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Correlation between Changes of the Abundance of the
Nitrification and Denitrification and Quality of the
Effluent in Constructed Wetland

Zhu Ying, Tian Chao, Tang Houquan, Shao Yangiu, and Chen Qingfeng

Abstract—Using the constructed wetland of Yan Huang ditch
of Qihe County treat wastewater, and the real-time Polymerase
Chain Reaction(PCR) technology was used to detect the water
abundance of nitrification functional gene amoA and the
abundance of denitrification function gene nirS, nirk and nosZ.
The results showed that the whole abundance of amoA was low.
At each sampling point, nosZ was the highest abundance gene,
and nirS had the same trend with nirK, and the abundance of
nirS was higher than the abundance of nirK. The study showed
that the removal rate of chemical oxygen demand (COD) was
relatively high, but the removal rate of ammonia nitrogen was
lower, and the effect of nitrogen removal was not obvious, and
the end product of denitrification was nitrogen. The content of
ammonium nitrogen (NH4+-N) in water had significant negative
correlation with the abundance of amoA, but the content of
nitrate nitrogen (NO3--N) had no significant correlation with
the abundance of nirS, nirK and nosZ, which indicated that
there were other nitrogen removal mechanisms in addition to
nitrification-denitrification.

Index Terms—Constructed wetland, amoA, nirS, nirkK, nosZ.

. INTRODUCTION

As an ecological and low cost water treatment technology,
constructed wetland has been widely used in the treatment of
wastewater, and denitrification treatment of wastewater
[1]-[3]. There are many Kkinds of nitrogen removal
mechanisms in constructed wetland, in which microbial
nitrification-denitrification is considered as the most
important nitrogen removal process [4], [5]. The study
showed that the removal of nitrogen content by
nitrification-denitrification accounts for 60%-86% of total
nitrogen removal [6]. Therefore, it has the actual significance
to study the community structure and the abundance of
nitrogen removal microbial in constructed wetland.

As the limiting step of nitration reaction, ammonia
oxidation reaction is the key step of nitrogen removal [7]. As
diversity of ammonia oxidizing bacteria molecular markers,
amoA gene has been widely applied in the study of natural

and artificial ecosystems [8]-[10]. Siripong and Rittmann et al.

[11] showed that amoA gene was used to detect the diversity
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of the bacterial population in the seven water reuse plant, and
the hypothesis that the diversity and functional redundancy of
the nitrification bacteria in activated sludge with stable and
complete nitrification was significantly similar. Mertoglu et al.
[12] used 16S rDNA and amoA gene which based molecular
biology techniques in the assessment of the effect of ammonia
removal in the landfill bioreactor to determine the nitrification
activity. The amoA gene was used as phylogenetic
relationship of comparative basis to assess the dissolved
oxygen of ammonia oxidizing bacteria population in activated
sludge in the study of Park and Noguera [13]. Nitrate or nitrite
can be reduction into nitrogen or nitrous oxide (N,O) by
denitrification bacteria. This process was accomplished by
NO3z-N reductase (Nar), NO,-N reductase (Nir), NO
reductase (Nor) and N,O reductase (Nos), in which the nirK,
nosZ, nirS and other genes play an important role in the
denitrification pathway [14]. At present, denitrification
genes’ (such as nirS, nirK and nosZ) PCR amplification
primer method has been successfully used in the study of
diversity of denitrifying bacteria, such as Marine sediments
[15], cyanobacteria blooms [16], pollution of groundwater
[17] and all kinds of water treatment reactor [18], [19].
Real-time PCR technology which has a higher sensitivity,
specificity and greater reliability, can realize multiple reaction
and other characteristics, and has been widely applied in all
kinds of denitrification function group of bacterial abundance
in the environment of study [20]-[22]. At present, the study on
the function gene of the constructed wetland is focused on the
denitrification gene, but the study of quantitative about genes
both the nitrification and denitrification in constructed
wetland is rare. In addition, the winter’s temperature is lower
than other season in northern China, and the temperature is
too low will not only affect wetland treatment effect of
pollutants, may also cause the water to freeze, low dissolved
oxygen content and other adverse consequences, which limits
the application of artificial wetland in the north, thus for
wetland winter less study. Therefore, through using Real-time
PCR technology, this study aimed at amoA, nirS, nirK and
nosZ genes, to make a quantitative at different levels of
nitrifying and denitrifying bacteria in constructed wetland. At
the same time, this study determinate content changes of COD,
dissolved oxygen (DO), NH,"-N, NO3-N and total nitrogen
(TN) in water, to discuss the relationship between
nitrification-denitrification genes abundance variation
characteristics of with the quality of the output water.

