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Abstract

This study aimed to isolate the halo-tolerant Bacillus, produce a powder
seedling product and apply to water quality improvement in shrimp aquaculture.
Five strains of halo-tolerant Bacillus were obtained from sediment and wastewater.
They showed heterotrophic nitrifying —aerobic denitrifying characters and they were
identified as Bacillus pumilus (TS23), B. subtilis (TW24 and TW34) and B. tequilensis
(BROO1 and BR002). The strains grew well with the optimum salinity and pH of 0.5-
3% NaCl and 7-7.5, respectively. Bacillus strains TS23, BROO1, and BR0O02 exhibited
high efficiency of inorganic nitrogen removal in synthetic wastewater. The 30:70
mixture ratio of 2 strains (B. tequilensis BROO1 and BR002) showed the highest cell
viability rate of 10°-10° CFU/mL and also the highest ammonia, nitrite, and nitrate
removal rates (82.30%, 70.57%, and 26.07%, respectively) in the 5-day experiment
using Pacific white shrimp (Litopenaeus vannamei) cultured water. Wood sawdust
was the most suitable carrier to produce powder seedling form mixing strains (1:1
ratio). The efficiencies of Bacillus powder seedling under 7 days in ammonia, nitrite
andnitrate removal in a range of 98.62-99.52%, 56.15-99.60% and 43.08-51.96%,
respectively. And resulting in the amount of orthophosphate, total suspended solids
and COD were reduced at 81.91%, 81.31% and 74.42%, respectively. The products
stored in room temperature, its suitable condition for growth abilities of Bacillus from
2.87x10 to 3.50x10° CFU/g in 6 months. The Bacillus powder seedling (BRO01: BR002
mixture) from this study was later compared with commercial products to determine
the efficiency of water quality improvement after 30 days. The results indicated no
significant difference (p>0.05) in reducing the amount of ammonia, nitrite, nitrate, and
COD. That was decreased at 98.13%, 85.40%, 88.60% and 34.89%, respectively.
However, the amount of total suspended solids and orthophosphate in the
experimental ponds using Bacillus seedling product were significantly less (p<0.05)
compared to ponds applying commercial product. The total suspended solids were
lessening on day 30 at 36.82% and the value of orthophosphate decreased intake
from day 25 to day 30 was in the range of 13.17%-18.35%.
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The Efficiency of Bacillus spp. to Remove Ammonia
in Shrimp Aquaculture

Thossaporn Phatthongkleangl, Yutthapong Sangnoi“, Sompong O—Thongz,
Arnon UppabuU.ung1 and Teeyaporn Keawtawee'

Abstract

Salt-tolerant Bacillus was used to eliminate ammonia in shrimp aquaculture
wastewater. Bacillus strains were isolated from sediment and water collected from
shrimp farms and domestic wastewater. Ammonium oxidizing ability was screened by
Griess-llosvay method. Five isolates were identified as Bacillus spp. with salt requirement
within the range of 0-40 ¢/L NaCl and an optimal pH of 7. Bacillus strains TS41, TW31,
HS12, HW34 and ES33 exhibited preliminary ammonium removal efficiency on HNM
medium for 84.21%-94.86%. Improved ability of synthesized shrimp wastewaters was
determined by applying 1% and 5% cell suspension for 7 days. SF experiment with 1%
cell suspension of ES33 showed highest ammonium removal of 66.38%, while the
results of other treatments showed no significance (p > 0.05). SNF experiment, all five
Bacillus strains showed ammonium removal of 78-96% at day 7. NSF experiment, ES33
provided the highest ammonium removal efficiency of 1% cell suspension at day 7 for
93.14%. The amounts of nitrite and nitrate were presented in all experiments and
removed by Bacillus species. The results demonstrated the process of nitrification-
denitrification reaction. Consequently, our Bacillus strains may propose as heterotrophic
nitrification-aerobic denitrification species.

Keywords: Salt-tolerant Bacillus, Shrimp aquaculture wastewater, Ammonium removal
efficiency, Cell suspension, Nitrification-denitrification
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Introduction

Ammonia is a natural component of the nitrogen cycle in the ecosystem
because of the substantial amounts of uneaten feedstuff and faeces generated in
the process (Lin and Wu, 1996; Read and Fernandes, 2003), which causes rapid
accumulation of ammonia in the water. Thus, ammonia induces a large variety of
physiological disturbances and immunosuppression on aquatic animals. It is toxic to
aquatic animals.

Nitrogen-containing compounds released into the environment can create
serious problems, such as eutrophication in river and coastal areas (Fennesy and
Cronk, 1997). Furthermore, nitrite accumulation was a critical issue inherent in the
aquaculture industry, because coastal aquaculture such as marine shrimp and sea
bass are important to the economy of Thailand (Paungfoo et al., 2007). However, a
more serious risk is that the toxicity of ammonia could cause outbreak of shrimp
diseases and ultimately result in huge economic losses (Cheng and Chen, 1999).
Hence, treatment of culture water to decrease the rapid accumulation of ammonia
for such an activity has become increasingly crucial.

There are three mechanisms to remove ammonia, nitrite, and nitrate in
aquaculture, including physical, chemical and biological methods (Wang et al.,
2008), but other physical and chemical methods are not able to remove nitrite
completely. Typically, adding of chemical substances is totally accumulative in
shrimp culture pond and environment (Charoendat et al., 2016). The best way to
accomplish is through the natural biological mechanism which occurs without
pollution and residues (Li et al., 2005). Usawakesmanee (2016) suggested that the
treatment of wastewater by biological method helps to reduce treating cost.

The biological process that has the ability to transform ammonia to nitrite and
further transform nitrite to nitrate is called the nitrification process which is
performed by nitrifying bacteria. In the past, nitrifying bacteria was well known as
autotrophic bacteria such as Nitrobacter and Nitrosomonas (Zhang et al., 2012;
Chankaew et al., 2018). Despite nitrogen’s transformative ability to nitrify bacteria,
they have slow growth and less competition when compared with other
heterotrophic bacteria (Sirianuntapiboon et al.,, 2015; Chankaew et al., 2018).
Nitrogen content in wastewater has large decrease by activities of heterotrophic
bacteria, nitrifying bacteria and denitrifying bacteria. These organisms have ability to
transform nitrogen compounds as energy source and cell precursor
(Sirianuntapiboon et al., 2015). Recently, heterotrophic bacteria capable of removing
ammonia, nitrite and nitrate have been reported. Some of them can reduce nitrate
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to free nitrogen under aerobic conditions via aerobic-denitrification process.
Heterotrophic nitrification-aerobic denitrification bacteria such as Bacillus sp.,
Pseudomonas sp. and Alcaligenes faecalis were isolated and their nitrogen removal
efficiency determined by several research studies (Joo et al., 2005; Wan et al., 2011;
Yang et al., 2011). One of the promising bacterium used for ammonium removal or
wastewater treatment is Bacillus. Bacillus is widely used in the aquaculture industry
to improve water quality, promote growth and prevent diseases of aquatic animals
(Vaseeharan and Ramasamy, 2003; Chankaew et al., 2018). In case of nitrification-
denitrification process, Bacillus could perform not only heterotrophic nitrification,
but also aerobic denitrification. All Bacilli are aerobic heterotrophs, implying that
they can simultaneously work on nitrification and denitrification (Gupta and Gupta,
2001). Moreover, Bacillus species are capable of using nitrate and nitrite as
alternative electron acceptors when oxygen is absent (Seenivasagan et al., 2017).
Other unique characteristics of Bacillus are rapid growth, good competition, variety
of carbon and nitrogen utilization, salt tolerance, and endo-spore formation
(Rosovitz et al., 1998; Suharti and Vries, 2004; Manzo et al., 2013; Meeboon and
Saimmai, 2019). Isolation and understanding of characteristics of Bacillus in the
nitrification-denitrification process is very important in order to develop and apply
them for wastewater treatment. One desirable property for brackish and marine
aquaculture treatment is salt-tolerant ability. The bacteria must able to survive and
provide good performance in saline conditions. Therefore, the aims of this study are
to isolate salt-tolerant Bacillus and to determine the efficiency of ammonium
removal in wastewater from marine shrimp aquaculture.

Materials and Methods
1. Sample collection
Sediment and water samples were collected from marine shrimp farms
and domestic wastewater in Pak Meng Beach (7°30’ N and 99°19’ E), Trang Province,
Thailand. Samples were kept in sterile polyethylene bags and stored at 4 °C for
further study.
2. Isolation and screening of Bacillus
Each 1 g or 1 ml of samples was enriched into 100 ml of nutrient broth
supplemented with 2% NaCl and an enrichment medium (peptone 5 g, beef extract
3 g, sea salt 2 g, shrimp feed 1¢ and H,O 1000 ml) at 35 °C and shaken at 170 rpm
for 24-48 hours. One milliliter of the suspended liquid was serially diluted from 10"
to 10° in a tube containing 9 ml of distilled water. Suspension tubes were treated in
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an 80 °C water bath for 10 min. Then 0.1 ml of diluted solution was taken from each
tube and spread on nutrient agar supplemented with 2% NaCl (Zhao et al., 2017).
Gram positive, rod shape and endo-spore forming colony was selected and
transferred to fresh medium. Purified isolates of Bacillus were obtained by repeated
streaking on fresh agar plates. Biochemical characteristics, catalase and oxidase test
of Bacillus were examined.
3. Preliminary testing for ammonium oxidizing ability
One milliliter of Bacillus inoculum was transferred to the nutrient broth (NB)
medium (peptone 5 ¢, beef extract 3 g, ammonium sulfate 15 ¢ and H,0 1000 ml)
and incubated at 35 °C for 14 days. Nitrite-oxidizing reaction was tested by Griess-
llosvay method (Lu et al., 2012). Positively tested suspensions with red color were
further isolated by spreading on nutrient agar medium.
4. Preliminary testing for heterotrophic nitrifying-denitrifying characteristic
Bacillus spp. were incubated in a 250 ml serum bottle containing 100 ml of
heterotrophic nitrification medium (HNM) ((NH),SO4 0.66 g, sodium succinate 4.72 g,
KH,PO, 0.50 g, Na,HPO, 0.50 g, MgSO4*7H,0 0.20 g, NaCl 20.00 g and H,O 1000 ml)
(Zhang et al., 2012). The incubation was performed at 30 °C on a rotary shaker at
160 rpm for 7 days. The concentration of ammonium nitrogen (NH,"-N), nitrite (NO,-N)
and nitrate (NO; -N) were determined on day 7.
5. Salt requirement and optimal pH on growth
One milliliter of cell suspension was cultured in a tube with 10 ml of
NB medium. The pH of NB was varied at 3, 5, 7, 9 and 11. Salt requirement trial was
set at 0, 10, 20, 30 and 40 ¢/L (ppt). Cultivation tubes were shaken at 170 rpm for 24 hrs.
Growth profile of Bacillus was determined by optical density (OD) at 600 nm (Song
et al., 2011; Seenivasagan et al., 2017).
6. Shrimp wastewater preparing
Four experiments of different shrimp wastewaters were designed.
Experimental wastewaters were devised as sterilized and non-sterilized treatments.
Each of them was exactly separated as fermented and non-fermented with shrimp
feed. For fermented trials, shrimp wastewaters were synthesized by fermentation of
1% commercial shrimp feed for 3 days. The synthesized shrimp wastewaters are
shown in Table 1.
7. Efficiency of ammonium removal
Bacillus strains grown in Heterotrophic nitrification medium and
preliminary showed high efficiency of ammonium removal and were further studied
for inorganic nitrogen removal of four synthesized shrimp wastewaters (Table 1). Cell
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suspensions of Bacillus spp. were prepared in NB until 10" CFU/mL. In each
experimental study, cell suspension used both of 1% (50 ml) and 5% (250 ml) in 5 L
of prepared wastewaters. All designed experiments and control treatment (CTRL)
were performed for 7 days in an aerated system. Each CTRL treatment was same
prepared as that experiments but no added bacterial cell suspension. Every day 4
and day 7, wastewaters were sampled and examined for the concentration of
ammonia, nitrite and nitrate followed by the standard colorimetric method
(Strickland and Parsons, 1972).

Table 1 Synthesized shrimp wastewaters for ammonium removal study

. Sterilization Fermentation
Experiment X K
(121 °C, 15 mins) (1% shrimp feed, 3 days)
1-SF sterilized fermented
2-SNF sterilized non-fermented
3-NSF non-sterilized fermented
4-NSNF non-sterilized non-fermented

8. Statistics analysis
Results were shown as the average of at least three independent
experiments and were presented as means+SD (standard deviation of means). All
statistical analyses were carried out by one-way ANOVA. That performed using the
software package SPSS and minimum significant differences were calculated by the
Duncan multiple range test (p < 0.05).

Results
1. Isolation and characterization of Bacillus

Thirty-three isolates were proposed as Bacillus. Then, 24 out of 33
isolates exhibited positive results with Griess-Ilosvay testing. All 24 isolates were
preliminarily determined for nitrogen removal (NHs, NO, and NO;) on HMN medium.
Only 5 strains, including TS41, TW31, HS12, HW34 and ES33, showed high
ammonium removal efficiency of more than 90% (94.86%, 93.94%, 93.17%, 90.65%
and 84.21%, respectively) (Figure 1). These 5 strains were able to transform
ammonia to nitrite, but only minimally continue to nitrate. Figure 2 shows ability of
strains TS41, TW31, HS12, HW34 and ES33 on nitrite production of 11.55, 18.76, 6.43,
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0.98 and 16.15 mg-N/L, respectively and nitrate production of 2.09, 2.11, 1.31, 1.73
and 1.65 mg-N/L, respectively.
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Figure 1 Ammonium oxidizing ability of Bacillus spp. on HNM medium. Values are
means+SD (error bars) for three replicates.
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Figure 2 Nitrite and nitrate production abilities of Bacillus spp. on HNM medium.
Values are means+SD (error bars) for three replicates.

2. Salt requirement and optimal pH on growth of Bacillus
The results showed that five isolated Bacillus strains have slight
growth at pH 3-5. They have optimal growth at pH 7 and then growth slightly
decreases to a pH of 9-11 (Figure 3). Our Bacillus isolates can grow in wide spectra
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of salt concentration of 0-40 g/L NaCl. Whereas strain, HW34, had slight growth at 0-
10 ¢/L NaCl, but it displayed maximum growth when the salt concentration rose to
20-40 g¢/L NaCl (Figure 3).

31 3
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(<] —eps12 © ——Hs12
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0 10 20 30 40 3 5 7 9 11
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Figure 3 Growth profiles of Bacillus spp. under different salinity (a) and pH (b)
Values are means+SD (error bars) for three replicates.

3. Efficiency of Bacillus on ammonium removal of synthesized shrimp
wastewater
3.1 Ammonium removal efficiency

Which all five Bacillus strains were studied for treatment in four
different experiments of synthesized shrimp wastewaters as shown in Table 1. Each
Bacillus cell suspension of 1% and 5% was applied to synthesized wastewaters and
was aerated for 7 days. The result of experiment 1 (SF) showed that 1% and 5% cell
suspension adding all five Bacillus provided slisht ammonium removal at day 4
(initial ammonia was 3.61+0.04 mg-N/L). The amount of ammonium removed was
about 53-66% until day 7, whereas removal showed no significance (p > 0.05) of all
strains and control treatments (Figure 4a). Experiment 2 (SNF), 1% cell suspension of
all five Bacillus strains showed ammonium removal ability of 78-96% at day 7
displaying significant ammonium removal ability 5% higher than cell suspension and
control treatments. Ammonium removal capabilities of strains TW31, ES33 and
HW34 (1% cell suspension) were fast and high after 4 days of operation (initial
ammonia was 2.15+0.05 mg-N/L). In contrast, 5% cell suspension of strains TW31,
ES33, HW34 and HS12 at day 4 exhibited an increasing amount of ammonium. High
volume addition of these bacteria may firstly produce ammonia during cell
adjustment into new conditions. Then cells will be harmonized to wastewater and
ammonium removal capability (Figure 4b). Experiment 3 (NSF), 1% cell suspension
of strains ES33, HW34 and TS41 exhibited rapid ammonium removal at day 4 (initial
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ammonia was 1.18+0.01 mg-N/L). Strain ES33 provided the highest ammonium
removal efficiency of 1% cell suspension at day 4 and 7 for 90.01% and 93.14%,
respectively. Ammonium removal of strains TW31 and TS41 showed effectiveness at
5% cell suspension at day 4 for 81.04% and 87.22%, respectively (Figure 4c). Strains
TS41 and HS12 with 5% cell suspension have provided ammonium removal ability
of 83.67% and 85.27%, respectively. Non-sterilized and non-fermented shrimp
wastewater treatments (NSNF; experiment 4) showed overall ammonium removal
efficiency with a range of 60-96% (initial ammonia was 1.18+0.01 mg-N/L). However,
the results have no significance (p > 0.05) between 1% and 5% of cell suspension as

well as dates of treatments (Figure 4d).
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Figure 4 Ammonium removal efficiencies of Bacillus spp. (a), 1-SF; (b), 2-SNF; (c), 3-
NSF; (d), 4-NSNF. Values represent the mean+SD (n=3). Values with
different letters indicate significant differences (p < 0.05) among them.

3.2 Nitrite removal efficiency and nitrate production
The initial nitrite concentration of synthesized wastewater was
maintained at the low level (<1 mg-N/L). However, NO, volumes of experiments
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were produced and eliminated in the incubation process. In the SNF experiment,
Bacillus strain TW31 with 5% cell suspension had removed nitrite volume at day 4
and 7, about 94.69% and 95.30%, respectively and showed higher than 1% cell
suspension. Moreover, strains ES33, HW34, TS41 and HS12 demonstrated highest
nitrite removal with 1% cell suspension at day 4 for 96.66%, 88.18%, 86.51 and
91.06%, respectively (Figure 5a). The control trial of SNF, in contrast, showed very
low nitrite production and removal due to death of microorganisms in raw
wastewater by autoclaving. Hence, the control trial of NSF showed nitrite removal of
approximately 29%. This confirmed our assumption that live microorganism cells in
raw wastewater played a role in nitrogen removal proficiency. Bacillus strains TW31,
ES33, HW34, TS41 and HS12 with 1% cell suspension exhibited remarkably high
nitrite removal for 87.40%, 93.70%, 92.12%, 68.50 and 96.06%, respectively (Figure
5b). Nitrate removal in the SF experiment showed highest ability for nitrate removal
with 98.80% at day 4 (5% cell suspension) by strain HS12. Followed by 95.11%
removal at day 4 (5% cell suspension) for strain TS41. While, other 3 isolates
showed no significance (p > 0.05) for nitrate removal, except strain TW31 with 5%
cell suspension (day 7), but had no nitrite removal ability (Figure 5c). The NSF
experiment of nitrate result displayed 1% cell suspension of strains TW31, ES33,
HW34 and HS12 and provided high nitrate removal at day 4 of 45.54%, 84.81%,
89.49% and 86.62%, respectively (Figure 5d). Whereas, strain TS41 exhibited the
highest nitrate removal ability with 5% cell suspension after incubating for 7 days.
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Figure 5 Nitrite (a-b) and nitrate (c-d) removal efficiencies of Bacillus spp. (@), SNF;
(b), NSF; (c), SF; (d), NSF. Values represent the mean+SD (n=3). Values with
different letters indicate significant differences (p < 0.05) among them.

Discussion

Zhang et al. (2012) reported a similar study of growth and nitrification
efficiency of other Bacillus spp. which displayed high growth at an initial pH of 7-8.
Consistent with those reported in this present study, acidic (pH 5-6) or alkaline (pH
9-10) conditions were hazardous to the growth of Bacillus. The slightly alkaline
environment was conducive to heterotrophic nitrification (Mevel and Prieur, 2000).
Mevel and Prieur (2000) reported that Bacillus MS 30 had an optimal growth salinity
of 16 ¢/L NaCl, and it could not grow when the salinity was increased to 28.50 ¢/L
NaCl. Therefore, our five Bacillus strains should be proposed as salt-tolerant species
with a wide range of salinity of at least 0-40 ¢/L NaCl. That salinity range is for
optimal growth of coastal species (Sutin, 2010). This characteristic expands their
application scope, regardless of the coastal and mariculture wastewaters containing
high salinity.
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The ammonium removal result of experiment 3 (NSF) of all Bacillus strains
provided higher efficiency than other experiments. NSF experiment was non-sterilized;
hence, it still consisted of indigenous bacteria (Ongsara et al., 2012). Moreover,
fermented shrimp feed released organic compounds as nutrients serving bacteria.
A combination of microorganisms between our Bacillus isolates and indigenous
microorganisms showed co-working and synergy on ammonium elimination ability.
While sterilized wastewater in experiment 2 (SNF), displayed no contaminated
microorganisms in the trial. The result of this treatment showed lower ammonium
removal efficiency than NSF treatment. This suggested that the ability of only
Bacillus strains for ammonium removal was less, in contrast with the cooperation of
microorganisms. Shrimp feed consists mainly of protein and phosphorus (Hmadhloo
et al., 2013). It will release nitrogen and phosphorus compounds to serve Bacillus
spp. and other microorganisms (Mclntosh et al., 2001; Dechmahitkul et al., 2007).
Non-sterilized shrimp wastewater decomposed organic and inorganic matters by
wild microorganisms (O-Thong et al., 2003). Bacillus strains were heterotrophic nitrification
bacteria. They have efficiency for ammonium removal and a less complex nitrification
process than autotrophic bacteria (Gupta and Gupta, 2001). Therefore, heterotrophic
Bacillus may have high potential to be applied in aquaculture wastewater treatment.

In this study, our Bacillus isolates were found to be leading to aerobic
nitrification. Yang et al. (2011) described that NO, is converted to NO; by the
nitrification process and nitrate can be further converted to free nitrogen in aerobic
denitrification reactions by heterotrophic nitrification bacterium. In our investigation,
five Bacillus strains showed ammonium removal characteristics as well as the ability
to transform ammonium to nitrite. Furthermore, they can eliminate and transform
nitrite to nitrate as well as remove nitrate. However, free nitrogen gas that is
reduced from nitrate in the operation system should be further analyzed.

Conclusions

Five Bacillus strains, including TW31, HS12, HW34, TS41 and ES33, were
isolated based on the characteristic high efficiency ammonium removal ability.
These Bacillus strains have the property of salt tolerance. When treating the
synthesized shrimp wastewaters with 5 isolated Bacillus, 1% and 5% of cell starters
were not effectively significant for ammonium removal ability. Indeed, 1% cell
starter was suggested for use in order to reduce costs. Nitrite amounts were
presented in all experiments and further highly removed reaching 96% by Bacillus
species. In addition, nitrate volumes were produced in all experiments and then
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removed almost 100% by our Bacillus isolates. Consequently, our five Bacillus isolates
can be proposed as heterotrophic nitrification-aerobic denitrification species.
Moreover, these five Bacillus strains can be used for removal of ammonia, nitrite
and nitrate in shrimp aquaculture with saline conditions.
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158" Genomic DNA minikit (Geneaid) WinUSINaTUEY 165 RNA f81A30s Polymerase
Chain Reaction (PCR) Tagld universal primers 27F (5'AGAGTTTGATCATGGCTCAG3') Lay
1492R (5GGTTACCTTGTTACGACTT3) anniiusiaanstaust PCR products lsiuiavslagldayn

'3

VIUSEVIEAELENI9N1AN GF-1 AmbiClean Kit (PCR/Gel) (Vivantis) udadsinsiehanau

3 A

ALaULETAUITETIUL LAZTIETAUNA AEINYIANEAT UNINYIDUAIVATUASUNS 1N
Suiiduedlsunusuiiisulugiudeya GenBank/EMBL/DDBI database  #8 BLAST
program WaEIATIEN phylogenetic tree pelUsunTL MEGA 6.06 (Tamura et al., 2013)

4. nMsnadaulszansansiatn

1) Mswdeuade Bacillus

1h Bacillus Tideusnldundsddueims NB fiiludsunaslss 2% Usuns
10 mL seviaeanmans Unilgaungii 35°C Tugusidouuuivg frermusiseu 170 sousie
Wit w24 Falus wazhenyihnsvenedelriusinante 10° CFU/mL Tuemsidsade
NB fluidsunaslsd 2% U3ums 500 faddns Unigamndl 35 ssrwailea lwese
AEa 170 seusieund Wunan 24 dalu weldduridesudulunismageudssansam

Tutumausaly
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2) Useansnnmsunimunlusgaunanan (szuula)

'
a

dhvde Bacillus 13uduande 4 Tude 1) Yuns 15 Hadans (1% vAv)
Tuv\lmaﬁﬁmiqﬁwL?{ﬂé’qmiﬂzﬁﬁﬁd’mﬂixﬂau (NH,),S0O, 0.05 n5u/8ns, KNO; 0.00203
N31/ans, NaNO, 0.026 n3u/ans LLazmmiLﬁmﬁwL%EULLUUW&W%’UL?:&J@&& 1.164 3w/
ans (lulasiouwifu 0.065%) ludduiasiimea 1 @as viannsddu pH 1edlen 7.0
(O-Thong et al., 2003; Rajakumar et al., 2008) Inausu pH Tsivindual pH Awnganain
Msnnaede 2 wayiliUsIMaNnE R8N mWIUNTEAIENTEUIN  0.22 um
(Zokaeifar et al, 2014) Wwg1e8AINUSI 170 SBUADUNT ﬁqmmﬁﬁm Wuan 7 3u
MntuhiEsdaaseiluvinnisanasneueadsieruiga 3,500 seuseundt unan 30
Wi udnhwesmandulauinsgviusunauelude Tulesyt wayluasvluiud 0, 4 uay 7
Y8ININAAD %Qﬁﬂmimaawmmimamas 3 41 Imdugnnruny (laifinnsiiude
Bacillus) hasyAnNAaDs @naduiadio Bacillus)

3) Uszansnmnstininlussduvaniva (seuude)

fesnndde Bacillus fivnnisAnuazdeainluldssuunaifets dadu
Sefonimsanuiluszuuda Tnethsfade Bacillus Buduainde ¢ luvhde 1) Tnoudaidu
U311ms 50 Hadans (1% vA) way 250 fadans (5% vA) wuaduluviala (szuude) 4
Uiiﬁ;ﬁw’mﬂ’mgmﬁw‘%ﬂﬂ%mm 5 dns vmsmeaesduszeziig 7 Ju lnedneiniag
fuau Sngnmuau (Lifimsduige Bacillus) wazyavaass @nsiuiade Bacillus) 1
2 WUU

WUl 1 ganmaesindesdeiiinisenide Usenoudie yaaiunu 1 90 n
vnaeTAuLLe 1% 1 YA LLam;ﬂmaaqﬁLauﬁu%}a 5% 1 90 (YN15VAaRdaY 3 )

wuuil 2 gamaaenindssderilidfinnsside 1 90 Uszneudie wanunu 1
YA ﬁmmamﬁ@mﬁwﬁa 1% 1 %9 LLamgmmmaaaﬁLamﬁwﬁa 5% 1 99 (YANINARRIaE 3 %)

5’mmsm§wuﬂammmwﬁmﬂi’uﬁ 0, 4 Lag 7 Y8INISNAADI bALA
woulaile (NHy) ulasvi (NO,) luwmsn (NO,) saslsveatnn (PO, ) pendiauaraisii (DO)
gaungil (Temperature) uaziley (pH) (M151991 1) (Chankaew et al., 2018; Sangnoi et al.,

2017)
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5. NSANWIEREIUNMNILENVBINAWYD Bacillus WEy

1) MsmseUnanaye Bacillus BROO1 way BROO2

e B. tequilensis BROO1 way BRO0O2 &ediuszandainlunisunUainlu
n13iaeINeAngaudedlueIvis NB Nillaieunaslsn 2% U3u1ns 10 mL sienasnannass
Uufigamall 35°C Tuduaniiowuuivgn faeAu5958u 170 soudouil uiu 24 alug uae
o (] -4 v a g 8 4 g {
Prunvinmsveneseluiusunante 10 CFU/mL Tue1uisiasaida NB Ailloneunaslss 2%
USu195 500 mL weliidundndaisusulunisnwdndruimvanzanludunausald

2) NMINAFBUANEIUVDINANYBNLMUTEL

1nate B. tequilensis BROO1 wag BROO2 31nde 5 Tuiate 1) undne
dndhundnvenauiissiiu 30:70, 40:60, 50:50, 60:40 uaz 70:30 lnadnidugamauay (il

a LY d’lj a a LY d’lj £ 1 d' o 1% 2% ’oj
NSWALTLTe) Wasyanaaes Emsiuiieludadiuiinmuatiediu) gaveaedas 3 91 ag
y o 9 r y X . ,
Wendaiduszeinn 5 U luvialnafiussyuiannmsidesieuniwiunty (Litopenaeus
vannamei) yinns@neluszuullaniinisifineiniAnasniial 9ntuinn1siasyivlauey
13 a = (3 U .

wad Usinaweulidle lulnsm uagluwsm vniurasnsseziiainismeaes (Liang et al,
2011; Yang et al., 2011; Lu et al., 2012)

6. NM3EE1MANNUINNAYD Bacillus WEy

1) MIATYUTARLAYNEDNINTINYAS

U TanLAwndon1an1sinens 10 3ila lawn Yeuzninnue wnauvun eane
U1A1UA $1917UA Ua1g917un 91U988UM UangUn kiaiud1Uenae wilad1ba0 wazwts
9 ~ ° v oA y vy I A a v 5 )
I1mde? 11vinnsun teglgasestulndauinanasuseuna 1 Jadwns Mikauinidnues

Taguavinden1anisinuasyiinas 2 Alansy vssglunivusniehUnatin anduduvinld

[
= 1 =

Unannemevilellsinge lagldlounfounseiuasn 121 emwaw gaduian 15 uld

'
% = &

feliliu uasifutanavvdentanisinuastiluiifindadiedluldlutuneunisadis
wanfausindudle Bacillus wavsaly

el Yaguamndonianinnuasldunainnisdoainiuduan wassu
oyiasganandimnzdndlll drdndanimineinsiilii 12 (uasaisssusy)  was
NYAINTEIUTIANTNNDYERIN JINTAUATAITITNINY AILIIU YU 1A

2) m3adndndasindude Bacillus HauTaN

ﬁwawﬂ’uﬁfﬂﬁfn,%a Bacillus MUAUNENTEWI9 BROOT Wag BROO2 w1vindu
wanSsindidens tnglddndnimnzanvendidenay 70:30 Tnsthndndewan (cell
suspension) 9140 5 Tuade 1) induwies (centrifuge) fiarui§aseu 4,000 saureuNT

gl 4 esrwaldea Wuar 10 wifiieldnnmzneu ntuazaignznauwadeig
A y

UndeUs AT (2% NaCl) wawaniyu Polyvinylpyrolidole (PVP) A 1utdsgis 0.5% Tu
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dadau 1:1 (vA)  webiihdudunm 20 undl viuanududuliiiviinaveasad 10°
CFU/mL (@3579n379119155 11581303088 d 1UAT OD 4) (FnkUasann Nimrat et al,
2012) niuthanuaudeedomauiuTanBane fusenidefiuandistu 10 wiande
6 luadio 1) Tudndau 1:1 deialilukdlugundogungfl 37 ssmwadeafiuna 3 u
Tandnfasindlo  Bacillus nilugadunionsurUaenide \ivilgamgl 4 sseaidea
MnduthwAnsusindnte Bacillus nauylnuaianms 5% (wA) wmadeudsyansniwly
st Rt lunsdestanamauly (Litopenaeus vannamei) Tuseduaanlng U3ans 5
a3 1Wuszezian 7 Fu Tnsdnduyaniunu (sifimsifundafasindide Bacillus wawwiia
u9) uazagemnaes Einsiiundntasindwde Bacillus wavwlinng) yanaassay 3 41 lasa
nswAsLuUasaanIntyndu tdud wenlude lulasei lumsn ganad Adies (pH)
Usinaoendiauazaneiin Usinaeaslsveaa adled (Chemical oxygen demand, COD)
LAz USINaIENSUYIURBETIVLA (Total suspended solid, TSS) (5197 1) Tuudi 0, 4 uay
.

