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Abstract:  Pollution discharge disturbs the natural functions of water systems. The environmental microbial com-
munity composition and diversity are sensitive key indicators to the impact of water pollutant on the microbial ecology
system over time. It is meaningful to develop a way to identify the microbial diversity related to heavy metal effects in
evaluating river pollution. Water and sediment samples were collected from eight sections along the Tiaozi River
where wastewater and sewage were discharged from Siping City in northeastern China. The main pollutants contents
and microbial communities were analyzed. As the primary metal pollutants, zinc (Zn) and arsenic (As) were recorded
at the maximum concentrations of 420 and 5.72 ug/L in the water, and 1704 and 1.92 mg/kg in the sediment, re-
spectively. These pollutants posed a threat to the microbial community diversity as only a few species of bacteria and
eukaryotes with strong resistance were detected through denaturing gradient gel electrophoresis (DGGE). Acineto-
bacter johnsonii, Clostridium cellulovorans, and Trichococcus pasteurii were the dominant bacteria in the severely
polluted areas. The massive reproduction of Limnodrilus hoffmeisteri almost depleted the dissolved oxygen (DO) and
resulted in the decline of the aerobic bacteria. It was noted that the pollution reduced the microbial diversity but the
L. hoffmeisteri mass increased as the dominant community, which led to the overconsuming of DO and anaerobic
stinking water bodies. Water quality, concentrations of heavy metals, and the spatial distribution of microbial popula-
tions have obvious consistencies, which mean that the heavy metals in the river pose a serious stress on the
microorganisms.
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1 Introduction serious environmental pollution. Although the water
quality of the seven largest river systems in China has
gained improvement by vigorous remediation, quite a
lot of small rivers or tributaries were still seriously
polluted and urgently require more attention and
governance (Yuan et al., 2012). The Tiaozi River, a
e second—leve'l upstream tributary 'of the Liaohe River
' Projecf suppogrted by the National Science and Technology Major (one of China’s seven largest river systems), has a

Project of China (Nos. 2008ZX07208-005 and 2012ZX07202-003) total length of 78.6 km and a drainage area of
" Electronic supplementary materials: The online version of this article 861 kmz’ and is the major water resource for agri-

http://dx.doi.org/10.1631/jzus.B1400003 tai 1 t e .
(hitp://dx.dot.org S 03) contains  supplementary . ¢ g irrigation (Yan et al., 2000; Gao et al., 2010).
materials, which are available to authorized users
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With the rapid economic development over the
past decades, China’s industrialization has made a
remarkable progress, but has also made the accom-
panied environment and ecosystems vulnerable by
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wastewater and sewage generated by Siping City and
amounts of surface runoff containing agricultural fer-
tilizers were introduced annually into the river (Chen,
2009). About six years ago, the concentrations of

chemical oxygen demand (COD) and NH; were

detected as nearly 400 and 25 mg/L, respectively
(Chen, 2009; Chao et al., 2010; Gao et al., 2010).
Even the groundwater was also polluted, and the
heavy pollution seriously increased the risk of dis-
eases to the locals (Jiang et al., 2002; Chen, 2009).
Fortunately, after the operation of the Siping Sewage
Treatment Plant and the shutdown of some high-
polluting enterprises, the water quality of the Tiaozi
River has been improved. However, the water quality
is still far from harmless for agricultural production
and human living, and fish, shrimp, and other aquatics
are very scarce (Jiang et al., 2002; Yang et al., 2012;
MEP, 2013).

Pollutants discharged into a river system are dis-
tributed between the aqueous phase and bed sediments
(Sin et al., 2001). Because of adsorption, hydrolysis,
and co-precipitation, some portions of free metal ions
stay dissolved in water and most of them get deposited
in the sediment (Gaur et al, 2005). Heavy metal
residues in contaminated habitats may accumulate in
microorganisms, aquatic flora, and fauna, which, in
turn, may enter into the human food chain and threaten
the well-being of the residents around the polluted
river (Cooke et al., 1990; Deniseger et al., 1990).

