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ABSTRACT

The response of characteristics and microbial resistance of aerobic granules to
sulfamethazine, oxytetracycline, and ciprofloxacin at ppb level in swine wastewater was
investigated in this study. Results showed that no significant changes in physical strength,
average granules size, and settling property of aerobic granules were observed with target
antibiotics exposure (p > 0.05). However, compared to the control group, the protein/poly-
saccharide ratio and zeta potential of aerobic granules in treatment groups showed a higher
level (p < 0.05). Meanwhile, the specific removal rates of organics and ammonia nitrogen in
reactors with antibiotics addition all decreased greatly, and the inhibition rates of those
were 21–29% and 35–42%, respectively. In terms of microbial resistance, the presence of tar-
get antibiotics would obviously increase the relative abundances of antibiotics resistance
bacteria and antibiotics resistance genes in aerobic granules, ranging from 0.5 to 5 orders of
magnitude; thereby, it concluded that antibiotics at ppb level without effect of other induc-
tion factors can actually reach an effective content capable of spreading antibiotic resistance
in aerobic granular reactor.
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1. Introduction

The daily discharge of swine wastewater was up to
6.8 million tons with high concentrations of chemical
oxygen demand (COD) and nutrients, and it has been
identified as a major source of diffuse pollution in
China [1]. To date, although anaerobic digestion has
been extensively and successfully applied in treating

carbonaceous compounds of swine wastewater; the
technological properties of anaerobic digestion deter-
mined low nitrogen removal efficiency [2]. Thus, the
subsequent treatment for swine wastewater with nitro-
gen removal processes is indispensable. Aerobic gran-
ules are mainly used for the aerobic degradation of
organics as well as nutrients removal under aerobic and
anoxic conditions in sequencing batch reactor (SBR) [3].
At present, aerobic granulation technology has been
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widely used to deal with high-strength wastewaters by
virtue of its advantages, and has shown substantial fea-
sibility for the advanced treatment of swine wastewater
[2,4]. However, much of the existing research on granu-
lar reactors are limited to COD and nutrients removal,
while there is little available information about the
effects of residual antibiotics at ppb level in swine
wastewater on the physicochemical properties and
microbial resistance of aerobic granules [5–7].

Compared to the contamination of environment by
organics and nutrients, veterinary antibiotics (VAs) in
swine wastewater have recently attracted increasing
attention because of their high residual concentrations
and great capacity to trigger the increase of resistant
bacterial strains [8]. Recent research has shown that
tetracyclines, sulfonamides, and fluoroquinolones were
the dominant VAs with high concentrations and fre-
quencies of detection; further, the maximum concen-
trations of these have ranged from 23.8 to 685 μg/L in
swine wastewater [9]. Further, tetracyclines and fluo-
roquinolones generally exhibited lower subsurface
mobility because they possessed more polar/ion func-
tional groups, but sulfonamides which are considered
to be highly mobile compounds exhibited relatively
low sorption affinity to solid phases [9]. To date, about
more than 100 unique resistance genes have been
found in the environment. Zhu et al. detected 149
unique antibiotics resistance genes (ARG) at three
swine farms in China, and found that the top 63 ARGs
were enriched 192-fold (median) up to 28,000-fold
(maximum) compared with their respective antibiotic-
free manure or soil controls [8]. Some surveys of the
occurrence of ARGs in livestock wastewater indicated
that tetracycline resistance (tet) genes and sulfona-
mides resistance (sul) genes, e.g. tetO, tetW, sulI, and
sulII, were particularly abundant and suitable for
monitoring by quantitative polymerase chain reaction
[10,11]. Compared to other tet genes, ribosomal protec-
tion protein genes (e.g. tetW, tetM, and tetO) have a
greater relative abundance in swine wastewater and in
soils adjacent to representative swine farms [12,13].
Baker-Austin et al. also found that metals could pro-
vide a long-term coselective pressure for antibiotic
resistance, while metals are usually added to swine
feed for growth promotion and showed a higher con-
tent in swine wastewater [14]. Meanwhile, several
studies indicated that horizontal gene transfer can
cause the spread of antibiotic resistance in biological
wastewater treatment plants, and the fate of antibiotics
resistance bacteria (ARB) and ARG in flocs sludge
may be affected by plant designs and operation [15].
However, it is still unclear whether antibiotics them-
selves, at ppb level, can actually reach an effective
content towards maintaining or spreading antibiotic

resistance in treatment plants, especially in aerobic
granular reactor [16,17].

