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Variation in bacterial communities during landfill leachate treatment
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ABSTRACT

A modified sequencing batch reactor, which adds a pre-anoxic phase before the aeration phase, was
used to treat toxic landfill leachate, and high-throughput sequencing technology used to study how
the classification, distribution and abundance of functional bacterial communities varies during
system operation. The system operation results are as follows: in the full load steady operation period
(I), influent/effluent chemical oxygen demand (COD) and total nitrogen (TN) concentrations were
approximately 6,421/645 and 1,210/19 mg/L, respectively; TN and COD removal rates of the system
were above 93% and 87%, respectively. The bacterial community structure of the system is as follows:
when compared with the bacterial community structure of the inoculation sludge, the final dominant
phyla of the system were Proteobacteria (49.4%) and Bacteroidetes (36.5%), while {3-Proteobacteria
(30.05%) and «a-Proteobacteria (16.4%) under Proteobacteria were the two dominant classes in the full
load steady operation period (II). Nitrosomonas (22.56%) was the main ammonia-oxidizing bacteria
within B-Proteobacteria. The bacterial community associated with endogenous denitrification
included Paracoccus (a-Proteobacteria, 19.15%), Thauera (3-Proteobacteria, 8.36%), and Truepera (4.96%).
Paracoccus and Thauera were endogenous denitrifying bacteria that could transform organic matter
into polyhydroxyalkanoates (PHA) and use PHA to remove nitrogen under anaerobic conditions, and
Truepera could resist leachate toxicity.

Keywords: Bacterial community; Endogenous denitrifying bacteria; High-throughput sequencing
technology; Landfill leachate; Sequencing batch reactor (SBR)

1. Introduction

Landfill leachate is a type of deep-black toxicity lix-
ivium that produces, rancid odor, multiple heavy metal
ions, a high ammonia nitrogen content, unbalanced C/N/P
ratios and large changes in water quality indexes indi-
ces over time. Landfill leachate can damage the health of
environment and human, and so finding a cost-effective
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disposal process is a global environmental issue that must
be urgently solved [1-4].

Some biological treatment process have been successfully
applied to the treatment of landfill leachate, for example, Zhu
etal. [5] and Wang et al. [6] used a modified sequencing batch
reactor (SBR) (adding a pre-anoxic phase before the aeration
phase) to treat the landfill leachate, where the system achieves
an ideal removal rate of COD and total nitrogen (TN) through
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shortcut nitrification combined with endogenous denitrifi-
cation without additional carbon sources. However, Zhu et
al. [5] and Wang et al. [6] only discussed the removal rate
of COD and TN in the SBR system and did not discuss the
classification, distribution, and abundance of functional and
dominant bacterial communities involved in the denitrifica-
tion and removal of organic matter. However, the functional
and dominant bacterial community characteristics were the
key to affecting the biological treatment process. For exam-
ple, the functional bacterial community in shortcut nitrifica-
tion was the ammonia-oxidizing bacteria (AOB) that could
oxidize NH,*-N to NO, N [7,8], and the AOB was mainly
classified as Proteobacteria (phylum) and (-Proteobacteria
(class) [9], with some AOB under the B-Proteobacteria group
mainly divided into Nitrosomonas (genus) and Nitrosospira
(genus). The functional bacterial communities involved in
endogenous denitrification were those that had the capacity
to store internal carbon sources. The process by which endog-
enous denitrifying bacteria remove organics and nitrogen is
as follows: endogenous denitrifying bacteria first transform
organic matter into polyhydroxyalkanoates (PHA) under
conditions where organics are abundant, and then use PHA to
convert nitrogen under anoxic conditions [10,11]. Therefore,
it is very important to analyze and research the classification,
distribution and abundance of these functional bacterial com-
munities, which not only provides theoretical foundations for
the shortcut nitrification process combined with endogenous
denitrification but also improves the reference value for the
further process optimization, control processes for leachate
treatment and the development of new technology [12,13].
Modern biological molecular techniques such as poly-
merase chain reaction (PCR), fluorescence in situ hybrid-
ization (FISH), high-throughput sequencing and clone
sequencing have been widely used in aspects of microbial
community structure and functional microbial characteristics
[14-16]. High-throughput sequencing technology [17,18], as
a new type of microbial identification technology, is charac-
terized by its accuracy, high efficiency and high sensitivity,
and is suitable for the sequencing of environmental bacte-
rial communities. In this study, high-throughput sequencing
technology was used to analyze bacterial communities,
to research the classification, distribution, and abundance
of short-cut nitrification bacteria (AOB) and endogenous
denitrifying bacteria in an SBR system. The study provided
a theoretical basis for shortcut nitrification and endogenous
denitrification for the treatment of landfill leachate.