Microorganisms, as an essential component of
ecosystems, are involved in organic material degra-
dation, nutrients release, biogeochemical cycling, and
soil structure maintenance (Goberna et al., 2005; Tian
et al., 2008; Brandt et al., 2010). However, the envi-
ronmental microbial community composition, struc-
ture, and diversity were unclear until molecular ap-
proaches and fingerprinting techniques were applied
to characterizing microbial species and assemblages.
These new techniques significantly increased peo-
ple’s understanding of environmental microbial
communities and the relationships between plants,
animals, and other environmental factors (Green et
al., 2008). Previous studies have reported that mi-
croorganisms are much more sensitive to a river’s
environmental factor changes than plants growing,
and bacterial communities can be sensitive indicators
for contaminant stress (Sun et al., 2012). Zhu et al.
(2013) analyzed the sediment bacterial community

composition polluted by multiple heavy metals in the
Xiangjiang River of China using the polymerase
chain reaction-restriction fragment length polymor-
phism (PCR-RFLP) method, and found that
a-Proteobacteria was one of the three remaining
dominant families, and significantly increased with
the increase of heavy metals. Garcia-Armisen et al.
(2011) analyzed the total microbial community in the
sewage-contaminated Zenne River in Brussels using a
16S rRNA clone library, and found that phyla Pro-
teobacteria, Bacteroidetes, and phylum TM7 were the
most represented antimicrobial heterotrophic bacte-
ria. Virsek et al. (2013) investigated the development
of pollution-induced community tolerance (PICT) by
microorganisms in biofilms in the Hg-polluted Idrijca
River in Slovenia through quantification of the mer4
gene. The results indicated that the biofilm communi-
ties in polluted environments are more static than
planktonic communities and are strongly influenced by
different mercury (Hg) species. The catalyzed reporter
deposition-fluorescence in situ hybridization (CARD-
FISH) and denaturing gradient gel electrophoresis
(DGGE) were used to investigate the effects of anti-
biotics on biofilm bacterial communities in the
Llobregat River (Northeast Spain), and Proia et al.
(2013) found that the continuous admittance of anti-
biotics into river ecosystems led to significant
changes in the microbial communities, in particular
by favoring the antibiotic-resistant bacteria (Actino-
bacteria). Although the impact of river pollution on
changes of microbial communities was closely mon-
itored in recent years, China started relatively late,
with little attention being devoted to heavily polluted
small rivers or tributaries, and the diversity and
structure of indigenous microbial populations within
the special contaminated sediments are still unclear.
In the present study, the water quality, heavy
metal concentrations, and microbial communities of
the sediment samples collected from eight locations
along the Tiaozi River were analyzed. Spatial varia-
tions of river pollution and sediment microbial
communities were discussed. Eight different loca-
tions with typical pollution characteristics were
helpful to infer the stress effects of heavy metals on
the environmental microorganisms. The shock of the
latest pollution of the Tiaozi River to its microbial
community was also discussed to evaluate significant
changes for further pollution control and protection.
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2 Materials and methods
2.1 Sample collections

