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1. INTRODUCTION

Abstract: Large amounts of waste and wastewater from aquaculture have negatively
impacted ecosystems. Among them, shrimp aquaculture wastewater contains large
amounts of nitrogen contaminants derived from feed residues in an aerobic environment.
This study isolated candidate strains from adult rockworms to treat shrimp aquaculture
wastewater (SAW) in an aerobic environment. Among 87 strains isolated, 25 grew well
at the same temperature as the shrimp aquaculture with excellent polymer degradation
ability (> 0.5 cm clear zone). Six isolates (strains AL1, AL4, AL5, AL6, LA10, and PR15)
were finally selected after combining strains with excellent polymer degradation ability
without antagonism. 16S rRNA sequencing analysis revealed that strains AL1, AL4, AL5,
ALS6, LA10, and PR15 were closely related to Bacillus paramycoides, Bacillus pumilus,
Stenotrophomonas rhizophila, Bacillus paranthracis, Bacillus paranthracis, and Micro-
coccus luteus, respectively. When these six isolates were applied to SAW, they reached
a maximum cell viability of 2.06 x 10° CFU mL™". Their chemical oxygen demand (CODc;)
and total nitrogen (TN) removal rates for 12 h were 51.0% and 44.6%, respectively, when
the CODc/TN ratio was approximately 10.0. Considering these removal rates achieved
in this study under batch conditions, these six isolates could be used for aerobic deni-
trification. Consequently, these six isolates from rockworms are good candidates that
can be applied to the field of aquaculture wastewater treatment.

Keywords: rockworm viscera, indigenous bacteria, identification, shrimp aquaculture
wastewater, bacterial wastewater treatment

important role of aquaculture has made it the fast-
est-growing sector in the past few decades (Ngo et al.

Aquaculture is a potential solution for providing rel- 2016). As fish consumption steadily increases because
atively cheap proteins worldwide for poor and food- of its health benefits, farmed fish production for hu-
insecure populations (Kobayashi et al. 2015). This man consumption has finally surpassed wild-captured
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fish (World Bank 2014). Although aquaculture bene-
fits humans, its flourishing causes problems because
a large amount of waste and wastewater is generated
from the aquaculture industry, negatively exerting
environmental impacts on aquatic ecosystems. These
impacts include pollution of nearby waters, habitat
destruction, disease transfer, and release of farmed ex-
otic species such as escape (Diana 2012). Aquaculture
wastewater generally has different composition and
concentration than municipal or industrial wastewa-
ter. Marine aquaculture wastewater contains excess
nitrogen contaminants from fish excrement and feed
residue (Schwartz and Boyd 1994). In shrimp aqua-
culture, 5,345-7,157 m’ of wastewater is typically
discharged per ton of shrimp production (Anh et al.
2010), and there is a problem of continual nitrite ac-
cumulation and discharge into the environment (Song
et al. 2011; Kim et al. 2019). Given environmental and
social aspects, efficient treatment of effluent discharg-
es is essential to develop sustainable aquaculture. So
far, microbial treatment for nitrogen contaminants has
been known to be the most economical and applicable
technology (Vinothkumar et al. 2021). For the removal
of nitrogen contaminants, the denitrification process
under anaerobic/anoxic conditions is known to exhibit
excellent removal efficiency (Song et al. 2011). How-
ever, anaerobic denitrification systems are difficult to
apply to aquaculture farms due to aerobic cultivation
condition (Song et al. 2011). Therefore, the discovery
of aerobically denitrifying microorganisms is need-
ed to efficiently treat shrimp aquaculture wastewater
(SAW), since oxygen is maintained at a certain accept-
able level in the shrimp aquaculture environment for
high-density shrimp culture (Song et al. 2011).
Polychaetes purify deposits via their feeding behav-
ior, thereby mitigating the environmental impact of
pollution. This role of polychaetes was reported in the
bioremediation of deposited waste at the bottom of fish
ponds (Kinoshita et al. 2008). Therefore, polychaetes
are ecologically important taxa, particularly in marine
benthic communities (Giangrande et al. 2005). The or-
ganic pollutant degradation ability of polychaetes is de-
rived from their gut microbes, including Capitella teleta
(Hochstein et al. 2019) and Osedax (Rouse et al. 2004).
Nereis, a polychaete species, efficiently used uncon-
sumed feed and fecal materials collected from a marine
recirculating system (Brown et al. 2011). In addition,
a Bacillus sp. strain EBW4 isolated from a polychaete,
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could degrade organic hydrocarbons (Shin et al. 2013).
Moreover, polychaetes are often used as indicators for
detecting marine pollution and show excellent poten-
tial in accumulating bioavailable heavy metals from
benthic habitats (Fuirst et al. 2021) and tolerating high
levels of organic compounds in soft bottoms (Tomassetti
and Porrello 2005).