7. msfnwegnsifunwndadusind e Bacillus nay

thuansausindndens Bacillus NuAuAANTEWIg BROO war BROO2 Tuan
SangiiiszAvsnmmsthiniiffigaainnimnaesde 6 mAnworgniaiuinunnieu
Huszozaa 6 1Weu Tastndens 1 ndu undsduoims NB (2% Nacl) unan 24 Falus
MnuFnNsTenTinvenead (cell viability) LLﬂSﬂ’N&JU%Ej%éSUENL%aé (purity)

8. msSeuiisuyszaniaimnisirdaunlunisifesdesendnudndoe
NAIB Bacillus NMUANAUNANAUTINALAIBNIINITAN

BnAndneindndons Bacillus MuiuNENsEI1e BROOL way BROO2 713
UsgAvsnndfigaainnanismeassde 6 umageuUsEAnEan1sUItntlunaids s
amwaunly (Litopenaeus vanname) 731 lnsiUssuifisuiundnsasinddenianisd
$1uau 1 Do lindndusindwTens 5% (wA) dmiunsnaass wsensmaaeniu 2
wuv 1A voiugaeuau (sifinsfusdesusindudeluseninmaiiion uaztefifugn
nnaes @msiundnsaeindidelussninemades) msmeseudusvezing 1 deu lne
p3aviannBsundasguninii wagiimadundndasinddonn q 5 Yu Gnuaimiid
n32a¥e oun wenlindle lulnsvi lu wsn gangll drfiley Usinmeendiauaransth Uuw
oosloveauin ATleR wazdSunaesuriuassinun (3197 1)

9. N15IATITUNINEDA
ATILRAVILLANANVBINNTTADIAUNNUINN 9 TENINYANIINAGDY

wazyaaIual 1agldisiaseiauUsusIu (Analysis of Variance) @NUMWNUNITNARBY

wuudunaan (Completely Randomized Design) WagtUSeuLfiBuAINLANANYBIALREY
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JEnanguveass 1neld Duncan’s New Multiple Range Test wagz T-Test NsgfuaIy

ot 95% meluswnsudniagunieada (R Program)

M1319% 1 IBN1TIATILVIRNINN

Parameter

Method

Reference

Ammonia (mg-N/L)

Nitrite (mg-N/L)

Nitrate (mg-N/L)
Orthophosphate (mg—P/L)

Total suspended solid (mg/L)
Chemical Oxygen Demand (mg/L)
Dissolved oxygen (mg/L)

pH

Temperature (°C)

Salinity (ppt)

Phenol-hypochlorite method
Colorimetric method
Cadmium reduction method
Ascorbic acid

Gravimetric method

Open reflux

Dissolved oxygen Meter

pH meter

Thermometer

Salinity refractometer

1972)
1972)
)
)

Strickland and Parsons (
(
Strickland and Parsons (1972
(
(

Strickland and Parsons

Strickland and Parsons (1972
APHA, AWWA and WEF (1995)
Boyd and Tucker, (1992)
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7.2.2 nan1snaasInazIangal

1. HANSAALBNLTD Bacillus MUANINTTINYIR AnuaEVIEIgIUIMEN
wazAMaNUANITNAL

nnsdauenite Bacillus ffmnuasnsalunisnududmiuuiulss
arunmihannadseds wuin awnsofaken Bacillus MnFBEI AR U3uUaldes
Rangia Uneiau wasudnuihieeileuyu $wau 6 lolwan (1523, Tw2a, Twal,
TW34, BROO1 Wa BROO2) Adfoufndunsuuan susrauvis fimsairaeulaaveinieluwad
LagndanninsAneiauantEnIadaedl (15197 2) uagwanisinduunvindienis
Anmzidruinnalelng Tneldtu 165 rONA nuiwde TS23 femuadiendeiu Bacillus
pumilus 752U 97% \Ta TW24 war TW34 fAraundiendeiu 8. subtilis fiszsu 99%
LAz 96% AUEITU We TW3L fifanundnendsiu B, cereus Aisysu 96% Tuwaisil BROO1
Wway BROO2 fidnaunadiendeiu B. tequilensis winfufisesiu 99% (m151991 3) Fauandly
WU IAuNT (Phylogenetic tree) Fannd 1

PnRansTnaeniy way pH Wuledenilifinadonsasyivln wa
aannsalunsanuenlanfioves Bacillus tne pH Muungausia Heterotrophic nitrifying
bacteria azagluri 6-9 (539, 2544) wavdianmnudlutsimnyauveade Bacillus
nudneglugag 0-30 g/L NaCl (0-30 ppt) uazannisinwviinues Bacillus Pfauenlilag
1984 165 rDNA LLamﬂﬁLﬁu’i’lﬁﬂfjmaﬂ Bacillus 4 angwug e B. pumilus, B. tequilensis,
B. subtilis wag B. cereus Iney Bacillus awsanuldinluluan nwindeusssuvid Tu
Aundeumnmsia warandmiusnaioniny uamaqaﬁﬁagnwumnmﬁwLLsmsLme dnd
lunquasaidey USnauiuiighuansvesUaiaesdn o (35741 wazwAsEn, 2558; Hill et al.,
2009) finmsTenuauaNtRves Bacillus Pimnuamnsalummuseinde siudslnuauss
Tunswasulumsvlndululasilunszuiuns Denitrification Tuanaefifionniea Tnanas
Wasunansailussnduinglulpsaudasy wsewdsuluasmndudululasils @sanwval,
2553; Liu et al., 2006; Lu et al., 2012) 71 9nmssasuuneinden1snssiadiu
Thedlolnsvende TW31 fififanundendetu 8. cereus Tuasdsmahlufnwiouiitey
Uszansamaesnunafiaeluddiudunousiely evnisanwuasdioudioudewuaiise
aelungu Bacillus fofu ileanansafadon Bacillus aneusiiuszansamuinigald
Tludumoudely Fsannissisaiunaves Lalloo wazame (2007)  AAnwIAmAuTA
B. cereus B002 Iumﬁﬂ%’wqq@mmwﬁﬂumﬂgawmmsmm WU Bacillus BOO2 #1315

anwanlatdylauindavindu 77%
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M19197 2 ANBUENINEUFIUIVEAZANUEIISANULANYDY Bacillus spp.

Characteristic TS23 TW24 TW31 TW34 BR0O1 BR002
Isolation source Sediment Water Water Water Water Water
Morphology Rod Rod Rod Rod Rod Rod
Gram staining + + + + + +
Endospore formation + + + + + +
Oxidase - - - - - -
Catalase + + + + + +
Optimal salinity (%) 0.5-2.5 0.5-2.5 1.5-4 1.5-2.5 2-4 0.5-4
Optimal pH 75 7 7 75 75 8

o a ¢ a a Y = L. . o v a =~ I3
A9 3 WNANITIATIZRLLASLNYULALIAINUANIYARY (S|m|Larlty) GUQQﬁ’]@Uu']ﬂaIE]bLVlWUEN

16S rDNA UD9LUANILSY

Sequence  Similarity Accession
Isolate Identification Result

(bp) (%) Number
TS23 Bacillus pumilus ZY05 566 971 GQ477159.1
Bacillus australimaris H2 566 97 MK256796.1
TW24 Bacillus subtilis APBSWPTB156 726 99 MG733629.1
TW31 Bacillus cereus DBT35C1 749 96 GU122947.1
TW34 Bacillus subtilis CICC10028 788 96 AY881638.1

BR0OO1 Bacillus tequilensis 10b 1416 99 AY197613

BR002 Bacillus tequilensis 10b 1416 99 AY197613




99
100 | Bacillus pumilus ATCC 7061" (AY876289)

98

92

12

Bacillus sp. TS23 (LC460865)

Bacillus safensis FO-03 6b" (AF234854)
Bacillus australimaris MCCC1A05787" (JX680098)

Bacillus sp. TW31 (LC460867)

100

— Bacillus cereus NVH 391-98" (AM747234)

— Bacillus sp. TW34 (LC460868)
Bacillus tequilensis 100 (AY197613)

Bacillus sp. BRO01 TBRC10549” (LC460863)
74! Bacillus sp. BR002 TBRC10550" (LC460864)

Bacillus sp. TW24 (LC460866)
100

0.02

Bacillus subtilis subsp. inaguosorum KCTC 13429" (AMBNO1000021)
T
98! Bacillus subtilis subsp. stercoris DTXPN1 (JHCA01000027)

Al 1 WNUNITIRUANTYRE Bacillus spp. fidauenldlae@nwiaindu 165 rDNA (Bar=0.02)

A%
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2. namsnagauUsEanSa st

2.1 UszAnsainnisrdatnssdunanas (szuula:  Non-aerated
system) Tuthidedaasiee

1) mswasuulamweenluie

Usvansnmues Bacillus semstrvainluindedunsizdidune 7 fu
wu Bacillus $1uau 6 Telian ludsinas 1% (vAv) aansaasusinamenluileluiide
Fupseailddaudud 4 uasiinisanatehesioiiiosauieudl 7 vesnisnaans Feunnsnaiu
gnAuAL (Control) ag1eilitiadAtyn9adia (p<0.05) e Bacillus TS23, BROO1, TW24,
TW31, BR002 waz TW34 aunsoaniouluiiels 85.20%, 83.42%, 83.38%, 84.22%,
84.22% Uag 81.58% nudfU vauzfignmuaNainsaanyInaueslanieliiiios 29.30%
(1T 2 A)

2) Mssasuwlasuadlulnsy

' '
= 1 &

Bacillus U3uas 1% (v/v) ausaanyUSunadlulasvilddausiuit 4 seiles
udsTuil 7 193015MAA09 FauAnm139INYARIUAN (Control) 8 sl tod1Agymisadi
(p<0.05) enuiuganTsnaesiiin Bacillus T523 uazynmuesiiviinallulasvidindulutud
4 Wihfu 0.1240.01 way 0.22+0.08 me-N/L suddiu tude Slulnsvifindy 20.32% waz
3755% uddutiues luduil 7 Bacillus BROOT awnsaanlulmssildunndigaivindy
0.5520.01 me-N/L %3 89.66% InefiusunalulasviBuduwingu 0.61+0.01 mg-N/L (A1m
i 28)

3) nsasuulasveshunsy

n&de Bacillus Usuas 1% (vAv) anansaaausinadlumsvldsouduii 4
soiflosauieTuil 7 vesn1svaaes Jsumnsnsanyaaluau (Control) agnditudAamnsada
(p<0.05) Bacillus BRO02, BROO1, TW34, TW31 uag TW24 U3unal 1% Hn1sanasvaslu
WSVLNAY 86.91%, 80.23%, 78.28%, 60.69% Waz 24.99% M1ua1eu Iﬂmgﬂmaaaﬁlﬁm
Bacillus TS23 LLazsqmmu@m‘jﬂﬂiLﬁuﬁumaQU%uﬁmluLMiw 81.60% uag 72.88% MNAIHU

TnglunsmeaasfivSunalumsmSudumindu 0.510.01-0.6120.03 me-N/L (0wl 2 C)

nuan1snaass wuin wenlude Tulasy warlumsmanaslddausudl 4
sewlosauieudl 7 Ussavsamwesmsldnd e Bacillus Usuna 1% anunsaanuesluile
Tulesn waslumsnlanuwazinisavauusunalulasy waslumsnlussuutes lnanisasaulu
a9yt warlupmannsonuldlussuunisufuusaunimi ieananlulasifidatuly
sruudumsiildasiafianmnsadsugUludulunsmld IneuuedSeldonlndeluiny

WWRAIDIMNS LLazLﬂaau'gULLaﬂmLﬁ&JlULfJuiulmsﬁ ADAARDINUNISANWIVDY Yao LazAY
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(2013) Fas1ea1uinnsld 8. methylotrophicus L7 ansnsardauesluile way TN 16 uag
53% awdsiu lunstidatdeduaseidiuiane NH, Budulugag 59.2-120 me-N/L
dwmaliiimsazauvaslulasilusyuy uenand Zhang uazane (2012) wui Bacillus L7
anunsordnlulasilanluaniiefidlulnsvisudu 55-65 me-N/L  waziAnlumsvluszuu
U3 13-35 me-N/L wenannil aann1smeaeulszAvsninues Bacillus 1 6 aneug Ty
yanaassuuvlilieornaluvinguviy ermadldluszuuiAnainnisiugt onainali
sondiaulusmsasantesin duaonadesiusenuues Kutako wazan (2009) wuin Tu
annzioandiauiiusunaitsiiaty Bacillus arunsasinliiAinnssuaunts Nitrogen
assimilation  fiinsldansefunidlulasauiiedluldlunsasyduladdnld aannns
NAaRINUIN Bacillus TW24, BRO02, TW31, BROO1 way TW34 Usuna 1% Tuszansainlu
msidnansetunidlulasiauldffian Tnefussansamlumsidnuenludeadeeglutis
84.73-86.45% luvaiziilunisnaassadsll Uszansanlunisidnlulas uarlumsmade
oglur29 78.83-83.08% WAz 66.22-7331% nwdsu leeilulas uazlumsniEusueg
Tu929 0.57£0.05-0.64+0.04 me-N/L uag 0.51+0.01-0.61+0.03 mg-N/L AINaIHU 819
ilesann Bacillus asnsaanuexludelerlusziusii dwmareUsinalulasiiintuanas
aalluse uazideudulusslddeie wandsiuyaauauitlidfinsdy Bacillus Aagan
Prglunismianenlidy lulas wagluwsvlussuvisinliavesansetunidlulasiauly
Asnaaesdinaiintulussninansaassdmsunanmsanaswewenlude lulnse waz
lumsniliindu Bacillus spp. Sauannsalunmsldarsedunidlulasau Tneduenluie
Wi duunaslulasaufieaiaad wazasaiule (nitrogen assimilation) dm¥unisanad
voeUsualulassiluszuy Snauiainnis oxidation wenluidsvesdeiidoudeluss
AsEUIUANS Denitrification @senaUasulutdulunsy uazielulasiauld (Sakai et al,
1997)



(A) 1.8

14
1.2
1.0
0.8
0.6
04
0.2
0.0

Ammonia (mg-N/L)

(8) %%

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Nitrite (mg-N/L)

2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

©

Nitrate (mg-N/L)

Bl Day 0
B Day 4
[l Day 7
' ' | | ' | Isolates
] > N N Y ™
L @ & @ & 9
S S S N PN
HMDay 0
H Day 4
LDay 7
| 1 | | | I Isolates
] ™ N N a2 &
Q " O )
«c,)q’ ‘QY\(L Q,Qg '& q,o @
M Day 0
M Day 4
m l iT L l:qu -
| 1 | | | i Isolates
Yol [ Q'\r N era &
PO PO S
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AW 2 YsednSamnisirdninves Bacillus Usuna 1% (vv) luganaaesddedunsien

SEuuUn
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2.2 UsganSammnisunvadnseauvinlua (szuuida: Aerated system) Tu

ULdganNMIswIeiaeers

1 1

1. mimaaﬂuﬁﬂﬁqmnmil,?:mﬁ:q Hunsainge

1.1) nMsiUasunlasawonlue

~ nsmaaeandide Bacillus Ui 19 (v/v)

Bacillus BRO02 taz BROO1 TuuSum 1% dwalnlsunaeuliuivanas
nueuliloEudy 16.57+2.37-23.22+6.05 mg-N/L deU3unes 6.98+1.90-7.39+1.85
me-N/L (0l 3) w3owiniu 60.57% way 60.10% auaidu waaniudl 4 audeiudi 7
Winamenludefinsdindu Tne Bacillus T523 anansoanuesluileld 62.03% lutud 7
Faunnsafugnmuauiiimaiindu 23.47% egnaiifoddgmeada (p<0.05)

~ nsmaaeandide Bacillus Usinas 5% (v/v)

nsiundTe Bacillus U3unas 5% dwalvusinamenludoanaslaamluui
a el Bacillus BROO2, TS23, BROOT uag TW31 anwasilunileld 66.10%, 64.92%, 59.78%
uay 46.42% Muddu way Bacillus BROOL anunsnasuaslufeldvailesuieiud 7 lng
anuanlanieann 20.24-4.33 me-N/L wide 6.46=1.52 me-N/L (anas 68.06%) (Al 4)
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25

M Day0.1%Cell suspension
H Day4,1%Cell suspension

O Day7.1%Cell suspension

Ammonia (mg-N/L)

8 4 Isolates

o 1V ) ] } o )
& ) Q o
s SRS 3 N =3 N

A 3 nswdsuwdaseswenlullodieldnande Bacillus Ysuae 1% (vv) Tuganeaes

WNMSEYINTHUN1TEYE

35
30
Z 25
an
-—E¢ 20
g M Day0,5%Cell suspension
15
CE> B Day4.5%Cell suspension
E 10 O Day7.5%Cell suspension
<
5
0 Isolates

3 m & N N \Z >
L v v Q ¥ N 0
A P RN PN

A 4 nswsuwdaseswenluilledisldnande Bacillus Ysuas 5% (vv) Tuyaneaes

WNNSERINTHIUNTETE
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1.2) mswasuwlasvesiulasy

- nMsnnapendnide Bacillus Usunas 1% (v/v)

ﬂé’%%a Bacillus TW34, BR002, TS23, TW31, BROO1 iaz TW24 Usuey
1% dwalrdsunalulnsvianaslénnaus 34.36-75.82% lusuit ¢ TneflusualulasiiBudy
30.09+3.49 §9 36.74+12.95 mg-N/L (n il 5) mdeaniusunadlulasvidinisfiutu
5¥MINIMTNAaRs Bacillus TW34 annsaanlulnsviligeanluiud 4 uay 7 winfu 75.82%
wa 50.24% iy Faenssfuynaiuay Adlulasiiiudy 37.80% edredideddams
an (p<0.05)

- nMsnnapendnite Bacillus Usunas 5% (v/v)

Tugansmaaesfiiiundide Bacillus BROOZ wag T23 Usuas 5% fUTun
nsanaslemluiufl 4 Wity 53.81-56.32% LLasiuﬁqﬂﬂWiw@aaﬂﬁLﬁu Bacillus BROO1,
TW24, TS23 way TW34 anunsoanusunalulesvilaneiiiosanniuil 4 quieiud 7 wiiu
62.14%, 52.88%, 51.65% waz 34.71% sud1du FalunisveaesdivsinalulasviSuduads
32.48+7.10 me-N/L wazaunsoanUSunalulasvianasndends 16.31+41.04 me-N/L Tu

TUN 7 ¥8INIINAABY (AN 6)
M Day0.1%Cell suspension
M Day4,1%Cell suspension
[ Day7.1%Cell suspension
Isolates

N a1 x
@"J S QQQ @”’J

A 5 msdsuudasedlulasiileldndnie Bacillus Usinad 1% (vv) luganaaed

N &
f\]’lﬂﬂ’liLaEJﬂQWlmumi?ﬂLGU@
40

35
T30
=
25
‘c'u’ 20 M Day0,5%Cell suspansion
‘=15 1 B Day4,5%Cell suspension
10 - O Day7.5%Cell suspension
5
0 Isolates

> ) [ N N 4% &
<O v \ Q %) Q »
PN & & &

50

45
40
35 -
30
25
20
15
10
5_
o
Dy

" o) [\

o 9 Vv 8)
& S Q
& A ,QY\ Q&

Nitrite (mg-N/L)

mg-N,

Nitrit

LY
<
?

A 6 Mmsidsuudasveslulasvillieldndnie Bacillus Usun 5% (vAv) luganaassul
INMANTHIUNTETD
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1.3) mswasuulasvedlumm

- nMsnnapendnide Bacillus Usunas 1% (v/v)

Bacillus Y3anes 1% lnlumsvanadléidaudiuil 4 sssmmnass 39
annsoanUialumsnldinde 64.81% Taedviunaluwsnsuduads 45.27+12.01 me-
N/L LLazamaﬂﬁwqmmﬁa 9.86+0.11mg-N/L Tutuit a mammmsmaaaﬁtﬁm Bacillus BROO1
(A7t 7) uindanSud 4 audeudt 7 Usinaluesvilmsifintu day Bacillus BROO2
Uszavsnlunsanlumsnlddnaluiui 4 @alunmls 68.70%) uasiuit 7 aransoanly
Wl 66.46% Taumnrsiugamuauiiinisanasedlunsmiies 7.66% sgnadituddy
N9@ER (p<0.05)

- nsmaaeIndide Bacillus Usunas 5% (v/v)

nMsiundde Bacillus Ysinas 5% Usinalumsmanasléadeudiud 4
Wy 16.24-77.92% uagluiufl 7\l 43.95-74.99% Tae Bacillus BROO1 Siuszansannly
nsanlumsnldinnfigauindu 77.92% W3malumsniSudu 51.44+16.07 mg-N/L anadld
40.08+6.00 me-N/L Tuiudl 4 wazilUSunalunsmude 12.87+0.09 me-N/L Tusufi 7)
(n il 8)

50
45
40
35
30
25
20
15
10

M Day0,1%Cell suspension

M Daya,1%Cell suspension

Nitrate (mg-N/L)

O Day7.1%Cell suspensicn

4 Isolates

> o, > N AP Y
A3 ZER A AR M N
TS
o a ~ v v & . a -
A 7 nswasuwdasveslummidieldngide Bacillus Usuind 1% (vAv) luganaassul
INMALTHILNTETD

65
60

M Day0,5%Cell suspension

E Day4.5%Cell suspension

Nitrate (meg-N/L)
[
w
|

O Day7.5%Cell suspension

Isolates
] [+ N N 9 >
9\ X Q ¥ N )

R RSP PN - SR

A 8 niswWasuwdasveslummidieldngide Bacillus Usuad 5% (vv) luganaassul
INMANTHIUNNTETD
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1.4) nMsiasunlasetenslsrloan

~ nsmaaeandide Bacillus Ui 19 (v/v)

Usunaseeslsveamnanasegdaifiesnnfusudusudeiuil 7 veanns
nnaod Swaaldaluiud 7 nefluSinaesslsveamasuduade 7.86+0.29 me-P/L anasly
Sufl ¢ wAunde 5.42+0.08 wazuil 7 annde 2.18+0.19 me-P/L aud1diu (nwil 9) B4
yansneaesiiy Bacillus TW3d viliUSinmesslsvieaminanasnndigalutudl 4 i
0.30+0.00 me—P/L (95.80%) waziuil 7 Bacillus TW34, BROO1 uaz BRO02 finavilanas
Widolaay 1.36+0.00 me—P/L (84.20%, 84.00% Haz 83.90% MIUAIRU)

~ nsmaaeandide Bacillus Usunas 5% (v/v)

nsiundide Bacillus 5% wuin Usunaseeslsveauininisanasseiies
ety 1ng Bacillus BROOZ fiszdnsnwvinliieaslseamnanaduiuil 4 anniian
Wi 79.27 % (Usunaeeslsvloainsuduade 9.64+0.05 me-P/L) waz Bacillus TW31
vilvioaslsvleaminanasnnitgaluiudl 7 wihiu 88.89% uaziloaslsweaminmasegluszuy
WU 1.36£0.00 mg—P/L (Al 10) Faumnsnafugnnueuiifinisfisduvesiinaensls
Woawn 14.20% og19ltd1AgyMSeia (p<0.05)

16

14
12 A
d
%ﬂ 10
\_EJ 8 - M Day0,1%Cell suspension
“:5’ 6 - M Day4,1%Cell suspension
o
4 O Day7,1%Cell suspension
2
0 Isolates
o ) O W N a1 ™
o ¥ v o ¢ ) el
& & N} N
T @S

ail 9 nswdsuulasveseeslsneamadieldndnae Bacillus Ui 1% (vv) luyn

NAR0911INNTHELNTINILNTH YD
14

12 A

10

—_
d
T 8
uEn M Day0,5%Cell suspension
~— 6 —
" B Day4.5%Cell suspension
-
E 4 O Day7.5%Cell suspension

0 —
o ] O N
<° oV v &
(_,oo A aé*' &

a

> § »  Isolates
N

’6{‘3
awil 10 nswdsundasvesessisneamndialdna e Bacillus Uuas 5% (v/v) luge
NAR0911INNITELNTINILNTU YD
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1.5) mim?{auuﬂawaqqmmﬁ

qumﬁmaaqﬁlﬁmﬁwﬁa Bacillus U33a4 1% (vA) (Al 11 A) uae
USinas 5% (vv) (il 11 B) Qmm:ﬁiumimmaaqLémﬁuﬂﬁiwmaaﬂauﬁﬁuﬁ 7 U93N19
naasseglutiaieds 28.43+0.73 fis 29.20+0.44 °C lasfinsanaudntiesluiuil 4 10ae
27.58+0.53 °C lunnynn15nAaeITINEYnAIUAY

(A) gg ] M Control
] TI - Ih B 7523
c 2 E : BTw24
. 24 2
¢ 21 A 2% N BR001
2 18 A %%
s % B Tws1
o %
g. 12 ;g B BR0OO2
g 27 2% B Tw34
6 %
frs
> 7 7 \
0 - - > Day
0 4 7
1 [
(B) 33 ] 29 08 28 Control
33 ] 1 Tk B Ts23
SL.J/ 24 - = B Tw24
o 21 N BROO1
2 %7 B TW31
12 4 B BR0O2
§ 9 - B Tw34
= 6 -
3 —
0 - | 3 - — Day
0 4 7

Al 11 n1sidsundasvesgamiiileldnai¥e Bacillus USia 1% (v/v) (A) uag 5%
(v/v) (B) Tuganaaeai1annsideanainIuniseie
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1.6) nMsiasuuUaes pH

A1 pH Buduresyanimaaesiiund e Bacillus U3inal 1% (vA) (nwd
12 A) uazU3anal 5% (vv) (Al 12 B) JIUDYAAIUAY Wiy 7.68+0.01 fin1sanas
soillosnniuil 4 (pH wideiads 7.30+0.38) uaziufl 7 (pH ndelade 7.15£0.48) Y9903
NAADY aﬂﬁumﬂﬁmaawamﬁwﬁa Bacillus TS23, BRO02 way TW34 USuay 1% ng
WisBuwesdn pH Enteslutufl 7 fdwindu 7.4040.47, 7.39+047 uay 7.57+0.47
AUAIU

—

>

S
0

H Control

B Ts23

% TW24

pH

E BROO1
B TwW31
B BROD2

TW34

[ T O (S W o, O -~ o
|

G GO S oE ettt ottt st sttt s tsss
SO E S Gt EOo S Gt 0066080006668804

Day

(B)

B Control

T B Ts23

TW24

E BROO1

pH

TW31
B BRDO2

TW34

B B0 6080066080006 668800660880064

0 - Day
0 4 7
At 12 nswasuudasues pH dieldndidle Bacillus Usunas 1% (vv) (A) waz 5% (v/v)
(8) Tugpmnassirnnmadesfaiiiunisaie
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1.7) MaiAsuulasesoenfiouaraeni

Tuganisnaaeafundde Bacillus Vs 1% (WA) (nwdl 13 A) uas
U3 5% (vAv) (ol 13 B) saufisynaiuny Se1eendiuazansyiiadedudiu 5.800.01
my/L  gannaesiliundide Bacilus 1% fnsifintureseandiauazaretiaieidy
5.93+0.02 me/L Tuvuziiypnanonfiuilio Bacillus 5% Tn1sfistuvetoendiauazaen
\ady 5.88+0.02 mg/L uawiia 2 yansvaaesiimaanadlutudl 7 lwdsinde 4.80£0.01 me/L

(A) 8 H Control
[ B Ts23
6 \ ETw24

¢ EED
TE' z | § ROO1
S 3 § NTW31
° 2 § I RRO02
1 - § B Tw3a
\
0 N Day
0 4 7
(B) 7 M Control
6 \azh EHTs23
\
~ 5 § B Tw24
? 4 § @ RROO1
Q3 § N TW31
2 § B BR002
1 § B Tw34
0 N\ oay

0 4 7

AN 13 N5iUasuLUasRIenndauaratstelinaide Bacillus Usunad 1% (v/v) (A)
wag 5% (vv) (B) Tuyanaaeadiainmsiaenaikiiun1saniie
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2. Mmnaaasiutiiannsiaeanlikiuniseine

2.1) nMswasuulamewenluile

- nsmaaeIndide Bacillus Usinas 19 (v/v)

Bacillus BROO1, TW31, TW24 wag TS23 amusulutdetSuduann
28.08+8.45-36.49+1.23 me-N/L Wi 8.67+0.38-12.60+3.67 me-N/L (nwil 14) lnefa
WJu 76.77%, 66.09%, 64.16% Wag 63.28% MIUAINU Tummzﬁ Bacillus TW34 wway BR0O02
anunsoanuenldeluiud 4 Wanintuil 7 Wiy 67.36% uaz 65.46% muaIRU 39
uansnstugnauaueslniefinnsanaciios 6.82% eesiltfuddymieada (p<0.05)

- nsmaaeIndide Bacillus Usinas 5% (v/v)

Bacillus TS23, TW31, BRO02 way BROO1 USunad 5% aunsnanwauluily
14 35.76%, 27.00%, 24.95% wag 12.01% MUy F95enineiud 5 81 7 Smsiiiniuves
Usunaweuluile (0wl 15) Bacillus TS21, TW24  waz TW34 anunsoanuwexludisls
sorlosnniudl 4 aufeiuanmmanesanadld 44.31-63.74% aade

40

35 4
3 30
=
< 25 -
£
=20 A
.g M Day0,1%Cell suspension
g 15 A M Day4,1%Cell suspension
E [0 Day7,1%Cell suspension
< 10 A

5 -

0 4 lIsolates

Control  TS23 TW24  BR0O0O1 TW31 BR00Z TWwW34

Al 14 mMsidsunUasesenlutlelialdnd e Bacillus Usua 1% (v/Av) Tugannass
WIS laiiuNSeiae
45

40
35

5 30
2
T, 25 -
‘_E.r 20 - M Day0,5%Cell suspension
o
= E Day4,5%Cell suspension
g 15 A N
E O Day7.5%Cell suspension
10
<
5 -
o - Isolates

Control  TS523 TW24 BROO1  TwW31 BRO02 TW34

ani 15 nsdguudasveenluidedieldnanie Bacillus Usunas 5% (v/v) Tuganaaes
NN laiiuN e
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2.2) nsiasunUasedhulas

- nMsnnapendnide Bacillus Usunas 1% (v/v)

n&nde Bacillus Usunas 1% shlilulnsvianasldmausiuit 4 uavanldnly
Fuil 7 veansnaans JaunnsrstuynnuaNogsiifudAamneaaR (0<0.05) Uiinalulas
Suduade 30.68+8.69 me-N/L amudewfiss 8.86x1.35 me-N/L lutuil 7 lae Bacillus
BROO1, BRO02, TW24, TW31 uay TS23 fiuszandninlunisanlulnsvld 80.25%, 76.89%,
76.28%, 75.50% W@z 73.79% aUaU (1N 16)

- nMsnnapendnide Bacillus Usunas 5% (v/v)

n&nTe Bacillus Usunas 5% vnlrusinailulasvianasldnlutudl ¢ Ysuna
Tulasvilutududunisnaaeavinfu 30.4427.90 me-N/L anwidewnds 7.31+3.60 me-N/L
Tufud 4 (it 17) andszansamnisaslulasvives Bacillus TS23, TW34, BROOT, TW24,
BROO2 hay TW31 Lvinfvu 84.54%, 83.18%, 82.60%, 81.34%, 81.01% way 74.49%

o W .q! 1 [ d‘d & I a v aa
AINAINUY szjqL.LﬁmmqﬂusqmmqummiamaaﬁuaﬂulmwLWEN 13.58% 8y 1NUULFNAYNNADA
(p<0.05)

45
40
35
= 30
3 ~
£EsS?
v izo B Day0,1%Cell suspension
._g £ @ Day4,1%Cell suspension
B — 15 O Day7,1%Cell suspension
=
10
5
0 Isolates

Control TS23 TW24 BROO1 TW31 BROO2 TW34
A 16 nswasuidasveslulasiillondanie Bacillus Ysuas 1% (vwv) luganaassul

INNSFLNINlaiiUNSETe
35

30

25 7

M Day0,5%Cell suspension
M Day4,5%Cell suspension

Nitrite removal
(mg-N/L)

ODay7,5%Cell suspension

Isolates
Control TS23 Tw24 BR001 Tw31 BR002 TW34

aMwi 17 nswdsuudasweslulasiillondnie Bacillus Ysunas 5% (v/v) luganaaadul
NNNsRgaNllIuNE TR
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2.3) nsiUAsuLUasashunsy

- nMsnnapendnide Bacillus Usunas 1% (v/v)

ﬂéJWL%@ Bacillus TS23, BR0O01, TW31, TW24, BRO02 thag TW34 @1u150aa
Usunaluasnlutuil 4 16 52.93%, 48.019%, 33.15%, 31.30%,  22.26% uaz  9.42%
audeu nUSunalumsnSuduade 53.87+15.85 me-N/L anadndeiide 29.36+2.79
me-N/L Tududl 7 3 Bacillus v 6 lelaan anlumsnldiade 47.35% (uit 7) (it 18)

_ nsmaaeIndide Bacillus Ui 5% (v/v)

Bacillus U3unas 5% anunsaanhuasvldseidesaniusuduieiud ¢ uas
anadlailuiudl 7 mnUsnadlumsniSuduringu 48.72+6.73 89 53.92+6.55 me-N/L anad
WALWES 27.204031 me-N/L lududl 7 (it 19) Teendde Bacillus TS23, Tw24,
BROO1 waz TW34 asnsaanluteasnla 59.40%, 54.44%, 40.92% waz 39.03% AaRu

70

60 -

50 o
T
& —~ 80 -~
g ; M Day0,1%Cell suspension
; wn 30 H Day4,1%Cell suspension
E \-Ef O Day7,1%Cell suspension
= _
= 20