Il. MATERIALS AND METHODS
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A. Constructed Wetland Technology

The experiment adopted process as follows: using the
undercurrent wetland technology as the mainly pole and
combination technology of surface flow constructed wetland
as the auxiliary pole. Process is shown in Fig. 1.
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Fig. 1. Process of constructed Wetland.

B. Sample Collection and Water Quality Analysis

Water samples were collected from constructed wetland of
yanhuang ditch Qihe County of Shandong Province in
December 2014. Set the sampling point at the outlet of each
pond, respectively: water inle (A), undercurrent wetland(B),
emergent plants (C), submerged plants (D), emergent

plants2(E), surface flow wetland (F), total discharge outlet(G).

Each sample point was collected from 4 L water, which was
quickly transported to the laboratory for 4°C to freezing.
Determinate of water quality indexes (COD, DO, NH,"-N,
NOs™-N and TN) content change by using standard methods
[23] DNA samples immediately enrichment, extraction, and
-20°C preservation. In order to the stability of the operation,
DNA extraction and Real - time PCR test all has three parallel
samples

C. DNA Extraction

Using polycarbonate membrane (aperture 0.2um, diameter
of 50 mm, Millipore) vacuum suction filter 50 mL water
sample, and then to filter 2 mL sterilization water for washing
membrane filter. Cut into pieces, membrane filter in 10 mL of
polyethylene centrifuge tube, add 1.8 mL SET buffer (0%
sucrose, tendency of 50 mmol/L EDTA, tendency of 50
mmol/L Tris HCI, pH = 7. 6) [24], spiral, - 20 “C preservation,
for subsequent DNA extraction [25]. Sediment genomic DNA
extraction using Fast DNA @ SPIN for soil kit (MP, USA),
according to product manuals, with 50uL finally Tris - HCI
(pH = 8.0-8.5) dissolve purified DNA.

D. Real-Time Pcr Assays

Amplification of quantitative PCR products was carried out
with an ABI Prim SDS 7300 (Applied Biosystems, USA).
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amoA and denitrification function gene (nirS, nirK and nosZz)
primers used sequence information shown in Table | [20],
[26]-[30], The real-time PCR use 20uL system, components:
the PCR mastermix (Applied Biosystems, USA) 10uL; 20u
mol/L upstream and downstream primers each 0.5uL; DNA
template 1pL; ddH,0 8uL. The reaction conditions of PCR:
50°C for 2 min (enzyme); 95°C for 10 min;40 cycles , 95°C
for 15 s, annealing 1 min(amoA 54. 5°C, nirS 58°C, nirk
60°C, nosZ 58°C), and then 72°C for 30 s; With the final score
of 0.1°C /s rate rising from 60°C to 95°C, obtain the solution of
the amplified DNA fragments chain curve.

TABLE I: PRIMERS USED IN REAL-TIME PCR

target gene  primers primer sequences
amoA-lF  GGGGTTTCTACTGGTGGT
amoA amoA2R  CCCCTCKGSAAAGCCTTCTTC
- nirS-cd3aF  GTSAACGTSAAGGARACSGG
nirs-R3cd  GASTTCGGRTGSGTCTTGA
- Nirk-876F  ATYGGCGGVAYGGCGA
nirk-1040R  GCCTCGATCAGRTTRTGGTT
nosz-F CGYTGTTCMTCGACAGCCAG
nosz 2052'1622 CGSACCTTSTTGCCSTYGCG

E. Statistics and Analysis

Using SPSS18.0 and origin9.0 software analyze the data of
environmental factors, nitrification and denitrification, and
the correlation.

1. RESULTS AND DISCUSSIONS

A. Purification of Water Quality in Constructed Wetland

COD, DO, NH,*-N, NO3-N and TN concentrations change
of sampling points out-water as shown in Fig. 2 (a) and (b).
The content of COD, NH,"-N and TN were decreased with the
operation process of constructed wetland, and content change
of influent and effluent were: 66.9mg/L-15.6mg/L, 5.48mg/L
-3.70mg/L and 5.57 mg/L -3.79mg/L. Removal efficiency
were 76.68%, 32.48% and 31.96%. The content of DO and
NOs;-N were first increase and after decrease with the
operation process of constructed wetland, and the content
change of influent and effluent were: 1.44mg/L-6.5mg/L and
0.05mg/L-0.08mg/L.