Eight sampling points (SPs) were selected along
the Tiaozi River (Fig. 1). The water apparent charac-
teristics were quite different (Fig. 2). There were two
SPs in the upstream of Siping City: one for the export
of the Xiasantai Reservoir (SP1) and the other for its
entrance into Siping City (SP2). SP1 (124°34'50.5" E/
43°15'24.7" N) was 5 m in width and 0.2 m in depth
with lush vegetation and infrequent human activities.
The water was unpolluted and was of no odor. The
bottom sand was clearly visible and some little fish
could be observed. SP2 (124°32'49.7" E/43°16'9.6" N)
was in the outskirts of Siping City. SP2 had much
vegetation (such as reeds) along both sides of the
river; however, the water quality was affect by fre-
quent human activities and direct wastewater dis-
charge, and appeared as very yellowish in color.
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The locations of four SPs were selected in the
middle reaches of the river as follows: Siping
City (SP3), Siping export (SP4), Yihetun (SP5), and
the Tiaozi River Sewage Treatment Project (SP6).
SP3 (124°22'9.8" E/43°10'52.7" N) was in the land-
scape river of Siping City (width about 60 m and
depth 0.2-0.4 m). There was no vegetation on either
side of the river at SP3. The water was turbid and
yellowish with serious odor and a slower flow rate.
Dead wild fish were found in the shallow water, and
some raised goldfish or koi were observed alive in the
deep water. SP4 (124°17'33.8" E/43°12'18.8" N) was
also in the outskirts of Siping City, but the river was at
the very edge of the city. The water flew fast with a
muddy yellow color and bad odor. On both sides of
the riverbanks, there were a lot of garbage and con-
struction waste. There was a lot of gray and black
flocculent attached to the stones or dead branches that
swung with the flow. A large amount of red tubifexes

SP1: 124°34'50.5" E/43°15'24.7" N;
SP2: 124°32'49.7" E/43°16'9.6" N;
SP3: 124°22'9.8" E/43°10'62.7" N;
SP4: 124°17'33.8" E/43°12'18.8" N;
SP5: 124°14'51.0" E/43°13'43.2" N;
SP6: 124°10'13.0" E/43°14'44.0" N;
| SP7:123°59'6.8" E/43°13'54.7" N;
SP8: 123°54'26.8" E/43°13'45.3" N

123°56'40.6" 124°13'5"

1
124°29'10.4"E

Fig. 1 Locations of sampling points (SPs) in the Tiaozi River, China

Fig. 2 Apparent characterization of different sampling points (SPs) in the Tiaozi River, China
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were observed in the sediment along both riverbanks.
SP5 (124°14'51.0" E/43°13'43.2" N) was at the pro-
vincial junction of Jilin and Liaoning Provinces,
which was the most seriously polluted section, and
the groundwater was also found to be contaminated.
SP5 was 8 m in width and 1 m in depth, with a flow
rate of 0.6 m/s. Flocks of tubifex were also observed
in both riverbanks. An extremely thick layer of black
precipitate was observed at the river bottom. The
water was turbid, yellowish, and foul-smelling. SP6
(124°10'13.0" E/43°14'44.0" N) was downstream at a
wastewater treatment demonstration project under
construction, with a width of 7 m, an average depth of
0.8 m, and a low flow rate. Although there was an
artificial water oxygen-rich segment at the upstream
for SP6, the dissolved oxygen (DO) was still very low
and the atmosphere was filled with an odor. On both
sides of the riverbeds at SP6, there were more flocks
of tubifex observed than those at SP5.

In the downstream reaches, there were two SPs,
SP7 at the Yonghong Bridge and SP8 at the Qujia
section. SP7 (123°59'6.8" E/43°13'54.7" N) was at the
Yonghong Bridge of Changtu County. This section
was 10 m in width and 1.5 m in average depth. The
water was yellow and cloudy, and the sediment was
black. Tubifex was rarely observed at SP7. SP8
(123°54'26.8" E/43°13'45.3" N) was at the confluence
of the Tiaozi River and the Zhaosutai River, which
was 10 m in width and 0.9 m in depth with a flow rate
of 1.07 m/s. No tubifex was observed. The high flow
rate washed the sediment and the riverbeds, which
resulted in a yellow and turbid water quality. Ac-
cording to the local people, the river water quality had
been improved compared to previous years, and many
kinds of aquatic organisms such as fish and shrimp
could be found, but to safely use these aquatic or-
ganisms for food is still of great concern.