2. Materials and methods
2.1. Quality of landfill leachate and inoculation sludge

The landfill leachate in this study was obtained from the
Jivang landfill, established in Jinan, Shandong, Northern
China (117°12'N, 36°58'E). The landfill was built and put
into use in December 2011, with a total storage capacity of
2,723,400 m® and is one of several large-scale landfills in Jinan.
The quality of landfill leachate is shown in Table 1. The inoc-
ulation sludge is the whole-process-nitration-reaction sludge
used for treating domestic sewage (influent TN and COD con-
centration was approximately 63 and 500 mg/L, respectively)
that obtained from Everbright Sewage Treatment Plant

(Jinan, Shandong, China). MLSS (mixed liquid suspended
solids), sludge volume index (SVI), mixed liquor volatile
suspended solids (MLVSS) values of inoculation sludge were
approximately 8,569; 105 and 6,217 mg/L, respectively.

2.2. Experimental equipment and procedure

As shown in Fig. 1, the SBR reactor was made of a poly-
methyl methacrylate reaction column with a total volume of
13 L, and an effective volume is 10 L. Two sampling ports
with a spacing of 10 cm were placed on the reaction column.
The SBR system includes: (1) an agitation subsystem with a
mechanical agitator and impeller to ensure that the activated
sludge is well mixed; (2) an aeration subsystem with an air
pump, air flow meter and porous aeration head to control
dissolved oxygen (DO) approximately 2.5 mg/L; (3) a tem-
perature control subsystem with a heating belt, temperature
control box and temperature probe to control the tempera-
ture approximately 25°C; (4) a detection subsystem with a
pH, DO and oxidation-reduction potential (ORP)-detecting
integrated on-line analyzer (WTW Multi340i, Germany) to
determine the end of nitrification and denitrification reaction
accurately by performing real-time monitoring. The system’s
drainage ratio was 30%.

The operation mode is shown in Fig. 2, including the (1)
filling stage (5min); (2) pre-anoxic stage (1h); (3) aeration stage
(aeration time); (4) anoxic stage (anoxic time) and (5) settling
stage (0.5 h). Aeration time and anoxic time were determined

Table 1

Quality of landfill leachate
Compound Range
pH 8+0.3
NH,*N (mg/L) 1,000 + 100
TN (mg/L) 1,100 + 100
NO_ N (mg/L) 0.5-1
BOD, (mg/L) 4,500 + 500
COD (mg/L) 6,500 + 500
C/N >6

Outlets
Feeding tank

Peristaltic pump

Air diffusers

Fig. 1. Experimental equipment of SBR.
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Fig. 2. Operational mode of SBR.

by the ammonium value (pH variation) and nitrate knees
(ORP variation) real-time control method. Studies by Aziz
et al. [19] have shown that adding a pre-anoxic stage to the
traditional SBR can achieve a higher TN removal rate that of
traditional SBR.

2.3. Measuring methods
2.3.1. Wastewater analysis methods

The pH, DO, ORP and temperature were measured by
using the integrated on-line analyzer (WTW Multi340i).
NH,*-N, NO,-N, NO,-N, COD, MLSS, MLVSS and SVI were
measured using standard methods [20]. TN analyzer (Multi
N/C3000, Germany) was used to measure TN. Extraction and
measurement methods of PHA refer to the literature [21].