As is shown in Fig. 2 (b), the content of NH,*-N rapidly
decreased from water inle to undercurrent wetland, reduce
0.54mg /L, and removal efficiency were 9.85%. The content
of NH,"-N slowly decreased after water flows through
emergent plants, submerged plants, emergent plants2, a
decline of only for 0.51mg/L, and removal efficiency were
only 9.31%. The content of NH,"-N rapidly decreased in
surface flow wetland, reduce 0.82 mg/L, and removal
efficiency were 14.96%. The content of DO in water has a
great influence on nitrification, when the content of DO
enough to support the growth of aerobic nitrifying bacteria,
nitrification reaction can be carried out smoothly [31], [32].
Study shows that when the content of DO is too low, not only
decrease the rate of nitration reaction and removal efficiency
of total nitrogen, but also can appear the accumulation of
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nitrite, and oxygen is consumed not only of the constructed
wetland system in the degradation of nitrogen and phosphorus
and other nutrients, also is used in organic material
degradation, these make the process of denitrification become
more limited [33], [34]. The sampling time is December, after
entering the winter, the content of DO in water is all low, but
input water contain a certain content of DO which can carry
out nitration reaction, so the removal rate of NH,"-N is
relatively large. After treatment of subsurface flow
constructed wetlands, before surface flow wetland, the
content of DO in water was lower, and with little change, so
NH,"-N was removed slow. After several times of drop
aeration, to the surface flow wetland, the DO content in water
gradually increased, thus of NH,*-N removal rate was higher.
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Fig. 2. The results water purification in constructed wetland A: water inle, B:
undercurrent wetland, C: emergent plants, D: submerged plants, E: emergent
plants2, F: surface flow wetland, G: total discharge outlet.

The Fig. 2(b) shows that the content of NO3-N was
gradually increasing. The input water content of NO3-N was
0.05 mg/L, and the output water the content of NO5;-N was
0.08 mg/L. The content of NO3-N gradually increased in
surface flow wetland, This result may be due to there was
more DO in water of surface flow wetland, resulting in
nitrification was stronger, ammonifier can convert organic
nitrogen and ammonia nitrogen to nitrate nitrogen, resulting
in content of nitrate nitrogen increased.

Similar to the variation of the changes of TN and NH,*-N.
But before submerged plants, the decline range of TN was
greater than NH,"-N. The main reason is that the content of
organic nitrogen in influent is relatively large, which provides
nitrogen source for ammonia oxidizing bacteria, and
ammonia oxidizing bacteria convert organic nitrogen to
NH,"-N. However, NH,"-N affected by DO could not be
timely carried out nitrification transformation, resulting in the
accumulation of NH,*-N, but content of less ammonia
oxidizing bacteria in the influent, NH,"-N accumulated less.

B. Abundance Changes of Nitrification Microbial
Communities in Water
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At each sampling point, the quantitative analysis of
denitrification gene (nirS, nirK and nosZ)in water results as
shown in Fig. 3(b). Overall, the abundance of nirS, nirK and
nosZ showed an increasing trend along the process. The
abundance of nosZ gene was the higher. The abundance of
nosZ of the influent was the lowest, only 6.00E+09copies/L,
and the surface flow wetland was the highest, which was
1.29E+13copies/L. There nirS has increasing trend after the
first decreasing. The abundance of nirS was lowest in influent,
only 4.82E+09copies/L, and was highest in submerged plants,
emergent plants 2, surface flow wetland and total discharge
outlet followed, respectively 3.50E+12copies/L,
2.97E+12copies/L, 2.55E+12copies/L and
2.40E+12copies/L. NirK had the same trend with nirS, and
the abundance of nirK gene was lower than nirS gene at all
sampling points. The lowest abundance of nirK gene was also
in the influent, only 1.15E+09copies/L and reached the
highest in the submerged plant, 1.78E+12copies/L. The
abundance of nirK gene had declined in emergent plants 2,
surface flow wetland and total discharge outlet, but did not
change significantly.

There are many functional genes involved in denitrification
process. Since nitrite is converted to nitric oxide is different
from other nitrate metabolism iconic response in
denitrification process, and is important in the process of
denitrification rate-limiting step. The corresponding nitrite
reductase gene (including nirS and nirK) is often used as a
representative  molecule  denitrifying  microorganisms
research community structure tag. Jones et al. [35] pointed
out that although the two kinds of denitrification function of
nirS and nirK genes encode enzymes to exercise the same
function in the process of denitrification, and these two genes
carrying denitrifying bacteria seem to exist for different micro
environmental preferences. Knapp et al. [36] pointed out that
the abundance of nirS is more in anoxic environment and the
abundance of nirK is more in oxygen-rich conditions. Ligi et
al. [37] found that the abundance of nirS in a riparian zone
was higher than that of nirK. zZhi et al. [38] found that the
abundance of nirS was also higher than nirK in constructed
wetland. Similar results were obtained in this study which the
abundance of nirS was lower in oxygen-rich. NirK had the
same trend with nirS, and the abundance of nirK gene was
lower than nirS gene at all sampling points. It is indicated that
the nirS type of the denitrification bacteria can adapt to the
water quality environment of the constructed wetland than
nirkK.