2.2 Analysis of physico-chemical parameters

COD, total nitrogen (TN), total phosphate (TP),
and total content of heavy metals of chromium (Cr),
cadmium (Cd), lead (Pb), Hg, arsenic (As), copper
(Cu), and zinc (Zn) in the water and sediment samples
were determined according to the standard methods
(APHA, 1998). DO, pH, and temperature were
measured in situ using specific electrodes
(Sension™ 156, HACH, USA). The river’s flow rate
was determined by an OTTC20 velocity analyzer

(HACH, USA). The river sediment samples were
collected from the middle of the channel at a depth of
approximately 0-5 cm, and were stored frozen for
later microbial community analysis.

2.3 DGGE analysis

Genomic DNA extraction from the river sedi-
ment was carried out using a Power Soil DNA isola-
tion kit (MOBIO, USA). The bacterial 16S rRNA
gene was PCR-amplified using the primer pairs Bac
968 F (5'-AAC GCG AAG AAC CTT AC-3") and
Univ1401 R (5-GCG TGT GTA CAA GAC CC-3"),
which were attached to a GC clamp (CGC CCG CCG
CGC CCC GCG CCC GTC CCG CCG ccce cca
CCC G) for DGGE analysis (Ren et al., 2007). The
PCR was programed as follows: initial denaturation at
94 °C for 5 min; 30 cycles at 94 °C for 1 min, 55 °C
for 30 s, and 72 °C for 30 s; decreasing 0.1 °C per
cycle to 52 °C, and extension of incomplete products
at 72 °C for 30 min. The fragment of 18S rRNA gene
was amplified using the primer pairs NS1 (5'-GTA
GTC ATA TGC TTG TCT C-3") and GC-Fung
(5'-CGC CCG CGC CCC GCG CccC aGe cca
CCG CCC CCG CCC CAT TCC CCG TTA CCC
GTT G-3') (May et al., 2001). The PCR was pro-
gramed as follows: initial denaturation at 95 °C for
2 min; 35 cycles at 95 °C for 50 s, 50 °C for 50 s, and
72 °C for 55 s; and extension of incomplete products
at 72 °C for 30 min. The PCR products were exam-
ined by electrophoresis on a 1% (10 g/L) agarose gel.

DGGE was performed in a DCode™ universal
mutation detection system (Bio-Rad, USA) as de-
scribed by Ren et al. (2007). The PCR samples were
applied directly to 80 mg/ml polyacrylamide gels in a
Ix TAE buffer with a denaturing gradient ranging
from 30% to 60%. Denaturation of 100% corresponds
to 7 mol/L urea and 40% (v/v) formamide. Electro-
phoresis was run at a constant voltage of 200 V and at
60 °C for 3.5 h. The gel was stained with AgNO;
(Bassam et al., 1991). Prominent DGGE bands were
selected and used for excision. The re-amplified
products were purified and cloned by the pMD19-T
plasmid vector system (TaKaRa, Dalian, China) for
DNA sequencing (Zhao et al., 2012). The 16S rRNA
gene sequences were aligned and identified against
existing sequences in the GenBank database using the
BLAST program. Neighbor-joining phylogenetic
trees of 16S and 18S rRNA were constructed with the
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molecular evolutionary genetics analysis package
(MEGA, Version 4.1) (Zhao et al., 2010).

3 Results and discussion

3.1 Water chemistry changes and heavy metal
pollution

Fig. 3 and Table 1 show the water quality
changes and seven heavy metals distributions in the
water and sediment of the Tiaozi River, respectively.
The concentrations of Cr, Cd, Pb, Hg, and Cu were
low in different SPs, and concentrations of Cd, Pb,
and Cu were below the detection limits in water. As
the upstream river (SP1 and SP2) was located at
mountainous or rural areas with little human activity
and no industrial enterprises, the river water quality
was in a good condition. The COD, TP, TN, and
suspended solid (SS) concentrations were very low
(about 10.0, 3.0, 0.5, and 40.0 mg/L, respectively).
The water was slightly alkaline with pH around 8.7
and DO about 6.0 mg/L. Concentrations of heavy
metals in the water and sediment were also low at the
river source and upstream.