2.3.2. High-throughput sequencing methods

Sludge samples that were taken from inoculation sludge
were defined as A and samples taken from sludge in period
(IT) were defined as B . The extraction, purification and con-
centration of DNA in these sludge samples were performed
by using the CTAB method and agarose gel electrophoresis.
Each DNA sludge sample was diluted to 1 ng/uL in the cen-
trifuge tube and denoted as template DNA, and the primers
and the section primers corresponding to of 165V4 domain
were the specific primers with barcode and the 165V4 domain
(515F and 806R). PCR amplification used high-efficiency
and high-fidelity enzymes to ensure the amplification effi-
ciency and accuracy of the PCR tester (Phusion® High-
Fidelity PCR Master Mix with GC Buffer from Biolabs, New
Zealand), and we then used a 1 x Tris-acetate-EDTA concen-
tration 2% agarose gel electrophoresis and purification kit
(Thermo Scientific Gene JET gel recovery reagent (Box)) to
purify equal quantities of mixed PCR products, and then
cut and recovered the target bands. The library building kit
(Thermo Fisher’s Ion Plus Fragment Library Kit, 48 runs) and
IonS5TMXL (Thermo Fisher Inc.) were used to build a library
and make a computer sequence. After Qubit quantification
and library detection, the single-end sequencing method
was used to sequence small fragment libraries. Reads were
cut and filtered, OTUs were clustered and species annota-
tion and abundance analysis were performed to reveal, clas-
sification, distribution characteristics and abundance of the
sludge sample functional microorganisms. Alpha diversity
analysis was conducted on individual samples to reflect the
abundance and diversity of bacterial colonies, using methods
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such as the Chao index, ACE index, Shannon index, Simpson
index and coverage index. Finally, the bacterial communities
of the sludge samples were analyzed statistically at the levels
of phylum, class, genus and species.

2.3.3. Statistical analysis

Three sample t-tests were used to evaluate the significant
difference of each groups. The data were all averages of
two or more replicates. The results were considered to be
statistically significant when p < 0.05 (the level of significance
above 95%).

3. Results and discussion
3.1. Landfill leachate removal performance

As shown in Fig. 3, the SBR system ran for approximately
110 d, and the entire operation period was divided into a load
raising period (I) and full load steady operation period (II).
Final influent and effluent TN concentrations were main-
tained at approximately 1,210 and 19 mg/L, respectively, and
the removal rate of TN was maintained at over 93%. During
the operation period, the activity of nitrite-oxidizing bacteria
(NOB) was gradually inhibited as the concentration of free
ammonia increased, and AOB gradually became the dom-
inant bacteria in the system [22]. NO3_-N(aﬂer aezobic) (the con-
centration of NO,-N after the aeration period) gradually
decreased, NOZ‘-N(after aerobic) (the concentration of NO,-N
after the aeration period) gradually increased and exceeded
the concentration of NO~N ... at the 44th day, and the
concentration of NO~N . ... finally decreased below
1 mg/L. Within the aeration period during period (II), essen-
tially all of the nitrogen after the aeration period was NO,™-N,
and the nitrite accumulation rate, the nitrification time and
final NO,“N ;. ..oy Were finally maintained at approxi-
mately 99%, 4.5 h and 120 mg/L, respectively. Shortcut nitri-
fication was the main nitrification reaction, representative of
the shortcut nitrification functional bacterial community.

The nitrogen produced in the aeration stage was mainly
removed by endogenous denitrification, and the process of
endogenous denitrifying bacteria storing PHA also removed
organic matter. As shown in Fig. 3, the final COD, , (the influ-
ent COD concentration) was maintained at approximately
6,421 mg/L, while the COD(aﬂer pre-anoxic) (the COD concentra-
tion at the end of pre-anoxic phase) and COD  (the effluent
COD concentration) had similar values at 645 mg/L, the final
COD removal rate was maintained above 85%, and the content
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Fig. 3. Treatment performance of the SBR over the whole operation period.

of PHA . 1 anoiy (the PHA content at the end of pre-anoxic
phase) was finally maintained at approximately 0.22 Cmol.
These results showed that the removal of COD mainly occurred
in the pre-anoxic phase, and the endogenous denitrifying bac-
teria stored enough internal carbon sources to remove nitro-
gen. Fig. 4 shows that variation of indices in typical cycles of
the stability period (II). The content of PHA increased with
the decrease in COD concentration in the pre-anoxic stage
and then decreased gradually in the aeration stage and anoxic
stage. This also indicated that the removal of COD and the syn-
thesis of PHA by endogenous denitrifying bacteria occurred
in the pre-anoxic stage. In the anoxic stage, NO,-N decreased
in proportion with the decrease in PHA content, but other
material indicators essentially did not change, indicating that
endogenous denitrifying bacteria uses the internal carbon
source for the removal of NO,-N at this stage. In general, the
system relies on shortcut nitrification and endogenous denitri-
fication to achieve better removal of TN and COD by using
organic matter contained in raw water. AOB and endoge-
nous denitrifying bacteria were the functional and dominant
microorganism in the system. Therefore, further study on the
classification, distribution and abundance of AOB and endog-
enous denitrifying bacteria flora was very important to further
improve the removal efficiency of total nitrogen and COD.
Table 2 summarizes the overall performance of COD
and TN removal in landfill leachate treatment using bio-
logical processes, as reported from the recent literatures.
In general, nitrogen can be removed through the natural
pathway of nitrification/denitrification, which means that
the organic matter is completely degraded during the nitri-
fication stage, so the denitrification process will not be car-
ried out thoroughly. The results from the study by Wei et al.
[23] suggested that an extra carbon source addition seems to
be necessary in the anoxic stage, in order to reduce the TN
concentration in the effluent. However, it appears that this
would raise the operational cost drastically for a real landfill