10

0 - Isolates

Control TS523 TwW24 BR001 Tw31 BR002 Tw34

A 18 nsdsundasvatlumsnidielinande Bacillus Ysua 1% (v/v) luganaassdl
MNNsRgaNnllunseLge

70

60
_ 50 -
o
3
€ J 40 7
v =
o S | M Day0,5%Cell suspension
o .,_E, 30 [ Day4,5%Cell suspension
.‘E [l Day7,5%Cell suspension
Z 20

10

0 Isolates

Control TS23 Tw24 BR001 TWw31 BR002 TwW34

A 19 Msvdsusaseddunsnilleldndane Bacillus Ysua 5% (vv) luganaaed
MNNsRgaNllIuNsE TR
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2.8) nswUAsuLUaseseeslseana

- nMsnnapendnide Bacillus Usunas 1% (v/v)

Bacillus TW34, BROO1, TS23 uaz BRO02 Usiua 1% yvinlvieaslswadinn
anaslamluTudl ¢ Winfu 65.819%, 57.66%, 49.98% waz 12.27% sudsu a1nUsunnens
TsWeaumisuduads 3.820.04 me-P/L anundewade 2.3320.03 me—P/L (nwil 20) Falu
mmsmmaaaﬁlﬁm Bacillus TS23, TW34  way BROOZ2 fin1sanasedeseiilosauieiuil 7
wdeUSunaesdlsweaslussuuiade 1.45+0.07 me-P/L Ay 73.33%, 60.05% uaz
54.77% HUAIAU

- nMsnnapendnide Bacillus Usunas 5% (v/v)

wdnRunade Bacillus 5% wuin Ysunueeilsveaaiinisanas
soillos Tae Bacillus BROOZ fiwalviUSanmeeilsvieamnanasnniigaluiui 4 winfu
29.66% waglududl 7 yansveaeaiiiiy Bacillus TW31, TS23, TW24, BROOT kay TW34 3l
‘U'%mmaaﬂﬁwaaLWmamaqmﬂﬁqmmﬁa 1.26+0.1-2.42+0.01 mg-P/L (n il 21)

8

7 -

-

S

on

__E’ 4 M Day0,1%Cell suspension
A 3 EDay4,1%Cell suspension
@]

[+8

ODay7.1%Cell suspension

Isolates

Control  TS23 TwWz24 BROO1  Tw31 BRO0Z  Tw34

aMwi 20 Msiasunlasveteeslsneamndialdinante Bacillus Usunas 1% (vv) luge

VAGRNNIINNTEE W LHUN1TH e
8

2 I

6 4

W Day0,5%Cell suspension

H Day4,5%Cell suspension

[ Day7.5%Cell suspension

PO, (mg-P/L)
=y
1

Isolates

Control  T523 TW24 BROO1 TwW31 BRO02 TW34

Al 21 nisidsundasvesessisweamnileldna e Bacillus Uuas 5% (v/v) lun
NADNNIINNTASN T lHUNTE YD
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2.5) mim?{auuﬂawaqqmmﬁ

qumimaaqﬁlﬁmé’%%a Bacillus U384 1% (VA) (1l 22 A)  wae
U 5% (vv) (1wl 22 B)  gaumaiilunisneasseglutiseds 285941.00 °C A
28.160.91 °C lefinmsfiutudntioslutudl 4 afe 2887+1.55 °C lunnganismeases
FIUDYAAIUAY

(A) 33 B Control

3?{ ] : B Ts23
:O 24 éé BTw24
E 21 1 = B BROO1
3 18 - =
= = B Twa1
g 15 i
g 12 - > & BRro02
|q_E,= 9 2 B Twsaa

6 1 B

3 1

0 - Day

0 q 7

33 M Control
(B)

33 ] B 7523
O 24 - BTwa
: 21 RBROO1
5 18 7 # TW31
® 15 A
g 12 A BROO2
g 9 B Tw34
F 6

3 —

0 Day

0 4 7

Al 22 MsldsunUasvesgumgiiileldnaiie Bacillus Ui 1% (vv) (A) wag 5%
(v/v) (B) Tuganaaeaiannsidesnlidiiunssnige
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2.6) NM3LUAsULUAeT pH

qumimmaaﬂﬁlﬁmé’%%a Bacillus U33104 1% (vv) (il 23 A) ua
USum 5% (VA) (il 23 B) uazemmuauiinisanasuan pH Raudiudun1maaes
owflosaudeTuil 7 anasnn pH Suduade 7.97+0.01 Wwaunde 6.75+0.24 TuTudl 4 was
anauniends 6614024 luuil 7 @1 pH flanasuiniian fo ganismeaesiifude
Bacillus U3s10d 5% il 6.23+0.02

B Control

—

x>

e
o

B 1523

TwW24

E BROO1

pH
O = DWW DS ;OO
|

M Tw31
B BrRO02

E TwW34

' Day

(B) W Control

B 7523

TwW24

E BrROO1

pH
O =, N W DB UL 00
|
4
4

B Tw31
B BRO0O2

B Tw3s

# \
# \
# \
# \

Day
0 4 7

A A 23 nsdsuntasees pH Weltnande Bacillus Usune 1% (vA) (A) wag 5% (v/v)
(B) Tuyaneasstainnisiaeananlidauniseinie
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2.7) Mmawasuudaseseondiauazaien

Iuﬂ;mmimawﬁm%a Bacillus U3mnas 1% (vAv) (1wl 24 A) ez U3unal
5% () (nwidl 24 B) saufleypatunu Areendiauazaetndinisanas lasdideandiay
avaneiFuduads 6674002 my/lL sndulugnnismnaenfundite Bacilus TS23,
TW24 wag TW34 (USunad 19%) Sdneendiauazatetnluiudl 4 wihiu 6.7040.01, 6.500.01
Wiz 6.60£0.01 mg/L muany Mé’qmﬂﬁ?uﬂ%mmaaﬂ%wuazmaﬁwﬁqmmwmamﬁlﬁmL%a
Bacillus V33184 1% wae 5% finsanauadewie 6.17x0.01 mg/L

(A) 8 W Control
[ 7523
6 N BTwad
a5 %ﬁ
S §§ B BRrRoo1
£ 4 §§ N Tws1
o 3 - P
a ) %% E1BRO0Z
1 - %% B Twag
.
0 q 7
(B) 8 M Control
[ @523
6 7 % B 1w
3 0 % B BROO1
o 4 - o
£ s % N Twa1
®) N %
= E BROOZ
2 -
1 4 % B Twag
0 - = Day

0 4 7

Al 24 nswdsuulaseteendiauasareuimdinisldnd e Bacillus U 1% (v/v)
(A) uaz 5% (v/v) (B) luganaaetnannsideananliiunisane
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nmsneaesnslindndo Bacillus Tuuunas 1% (V) uazU3aunm 5%
(vA) Tunsidpuenladelunm 7 u wuth thilnnadssdefiiunssndedvonlude
Léué’uaejlustQLaﬁa 16.57-36.49 mg-N/L wEnANnEWEe Bacillus TS23, BROO2 Was
BROO1 anusaanuanlunilyldiade 59.94-69.93% wideweuluiileuSunn 6.98-7.39 me-
VL drluszuufilisinunisadndoansnanuenlidelfiade 31.63-48.429% Suoulaiie
Léué’uaejiusﬁaQLa?ia 28.08-39.42 mg-N/L widsuauliileuTuu 8.67-12.44 me-N/L 9
Fuldin Umnandudu wasUiinueavdevesueuludslussuuiiiiumssndeiiuiinud
fonirszuuiilaiiunsande asnnsfithihislukiunssnde Wunslisein
o waTanm uazqduvididu vihlssuunisdesansdunid uarasedunidaelussun
“gAad (Shan and Obbard, 2001) fitesmuanunsaveanande Bacillus spp. fildainnis
Auaslulussninamsneaeuntisdesaaeaseiunidluszuy wazidauouluieding
widoagluszuuld uandnafugamsnaassiiisiildiunsenideriiviinauenluie Sus
fannnin essmirisonmamngdesissurfiviinuasiulpsesuiiinnnnmsdes
aneaNsBuNIsUINNIHeInnTInzdsstafiiiunsende Suaannisiinures
Pdunidifeglutinasaiiat innsdanudesioulesiifnasenszuiunisdosaais
ansouN3e warvanseiumsd (Chanpun et al., 2007) uiinlunisnaasndnie Bacillus 4+l
Uszansamlunismdauenludelianadld wilussuundiasdivenlullomaony vl
Usuaueslufonavdeluiud 7 vesmveasannaiilussuufidhunisside

yauzifefunsivasunasyiuauonludeluiui 4 uagiuil 7 vesms
vaaes Useansnmuesndnie Bacillus TS23, BR002 i@y BROO1 Usuad 1% ’Lumms
neaestihinnnassdeitliiunisade auwnsoasuenluieldiluud ¢ wasdiuuili
nsanuenlufedeiilosuieiud 7 WWAniluganimmnaeduthiisiiunsanidadndes
\Awoglutie 48.56-63.74% @onAdesUN1TIIBIUTBY Boopathy LavAmy (2015) B
Anwndude Bacillus 7 lun1strdminlunisdesds nud ludhdeanmadesdeitltiy
nsaidie nduide Bacillus ansnsafdawenlandelduiniian 95% Tudietud 4 veanis
yoaes s Thidefiunssideansaiauesladeld 85% lunan 8 Yu ifesannns
i Bacillus asluiivsyavnmlumssndanenlnie waelidutsduadunguaaunielu
Trannsaidauenludeldinniu wordsnalilulasyi uaglumsvanadld wonand gumnd
Tusgwinmsmaaesislugansmaaesihieinnsdesteikiumssnde waglisidonds
28.51+0.86-28.68+0.68°C  fiduilannsndawaviiliuonluiefinsanadluiudl ¢ uay
serlesauiiatuil 7 vesnsvaaes delinnsiAsusuvesuenluile TngrunszuIunis
Nitrification fiflgaumgiianganeglugag 20-30°C uazns¥UINS Denitrification (gamail
ﬁmmzauagﬁlmm 25-35°C) (n©hA, 2551)

lulpsvidinisanadléfausfuil 4 wae 7 vesmananss Fausnssiugaaiuau

pgslltd1AgN19aia (p<0.05) LalAuNALYe Bacillus TS23, BROO2 Wway BROOL vl
Usunalulasyisuduaae 32.48 me-N/L annaeiads 16.31 me-N/L anaslaatuiui 4 Tu
YANINARBINITNILNTENTR VueYnn1sNAaenfislliun1sanee Usunalulam

Sudunde 30.68 me-N/L anwide 7.31-8.86 me-N/L Tuiufl 7 aufiuléin lugan1snaaes
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[ '
v A

Prfenlarnunsenge Usunalulnsviasiiudy wazanadlanaiui 4 way 7 wilaaaindledl
n1sanasvatwaludefazdanarinliusuialula sty feasnndsanuusuuns
WaguuUasveweuluilelusgninanisneaes Insweslullsssgnildeuluilululesvly

o w

n3¥UIUN1S Nitritification lnguuaiiisglungy Ammonium oxidizing Uag pH aildiudAsy

o

s

fifluadomainUffzen S pH 6 TwavhliufAsenintutnag (@iudin uazisend,
2552; Rajakumar et al., 2008) Ing Bacillus spp. fiuszansnmlunisanlulasildiade 37-
75% denndesfiulsyAvinines B cereus PBES Tumsdamanmuamiilunindsedeld
98.51% luvian 7 fu (Barman et al., 2017)

vinuenlufegniudsudululasi waglulasiannsadsudulunm
Tunszuaunis Nitritification Hu sewrinsnsnaaesiinisanasvedlunsmdeudtud 4 uag 7
Tuganisnpasniisannisidsstefidiu wazldimunisande fUsualunsnagluyie
Aoutnsgaade 40-60 me-N/L wdsaniund e Bacillus Uinm 1% uay 5% ¥ilily
WmINanaundaUsuI 15-30 meg-N/L Ine Bacillus TS23, BROOL wag BROO2 @unsaantu
wsnldade 15-50% n1sanasvedlunsnluszninsmsnaassluiian 7 Yuaenndesiu
NsANEBY Said wagAmy (2014) WU B. tequilensis Way B. cereus @unsaanluinsnla
Wiy 37.0% waw 80% Tuian 6 fu il UTinalunmiduduiigdlumsvaassit 2 ssuu
adsll oraiinangdunisluiieiifiegifn vienaniseendladlulasidulummvonde
Bacillus Mavasll wagluvaziferfuaiunsadmalii nsanasveslunmluseninems
nnaed iednn Bacillus awnsaldlules visluasnlunisiadadulald Tae Ahn (2006)

| | . A a v A o a A A ¢ A a
na1111 B. subtilis \Wuwanilaseylalefioandiau viiellualulasyl violumiv waziasayes

Y

Tadlafivisoon@iau wagluninsiuiu @0nndeINUNENITaNAIUDIRDNTIAUATAIBUTIan
madluszninanisnaes Jedinudululadn Bacillus spp. azinslalunsm uaveandiau
= a a ] I o o a & e

Wanssyulaluszinnimaaes agelsinu lumsndausaildsuduiglulasau

dasglunszuiunis Denitrification Tugnnigdennela (Yang et al,, 2011) Faagluszuu

=3

= a 13 I & o qw o A =
windinsvineendiau wazlumsueiun Azduannauisfivhliuuaiisodounenludely
Dulumsnldanysal (wns, 2562)

Muthuwani #ag Lin (1996) 51891131 Msaet1ann1siaeenavinlvise

[
1 o a

Tulnsiau LLazWQaWa%’agﬂﬂamﬂﬁiaamajwaamﬁiimmmaﬁa%faaaz 45 hag 26 ANUAINU

' (%
a o a

Feooslsneamdunoanesaoiuniciiazaisnn mﬂmimaammé’%%a Bacillus Tu
J3unal 1% way 5% ﬁmasiamiamawam%mmaaﬁaﬂamﬂméf&Lwii’uﬁ 4 wazudi 7 39
UszAvisnnweate Bacillus spp. Usia 1% fnasionisanuesuiunuesilswaainuinnii
N&WTo Bacillus  USunnd 5% luduit 7 1&nifey Fdlunisnaassadsildndnide Bacillus

'
1 =

UTunal 1% a1ursaadvauUsuiuaiseiunidreaalafniiyaaivaunliiiuie
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Bacillus spp. warnsanashuiudl 4 msléndnde Bacillus TW34, BROOL, TS23 uaz BROO2
annsawasuulasUnaeeslsvleanalussuulvtuuluanasadseglutis 50-75% g
TunsmeassUsuueeslsnoaniuduaiooglurag 3.8-8.0 mg-P/L deganinnasi
wnsgiuthisninmadesdaritises fnauninemns feiiuadulutuneunisndemi
e Jegnsemsdindifaguazineaniedaaningividudiudseneuiie 51% (s uaviy

L3

3, 2553; W5 Wagddsni, 2547) Ml ndennaaenslenanae Bacillus 1% way 5% lu
nsUsuUssaunmifisainnsidesdatuag 7 fu finnswasuwdatwesliunnessls
WoawlnvilvUuuanasdmalvuunueaneSanuiusunaeglugieauinsgiudiig

nUaideadaiineilausune 0.4 me/L (nsudszas, 2546)

4, wamsﬁnmé’ﬂdquﬁmmzammﬂe’hL?}la Bacillus W&y

4.1 wanﬁ"é’mnﬂsw?zy,lﬁuimau%’a Bacillus

n&ewan Bacillus BROOL: BR 002 Tudndau 30:70, 40:60, 50:50, 60:40
way 70:30 ﬁﬁd’mﬂ'13L%%@Lauimlﬁaﬁqmiwdaﬁuﬁ 1 9 2 ¥99n15M9@097 ODgoonry 0.4-0.8
Tnerududuveadesuduadowitu 10° CFU/mL antudinsidfiaswautudy 10°-10°
CFU/mL wazfinsanaandntiosluiuil 3 ¥090151Aa097 ODggyn 0.6-0.6 AU 10 -10°
CFU/mL anntunisiasaivlaveademdsmaedios 10°-10" CFU/mL Tufuil 4 8 5 209

N15NAaRe (ANA 25)

1 5 —— 30:70
40:60
08 - —— 50:50
£ == 60:40
s 0.6 .
3 == 70:30
S 04 -
02 -
0 | 1 | 1 | +—— Day

0 1 2 3 4 5

AN 25 dnwzn1sasgiulavesna@onau Bacillus BROOT: BR0O02 NER&IUNLANANY

MiluganaassnmsidesawuusEuuLln
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4.2 mswasuwdasaswenlude lulas wazlumsnifioldnddonauly
thannsideed

1) nsiUAsunlasvasuanline

vdrnmslinddenauves Bacillus BROO1:BR002 Tudndau 3070, 40:60,
50:50, 60:40 uay 70:30 anunsoanUSunamenlandlelameuniud 1 Taudeiudl 5 90913
yaaes Taumnseiugaauas (Control) aehsiitbdfyn19adn (p<0.05) TasndiFonauly
dndau 40:60, 50:50, 60:40 wag 70:30 @runsaantenluilelavindu 83.17%, 80.68%,
88.11% waz 82.30% muddiu (Uunawenluilendsmdslusyuumiaiu 2.97 8¢ 5.20 me-
N/L) BslunsnaaesdivSinamenludosudunde 24.97+0.35 mgN/L (nmil 26)

2) nMswasunlasastulagy

Usavisnmaeanddie Bacillus waudemsuidatdunan 5 Yu wui ns
T¥n&nTenanves Bacillus BROO1:BR002 d@swalwusinalulnsianadldaudeudl 5 vosns
naaos lasfinsanaslddngaluraefui 1§ 2 wdeviinalulasviiies 4.63+0.03-
1.90+0.02 mg-N/L (U3snaululnsviizndu 27.36+0.09 mg-N/L) (il 27) Fauansnafuye
AUAN (Control) pgeilieddnym19adn (p<0.05) Tnunddonauludndiu 50:50 uas
70:30 yilviTmnallulasianadldinniign wiidy 74.11% wag 70.57% auddu

3) nswauwlasvedlunsy

n&Tenas Bacillus BROO1:BROO2 dndau 70:30 aunsaaausunalumsm
IeAfaelutisiud 1 fs 2 wasUSinailunmiadseglurig 0.76£0.02-19.17+0.20 me-N/L
(Usnadlumsnisuduviniy 25.93+0.07 me-N/L) (nwdl 28) uarlufuit 3 fe 5 dnnsufintu
vodlunsnlussuu ndndenaudadiu 30:70 ua 70:30 awnsaanusunalumsvldiviaiu
10.72% waz 26.07% suarsiu TnsUsunanundadmesinninvsinalumsvluiusudu
uansefugAAIUAL (Control) egnafitfaddnymisadd (p<0.05) fiUTuallumsnanluiiies

1.81% (Usunadlumsnasndowindu 25.46+0.28 mg-N/L)

MnuamsAnwdnduiivangaurendide Bacillus naulunisviintian
madestadunan 5 u wui dedufinnzaniianuendwenau Bacillus BROO1:BR002
Wiy 70:30 LLazﬁé’m'}msLﬁ]‘%zyLauimLﬁmﬁuqqqmﬁlui’uﬁ 1 fla 3 YeanTMAABARALIYINAY
10°-10" CFU/mL &3 Pedro uazame (1991) nanndn mslduslovtanuuaiiizesuiuly
psiasadeiitemsfadududsenevannsnanansdunidlifiniinslduuafiFeuios
aeufifen UssAvsninnsthdathaeandwdenay Bacillus BROO1:BROOZ faamndasiiu
N133789U84 Iriye Wag Takatsuka (1999) wudn nsldkuailisenanlungy Bacillus spp.

N 6 v

Tunrstrdmdndeiusyansnnlunszulunisiunsiaty wazlonsIn1snanansaunseIng

q

ansusznaurlediings (Reddy et al., 2012) Uszdnsnmwes Bacillus BROO1:BROO2 dna
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dltinsasuudamesasedunidlulaseuluszuu Tnvawnsoanuenlude Tulasyi uas
lumiwlﬁmmﬁqmﬂﬁu 82.30%, 70.57% uay 26.07% M1Wa16U Boopathy WayAue
(2015) na11 Bacillus azBuiinsidaiveu warlulasiouluras 3-4 Juusnluthainms
Lﬁymh’:qLLazmmf’uﬂ']ﬂ%’miaﬁuw%‘ésm Bacillus ~ Fae 9 anat F9aeAAdDIRUNANIS
WiaiuTnvosnddonau Bacillus  BROO1:BROO2 fifinnsamasluiudl 4-5 vosnsmaans
widewads 10-10" CFU/mL S9wwad Bacillus fidnaiiuszansamiazdndduenludody
wadlulnsiau wasiinsidsuudawesUsnalulasy dwdulunsnidiudulussrinedud
3 f9 5 ¥8an15neaes e1ainaindanssudl Bacillus TowenTudouazidsuluidulumsm
vaaAuansaves  Bacillus Auasulumsmdululasy Fanisiiutuveslulasy wazly
WSMARAIN Bacillus Avidensuaan@auuduisudianaseuuinninnistd NO, Tuane
i DO FUSunaunn (Gete, 25644) Fslumsneasadunan 5 Juldinsiuenialusyuu
ot uAuTinaonIaILazd0nAdBItuNITIENIUVDY Zokaeifar wazamz  (2014) Aidnwn
UsrAndamvastuslulefin 8. subtilis aneug L10 uay G1 Aidanududugariedoriiy
10° CFU/ml uag 10° CFU/m finaufuemaidesdennuuiluiogou wuih ganisnaaes
fdaldsluledn 100 CFU/mL fusununnududuveslulng wazlumsmganitluganis
naaesiAuluslulefin 10° CFU/ml uazyanisveaesiiliifuluslulednudaainifalusiule

Antutideansduanviay 2 A9
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—4— Control
== 30:70
== 40:60
- = 50:50
~
Z —4— 60:40
on
E 70:30
Rl
c
o
E
E
<
{ Day

Ail 26 nswasunUasveswenluiedieldnadWonau Bacillus BROO1:BRO02 Imeil

dadruiunnsineiu Tuyganeasnhannsifesdauuszuudn

Control
30:70
40:60
50:50
60:40
70:30

T

IRER R

Nitrite (mg-N/L)
—
o
| I Y Y I I My Y I B |

AR 27 nswasuwlasveslulasidieldnddenau Bacillus BROO1:BRO02 lneildndaud

wansnariu Tuyanaaesdiannisidesiauuussuuia

30 - =& Control

28 1 - 30:70

26 -

24 == 40:60
Q 22 i 50:50
@ 18 ~ ’
E 16 - 70:30
L 14
g 12
= 10 1

8 -

6 -

4 -

2 —

0 f f T i f 1 { Day

Awd 28 nsiasuwlasvedbumsniilaldndidanay Bacillus BROO1:BR002 Taadldnaiud

wansnariy Tuyanaaesdiannisifesiauuussuuita
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5. nansadraBaaeind e Bacillus MuLALNENYTnNS

NARSUTNANTD Bacillus  MuLBNRANYTRNS Sawauszuine  Bacillus
BRO01:3R002 Tudmau 70:30 fnasilutagmansinuasusazyiin ludndiu 1:1 1Judadau
AyaNTINSad 1 IHaR S Tind W Bacillus FsanvinmsmaaeuUsEavisnmnistiTa

YUBINANAUINNANTD Bacillus NULALNE

5.1 Uszansnmnisunununvasnanineind e Bacillus NULALNE
1) MsagukUaseaulULTe
PHINAUNANAUINANTD Bacillus NuULALNANUSUIU 5% (W/v) Nraslu

ANNIINITNEAT WU KARA UGN InadsvdInalikeuluiisanadlanoiloafnanmaiun 4

' v
v A LY 6 v IS

)
uiaud 7 99In13NRa0e YAN1INAARINAINENS TN Bacillus NUANNANTNTINY

'
Ya a

naunundaTudrvsndearuisnanwaulusidelafianluiun 4 iU 95.10% (USuned

werluluisudunde 14.49+8.83 me-N/L anwde 0.71+0.94 mg-N/L) (A 29) waziuil
7 gamisnaaesiiundndusindwie Bacilus mudunaniiusauiunganeUduua 4
ugnd1aun Tdesun uiluiudzuds unauus wazaudesun annsaanuenluileldiade
agfluyIe 98.62%, 98.69%, 98.90%, 99.10%, 99.52% Uay 99.52% AuaY Fawansnafiu

[y 1 N v

fugnmIuANEE 1 Ted AN I9ERR (p<0.05) Nanunsaanweuluieliiiies 9.79%

16
14+
- 127 M Day 0
Zén 10 7 M Day 4
E 8 - O Day 7
B 6
= i
£
4 -
£
| H I I
0 - = I, | —(ME W ST product
N X, N SO oL@ [/ X Nl NS \S
05"0 ,\'b‘)" \o‘)% & @b& 5 \‘kb" ‘}«S\o & Q—OQ
C & ¢ & E N PP o E
) ¥ &R S e > RN &
¥ & ¢ &

AN 29 nsiAsulUaseaanluilodlalinandueind i Bacillus nuwduNay (Bacillus

o |

BRO01:BR002 Tudndqu 70:30) waznauiuTanawmasniansnyms @ndiu 1:1) Ysuna

5% (w/v) Tuganaaeadinnnsiegandlussiuninlva
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2) mswasuuasvedlulas

MNNIRRRIUT nARSNInATe Bacillus MALKANUIIIL 5% (W)
dwaliUSnailulasianlddudiui 4 wavanaddifiaeluiudl 7 vesn1smeaes Seudnsiosl
& Bacillus MudananfiinsautugeuEnEIUe LnavuA Nzatthduue $1917un
Uanedmun vudesun tidesun uliind wagudnmien aunsnanusinalulasild
MnfuEudulady 12.0740.18 me-N/L ndeladeeglutas 0.05:0.07 f 0.94+0.04 me-N/L
(anUsanallulasvildiadewindy 90.96-99.60%) Gaumnsnsfufugmruguegiedifuddymnis
4df (p<0.05) (i 30) TnefinsUdsuulasvesUiualulasyings 11.3520.36 me-N/L

ysaUSunalulasvinanadiies 5.95%

14 -
12 A
= 107 HDay 0
>
e 8 1 M Day 4
-g 6 - O Day 7
s
=
Z 4]
2 | H ﬂ H
0 - e = 18 Product
X, N o o [ [ X X » 3
o‘éo N N \(\\)07 \}(\(‘ \d:b 64'\\(" Q?‘;’ \x&e}\;’ ‘\.{&0 Q’O\} ¢\\0\}
@; =) Q'\\Oe ((:o QL\('? .\\\o A ° "-;D _;bf-’ Q'bbe’ ;\\(.»o
(P('O % 0,@ R & &

AMwil 30 nswdsunUaseslulasvidieldndndudind e Bacillus nuwduwaw (Bacillus
BRO01:BRO02 ludnau 70:30) waznauiuianawnaeninisinens @diu 1:1) Ysuu
5% (w/v) Tuganaaeadininnsigandluseiuninlva
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3) Msiasuulasveshumsm

ndndnmsiundnsueind e Bacillus nuduNaLUIIM 5% (WA) T
windnsanadldfauniui 4 ufeiuil 7 veanismaass Taelutudl 4 gnnisneaesdiis
wAnfaurnande Bacillus mudunandmaliusinallunsvanldiviiu 19.02% e 40.18%
wAnfaIndTe Bacillus mufunaui i wanfurudesun wazuiliiidndmaliuian
luisvanasldunnilgaindu 39.50% uag 40.18% muddiu (UTnaluasmiSuduiade
14.1820.44  meg-N/L) wagludufl 7 ganmaesiifundndusindnde Bacillus nuifunand
YhuwanfuTidesun annsaanUsinalunsvl@vingy 51.96% e 7.37+3.39 mg-N/L 91
Tiusnallumsvaavdoluszuuiade 6.81+3.74 me-N/L uaninafuynaiunuegaiitoddny
MeEdn  (p<0.05) AidmsiiuturesUsunalunsninlfinsavanlunsnluszuuiede

16.09+6.63 mg-N/L (Usinadlumsviiinidy 13.48%) (Al 31)

22

20

18
— 16
§ 14 - lDayO
Eﬂ 12 1 EDay 4
— 10
g 8 - O Day 7
©
£ 6
P

a4 -

2 —

0 - Product

N 4 $
° b& \(\5’\“& (\(\5\ \0\""’(\ R ,b‘:"e >’ 6@5\ K\o‘} Q9
C;O(\\i“ ¢ QS \66 22 S e e
o o ((\ Q'} = Q0 o ._fb‘ w .’K\(’
& X & @ 7 5 &
(o & & O o
& 8 &
T Y &S

w31 nswasunlawedhuasnidleldndndugind e Bacillus nuwhuwaw (Bacillus
BRO01:BRO02 ludnau 70:30) waznauiuianawinian1nisinens @diu 1:1) Ysuu
5% (w/v) Tuganaaesdnnmsidesndussauyiniva
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4) Mswasuulasesesslsrloaws

INNSNARBINUTIT M INTIMSIRUNERAUTNETo Bacillus Mufunay
U3 5% (W) fianuaniuudsinid geuendn vudesun Nidesun unauun Uane
417U wazhdaluduznds denalidiusunaessiswoaininanaainnu 29.59%, 30.14%,
37.32%, 39.65%, 41.98%, 66.33% war 89.65% WANFNAUYAAIUANDE1TTEE AyN1sads
(p<0.05) (M51971 36) IneflUsuaeaslsveamasuduade 31.27+4.30 me-P/L uagluiuf
7 sasmanaaaslugamsvaassiiiundnfasindnde Bacillus nudunaufhiuaausuul
Fr8n Mudesun Tdosun wazudaudlznds Swnainliuinaeelsweaminanacie
\de 5.2122.80-9.22+3.59 me-P/L (anU3uaeaslsweamaldiiadu 70.52%, 76.22%,

81.91% wag 83.33% FUEU) (A9 32)

50
45 4
40
3 i
o 33 M Day 0
En 30 A
= 25 4 [ Day 4
¢h
g‘" 20 UDay 7
15
10
’ ] I |
0 - I DI Product
S X, Nee e & X 4 S
SIS S S > &‘S‘& RE P
& (\\SS‘ X9 ((:0 NN ¢ 5 Ca \(-'e, '\("’z
RS T & @ s T
(o) ol [s)
C 6"0 @o Xz ’_000
SN ~

awil 32 nsidsuniaseseeslsweandoldndnduaindie Bacillus MuLANNEY
(Bacillus BROO1:BRO02 ludnsgiu 70:30) wagkauiuianaumdoninisinens @medwu 1:1)
U3 5% (w/v) luganaaesiininmsidensluseauvinlvg
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5) MaAsuulanmesSinuaurIuaeeavin

Tun1snaaesiiunmansuiuaesivaneglugag 37.8042655 mg/L
nEnfnnansusindnte Bacillus MuAukAIUIIIN 5% (wAv) danaliidnisanadues
USmnaansuriuaseiimuelutud 4 lugansmassiifundnsasindide Bacillus iy
pavTiHANfuLnaUUR Mzateiduun uarlidosun dwaliuTinuasusuaosianun
anasldiadeglutig 23.90+6.75-32.73+6.03 mg/L (Wiuuansuviuaesiavananadlé
WU 63.23%, 78.48% uag 86.60% nudL) warlutufl 7 nsanaswesyAnIsvandti 3

YaUTnaEnswuILaReNadinsanasseLiles vnliUSunaasuuiuaseianuantglussuy

anvAelady 7.07+0.47-1050£0.32 me/L  Baunnsnafuyamuategiidd fynsada
(p<0.05) (il 33)
50
45
:g : M Day 0
Sﬂ 30 - M Day 4
£ 4
- 25 & ODay 7
v 20 =
'_
15
10
o [
o - D { Product
AW X N e [/ X S \Y
& ¥ & 00& & N & @b& @& i
o e O @ < S
MO OSSR
o R N S LS
C 6@(‘ Q?o X (» N\(\o
A 2 o
;5 &

a a a & P Y a o ¢ v A .
i 33 MsdsuklaeslsinaEsuyILaseianuailelindnduannaide Bacillus nu
\AuNEY (Bacillus  BROO1:BROOZ Tudnaau 70:30) waznauiuTanAwmmEon1en1snens
(@Fneu 1:1) Ysunas 5% (wAv) Tuganeassdianmsidesidussiuviniva
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6) nsiUAsuLUasaIRn COD

fin COD anaslutuil 4 ndsarniiundnsasindde Bacillus NuFuNay
USina 5% (wAv) gamsnaaesiinisifiundndasindwde Bacillus nurfumayiiinanuauiy
NEA1UIANUA WNAUUA YuUTNIIIUA Lardidesun anatannAl COD Luduinfu
102.72+39.75 mg/L anwide 41.12, 41.71, 42.31 waz 42.90 me/L AUaIRU Fauansaiiu

o v a

yamueuogeiifudfyn1sada (p<0.05) ifsnaiian COD agluszuuiade 101.50429.61
mg/L warlufudl 7 yansvaaesdifundnfasind ¥ Bacillus nudunanfivhusau vl
Bogunilan COD anasunniian Inswmdelade 26.27+16.26 meg/L 3oanawiiy 74.42%
mmzﬁﬁqmmimamﬁLamamﬁmsﬁﬂé’ﬂLﬁ‘ga Bacillus nufnaufihisauiungareduunadl

nsifisTuresdn COD viliilAn COD lussuuwhiy 74.22416.20 me/L (it 34)