As a polychaete species, rockworms are filter feeders
showing the potential ability to degrade environmental
pollutants. Extracellular enzymes produced by bacte-
ria present in the excrement of a rockworm, Marph-
ysa sanguinea, exhibited some potential degradation
of polycyclic aromatic hydrocarbons (Onozato et al.
2012). The food intake of rockworms is inactive in the
larval stage, whereas their food intake is active in the
juvenile stage. According to a marine polychaete mi-
crobiome study (Dale et al. 2019; Fuirst et al. 2021), the
bacterial community is highly dependent on the sur-
rounding sediment ingestion. This gut flora also plays
an important role in the immune system by influencing
the life cycle of rockworms (McFall-Ngai et al. 2013).
Besides, marine polychaete gut flora contains a variety
of nitrogen cycles microbes than the environment in
which they live (Fuirst et al. 2021). Therefore, rock-
worms are beneficial resources for water purification
and nutritiously valuable resources.

Considering the potential ability of rockworms to
degrade environmental pollutants, microorganisms in-
habited in rockworm viscera are good candidates for
wastewater treatment. Therefore, symbiotic viscera mi-
croorganisms are useful for purifying shrimp aquacul-
ture effluent (Robinson et al. 2015). However, further
studies are required to understand the role of microor-
ganisms in rockworm viscera. Herein, therefore, native
bacteria were isolated from rockworm (M. sanguinea)
viscera to utilize their potential ability for water puri-
fication. Among the isolates, those showing potential
ability were first sorted and identified. The identified
isolates were then applied to simulated SAW to evaluate
their potential ability.

2. MATERIALS AND METHODS

2.1. Isolation of microorganisms and culture
conditions

Rockworms (Marphysa sanguinea) in the adult growth
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stage were collected from the Fisheries Sciences Tech-
nology Center (Pukyong National University, Goseung,
Korea). The collected rockworms were washed in the
order of phosphate buffer saline (PBS) solution (1 x
pH=7.4, Thermofisher Scientific, USA) and 70% (v/v)
ethanol. After the skins of the washed rockworms were
cut lengthwise, internal parts were dissolved in the
PBS solution to collect microorganisms in the viscera.
The prepared sample was centrifuged at 15,520 xg
for 10 min. To detect microorganisms, even in small
amounts, the supernatant was poured onto various
solid culture media: nutrient broth (NB) agar (Neo-
gen, USA), skim milk (SM) agar (Bioshop, Canada),
laminarin (LA) agar (TCI, Japan), alginate (AL) agar
(Sigma-Aldrich, USA), spirit blue (SB) agar (Sigma-Al-
drich), and phenol red (PR) tween agar (Sigma-Al-
drich). The NB agar medium consisted of 8 g L™ nu-
trient broth and 15 g L™ agar (Junsei, Japan). The SM
agar medium consisted of 10 g L™ skim milk and 15
g L™ agar. The LA agar medium contained 1g L™ lam-
inarin, 0.1 g L™ MgSO4-7H,0,0.1g L™ NaCl, 0.1g L™
CaCl, 2g L' (NH4)2804, 0.5g L™ KH,PO4, 0.5mL L™
mineral solution, 0.5 mL L™ vitamin solution, and 15
g L™ agar (pH=6.8). The AL agar medium consisted
of 0.5 g L™! peptone (Bioshop), 0.1 g L' sodium algi-
nate, and 15g L™ agar (pH=6.8). The SB agar medium
comprised 32.15g L™ SBA and 30 mL L™ tributyrin
(TCI). The PR tween agar medium contained 8 g L™
nutrient broth, 10 mL L™! tween, 0.018 g L phenol
red, and 15 g L™ agar (pH=6.8). All agar plates were
incubated at 25°C for 72 h. Colonies formed on each
agar medium were separated using morphological dif-
ferences under microscopic observation and colonial
shape. The sorted colonies were finally streaked onto
fresh nutrient broth agar media, and then each isolated
colony was used for identification.