leachate treatment plant. On the other hand, although Zhu
etal. [5] and Wang et al. [6] realized relatively effective nitro-
gen removal without the extra carbon source addition, they
did not study microbial community characteristics of the
operating system, and many studies have further analyzed
the wastewater treatment mechanism through microbial
population characteristics [24]. Based on the deep treatment
of landfill leachate, this study further explored the mecha-
nism of organic matter and TN removal using microbial
population characteristics.

3.2. High-throughput bacterial community analysis

16S rRNA is located in the small ribosomal subunit of
bacteria, including 10 conserved regions and 9 hypervari-
able regions. Among them, the conserved region shows little
difference among bacteria, and the hypervariable region is
specific to genus with certain differences determined by the
kinship. Therefore, 165 rDNA can be used as a characteristic
nucleic acid sequence to reveal biological species, and is con-
sidered to be the most suitable indicator for bacterial phylog-
eny development and taxonomic identification.

3.2.1. Analysis of bacterial diversity

A (A, A,and A)) and B_ (B,, B, and B,) were sequenced
using the IonS5TMXL sequencing platform. The optimized
sequences were clustered under a similarity of 97%, and the
results are shown in Table 3. Sludge samples A, A, A,, B,
B, and B, obtained 704; 629; 646; 1,462; 1,520 and 1,530 OTU
numbers, respectively, and the species coverage index of all
sludge samples was greater than 99%, indicating that this
sequencing result appropriately described the real situation
of all microorganisms in the sample [25]. The ACE index
and Chao index were used to analyze the number of OTU in
the bacterial community and reflected the abundance of the
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Fig. 4. Variation of indices in typical cycles of period II.
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Table 2

Comparison of COD and nitrogen removal from landfill leachate treatment reported in the literatures using biological process

Treatment process ~ Characteristic of influent

Characteristic of effluent

Note

ASBR +PSBR [6] COD =7,341-10,448; TN = 1,450-2,450 ~ COD <900; TN = 170-250

AO/AO-MBR [24] COD =3,516-21,080; TN = 1,308-2,835 COD =2,584; TN <20 Microbial community analysis

GSBR [23] COD =4,298-5,992; TN = 855-1,453 TN > 674 Carbon sources added

ASBR + SBR [5] COD =5,890-6,800; TN = 1,030-1,180 COD = 1,056; TN =1,030-1,180

This study COD =6,500 +500; TN =1,100 + 100 COD = 650; TN <20 Microbial community analysis
Table 3
Analysis of bacterial flora abundance and diversity

Samples  Number of sequences OTU,_ ... Shannon Simpson Chao ACE Coverage (%)

A 68,216 704 5.886 0.956 924.277 916.146 99.60%

A, 64,623 586 5.607 0.954 648.523 659.318 99.80%

A, 69,737 575 5.598 0.956 626.663 635.462 99.80%

B, 80,196 1,374 8.022 0.989 1,450.712 1,459.622 99.70%

B, 80,295 1,451 8.189 0.988 1,537.034 1,547.265 99.70%

B 80,183 1,449 8.187 0.989 1,531.098 1,528.481 99.70%

w

bacterial communities in the sludge samples: the higher the
index value, the higher the abundance of the bacterial commu-
nity. The Shannon index and the Simpson index were used to
analyze the diversity of bacterial communities of samples: the
larger the Shannon value, the higher the diversity of the bacte-
rial community, the higher the Simpson index value, the lower

the diversity of bacterial community, indicating that the abun-
dance of the dominant bacterial community in each sludge
sample was larger [26]. The values of the OTU, ACE index,
Chao index and Shannon index of samples B_were larger than
those of the sludge samples A_(B,>B,>B >A >A >A))and
indicated that the abundance and diversity of A were lower



370

than B . The Simpson index of A and B_ also indicated that
the community diversity and equilibrium degree of B_ were
higher than that of A . The results also showed that the micro-
bial community in the inoculated sludge had undergone sig-
nificant change, and the high concentration of toxic leachate
and the operating mode of the SBR system were the probable
causes of this result. Only the functional bacterial communi-
ties with strong resistance to and suitability for the system’s
operating environment could survive gradually become the
dominant bacterial community, while the inferior bacteria in
the seed sludge were gradually eliminated.