More human activities and industrial enterprises
began to appear along the reaches after SP2, which
significantly changed the water quality. The water
was turbid and yellowish or gray with a serious odor.
Concentrations of COD, TN, and TP significantly
increased from SP3, reaching the maximum of
47.0 mg/L at SP4, 17.4 mg/L at SP5, and 6.93 mg/L at
SP6, respectively, and then dropped significantly.
The DO and pH were observed at the maximum at
SP3 (13.5 mg/L and 9.1, respectively), and then de-
clined significantly and reached the minimum of DO
of 1.6 mg/L at SP5 and pH 7.8 at SP4. The concen-
tration of SS was below 65 mg/L and did not change
too much between these reaches. Large amounts of
red tubifexes were observed in the sediment along
both riverbanks between SP4 and SP6, resulted from
increasing organic pollutants. Concentrations of heavy
metals also increased from SP3. The maximum con-
centrations of the seven heavy metals (Cr, Cd, Pb, Hg,
As, Cu, and Zn) in the sediment and two (As and Zn)
in the water were observed at SP4, and then gradually
decreased in the following reaches (Table 1). The
most organic and inorganic contaminations of the
river were between SP4 and SP5.

Since the downstream SPs were far from pollu-
tion sources and accompanied by other tributaries, the
water quality was much better as compared to SP7. At
SP8, the concentrations of COD, TN, and TP signif-
icantly decreased to lower values of about 14, 7, and
2 mg/L, respectively. Concentrations of DO and SS
significantly increased over 8 and 250 mg/L, respec-
tively, which were caused by another tributary import
and the increasing of river water quantity. Levels of
heavy metals also decreased at SP8: the concentra-
tions of Pb, As, Cu, and Zn in the sediment (8.2, 0.17,
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Fig. 3 Water chemistry changes of the Tiaozi River
(a) pH and DO; (b) Chemical oxygen demand (COD) and
suspended solid (SS); (c) Total nitrogen (TN) and total
phosphate (TP) concentrations. Data are presented as the
average of three parallel detections
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Table 1 Distributions of heavy metals in the water and sediment of the Tiaozi River, China

Sampling Water (pg/L) Sediment (mg/kg)
point Cr Cd Pb Hg As Cu Zn Cr Cd Pb Hg As Cu Zn
SP1 7 - - 025 034 - - 301 004 88 033 112 46 70
SP2 13 - - 008 073 - 50 325 008 114 054 118 187 707
SP3 9 - - 008 1.8 — 211 338 008 154 089 113 292 1341
SP4 8§ - - 0.1 572 — 420 341 012 186 122 192 413 1704
SP5 12 - - 007 465 — 380 337 004 167 12 096 371 1540
SP6 9 — - 016 415 — 290 334 002 124 115 089 268 1020
SP7 11 - - 008 38 - 170 312 - 68 0.84 018 38 1170
SP8 5 - - 003 287 - 175 326 - 82 076 017 85 1160

—: concentration below the detection limit. Data are presented as the average of three parallel detections

41.3, and 1160 mg/kg, respectively) were 44.1%,
8.9%, 20.6%, and 68.1% of their maximum concen-
trations at SP4, respectively; the dissolved As
(2.87 mg/L) and Zn (175 mg/L) were 50.2% and
41.7% of those in SP4, respectively.

The midstream and downstream of the Tiaozi
River were seriously polluted, and the most serious
reaches were between SP4 and SP5, where were from
the Siping export to Yihetun, with maximum COD,
TN, and TP concentrations of 47, 17.4, and
6.93 mg/L, respectively. Concentrations of Zn and As
were low in the river source, reaching the maximum
concentrations of 420 and 5.72 pg/L in the water, and
1704 and 1.92 mg/kg in the sediment at SP4, respec-
tively, and then decreased in the following reaches.
The experimental results of heavy metal contents in
different sediment samples indicated that Zn was the
primary metal pollutant discharged from Siping City
and its concentration was more than 1000 mg/kg in
the sediments from SP3. Even far away from pollu-
tion resources, the sediment at SP8 also had a high
concentration of Zn (1160 mg/kg). Prolonged pollu-
tion has resulted in large amounts of heavy metals
being deposited in the river sediment. Although the
dissolved heavy metal concentrations complied with
the Level III of the Environmental Quality Standard
for Surface Water of the China (GB3838-2002), the
water polluted by these heavy metals had potential
negative effects on aquatic organisms and local peo-
ple (Chao et al., 2010; Gao et al., 2010). In addition,
the large amount of heavy metals deposited in the bed
sediments could continually enter the aqueous phase
through mutual transformation, thereby extending the
time of the river being contaminated.