2.2. Characterization and identification of
isolates

Each sorted colony was characterized using Gram
staining, stabbing into nutrient broth agar medium,
and microscopic observation. In addition, the degra-
dation ability of each colony on polymers was investi-
gated using carboxymethyl cellulose (CMC) agar (Sig-
ma-Aldrich), SM agar, and SB agar media. The car-
boxymethyl cellulose agar medium consisted of 2g L™
peptone, 5g L™ yeast extract, 1g L' CMC, and 15g L™

agar (pH=6.8). Then, 10 pL of each isolate grown in a
late-log growth phase were dropped into 8-mm paper
disks (Advantec, Japan) and incubated at 25°C for 24
h. After incubation, the sizes of clear zones formed on
carboxymethyl cellulose agar and SM agar media were
measured for cellulose and protein degradation ability,
respectively, and the formation of blue colonies on the
SB agar medium was observed for lipid degradation
ability. All the isolates were incubated at 25°C for 24
h after cross-straining on the nutrient broth agar me-
dium. The possibility of any hindrance in cell growth
was observed after incubation to check the occurrence
of antagonism among the isolates.

16S rRNA sequence analysis was conducted at Cos-
mogenetech (Seoul, Korea) to identify the isolates. The
primers used were universal oligonucleotides corre-
sponding to 27F (5" AGA GTT TGA TCM TGG CTC
AG 3), 1492R (5" GGT TAC CTT GTT ACG ACT T
3'), and 518F (5" CCA GCA GCC GCG GTA ATA CG
3"). The sequences of isolates were matched with the
16S-based ID in EzBioCloud (https://www.ezbiocloud.
net/) (Yoon et al. 2017), and the identified 16S rRNA
sequence of each isolate was used to constitute a phy-
logenetic tree using MEGA version 7. The sequences
were first aligned with Clustal W using the BioEdit
program (Version 7.2.0), and then a phylogenetic tree
was constituted via neighbor-joining tree analysis with
1,500 bootstrap replicates.

2.3. Simulated shrimp aquaculture
wastewater treatment

To examine the potential degradation ability of in-
digenous microorganisms in rockworm viscera, select-
ed isolates were applied to treat SAW. SAW was treated
using a formulated diet for whiteleg shrimp (Litopenae-
us vannamei). The whiteleg shrimp diet was ground
and sieved through the 38-um mesh, which consisted
of 38% crude protein, 5% crude lipid, 2.7% phospho-
rus, 1.2% calcium, 4.0% crude fiber, and 17% crude
ash. The SAW was prepared by dissolving 1 g of white-
leg shrimp diet in 500 mL distilled water. Afterward,
the SAW was autoclaved at 121°C for 15 min. Before
treating SAW, isolates were preliminarily adapted in
SAW at 25°C for 24 h. The adapted isolates (10%, v/v)
were seeded into a 1-L flask containing 500 mL of au-
toclaved SAW, and the flask was incubated at 25°C and
130 rpm for 36 h. Samples were periodically collected,
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Table 1. Characteristics of 13 isolates and their polymer-degrading ability

Degradation ability

Isolates Gram staining morgﬁcl)llogy Motility ?I-e!(w;nzlr%r;f : —
! Protein Lipid

AL1 + rod + 5.41 %X 1.30 + +
AL4 - rod + 3.06X0.61 + +
AL5 - rod + 3.56X0.562 + +
AL6 + rod + 5.42 X137 + +
LA9 + rod - 3.66%x0.54 + -
LA10 + rod, 4-5 chains + 4.03%1.19 + +
SB13 - rod, 1-2 chains + 2.93x%0.50 + -
NB14 - rod, 1-2 chains + 2.90%0.42 +

PR15 - tetrad-forming cocci + 1.02 X 1.03 +

SM16 - rod, 1-2 chains + 3.567%0.48 + -
SM19 - rod + 3.02%0.36 + -
PR21 + COCCi + 0.75%0.75 + -
AL22 - rod + 2.21%0.54 + +

2L and W mean the length and width of cell, respectively.

and reaction parameters were determined.

