteria were isolated from the biofilm in shrimp ponds, named isolate 

1 through Isolate 8. The results of the qualitative ammonia degradation test indicated that 

only isolate 8 was unable to degrade ammonia. In the ammonia degradation test 

conducted with pond water treatments, each isolate demonstrated the ability to degrade 

ammonia. Similarly, the nitrite concentration test in pond water revealed differences in 

ammonia concentration increases across the treatments. Additionally, the pH 

measurements showed variation, with some treatments exhibiting relatively acidic 

properties (pH values ranging from 4 to 4.4), while other isolates resulted in more basic 

conditions (pH values ranging from 6.3 to 7.1). 
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