110
100
90
80
70
60
50
a0
30
20
10
0

M Day 0
E Day 4
ODay 7

COD (mg/L)

Product

MWA 34 nMsildsuudasuesan COD Wieldnandmeindniie Bacillus nuhunas (Bacillus
BRO01:BRO02 ludnaqu 70:30) waznauiuianawnaan1nisinens @diu 1:1) Ysuu
5% (w/v) Tuganaaeadinnnsidgandlussiuninlva
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7) MaUasuuUasvesan pH
A1 pH LSUAUYRWNYANITNARBURREWINTU 8.12+0.00 din1sanadluiuil 4
(pH Widewds 7.49+0.03) waziinwandesluiud 7 (pH wae 7.54+0.01) sniugnniuay

fifinsanasves pH Twiuil 4 was 7 wie 8.06+0.00 way 8.04+0.00 MUSIFU (AWl 35)

9 —_
8 -
7 -
6 M Day 0
T ° 7 H Day 4
o
4 UDay 7
3 -
2 —
1 —
0 4 Product
S %, N @ X, L RS
& b\? & (\(‘5‘ (b‘o {\{“’a CH b\)" &e’(\ X o
K O Y P B R
¢ 3 @ 0 e & N 27 @ [
O A\ > o 4@‘ Y X
© < Q'S' T & @ P P e g
9 ol Ko (e) £
C 6*'0 Q?o X b{\o

Al 35 nsidsunlaseesm pH Weldndnduainawiie Bacillus nuwdNNa (Bacillus
BRO01:BR002 Tudndqu 70:30) uaznauiuianawmaaniansnuyns @ndiu 1:1) Ysuna

5% (w/v) Tuganaaesdnnmsidesndussauyiniva
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8) MaiAsuulasesoondiauazane

Tugansnaaesiiiundnfarindide Bacillus nuifunanyIuIn 5% WA)
fianwaufugeuzniaue unauun ngatedduun $1919ua Janedhiue mudesun 4
Hovua utlsfudwends uilsddh uthdhunien wezyrmuauiiviinmesndiauazas
Suduvify 4.2620.01 me/L wagdimaifisduvesuTunmsendiauazarsinlunnganisve
aosluiuil 4 1aveglutae 4.46+0.03 fiv 4.85:0.01 me/L uaz 7 Wwaveglurig 4.47:0.11

f14 4.86+0.01 me/L AuARU (NN 36)

6 —
5 —
D
— 4 A ay 0
S
Gh M Day 4
E 3 -
8 LDay 7
2 —
1 —
0 1 Product
A X N [ X NS
FFT T F LS T
o) X & 8 &
F & F O F T P F e G
&N & @ obc’ N A
) ] I ? o & NI
< 6‘9 Q;&c, X (@ \:}}(\o

Y a v (3

a a a g A v & . <
ATNN 36 miLUaEJuLLUﬁWENE’JEJﬂGUL’\JuaEaWEJu'lLmaisdwaﬁlﬂm%ﬂa%%’e] Bacillus NULANNEL

[ 1

(Bacillus BROO1:BRO02 Tudnsaiu 70:30) uagkauiuianaumdoninisinens @medu 1:1)

U3 5% (w/v) luganaaesiininmsidesnsluseauvinlvg
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9) MaUdguLUavesgungi
gaungiluseninimimaaeddunnyani1snaasasuauyiniu 25.04x0.03 °C
nasntuiinisanasluiui 4 vesnsmaaeuviieads 24.61+0.01 §i9 25.33+0.02 °C uazdl

nsiiaRuluiui 7 vesmsmeaesaiewiniu 26.45+0.00 °C lunnyanisnaaes (N1t 37)

30 q
27
24
) 21 7 M Day 0
“5’ 18 -
£ 15 M Day 4
g 12 (IDay 7
g 94
6 —
3 -
0 - 1 Product
N X, N [ X NS "
& & \)(\55\ ~o<b<\ & & dc‘,(‘ R <P
& & ¢ 9 ¢ .\\?’b *O'Z’Q’ & > & &
000 < ’S'@ NS & P TS
o ¢ 2 o
C \l-e'(\ & O (@ .
S S
9 &

auil 37 nswdsuwlasesgaugiidleldndndnsind e Bacilus nudukay (Bacillus
BROO1:BR002 Tudndqu 70:30) waznauiuianawmasniansnuyns @ndiu 1:1) Ysuna

5% (w/v) Tuganaaesdnnmsidesndussauyiniva
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(% L3

nNanIsnaasilaliNanAuanade Bacillus  nuLANNAL (Bacillus

U =

BRO01:BR002 ludndu 70:30) uaznauiuianiawmaenisnsinyas @adiu 1:1) Ysuna
5% (w/v) Wuan 7 Fu wuih ndie Bacillus nuduiinaniutanmumvdonisnisinens 5
via 1Huf Bidesun nzarsurduun vudesun s191un wasudafudusnds denali
Uainadlulasiaulussuvanasldfan neluszuunaassdien pH ABWINY 7.49£0.03 s
8.12+0.00 UTinmeon@iauazaistniadeiniu 4.26:0.01 fs 4.86+0.01 me/L WaYRaNYI
ABYINAY 24.61£0.01 Fa 26.4520.00 °C dluusazganisnassita 3 wisfweslifienu
wansnsiuegivedfyniadanssiuanudetu 95% (p>0.05) Tnendnfnsndte
Bacillus  uAnnaNfiihunanfiuianAvindenianisinuns 5 vindredu amisoan
woslandleldiaduoglurag 98.62-99.529% anlulnsvildiadseglutie 56.15-99.60% uas
annsoanlumnsviadseglurae 43.08-51.96% safsiinisanasieiiesvosuiunaeesils
ozl Tuyanisnaaesilindnsasindnde Bacilus muAunaNfitsauiuTidesun
dsnaltTmnaeeslswoainanaayindiu 81.91% 1ewnan Bacillus anunsnaiiseulesl
Poly phosphate kinase fiannsagadussslsreamnitgwaduazldiduunamaanu Tu
nsasaeading uwavasauliluwadeglugy Poly phosphate (5998, 2544; Rout et al.,
2017) uagyhlUSunuansuaIuaoeanun uazan COD anasdldiviiu 81.31% uay 74.42%
puddy Sausfinfanaundenanisinunssananiduianiiiiuinasduleigs laovzane
Unduun $riun wilaudends vudesun Aidesuniuimadulondonifiu 26.5%,

27.4%, 39.0%, 72.0% Waz 75.0% Mua1sU Feeoaansenn (high C/N ratio) dnaaiesala

#1 wazifutagdunidnfiviunusinomislungulesiu TWsiu lulnsiau veaneda uaz
TnunaiBengs uilunismaaedldtinsduhdetanaumdonninnunslundatniudule
1h gamgiifigsaranunsndesaneansosiioglusuadududeu sihlieadues Bacillus
annsoldundaniven waglulpsuanianimunienanisinuasiunsasydulaii
wnBuld (udiasn upgdnge, 2559; In1nsal uazAy, 2550 WAvAlIIEN UATAMY, 2561)
mufsnavesianavndensmainensitanldlunseaesiviing 1:1 Wi
drutglisnsnissentinues Bacillus gafigaidiowIeuiisutumsldide Bacillus fiinan
uwanfuandanzuazarsnvindu denadesiunisseaunares Yozassu wazuien
a0 (2558) find i annefiomnzaslunisudnndudens B subtilis SB-MYP1 fithanuay
fuansdwagldnd i B. subtilis SB-MYP1 Tuu3inas 50% (w/v) waufuansdamiidu 1
$1ua uazudadavdnsun Tutsunm 50% wa) (1:1 wa) daaldnnsgapdenisiiiinves
Bacillus tosdian warannsondndundndueiviasianddnnfiaaintu 84.60% uay
91.37% mud iy WewFeudfisufunisnande Bacillus fuasdwludunmdiu 1:2, 1:3,
1:4 wag 1:5 wiv muadeu Tae Bacillus @asnsonameoulusifingrefuioulsd  Protease,
Amylase uay Lipase Tuisanunsndunszioulesififionuions uasdanumnzause
auUalunisianele saufisans Polyvinylpyrolidole (PVP) Mfudrunasludunounisin
wAnfausind e Bacillus nuduviansifidutsliide Bacillus SnsBanizuazinw
aniadlen (alnFuinazane 2555; Stevens, 2003; Suharti and Vries, 2004) dawalit

[

Bacillus IUszdvsnnlunistavaaieansefiuniduasansduvsdingluinnnnisinisiiean
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a

1@ uanand Nsanasveansetunsdlulasiaululsuiuias  9719AA1NNSVI9IUV S

Y
a

' a a1 oA A a L. . Y]
nszUIUNITHRLaaIeIINaUNTInquanialdlun1siasyiAule (assimilation) laguriu

o
a

(Visvanathan et al., 2008) @pAARBINUNITIIBUVDY 3156) wazAy (2549) WU NISHY

]
v v
o a

AUNIENgY Bacillus sp. I 6 @EWUTHRNMTUTUUTIAMNINUIINNITEEIANAIN
deabiusunaselide lulesyl wagluasniinitvenisneaaeiilifunguqgdunse

ALY 91NNANIINAABIUTEANS N NVDINARAUYINA WD Bacillus MLANTILA
IINNTHAUNSND Bacillus BROO1:BRO02 Mg ianLAwinaan1an1sinuns 5 ¥ila Jaienld
Tagiredonen1sinuns Ao Udesun Wuarsnuiielinadie Bacillus uAndanizuas

1% I3 a o ¢ v X ° Y a o s v X B <

aSadundndurindde leethluldlunisneasinisldndndaeindnae Bacillus nuhsly
JPUUNSELae ety

6. M3ANENBIYMSINUSNENAASMIInaWYe Bacillus MutANNENYTINS
AINNANISANEITNIINITTOALALUS LN DTE NN T AU Nl usEazIan
= 1 a & A v a [y ¢ v X . < a I 1 9
6 LU WU USunandesuaulundniueinaide Bacillus wummamummaqiumq 10 -
10 = [ [ a a v 1 1 [ aa dill .
10 CFU/g #msiAusnwian 1y Iviesdananadnsin1ssendinvestie Bacillus nu
< ¥ 1 I3 [ a [ ¢ al ° P [ a o [ o w a
mulmgqmwmsmmﬂwwammwam’w 4 °C \ilpsantadevesgunniiudadudrdni
dNanadnIINSUYINTEAVDIRAUNTINENTINITIUA kagaNINYBINITATYRUIAYDS

3

AUNIGluTInNgnANLToULAEAN N INRBNTDNYRS LUTENINNTTIANTEY Lngndn s

v X . < a & AY Ao Aa & . I a
NAL® Bacillus WULQQJV]LﬂUIUQQJﬂQNWQQMaGﬁqﬂqiiaﬂeﬁjmsﬂﬂﬂlﬂja Bacillus NULALLRAYDY

&

a

Tumag 3.50x10° f9 2.87x10° CFU/g vnuzitnnnusinditio Bacillus nudniliivlugumad
4 °C Shnssentinveatoinisanadlutiafioudl 4 fudeud 6 vesnmnaesadeiiy
1.85x10° anasauis 1.63x10° CFU/g (nnil 38) nsanasueaidie Bacillus 1oawn9nide
fioafinisusunsiilfdeseuns dmaliidedesussaniamly Fagnsdifaasildiunan
YDIAN50TVNT AT asBauneiiie Bacillus anunsninwiauiidinuarUsAnsninaes
wadld (vade uaznils, 2556) uazoraonnanludunounszuiunisndandnfasisinng

Wnaseu wazansganiy wabkilainsiivaistestuwadninuands Jesiulisenves

sadaNa o

TUsAULaZNITANI1UIUARNYAR NNT IR M ud1uUsEnauludTNSNARNER Auina Lt alae
MsuBEanude PSenSuUEUNARA9iNa LY (Takeuchi et al., 2000) INNHANITNAAD

WU Msiushwndadueind e Bacillus MuANNgun)IesdINsaAITNIINITTOATIN

Y

[

a a & . < vy 1 @ @ P a o = & aaa
wazUseaninmvende Bacillus nuAnlaaniwAvshwlunigumgiin daduisinusevdn

WaZd18ADNITAUSIY
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1010 ——4—Room temp
=-4° C

109 -
on
3 10®
[
o

107 +

0 : : : : | : — Month
0 1 2 3 a4 5 6

AN 38 N1559ATINVDINENAUTNANTD Bacillus (BROO1:BR0O02) NULALNANNUNNINALAY

Udogualudndiu 1:1 Tugeiiang nasanaldnundndaeiluszesiin 6 1oy

7. m3ldndndaeindde Bacillus nuhurauvdansluiamiaesds

v
14 IS

Tinanfamindnde Bacillus numausiiansfuusidsaferniuiuuily
(Litopenaeus vannamei) Fiiawinte 3.5 13 mwdn 1.8 was lneiinisiinlvennie 4
ada/4u Thomnsfalasnisndude 3 ady/fu dwsuanumuiuiuresnisdaaiosssey
Twaan$21 12 (PL12) firnamunuaiuegd 200,000 §3/15 finumuuiiu 70 f/msauns
Tugsiifafiony 40 Yu swrauszana 100 f/Alansu Tildnansaurind ¥ Bacillus nuda
e (Bacillus seed product) Usznaunae wuATLse B. tequilensis BROO1 az BROO2
dndu 70:30 Aidaududuveadedt 10-10° CFU/g Wisuiisuuuaideadaiildnan fasi
ﬂa”%%amqmiﬁw (commercial) a4 Bacillus & wila A9 B. subtilis, B. megaterium, B.
licheniformis waz B. polymyxa irududuveade 10° CFU/e Fanisvenenddewiiold
Uuupanmaminagligaaieaty Tnglindnsusindndouiuim 500 n¥u (wA) omnsf
500 n$u (wA) mnthana 500 TadanT (vA) wastmsiaildlunisidiestaanntesin 200
ans (vv) Audunadlidfu Iermewn 9 Aesefulunian 24-36 Falus dniweendd
Hoaaliiueludng 200 8ns/ls uaglinn 9 3 Tulusewienindests desnisvaaedld
nameapuUsAvsnmueandnsasindndoidunat 30 Yu eewutmn 4 5 Tuluiins

TATILAAUN TN
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7.1 Usgangnmnisanuunauanluile

nmaveaaaduian 30 Ju wudt Tuveimneidesdeiitnsldnansusind,
o Bacillus  nuviunay Bacillus  seed  product) funansasindigenen1sn
(commercial) dswalvUannuesluivanadldflugieiudl 5 Gefudl 15 lnendndasindde
Bacillus mufumauuazndnfasindndonsnsdnannsnasuenluielfiadewiiu 76.80-
98.13% Ay 86.93-94.67% nuadu Fauanssfuvaimeidsafaiilugaauguegied
Heddameadin (p<0.05) uaglutudl 20 fetufl 25 Uinawesludeluszuufimsidiudunn
Uarean1snaass Juil 25 dmafvvesimamenludstuiniignanuiiuuenluds
SUAUWINAU 0.0420.03 me-N/L waesdu 0.1140.00 &3 0.16+0.00 mg-N/L Taelwiuil 30

(%
Y a [ L3 ¥ =

USunaunaulaufiedinisanas lnaua Nl Nandunanyan19n1sa1dwauldiiemaslussuy

1288 0.07£0.02 me-N/L LazUsflinaniueind e Bacillus nuAunaudiusunaweuluile

o v a

Tuszuuanaunas 0.09+0.04 me-N/L lifinnuunnaisiusgrsiitdodAynieada (p>0.05)

(m‘wﬁ 39)

0.18
0.16
0.14

== Control

Commercial

0.12

== Bacillus seed
product

0.10
0.08

Ammonia (mg-N/L)

0.06
0.04
0.02

I Day

0.00

Al 39 nswdsunlasveswenlunll Weweuisunsldndndueind e Bacillus nu
uraniundnsudindagenisnisagdansluiomizideadeiawiuunly (Litopenaeus

vannamei)
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7.2 Usgangnmnisanusualulasi

Uinalulasianamdsannldudndusindte Bacillus  nuifnnauuas
wanfausindudovnanmsdn Tnsanasgegalutudl 10 vasmsnanes MnUTualulasizudy
Wiy 0.12+0.02 mg-N/L Venmaesiiiinisldnansasindndonisnmsiusinalulasvanas
unitgamdoiads 0.01+0.00 me-N/L (@msaanuTunailulasvils 94.00%) venaassiiiinig
Ténanfausind o Bacillus  nudunandivsunalulasindeads 0.02+0.01 mg-N/L
(@usnanUinalulasild  85.40%) Faunndrsiuvamnsdssdsiifugamunuogiad

v o

WedAyn9adia (p<0.05) nuuUsIalulasilussuuiinsiuduynuevenisnaaesly

o A

Jui 15 93uil 20 wazeglurae 0.06-0.09 me-N/L Fadulsunalulasviazaulussuuiivey
nUsinalulasiluiubudu warludui 30 wdndweindLee Bacillus NuLANLAENANT U
nadenitenisadsralriusunalulnsvimdelussuuiaie 0.0520.01 me-N/L vueiive

wzidesidugamuuiivsunalulasivdslussuuade 0.15+0.09 me-N/L (1wl 40)

0.16 -
0.14 -~ e Control
0.12 1 Commercial
d
Z 0.10 == Bacillus seed
CE"’ 0.08 product
g .
£ 0.06 -
=
0.04 -+
0.02
0.00 I I I f f f I I Day

0 5 10 15 20 25 30

A9 40 nsasunlasveslules wWeSeusunisldnanaueindide Bacillus NuLAL
HaufuNdnfusinaweniensAmtutamzteanauwiuuly (Litopenaeus vannamei)



71

7.3 YszansniwnisanUsunalun

mnnsnaasenui Tuiuil 5 ynyanismeassiiviinalumsmiianasain
Unalluasmisudumiiiy 0.430.03 me-N/L wideiadueglugis 0.34+0.00 fis 0.37£0.00
me-N/L Mniuvsinalulasninsdinduluiug 10 ludemnsdediiinisldnansasindnde
Bacillus Mufiumanwiiu 0.40+0.00 me-N/L uaztamnziassiitinisldnandasinddoms
3T 0.41£0.00 me-N/L Tnsusnssfutoimeidssdsfidugnauauegiaiifddny
N9@dR (p<0.05) fnsiutuwesUSunalumsmidu 0.49+0.00 me-N/L wazUsunaluiasm
finnsanasanniudl 15 fefuil 25 Feudinalumsmanasunniigaluemnzidssiifinsld
WARSuTNETe Bacillus nMufuNALLAYHARSund N TomIn1sAaasWiTU 88.60% way
94.33% mudiu Tagluiudl 30 Vinallussmaasndeluszuuluvewnsdssiidugamuna
Uaimnazideitldnaniarinddensmsdn wastamsdssiildnansarindwde Bacillus nu

WANAIYINAU 0.30+0.04, 0.1620.07 wag 0.17+0.02 mg-N/L anuasu (nndi 41)

0.55 ~
0.50 -
0.45 -
0.40 -
0.35
0.30
0.25 ~
0.20
0.15 —
0.10
0.05 -
0.00

——g—Control

Commercial

=== Bacillus seed
product

Nitrate (mg-N/L)

1 Day

A9 41 nrsilasuntasvedlunsn wWeSeusunisidnanaueindide Bacillus NuLAL
HeufunaRSginaenaNM A tuUamziaessIkIuuly (Litopenaeus vannamei)
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7.4 Uszansnmnisanusunaueaslonadivia
UsunaeasisneanasuAuaauyindu 13.71+0.02 me-P/L uagnasanld

wAnSuiindde Bacillus uifunauLazsAnfsindLTomansilutamnsdsds Wy
1A 30 Su wudn USinaesslsweaninisanadlutuil 5 vesnisnaass lneuSinaessls
weanfimsanasvdeiads 12.62+0.01 me-P/L (Uoimeidesfiugaaauam), 12.99:0.02
me-P/L (Uoimzidesildnandasingidenanisin) uaz 13.36+0.02 me-P/L (Vawmzides
Fldnandueind o Bacillus i) Twiud 15 Vsunaesdlsveamninisanasiule
wnzdesildnantarinddensmsiuaraimnsdeildnanfasindnde Bacillus nufiu
NaULAoIRAY 12.6040.04 mg-P/L WAy 12.33x0.01 me-P/L Uiy wazluiudi 25
Uinaeeslsvleamniinsanasnniigainiu 10.63% way 18.35% puady Saumnsnaiy
ﬂawavL?:ENr’f@‘ﬁL‘flusmmumaéwaﬁﬁsﬁwﬁmmaaﬁa (p<0.05) AfinsifinTuresUsinaeasls
woamlsluszuy wazluiudl 30 Ve LasmfmnLﬂummmmimzuaaﬂaWamewmu
/Ae 13.39+0.00 mg-P/L (WBnaoodlsrlaaminiinsifiuduwiniu 2.320%) (awd 42) v
nsldnansasinddonanisiuasnandueindde Bacillus mummammmiaamaaﬁﬁ
Woawlald 8.07% way 13.17% mud1du Adarnuuandiefuegafifedfynieadn
(p<0.05)

16
14 éii/ /& «=g—Control
- L
12 Commercial
3 10
a‘_“ =dr=Bacillus seed
1
on _ product
é 8
S 6
@]
a
a4
2 -
0 f f f f f f f ! Day

0 5 10 15 20 25 30

A 42 nsiasusUasvesessisveams WeiUssuwsunmsidndndaminanie Bacillus
nulAuRaufunandusinaniianianisanludeiniziaesisvawiuunly (Litopenaeus

vannamei)
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7.5 YseansnawnisanAn COD
ndINITNAnAUNA N Bacillus  NULALNANLASHARSTUNNA TN

o

nseludenzides wudn finsdsuulasvesdn COD Tudanmass Tnar1 COD  Budu
WU 90.35+1.42 me/L anasluiudl 5 A93udl 30 vesnsveaesduvameias il ndie
Bacillus MudunanwazHansuinddeman1sandoiadowinfiu 58.46+0.45 me/L (1
COD flanaavinfu 35.25%) waz 58.91+0.77 me/L (A1 COD  flanauvinfiu 34.80%)
iy Tufudl 25 A oD anaunniignlutemzdesildndide Bacillus Mufunas
Wi 36.45% sesawndutemnsdeildnansasindndonisnsauriniu 35.88% 3o
n13anasesAn COD ndueefluting 32.42+2.08 fls 32.94+3.67 me/L warluiuil 30 1 COD

Mmdsluszuuinfeegluyie 58.83+4.56 §14 58.97+2.12 mg/L TANANAUUBLINNZIALT

°o w aa

Jugaaiuauegadiduddgnieadn (p<0.05) 1fiA1 COD Twdsluszuuiads 78.82+4.20

o

mg/L (Wil 43)

100
90 - =—#—Control

80

Commercial

70

==fe=PBacillus seed
product

60

50 T

COD (mg/L)

40
30 T
20 T
10

0 : : : : : : — Day

Ad 43 nsidsunUaswesan COD WawSsuiisunsidnandueindniie Bacillus NuLAsl
HaufuNdnfusinaweniensAmtutamzteanauwiuuly (Litopenaeus vannamei)
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7.6 UsanSn1mn15anUSu1niasuuIuaanauiie
INASNAADINUI TUUBINNLLABIHUS U UANT LU UABYVANUALSUAULRAY

15.30+3.20 me-/L fin1sanastuiuil 5 GeTudl 30 vesnisvaaes Tasluiuil 5 Usunmans
LYIUABEITINLAAAAURAE 3.10+0.12 §9 5.93+0.15 me/L anndeluveimiziasiild
NARATNE TN IMsAIUSINA 9.37+332 me/l  Tutemiasildnandaeindde
Bacillus NutANRanUSuIa 11.30£3.20 mg/L LLaJLuU'awangmﬁLﬁuﬁmmU@w%mm
12.20+3.20 me/L Inglufuit 25 YSunaensuvuasevivualutomizideiildnansasingn
Foynensiuaznanineindnde Bacillus mudunaudinsanaundeusuias 10.00+0.10
me-/L uaz 10.93+0.34 mg/L mudu warlufuil 30 vewnedosildndndnsindde
Bacillus  vurfnnauiiUTaasuuaesanununieluszuudesiiaavinty 9.67+0.24
m/L (Vinauansuinuassisnumanadldiviniu 36.82%) 6’?’5%‘?’1ﬂdﬁﬁ’uﬁmwwm?:mﬁ:ﬁ@uﬁqm
AuAL (12034349 mg/L) uaztoimzidssdaiiinisléndnsusindndenienisén

(11.03+2.5¢ mg/L) agnailtfuddaymeadn (p<0.05) ("l 44)

18

16 7 —— Control

14

Commercial

~ 12 N
< === Bacillus seed
an 10 .
£ product
w 8
172 ]
=

6 -

a4 -

2 —

0 f f f f f f f ! Day

0 5 10 15 20 25 30

= a a & = = = Y a o ¢ v
AR 44 M3UFsuLUaeIUTINMaITIYINRREIAA WawIsuliieunsldunansineing
e Bacillus  nuwduNauiuNAasugind@en1enisAluteimiziassiavnawauuily

(Litopenaeus vannamei)
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7.7 maUasuulasuasan pH

fin pH Budulunsmaaouadewindy 7.73+0.31 Smsiiuduseusiud 3 &
uil 30 vesnUamzdsdunInaeade 7.69+0.33 fs 7.98+0.04 Feluufl 20 wawTudl
25 1 pH lutamzdesildnandurindilo Bacilus nuAunaudinsfutugegainf
8.08+0.01 uay 7.98+0.04 mua iy uazluiufl 30 M1aUdsuntasuesd pH vaataidssds

mveduyaniuay wazvsiiluganaaeulifinauwansisiusgedidedrdgynisaia
(p>0.05) (A 0¥ 45)

9 -
8 7 W Control
" B Commercial

T Z : O Bacillus seed

[« % product
4 -

3
5
1 -
0 1 Day

0 5 10 15 20 25 30

AF 45 nsiasunUaswes pH eSeuiisunsiduansueind e Bacillus NULALNE

Aundnduainandenisnisaluveimnzidesieniwiunly (Litopenaeus vannamei)
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7.8 nMsiasunlasvasusuiueandiauazaigun

IS a a

INNTNAABINUI mﬁamwmﬁmiumsmaaquaaﬂmauasawummﬁu
188 6.0540.02 mg/L  wariimsiintuluvemnziedildnandusindndonansduas
NARATNENTe Bacillus NufunauluIud 30 v8sn1sNeasNRaYInGU 6.18+0.03 me/L
Falifimnuunndrsiusgreditioddgmeadn (p>0.05) Auvamzdesfiduyaniuauiinig

AnaIURIORNTLAUaTAEU AR lUITUUINAY 5.92+0.03 me/L (AW 46)

7 —

6 - M Control

5 - E Commercial
-
o 4 - O Bacillus seed
E product
o
(@] |
Pt 3

2 —

1 —

0 - ‘I Day

0 5 10 15 20 25 30

AN 46 N5 YA ULUAIUDIDNTLIUALAEUN LD USEULREUNISIUNARA N NALTY D
Bacillus nuLAunauiundndusindntonisnisarludeinizidesdeanawiuunly

(Litopenaeus vannamei)



7

7.9 msiasuulasvesaunnil
gaumiisuiulunnUamzifgaresnImaasuaie 27.82+0.01 °C Tuiun 5

fnsiinduvesgumn)iiage 28.55+0.16-28.67+0.09 °C uaziinsanasluiui 15 whved

Tutis 26.370.07-26.50+0.06 °C wazlufudl 25 vesn1snaassadueglutis 26.07+0.03-

' 1
a a v =

26.40+0.06 °C  uarluiuil 30 guugiifiundviuundntesiads 27.63+0.09 °C fis

Y

27.83+0.03°C Falufianunansnaiuse1eiivdad

[

Fyn9adn (p>0.05) (1wl 47)

35
30 7 M Control
:O 25 E Commercial
S
§ 20 O Bacillus seed
© product
8
% 15
= 10
5 —
0 - 1 Day

0 5 10 15 20 25 30

Al 47 nsiaeundasvesgaungll WeiUSeuiisumsldndndueinande Bacillus nuay

HaufUnERSTinaenaNM A tuUBmzieswIkINul (Litopenaeus vannamei)
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N&RINNINAERUUIZANSAINNITUNTAUNTRINERAB9NA1LTD Bacillus N
unENLazRanSusinangenansilugueiiang lunsidesisuwiuunly (Litopenaeus
vannamei) \Jutian 30 Tu wuin lusgnitesnisveaesiian pH  ledgwindu 7.82+0.11

YSunaeendiauagatedladewiniu 6.05+0.02 me/L kavaAgauniiiaiewiniu 27.30+0.01

= Y

°Clunnusvesnismaasshifimnuuansisfunsaiffiszfuanudesiu 95% (p>0.05)
Uszansnmnnstidninvesansasindnte Bacillus nufunauamalilsuauenluie
anadldrlutneiud 5 BeTudl 15 wiewitu 76.80-98.13% wazlutuil 30 dewalviuenluile
Tuszuuaamde 0.09+0.04 me-N/L TnsUTmnallulnsvidinisanasnnfigaluiud 10 dewals
Usinallulasvivderads 0.020.01 me-N/L (anunsaanUiunadlulasvils 85.40%) uwazvinlii

fivsualulasiazanluszuunindy 0.05£0.01 mg-N/L Tududl 30 983n15Mnass @onnasd

a

flusIeuras Wardhani wazag (2017) inaaeuysednsninvanguldunsd Bacillus sp.

q

A167Z, Bacillus sp. BNPK-13 way B. cereus CP1 lun1sthdauidy wuan dinisanasees
Usunauuauluile 96.28% Usuialulnsianad 88.36% wavdanaludlumsnazauiudu
76.51% Tutian 7 14 (anududuionluiasuduyindu 350 me-N/L) Fslunsninnguluy
a a [ = I~ I aa U
seuULinaINNseandwnturadwallutde Uil ulumsnununssuiunsiunsiadu n1sanas
Yasansaiunsglulasiauluseninanisneaadlutie 5 Tuksniy NANSIINANKERS U9NAD

e Bacillus  nudunanatly Wweaunsagaduaiseliunidlulasinuuisdrudiluly

[y

N3zUIUNTAsQYLAULA (assimilation) (zaTad wazasia, 2555) Faugoausaldarsotiuvie

I a a

VogANINNTEUIUNNTEBEVRIRAUNSEDY 9 Wlaarsoliunidlussuuiivsunuantiegas

Y

NITUIUNITLOYANTOUNTIDU 9 JUARTUDNATY TudInTasgLAvlnveiorrantias

Wesanseinsuasasueu kazlulasiauien1siing uau (Yan et al., 2006; Chanpun

£
= |

et al., 2007) v‘l’ﬂﬁl,mﬂ‘ﬁL%&Jéfaqﬁmﬁsjaaiﬂsﬁu’lummﬁqLﬁmu danasawonlutdodusunn
fiden q getudnafalutuil 15 Aetuil 30 veamsnaaes Fesruunisdesiasdiasdunid
uazaduniglulasiauiinanuesdevesdsidudiseenin saufuavensivasnisluve
Aesanunsaagansagluiinigluig 3-4 Yu uavavauneluteldlusrezina 1 ey (s
, 2562)

dmsuUsinalunsminisanasaziintuludieiudl 10 Setudl 25 @
UseAnsaamnisanlunsniadewindu 7.26-88.60% (W3ualuinsniianldiadewingu
0.38=0.05 me-N/L) waviiwluiufi 30 fusualumsvanndeluszuy 0.16£0.07 me-N/L
lngvasannfianstasaangansdunigaine1msne YsunuueuludeazanasazySunaly
wsnaziiuty vasdilulasiinnsasauuazivdouutaiios (Chanpun et al, 2007)

