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454-pyrosequencing technology was employed to investigate the changes in
bacterial community composition of three different sewage outfalls along the Ningbo
coastline as well as to identify shifts in the composition of communities sampled during
different months from the same outfalls. A total of 125,746 16S rRNA gene sequences were
obtained from 12 samples. The composition of bacterial assemblages was different in the
outfalls examined,Across the 12 samples analyzed (3 sites sampled in 4 separate months),
the most predominant phylum was Proteobacteria, followed by Bacteroidetes,
Acidobacteria and Firmicutes.  While Proteobacteria was the predominant phylum in the
12 samples, variation in the classes of Proteobacteria comprising each assemblage were
evident. ααααα-Proteobacteria accounted for about 10% of all Proteobacteria found and
exceeded 50% of the total proteobacterial sequences in several samples. Likewise, ααααα-
Proteobacteria comprised less than 30% of the total proteobacterial sequences in most
samples, but exceeded 80 of the total in several samples. These results suggest that the
composition of microbial communities shift in response to seasonal and spatial gradients,
which likely reflects variation in the physical and chemical characteristics of the sewage.

Key words: Industrial drain outlet, waste water, 454 pyrosequencing,
Microbial community structure.

Increased economic productivity has
changed the amount and the quality of sewage
outfalls in recent years in China. These changing
trends have influenced the water quality of
adjacent coastal waters. Ningbo is located in the
middle coastline of mainland China and has primary
sea waters that include the south coast of Hanzhou
Bay, the mouth of the Yong River, Xiangshan port,
Sanmen Bay, and the adjacent sea areas of Beilun
to Daxie. The results of environmental monitoring
indicate that wastewater overflow is common in
the sewage draining outfalls (State Oceanic
Administration Peoples’s Republic of China),

events which may introduce pollutants to adjacent
marine environments. Pollution of coastal regions
threatens the health and productivity of the macro
and microbial communities inhabiting these marine
ecosystems13,31,36,39. Xiangshan port, seated in the
northern coastal areas of Zhejaing, is a long and
narrow semi-enclosed bay near. The bay is impacted
by numerous wastewater outlets. Due to
geographical considerations, this bay has little
exchange with external sea water. As a result, it has
been shown to have a unique microbial diversity
that is distinct from that found in open sea water
21,26,38. While many studies have examined the link
between microbial community composition and
environment7,16,19,24,37, such studies that focus on
sewage outfalls are much rarer. Most scientific
studies to date have focused on the wastewater
treatment systems themselves. Compared with
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other pollution waters40, the components of waste
from sewage outfall are much more complicated,
containing large types of fatty acid and organic
compounds, solids(such as sludge,organic solids
and disscolved solids), high concentrated
nutrients, heavy metal, etc. In addition, the
chemical oxygen demand (COD) is also high.

In this study, the characteristics of the
sewage outfall were poor, and the content of
various organic pollutants and ammonia nitrogen
materials exceeded our criteria. Indeed, the site was
classified as a heavily polluted outlet (Ningbo city
Ocean and Fishery Bureau). We collected seawater
samples from three inland-source industrial sewage
outfalls in Ningbo, Zhejiang, a region where large
industrial companies are located34. 454-
pyrosequencing technology was applied to
investigate the bacterial diversity associated with
these sewage outfalls and the shifts in the
composition of these communities over a seasonal
cycle.

MATERIALS AND METHODS

Sample collection
All samples were collected from 3 sewage

outlets in Ningbo, China in 2011. Details regarding
these outlets are given in Figure. 1. The untreated
tannery wastewater samples were collected in clean,
pre-sterilized containers (capacity 5 L). Samples
were collected during different seasons: winter
(March), spring (May), summer (August), and
autumn (October). For each of the 3 sites, samples
collected in March were named S1M3,S2M3,
S3M3; samples collected in May were named
S1M5, S2M5, S3M5; samples collected in August
were named S1M83, S2M8, S3M8; samples
collected in October were named S1M10, S2M10,
and S3M10. The collected wastewater samples
were brought to the laboratory and filtered
immediately. Wastewater samples were filtered
through 0.2 µm polycarbonate filters (Poretics
Products, Livermore, U.S.). Filters containing
biomass for DNA extraction were stored at -80°C
until further processed.
Genomic DNA extraction, PCR amplification, and
amplicon purification