Thus, the study presented in this paper aimed to
(1) estimate the response of performance and physico-
chemical properties of aerobic granules to sulfametha-
zine (SM2), oxytetracycline (OTC), and ciprofloxacin
(CIP) at ppb level in swine wastewater; (2) investigate
the correlation of antibiotics and corresponding ARB
and ARG in aerobic granular reactor. It was expected
that the results derived from this study would be
useful for further understanding the behaviors of VAs
and ARG in aerobic granular reactor.

2. Materials and methods

2.1. Experimental setup and SBR operation

Experiments were performed in the four SBR reac-
tors (R1, R2, R3, and R4) with a working volume of
1 L. The influent was added from the top of the reac-
tor with a volumetric exchange ratio of 80%. The reac-
tors were continuously operated in successive cycles
of 8 h, and each cycle consisted of 1 min influent feed-
ing, 475 min aeration, 1 min settling, and 3 min efflu-
ent withdrawal. Air was introduced through a
diffuser at reactor bottom by air pump at a flow rate
of 0.4 m2/h (superficial gas velocity of 1.8 cm/s). The
pH was measured and maintained at 7.1–7.4 using
real-time pH control systems. The oxygen saturation
level was monitored, but not controlled. The reactors
were operated at room temperatures (around
20–26˚C), and were protected from light in order to
prevent photolytic degradation of target antibiotics.

The real swine wastewater contain COD with a
high content range, while the swine the wastewater
would normally firstly be treated by an anaerobic
digestion system which could receive the biogas. The
COD content could be kept at a lower content in the
effluent of the anaerobic digestion system, and the
aerobic sludge reactor usually was the subsequent
treatment system for swine wastewater with nitrogen
removal processes. Thus, a synthetic swine wastewa-
ter from an anaerobic reactor prepared with distilled
water was used in this study. The composition was as
follows: the influent glucose content measured as
COD was 1,000 mg/L, ammonia nitrogen (NH4CI)
800 mg/L, and phosphate (KH2PO4) 60 mg/L, Ca2+

(CaCl2) 10 mg/L, Mg2+ (MgSO4) 10 mg/L, trace ele-
ment solution 1.0 mL/L. The composition of the trace
element solution was FeCl3 20 mg/L, CuSO4 50 mg/L,
MnSO4·H2O 50 mg/L, KCl 18 mg/L, AlCl3 15 mg/L,
ZnSO4·7H2O 30 mg/L. During the 130 operation days,
R1 as control group without antibiotics addition in
wastewater; SM2 spiked into the wastewater to
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produce concentration of 100 μg/L for R2, and
OTC was added to R3 with 100 μg/L, while CIP was
added to R4 with 100 μg/L. Mature aerobic granules,
obtained from an SBR in our laboratory, were used
as seed sludge with an initial concentration of
4,000 mg/L in mixed liquor suspended solids (SS).
The seed granules were developed using the activated
sludge from a local wastewater treatment plant by
controlling the settling time of SBR [18] and the cul-
ture solution without any antibiotics addition during
the sludge granulation.

2.2. Analytical methods

COD, ammonia nitrogen, sludge volume index
(SVI), SS, and mixed liquor volatile suspended solids
(VSS) were analyzed according to the Standard
Method [19]. Aerobic granules for physicochemical
properties analysis were sampled and measured at the
end of the second cycle on the fixed days of steady-
state phase. Extraction and detection method of extra-
cellular polymeric substances (EPS) in the granules
wase used as described by Adav and Lee [20]. Physi-
cal strength of aerobic granules was expressed as the
integrity coefficient (%) [21]. Granule samples were
mixed thoroughly by a homogenizer, and the superna-
tant was sampled after 5 min settling for zeta potential
measurement using Nano Series Zeta Potential
Analyzers (MALVERN, ZEN 3600). Average size of
aerobic granules was measured by a laser particle size
analysis system (Malvern Mastersizer 2000).