[

F0AAABINUNITINYNUYBY LU UazAy (2012) Fafnwuseansan B. subtilis Tun1sman

'
v

arsUsznevlulasiauluiinnmsidesvan llvendeainvandudunieingiviligduns

q

o
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Annsges Wudeduvendefiunandslunsdestailidasdseneululsauifiatu (@
Unudin wayisensd, 2552) Tnewdio B. subtilis Usina 2x10"" CFU/mL anuealuiieldlunan
10 Tu anunsoanlulasvildeglugag 0.25-0.50 mg-N/L uazanlumsnlaeglugig 2.0-2.5
me-N/L vauziinanismaassuiinaeeilsneamninisanaseiileduinat 30 Yuledeeg
Tugas 2.53-13.17% lnenansamindnte Bacillus mufunavdwaliuSuaeeslsweaa
anadldunfigaluiud 25 windy 18.35% (Winweeslsweamnilanaavitfu 2.52:0.02
meP/L)  dwaliindeusinaeeslsneamalussuuluiud 30 wihfu 12.60+0.05 mg-P/L
Tngooslsnoauiniiazarsagluth dundainanoanefafindeannmageduiioululd
vosrla vdIngnuUilaa kg wazdudgeanuandiieglusunsneuduvidastude
Lavavaneth (AAu wazan, 2549; WARNA LAZ3TY7, 2557) WazinaINAINTIUNITE LAY
91T YRILUATIS Y (@uviung, 2539) AU uLUatwesUsunaeaslsoans
denndosiuA COD amasluiufl 5 efuil 30 MinanUsunaasdunidluihandas Tne
$ufl 25 f1 COD anasnniigawviiiu 36.45% (A1 COD ianasvindiy 32.94+3.67 mg/L)
warlutudl 30 A1 COD Tuszuumdends 58.83+4.56 me/L (A1 COD flanaavinfiu 34.89%)
sufeUsinaEnsurivasesimuniinisanaslutudl 5 Se¥uit 30 maﬂﬂwsmaaal,a?iaagﬂmm
26.14-36.82% TngluTuil 25 Usinasansuuiuaeesianuaiinnsanamdousunas 10.00+0.10
me/L wazlutuil 30 Fannslduansasindnde Bacillus nudiurawilvUSinaasuruass
Fanuamdeluszuutiosfianuiify 9.67+0.24 mg/L (Usuaasuriuaseviavananaslé
WU 5.63+3.03 mg/L MInlvinAu 36.82%) A1UEIRU N158AaIT09A1 COD LazUTuaans
wuaesTanun 1ugae 15 SuwsnueInIsnnasidenndesiu  Zhao uaz Ay (2009)
¥msAnwUszansnmaes B cereus DNFA09 lunmsurdainde wuin nsld 8. cereus
DNF409 vil#iA1 COD anasann 127 me/L ae 36 me/L (71.7%) wagdIunuansuuiuass
MunanasIn 9.86 me/L Wide 3.1 mg/L Wio 68.6% MU KaTIINNANIANYIVES
Safitri agAly (2015) ﬁleﬁ’mjmﬁw‘%é B. coagulans, B. licheniformis, B. pumilus, B.
subtilis, Nitrosomonas sp. Wa¢ Pseudomonas putida Iumiﬂ’lﬁmmﬁamwmmﬁﬂL?ﬁ&’ﬂ,‘u
Tsstmindenuin nuuuaii3eslsUiina BOD, COD uwarUIuimansuiuassiiamn
ANAIbINNAY 71.93%, 64.30% way 94.85% MUANU TuvIan 15 Ju
Mnrannasiioiltsuiiieulssans amnstiinthseninsmanSasing

(%

e Bacillus MuspuNaNkazHARf YA NToN1IN13AluNSEsNs WU Ussnsainnis

o

Manwauluie Tulasy luwmsy wazaAl COD masnsyezial 30 TUUeIN1sNAand kAN

upnANAUeElT A AgYNIEdANTZAUAIINLABNUY 95% (p<0.05) VUENINITANAITD99D4l5

Noas LazUSUIUEISWYIUADYNINUA LUUDLNILLAININTIENARA I NA WD Bacillus

a o [

NUBNNANARAILAANITUBNIZLAEINT NS TR AT NALTaN19N15A 089N TB A1 AN

o
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(% s

afAfszRUAITei 95% (p<0.05) (Fuil 30 YeINITNARBY) TemuuANAISYBIANETLS
wuefioanunsndmalisydnsamlunstiiniuandeiuld Fsenainanaruananse
Tunsgesaasansduniduazeiunis uagnslisinemnailonisiaiyfvlaiiunnsa fu
(Ducklow uaz Carlson, 1992) InmsAnwaSsitffiuiwansusindde Bacillus mufy
navfinantuniuiiussAvsamadunsiidathlunadets dafufsanmsothunldnauny

Handuginaenansenilegla
7.2.3 unasy

1. d3Unanivaasg

INWANSANBINUIN Bacillus. tequilensis BROOL uay BROO2 dnnauli
Ju Heterotrophic nitrifying—aerobic denitrifying bacteria fiflannsfivnzausenis
3auAulaeg 0.5-3% NaCl uae pH aglutgas 7-7.5 ndide BROO1 uay BROO2 TuU3ina
w0 1% fusgAnsamlunisiidaarsedunislulenauludndedansedlung 7 fu
11N 80% wazansnidnansetunidlnifisannndsedefiiuuagldiiunisendeld
wnilge dausfudl 4 Gefudl 7 Tdunnndn 50% dwiudndiuves B. tequilensis BROOT way
BRO02 #itianmaufulyindy 70:30 fignsinsiaiadulngeanlurag 10°-10° CFU/mL vhls
woulanile Tulnsvi warluimnanadldunniigaiindu 82.30%,  70.57% way 26.07%
paddu lunisthdathanmsdesiaduna 5 Yu nafudnvwaniusindide Bacillus
wanviianaduszezinan 6 1oy fgamnivesaansanseuii@inues Bacillus Ifnndign
Wy 10° CFU/mL dvdunisadiesndndamindnle Bacillus  wavvesanewus Bacillus
BROO1 Wz BROOZ (ddan 70:30) wamdfvarswiiiunsdidosun @adau 1:1) iugnsd
ansaananseduvidd Usinamenlands lulasii Tumsm uavesslsweawln) legsgaiade
11NN 98.69%, 98.70%, 51.96% Way 81.91% MuE19U Laval1snanUuIMaIsLYIuaeY
favun wazan COD Iiafennnit 81.31% uaz 74.42% mugddiu lussesinen 7 Fu uay
MnuanTIAdeUUsEANE A AR Saind wde Bacillus wavwTianslumsidsstauniuul
(Litopenaeus vannamei) \uian 30 $u anunsaanuenludeldinniigawindu 98.13%
($uit 5) ansnsanlulasildivindu 58.12% anlumsldiviny 60.42% saulUisiidr coD 7
anaaviniy 34.89% Tutuil 30 vesnsvanes FaliuszAnsnwlissiundadasind o
M58 (p>0.05) wavuiiinisanasvesSinmansuviuasesaunlutieiuil 5 eud 25
voenslduAnfurindntenisnisdazanadldd wilutud 30 Usinmansuviuaesvionus
anadldinniigalutefiinislindnssind e Bacillus wauvdianaviiiy 36.82% saud

denaliUSunaeelseammlussuvanasiutud 25 Seuil 30 Wi 13.17%-18.35% @]
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o Y

Arvninveideafanilugaauauiazusidessidnisldndn Sueindngenianisiegadl

q

HedAyn1eads (p<0.05)

2. NANISDUTULALAIENDNISNIT Y HALNAIULATNISHAANANNUNNAYD
Bacillus NaNBUANS
PAINASNANN UNNATD Bacillus NaANIRANS Ny Bacillus BROOT way

o |

BR002 (@ndau 70:30) wamdndvanswimdunstidesun @du 1:1) Fadugnsnisnde
a o & v & . a al' a a a o w9 =1
NANAUNNANTYD Bacillus NaNTlaNILIzay waziusyansnamlunistrvaunlunisiaes
Aeluszaunesfifnisiluan 7 Juldfngs Feladmdndudindndesinanlunageu
Usgansamnisldaselunisideafaunwiuunly (Litopenaeus  vannamei) wiaunala
618M0A8IAAN3VBITINSIY wardeufURnmunvausenisidndndamninanide Bacillus
wanvlandlitinUssaninmasanliuninunsnsgidens Jalauangal amy uasdineides
= & A a & | al ° v o Y} o o a
Y9I IAINTL (WA A13divsy vin 8 siuanthany g1ineiilvg SaminuasaIsssusy)
auensgianuiniveass waglvauaulalunisiudeyavesnisanenenasdningg
voauIfelunssll Fateyailadrenealiuiinunsnsusenauie nssuIsMsHAnNEns U9
v & . a & Y aw v & ax Y a o ¢ v X .
NaWI® Bacillus NANYRANLUDIAY A5N159818Na kT8 I5nsITNAnAueinae Bacillus
wenwtiang 35n1susnwinandueindiie Bacillus nawiians AuautRvoInaniugind

& . a = § vy & Yy ) ) -
e Bacillus wauviinns Tluidlideyailasuneiunisianisaanimiinglussuunis
WNeLaeeaIwILUIlY (Litopenaeus vannamei) wagnsiaaaununInIngluszuunig

wnetagansliiiansainnsulussesiia 1 1WauveINIInaaoulsyansnInueInaniugingd

o Bacillus WaustanaGslauansianssusing 4 1isanmi 48-52
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AN 48 NARAUNNAWTB Bacillus NauYRaNINTd@uUsENaU Nadis Bacillus BROO1 whay
BRO02 (&md1u 70:30) wazarswiiiunsdianeun (dadu 1:1) Aunluneaeulszansnin

NANAUNNANTD Bacillus NANTTANS

Jio%

AN 49 NMSVEIENANTONENTUTINA TR Bacillus wanvliang WialdusulanunImUe

WWeanaunaauuly (Litopenaeus vannamei) ¥4 ¥AINS

a a = . . - g v
a1N 50 U’iL’JmuaLaENQ\‘I“U’mL’JuuﬂaJ (Litopenaeus vannamei) VDUNEATNTNLTNAFDU

UsEANSAMEANNUINATYD Bacillus NANTIRAN
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o

a s/su ‘ P v A v “ ) ac a lA Y ax v
ANN 51 ﬂ']{[fVIsU@JJUaVILLﬂLﬂ@@]iﬂiLLaSQV]LﬂEJTU@QLﬂEJ'Jﬂ'UﬂiiﬂJ'Jﬁﬂ'ﬁNamLU@\‘imu 'Jﬁﬂ'ﬁisﬁ
aa @ [ wa

Bmaiuinw uavauaudiveindndueindnde Bacillus  wauyiang uazdoyaiUeiy

Weafunisianisaanmdiatelussuunisimeideaneunwiuunly (Litopenaeus

vannamei)

SR L T

Ml 52 nsinudieg1dl wazaseaeuRun N elusEUUNMSIISAsalELAA 3

P5ulusEIINeNSIENANA UNNA LT Bacillus NANTTANS
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8. AMANUIN N ATTINULEAINANITNAADY

14
C L I3

1. Ysgansarwnisdrunurseaunanan (szuulUn:  Non-aerated
system) Tudnidedaunsea
1) MsasukUasvaakauluile

A15719% 1 NMIegeuUsEaNSAIWed Bacillus spp. Usuad 1% (v/v) Tunisidawenluiie
] o 1 Y oA o ¢ a
Tuszninsmsneasafussezinat 7 Tu - lwhdeduaeiszuuln

Initial Final Ammonium Ammonium
Treatment  Day ammonia ammonia removal removal
(mg-N/L)  (mg-N/L) (mg-N/L) (%)
Control Day 0 1.51+0.04°
Day 4 132+0.01"  0.18+0.06°  12.25+4.09"
Day 7 1.06+0.01°  0.55+0.04°  29.34+2.84°
TS23 Day 0  1.52+0.04°
o Day 4 130+0.01° 0224008  14.55+2.67"
= Day 7 0.23x0.01° 1.30+0.05°  8520+2.98"
g § TW24 Day 0  1.50+0.04°
& Day 4 131+0.01°  020+0.08"  13.01+2.50"
2 2 Day 7 0.25+0.01" 1.25+0.04°  83.38+2.83
8 groot Day 0  1.51+0.06°
T3 Day 4 130+0.00° 021+0.06  13.95+4.27"
S T Day 7 0.25+0.01" 1.26+0.07°  83.4244.69"
X Twal Day 0  1.52+0.02°
. Day 4 130£0.00° 0.21+0.02"  14.01+1.49"
Day 7 0.24+0.00" 1.28+0.02°  84.22+1.34"
BROO2 Day 0  1.53+0.04"
Day 4 130+0.01° 023+0.08°  14.89+2.86"
Day 7 0.24+0.00" 1.29+0.04°  84.22+2.46
TW34 Day 0  1.52+0.05°
Day 4 130+0.00° 021+0.05  13.96+3.22"
Day 7 0.28+0.00° 1.24+0.05°  81.58+3.23

1 o A o i = 5 oA

savdnaueluaiede 3 sr+Andosuuninsgiu

= a Y ] i N
Wisusuiusznsaaagluual Day 4 VDIYANIINAFDY
Wiguiieuiusenineaadelunnl Day 7 U99ynn1snnaes
AnaagluanuAnilonysRunivg uagsnesiuidnmiouduiiiu Tddanuuanaiaiunig
ANANIZAUAINLTDNU 95% (p>0.05)
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A157199 2 MsvadeuUsEaNSNINYes Bacillus spp. Usunad 1% (v/v) Tunismdnlulagsilu

1 [~3 [y 1 901 = (v & a,
seIanIsnaannduszezian 7 7 Tuddsdueasiziszuule

Non - aerated system
1 % cell suspension of Bacillus

Initial Final Nitrite Nitrite
Treatment Day nitrite nitrite removal removal
(mg-N/L)  (mg-N/L)  (mg-N/L) (%)

Control Day 0  0.58+0.04"

Day 4 0.80+0.01° -0.22+0.04" -37.55+6.17"

Day 7 0.78+0.01° -0.21+0.04" -35.37+6.69"
7523 Day 0  0.60+0.01%

Day 4 0.72+0.01° -0.12+0.01° -20.32+1.98"

Day 7 0.68+0.01° -0.08+0.01° -12.95+1.21°
TW24 Day 0  0.53+0.05"

Day 4 0.10+0.00° 0.43+0.05 80.55+9.73"

Day 7 0.10+0.00° 0.44+0.05" 81.69+9.32°
BROO1 Day0  0.61+0.01"

Day 4 0.12+0.01° 0.50+0.01°  80.96+1.07"

Day 7 0.06+0.01° 0.55+0.01"  89.66+1.49"
TW31 Day0  0.6040.01"

Day 4 0.10+0.00° 0.50+0.01°  83.74+2.40"

Day 7 0.10+0.00° 0.50+0.01° 82.84+1.43"
BROO2 Day0  0.60+0.02"

Day 4 0.11+0.00° 0.49+0.02° 81.69+2.61

Day 7 0.10+0.01° 0.50+0.01° 83.52+1.98°
TW34 Day 0  0.51+0.02°

Day 4 0.04+0.01" 0.47x0.03" 91.61+6.55"

Day 7 0.1140.01° 0.40+0.02° 77.68+4.36°

1 o o & = H oA
ALaYNULEuaLluALaRY 3 LIEANULAUVUNIATZTU

Wisuiieuiusenineaedeluwnd Day 4 U99Ynn1TnNnaes

Wisuiieuiusenineaadeluwnl Day 7 999Ynn1snnaes

J a saa o a 1 [y a ¢ @ = v o w =] 1 [y
ﬂ?LQﬁSIUﬁ@iJﬂVI@J@ﬂHﬁWMWﬂIMEyJ RS DNYINUNLANLUANDUNUNTINUY vL@JiJﬂ’JW?JLLG]ﬂG]’NﬂUVIN

AnANTZAUANLTRIIU 95% (p>0.05)
- fim MsiNIuasUsSIalulasIRNINNIT LS LAY



3) MswasunUasveslumm

A157199 3 NsnadesuUsEansAInTes Bacillus spp. Usunm 1% (vAv) Tunismdalumsnlu
! o 1 ] ¢ a

sewinnsveasafussesing 7 Ju - ludidedunsigiszuule

86

Initial Final Nitrate Nitrate
Treatment Day nitrate nitrate removal removal
(mg-N/L)  (mg-N/L)  (mg-N/L) (%)
Control Day 0  0.61+0.03"
Day 4 1.94+0.01" -1.34+0.03" -220.74+4.43"
Day 7 159+0.28" -0.99+0.31"  -72.88+0.37°
TS21 Day 0  0.57+0.02°
Day 4 1.44+0.00 -0.87+0.02° -152.16+3.71°
Day 7 1.08+0.01° -0.5140.03° -88.25+4.42°
3 Ts23 Day 0  0.57+0.06"
: § Day 4 1.6110.01(; -1.0410.07? —182.54112.2)08
g 5 Day 7 1.04+0.01° -0.47+0.06° -81.60+0.34
é § W24 Day 0  0.51+0.09" E D i
5 < Day 4 0.62+0.00° -0.11+0.09°  -20.62+7.23
© g% Day 7 0.38+0.02° 0.1320.08"  24.97+16.14"
é % BROO1 Day 0  0.60+0.03" D E E
2 v Day 4 0.48+0.01° 0.12+0.02°  20.80+4.12
> Day 7 0.12+0.01° 0.48+0.03°  80.23+5.19"
TW31 Day 0  0.51+0.08"
Day 4 0.35+0.01° 0.15+0.08"  30.62+6.19"
Day 7 0.20+0.01° 0.31+0.07°  60.69+3.77
BRO02 Day 0  0.57+0.01°
Day 4 0.28+0.00° 0.30+0.01 " 51.71+2.25"
Day 7 0.08+0.01° 050+0.01°  86.91+1.48"
TW34 Day 0 0.51+0.06"
Day 4 0.19+0.00" 0.32+0.06°  62.73+1.89"
Day 7 0.1140.01° 0.40+0.06°  78.28+1.58"

1 o o & = H oA
ALaYNULEuaLluALaRY 3 LIEANULAUVUNIATZTU

~ a ) ] ! N
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY

Wisuieuiusenieaedeluwnd Day 7 U99ynn1snnaes

J a saa v a 1 [y a 6 @ = v o w 1l 1 LY
ﬂﬁLQﬁUlMﬁﬂNﬂV]N@ﬂHﬁWMVﬂ%Qj LA DNYITNUNLANLWANBDUNUNTIAU imuﬂQWSJLLG]ﬂG]WQﬂUV]WQ

ANANIZAUAINLTDNU 95% (p>0.05)

- fim MINTIuYaIUSIlumsnALINNIN WS UAY
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2. UszansSamn1sunuaunszaueinlva (szuulda: Aerated system)

luiidgainmsmwnziaesds

2.1 NINAABIUNNINRINNTSLEBNITHIUNT TR

1) mswlasunuasvaakauluiy

A191970 4 N1IVAFOUUTEANSAIWUBY Bacillus spp. Usual 1% (v/v) Tunisindauenluite
. o 1o ¥ 2 gy C
Tuszminamsveasnuszezian 7 1w luhiseinnsidesieiilunisanigessiurinlva

Initial Final Ammonium Ammonium
Treatment Day ammonia ammonia removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0 22.97+2.68
Day 4 23.73+10.14°  -0.76+12.79° -3.31+5.67
Day 7 28.36+3.68°  -539+6.36"  -23.47+7.68°
TS23 Day 0 18.70+1.31°
" Day 4 22.76+9.60°  -6.05+¢8.61°  21.64+6.05
% Day 7 7.104036°  11.60+1.03°  62.03+5.48"
% § TW24 Day 0 19.03+1.72°
g ° Day 4 24.81+2.50°  -577+3.60°  -30.33+8.91°
8 g Day 7 22.76+500°  -3.7244.09" -19.56+1.50"
3 2 BROOL Day 0 18.52+3.18" A A A
S 3 Day 4 7.39+1.85 11.14+6.02"  60.10+2.47
703 Day 7 16.35+1.40" 217458  11.73:4.73"
£ Twal Day 0 19.06+0.67
- Day 4 20.30+12.09° -1.24+12.38° -6.49+4.94°
Day 7 16.06+2.40°  3.00+2.89"  15.75+5.18"
BROO2 Day 0 18.38+1.04°
Day & 7.20+634"  11.14+6.64"  60.57+6.13"
Day 7 18.05+3.02°  0.32+2.86"  1.76+556"
TW34 Day 0 16.57+2.37°
Day 4 23.19+0.94°  -6.62+1.43  -39.92+8.60°
Day 7 19.98+4.04°  3.41+4.47"  -20.60+6.95

' fuaeiithiaueidudiade 3 sreandonuuinasgu

Wisuiflsuiussrinsaniadelunnl Day 4 vesnn1svaaed
Wisuiflsuiussrinsaniadeluinl Day 7 vesanisvaaed
Aadeluanudiisnusfiunilng wasdnusiuidnmileutumiu ldfianuuandnaiumig

anANTZAUANLTDIU 95% (p>0.05)
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A998 5 NMsnadeuUsEansaImUes Bacillus spp. Usune 5% (v/v) Tunisidauenluiie

1 1 o 1 ¢ & Y a1 1 & [y
Tusgwinansveasalusseziian 7 Ju "LummmnmuamqwmumsmLsuaizmwumi‘wa

Initial Final Ammonium  Ammonium
Treatment Day ammonia ammonia removal removal (%)
(mg-N/L) (mg-N/L) (mg-N/L)
Control Day 0 20.19+1.77°
Day 4 28.57+2.64° -438+1.96  -21.68+9.71"
Day 7 08.83+4.36" -8.64+585  -42.79+28.96
7523 Day 0 21.01+1.56
“ Day 4 7.3716.11Ab 13.6415.03;b 64'92i3'978ab
= Day 7 20.84+4.87° -3.84+638"  -18.26+0.38
% § TW24 Day 0 14.22+4.81°
g o Day 4 15.63+1.44" 1404536 -9.86+7.69
§ g Day 7 8.38+5.57"  584+1.03°  41.05+7.27
3 2 BROOL Day 0 20.24+4.33" . . )
S 3 Day 4 8.14+371"°  12.10+7.86" 59.78+8.83
723 Day 7 6.46x152°  13.77+4.24"° 68.06+0.93""
L Tw3l Day 0 14.20+1.21°
0 Day 4 76120.66  659+1.17°  46.41+8.26
Day 7 19.33+2.97" 5134222  -36.16+5.65"
BROO2 Day 0 17.50+3.05"
Day 4 593+2.07"  11.57+4.90°  66.10+7.98
Day 7 23.86+4.43° 6354639  -36.30+6.49"
TW34 Day 0 16.03+1.65"
Day 4 17.90+4.59" -1.87+2.97"  -11.65+8.51"
Day 7 11.58+2.90° 4.45+4.05°  27.7545.29°

1 o A o i = 5 |
mmwmmumﬁummaa 3 LIEANULAUVUNIATZTU

~ a ) ] ! N
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY

~ a ) ] ! N
Lﬂi‘c’JUW]EJUﬂ‘LliSM'J'Nﬂ’]LQaEﬂ‘ULLﬂ'J Day 7 GUEJQGq@ﬂ"IiV]@a@Q

AnaagluanuAniionysRunivg uagsnwsinidnumioutuiiiu lddanuuanaiaiunig

AnANTEAUANLTDIIU 95% (p>0.05)

- A9 MSNTIUIBIUS LN ULENULTE NN TUS LAY
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2) mswasuwlasvedlulngy

A9519% 6 NMsnadRUUsEANS AR Bacillus spp. Usunad 1% (v/v) Tunismdnlulagsilu

1 U 1 o dl 1 1 d’j U
53%’.}?0??’151/]916@3L‘ﬂﬂigﬁlgmaﬂ 7 U Tudhilsannnisiaesneiniunisenieseauinlag

q

Sterilized with fermented

Initial Final Nitrite Nitrite
Treatment Day nitrite nitrite removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0  31.87+5.08
Day 4 29.93+4.41°  1.94+0.12"  6.09+2.33"
Day 7 43.94+1.78° -12.06+4.36° -37.84+13.67"
TS23 Day 0  31.36+7.64°
o Day 4 14.49+0.92" 16.88+8.47°  53.81+7.00°
= Day 7 18.24+2.47° 13124921  41.84+9.37"
a  Twea Day 0  31.94+585°
o B AB AB
° Day 4 26.23+2.37°  5.72+0.90 17.89+1.61
$ Day 7 46.6140.78°  -14.67+036"  -45.939.91""
(@
@ BROOI Day 0  25.43+1.89°
2| D AB B
3 Day 4 16.70+1.24" 8.74+158"°  34.36+6.23
e Day 7 27.01+4.13°  -157:0.66"  -6.1742.25"
£ Tw3l Day 0  30.09+3.49°
- Day 4 16.70+1.51"° 15.40+331°  51.16+1.00°
Day 7 3255¢228°  -2.46+0.24"  -8.17+7.40""
BR002 Day 0  34.70+9.41°
Day 4 16.64+2.47"°  20.06+1.62°  57.81+3.49°
Day 7 26.13+3.81°  858+0.47"  20.72+8.65
TW34 Day 0  33.75+9.60°
Day 4 8.16x1.37"  2559+838°  75.82+4.82°
Day 7 16.80+2.12°  16.96+1.71°  50.24+4.69°

! fuaeiithiaueidudiade 3 sreandonuuinasgu

Wisuiflsuiussrinesaniadeluing Day 4 vesan1svaaed
Wisuiflsuiuseninsaniadelunnl Day 7 vesanisvaaed
Anadeluanudiifisnesinilug wardnusfinidnmiiouduidu ldfianuunndieiums
adATiszuAudaiu 95% (p>0.05)

_fio mafintuvesUsinallulasidiinnninfusudy
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AN95199 7 NMsnadeuUsEaNsA B Bacillus spp. Usune 5% (v/v) Tunisidalulasiilu
1 7 1 %:’ ay dy ¥ d‘ 1 1 dy U
sgiamveaesduszezan 7 W ludhiiinnsidesdsiiiunisdidessiuriaiva

Sterilized wastewater

Initial Final Nitrite Nitrite
Treatment Day nitrite nitrite removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0 31.10+13.17°
Day 4 23.12+1.30"  7.98+11.88" 25.66+8.20°
Day 7 33.94+11.01° -2.84+21.88" -9.12+0.36"
TS23 Day 0 31.03+13.66°
« Day 4 16.75+3.91"  14.29+9.77°  46.04+1.47"
= Day 7 15.01+0.46"  16.03+13.27° 51.65+2.75
a Tw2d Day 0  35.504+8.57
5 B AB A
° Day 4 33.72+1.63  1.82+10.20"° 5.13+8.70
k) Day 7 16.75+2.66" 18.79+10.30° 52.88+8.97"
g BRrOOL Day 0  32.22+3.30°
= Day 4 20524357 11.71+6.41°  36.33+9.90°
T Day 7 1220+0.73"  20.02+2.96  62.14+9.19"
L Tw3l Day 0  33.27+7.55°
o Day 4 2323+351"  10.04+6.13°  30.17+8.43
Day 7 28234275  5.06+9.20"  15.14+7.65
BROO2 Day 0  33.83+5.54°
Day 4 17.64+1.95"  16.19+5.60  47.86+6.55
Day 7 20.7243.01°° 13.1244.66°  38.77+3.76
TW34 Day 0  32.59+1.79°
Day 4 23.7522.21"  884+1.84"°  27.11+565
Day 7 21.28+0.32"° 11.31+1.87° 34.71x5.73"

1 o o | = 5 |
miaafitausiluniaay 3 PIEAWULIUUNINTIIU
~ a ) ] ] =
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY

~ a ) ] ] a
Lﬂi‘c’JUW]EJUﬂ‘LliSM'J'NF"I']LQafJELULLQ'J Day 7 GUEJQGq@ﬂ"IiV]@a@Q

AnadsluanuAniionwsfiunive wagdnwsiiudnuwiouduiiiu luflauuwnnaiaiunig

AnANTEAUAMILADLIU 95% (p>0.05)

& a £ a ¢l v oa v
- AY ﬂ’]iLW@JGUUGU@ﬂ‘UiﬂJr]m‘luVL@TVW]lnﬂﬂ']'TJULillfﬂu
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3) NMsasuwlasuadlumsn

A15199 8 nsnadeuUsEANSANURY Bacillus spp. U 1% (vAv) Tunismdalumsnlu

v v (% '
a

i o 1 ° 4 Y o & 1Y)
531ﬁ'37§ﬂ75mﬂﬁ@%%u3883L’Ja'] 73U GL‘LJU"WN"iﬂﬂﬂ']iLaENQQWN’]UW‘]?’ZJWLsﬁaﬁgﬂUsU'gﬂi‘Wa

Sterilized wastewater

Initial Final Nitrate Nitrate
Treatment Day nitrate nitrate removal removal (%)
(mg-N/L) (mg-N/L) (mg-N/L)

Control Day 0 49.92+3.36"

Day 4 4157+571"  835+368"  16.72+6.51"
Day 7 4610329 3.82+6.62°  7.66+9.38"
TS23 Day 0 44.26+17.17°
“ Day 4 9.18iO.OéBab 35.0717.202 79.25i8.87i
= Day 7 19.53+0.09" 24.73+7.18°  55.88+8.81
a  Tw2a Day 0 40.48+13.81°
E’ Day 4 22.64+0.09"  17.84+376°  44.07+3.99°
9 Day 7 23.46+0.11°° 17.02+3.71°  42.04+3.88"
g BROOL Day 0 50.68+13.94"
= Day 4 9.86+0.11"  40.82+44.05  80.55+7.71°
o Day 7 37.56+0.13  13.1243.84°  25.90+7.31
£ Tw3l Day 0 44.53+14.37°
- Day 4 13.0240.16°  31.51+4.23°  70.76+1.96
Day 7 18.83+0.08"  25.70+4.42° 57.72+2.38"
BR002 Day 0 38.14+1.05
Day 4 11.94+0.21°  26.20+1.22°  68.70+3.20°
Day 7 12.79+0.06°  25.34+0.99°  66.46+2.59"
TW34 Day 0 50.82+17.44°
Day 4 10.87+0.04°  39.95+17.43 78.61+4.29"
Day 7 44.68+0.13°  6.15+7.41°  12.09+4.25

' fuaeiithiaueidudiade 3 srsandonuuinasgu

Wisuiflsuiussninsanadelunnl Day 4 vesan1svaaed
Wisuiflsuiuseninsanadelulnl Day 7 vesanisvaasd
Anadeluanudiifisnesiunlng wazsnusiuiidnmieuduiiiu Ludanuwandisiunia
adATiszuAudaiu 95% (p>0.05)
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A998 9 NsuadeUUsEANSAINUBY Bacillus spp. Usuas 5% (v/v) Tunisidalutesvlu
! 7 1 %:’ ay dy ¥ d‘ 1 1 dy U
sgamveaesduszezan 7 W ludiiinnsidesdsiiiunisdnidessiuriaiva

Initial Final Nitrate Nitrate
Treatment Day nitrate nitrate removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0 56.81+20.98°
Day 4 50.54+6.69° 6.27+7.69  11.00+1.15"
Day 7 50.40+0.18" -2.59+1.03° -4.56+7.03"
TS23 Day 0 49.07+19.52°
« Day 4 11.07+0.13" 38.00+9.42" 77.45+9.58"
= Day 7 16.41+0.11° 34.66+9.63° 70.63+0.00°
% & Tw24 Day 0 43.33+13.65
(V-
s ° Day 4 36.29+0.02° 7.04+3.67  16.24+1.55
o+
§ 2 Day 7 18.13+0.12° 25.20+3.75" 58.16+1.74°
[
T & BROOI Day 0 51.44+16.07"
(%]
S 3 Day 4 11.36+0.16"  40.08+6.00" 77.92+1.11"
73 Day 7 12.87+0.09° 3857+6.01° 74.99+1.12"
L TW3l Day 0 40.14+7.76"
o Day 4 12.7140.17" 27.43+7.62" 68.34+8.98"
Day 7 22.50+0.02° 17.64+7.78" 43.95+9.39"
BROO2 Day 0 40.31%17.26"
Day 4 13.43+0.09" 26.87+7.23" 66.67+2.74"
Day 7 21.46+0.13 18.85+7.19" 46.76:+2.65
TW34 Day 0 41.99+13.42°
Day 4 12.23+0.05" 29.77+3.46" 70.89+2.06"
Day 7 20.98+0.10° 21.02+3.34° 50.05+1.78°

1 o A o i = 5 |
mmwmmumﬁummaa 3 LIEANULAUVUNIATZTU

~ a ) ] ! N
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY

~ a ) ! ] N
Lﬂi‘c’JUW]EJUﬂ‘Lligﬂ'J']('lﬂ’]LQafﬂ‘ULLﬂ'J Day 7 GUENGQG]ﬂ"Ii‘V]ﬂaEN

AnaagluanuAniionysiunivg  uagdnwsinidnmilouduiiiu  ldianuuanaaiunig

AnANTEAUANLTDIIU 95% (p>0.05)