Genomic DNA was extracted from the
filters using the Fast DNA SPIN kit for Water DNA
extraction kit (Omega Bio-Tek, U.S.). Extracts were

subjected to quality control. In particular, the
absorbance ratio (260 to 280 nm and 260 to 230
nM) were required to be between 1.80 and 2.0 and
higher than 1.70, respectively. Here we applied a
set of primers to amplify the 16S rRNA gene of
bacterial. Fragments of the 16S rRNA gene
amplified from total bacterial consortia DNA were
amplified using newly designed primers for the
selective amplification of bacterial 16S rRNA
genes48.

Total genomic DNA was used as template
and PCR reactions were performed in 20µl volumes
containing 2µl 10× Ex Taq Buffer (Mg2+ Free), 2
mM MgCl

2
, 0.2 mM dNTP, 0.4µM each of forward

and reverse primers, 0.2 U TaKaRa Ex Taq and 50–
100 ng DNA template (TaKaRa, Dalian, China). PCR
products were verified using gel electrophoresis
(2% w/v). The DNA band of correct size was
excised and purified with the PCR Clean-up System
(Omega Bio-Tek, U.S.). After equal amounts of
replicate PCRs were pooled and prepared for 454
pyrosequencing.

DNA samples were subjected to
pyrosequencing using the 454 GS Junior and
Titanium platforms (454 Life Sciences-OE Biotech
Company, Shanghai, China.). Pyrosequencing was
conducted on the Titanium platform (Roche/454
Life Sciences). Emulsion PCR was performed using
Roche’s protocols28. Sequencing results were
analyzed with Roche software version 2.5.3.
Sequence analysis

Raw sequence data was sorted based on
sample-specific barcode tags.  Following sorting,
the primer and tag sequences were trimmed.  Raw
sequences were processed through the Ribosomal
Database Project II (RDP-II) pyrosequencing
pipeline12 (http://rdp.cme.msu.edu). First,
ambiguous and short sequences with a length less
than 150bp were removed. Second, sequences were
clustered into operational taxonomic units (OTUs)
defined by a 3% distance level (97% sequence
identities) using the complete-linkage clustering
method. Third, these sequences were assigned to
phyla using the RDP-II classifier at a 50%
confidence threshold 42. The sequences were
clustered based on the similarities of 97%, 95%
and 90%.R(v 2.14.2, http://www.r-project.org/) was
used to calculate the diversity indices,Shannon-
Wiener index, Simpson’s Diversity index and
Evenness index.
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RESULTS AND DISCUSSION

 Microorganisms play a significant role
in reducing the impact of sewage discharge into
the sea through their activities, which effectively
remove numerous nutrients from sewage or
transform them to less toxic products3,5,20,.
Pyrosequencing techniques are high-throughput
analytical tools capable of generating large numbers
of DNA reads through a massively parallel
sequencing-by-synthesis approach12,15,27. This
technology has seen widespread use in the analysis
of microbial communities in various environmental
samples48including the marine water column1,33,
terrestrial soils35, human and animal intestinal
flora8,2841,49and wastewater treatment plant
influent29. A total of 125,746 sequences were

obtained from the 12 samples (3 different sites
sampled in 4 separate months) analyzed. The heat
map shows taxonomic prevalence of bacterial
phyla among three sewage outfalls sampled from
different months (Figure 2.). At a broad level, no
clear pattern of assemblage clustering was
observed based on sample location or based on
sampling data.  Two primary clusters were evident,
one of which was comprised of samples S1M3,
S2M5, S2M10, S3M3, S3M5 and S3M8 and the
other which was comprised of S2M8, S1M10,
S1M8, S2M3, S3M10, and S1M5.