2.4. Analytical methods

During the treatment of SAW, reaction parame-
ters (pH, optical density (ODsoo)), viable cell number,
chemical oxygen demand chromium (CODc;) concen-
tration, and total nitrogen (TN) concentration) were
determined to examine the waste treatment ability of
isolates. The pH and ODsgo of each sample collected
from the flask were measured using a pH meter (Met-
tler Toledo, Switzerland) and a spectrophotometer
(Hanson Technology Co., Korea) at 600 nm, respec-
tively. The collected sample was also appropriately di-
luted with sterile distilled water, spread on the nutrient
broth agar medium, and incubated at 25°C for 36 h to
determine viable cell numbers. The viable cells formed
on the nutrient broth agar medium were counted and
represented as colony-forming units (CFUs) per mL.
The concentrations of CODc¢: and TN in the samples
were determined using an HS 2000 Water-quality
Analyzer (Humas Co., Ltd, Korea). All analyses were
triplicated. Differences in all groups were analyzed by
one-way analysis of variance with Tukey’s HSD post-
hoc test using SPSS 17.0. The p-value <0.05 was con-
sidered significant.
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3. RESULTS AND DISCUSSION

3.1. Isolation of potential microorganisms

Potential microorganisms from adult rockworm vis-
cera were successfully screened. Colonies with differ-
ent shapes formed on six agar media were first sorted
out, and their morphological differences were carefully
observed under a microscope. The colonies displaying
unique characteristics were serially picked from the
six-agar media (NB, SM, LA, AL, SB, and PR tween
agar media), and each isolate was named after the orig-
inally isolated spot of such agar medium in the given
order. Finally, 87 colonies were isolated. Considering
the shrimp aquaculture environment (approximately
at 25°C), these microbial species were further screened
based on their ability to degrade polymers at 25°C
(Wyban et al. 1995). Only 25 colonies were eligible for
these criteria with sufficient growth (ODsoo > 0.8) at
25°C, and potential degradation ability (> 0.5 cm clear
zone) toward protein or lipid. Afterward, the antago-
nism tests were performed between the 25 isolates, and
12 colonies were excluded because they inhibited the
growth of other microbial strains. Among the remain-
ing 13 isolates (Table 1), isolates of LA9, SB13, SM16,
SM19, and PR21 were finally excluded owing to their
inability to degrade lipids.
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Table 2. Polymer-degrading ability and viable cell number in each test group after 24-h cultivation at 25°C

Degradation ability on

Test Composition of combined isolates Viable ceI_I§
group Protein (cm)® Lipid (CFUmL™)
1 AL1, AL4, AL5, AL6, LA10 1.6+£0.3 +° 5.3%10+0.02
2 AL1, AL4, AL5, AL6, LA10, PR15 2.0+0.2 + 4.2%x108+0.03
3 AL1, AL4, AL5, AL6, LA10, NB14 1.8+0.1 + 3.3%x10°+0.02
4 AL1, AL4, AL5, AL6, LA10, AL22 1.7+£0.3 + 2.1%10°+0.04
5 AL1, AL4, AL5, AL6, LA10, NB14, AL22, PR15 14+0.4 + 1.7 %107 +0.09
6 AL4, AL5, AL6, LA10 1.8+0.2 + 3.2x10°+0.03
7 AL4, AL5, AL6, LA10, PR15 17+£0.2 + 2.2%10+0.10
8 AL4, AL5, AL6, LA10, NB14 2.1+0.3 + 1.0% 10*+0.02
9 AL4, AL5, AL6, LA10, AL22 1.1+£0.3 + 1.7 % 106+0.06
10 AL4, AL5, AL6, LA10, NB14, PR15, 1.7+£0.1 + 4.2%10°+0.03
N AL4, AL5, AL6, LA10, PR15, AL22 1.6+£0.3 + 2.0x10°+0.08
12 AL4, AL5, AL6, LA10, NB14, AL22 1.8+£0.2 + 2.3%10%+0.01

#Mean diameter of each clear zone.
b+ means degradation ability of lipid.