- A9 M ANTIUIUSUlLASNANINAIN TS LAY



93

4) NMsuasunlasuedaasisvloans

A19°97 10 nsneaauUTEANSAWRY Bacillus spp. UTuad 1% (vAv) lun1sidneasls
. v 19 22 X A
Woasluszninnisnaasaluszesinan 7 T ludhfisainnisidesfaniiunsante seiv

vInlia
Initial Final PO, PO,
Treatment Day PO, PO, removal Removal
(mg-P/L) (mg-P/L) (mg-P/L) (%)
Control Day 0  9.00+0.02°
Day 4 14.30+0.00 -5.20+0.00" -57.60+0.30"
Day 7 8.00£1.50"  1.00+1.50" 11.10+16.20°
TS23 Day0  6.80+0.04"
o Day 4 O.60iO.10i 6.1010.10: 90.6011.5o§
= Day 7 1.30+0.00°  5.40+0.00"  80.20+0.50
% § TW24 Day 0  850+0.3°
g ° Day 4 14.50+0.00° -6.00+0.30" -71.00+3.60"
8 g Day 7 130+0.00°  7.10+0.30°  84.40+3.50"
3 2 BROOL Day 0  9.20+0.01° D B )
S 3 Day 4 3.40+0.10°  5.80+0.10  63.00+0.80
703 Day 7 1.50+0.00°  7.80+0.00°  84.00+0.10°
L Tw3l Day0  4.90+1.50"
a Day 4 3.20+0.00° 1.60+1.50°  33.60+30.00°
Day 7 1.20+0.00°  3.60+1.40°  75.20+29.90"
BR002 Day0  8.60+0.50"
Day 4 3.90+0.000 4.80+0.05  55.10+5.70°
Day 7 1.40+0.00°  7.30+0.50° 83.90+5.50"
TW34 Day 0  7.90+0.02"
Day 4 0.30+0.00"  7.60+0.00°  95.80+0.40"
Day 7 1.2040.00°  6.70+0.00°  84.20+0.20"

1 o A o i = 5 oA

mavidnaueluatade 3 r+andotuuninsgiu
Wisuiieuiusenineaedeluwnd Day 4 U99Ynn1TnNnaes

~ a ) ] ! N
Wiguiguiusevineaaieluund Day 7 U99Ynn1Tnaaes
Anndeluanuiniidnwsiunling wazdnusiusianuilouduidu lddanuwanaresiunig
ANANITZAUAMILIBLU 95% (p>0.05)

A a X a a v oa v
- An MILTUIBIUTUNMRassWaaNANLINNI TSN
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A15197 11 nsveaesuUsEanSnInweed Bacillus spp. Uil 5% (v/v) lun1snndnessls
1 U 1 goj Ay dy 14 d‘ 1 1 dy (Y
Woawlnluszminamsveassduszesinan 7 Ju- Tuihilsainnisidesieiiiunisenae szeu

vInlia
Initial Final PO, PO,
Treatment Day PO, PO, removal removal
(mg-P/L) (mg-P/L) (mg-P/L) (%)
Control Day 0 8.41+0.07"
Day 4 6.30+0.32° 2.07+0.40°  24.59+4.72°
Day 7 9.60+0.00° -1.19+0.07° -14.20+0.85"
T523 Day 0  9.55+0.05"
« Day 4 2.8810.032 6.6710.072F 69.854;0.75;
= Day 7 1.38+0.04"  8.17+0.08°  85.56+0.86
% § TW24 Day 0  9.72+0.03"
g ° Day 4 322+0.10°  6.49+0.07"  66.83+0.73"
8 % Day 7 135+0.00° 8.3740.03°  86.1140.34°
3 2 BROOL Day 0  7.78+0.06" ) D F
= 3 Day 4 1.68+0.03"  6.10+0.07°  78.45:0.95
703 Day 7 1.35:0.00"  6.43+0.06°  82.65+0.72°
£ Twal Day 0  12.05+0.06"
o Day 4 1152+0.15 053+0.10°  4.43+0.86"
Day 7 134+0.00° 10.7140.06 88.89+0.49°
BROO2 Day 0  8.82+0.07
Day 4 1.83+0.04"  6.99+0.05  79.27+0.52"
Day 7 1.32£0.00°  7.50+0.07°  85.01+0.84"
TW34 Day 0  10.54+0.01°
Day 4 4.09+0.06° 6.45+0.07"  61.20+0.65
Day 7 1.35+0.00" 9.19+0.00  87.21+0.11

1 o o & = H oA
ALaYNULEuaLluALaRY 3 LIEANULAUVUNINTZTU

~ a ) ] ! N
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY

Wisuiieuiusenineaadeluwnl Day 7 999Ynn1snnaes

J a saa o a 1 [ a §f @ = v o w 1 1 Y
ﬂ']LQﬁEJIUﬁ@@JﬂVIﬂJEJﬂUiWMWﬂIﬂQJJ ACBNWINUNLANLAUDUNUNTINU VLiJ@Jﬂ’J’]@JLLG]ﬂG]’NﬂUV]N

AnANTEAUAMILADLIU 95% (p>0.05)

- fim M NIUYBIUSUUBS IsWRANATILIINAIN TS LAY
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5) MsiUasuwlawegumnl

a' a' a ! 1 s & T
M19199 12 n1sidsunUasvetnmgiiluseninanisneaes lWdINRINMSEeFINILNg
UNYasTAUVINA

Times

Treatment
5 c Day0 Day4 Day7
§ % Control 29.70+0.57°  27.27+0.93° 28.87+0.66°
£ 8 3 T3 28.93+0.47°  27.67+0.61°  28.00+0.78°
© wn =
_g 2 (§ TW24 29.1040.42°  27.73+0.38° 28.43+1.05°
L ® % BROOI 29.170.52°  26.77+0.09°  28.07+0.86°
'E, X TW31 29.17+0.38°  27.30+0.50° 28.37+0.53°
v BRO02 29.10+0.57°  27.07+0.82° 28.37+0.91°

TW34 29.43+0.33°  27.27+091° 28.77+0.90°

Times

Treatment
5 c DayO Day4 Day7
§ g Control 29.60+0.14°  28.07+0.33°  29.00+0.71°
£ 8 3 T3 29.03+0.47°  27.73+0.66°  28.13+0.74°
o wn =
_g 2 t§ Tw24 29.33+0.33°  27.97+0.33°  28.47+0.79°
L T % BROOL 29.07+0.45°  27.83+052°  28.20+0.86"
'E, X TW31 29.03+0.47° 27.77+0.47° 28.20+0.73°

LN

v BRO02 29.30+0.28°  27.80+0.42°  28.63+0.66"

TW34 29.33+0.33°  27.93+0.52° 28.83+0.26

1 o o & = H oA

ALavNULEuaLluA LR 3 LIEANULAUVUNIATZTU

I a saa o =) (% o w (= 1 [y aad LY A Y
AadgluanuANtsnysindlouiuniu 1&111?’1’3’]11LLG]ﬂG]NﬂU‘VI’NﬁﬂGWIi%WUﬂ’NNL?JEJEJ‘LJ 95%
(p>0.05)
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6) N3asuuUates pH

] = i 1 v & E R 1
A195719N 13 NstURBULUAIUBY pH Iuaz%'ﬂqﬂﬂ'ﬁﬂﬂﬂa@\‘l IU‘U']V]Q@U’]ﬂﬂ'ﬁLaEJ\TQQWN'WUﬂ']T‘QJ']

WOTLAUVIN VA
Times
Treatment
5 c DayO Day4 Day7
+ O
T G Control 771+0.00° 7.02+0.46° 6.83+0.67
1%,
4% o =2 TS23 7630007 7.31+0.46"  7.40+0.47"
S 2 § TW24 7.66+0.00° 6.88+0.47" 6.88+0.48
L T % BROOI 7.65+0.00° 7.40+0.47° 7.13+0.47"
50X TW31 7.68+0.00° 7.54+0.47" 7.19+0.47°
o+
wo BRO02 7704001  7.08+0.01° 7.39+0.47°
TW34 7.71+0.00° 7.11+0.01° 7.57+0.47
Times
Treatment
i c Day0 Day4 Day7
O
§ 7 Control 7.71+0.01° 6.96+0.47° 6.83+0.47°
[
% 8 3 T2 7.68£0.04° 7.53+0.47° 7.27+0.47
_g 2 ‘§ TW24 7.70+0.02° 7.64+0.47° 7.43+0.47
® © % BROOI 7.69+0.03" 7.65+0.47" 7.15+0.47
58 TW31 7.70+0.02" 7.47+0.47" 6.99+0.47°
+—
th @ BRO02 7.70+0.01° 7.46+047" 7.12+0.47
TW34 7.71+0.02° 7.45+0.47° 7.20+0.47°

1 o o & = H oA

ALavNULEualuA LR 3 LIEANULAUVUNIRTZTU

I a saa o =) (% o w (=] 1 [y aad LY A Y
AadgluanuANTsnusinilouiumnu 1&111?’1’3’]11LLG]ﬂG]NﬂU‘VI’NﬁﬂGWIi%WUﬂ’NNL?JEJEJ‘LJ 95%
(p>0.05)
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7) NM5UasULUAIUBI9DNTLIUATANYLN

ea' a‘ a H | 1 § & X
A15199 14 N15asULUaIU9990NTaUara18u lUSENINNITNAaDY MLIRIAINNISIAYS
NefEuNTeieTEAUYIRALYA

Times
Treatment
5 c DayO Day4 Day7
O
E 7 Control 580+0.01° 6.00£0.04" 6.40+0.01°
(%,
% g 3 Ts23 6.20+0.01 5.80+0.01° 4.90+0.01"
S 2 § w24 570+0.01° 5.90+0.01° 6.2040.01"
8 T % BROOIL 5.9040.01°  6.2040.01° 5.30+0.01°
5 X TW31 6.20+0.01 5.80+0.01° 5.50+0.01°
-+
wo BRO02 6.10+0.01° 6.00+0.06" 5.00+0.06"
TW34 5.6040.01° 5.90+0.01° 5.30+0.01°
Times
Treatment
5 c Day0 Day4 Day7
O
E 2 Control 580+0.01° 5.50+0.01° 4.90+0.01"
[7)
z 83 T3 6.000.06" 5.40+0.01" 5.60+0.01°
i 2 § Tw24 6.20+0.01C 6.00+0.06" 5.70+0.01°
L ® % BROOIL 6.20+0.01° 5.90+0.01° 5.50+0.01°
T S W31 6.30+0.01" 6.00+0.06" 4.80+0.01°
thh 1 BR002 6.10+0.01" 5.90+0.01° 4.90+0.01"
TW34 5.80+0.01° 5.40+0.01° 4.80+0.01°

Y A o < ! a 5 ! a

ALaYNUILEuaLluUA LY 3 LBIEANUVLAUVUNIRTZTU

I a saa o =) (% o w (=] 1 [y aad LY A Y
AadgluanuANTsnusinilouiumnu 1&111?’1’3’]11LLG]ﬂG]NﬂU‘VI’NﬁﬂGWIi%WUﬂ’NNL?JEJEJ‘LJ 95%
(p>0.05)
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2.2 msnaaasluinneannisidesieiliniunisenage

1) MsasukUasraakauluwie

[

A1319% 15 nsnaaeuUszansainves Bacillus  spp.  Usuam 1% (vA) Tun1sida

1 U 1 QOJ ng ¥ 1% i [ 1 ¥
wonluflelussninamameasaduszezioan 7 Ju - ludhfisannnisidesdailinuniseie
SAUYINLNG

Non - sterilized wastewater

Initial Final Ammonium  Ammonium
Treatment Day ammonia ammonia removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0  36.49+1.23"
Day 4 33814264  268+1.43  7.35+3.93"
Day 7 30.00+4.29°  2.48+1.52° 6.82+1.15°
TS23 Day 0  33.89+2.08
o Day 4 27.96+0.52° 5924240  17.48+6.62"
= Day 7 12.44+0.08°  21.44+12.13°  63.28+5.81"
@  Tw2a Day 0  28.08+8.45°
S AB AB B
° Day 4 17314771 10.78+9.71"°  38.37+4.59
2 Day 7 10.07+3.53  18.01+165  64.16+149"
g BROOI Day 0  37.33+3.58
= Day 4 18194317 19.13:215"°  51.264577"
T Day 7 8.67+038°  28.65+3.44°  76.77+9.22°
L TW3l Day 0  37.60+9.24°
- Day 4 23204628 14.40+1.27"°  38.30+9.99"
Day 7 12.60+3.67°  25.00+2.31°  66.49+2.75
BR0O2 Day 0  33.81+5.30°
Day 4 11.68+3.35" 22134583  65.46+7.25
Day 7 21934563  11.87+1.47"°  3514+3.95
TW34 Day 0  31.33+8.70°
Day 4 10.23+0.57" 21114816  67.36+6.06°
Day 7 27494456  3.84+573"  12.27+8.29"

faiinaueifudiads 3 freAndeauumesg

Wisuiflsuiuseninsaniadeluinl Day 4 vesnn1svaaed
Wisuiflsuiuseninsaniadeluinl Day 7 vesanisvaaed
Anadeluanudiifisnesindlug wasdnwsinidnmiiousuidu ldfianuunndieiums
adnfisvaunudotu 95% (p>0.05)



A13197 16 n1aaeuUIzansaiwues Bacillus  spp.

Usuned 5% (vA) Tunisiam

99

[

] 1 3 [y 1 v & & Y o [ 1 &
worlutdeluszuinenisnaasaudusyesiign 7 u IU‘U’WI\‘IQ’]ﬂﬂ’ﬁLaEJQQﬂVlbL@JNWUﬂ’]i?J’]L“U’e)

Non - sterilized wastewater

SLAUINLIG
Initial Final Ammonium Ammonium
Treatment Day ammonia ammonia removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0 37.98+12.12°
Day 4 38.90+9.79" -0.92+6.41" 2414320
Day 7 32.05+1.83" 594+1.43°  15.63+6.42"
T523 Day 0 39.42+4.01°
« Day 4 2532+4.27"  14.10+3.01° 35.76+7.64°
= Day 7 31.05+4.77" 83627.11°  21.2248.04°
a Tw24 Day 0 39.10+12.74°
E Day 4 22.00+8.71"  17.10+0.85° 43.72+7.76"
0 Day 7 18.34+6.26" 20.764+2.31°  53.10+1.49°
$  BRrOOL Day 0 36.30+11.97"
3 Day 4 31.98+3.14" 437+510 12.01+1.54°
@ Day 7 36.85+3.79° -0.51+1.09"  -1.40+0.50"
L TWal Day 0 35.52+11.61°
o Day 4 25.93+1.35 959+1.88°  27.00+1.60°
Day 7 30.16+6.61" 1.36+590°  3.83+6.60°
BROO2 Day 0 34.82+11.89"
Day 4 26.13+1.85" 8.69+2.27°  26.95+3.95
Day 7 30.45+6.16" 0.36+6.95  1.05+8.68"
TW34 Day 0 35.52+13.55
Day 4 26.33+0.24" 9.19+3.78°  2587+38.80°
Day 7 19.78+9.62" 15.74+529°  44.31+3.03"

1 o o & = H oA
ALavNULEualuA LR 3 LIEANULAUVUNINTZTU

~ a ) ] ] a
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY

Wisuieuiusenineaadelunnl Day 7 U99Ynn1snnaes

1 = faa v a 1 [ a ¢ & = [y o w = [ [y
Anadgluanunnilonwsiuilug wazdnwsiunanuloununiniu laufinuuanasiunig
AnANTEAUAMILADLIU 95% (p>0.05)
- AD NSHNTUVDIUSUNULBUIUTEENUINNIN T WS LAY



2) mMsasunlasuadlulasy

100

A519% 17 MsageuUszandninwaes Bacillus spp. Ui 1% (vv) Tunrsmdalulasilu
1 ¥ 1 %}I ng 4 v i [ ] 1 4 %
sgiamaveaesduszezioan 7 W luhiiinnsidessiliiiunsandessaurinlva

Non - sterilized wastewater

Initial nitrite Final Nitrite Nitrite
Treatment  Day (mg-N/L) nitrite removal removal (%)
(mg-N/L) (mg-N/L)
Control ~ Day 0 35.51+14.98"
Day 4 38.60+3.20" -3.08+17.05  -8.68+8.02"
Day 7 30.97+3.03°  4.54+18.01"  12.79+0.70°
TS23 Day 0  27.237.79°
" Day 4 20.00£10.85" 3.23+17.45  11.86x4.09"
S
= Day 7 716075  20.09+7.94°  73.79+9.16"
3 TW24  Day0  30.79+5.66°
Y
° Day 4 2731+12.14"  3.48+7.01"  11.30:2.78°
g Day 7 7324078"  23.48+4.89°  76.24+587
g BROO1 Day 0 32.99+11.67
2 Day 4 27.82+¢11.94"  517+321"  15.68+0.05
T Day 7 6.52+0.28°  26.48+156°  80.25+504
S TW31 Day 0 28.85+8.68"
Day 4 29.23+13.09"  -0.39+1.73"  -1.35+535"
Day 7 7.05:0.83"  21.79+9.38°  7554+2.52
BROO2 Day 0  33.64+2.70°
Day 4 25.12+11.77" 8524145 25344405
Day 7 7.77+0.76°  2587+2.21°  76.89+6.56"
TW34 Day 0 24.21+4.18
Day 4 26.77+11.3¢"  256+5.40"  -10.57+3.60"
Day 7 1630+4.94°  7.92+7.30°  32.69+0.14"

1 o o & a H oA
ALavNULEUaLluUALRRY 3 LBIEANUVLAUVUNIRTZU

- a 1Y) | | =
WisuguiusEIeaaaelule Day 4 193YAN13NAaDs

Wisuieuiuseninaaadeluund Day 7 U99yan1smaaes

J a saa o a 1 [y a ] A v o W 1 1 v
ﬂ']LQﬁEJIUﬂ@@JﬂVIﬂJEJﬂUiWﬂJWﬂ%QJ} LASBAYINUNLANLANDUNUNTIAUY IMMQQWQJLLG]HG]WQﬂUVIWQ

AnANTEAUAMILADLIU 95% (p>0.05)

- fim MsviinIuvsUsunalulasiiunnINTuS A
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A19199 18 N1InAgUUTEANSAINYBY Bacillus spp. Usinad 5% (v/v) Tunisidalulasiilu

1 1 o 1 ¢ & Y a1 1 & [y
TEMININTNAFDUTUTLEZLIAT 7 U IUUWVIQ‘U’]ﬂﬂ’]iLaEJQQQWI&JN’]Uﬂ’]i"ZﬂLGUE]iB@]‘UﬂJ’JﬂI‘VIﬁ

Initial nitrite Final Nitrite Nitrite
Treatment  Day (mg-N/L) nitrite removal removal
(mg-N/L) (mg-N/L) (%)
Control Day 0 32.02+3.73°
Day 4 27.94+339°  4.08+7.10° 33.79+1.84°
Day 7 27.67+6.58° 4.35+2.91° 13.58+9.09"
TS23 Day 0  33.07+9.46°
" Day 4 6.91+3.82"  26.16+1.44" 84.54+0.46"
% % Day 7 9.08+0.39"  23.99+9.74° 72.54+9.47°
< § TW24 Day 0  29.66+9.00°
§ ° Day 4 7.05+3.71"  2261+2.62" 81.34+7.76"
T % Day 7 10.27+0.87°  19.39+9.18" 65.37+0.96"
8 8 BROO1 Day 0 31.12+11.17°
g 3 Day 4 6.87+3.98"  24.25:320" 82.60+8.92"
L3 Day 7 9.96+0.62° 21.16+0.78" 67.99+4.64"
2 8 TW31  Day0 29.74x4.79°
° Day 4 7.70+3.35  22.04+2.52" 74.49+8.61"
Day 7 11.92+1.11°  17.82+3.72° 59.91+2.52°
BROO2 Day 0 27.55+10.06°
Day 4 7.97+3.36  19.57+2.35 81.01+7.86"
Day 7 14.62+7.20" 12.93+4.15° 46.93+1.39°
TW34 Day 0  28.60+7.24°
Day 4 7.02+370"  21.57+0.29" 83.18+0.16"
Day 7 9.92+2.45  18.68+4.87" 65.31+7.02°

1 o o i a 5 oA
mavfiviaueduaiage 3 FIEANVYIUUNINTFIU
~ a ) ! ! a
Wisugunuszneaaylulel Day 4 VDIYANIINAADY
Wiguiguiuseninadadeluinl Day 7 veayanisvnaaes

AnadsluanuAniionwsiunive wagdnusiiundnmiouduiiu luflnuuwnnaiaiunig

AnANTEAUAMILIRLU 95% (p>0.05)
- A9 MsinIuveslsunadlulasinuinnInTusudu



3) nMswasuLUasveslumm
A1519% 19 MsvageuUsyandniwaes Bacillus spp. Usia 1% (vAv) Tunismdalumsnlu

102

1 1 o 1 ¢ & Y a1 1 & [y
TEMININTNAFDUTUTLEZLIAT 7 U IUUWVIQ‘U’]ﬂﬂ’]iLaEJQQQWI&JN’]Uﬂ’]i"ZﬂLGUE]iB@]‘UﬂJ’JﬂI‘VIﬁ

Initial Final Nitrate Nitrate
Treatment Day nitrate nitrate removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0 53.66+13.47°
Day 4 49.64+6.89°  4.02+0.31°  7.49+7.85
Day 7 37.08+4.84° 16.58+1.94°  30.90+2.24°
TS23 Day 0 53.22+19.11°
" Day 4 25.05+3.10"  28.17+2.21" 5293+1.73"
. S
g = Day 7 21.16+1.74°  32.07+7.47° 60.25+2.83"
©
2 &  TW24  Day0 54.90+13.20°
2« BC A A
§ ° Day 4 37.71+3.92  17.19+0.82 31.30+9.71
T % Day 7 35.95+399°  18.95+6.87  34.52+0.72°
N 2 BROOI  Day0 51.33+20.04°
g 3z Day 4 26.68+3.79"°  24.64+3.68" 48.01+6.14"
LT Day 7 2531+3.16  26.02+8.81° 50.69+6.64"
2 &  Twsl  Day0 57.14+9.7%
Day 4 38.20+3.15  18.94+1.86  33.15+0.75
Day 7 21.20+1.31°  3594+8.42" 62.89+4.73
BROO2  Day 0 58.09+13.27
Day 4 4516359 12.93+0.93" 22.26+8.81"
Day 7 43.73+333°  14.36+6.59° 24.73+8.55°
TW34  Day0 50.56+19.99°
Day 4 45.80+3.33°  4.76+331  9.42+6.11°
Day 7 24.76+1.33°  25.80+8.71° 51.03+7.01°

1 o o & = H oA
ALavNULEuaLluALaRY 3 LIEANULAUVUNIRTZTU

~ a ) ] ! N
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY

Wisuiieuiusenineaadeluwnl Day 7 999Ynn1snnaes

J a saa o a 1 [y a ¢ @ = v o w =] 1 [y
ﬂ?LQﬁSIUﬁ@iJﬂVI@J@ﬂHﬁWMWﬂIMEyJ RS DNWYINUNLANLUANDUNUNTINY vL@JiJﬂ’JW?JLLG]ﬂG]’NﬂUVIN

AnANTEAUANLTDIIU 95% (p>0.05)
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A19199 20 N1IAERUUTEANSAINYBY Bacillus spp. Usinad 5% (v/v) Tunisiidalutesnlu
! 7 1 %:’ ay dy ¥ d‘ (BN 1 dy %
sgiamaveaesduszezian 7 W ludiiinnsidesdsiliiiunsandessauyinlva

Initial Final Nitrate Nitrate
Treatment  Day nitrate nitrate removal removal (%)
(mg-N/L) (mg-N/L) (mg-N/L)
Control  Day 0 52.11+6.93
Day 4 57.13+7.73  5.02+4.45  878+2.80"
Day 7 42.26£0.48° 14.87+7.31"  26.02+0.30"
TS23 Day 0 50.61+8.37
" Day 4 19.10+8.17"  151+2.05  3.08+4.92"
% % Day 7 19.93+0.24" 29.17+8.02"  59.40+6.70°
< § TW24  DayO 53.924655
g S Day 4 4533+2.01" -8.59+6.38 -18.95+8.21"
- 2 Day 7 20.65+0.24° 24.68+1.92° 54.44+8.37
;_051 T BROOI  Day0 52.778.93
g 3 Day 4 40.20+7.89" 12.53+539° 31.14:8.25"
L @ Day 7 23.77+0.00° 16.46+7.89° 40.92+4.45"
2 &  Twsl  Day0 48.77+6.64°
° Day 4 53.89+3.03 -5.12+9.67  -9.49+6.51"
Day 7 25.93+0.42° 27.95+3.40° 51.87+6.30°
BROO2  Day 0 48.72+6.73
Day 4 49.41+1.26" -0.69+4.11° -1.40+8.79"
Day 7 38.42+0.48" 10.99+0.91° 22.24+2.31°
TW34  Day 0 50.35+0.00°
Day 4 42.14+3.00" 8211.73°  19.49+157°
Day 7 25.69+0.24° 16.45+3.24"  39.03+5.14°

1 o A o i = 5 |
mmwmmumﬁummaa 3 LIEANULAUVUNIATZTU

~ a ) ] ! N
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY

~ a ) ] ! N
Lﬂi‘c’JUW]EJUﬂ‘LliSM'J'Nﬂ’]LQaEﬂ‘ULLﬂ'J Day 7 GUEJQGq@ﬂ"IiV]@a@Q

AnaagluanuAniionysiunivg  uagdnwsinidnmiouduiiiu  ldianuuanataiunig

AnANTEAUANLTDIIU 95% (p>0.05)

- A9 ML ANTUYIUSUlLASNANINAIN TS LAY
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4) nsildrunyasveseasiovadLne
A19197 21 nsvadauUTEaANSAINYes Bacillus spp. S 1% (vAv) lun1sindneasls

[
a

1 [~3 v 1 %)’ ay ¥ dl [ 1 dy
Woaalusenitamneaendusseziiat 7 Ju - Tudifwinnsidesieanldniunisdnae
SEAUVIA LN

Initial Final PO, PO,
Treatment  Day PO, PO, removal removal
(mg-P/L) (mg-P/L) (mg-P/L) (%)
Control ~ Day0 3.33+0.04°
Day 4 5.62+0.12° -2.28+0.08° -68.49+2.42°
Day 7 2.1140.04"  1.23+0.02"  36.81+0.69"
TS23 Day 0 4.22+0.03"
. Day 4 2.11+0.03° 2112003  49.98+0.74"
% % Day 7 1.13£0.02°  3.10£0.02°  73.33+0.42"
: &  TW2  Day0 267+0.03
g S Day 4 3.44+0.03 -0.76+0.06° -28.48+2.13
T g Day 7 1.59+0.04°  1.08+0.06°  40.41+9.97"
S 9 BroO1  Day0 4.24x0.01"
g 3 Day 4 1.80+0.03° 2.44:0.02° 57.66+0.44"
L3 Day 7 5.60+4.24°  -1.36+4.24" -32.05+2.16’
2 &  Twsl  Day0 3.69+0.04°
- Day 4 6.87+0.03° -3.18+0.07 -86.02+1.93"
Day 7 1.03+0.02°  2.67+0.06° 72.25+1.52°
BROO2  Day0 4.05+0.01°
Day 4 355+0.02° 0.50+0.03° 12.27+0.82°
Day 7 1.83+0.06° 2.22+0.05° 54.77+1.20°
TW34  Day0 3.98+0.04"
Day 4 1384003  259+0.07 65.18+1.67"
Day 7 1.59+0.10° 2.39+0.14°  60.05+3.54"

1 o A o I3 ! a 5 oA

maniiauailuniedy 3 PrxAndesuuannsgiu
Wisuiieuiuseninaaaieluund Day 4 ¥99yan1Tmaaes

~ a ) ! ] N
Wiguiguiuseninaaaieluuad Day 7 ¥8eyan1smaaes
Anadsludauinidnysiulvg wagdnwsiuidnuilouiuiiiu liflanuwanataiunig
ANANITZAUAMILIBLU 95% (p>0.05)

A a X a a | v oa v
- Ain MINTUYeIUINAResIsWoAWAILINAI T US LAY



105

A15197 22 nsvadeuUsEanSnInaes Bacillus spp. USua 5% (v/Av) lun1snndnessls

[ |

1 [~3 v 1 %)’ ay a Y a [ 1 dy
Woaalusenitamsneaenlussezinat 7 Ju - Tudifiwinnsidesieanldniunisdnae
SEAUVIN LA

Initial Final PO, PO,
Treatment Day PO, PO, removal removal
(mg-P/L) (mg-P/L) (mg-P/L) (%)

Control Day 0 3.58+0.08"

Day 4 6.89+0.02  -3.32+40.06  -92.77+1.75"

Day 7 4554005 -0.98+0.03" -27.32+0.87"
TS23 Day 0 3.56+0.03°

" Day 4 265002  0.91x0.05  25.50:1.43"

% % Day 7 159+0.11°  1.97+0.09°  55.39+2.49"
< 59_3 TW24  Day0 3.35+0.06

g ° Day 4 3.20+0.06  0.14+0.11°  4.09+3.25°

5 3 Day 7 1.86+0.05  1.50+0.10°  44.60+2.85
N @ BROOI  Day0 3.45:0.05°

g 3 Day 4 3.46+0.03° -0.01x0.05  -0.43+1.32"

L3 Day 7 196+0.13°  1.49+0.13"  43.16+3.82°
2 &  Twsl  Day0 3.59+0.03

° Day 4 251+0.06° 1.08+0.07  30.15+1.87"

Day 7 126+0.02°  2.33+0.05°  64.80+1.46"
BROO2  Day 0 3.81+0.05

Day 4 268+0.08°  1.13+0.08  29.66+2.20°

Day 7 6.96+4.04° -3.15+4.09" -82.60+1.25°
TW34  Day0 4.09+0.01°

Day 4 2.99+0.05° 1.10+0.05  26.82+1.20°

Day 7 242+40.01°  166+0.02"  40.75+0.43"

1 o A o I3 ! N - oA

msvndiauaiduatedy 3 $1+AndesuunInggu

- a ) ! ] a
Wisusunusznsaaagluial Day 4 VDIYANIINAADY
Wisuisuiuseninaaaieluund Day 7 U89yan1smaaes

' a s o a 1 1Y a § @ N [y o w 1 1 [y
Anadsluanunnilonwsiunlng wagdnwsiuianmilouduniu ldanuunnaieiunig
AnANTEAUAMILADLIU 95% (p>0.05)
- Ain MILNTUYBIUIINAeeSIsWoANATILINAI T UTUAY



106

5) MsiUasuwlaweguml

= a A ' 1 5 & g Y a1
M990 23 Msidsuwlasesgamgiiluseninanisveaes Tudfisainnisideanailisiu
A159ATD

Times
Treatment
S Day0 Day4 Day7
3 5 Control ~ 2857+0.59°  28.87+1.16°  28.30+0.86"
S < 9 T523 2850+1.12°  2850+158"  28.00+1.19°
— Q=
£ 9 § Tw24 28.67+1.03° 28.70+1.31° 28.13+0.86°
é =9 BROOL  28.47+1.00° 2850+1.42°  28.03x1.10"
z 0\2 TW31 28.60+0.86° 28.60+1.39°  28.03+1.03°
- BRO02 28.70+0.94°  28.67+1.41°  28.07+0.95°
TW34 28.57+0.74°  28.77+1.39°  2817+0.92°
Times
Treatment
s Day0 Day4d Day7
v 5 Control ~ 28.77x0.94°  28.77+0.94°  28.47+0.74"
S £o  TS23 28431227 2860:155° 2800102
— Q=
£ 9 § Tw24 28.33+1.27°  28.60+1.53°  28.07+1.00°
e Z®  BROOL  2853:007° 28038403’  27.67+0.24°
z O\Z’ TW31 28.70+1.00° 28.63+1.41° 28.47+0.84°
10 BRO02 28.60+0.93°  28.60+1.45°  28.33+0.95°

TW34  28.63+0.97°  28.53+107°  28.47+0.92°
" fuaviduaueidudnade 3 grsandonuunnigiu

a ) ~

I a saa o = (% [N (= ' [y aa &
AaagluanuANisnysiniouiuniu VLlIlIﬂT]lILLG]ﬂG]’Nﬂ‘L!V]’NﬁﬂGW]iSWUWN@JL“UEJZLI‘H 95%
(0>0.05)
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6) MaUAsuuUaswes pH Tuseninsnsvnaes
{ dl U 1 QOJ ng dgj 1% dl [
M15199 24 nsilAsundadves pH lusgninnmisveass Tuihilsainnisiaeananlairiiunis
HRIGR!