3.2 Changes of microbial community diversities in
the river sediment

Community structures of bacteria and fungi at
the eight SPs were detected by DGGE (Fig. 4). Di-
verse bands were excised, sequenced, and compared
with the GenBank database (Table S1). The phylo-
genetic trees of the bacteria and fungus were con-
structed by the evolutionary distance matrix method
(Figs. 5 and 6).

As shown in Fig. 4a, at least 10 bacteria bands
were amplified from the sediment at the export of the
Xiasantai Reservoir (SP1). The dominant bacteria
were Acinetobacter johnsonii (B4), uncultured Clos-
tridiales bacterium (B6), Clostridium cellulovorans
(B7), and Clostridium sp. (B14). As the Tiaozi River
ran across Siping City, its bacterial community
structure changed significantly. From SP3 to SPS5,
uncultured Sinobacteraceae (BS5), Clostridium sp.
(B14), and Microbacterium sp. (B16) weakened
gradually, and the uncultured Clostridiales bacterium
(B6) vanished. Besides A4. johnsonii (B4) and C. cel-
lulovorans (B7), Trichococcus pasteurii (B11) ap-
peared and strengthened to be the new dominant bac-
teria. A. johnsonii, C. cellulovorans, and T. pasteurii
were common microorganisms in wastewater and
were facultative anaerobe or anaerobe with a certain
tolerance to harsh environmental conditions and the
removal ability of pollutants (Malik et al., 2003; Lo-
renz et al., 2006; Xie et al., 2009). There were six
dominant bacteria obtained at SP6, while three spe-
cies, Streptosporangium roseum (B1), Mycobacte-
rium sp. (B8), or uncultured Ruminococcaceae (B12),
were not observed at SP5.
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Fig. 4 DGGE profiles of 16S and 18S rRNA genes of
different sampling points (SPs)

(a) Bacteria; (b) Fungi. Numbers present bands excised and
sequenced

Since the distances between the SPs and the
pollution sources and stream injections increased
gradually, the pollution degree declined gradually as
indicated by the microbial community diversity.
Malikia spinosa (B2), Acinetobacter Iwoffii (B3),
uncultured Sinobacteraceae (BS5), Micromonospora
sp. (B9), Lactococcus lactis (B10), and Corynebac-
terium sp. (B13) appeared at SP7 and SPS. A more
diverse bacterial community implied that the con-
taminants in the water such as heavy metals were
reduced gradually, followed by the gradual restora-
tion of the self-purification capacity.

Not only fungi were amplified using the primer
pairs of NS1 and GC-Fung, but also many protozoan
and metazoan. The microbial community structure of
eight SPs showed significant differences (Fig. 4b).

The dominants at SP1 were some uncultured eukary-

ote (F3, F5, F12, F14), but they disappeared in the

downstream portion of the river. Candida krissii (F16)
and saprophytic of Pythium insidiosum (F18) ap-

peared in SP2 and SP3, which indicated that the river

water was contaminated. Protozoan and metazoan of
Lepadella patella (F10), Limnodrilus hoffimeisteri (F4,
F7, F8), Filinia longiseta (F9), Brachionus calyci-

Sflorus (F11), and Lepidosphaeria nicotiae (F17) were

detected and strengthened gradually from SP3 to SP6,

which implied the increase of the organic pollutants.