Quantitative real-time PCR analysis was used to
detect corresponding resistance genes: three tet genes
(tetW, tetM and tetO) and two sul genes (sulI and
sulII) in granular sludge, and the determination was
based on the published method [22,23]. Genomic
DNA was extracted from 0.5 g of sludge using
E.Z.N.A® DNA kit (OMEGA Bio-Tek, USA) following
the manufacturer’s instructions. We determined the
concentration of the extracted DNA using spectropho-
tometer analysis (NanoDrop ND-1000, NanoDrop
Technologies, Wilmington, DE, USA). The selected
target tet genes, sul genes, and 16S-rRNA genes were
quantified using ABI 7500 Real-time PCR system
(Applied Biosystems, USA) and SYBR Green qPCR
mix (Takara Biotechnology, Dalian, China). Plasmids
carrying target genes were used to generate calibra-
tion curves, and the concentration of genes was mea-
sured by a spectrophotometer. The copy numbers of
the target gene were calculated directly from extracted
plasmid DNA concentration, and the production of
the standard curve was generated by 10-fold serial

dilutions of a known copy number of the plasmid
DNA. The PCR efficiencies (91.3–111.7%) were exam-
ined to test for inhibition. The R2 values of all calibra-
tion curves were more than 0.99. Data analysis was
carried out with iCycler software. Each reaction was
performed in a 25 μL volume containing 12.5 μL of
SYBR Premix Ex Taq (TaKaRa), 0.2 μM of each primer,
and 2 μL of template DNA which was diluted 5-fold.
The Q-PCR protocol for tet genes was as the following
program: 1 min at 95˚C, followed by 40 cycles of 10 s
at 94˚C, 45 s at the annealing temperatures, and the
temperature at which the fluorescence was read dur-
ing each cycle was varied according to different target
genes (tetM 80˚C; tetO 81˚C; tetW 83˚C). The Q-PCR
protocol for sul genes was as the following program:
15 min at 95˚C, followed by 50 cycles of 15 s at 95˚C,
30 s at the annealing temperature (sulI 65˚C; sulII
57.5˚C), and 30 s at 72˚C followed by a final melt
curve stage with temperature ramping from 60 to
95˚C. All Q-PCR reactions were carried out in tripli-
cate. Product specificity was confirmed by melting
curve analysis and visualization in agarose gels.

The analysis method of total (MPN) and antibiotics
resistant (rMPN) culturable bacteria were used as
described by Heuer and Smalla [24]. Aerobic granules
(0.5 g) were suspended in 9 mL of sterile saline by
shaking overhead with glass beads for 30 min. Serial
10-fold dilutions in 1/10 TSB (Becton Dickinson,
Sparks, MD) with 100 mg/L cycloheximide, and with-
out or with standard content of individual antibiotic
were aliquoted into microplates with eight replicates
of 0.15 mL. The standard contents of SM2, OTC, and
CIP were 512, 16, and 4 mg/L, respectively, and those
were set according to Performance Standards for
Antimicrobial Susceptibility Testing [25]. The most
probable numbers of total and antibiotics-resistant
culturable bacteria were calculated from the number
of turbid wells per dilution after 2 and 4 d of incuba-
tion at 28˚C.

Statistical analyses were conducted using SPSS
Version 16.0 (SPSS Inc., USA) for comparison of char-
acteristics and microbial resistance of aerobic granules
in the four systems, and comparisons were considered
to have statistically significant difference for p < 0.05.

3. Results

3.1. Performance and physicochemical properties

The total operational period of our experiment
was 130 d. The four aerobic granular reactors
reached steady-state phase on 36th day, namely no
significant differences of COD and NHþ

4 -N removal
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rate, sludge retention time, and so on were observed
in individual SBR. Therefore, datum of performance
and physicochemical properties of aerobic granules
in Figs. 1–3 were averaged to produce a single value
for each reactor (Table 1) after 50 d of operating.

Compared to the control reactor (R1), no significant
changes in physical strength, granules size, and SVI5
(the measurement time was 5 min) of aerobic granules
in R2–R4 were observed (p > 0.05). The results indi-
cated that aerobic granular reactor could keep sludge
granulation and settling property at ppb concentra-
tions of SM2, OTC, and CIP in swine wastewater.
However, the presence of target VAs showed effect on
the surface potentials, the EPS composition, and pollu-
tion removal rate of aerobic granules in reactors
(p < 0.05). The zeta potential value of aerobic granules
in R1 was −10.6 mV, while the surface charges of aero-
bic granules in R2–R4 were examined to increase to
−13.4 to 19.9 mV, namely aerobic granules without
antibiotics exposure were less negatively charged.