3.2.2. Analysis at the phylum level

As shown in Fig. 5, bacterial communities from sludge
samples A and B were composed of Bacteroidetes,
Proteobacteria, Nitrospirae, Acidobacteria, Planctomycetes,
Chloroflexi, Deinococcus-Thermus, Chlorobi, Firmicutes and
Armatimonadetes at the phylum level. Sludge samples A,
and B_both showed Bacteroidetes and Proteobacteria as the
dominant phyla, and the average abundance values of the two
phyla in sludge samples A _and B_were 85% and 55%, respec-
tively. The average abundance of Proteobacteria in sludge
samples B_ (the abundance of B,, B, B, were 41.41%, 35.55%,
33.14%, respectively) was higher than that of Bacteroidetes (the
abundance of B, B, and B, were 17.57%, 19.75% and 20.19%,
respectively); the average abundance of Proteobacteria (the
abundance of A, A, and A, were 41.39%, 55.73% and 51.09%,
respectively) in the sludge samples A were higher than the
abundance of Bacteroidetes (the abundance of A, A, A, were
42.90%, 31.31%, 35.30%, respectively), and the abundance of
the two phyla in the sludge samples B_was less than that in
sludge samples A . The results were consistent with the obser-
vation that the abundance of Proteobacteria in the conven-
tional activated sludge was higher than that of Bacteroidetes.
The majority of Proteobacteria were involved in denitrifica-
tion and organic removal [27]. Bacteroidetes (phylum) were
chemoorganotrophic bacteria that could metabolize carbohy-
drates and degrade complex organic matters [28]. The abun-
dance of Deinococcus-Thermus (phylum) increased in sludge
samples A , where Deinococcus (genus) and Truepera (genus) of
Deinococcaceae (family) from Deinococcus-Thermus (phylum)
include several bulbous bacteria that can swallow pollutants
and toxins and are resistant to harsh environments. The average
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abundance of Nitrospirae (phylum) in sludge samples B_was
9.09%, and the Nitrospira (genus) in Nitrospirae (phylum)
was an important NOB in the biological denitrification pro-
cess [29]. However, Nitrospirae (phylum) was almost absent
in the sludge samples A , while the results also showed that
NOB was almost absent in period (II), and that shortcut nitri-
fication was the main nitrification reaction. The Proteobacteria
(phylum) contains a large amount of AOB: in order to further
research the bacterial genera and abundance of AOB in period
(IT), bacterial communities in sludge samples A_and B need to
be compared at the class and genus level.

3.2.3. Analysis at the class level

As shown in Fig. 6, 3-Proteobacteria were the most abun-
dantclassinsludgesamples A and B _(theabundanceof A, A
A, B, B, and B, were 26.88%, 33. 76%, 29.52%, 15.81%, 10. 18%
and 8.41%, respectively), Nitrosomonas (genus), Nitrosospira
(genus) and other bacteria in the Nitrosomonadales (order)
contained in 3-Proteobacteria (class) were common AOB, and
[-Proteobacteria (class) also contained some denitrifying bac-
teria community such as Thauera (genus), Thiobacillus (genus),
along with others [30]. The abundance of 3-proteobacteria in
sludge samples A was higher than sludge samples B, indi-
cating that the system contained highly abundant AOB and
denitrifying bacteria in the full load stability period (II). The
average abundance of a-proteobacteria (class) in sludge sam-
ples A was higher (16.4%) than that in B_ (10.6%), indicating
that both [-Proteobacteria (class) and a- Proteobacterla (class)
were dominant classes in sludge samples A . The reason that
a-Proteobacteria (class) was the dommant class was that
a-Proteobacteria contained Truepera (genus) and other denitri-
fying bacteria. The abundances of Gammaproteobacteria
(class) and Deltaproteobacteria (class) within sludge sample
A_were all less than B , indicating that Gammaproteobacteria
and Deltaproteobacterla had been phased out during the
operation of the system.

3.2.4. Analysis at the genus level

To further research the classification and abundance con-
tained in B-Proteobacteria (class) and a-Proteobacteria (class),
six species from sludge samples were analyzed at the genus
level. As shown in Table 4, at the genus level, Paracoccus,

Armatimonadetes - . . . [ |

Firmicutes - . . . . . . o

Chlorobi- ° ° ° [

Deinococeus-Thermus - © ° o 4 .