Times
Day0 Day4 Day7
Control  7.94£0.00° 6.95+0.48° 6.66+0.46°
TS23 8040007 7.11+0.46" 6.94+0.46°
TW24  7.97+0.00° 6.99+0.47°  6.95+0.49°
BROO1  8.08+0.00° 7.01£0.46° 6.96+0.46°
TW31 8.03+0.01° 7.12+0.47"  6.98+0.48"
BROO2  8.03+0.01° 6.95+0.48° 6.95+0.48°
TW34  8.01+0.01° 7.03+0.46° 6.97+0.46

Treatment

Non - sterilized
11 % cell suspension of
Bacillus

Times
Treatment

S DayO Day4 Day7
B 5 Control ~ 7.88+0.01°  6.32+0.01°  6.32+0.01°
S S TS23  7.90+0.00° 6.36+0.02° 6.26+0.00"
% §§ TW24  7.77+0.00° 6.53+0.01° 6.23+0.02°
5 3 3 BROO1 7'9010'01; 6.5510.01(16 6.2810.01:b
2 9 TW31  7.98+0.01° 664001 6.26+0.01

0 BROO2  8.14+0.01° 6.38+0.01° 6.26+0.01"

TW34  7.91x0.00° 6.56+0.00° 6.47+0.01°
' fuavidiaueidudnade 3 grsandonuuannigiu

[y

AaagluanuN NI nwsMLauNuAAU lUTANUWANAAUNIEDRTNSEAUAMULTBNY 95%
(p>0.05)
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7) NM5UasULUAIUBI9DNTLIUATANYLN

= a = g ' 1 g & &
M13199 25 N1siAguulasueteendiauazateinlusenitammenss Tul1iannisifes
fanlysuniseee

Times
Treatment
S Day0 Day4 ! Day7
v 5 Control  7.00+0.06" 6.60+0.01° 5.60+0.01"
(%]
2 59 TS23 6.60+0.15"  6.70+0.01° 6.00+0.06°
= o=
2 2% W24 6.00+0.06° 6.5040.01° 6.20+0.01°
I (]
c FT  BROOL  670:001° 650£001 560:0.01°
z ¢ W3l 6.50+0.01% 6.40+0.01° 6.30+0.01°
- BRO02 7.00:0.06° 6.50+0.01° 6.40+0.01'
W34 6.50+0.01" 6.60£0.01° 5.80+0.01"
Times
Treatment
5 Day0 Day4 Day7
3 5 Control  6.90+0.01° 6.2040.01° 6.2040.01°
(%]
S S TS23 66010017 650:001° 6.40+0.01°
pu o=
2 2% Tw24 6.80+0.01° 6.50+0.01° 6.70+0.01°
I (]
c 3° BROO1 6.50+0.01°  630+0.01° 6.40+0.01°
z 0\3 TW31 6.60+0.01° 6.00+0.06" 6.2040.01"
10 BRO02 6.60+0.01°  6.3040.01° 6.30+0.01°

TW34  6.70+0.01° 6.10+0.01° 6.10+0.01°
" favidiaueidudade 3 grsandonuunnigiu

I a saa o =) (% o o (= 1 [y aad (Y A Y
AadgluanuANTsnysindlouiumnu 1&111@’3’]11LLG]ﬂG]NﬂU‘VI’NﬁﬂGWIi%WUﬂ’NNL?JEJJJ‘LJ 95%
(p>0.05)



3. NANSANEEAFIUNUNLAUVBINAYD Bacillus WaN
3.1 NANT3INNIIDIYAULNVDUYD Bacillus

AN999 26 DRTINITLATYLAULITOINANTD Bacillus BROO1:BRO02 Tudnaiuniunnsiu

Bacterial growth

5 . & Treatment (Colony forming unit (CFU/mL))

g g : Day0 Dayl Day2 Day3 Day4 Day5

g g § 30:70 5.69x10° 3.24x10° 2.98x10° 5.28X10° 1.72X10" 7.93X10°

3 § E'E 40:60 1.82x10° 3.36x10° 4.60x10° 6.45X10" 2.3aX10° 3.80X10"

:E) @ % 50:50 8.81x10° 4.88x10° 5.50x10° 6.39X10° 3.08X10" 5.15X10°

a S 60:40 6.62x10° 5.25x10° 6.68x10° 3.72X10° 1.61X10" 3.37X10°
70:30 1.58x10° 4.32x10° 5.09x10° 4.37X10' 3.71X10° 3.91x10’

60T
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3.2 n1sasunlasvaananlutde lulasy wazluwmsnilieldnan
Wwananlud1nNMsiaeeds
1) MsasukUasrakauluwile

A15719% 27 n15UAsULUaIYIwaNluL e TusEnI19nISANYIFAEIUNNUNLAUVDINANTD
. o 1 s & E Y A
Bacillus way \Juszeziial 7 Ju - ludfisinnisidesdauuuszuuda

Initial Final Ammonia
Treatment Day ammonia ammonia removal
(mg-N/L) (mg-N/L) (%)
Control Day 0 24.97+0.35
N Day 1 21.81+3.46°
o
2 Day 2 19.89+1.21°
[aa]
B Day 3 18.29+2.63"
5 S Day 4 21.2040.22°
g o Day 5 2275+1.43" 886+4.97"
35
*% S 3070 Day0 2497035
S Day 1 14.49+6.11"°
g %5 Day 2 3.43+0.23"
= c AB
5 O Day 3 6.21+1.31
+ 8 a
7 Day 4 2.18+0.65
3 Day 5 520+138°  79.17+532"
2 40:60 Day 0 24.97+0.35°
> Day 1 15.18+6.11""
Day 2 7.46+2.42°
Day 3 4.96+0.75"
Day 4 2.18+0.08°
Day 5 4.20+020°  83.17+1.96

' faafitiavefuaade 3 %ﬂiﬁ%ﬁmmummgm
Wisuisufuszninedadsusaziaivesanus Day 1, Day 2, Day 3, Day 4 uay Day 5 Tu
YANITNAGDN

Anadeluanudiifidnesinilug wasdnusinidnmilousuiiu ldfianuuandieiumg
adATiszuAudaiu 95% (p>0.05)
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A15199 27 (9) N5 UABULUAUe el He T UTENIN9NISANY AR UL L EUYDINAN
& . o 1 s & E Y A
e Bacillus waw Wuszeznan 7 3u - Tuihiseinnmsidesfawuuszuudn

Initial Final Ammonia
Treatment Day ammonia ammonia removal
(mg-N/L) (mg-N/L) (%)
50:50  Day 0 24.97+0.35°
N Day 1 6.46+1.23"
o
& Day 2 4.97+0.31°
o8] AB
= Day 3 5.44+0.86
5 o Day 4 2.09+0.50"
g @ Day 5 4.82+0.17"  80.68+1.09"
S
% S 6000  Day0 2097+035
S Day 1 9.09+1.49"
g % Day 2 4.45+0.40°
= c
g 9 Day 3 3.00+0.67"
-+ 8 a
7 g Day 4 1.36+0.15
3 Day 5 297+0.20°  88.11+1.30"
< 7030 Day O 28.97+0.35
)] AB
Day 1 15.85+2.02
Day 2 4.87+0.61"
Day 3 5.84+1.07"
Day 4 3.03+0.36°
Day 5 4.42+0.72°  82.30+4.25"

1 o o & a H oA
ALavNULEUaLluUALRRY 3 LBIEANUVLAUVUNIRTZU

WIBUWBUAUIENINNALRAULARZLOIVREANA Day 1, Day 2, Day 3, Day 4 uag Day 5 lu

YAN1INPEaDN

J a saa o a 1 [ a & @ A v o W 1 1 v
ﬂ']LQﬁEJIUﬁ@@JﬂVIﬂJEJﬂUiWNWﬂ%QJ} BASBNWIWUNLANLNAUDUNUNINY IMMQQWQJLLG]HG]WQﬂUVIWQ

ANATITZAUAMNLIDLU 95% (p>0.05)



2) mswasuwlasvedlulngy

112

A15199 28 n15tUasULUareluleshlusEnI19nNISANEIdREIUN MU EUVDINANT D
. o 1 Y X v a
Bacillus was Wuszeziian 7 3w Tuihfiwinnsidesiawuuszuuds

Initial Final Nitrite
Treatment Day nitrite nitrite removal
(mg-N/L) (mg-N/L) (%)
Control Day 0 27.36+0.09°
o~ Day 1 22.22+1.55
S Day 2 22.81+3.36"
Dj Day 3 20.91+3.46"
5 S Day 4 19.92+0.38°
E 2 Day 5 21.38+0.09"  21.86+0.65"
% S 3070 Day0 27362009 B
S Day 1 20.31+3.44
g % Day 2 5.15+0.52°
T 8 Day 3 11.70+0.16"
2§ Day 4 15.73+0.13"
3 Day 5 14.78+0.06°  45.99+0.21"
2  40:60 Day 0 27.36+0.09"
- Day 1 11.49+8.56
Day 2 4.09+0.27"
Day 3 12.77+0.16"
Day 4 14.370.45°
Day 5 15.24+0.14°  44.33+0.32"

1 o o i = 5 |
ml,awml,aual,ﬁummaa 3 LIEANULAUVUNINTZU

WisuguiusenineAaasusazuaIvesd@nus Day 1, Day 2, Day 3, Day 4 wag Day 5 lu

YAN1INPaDN

AnadsluanuAniidonwsfiunive wagdnwsiuidnwiouduiiiu lufinuuwnnaiaiunig

AnANTEAUAMILADLIU 95% (p>0.05)
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A1519% 28 (519) N15tUABULUAIUBI b ULATNIUSEMININSANYI AR AT UL S AUYDINALTD
. o 1 s & E Y A
Bacillus way \Juszeziial 7 Ju - luifisnnisidesdauuuszuuda

Initial Final Nitrite
Treatment Day nitrite nitrite removal
(mg-N/L) (mg-N/L) (%)
50:50 Day 0 27.36+0.09°
N Day 1 21.06+6.48"
§ Day 2 4.63+0.03°
2 Day 3 12.14+0.15"
5 O Day 4 10.8120.62"
= g Day 5 7.08+0.02"  74.11+0.39"
% S 6000 Day0 2736+0.09° B
2] Day 1 23.72+1.62
g % Day 2 5.32+0.12°
T 2 Day 3 16.06+0.29"
I Day 4 18.76+1.26°
3 Day 5 14.61+0.20° 46.70+0.93"
Z 70:30  Day0 27.36+0.09°
- Day 1 4.62+1.78"
Day 2 1.90+0.02"
Day 3 5.63+0.14"
Day 4 9.04+0.36"
Day 5 8.05+0.55"  70.57+1.68"

1 o A o I3 i a - oA

maniiausiduntedy 3 PrxAndesuuannsgiu
WIBUWBUAUIENINNALRAULARZLOIVREANA Day 1, Day 2, Day 3, Day 4 uag Day 5 lu
YANITNAGD

' a s o a 1 [ a ¢ @ = [y o w =] 1 [y
Anadsluanunnilonwsiuilug wagdnwsiunanuioununidiu laufinuuanasiunig
ANATITZAUAMNLIDLU 95% (p>0.05)
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A1519% 29 N5 AT ULUAIUR9 b ULATNTUTENININSANBIAR A IUNLNUI L ANVDINANT D
. o 1 Y X v a
Bacillus was Wuszeziian 7 3w Tuihfiwinnsidesiasuuszuuds

Initial Final Nitrate
Treatment Day nitrate nitrate removal
(mg-N/L) (mg-N/L) (%)
Control Day 0 25.93+0.07°
N Day 1 16.99+0.35
S Day 2 16.01+0.37°
E Day 3 15.12+4.93"
5 S Day 4 14.07+0.04°
E g Day 5 25.46+028"  1.8149.63"
% S 3070 Day0 2593:007 D
S Day 1 8.78+0.24
g © Day 2 2.03+0.15"
T Day 3 6.10+0.07"
78 Day 4 18.20+0.24°
3 Day 5 23.15+6.90° 10.72+8.37"
= 60:60 Day 0 25.93+0.07"
- Day 1 7.35+0.04"
Day 2 2.25+0.09"
Day 3 7.20+0.07"
Day 4 15.96:0.04°
Day 5 25.19+0.08° 2.85+0.22"

1 o o i = 5 |
ml,awml,aual,ﬁummaa 3 LIEANULAUVUNINTZU

WisuguiusenineAaasusazuaIvesd@nus Day 1, Day 2, Day 3, Day 4 wag Day 5 lu

YAN1INPaDN

AnadsluanuAniionwsfiunive wagdnusiiundnmiouduiiiu luflauuwnnaiatunig

AnANTEAUAMILADLIU 95% (p>0.05)
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A1519% 29 (s19) N15tAsULUaIvelunsNTUsENININISANYARAIUNLNUN S AUYDINALTD
. o 1 s & E Y A
Bacillus way \Juszeziial 7 Ju - luifissnnisidesdauuuszuuida

Initial Final Nitrate
Treatment Day nitrate nitrate removal
(mg-N/L) (mg-N/L) (%)
50:50  Day 0 25.93+0.07
N Day 1 4.16+0.01°
o
2 Day 2 2.64+0.18"
2] AB
5 S Day 4 13.40+0.81°
= & BC A
g @ Day 5 23.37+0.15  9.87+0.37
S
*% S 6040  Day0 2593:0.07
- Day 1 4.79+0.37"
§ % Day 2 3.74+0.17°
= c
5 .0 Day 3 11.66+0.04"
+ 2 f
v 9 Day 4 22.48+0.04
3 Day 5 26.57+0.11°  -2.45+9.96"
< 70:30  Day 0 25.93+0.07°
- Day 1 2.28+0.01"
Day 2 0.76+0.02"
Day 3 6.37+0.11"
Day 4 10.35+0.08"
Day 5 19.17+0.20"  26.07+0.63"

1 o o & a H oA
ALavNULEUaLluUALRRY 3 LBIEANUVLAUVUNIRTZU

WIBUWBUAUIENINNALRAULARZLOIVREANA Day 1, Day 2, Day 3, Day 4 uag Day 5 lu

YAN1INPEaDN

J a saa o a 1 [ a ] A v o W 1 1 v
ﬂ']LQﬁEJIUﬁ@@JﬂVIﬂJEJﬂUiWNWﬂ%QJ} LASBAYINUNLANLANDUNUNTIAUY IMMQQWQJLLG]HG]WQﬂUVIWQ

ANATITZAUAMNLIDLU 95% (p>0.05)
- NMSANTUYBIUSLUIULASNNUINNIN TS LAY
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1) MsasukUasvaakauluwle
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4.1 UszansSnmnisuinununvananiueindnae Bacillus NuLAL

M15197 30 n1swWdguulasvewenluislusenitnisnegeuUssaninmuesndnsiaging
& . a o 1 S & Y )
e Bacillus uvANUI 5% (W) Wuszezaan 7 Fu - Tudinmsidesdelussauein

a
Initial Final Ammonium Ammonium
Treatment  Day ammonia ammonia removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0 14.49+8.83°
Day 4 11.85+1.46° 264027  18.21+0.88"
3 Day 7 13.06+2.37° 1.41+0.83°  9.79+4.79"
£ £ Coconut Day 0  14.49+8.83"
e 0§ dust Day 4 10.89+1.28° 3.60£0.66  24.83+6.67
% a Day 7 0.16+0.08"  14.33+0.90" 98.90+1.47°
C 8 Ricehusk  Day0 14.09:8.83
£ 3 Day 4 13.59+3.92° 0.90+0.98"  6.21+8.91°
g ?g Day 7 0.07+0.03"  14.42+8.81° 99.52+0.81"
N @ Pambunch Day0 14.49+8.83
E ;,3 Day 4 3.4213.15: 11.07i0.22§ 76.4110.535
2 n Day 7 0.20£0.09"  14.29+8.74"  98.62+0.36
2 Rice bran Day 0  14.49:8.83"
Day 4 219+0.48"  12.30+0.08° 84.90+2.68"
Day 7 0.82+0.10°  13.6748.76"  94.34+0.48°
Broken- Day 0  14.49+8.83"
milled ice  Day 4 11.30+7.12° 3.19+0.76"  22.00+9.07"
Day 7 1.14+0.23°  13.35+8.98"  92.14+1.96"

1 o A o | = o |
mmwmmumﬁummaa 3 LIEANULAUVUNIATZTU

~ a ) ] ] =
Wisusuiusznsaaasluuel Day 4 VDIYANIINAFDY

~ a ) ] ] =
Wiguiguiusevieaaielunnl Day 7 U99Ynn1Tnaaes
AnadsluanuAniionwsiunive wagdnwsiiudnmiouduiiiu luflnuuwnnaiatunig
AnANTEAUAMILADLIU 95% (p>0.05)
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A15719% 30 (si9) NMsslAsuLUasweIwanlutelUsEININSNAdRUUSEANS NNV INANN UN
v & . a o 1 - X Y )
nddo Bacillus MuANU3uI 5% (wiv) Wussezian 7 T Tuihannisidesislusséu
YInlna

Non-sterilized shrimp cultured water

5 % of Bacillus seed products

Initial Final Ammonium Ammonium
Treatment Day ammonia ammonia removal removal
(mg-N/L)  (mg-N/L) (mg-N/L) (%)
Sugarcane  Day 0 14.49+8.83"
bagasse  Day 4 4.90+4.27" 959+1.27"  66.21+7.81"
Day 7 0.07+0.04° 14.42+8.84°  99.52+1.03
Wood Day 0 14.49+8.83"
sawdust  Day 4 571+2.88" 877+1.56  60.55+9.79"
Day 7 0.19+0.04" 14.30+8.85  98.69+1.08"
Cassava Day 0 14.49+8.83"
starch Day 4 0.71+0.94" 13.78+9.77"  95.10+7.45
Day 7 0.13+0.05" 14.36+8.79"  99.10+0.71°
Rice flour Day0 14.49+8.83"
Day 4 308+1.09" 11.41+823  78.76+6.83"
Day 7 0.62+0.07" 13.87+8.76°  95.72+0.48°
Glutinous  Day 0  14.49+8.83"
fice flour  Day 4 219+1.08" 12304813  84.90+6.10"
Day 7 0.59+0.13" 13.90+8.78"  95.93+0.63°

1 o o i .:4' 5 |
mmwmmuaﬁ]ummaa 3 LIEANULAUVUNINTZU

~ a ) ! ! a
WisusunusznsAaaylulal Day 4 VDIYANIINARDY

Wisuieuiuseninaaadeluund Day 7 U99yan1smaaes

Anadsluanuniionwsfiunive wagdnwsiuidnwiouduiiu luflnuuwnnaiaiunig

AnANTEAUAMILADLIU 95% (p>0.05)
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A157199 31 N5iUasuLUaedlulnsiluseninan1sneaauUsEaNS A NUBINAR S gNA LD
. a o 1 H T 1Y)
Bacillus musfud3unns 5% (w/v) Wussezoan 7 W luihinmsidesidussauriniva

Non-sterilized shrimp cultured water

5 % of Bacillus seed products

Initial Final Nitrite Nitrite
Treatment Day nitrite nitrite removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0 12.07+0.18
Day 4 8.71+0.07° 3.36+0.13°  27.81+1.10°
Day 7 11.3520.36  0.72+0.22"  5.95+1.83°
Coconut Day O
dust Day 4 377+1.20° 8.29+334"  68.73+7.68"
Day 7 0.29+0.06° 11.77+0.23° 97.57+1.92°
Rice husk Day 0
Day 4 438+2.94"  7.68+3.02"  63.68+5.04"
Day 7 0.13+0.07°  11.94+020° 98.92+1.69°
Palm bunch Day 0
Day 4 374+1.14"  833+316 69.00+6.22"
Day 7 0.05+0.07° 12024025 99.60+2.08°
Rice bran Day 0
Day 4 358+1.43  849+347  70.35+8.74"
Day 7 0.07+0.03°  12.00+021° 99.46+1.72°
Broken- Day 0
milled rice  Day 4 363+1.33°  844+337"  69.95+7.94"
Day 7 0.44+0.12°  11.630.13° 96.36+1.08°

1 o o & = H oA
ALavNULEualuA LR 3 LIEANULAUVUNIATZTU

Wisuieuiusenineaadelunnl Day 4 U99Ynn1snNnaes

Wisuieuiusenineaadelunnl Day 7 U99ynn1snnaes

! N saa o a 1 [ a ¢ & P v o W r ! v
ﬂ']LQﬁEJIUﬁ@&JﬂVIﬂJ@ﬂUiWﬂJWNWQJJ LASBAYINUNLANLANDUNUNTIAUY IﬂJiJﬂ’?J']iJLLGmG]’NﬂUVI’N
ANATITZAUAMNLIDLU 95% (p>0.05)
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A15199 31 (519) N1sasuwUasrastulasnluseninanisveasuussans A nuesnanian
v & . a o 1 - X Y )
nddo Bacillus MuANU3uI 5% (wiv) Wussezian 7 T Tuihannisidesislusséu

vInlia
Initial Final Nitrite Nitrite
Treatment Day nitrite nitrite removal removal
(mg-N/L)  (mg-N/L) (mg-N/L) (%)
_ Sugarcane  Day 0 12.07+0.18"
£ bagasse  Day4 511+2.92" 696287  57.67+3.81"
-+
i Y Day 7 0.1120.08° 11.95+0.25° 99.06+2.11°
(U] o
5 92 Wood Day 0
et Q A A A
2 g sawdust Day 4 3.40+1.35 8.67+3.39 71.84+8.06
g 9 Day 7 0.16+0.04" 11.91+0.20° 98.70+1.65°
o— %]
€ = Cassava Day 0
T8 starch Day 4 353:1.43" 850x347"  70.76+8.73
= % Day 7 529+230° 6.77+2.46°  56.15+20.36
(O]
0 S Rice flour Day 0
c L A A A
S Day 4 4.33+1.55 7.74+358"  64.14+9.69
Day 7 0.94+0.04" 11.12+022° 92.17+1.80°
Glutinous Day 0
rice flour  Day 4 4.06+133" 7614337  63.07+7.94
Day 7 1.09+0.29°  10.98+0.44° 90.96+3.63°

1 o A o i = 5 oA

mavdnaueiluatede 3 g1+Andotuuninsgiu

~ a ) ] ] =
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY
Wisuieuiusenineaadelunnl Day 7 U99Ynn1snnaes
AnadsluanuAnionwsfiunive wagdnwsiiudnumiouduiidu luflnuuwnnaiaiunig
AnANTEAUAMILADLIU 95% (p>0.05)
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A157199 32 NSRS ULUaIYR UM INTUSENIN9N1TNAEDUUTLANT A NVBINAR S UTINA LD
. a o 1 H T 1Y)
Bacillus nusfad3unas 5% (w/v) Wussezioan 7 W luihinnsidesidussauriniva

Initial Final Nitrate Nitrate
Treatment Day nitrate nitrate removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
Control Day 0 14.18+0.44°
Day 4 19.74+0.84° 556+1.12° -39.25+7.88°
5 Day 7 16.09+6.63° -1.91+1.26° -13.48+4.12°
o+
2 £ Coconut Day 0 14.18+0.44°
g B dust Day 4 9.26+3.48"°  4.92+154" 34.72+500"
% g Day 7 8.48+3.63°  570+1.67° 40.18+5.88"
O
o $ Rice husk  Day 0 14.18+0.44° . . .
£ 9 Day 4 9.11+3.12"  5.07+3.10° 35.74+1.84
c =
a3 Day 7 7.49+2.91°  6.69+2.92° 47.18+0.61°
(e}
§ @ palm Day 0 14.18+0.44"
Z 6 AB B AB
& o bunch Day 4 11.48+3.78" 2.70+1.80" 19.02+6.78
IS Day 7 8.00+3.72"  6.18+3.70" 43.59+6.11
o
z Rice bran Day O 14.18+0.44°
Day 4 8.17+2.96  6.01+2.98° 42.40+1.03"
Day 7 7.13+331"  7.05+3.35°  49.74+359
Broken- Day 0 14.18+0.44°
milled rice  Day 4 10014337 4.17+1.38"° 29.43+3.86"
Day 7 9.21+3.02°  4.97+3.00° 35.06+1.17

1 o o & = H oA
ALavNULEualuA LR 3 LIEANULAUVUNIATZTU

Wisuieuiusenineaadelunnl Day 4 U99Ynn1snNnaes

Wisuieuiusenineaadelunnl Day 7 U99ynn1snnaes

! N saa o a 1 [ a ¢ & P v o W r ! v
ﬂ']LQﬁEJIUﬁ@&JﬂVIﬂJ@ﬂUiWﬂJWNWQJJ LASBAYINUNLANLANDUNUNTIAUY IﬂJiJﬂ’?J']iJLLGmG]’NﬂUVI’N
ANATITZAUAMNLIDLU 95% (p>0.05)

- M ANTUVDIUIIN Ul SNALINNINTULS LAY
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A157199 32 (519) N15UABULUAIURILULATNTIUSENININSNAABUUSLANS A NUDINAN A U
v & . a o 1 - X Y )
nddo Bacillus MuANU3uI 5% (wiv) Wussezian 7 T Tuihannisidesislusséu

vInlia
Initial Final Nitrate Nitrate
Treatment Day nitrate nitrate removal removal
(mg-N/L) (mg-N/L) (mg-N/L) (%)
_ Sugarcane  Day 0 14.18+0.44"
£ bagasse  Dayd 8.58+3.55  560+3.61°  39.50+5.45
-+
i Y Day 7 6.93+4.01°  7.25+4.41" 51.10+1.13°
(0] o) a
5 92 Wood Day 0 14.18+0.44
et Q AB AB AB
2 g sawdust Day 4 10.00+£3.05  4.18+2.04 29.46+1.42
g 9 Day 7 6.81+3.74"  7.37+3.39°  51.96+3.90°
o— %]
€ = Cassava Day 0 14.18+0.44°
T8 starch Day 4 9.09+3.71"  5.09+2.72A° 35914627
N
= 5 Day 7 8.07+3.68°  6.11+3.67 43.08+587
(O]
£ & Riceflour Day0 14.18+0.44°
c L A B B
S Day 4 8.48+3.16  570+2.15  40.18+2.24
Day 7 6.88+3.52°  7.29+3.91°  51.44+7.59°
Glutinous  Day 0 14.18+0.44
rice flour  Day & 9.72+337"  4.46+1.76" 31.48+6.55 "
Day 7 7.42+3.06°  6.76+3.06° 47.69+156

1 o A o | d’ 5 |
mmwmmumﬁummaa 3 LIEANULAUVUNIATZTU

~ a ) ] ] =
Wisusuiuszinsaaasluual Day 4 VDIYANIINAFDY

Wisuieuiusenineaadelunnl Day 7 U99Ynn1snnaes

AnadsluanuAnionwsfiunive wagdnwsiiudnumiouduiidu luflnuuwnnaiaiunig

AnANTEAUAMILADLIU 95% (p>0.05)
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4) NMsasuwlasuainasisnaawin

A1519% 33 N5UATULUAIUBI90S LB aMA LU ENININITNAABUUSLANT A NYDINAR A U9
1 . a o 1 S & Y )
NaLTe Bacillus MANUTI 5% (w/v) Wuszezaan 7 Tu - ludennisdesdsluszau

Non-sterilized shrimp cultured water

vInlia
Initial Final PO, PO,
Treatment Day PO43_ PO43_ removal removal
(mg-P/L) (mg-P/L) (mg-P/L) (%)
Control Day 0  31.27+4.30°
Day 4 31.14+9.55"  0.14+0.32"  0.44+3.01°
Day 7 34.33+6.20° -3.05+5.70°  -9.77+0.20°
£ Coconut Day 0 31.27+4.30°
é dust Day 4 21.8511.42E 9.4315.738a 30.144;8.31/:
5 Day 7 15.05+3.36°  16.22+7.41° 51.88+3.71
® Rcehusk Day0 31274430’
g Day 4 18.1414.492 13.1318.1O§ 41.9815.9028
= Day 7 16.46+3.06° 16.81=7.19°  53.76+3.00
§ Palm Day 0 31.27+4.30°
;3 bunch Day 4 30.52+8.48"  0.76+4.55  2.42+4.54°
A Day 7 20.98+6.56™ 10.29+0.53" 32.91+3.67"
Rice bran  Day 0  31.27+4.30°
Day 4 28.54+2.64" 273+1.68°  8.764+538°
Day 7 25.93+2.46° 535+153  17.10+5.26"
Broken- Day 0 31.27+4.30°
milled rice  Day 4 10.53+7.80°  20.74+4.51" 66.33+4.41°
Day 7 27.76x1.09° 351+5.10°  11.22+6.31"

1 o A o i = 5 oA

mavdnauoluaiede 3 r+Andosuuninsgiu
Wisuiieuiusenieaaielunnl Day 4 Y99Ynn1snNnaes

~ a ) ] ] =
Wiguiguiusevieaaielunnd Day 7 U94Ynn1Tnaaes
AnadsluanuAniionwsfiunive wagdnwsiiudnuwiouduiiiu luflauuwnnaiaiunig
ANATITZAUAMLIBLU 95% (p>0.05)
- M NTUYRIUSINMeasIsWeanNIINN I TUTUAY
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A1519% 33 () N1sAsULUaIvDIsLsWaa Nl usEnI19NISNAaBUUSEENS AN
a v ¢ v X . a o 1 H X o
NARAUNNAWTD Bacillus NULANUSUI 5% (W/v) Wussezian 7 Ju IHUWQWﬂﬂWiLaEJQQQ

Tuszauvinlva
Initial Final PO, PO,
Treatment Day PO, PO, removal removal
(mg-P/L) (mg-P/L) (mg-P/L) (%)
_ Sugarcane  Day 0 31.27+4.30°
£ . bagasse  Dayd 19.60+337°  11.67+6.97  37.32+6.23"
N Day 7 7443270 23.84x7.23°  76.20+3.13°
§ g Wood Day 0  31.27+4.30° B B )
3 © sawdust  Dayd 18.87+1.09°  12.80+5.03°  39.65+0.03
2 & Day 7 566+313° 25614710 81.91+2.71°
£ 2 Cassava Day 0 31.27+4.30°
T8 starch Day 4 3.20+4.62° 280041117  89.65+3.53
S %5 Day 7 521:280°  26.06+638"  8333+0.42°
£ 2 Rceflour Day0 31274430
c ot AB B A
S Day 4 2202:889" 9255515 29592844
Day 7 9.224359°  22.05+7.58"  70.52+4.24
Glutinous  Day 0  31.27+4.30°
rice flour  Day 4 27.85+9.09" 3.42+0.02"  10.93+4.01°

d

Day 7 12.96+3.34° 18.32+7.37" 5857+3.55"

1 o A o i = 5 oA

mavdnauoiluaieds 3 gr+andotuunnsgiu

~ a ) ] ] =
Wisusuiuszsaaasluual Day 4 VDIYANIINAFDY
Wisuiieuiusenineaadelunnl Day 7 U99ynn1snnaes
AnadsluanuAnionwsfiunive wagdnwsiiunidnmiouduiiiu luflnuuwnnaiaiunig
AnANTZAUAMILADLIU 95% (p>0.05)
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M15199 34 N15UAYULUAIUDIUSUIUANTMUIUABEVINUA LUTENINNSNAFBUUSLENT AN
a v 6 14 dgll . a2 (% 1 9(;
YINAASUINAWTD Bacillus NuLALUSUI 5% (w/v) Wuszeznan 7w Tudhainnsg

L ova o
deandluseauyanlva

Non-sterilized shrimp cultured water

5 % of Bacillus seed products

Initial Final TSS TSS
Treatment Day TSS TSS removal removal
(mg/L) (mg/L) (mg/L) (%)
Control Day 0  37.80+26.55"
Day 4 3510350~ 270307 7.14+8.11"
Day 7 3343+348°  437+307°  11.55+8.12°
Coconut  Day 0 37.80+26.55
dust Day 4 4590+0.70°  -8.10+7.10° -21.43+1.71
Day 7 16.87+0.62"  22.93+6.79° 60.67+0.88°
Rice husk  Day 0  37.80+26.55
Day 4 13.90+0.20"  23.90+6.75° 63.23+0.77"
Day 7 8.37+0.19" 29.43+6.48° 77.87+0.06°
Palm Day 0  37.80+26.55"
bunch Day 4 8.13+0.43"  29.67+6.57  78.48+0.30°
Day 7 10.50+0.32"  27.30+6.85° 72.22+1.03"
Rice bran  Day 0  37.80+26.55
Day 4 36.70+0.56  1.10+6.36  2.91+9.73"
Day 7 30.83+0.15"  6.97+257  18.43+0.28"
Broken- Day 0  37.80+26.55
milled rice Day 4 24.93x0.41"°  12.87+6.92° 34.04+1.21°
Day 7 22.17+0.62°  15.63+6.79° 41.36+0.88°

1 o A o | = 5 I
G]’JL@%WU’]L&U@L@UW]LQ@EJ 3 LIEANULAUVUNIATZTU

Wisuiieuiusenieaaielunnl Day 4 Y99Ynn1snNnaes

Wisuiisuiusewinediadeluuan Day 7 vesynnisvaass
Anadeluanudiifidnesindlug warsnusinidnmilousuiiu ldfianuuansieiumg
adATiszuAudaiu 95% (p>0.05)
- svituresUSnaEswILass AN uisudy
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A15199 34 (9) N15.UABULUAIVBIUSUNUAITWIIUABYVINUA LUTENININISNAFDU
a a a o ¢ v X A a o 1
UseANSAINURINan S uanade Bacillus MULALUSIIaL 5% (W) Wuszeziian 7 Ju Tu