The major substances in EPS are the protein (PN)
and polysaccharide (PS), and both were measured in
this study (Fig. 2). The total content of EPS in the four
systems remained at a similar level (about 126.92–
131.59 mg/g VSS), but the ratio of PN to PS of the
granules in R2–R4 showed a higher value than that in

R1. Specific removal rates of COD and NHþ
4 -N of

aerobic granules were determined (Fig. 3), in order to
minimize the variance caused by different sludge
concentrations in the four systems. Overall treatment
performance of organics and ammonia nitrogen were
substantially affected by target VAs, and the specific
removal rates of COD and NHþ

4 -N in reactors with
VAs addition all decreased greatly and dropped to
0.3–0.33 g COD/g VSS-d and 0.15–0.17 g NHþ

4 -N/g
VSS-d, respectively, yet no differences were detected
among R2 to R4 with different VAs treatment
(p > 0.05).

3.2. Response of microbial resistance

Approach in conceptualizing the fate and develop-
ment of target antibiotics resistance in the four
systems were the consideration of corresponding ARG
and ARB as the primary indicators, and the relative
abundances of ARG and ARB on 50th day and 120th
day are shown in Figs. 4 and 5, respectively. In this
study, the comparison and subsequent discussion
were with respect to the relative abundances of ARG
(target ARG/16S-rRNA genes) and ARB (rMPN/
MPN). As shown in the normalized ARG data, two sul

Fig. 1. Physical strength, average diameter, zeta potential, and SVI5 of the aerobic granules in R1–R4. Value is the mean
± SD of triplicate.
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genes and three tet genes were detected in aerobic
granules from R1 to R3 with or without VAs
treatment. Compared to the control reactor (R1), the

level of two sul genes in R2, and tetW and tetM in R3
showed obvious increases with SM2 and OTC
addition, ranging from 0.5 to 1 order of magnitude.
However, the relative abundances of tetO in R1 and
R3 retained a similar level (about 1.1 × 10−4 to
2.41 × 10−4), which were unaffected by OTC amend-
ment or operating time (p > 0.05). Meanwhile, the level
of sul genes (100–10−2) were apparently higher than
that of tet genes (10−3–10−5), and tetM always be a pre-
dominant tet genes (1.17 × 10−3 to 1.35 × 10−4) in aero-
bic granules from R1 to R3. On two sampling dates,
no significant differences of sul genes and tet genes in
reactors with VAs addition were observed (p > 0.05),
i.e. the ARGs level did not persistently increase. In
terms of culturable bacteria, the relative level of ARB
followed the same trend as that of sul genes, tetW and
tetM. The higher resistance of bacteria to SM2, and the
equivalent resistant response of microbes at different
phases (50th day and 120th day) were detected in aer-
obic granules. At the end period of this experiment,
the relative abundances of ARB in control and treat-
ment groups were 2.96 × 10−6 and 7.52 × 10−3 to SM2,
5.8 × 10−10 and 1.0 × 10−4 to OTC, 6.89 × 10−10 and
5.19 × 10−5 to CIP, respectively.

4. Discussion

Although some researchers studied the effect of
VAs on the properties and performance of aerobic
granules in SBR, a higher addition level (above ppm)
was chosen; further, a decrease in granules size was
observed accompanied by an increase in the solid
content in the effluent [5,6]. However, in this experi-
ment, the presence of SM2, OTC, and CIP did not lead
to the breakup of granules into small fractions, and
the settling ability of aerobic granules in the four sys-
tems was similar. Thus, it concludes that individual

Table 1
Mean properties data of aerobic granules with different amendments at steady-state phase (50–130th day). All values
include standard error of the measurements, with 8–12 samples

R1 R2 (SM2) R3 (OTC) R4 (CIP)