NosZ can encode nitrous oxide reductase, and the enzyme
N,O can be reduced to N,. Garcia-Lledo et al. [39] found the
abundance of nirS was significantly higher than nosZ in the
study of denitrification function of wetland, and when the
abundance of nosZ was significantly lower than that of other
denitrifying functional gene, N,O which is denitrification
intermediate was cumulated in constructed wetland. The
results of this test are opposite, the abundance of nosZ is
higher than nirS, which indicates that the end product of
denitrification in the wetland is N,. In addition, in this test,
both abundance of nitrification and denitrification gene were
higher in emergent plants 2 and surface flow wetland, which
indicates that the environmental conditions of the two
sampling points is more appropriate denitrifying bacteria and
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anti-nitrifying bacteria growth, and is conducive to
nitrification and denitrification common occurrence.
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Fig. 3. The abundance of nitrification and denitrification in water A: water

inle, B: undercurrent wetland, C: emergent plants, D: submerged plants, E:
emergent plants2, F: surface flow wetland, G: total discharge outlet.

C. Abundance Changes of Denitrification Microbial
Communities in Water

At each sampling point, the quantitative analysis of
denitrification gene (nirS ~ nirK and nosZ)in water results as
shown in Fig. 3(b). Overall, the abundance of nirS, nirK and
nosZ showed an increasing trend along the process. The
abundance of nosZ gene was the higher. The abundance of
nosZ of the influent was the lowest, only 6.00E+09copies/L,
and the surface flow wetland was the highest, which was
1.29E+13copies/L. There nirS has increasing trend after the
first decreasing. The abundance of nirS was lowest in influent,
only 4.82E+09copies/L, and was highest in submerged plants,
emergent plants 2, surface flow wetland and total discharge
outlet followed, respectively 3.50E+12copies/L,
2.97E+12copies/L, 2.55E+12copies/L and
2.40E+12copies/L. NirK had the same trend with nirS, and
the abundance of nirK gene was lower than nirS gene at all
sampling points. The lowest abundance of nirK gene was also
in the influent, only 1.15E+09copies/L and reached the
highest in the submerged plant, 1.78E+12copies/L. The
abundance of nirK gene had declined in emergent plants 2,
surface flow wetland and total discharge outlet, but did not
change significantly.

There are many functional genes involved in denitrification
process. Since nitrite is converted to nitric oxide is different
from other nitrate metabolism iconic response in
denitrification process, and is important in the process of
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denitrification rate-limiting step. The corresponding nitrite
reductase gene (including nirS and nirK) is often used as a
representative  molecule  denitrifying  microorganisms
research community structure tag. Jones et al. [35] pointed
out that although the two kinds of denitrification function of
nirS and nirK genes encode enzymes to exercise the same
function in the process of denitrification, and these two genes
carrying denitrifying bacteria seem to exist for different micro
environmental preferences. Knapp et al. [36] pointed out that
the abundance of nirS is more in anoxic environment and the
abundance of nirK is more in oxygen-rich conditions. Ligi et
al. [37] found that the abundance of nirS in a riparian zone
was higher than that of nirK. Zhi et al. [38] found that the
abundance of nirS was also higher than nirK in constructed
wetland. Similar results were obtained in this study which the
abundance of nirS was lower in oxygen-rich. NirK had the
same trend with nirS, and the abundance of nirK gene was
lower than nirS gene at all sampling points. It is indicated that
the nirS type of the denitrification bacteria can adapt to the
water quality environment of the constructed wetland than
nirkK.

NosZ can encode nitrous oxide reductase, and the enzyme
N,O can be reduced to N,. Garcia-Lledo et al. [39] found the
abundance of nirS was significantly higher than nosZ in the
study of denitrification function of wetland, and when the
abundance of nosZ was significantly lower than that of other
denitrifying functional gene, N,O which is denitrification
intermediate was cumulated in constructed wetland. The
results of this test are opposite, the abundance of nosZ is
higher than nirS, which indicates that the end product of
denitrification in the wetland is N,. In addition, in this test,
both abundance of nitrification and denitrification gene were
higher in emergent plants 2 and surface flow wetland, which
indicates that the environmental conditions of the two
sampling points is more appropriate denitrifying bacteria and
anti-nitrifying bacteria growth, and is conducive to
nitrification and denitrification common occurrence.