To select appropriately mixed microorganisms suit-
able for treating SAW containing complex components,
12 different combinations of isolates were examined
based on the degradability of polymers (protein and
lipid) generally present in SAW (Iber and Kasan 2021).
This experiment was performed because a mixed cul-
ture is more advantageous than a single culture in the
degradation of complex components in nature (Jan-
kowska et al. 2015). In particular, mixed cultures of
microorganisms could utilize the substance in nature
well since a broad range of enzymes is synthesized by
the mixed cultures and such enzymes can degrade
various polymers. In this respect, combined isolates
cultivated in 1 g L™' SAW at 25°C for 24 h were tested
for their polymer-degrading ability. All test groups
exhibited degradation abilities on both protein and
lipid under the conditions of diversely combined mi-
croorganisms (Table 2). Notably, Groups 2 and 8 ex-
hibited higher protein degradation activity than other
groups. In addition, the viable cell number of Group 2
was better than that of Group 8. This indicates that the
proliferation of mixed culture in Group 2 was the most
active owing to its high degradation ability of poly-
mers in SAW. Meanwhile, the mixed culture in Group
5 exhibited the highest number of viable cells but was
excluded from this study owing to its low protein deg-
radation ability. Therefore, Group 2, composed of six
isolates, was selected for SAW treatment.

3.2. Characterization and identification of
isolates

Since Group 2 exhibited the best polymer-degrading
activity, the characteristics of each isolate included in
Group 2 were examined to distinguish the role of each
isolate when applied. The isolates AL1, AL4, AL6, and
LA10 were Gram-positive and rod bacteria, whereas
the isolate AL5 was Gram-negative and rod bacterium.
In particular, the isolate LA10 was a chain-forming
bacterium. Unlike these bacteria, isolate PR15 was ob-
served to uniquely form tetrad cocci. All isolates were
motile and different in cell dimensions. The colors of
colonies formed on the nutrient broth agar medium
were ivory (AL1, AL6, and LA10), pale yellow (AL4),
and yellow (AL5 and PR15).

The 16S rRNA sequence analysis was conducted for
the six selected isolates in Group 2. Homology search-
es showed that the isolates AL1, AL4, AL5, AL6, LA10,
and PR15 were the most closely matched to Bacillus
paramycoides (99.86%), Bacillus pumilus (99.52%),
Stenotrophomonas rhizophila (100%), Bacillus paran-
thracis (99.66%), Bacillus paranthracis (99.52%) and
Micrococcus luteus (99.58%), respectively (Table 3).
Based on partial 16S rRNA sequences of each isolate,
a neighbor-joining phylogenetic tree was drawn with
other phylogenetically related strains (Fig. 1). Bacillus
species are known to produce diverse extracellular en-

http://www.koseb.org 171



| I
Korean J. Environ. Biol. 41(2) : 167-178 (2023)

Table 3. Results of identification for the six selected isolates

Isolate Le(tr:é;)t h accGeesr;iBoanmlilo. Identification SIT;/ISHW Variation ratio
AL1 1462 MAQI01000012 Bacillus paramycoides 99.86 2/1462
AL4 1462 ABRX01000007 Bacillus pumilus 99.562 7/1462
AL5 1440 CP007597 Stenotrophomonas rhizophila 100 0/1440
AL6 1459 MACEO01000012 Bacillus paranthracis 99.66 5/1459
LA10 1460 MACEQ01000012 Bacillus paranthracis 99.52 7/1460
PR15 1445 CP001628 Micrococcus luteus 99.58 6/1445

zymes; thus, microorganisms showing potential pro-
teolytic activity in industrial fields belong to the genera
Bacillus (Pant et al. 2015). B. paramycoides had some
potential ability to treat hospital wastewater (Rashid et
al. 2020), degrade organophosphate compounds (Ren
et al. 2020), and remove toxic selenite from contami-
nated sites (Borah et al. 2021). B. pumilus produced po-
tential xylanase (Kapoor et al. 2008) to efficiently de-
grade toxic aromatic compounds (Surendra et al. 2017)
and improve the health and growth rate of striped cat-
fish when it was used with B. amyloliquefaciens as a di-
etary additive (Thy et al. 2017). B. paranthracis also de-
graded a pharmaceutical pollutant, diclofenac (Chopra
and Kumar 2020), and polycyclic aromatic hydrocar-
bons (Wang et al. 2020). Moreover, Stenotrophomonas
sp. produced various extracellular enzymes, such as
proteases, lipases, nucleases, chitinases, and elastases
(Ryan et al. 2009). The genus Stenotrophomonas, iso-
lated from surface waters, can denitrify in the presence
of Oz (Lv et al. 2017). M. luteus had the potential abil-
ity to degrade cyclic organic compounds (Zheng et al.
2009) and hydrocarbons (Shin-ya and Kajiuchi 2002;
Tuleva et al. 2009), enabling it to be used in bioremedi-
ation (Kanjilal et al. 2015). Moreover, five isolates, i. e.,
bacteria of the genus Bacillus and Strenotrophomonas,
are known for their ability to perform aerobic denitri-
fication (Lv et al. 2017; Yang et al. 2020). Therefore, the
above-reported results imply that the six selected iso-
lates herein were eligible for treating SAW.