Physical strength (%) 98.2 ± 0.5 97.1 ± 2.1 97.7 ± 0.8 98.1 ± 0.4
Average diameter (mm) 1.22 ± 0.15 1.34 ± 0.08 1.20 ± 0.14 1.25 ± 0.06
Zeta potential (mV) −10.6 ± 0.2 −16.8 ± 1 −13.4 ± 0.5 −19.9 ± 0.4
PN in EPS (mg/g VSS) 79.2 ± 4.3 88.5 ± 5.3 86.9 ± 2.1 92.6 ± 4.4
PS in EPS (mg/g VSS) 50.5 ± 1.8 38.4 ± 1.5 40.7 ± 1.5 39 ± 1.1
PN/PS ratio 1.57 ± 0.03 2.31 ± 0.05 2.14 ± 0.03 2.38 ± 0.05
SVI5 (mL/g) 23 ± 1 22 ± 1 22 ± 1 23 ± 1
Specific rate (g NHþ

4 -N/g VSS-d) 0.26 ± 0.04 0.16 ± 0.03 0.17 ± 0.02 0.15 ± 0.02
Specific rate (g COD/g VSS-d) 0.42 ± 0.02 0.32 ± 0.02 0.33 ± 0.03 0.3 ± 0.05

Fig. 2. EPS content and the ratio of protein to polysaccha-
rides of the aerobic granules in the four systems. Value is
the mean ± SD of triplicate.
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antibiotics at ppb level in swine wastewater cannot
actually reach an effective content capable of sup-
pressing the physical structure of aerobic granules. In
addition, a high nitrogen/COD ratio could be related
to a more compact structure of aerobic granules since
selection of slow growing organisms, and the compact
granular structure is a valid defensive strategy that
protects sludge against the inhibiting effects of toxic
substances [3,26]. Aerobic granules from R1 to R4 had
a similar clear and regular outer shape, and had
enough physical strength (above 97%) to maintain the
stability of their granular form during operation.
These results implied that the composition of organics
and nitrogen in swine wastewater would also be bene-
ficial for weakening the negative effect of VAs on the
physical properties of aerobic granules.

Exposure to the selected antibiotics at ppb level
affected the granules in terms of biochemical proper-
ties, causing a decrease in the specific removal rates of

COD and NHþ
4 -N in the systems, and also changed

the EPS composition and zeta potential of aerobic
granules. Compared to the specific rates of COD and
NHþ

4 -N in R1, the inhibition rates range for treatments
R2–R4 were 21–29% and 35–42%, respectively. Antibi-
otics, in general, have their selective effects on groups
of microbes which could be as broad as fungi or bacte-
ria, and subsequently interfere with the microbial eco-
logical functions in various environmental systems in
subinhibitory-level concentrations [27]. Shi et al. also
found a similar result, and further indicated that the
COD and NHþ

4 -N removal rate of nitrifying granules
would be notably affected with tetracycline addition,
yet the performance of the conventional granules sys-
tem did not change a lot [6]. While the aerobic gran-
ules in this study also enriched with nitrifying
bacteria because of a high nitrogen/COD ratio in
wastewater. Thus, as anticipated, the difference of
COD and NHþ

4 -N removal rate was detected among

Fig. 3. Specific removal rates of NHþ
4 -N and COD in the four systems.
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the control and test systems. However, the systems in
the presence of different antibiotics showed a similar
inhibition rate. The possible reason is that although
action mode of three target antibiotics pertain differ-
ences, all of SM2, OTC, and CIP are designed to be
broad spectrum drugs, and affect a broad range of
micro-organism species [25].

As a macromolecule polymers secreted by micro-
organisms, EPS have been considered to be related to
aerobic granulation and stability of microbial aggre-
gates, and the composition of EPS can be affected by
certain environmental conditions [3]. Some researchers
have indicated that aerobic granules were sensitive to
the VAs and produced more PN to protect them
against VAs [5,6]. A similar result was observed in this
study, namely PN rather than PS were the major active
contents involved in the interaction. In addition, com-
pared to the PN content in the four systems, the PS
content in aerobic granules showed significant differ-
ence with antibiotics addition, and this result might be

attributed to the fact that more organics absorption
would stimulate the production of PS in the granules
[28]. It is also interesting to notice that a negative
correlation was found between PN/PS ratio and the
zeta potential value of aerobic granules by previous
studies [6,26]. However, in this study, a high PN/PS
ratio was found to increase the negative charge of
microbial aggregates, which can be explained by the
fact that the surface charge was closely correlated to
micro-organism community, while the selective antibi-
otic effects would alter the relative abundance of
microbial species in systems as previously discussed
[3,27]. In addition, compared to SM2 and OTC, CIP
showed a more obvious effect on the gram-negative
bacteria [25]. The previous studies and the analysis
result of bacterial compositions of seed aerobic gran-
ules based on high-throughput sequencing in this
study (detailed data not shown) indicated that Proteo-
bacteria showed an important fraction in the sludge
during wastewater treatment, while the Proteobacteria

Fig. 4. Relative levels of sul genes and tet genes in the granules samples (R1, R2, and R3) on two sampling dates ((A) and
(C): 50th day, (B) and (D): 120th day). Value is the mean ± SD of triplicate.
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belong to gram-negative bacteria [2,5,29]. Thereby,
these reasons maybe lead to more negative effect in the
aerobic granules exposed to CIP.