Chloroflexi - . . . ® ® ° =
Planctomycetes- . . ° ° ® ° |
Acidobacteria- . . . ® ) ° |

Nitrospirae- ® ) ° |
Proteobacteria- [ ] L] o =} )
Bacteroidetes- [ ] [ ) @ ® ] [ |

Al A2 A3 Bl B2 B3 6 3% 10% 15% 20% 25%
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Fig. 5. Bacterial diversity of top 10 phyla.
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Fig. 6. Bacterial diversity of top 10 classes.

Table 4

Bacterial level abundance statistics

Genera Phylum and class A, B,

Paracoccus P-Proteobacteria; 16.15% 0.28%
c-Alphaproteobacteria

Nitrosomonas P-Proteobacteria; 847% 0.41%
c-Betaproteobacteria

Nitrospira P-Nitrospirae; 0.02% 9.09%
c-Nitrospiria

Thauera P-Proteobacteria; 8.36% 1.96%
c-Betaproteobacteria

Truepera P-Deinococcus-Thermus; ~ 4.96% 0.02%
c-Deinococci

Ferruginibacter P-Bacteroidetes; 0.02% 5.10%
c-Sphingobacteriia

Haliangium P-Proteobacteria; 0.01% 2.00%
c-Deltaproteobacteria

Stenotrophobacter ~ P-Acidobacteria; 0.01% 2.02%

c-Blastocatellia

Nitrosomonas, Nitrospira, Thauera, Truepera, Ferruginibacter,
Haliangium, Stenotrophobacter and other species consti-
tute the bacterial genera of sludge samples A and B . The
Nitrospiraceae (genus, Nitrospira is NOB) in B _disappeared
within A , while the abundance of Nitrosomonas (AOB) in A_
was higher than in B, and the abundance of Nitrosomonas
(8.47%) was the second most dominant genera in period
(II), indicating that the nitrification-based functional and
dominant bacterial communities were Nitrosomonas (genus);
Nitrosomonas (genus) was involved in shortcut nitrification.
The abundance of Thauera (genus) within sludge samples
A (8.36%) was higher than in B (1.96%), indicating that
-Proteobacteria (class) indeed contained a higher abun-
dance of AOB and denitrifying bacteria. Paracoccus, Thauera
and Truepera are denitrifying bacteria, and the total abun-
dance (35%) in the sludge samples of A was higher than the
abundance (3%) in B, indicating that there are significant
quantities of denitrifying bacteria in period (II). Paracoccus
[31] and Thauera [32] are endogenous denitrifying bacteria,
and convert organic matter into internal carbon sources,
using internal carbon to remove nitrogen. Thauera could also

degrade macromolecular organic matter into small molec-
ular organic matter [33]. The total abundance of Paracoccus
and Thauera in the sludge samples of A was nearly 27.51%,
which showed that Paracoccus and Thauera were the main
endogenous denitrifying bacteria in this system. Paracoccus
was classified as a-Proteobacteria (class) and its abundance
was similar to the abundance of a-Proteobacteria, indicat-
ing that a-Proteobacteria only contained Paracoccus during
period (II). Thauera was classified as Deinococcus-Thermus
(phylum) and Deinococcaceae (family), which had the ability
to resist harsh environmental factors, and the abundance of
Thauera in A _was greater than B, indicating that activated
sludge in the period (II) could resist leachate toxicity and
remove nitrogen.

4. Conclusion

After continuous operation for 110 d, the influent con-
centration of TN and COD was approximately 1,210 and
6,421 mg/L, respectively, in the SBR system, the removal
rate of TN and COD of leachate was approximately 93%
and 85%, and the accumulation rate of nitrite was close to
100%. NOB eventually disappeared in the full load steady
operation period (II), while Nitrosomonas (Proteobacteria,
p-Proteobacteria) was AOB involved in shortcut nitri-
fication. Proteobacteria and [-Proteobacteria were the
dominant phylum and class in the system, and in addition,
Bacteroidetes and Deinococcus-Thermus were also domi-
nant phyla in the system. The bacterial genera involved in
denitrification were mainly Paracoccus (a-Proteobacteria),
Thauera (p-Proteobacteria) and Truepera. The former two
are endogenous denitrifying bacteria that can store carbon
sources, and Thauera is a highly resistant bacterial genus.
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