3.3. The application of six isolates to SAW
treatment

The six selected isolates were applied to simulated
SAW to investigate their potential degradation abili-
ty on substances mainly from uneaten feed and feces.

172 (©2023. Korean Society of Environmental Biology.

During the treatment of simulated SAW, the pH in-
creased from 6.21 to 7.45 for the first 12 h. Afterward,
it was maintained (Fig. 2A). Simultaneously, the cell
density (ODeoo) and the number of viable cells rapidly
increased from 1.37 to 2.34 and 5.90 x 10* to 2.06 x 10°
CFU mL™}, respectively, for the first 12 h. Moreover,
this tendency was exactly reflected in the reductions
of CODc; and TN as a result of biodegradation by the
isolates (Fig. 2B). This indicates that biodegradation
occurred actively for the first 12 h with cell growth.
During the first 12 h, the removal percentages of COD-
cr and TN were 51.0% and 44.6%, respectively. The ra-
tio of CODc¢; to TN was maintained at 10.0, except for
the treatment time of 8 h because the reduction rate of
TN by the mixed culture surpassed that of CODc; be-
tween 3 and 8 h. During this period of biodegradation,
cells gradually proliferated, and thus nitrogen source
was consumed considerably for cell growth. After 12h,
the decrease in the reduction rates of COD¢; and TN
became dull, and those reduction rates were slightly
changed between 24 h and 36 h. Simultaneously, the
numbers of viable cells did not increase further after
24 h, terminating the determination of all reaction pa-
rameters at 36 h.

Herein, biodegradation by the mixed culture was not
distinct after 12 h of the saw treatment. The final re-
moval efficiencies of CODc; and TN by the mixed cul-
ture of six isolates were 51.0% and 44.6%, respectively.
SAW treatment was performed in a 1-L flask contain-
ing 500 mL SAW to ensure treatment under limited
O,. The six isolates reached a maximum cell viability
of 2.06x10° CFU mL™" in the SAW treatment (Fig.
2A), but according to the number of viable cells in Ta-
ble 2, the six isolates in Group 2 are in an exponential
growth state where they rapidly grow. The C/N (COD/
TN) ratio and other factors, such as pH and concen-
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Fig. 1. A neighbor-joining phylogenetic tree drawn with other phylogenetically related strains based on partial 16S rRNA sequences of each
isolate in Group 2. Sequences were aligned with Clustal W using the BioEdit program (Version 7.2.0). A phylogenetic tree was constituted
via neighbor-joining tree analysis with 1,500 bootstrap replicates by MEGA version 7 NCBI accession numbers are presented in parenthe-

Ses.

trations of fat and lipid, affected the efficiency of the
biological wastewater treatment (Sunny and Mathai
2015). In this experiment, pH was maintained at ~7.45
throughout 36 h, and air was not injected continuous-