WanMsiaeanluseRuYInlya

Non-sterilized shrimp cultured water

Initial Final TSS TSS
Treatment Day TSS TSS removal removal
(mg/L) (mg/L) (mg/L) (%)
Sugarcane Day 0  37.80+26.55
. bagasse  Day4d 2033367 17.47+6.81° 46.21+0.92°
g Day 7 13.17+1.60"  24.635.61° 65.17+7.75°
O
S Wood Day 0  37.80+26.55
T sawdust  Day4d 507+0.55"  32.73+6.03 86.60+8.88
g Day 7 7.07+0.47° 30.73+6.84° 81.31+1.00°
(7))
3 Cassava Day 0  37.80+26.55
'S ABCD B C
g starch Day 4 20.27+0.24 17.53£6.78°  46.38+0.86
“s Day 7 26.60+0.76"°  11.20+6.31" 29.63+9.61"
S Rice flour Day0  37.80+26.55
[Te)
Day 4 38.93+0.50  -1.13+6.67° -3.00+0.56
Day 7 3327+1.20°  453+691°  11.99+1.20°
Glutinous Day 0  37.80+26.55
fice flour  Day 4 31.70+0.56 " 6.10+6.91" 16.14+1.18"
Day 7 39.17+0.61°  -1.37+7.04° -3.62+1.53

1 o o | = 5 |
suaridnaueiduanade 3 91xandsauuninsgiy
= = Y ] ] a
Wisusuiuszsaaasluual Day 4 VDIYANIINAFDY
Wisuiieuiusenineaadelunnl Day 7 U99ynn1snnaes

AnadsluanuAnionwsfiunive wagdnwsiiunidnmiouduiiiu luflnuuwnnaiaiunig

AnANTZAUAMILADLIU 95% (p>0.05)
- ANFHANTUVDIUSUIUAITHVIURBENLINAINTULS LAY
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M1519% 35 N15uUAsURUAIYRIAN COD TUsENINaNISNAdauUsLaNSNINYINARN NN
& . a o 1 S & Y )
e Bacillus uwANUI 5% (W) Wuszezaan 7 Ju - Tudinmsidesdelussauein

v

Non-sterilized shrimp cultured water

Initial coD coD
Treatment Day CcoD removal removal
(mg/L) (mg/L) (%)
Control Day 0 102.72+39.75°
Day 4 102.87+30.09° 1.19+26.48"  1.16+25.78"
Day 7 101.54+29.61° 1.19+24.94°  1.16+24.28"
£ Coconut Day 0 102.72+39.75°
§ dust Day 4 42314068  60.42+39.50° 58.82+38.45
& Day 7 42314026  60.42+40.01° 58.82+38.95°
o)
® Rice husk  Day 0 102.72+39.75°
(%]
o Day 4 41712054  61.01+40.06 59.39+39.00"
= Day 7 41424026  61.31+40.01° 59.68+38.95"
(e}
@ Palm Day 0 102.72+39.75°
o bunch Day 4 41.12+0.83  61.60+40.45  59.97+39.38"
[«)
A Day 7 762241620  28.50+40.57° 27.75+39.49"
Rice bran  Day 0 102.72+39.75°
Day 4 91.00+0.39°  11.73+40.12° 11.42+39.05°
Day 7 57.74+15.44"  44.98+2571°  43.79+25.03°
Broken- Day 0 102.72+39.75°

milled rice  Day 4
Day 7

90.85+0.51"
42.31+0.93"

11.88+39.92
60.42+39.33°

11.56+38.86"
58.82+38.29°

1 o o | = 5 I
suainaueiduanade 3 Grxandeauunnsgiy

Wisuiieuiusenieaaielunnl Day 4 Y99Ynn1snNnaes
= = Y ] ] a

Wiguiiguiusenineaaaelulen Day 7 ¥89¥an1snaaes

AnadsluanuAniionwsfiunive wagdnwsiiudnuwiouduiiiu luflauuwnnaiaiunig
ANATITZAUAMLIBLU 95% (p>0.05)
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A15197 35 (519) N15LUABULUAIYRIAT COD TusenINanN1sNAaauUsEanS N INUeINAN A o
v & . a o 1 - X Y )
nddo Bacillus MuANU3uI 5% (wiv) Wussezian 7 T Tuihannisidesislusséu

YInlna

Non-sterilized shrimp cultured water

Initial Final CcOD COD
Treatment Day CcOoD CcOD removal removal

(mg/L) (mg/L) (mg/L) (%)
Sugarcane  Day 0 102.72+39.75°

bagasse Day 4

73.04+2.89°  29.28+37.32C

28.51+36.33°

3 ab d d
g Day 7 45.44+3.41"  57.29+43.04°  5577+41.90
g Wood Day 0  102.72+39.75° ) D i
5 sawdust  Dayd 42.90+0.15"  59.82+39.78" 58.24+38.73
g Day 7 26.27+16.26° 76.45+55.50° 74.42+54.03°
§ Cassava Day 0  102.72+39.75°
§ starch Day 4 90.11+0.90°  12.62+40.12° 12.28+39.05°
“s Day 7 42.60+0.39"  60.12+40.07°  58.53+39.00°
S Rice flour Day0  102.72+39.75°
° Day 4 90.70+0.83°  12.02439.73° 11.71+38.67
Day 7 41.12+0.15"  61.60+39.87° 59.97+38.81°
Glutinous Day 0 102.72+39.75°

rice flour Day 4
Day 7

90.40+0.77°  12.32+40.01"
12.46+0.504"  60.27+39.53°

11.99+38.94"
58.67+38.48"

1 o A o i = 5 oA
mavdnauoiluaieds 3 gr+andotuunnsgiu
~ a ) ] ] =
Wisusuiuszsaaasluual Day 4 VDIYANIINAFDY
Wisuiieuiusenineaadelunnl Day 7 U99ynn1snnaes
AnaagluanuAniionysRunivg wagdnesinidnmioudumiiu Tddauuanaiaiunig

AnANTZAUANLTDIIU 95% (p>0.05)
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a a ] ! a a a o ¢ v &
1957190 36 N1SLUAYULUAIUDIAN pH IU§$'VD'Nﬂ']iV]ﬂﬂ@‘U‘Ui%aV]ﬁﬂTWsUaﬂNamﬂm%ﬂamfﬁ@

. a o 1 H 1 P )
Bacillus MuspnU3uns 5% (w/v) WWussezan 7 3u - Tuiainnisdesislussdivuania

Non-sterilized shrimp cultured water

5 % of Bacillus seed products

Treatment Times

Day0 Day4 Day7
Control 8.1240.00" 8.06+0.00° 8.04+0.00°
Coconut dust 8.12£0.00" 7.40£0.00° 7.35+0.01°
Rice husk 8.12+0.00° 7.59+0.07" 7.96+0.03°
Palm bunch 8.12£0.00" 7.55+0.00° 7.66+0.02°
Rice bran 8.12+£0.00" 7.64+0.10° 7.94+0.02°
Broken-milled rice 8.12+0.00°  7.43x0.00" 7.60+0.03°
Sugarcane bagasse  8.12+0.00° 7.43+0.01" 7.53+0.01"
Wood sawdust 8.12+0.00° 7.62+0.07" 7.15+0.02°
Cassava starch 8.12£0.00" 7.77x0.01° 7.65+0.01°
Rice flour 8.12+0.00° 7.35+0.02" 7.41+0.01°
Glutinous rice flour ~ 8.12+0.00°  7.14+0.01" 7.14+0.01"

1 o o i .:4' 5 |
mmwmmuaﬁ]ummaa 3 LIEANULAUVUNINTZU

Wisuisuiuseninaaaieluund Day 4 vaeyan1maaes

~ ~ ) ! ' a
L‘UiEJ'ULV]EJUﬂu53V’J’NWWLQaE|$LULLﬂ'Q Day 7 %aﬂﬂgmmiwmam

AnadsluanusNTdsnwsRuidnnioudunidu TUlauLanA1 A UN19a AN S

Fastu 95% (p>0.05)
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= o s B | s a
A1519% 37 n15iUdsuLlatvesnendlauazatetnluseninenIsnadaulsednsninees

a v ¢ v X . a o 1 H ¥ o
NANSTINA TR Bacillus MuANUTINM 5% (W) Wuszeziial 7 Tu - lutd1ainnisidens

Tusgavvanlva
Times
. Treatment Day0 Day4 Day7
% " meg/L mg/L meg/L
2 % Control 4.26+0.01°  4.71x0.21°  4.68+0.22°
S B Coconut dust 4.26+0.01°  4.67+020° 4.76+0.10°
% % Rice husk 4.26+0.01°  4.67+0.20" 4.83+0.04°
g g Palm bunch 4.26+0.01°  4.77+0.09" 4.86+0.01°
% = Rice bran 4.26+0.01"°  4.85+0.01° 4.75+0.10°
T & Broken-milledrice  4.26:0.01°  4.81:0.01° 4.81x0.01°
:—E %S Sugarcane bagasse  4.26+0.01°  4.76+0.01° 4.68+0.07"
& f Wood sawdust 426+001"  4.67+0.01" 4.65+0.01°
é Cassava starch 4.26+0.01° 4.61+0.02° 4.47+0.11°
Rice flour 4.26+0.01"  4.53x0.02° 4.53+0.02°
Glutinous rice flour ~ 4.26+0.01°  4.46+0.03" 4.50+0.04"

1 o o i .:4' 5 |
mmwmmuaﬁ]ummaa 3 LIEANULAUVUNINTZU

~ ~ ) ! ! =~
Wisuiiguiuserinsaaaslunny Day 4 993YAN13NANaes

Wisuisuiuseninaaaieluund Day 7 ¥8eyan1smaaes

[y

AnadsluanusNdsnwsRuildnniloudunidu TuiauLane 19 UN19@ AN TEauAIL

Fesu 95% (p>0.05)
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9) MsasuwlaweIgungd
M15197 38 MaUAEULUABRUNANLUTENINNTNAARUUTEANSAINVBIHFNNUINA YD

. a o 1 H 1 P )
Bacillus MuspnU3uns 5% (w/v) WWussezan 7 3u - Tuiainnisdesislussdivuania

Times

Treatment Day0 Day4 Day7

°C °C °C
Control 25.04+0.03° 25.33+0.02° 26.11+0.01°
Coconut dust 25.04+0.03° 25.01+0.01" 26.60+0.00"
Rice husk 25.04+0.03° 24.81+0.01° 26.51+0.01°
Palm bunch 25.04+0.03° 24.82+0.01° 26.50+0.00"
Rice bran 25.04+0.03° 24.81+0.00" 26.51+0.00"

Broken-milled rice  25.04+0.03° 24.91+0.00" 26.61+0.00°
Sugarcane bagasse  25.04+0.03" 24.81+0.01° 26.61+0.01"

Non-sterilized shrimp cultured water
5 % of Bacillus seed products

Wood sawdust 25.04+0.03° 24.71+0.01° 26.42+0.01°
Cassava starch 25.04+0.03° 24.61+0.01° 26.31+0.01°
Rice flour 25.04+0.03° 24.71+0.01° 26.31+0.01°

Glutinous rice flour  25.04+0.03" 24.71x0.01° 26.51+0.00"
' fuavitiauaidudade 3 sreandoauunnsgiu

Wisuiisuiuseninaaaieluund Day 4 vaeyan1maaes
= = Y i i A
Wiguieuiuseniednadeluund Day 7 ¥8ayanvnaes

AnadsluanusNTldnwsRuidninioudunidu TUiaukana 19 i uUN19a AN sEauAIY

Fastu 95% (p>0.05)
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5. M3finwagnsinuinenanadusindne Bacillus MuAN

a a o Na & ! =
M1919N 39 ﬂ']ﬁL‘UaEJuLLUaﬂm@ﬂa@iqﬂqﬁiaﬂsﬁqﬁsﬂaﬂL%@izﬂ'ﬂﬂﬂ'ﬁ%ﬂa@ﬂiumaq 6 LADU

Bacillus seed

Bacterial growth

(Colony forming unit (CFU/g))

" Treatment
g 1 2 3 4 5 6
©
g_ Months Months Months Months Months Months
Room temp  3.50x10°  3.40x10° 3.30x10° 3.04x10° 2.95x10° 2.87x10°
4 °C 3.02x10°  2.94x10°  2.56x10°  1.85x10° 1.72x10°  1.63x10°

6. nan1siUTeuLiguUsEansA1wn1sUIUan Tun1Iae 919589
a o ¢ v A . <! a @ ¢ v A v
NANAMNNANYD Bacillus NULAUAUNARAUNNAILIDNIINITAN
6.1 Useansnnnisanusuiasauluie

A1519% 40 Nsasullasvedwauluieluseninanisnaaauuseans N NUeINaAN A gINAN
& . Y] a o 1 1% ) 1 1 X 1%
W Bacillus mudnAurdnsagindndenisnisandusseziigt 30 u - Tudamnzidesds

NELA
Initial Final Ammonium  Ammonium
Treatment Day ammonia ammonia removal removal
(mg-N/L)  (mg-N/L) (mg-N/L) (%)
Control Day 0  0.04+0.03"
Day 5 0.01+0.00" 0.03+0.03°  68.27+6.94°
" Day 10 0.02¢0.01" 002+003"  5653+1.71"
©
5 Day 15 0.03:0.01° 001005  18.40+1.59"
(o}
T Day 20 0.12+0.01° -0.09+0.04"  -227.47+3.07"
2 Day 25 0.15+0.00° -0.12+ 0.03" -309.07+4.65"
)
o Day 30 0.1620.00° -0.12+0.02"  -321.07+2.75"
E Commercial Day 0  0.04+0.03°
o’ Day 5 0.00+0.00° 0.04+0.03°  93.88+8.50"
Day 10 0.01x0.00" 0.03+0.03°  86.93+7.94"
Day 15 0.00£0.00° 0.04+0.03°  94.67+8.10°
Day 20 0.04+0.00" -0.01+0.03"  -13.60+8.18"
Day 25 0.11£0.00" -0.07£0.04"  -188.27+9.09°
Day 30 0.07+0.02" -0.03x0.05"  -74.40 +4.35"
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A1519% 40 (si9) NMslAsuLUasveIwan el usEININSNAdRUUSEANS NNV INANN UN
v & . ) a o 1 1% o 1 ' X Y
nae Bacillus MunAnfuNaRSuTindonensanduszeziia 30 Ju - luvaiwizidesnds

NneLa
Initial Final Ammonium  Ammonium
Treatment Day ammonia ammonia  removal removal
§ (mg-N/L)  (mg-N/L)  (mg-N/L) (%)
8 Bacillus  Day0  0.06+0.03°
E seed Day 5 0.00£0.00° 0.04+0.03°  98.13+8.60"
S poduct  Day 10 0.01x0.00" 0.03:0.03°  79.20+8.41°
g Day 15 0.01+0.00° 0.03+0.03°  76.80+7.66"
= Day 20 0.04+0.00" -0.01+0.03" -17.87 +8.30"
Day 25 0.1620.00° -0.12+0.04°  -330.93+9.08"
Day 30 0.09+0.04" -0.05+0.01"  -128.80+8.12"

1 o A o < ! a 9 ! a
ALavNULEUaLIUALRRY 3 LIEAWULIALUUUINTZ U

WlsuWBuAUSENINNALRAULARZLIVREANA Day 0, Day 5, Day 10, Day 15, Day 20,
Day 25 wag Day 30 Tuganisvnaes
1 a faa o a 1 [ a ¢ < = [y} o = 1 [}

Anadsluanunnilonwsiunlng wagdnwsiuianmiloudundu danuunnaieiunig

ANANITZAUAMNLIDLU 95% (p>0.05)
- MNFNTLYBIUS LN UweNUL TeNUINNIT T LS LA
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6.2 Uszansninnisanusunadlulasi

A15199 41 nsildsunUasvedlulasiluseninanisneasuUseans N nuesNan uinaie
. U a [ 6 ;% d’lj 1% U 1 1 dy v
Bacillus nuhniundnsiaueindndemenisanduszezian 30 u - luvamnzidesimeia

Initial Final Nitrite Nitrite
Treatment Day nitrite nitrite removal removal
(mg-N/L)  (mg-N/L)  (mg-N/L) (%)
Control Day0  0.12+0.02°
Day 5 0.08+0.00°  0.04+0.02"  30.70+1.42"
Day 10 0.03+0.00" 0.09+0.02" 78.72+1.87"
Day 15 0.03+0.02"  0.09£0.03"  78.53+2.39
Day 20 0.09+0.00° 0.03+0.01" 27.01+1.09"
Day 25 0.06+0.00° 0.06+0.01°  50.58+1.95"
3 Day 30 0.15+0.09° -0.03+0.07" -22.24+2.30"
8 Commercial Day 0 0.12+0.02°
E Day 5 0.08+0.00° 0.04+0.02°  37.26+1.14°
% Day 10 0.01+0.00" 0.11+0.02"  94.00+1.42°
g Day 15 001£0.00" 0.11£002° 89.17+1.44°
= Day 20 0.06+0.00" 0.06+0.02°  50.34+1.51°
Day 25 0.09+0.01" 0.10£0.01°  85.13+1.52°
Day 30 0.05+0.01"  0.07+0.03  57.16+2.18°
Bacillus Day 0  0.12+0.02°
seed Day 5 0.08+0.00° 0.04+0.02°  34.38+1.80°
product Day 10 0.02:¢0.01°  0.10:0.01"  85.40+9.50"
Day 15 0.03+0.02°  0.09£0.03"  78.60+2.92"
Day 20 0.08+0.02"° 0.04+0.03°  36.84+2.94°
Day 25 0.04+0.01°  0.08+0.03°  63.03+2.69"
Day 30 0.05+0.01"  0.07+0.01° 58.12+8.98°

1 o A o I3 ! a - o

marndnausiluAafe 3 g1+ATsLuuNIngg Iy
WlBuWBuAUSEnINNALRAuLARLLIVREANA Day 0, Day 5, Day 10, Day 15 , Day 20,
Day 25 wag Day 30 Tuganisvnasd

I a s o a 1 [ a f = [ o w (= 1 [
Anadglugnunniionusiunlng wagdnwsiuianmilouduiiu danuuanaieiunig
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AN57199 42 NSRS ULUAIYR L LA SNIUSENININSNAERUUSEANT NINVDINAAN U NALT D
. U a [ 6 ;% d’lj 1% U 1 1 dy v
Bacillus nuhniundnsiaueindndemenisanduszezian 30 u - luvamnzidesimeia

Shrimp cultured ponds

Initial Final Nitrate Nitrate
Treatment Day nitrate nitrate removal removal
(mg-N/L)  (mg-N/L)  (mg-N/L) (%)
Control Day0  0.43+0.03"
Day 5 0.37+0.00° 0.06+0.03"  14.78+1.19"
Day 10 0.49+0.00" -0.06+0.03" -13.06+1.46"
Day 15 0.43+0.03° 0.00£0.05°  0.47+1.36
Day 20 0.37+0.00" 0.07+0.03  15.12+1.84"
Day 25 0.21+0.02° 0.22+40.05  50.65+1.37°
Day 30 0.30+0.04" 0.13+0.05  31.06+1.57"
Commercial Day 0  0.43+0.03°
Day 5 0.35+0.00° 0.08+0.03"  18.54+1.75"
Day 10 0.41+0.00° 0.02+0.03°  5.80+1.46
Day 15 0.28+0.00° 0.154+0.03°  33.93+1.14°
Day 20 0.24+0.00° 0.20+0.03°  45.43+1.75
Day 25 0.02+0.01° 0.41+0.08° 94.33+1.81
Day 30 0.16+0.07° 0.27+0.10°  61.94+2.28"
Bacillus Day 0 0.43+0.03’
seed Day 5 0.36+0.00° 0.09+0.03"  21.74+1.46"
product Day 10 0.40£0.00" 0.03+0.03°  7.26+1.92°
Day 15 0.300.01° 0.13+0.02°  30.05+1.95"
Day 20 0.26+0.000 0.17+0.03°  40.49+1.27
Day 25 0.05£0.04" 0.38+0.05  88.60+1.39"
Day 30 0.17+0.02° 0.26+0.08°  60.42+1.17

1 o A o I3 ! N - oA
maniiauaiduniedy 3 PrxAndesuuannsgiu
WlsuiguiusEnIeAefuLaazuaIvesdnun Day 0, Day 5, Day 10, Day 15 , Day 20 ,
Day 25 wag Day 30 Tuganisvnasd
I a s o a 1 [ a f = [ o w (= 1 [
Anadglugnunniionusiunlng wagdnwsiuianmilouduiiu danuuanaieiunig
ANANITZAUAMILIDLU 95% (p>0.05)
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A1519% 43 N5UATULUAITBI085 5N NALUIENINNISNAFBUUSLENS N INVDINAN N U

o

Y1 . & o a o 1 v & 1 ' =1 Y]
NANYD Bacillus NULANAUNAANUNNATDNIINTANTUTE LA 30 U 1“UaLW’]3LaENQQ

NTLA
Initial PO,~  Final PO, PO,
Treatment  Day (mg-P/L) PO43_ removal removal
(mg-P/L) (mg-P/L) (%)
Control Day0  13.71+0.02°
Day 5 12.6240.01" 1.09+0.03°  7.92+7.93
Day 10 13.72+0.01" -0.01+0.08" -0.10+9.60"
Day 15 14.44+0.04° -0.74+0.03" -5.38+7.94°
Day 20 13.3840.01° 0.3320.02" 2.38+6.05
Day 25 14.06+0.00° -0.36+0.03" -2.61+7.32°
3 Day 30 13.3940.00° 0.32+0.02° -2.32+6.03"
8  Commercial Day0  13.71+0.02°
o
g Day 5 12.99+0.02° 0.72+0.04°  5.23+9.65
+—
E Day 10 13.36+0.01" 0.35+0.02° 2.53+5.48"
g Day 15 12.60£0.04° 1.10+0.04"  8.05+10.79"
< Day 20 13.31+0.00" 0.39+0.03° 2.88+7.60
Day 25 12.25+0.01° 1.46+0.03° 10.63+7.13"
Day 30 12.60+0.03" 1.11+0.02" 8.07+6.68"
Bacillus Day 0  13.71+0.02°
seed Day 5 13.36£0.02° 0.35+0.03  2.53+7.20°
product Day 10 13.36+0.01" 0.34+0.03  2.50+1.76
Day 15 12.33£0.02° 0.38+0.02° 2.76+4.76°
Day 20 13.31+0.01"  0.39+0.02° 2.86+5.93"
Day 25 12.25+0.00° 2.52+0.02° 18.35+5.84°
Day 30 12.60+0.05" 1.80+0.05 13.17+1.23"

1 o A o ! a K oA
suaviiauaiiuaede 3 91xandosuuinsgu

WlsuiguiusEnIeAefuLaazuaIvesdnun Day 0, Day 5, Day 10, Day 15 , Day 20 ,

Day 25 wag Day 30 Tuganisvnass

Anadeluanuinionwsiuning wagsnusiusidnuiioutuiiu lddanuuand 19siung
ANANITZAUAMILIDLU 95% (p>0.05)
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A15199% 44 N15UAsURUAIYRIAN COD  TUSENINaNISNAdauUsLaNSNINYINARN NN
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NneLa
Initial Final COD COD
Treatment  Day CoD COD (mg/L) removal
(mg/L) (mg/L) (%)
Control Day 0  90.35+1.42°
Day 5 79.53+0.81° 10.82+1.82° 11.97+1.58"
Day 10 8231193 804+329" 8.90+3.75"
Day 15 81.73+4.21° 8.62+2.92"  9.54+2.26°
Day 20 78.53+3.67 11.82+4.21" 13.08+4.67"
Day 25 79.67+4.26° 10.67+4.74° 11.81+4.84°
3 Day 30 78.82+4.20" 11.53+4.33" 12.76+4.84"
8 Commercial  Day0 90.35+1.42°
g Day 5 58.91+0.77° 31.44+1.17° 34.80+1.28"
% Day 10 59.12+0.67° 31.23+2.00° 34.56+1.32°
g Day 15 58.78+3.73° 31574415  34.91+4.07"
£ Day 20 58.38+3.72° 31.97+5.01° 35.38+4.45
Day 25 57.93+3.12° 32.42+2.08° 35.88+2.14°
Day 30 58.97+2.12° 31.38+3.02° 34.73+2.22°
Bacillus seed Day 0  90.35+1.42°
product Day 5 58.46+0.45 31.89+1.45 3525+1.02°
Day 10 59.16+2.89° 31.19+2.54  34.52+2.56
Day 15 58.08+2.16° 32.27+0.88° 35.71+8.47°
Day 20 59.42+3.64° 30.93+4.100 34.23+3.59"
Day 25 57.41+3.30° 32.94+3.67  36.45+3.42°
Day 30 58.83+4.56° 31.52+3.17  30.89+3.60°

' faufitiavefuanade 3 %ﬂimlﬁmuummgfm
WisuileuiusyrineaeasusazLoiveanss Day 0, Day 5, Day 10, Day 15, Day 20 ,
Day 25 wag Day 30 Tuganisvnaes

Anadeluanudfifsnusiinilug wavdhusiuidnmileusumiu ldfleuuanmatums
adnfisvaumudoti 95% (p>0.05)
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M15199 45 N5LUABULUAIUBIUSUIUAITHYIURBENINUALUSLNINNITNAADUUTLENT AN
a o ¢ v & . 2 W a v ¢ v X v & o 1
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Initial Final TSS TSS
Treatment Day TSS TSS (mg/L) removal
(mg/L) (mg/L) (%)
Control Day 0  15.30+3.20°
Day 5 12.20£3.20" 3.10£0.12° 20.26+0.75"
Day 10 11.80+3.96" 3.50+1.07" 22.88+6.99"
Day 15 12.43+3.18" 2.87+0.09° 18.74+0.58"
Day 20 12.50+3.20" 2.80+0.06" 18.30+0.38"
Day 25 12.83+3.13"  2.47+0.09" 16.12+0.58"
3 Day 30 12.0323.49" 3.27+0.32" 21.35+2.08"
8  Commercial Day0  15.30+3.20°
o
¢ Day 5 9.37+332°  593+0.15 38.78+0.95
+—
E Day 10 10.07+3.07° 523018 34.20+1.15
e Day 15 10.23+3.54° 5.07+0.33° 33.12+2.18°
< Day 20 10.00£0.38" 5.30+352° 34.60+2.99"
Day 25 10.0040.10° 5.30+3.10° 34.64+2.28°
Day 30 11.03+2.54° 4.27+0.68 27.89+4.42°
Bacillus Day 0  15.30%3.20"
seed Day 5 11.3043.20° 4.00+0.00° 26.14+0.00"
product Day 10 1137357 3.93:038" 25.71+251"
Day 15 11.90+3.17° 3.40+0.26° 22.22+1.73"
Day 20 12.13+2.78" 3172043 20.70+2.78°
Day 25 10.93+0.3¢° 4.37+3.44° 28544247
Day 30 9.67+0.24° 563+3.03 36.82+1.83

1 o P < J a g 1 PN

miarndnausiluAate 3 91+ATsLuuNINTgIY
WisuguiusEeAaasLsazaIveddaus Day 0, Day 5, Day 10, Day 15 , Day 20 ,
Day 25 wag Day 30 Tuganisvnasd

I a cala v a [l (% a 6 @ = [ o w 1 1 [
AnadslugauAilionwsiuilng wagdnwsiumanuiloudunnu lufinnuuanateiunig
ANANIZAUANLATDLU 95% (p>0.05)
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o 1 1 -
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Shrimp cultured ponds

Times
Treatment
Day 0 Day 5 Day 10 Day 15 Day 20 Day 25 Day 30
Control 7.73+0.31° 7.69+0.33" 7.67+0.30°  7914001°  7.69+0.33°  7.69£0.29"  7.95+0.04°
Commercial 77340.31° 7.70+0.33° 7924001  7944003"  7.70£0.3¢°  7.64+0.32"  7.98+0.04"

Bacillus seed product ~ 7.73+0.31° 7.70+0.36° 7.67+0.30°  7.96+0.03°  8.08+0.01°  7.98+0.04"  7.67+0.32°

1 o A o ! 4:4' H o
saviviaueiluaiede 3 rxandosuuninggIu
Wisulguiuseminaatowiasuaivadluanus Day 0, Day 5, Day 10, Day 15, Day 20 , Day 25 ua¢ Day 30 luganismaaes

[y

! = saa o a ¢ & A v o W 1 ' [y aad A o
AnaagluanuANdonwINUWAaNWEauAUAAY TUTALLANAAUNIERANSEAUAINULTDIY 95% (p>0.05)
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U 1 1 dgj v
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Shrimp cultured ponds

Times
Treatment Day 0 Day 5 Day 10 Day 15 Day 20 Day 25 Day 30
mg/L meg/L mg/L mg/L meg/L
Control 6.05:0.02"  6.06+0.03" 598+0.01°  6.0040.03°  5.99+0.02°  6.00£0.05°  5.92+0.03°

Commercial 6.05+0.02°  6.08+0.01° 6.10+0.01°  6.01+0.06°  6.06+0.03°  6.20+0.10°  6.18+0.03

Bacillus seed product 6.05:0.02°  6.08+0.01° 6.08:+0.01°  6.11x0.05  6.15+0.03°  5.94+0.05"  6.18+0.03"

1 o A o o, ! a 5 o
Anavidaualunedy 3 $1xANUeuuunInggIy
Wisuieuiusemieaeieuiaswnivedluanus Day 0, Day 5, Day 10, Day 15, Day 20 , Day 25 uag Day 30 lugan1snaass

1 PN saa o a & @ = v o o =) ' o aad [y A o
AaagluanuANisnyINUNanWd e Uiy leIllﬂ']'mLLG]ﬂG]’NﬂHV]’NﬂOGWIiS@UWJ’]@JL“UEJlIu 95% (p>0.05)
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a a A ' a a a v ¢ v X . 2 o a o ¢ v A Y &
M15197 48 MaiUdsuLUasvesaumgiilusenitensnaaeulsyansa nvesndniuainante Bacillus MuAdiundaduinawren1an1sAdussezian 30

o 1 1 -
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Shrimp cultured ponds

Times
Treatment Day 0 Day 5 Day 10 Day 15 Day 20 Day 25 Day 30
°C °C °C °C °C °C °C
Control 27.82+0.01°  28.67+0.09"  27.60+0.06"  2640+006° 27.10£0.06°  26.40+0.06"  27.83+0.03"
Commercial 2782:001°  28.55+0.16"  27.63x0.09°  2650+006° 27.13+0.07°  26.07+0.03"  27.630.09"

Bacillus seed product  27.82£0.01"  28.63+0.09°  27.67+0.03"  26.37+0.07° 27.13+0.09°  26.23+0.12° 27.83+0.03

1 o A o | = 5 oA
miLﬁ%%quﬁuaLﬁUﬂﬂLﬂaﬁJ 3 LIEANULAUVUNINTZTU

Wisuleutusewinsaniewsiazuaivesiuanus Day 0, Day 5, Day 10, Day 15, Day 20 , Day 25 wag Day 30 lugan1snaaes
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Efficiency of Bacillus spp. to remove ammonia in shrimp aquaculture
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Abstract

Ammonmum removal in shrimp aquaculture is highly important to prevent ammonium
toxicity. This study used salt-tolerant Baciiiusr spp. to elminate ammoni in shnmp
aquaculture wastewater. Bacilius spp. were isolated from sediment and water samples
collected from shrimp farms and domestic wastewater. Each sample was enriched mto nitrate
medium which incubated at 30 °C for 14 days. Ammonmm oxidizing ability of bacteria was
preliminary screened by Griess-Dosvay method Then, they were cultivated into heterotrophic
mmficaton medmum and tested for their ammonium removal efficiency. High proficient
swains with 90% ammonium removal were selected to further study. Gram staming,
morphological and biochemical characteristics, salt requirement and optimal pH on growth of
selected strains were examinad Twenty-four isolates were identified as Bacilius spp. with
salt requrement for growth within a range of 0-4% NaCl Strain TS41, TW31, HS12, HW34
and ES33 exhibited highly ammonium removal efficiency of 94.86, 93 94, 93.17, 90.65 and
84.21%, respectively under imitial pH 7. The abality to improve quality of wastewater from
shrimp aquaculture (sterilized and non-stenlized with fermented and non-fermented samples)
was determined by applying 1% and 5% of Bacilius spp. cell suspension for 7 days. Bacriius
sp. ES33 showed highest ammonia removal m stenlized-fermented wastewater of §8.27 and
5437% m 1% and 5% cell suspension, respectively. However, in the conditon of non-
sterilized-fermented wastewater, highest ammonmm removal of 31.22% and 25.03% was
found in Bacillus spp. ES33 (1% cell suspension) and HSI2 (5% cell suspension),
respectively. These findings indicated that Bacilius strains play siznificant role on ammomnia
removal in mitrification process. They could be applied for remediation of aquaculture
wastewater and other mitrogen-basad effluents.

Keywords: ammonmm removal salt-tolerant Bacilius spp., wastewater, nitrification
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