During the wastewater treatment process, sludge
has been documented as a reservoir of ARG and ARB,
probably due to direct input of ARG, while VAs resi-
due or metal in wastewater may potentially induce
antibiotic resistance as well [15,16]. In addition, based
on the previous studies, ARG transfer rate and ARB
grown in aerobic granular reactor treating swine
wastewater may be increased since bacterial cells in a
biofilm stay in close contact, and higher gene transfer
frequencies have also been measured in nutrient-rich
environments [17,30]. In this study, the four systems
remained at a similar granular range, thereby the
increase in relative abundances of ARB and ARG in
R2–R4 was mainly caused by antibiotic-induced
response. This result confirmed that microbial resis-
tance of aerobic granules has a strong correlation with

VAs at low concentration. Some research also found
that antibiotics help gene transfer at low concentra-
tions (100 ppb), and pB10 plasmid transfer rate can
significantly statistically increase with 10–100 ppb of
VAs exposure [17,31]. However, given the differences
of analytical methods to assess antibiotic resistance,
the data of ARG and ARB showed a different resistant
amplification [30]. Meanwhile, the results also indi-
cated that the microbial resistance did not increase as
time progressed, and the relative level of ARB and
ARG was similar on the 50th day and 120th day.
These results are in accordance with previous observa-
tions stating that a stabilization trend was obvious in
the cases of ARG proportions in bacterial community
of wetland media biofilm [32].

For the relative abundances of the target tet genes
in R1, the trend was as follows: tetM > tetW and tetO,
with a similar trend in R2–R4 also found after VAs
treatment. One reason for this may be, in gram-posi-
tive species, tetM gene could be detected both in the
chromosome and on conjugative elements, but tetO
gene is mobile only when found on conjugative plas-
mids; further, due to the important regulation of
upstream regions and low G + C contents in the
structural genes, tetM could be easily spread into a
significant number of other organisms including
gram-negative and gram-positive bacteria and species
lacking cell walls [33]. Meanwhile, Gao et al. also indi-
cated that among the tet genes, tetM and tetW, had the
widest and the second widest bacteria host range,
respectively [34]. Compared to tet genes, all sul genes
showed a higher level, while this may be explained as
the sul genes is typically associated with integrons
located in mobilizable broad-host-range plasmids that
have an important positive effect on the genes spread
in a wide range of bacterial species [34,35]. However,
although sulII was usually slightly higher than that of
sulI in municipal and rural domestic sewage treatment
plants because sulII is generally associated with small
non-conjugative or large transmissible multi-resistant
plasmids as indicators of horizontal gene transfer [36],
the absolute and relative abundances of two sul genes
showed a similar level in this study. Thus, this result
implies that the abundance of different types of sul
genes in the sludge would be mainly affected by the
content level of those in the wastewater.

5. Conclusion

The common antibiotics (SM2, OTC, and CIP) in
swine wastewater at ppb level have no significant effect
on the physical characteristics of aerobic granules, and
the systems could retain sludge granulation and better

Fig. 5. Relative level of antibiotics-resistant culturable bac-
teria in aerobic granules (R1, R2, R3, and R4) on two sam-
pling dates ((A): 50th day, (B): 120th day). Value is the
mean ± SD of triplicate.
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settling properties. However, the presence of target
antibiotics showed effect on the surface potentials, the
EPS composition, and pollution removal rate of aerobic
granules in SBR. In terms of microbial resistance, anti-
biotics at ppb level without effect of other induction
factors can actually reach an effective content capable
of spreading antibiotic resistance in aerobic granular
reactor. Thus, the results in this study indicated that
the role of residual antibiotics to aerobic granules in
SBR during swine wastewater treatment should not be
ignored.
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