ly. Therefore, the C/N ratio and batch condition are
important parameters affecting the biodegradation
process in this study of wastewater treatment (Gao et
al. 2010). For carbon utilization, microorganisms have
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difficulty synthesizing their necessary enzymes under
a low N content, whereas microbial growth is inhibit-
ed under a high N content, particularly in the form of
ammonia (Fontenot et al. 2007). In general, the C/N
ratios of various wastewaters vary from 20:1 to 30:1
(Fontenot et al. 2007). However, the efficient treatment
of wastewater occurs at a C/N ratio of 10: 1 (Fontenot
et al. 2007). Since the wastewater of residual feed from
shrimp farms contains high nitrogenous concentra-
tions (Roy et al. 2010; Iber and Kasan 2021), the C/N
ratio is indispensably optimized for efficient treatment.
Thus, the removal of nitrates under various C/N ratios
(5:1,10:1,20:1, and 30: 1) was studied for SAW, and
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the most effective nitrate removal was achieved at a
C/N ratio of 10: 1 (Fig. 2B). A C/N ratio of 10: 1 was
reported to produce the best results for maximum ni-
trogen and carbon removal from SAW in a sequencing
batch reactor (Fontenot et al. 2007). A COD/TKN (total
Kjeldahl nitrogen) ratio of 10: 1 was also reported to
be optimum for high nitrogen removal efficiency in
the activated sludge process under very low operating
O: concentration, with oxidation-reduction potential
for aeration control (Chevakidagarn et al. 2012). In
addition, a C/N ratio of 15: 1 was reported to display
the highest removal of ammonia (98.7%) in fish farm
wastewater (Bakar et al. 2015). All these results indi-
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cate that optimizing the C/N ratio is an important fac-
tor for efficiently removing nitrogen-containing resi-
dues (Roy et al. 2010; Bakar et al. 2015; Nguyen et al.
2018). Considering the above results, herein, the C/N
ratio that remained at 10: 1 for 36 h is appropriate for
efficient nitrate removal. Therefore, a considerable re-
duction of residual COD¢; and TN would occur with
continuous aeration (Avnimelech 2009; Iber and Kasan
2021). This inference can be adequately supported by
previous reports. Boopathy et al. (2007) performed bi-
ological treatment of shrimp farm wastewater under
anoxic and aerobic modes, and they obtained a greater
reduction of COD under the aerobic mode than in the
anoxic mode. Sun et al. (2016) reported that reducing
the carbon source was strongly related to cell growth.

In the case of nitrogen removal, anaerobic denitri-
fication is considerably efficient, and wastewater is
treated using a combination of aerobic and anaerobic
(or anoxic modes) conditions (Lv et al. 2017). In this
study, five among six isolates were found to be bacteria
having ability of aerobic denitrification. Especially, the
aerobic denitrification of the genus Bacillus strains is
closely related to bacterial cell density in connection
with COD reduction (Yang et al. 2020). The six isolates
also showed a TN removal rate of 44.6% under batch
conditions. Considering the average TN reduction rate
of the aerobic denitrification strains is known to be
6-50% (Lv et al. 2017), six isolates are suitable for the
treatment of aerobic denitrification. In conclusion, six
isolates can remove CODc¢, and TN with additional
aeration and are particularly valuable for aquaculture
wastewater treatment in aerobic environments. Since
shrimp farms are an aerobic environment, discovering
strains that can simultaneously treat CODc; and TN
under the same conditions is essential. Thus, the six
isolates from rockworms are good candidates that can
be applied to the field of aquaculture wastewater treat-
ment in the future.

4, CONCLUSION

In shrimp aquaculture, large amounts of nitrogen
contaminants are derived from feed residues in an
aerobic environment, impacting negatively on ecosys-
tems. To efficiently treat shrimp aquaculture wastewa-
ter (SAW), candidate strains were isolated from adult
rockworms. Six isolates (strains AL1, AL4, AL5, AL6,

LA10, and PR15) were finally selected by combin-
ing strains with excellent polymer degradation ability
without antagonism. The six strains were identified
to be Bacillus paramycoides, Bacillus pumilus, Steno-
trophomonas rhizophila, Bacillus paranthracis, Bacil-
lus paranthracis, and Micrococcus luteus, respectively
with >99.52% similarity. The six isolates reached a
maximum cell viability of 2.06 x 10° CFU mL™ in 12
h of SAW treatment, with 51.0% of chemical oxygen
demand (CODc;) and 44.6% of total nitrogen (TN) re-
moval rates under the CODc,/TN ratio approximately
at 10.0. These removal rates achieved under batch con-
ditions indicate that the six isolates could be applied to
the treatment of aerobic denitrification. Thus, the six
isolates are particularly valuable for aquaculture waste-
water treatment in aerobic environments, extending
their application to the field of aquaculture wastewater
treatment.
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