The bacterial communities associated
with 3 different sewage outfalls differed at the
phylum level of taxonomic composition. Sequences
affiliated with Proteobacteria were the most
abundant followed by those affiliated with

Table 1. Sequencing and diversity statistics associated with bacterial
16S rRNA gene libraries obtained from samples

Sample name Readsa Shannon-Wiener b Simpson’s Diversity c Evenness d

S1M3, 16254, 4.33, 0.82, 0.69
S1M5, 15301, 4.02, 0.76, 0.66
S1M8, 5601, 4.51, 0.81, 0.74
S1M10, 9785, 5.33, 0.88, 0.79
S2M3, 7356, 4.82, 0.80, 0.66
S2M5, 20044, 5.11, 0.84, 0.71
S2M8, 5342, 6.56, 0.90, 0.82
S2M10, 8672, 3.03, 0.76, 0.56
S3M3, 16635, 4.22, 0.81, 0.62
S3M5, 10060, 5.46, 0.88, 0.75
S3M8, 5693, 4.21, 0.87, 0.69
S3M10, 5297, 6.21, 0.91, 0.72

a,Good reads is the quality control passed reads more than 150 bp.
b,A higher number represents more diversity.
c,A higher number represents more diversity.
d,A higher number represents more evenness.

Firmicutes and Bacteroidetes. In sewage outfall S1
(Fig. 3a.) the relative abundance of Proteobacteria
changing little in March and May from 86% to
89% of the total sequences obtained. However,
the relative abundance of sequences affiliated with
Proteobacteria decreased to 79% in August and
53% of the total in October. In addition, the relative
abundance of sequences affiliated with
Bacteroidetes was less than 3% of the total on
March and May but increased to 15% and 33% of
the total in August and October, respectively.
Furthermore, the abundance of Firmicutes was from

less than 2% of the total sequences in March,
August and October but was 8% of the total
sequences in May.

In S2 (Fig. 3b.), the abundance of
sequences affiliated with Proteobacteria was
highest (96% of total sequences) in October.
However, in March the percentage of sequences
affiliated with Proteobacteria was 50% of total
sequences, compared to only , 42% and 5% of
total sequences for Bacteroidetes and Firmicutes.
The abundance of sequences affiliated with
Proteobacteria in May was roughly 82% in May,
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with sequences affiliated with Bacteroidetes
represented roughly 11%. Compared with the other
three months, in August the content of microflora
was more complex, with sequences affiliated with
the Proteobacteria (55% of total), Bacteroidetes
(13% of total), and Cyanobacteria (10% of total).
In addition, the abundance of sequences affiliated
with Actinobacteria was 10%, but in the other
months, it is only 1%. The composition of
Proteobacteria, when classified as the class level
of taxonomic, is generally the same in May and
August, with sequences affiliated with α-
proteobacteria, β-proteobacteria, and γ-
proteobacteria representing 54%, 6%, and 35% of
the total proteobacterial sequences, respectively.
In May and October, sequences affiliated with ³-

proteobacteria represented 54% and 46% of the
total proteobacterial sequences, respectively (Fig.
3d.).

In S3 (Fig. 3c.), sequences affiliated with
Proteobacteria are the most abundant in March,
May and August while only representing 37% in
October.  Sequences affiliated with Cyanobacteria
represented 37% of the total in October, but were
less than 2% of the total sequences in March, May
and October. The proteobacterial assemblages
were dominated by sequences affiliated with the ³-
proteobacteria in March (64% of total sequences)
and October (71% of total sequences). Sequences
affiliated with α-proteobacteria represented the
largest fraction of the proteobacterial assemblage
in August (Figure 3d.).

Fig. 1. Map depicting location of sampling sites
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Fig. 2. Dendogram depicting the similarity in the taxonomic (OTU-based)  composition of bacterial
assemblages.  Relative abundance of sequences associated with each sample is indice samples.