Although L. hoffmeisteri (F4, F8) could be detected

by DGGE, the populations of protozoan and meta-

zoan weakened and gradually vanished in SP7 and

SP8. With the gradual recovery of the river water

quality from SP6, Nannochloropsis limnetica (F2),

Brachionus plicatilis (F15), and Podura aquatic (F13)
appeared.

The water pollution of the Tiaozi River had sig-
nificant effects on the microbial community structure
in the river sediment. In the upstream, the water
quality was good with diverse microbial species de-
tected in the sediment. The heavy pollution of the
river was between SP3 and SP6. The concentrations of
COD, TN, TP, especially Zn and As, were high. Many
heavy metals such as Pb, Ca, Cu, Zn, as well as As are
common in polluted rivers (Lorenz et al., 2006; Han
et al., 2013). Most of the heavy metal ions are depos-
ited in the sediment because of adsorption, hydrolysis,
and co-precipitation (Gaur et al., 2005). Ghosh et al.
(2004) found that water-soluble forms of As were
much more toxic than its insoluble forms. Long-term
contamination with heavy metal and As could slow
down bacterial growth, alter the soil microbial com-
munity composition, and exert a greater inhibitory
effect on the enzymes’ activities (Ghosh et al., 2004;
Lorenz et al., 2006; Zhou et al., 2009; Han et al.,
2013; Marabottini et al., 2013).

Although the organic pollutants were abundant,
due to the existence of toxic heavy metals such as Zn,
only certain bacteria with high tolerance like A4.
johnsonii, C. cellulovorans, and T. pasteurii survived.
They grew and reproduced using the organic con-
taminants in the river water and sediment, but singu-
lar bacterial groups resulted in gradual loss of the
self-purification capacity of the river. As the sediment
contained plentiful organic pollutants and anaerobic
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bacteria, the protozoa and metazoan could utilize
them as food for massive growth. However, the pro-
tozoa and metazoan were also poisoned by heavy
metal, as the species was reduced and mainly con-
sisted of L. patella, F. longiseta, B. calyciflorus, and
L. hoffmeisteri. The metazoan of L. hoffmeisteri could
survive in heavy polluted water, and was quite re-
sistant to heavy metals and other pollutants (Brink-
hurst and Kennedy, 1965; Kennedy, 1966; Zhang et
al., 2012). On both riverbeds of the Tiaozi River,
large red expanses of L. hoffmeisteri mass could be

observed between SP4 and SP6 (Fig. 2). The repro-
duction and growth of the massive L. hoffmeisteri
consumed DO, which led to anaerobic fermentation
and the water bodies stinking. The aerobic microor-
ganisms have a better metabolic efficiency to the
organic pollutants than the anaerobic microorganisms
(Maier et al., 2009). The aerobic microorganisms
could not grow in water lacking DO, which results in
the reduced pollutants degradation ability and the
self-purification capacity of the river, and causes a
vicious cycle.
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When the river was far from the pollution
sources and tributary injections, the pollutants were
gradually diluted and degraded. As a result, the river
water quality could be gradually improved, following
by the enhancement of the microbial diversity and
river self-purification capacity.

4 Conclusions

Although the pollutants discharged into the
Tiaozi River were significantly reduced with the op-
eration of the Siping City Wastewater Treatment
Plant, the pollutants remaining in the river still pose
serious threats to its microbial structure. The sediment

microbial community structure changed substantially
in accordance with the river pollution. The heavy
metal ions of Zn and As were toxic to bacteria, re-
sulted in the extinction of non-resistant bacteria and
eukaryotic microbial. L. hoffmeisteri showed a mas-
sive growth due to its strong resistance. Therefore, a
large amount of DO was consumed and only a few
anaerobic bacteria survived, and finally resulted in a
weak self-purification capacity of the Tiaozi River.
The microbial community composition and di-
versity are sensitive indicators to water pollution. The
monitoring results of the microbial communities in
river sediments by DGGE help us to understand
in-depth the river’s pollution status and provide as-
sistance for the management of polluted rivers.
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