D. Abundance Variation of Nitrification and
Denitrification Functional Geneand Correlation between
Water Quality Parameters

Correlation analysis of nitrification functional gene
abundance and water quality parameters is shown in Table II.
The abundance of amoA gene was significantly negatively
correlation with the content of NH,*-N (P<0.05); there was no
significant negative correlation with TN(P>0.05); the
abundance of amoA gene was positively correlation with DO
and NOs™-N, but the correlation was not significant(P>0.05).

Correlation analysis of denitrification functional gene
abundance and water quality parameters is shown in Table I11.
The abundance of nirS and nirK were no significantly
negatively correlation with the content of NH,*-N and TN
(P>0.05); the abundance of nosZ gene was significantly
negatively correlation with the content of NH,-N and TN
(P<0.05); the abundance of nirS ~ nirK and nosZ gene were
positively correlation with DO and NOs-N, but the
correlations were not significant(P>0.05).

Correlation analysis showed that the content of DO didn’t
exist significantly correlation with the abundance of nirS,
nirK and nosZ, which is same as results about constructed
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wetlands by Garcia-Lled6é et al. [39] studied. Dissolved
oxygen can effectively inhibit the denitrification activity of
denitrifying bacteria, but does not mean the abundance of
denitrification gene function will be affected by oxygen
inhibition. Truu et al. [40] also pointed out that denitrification
activity and abundance of denitrifying functional genes can’t
be simple linked.

TABLE II: PEARSON CORRELATION ANALYSIS OF ENVIRONMENTAL
PARAMETERS AND ABUNDANCE OF NITRIFICATION GENES

C [ T N
Water parameters N He'-N

oD o)

- ( -0.7

amoA 0.803° 385 0711

*

65

Note: *is significant correlation (P <0.05).

TABLE I1l: PEARSON CORRELATION ANALYSIS OF ENVIRONMENTAL
PARAMETERS AND ABUNDANCE OF DENITRIFICATION GENES

Water parameters nirS nirK nosZ
CcoD 0.624 0.747 -0.859"
DO 0.220 0.376 0.578
TN -0.560 -0.690 -0.844"
NH4*-N -0.584 -0.711 -0.863"
NO3z-N 0.104 0.232 0.473

Note: *is significant correlation (P <0.05).

There was a significant negative correlation between
nitrification genes and the content of NH,*-N, which was not
significant with NO3™-N. The reason is that with the increase
abundance of ammonia oxidizing bacteria in water, NH,*-N is
oxidized into NO3-N or NO,-N, which leads to the decrease
of NH,*-N and increase of NO3™-N. NO5-N is a substrate for
denitrification, and it should be closely related to the
denitrification bacteria. However, the results showed that
there was no significant correlation between denitrification
bacteria and NO3™-N, The results may be that the content of
NO3™-N in influent is less and the quantity of denitrifying
bacteria increased along the process, NOs-N in water far do
not provide sufficient substrate for the denitrification, and the
substrate must be another source of denitrification required,
Therefore, the low content of NO5;-N failed to show a
significant correlation with the denitrification bacteria.

IV. CONCLUSIONS

The removal of COD by constructed wetland was
efficiency, and the removal rate reached 76.68%. The
removal rate of TN, NH,"-N was lower, and the removal rate
was only 31.96% and 32.48%. The removal efficiency of
NO;-N was not obvious, and the content of NO5™-N increased
slightly.

The whole abundance of amoA was low, and that of amoA
is increasing along the process, which indicates that the initial
nitrification ability of the constructed wetland is weak, and
there is a gradually increasing trend; the abundance of nirk
gene was lower than nirS gene at all sampling points. But the
response of the two types of nir-type denitrification bacteria is
more consistent with the environmental change, which
indicated that the nirS type of the denitrification bacteria can
adapt to the water quality environment of the constructed
wetland. The abundance of nosZ was higher than the
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abundance of nirS and nirK, which indicated that the end
product of denitrification was N.,.

There was significant negative correlation between the
content of NH,*-N and the abundance of amoA, and there was
no significant correlation between the content of NO3-N and
the abundance of nirS - nirK and nosZ, which indicated that
the mechanism of nitrification-denitrification in northern
winter is not obvious, and there may be other nitrogen
removal mechanisms.
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