Each row represents the phylum level taxonomic affiliations. Color intensity for all panels indicates
the relative abundance of the microbial descriptions within each sample, with the legend indicated

at the upper left corner. 'Other' refers to the taxa with a maximum abundance of <1% in any sample

Fig. 3. Taxonomic composition, as depicted by phylum level classification, of bacterial communities
associated with different wastewater. Other refers to sequences that binned to phyla that represented

<1% of the total sequences. a: bacterial communities of sewage outfall S1;b: bacterial communities
of sewage outfall S2; c: bacterial communities of sewage outfall S3;d:Relative abundance of

sequences identified as Proteobacterial when binned at a class level taxonomic rank
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Fig. 4. Relative abundance of Proteobacteria, Cyanobacteria,
Bacteroidetes, Firmicutes and Actinobacteria in different samples

Proteobacteria and Bacteroidetes are
ubiquitous in environment 17,43,44.Thus, these
results suggest terrigenous microbe discharge to
the coastal waters via sewage. While other
ecosystems contain a high abundance of
Firmicutes22,30,46, sewage outfalls tended to not have
a significant abundance of firmicuts. Previous
reports suggested that microcolonies of Firmicutes
were weak and cannot resist strong shear imposed
on them, unlike Proteobacteria25,46. While
Proteobacteria was the predominant phylum in the
3 samples(Figure 4.), variation in the dominant class
of Proteobacteria present were evident between
samples. α-Proteobacteria was dominant in the
marine microbial community which were found at
the surface of sea water 2,50. In the 12 samples
characterized here, α-Proteobacteria accounted for
about 10% of all Proteobacteria identified. In some
samples (i.e., S2M5 and S2M8), the percentage of
α-Proteobacteria exceeded 50% in S2M5 and S2M8,
which was not common in wastewater treatment
plants’18. β-Proteobacteria is uncommon in
seawater samples2. Nonetheless, in our study,
sequences affiliated with the β-Proteobacteria were
abundant and their abundance shifted over the
time course of this study.  For example, β-
Proteobacteria represented 80% of the
proteobacterial assemblage in S1M3 but

represented less than 30% in the rest samples.  The
large abundance of Proteobacteria may be due to
the original percolating water in March containing
large quantities of β-Proteobacteria or may be due
to the influence of some materials in percolating
water, which can stimulate the production of β-
Proteobacteria. The primary γ-Proteobacteria taxa
identified included Enterobacteraceae, Vibrionacea,
Pseudomonadaceae, Salmonella, Yersinia, Vibrio,
and Pseudomonas aeruginosa, many of which are
common in wastewaters and soils21,26,38. Moreover,
a number of sequences affiliated with potentially
pathogenic bacteria (e.g., P. aeroginosa) were
identified in some samples. These results suggest
that under the stimulation of some materials present
in waste water, certain pathogenic bacteria may
have been produced and discharged into seawater
together with the sewage, which is likely to
significant affect the marine environment and
marine life. Indeed, recent reports indicate the sea
farming near the sewage outlets has low yields
with significant death rates. Further study needed
to see if it is related with the mass propagation of
the pathogenic bacteria.

Bacteroidetes is another most abundant
phyla in the samples analyzed (Fig.  4). According
to the Ningbo Marine Environment Bulletin
(Ningbo city Ocean and Fishery Bureau, China),
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the contents of COD, ammonia nitrogen, and
volatile phenol in the samples we collected in this
study exceed standard. Cyanobacteria (Figure 4)
were abundant in several samples (e.g., S2M8 (10%)
and S3M10 (36%)), which may be related to the
high concentration of ammonia nitrogen. Mass
propagation of Cyanobacteria has been shown to
cause the deterioration of water quality and more
seriously cause fish death by exhausting the
oxygen in water4,6,10,14,32.

Many Firmicutes can produce
endospores, which can resist dehydration and
extreme environmental conditions18,24. They are
found in various environments, and the group
includes some notable pathogens. In most samples,
the relative abundance of Firmicutes was lower
than 3%, but in S2M3 and S3M5 its percentage
was over 5%. Environmental factors, such as pH,
phosphate levels, and COD play an important role
in Microbial Communities9,25.Due to the diversity
of industrial production, the categories of pollutant
ingredients were quite different. According to the
statistical analysis performed by the Ningbo City
Ocean and Fishery Bureau, environmental
conditions in S2M3 and S3M5 were relatively
poorer than other samples, which may account for
the percentage increase of Firmicutes. Besides
these, the percentage change of Cyanobacteria
(Fig. 3) was prominent, in S1M10 and S2M8 its
percentage were 36% and 10%, while in other
samples its percentage was lower than 2%, in some
samples its percentage even broke down to 1%,
analysis of its reason may also result to the
influence of environmental factors.
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