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ABSTRACT

An experiment was carried out to assess the effectiveness of two different wetland systems
in the treatment of agricultural wastewater. East River wetland is a semi-natural riparian
wetland system, with three functional units, grit chamber, organic oxidation pond, and sur-
face flow wetland unit. The functional units were planted with umbrella plant (Cyperus
alternifolius L.), canna (Canna indica L.), calamus (Acrorus calamus L.), etc. Yaonigou wetland
is a kind of constructed wetland, with different wetland plants. The wetland removed the
significant amount and the degree of total suspended solids and biochemical oxygen
demand (BOD), respectively, from agricultural wastewater. The results demonstrated that
the effluent concentration of ammonia, nitrite, nitrate, and total nitrogen of East River ripar-
ian wetland increased in spring and summer, decreased in autumn and winter. On average
removal rates for nitrogen compounds ranged from 70.45 to 97.59% for ammonia, 7.87 to
96.25% for nitrite, and 12.5 to 77.8% for nitrate, while the phosphorus removal rate was
56.0-89.90% for soluble phosphorus and 11.11-67.86% for total phosphorus. Comparatively,
the purification efficiency of pollutants of Yaonigou wetland was better than East River
riparian wetland. Most of the phosphorus concentrations in East River riparian wetland
were very low due to the low concentration of influent agricultural wastewater. However,
the phosphorus concentration of influent and effluent was high in Yaonigou wetland sys-
tem. Significant difference was observed between the two wetland systems in relation to
agricultural wastewater treatment. Based on these results, it may be concluded that the
combined action of microbes and the plants residing in the constructive wetland was the
effective for agricultural wastewater treatment.
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1. Introduction range of pollutants before discharge into natural water
bodies [1]. A wide range of pollutants such as
biochemical oxygen demand (BOD), total suspended
solids (TSS), nitrogen (ammonia, nitrite, nitrate, and
total nitrogen (TN)), and phosphorus (total phosphorus

Constructed wetlands are artificial wetlands
designed to intercept wastewater and remove a wide
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(TP), phosphate) from wastewater can be removed with
these natural technologies via microbial degradation,
plant uptake, substrate adsorption, filtration by the
packed media, and biological predation [2]. Con-
structed wetlands are widely used as low-cost alterna-
tives to conventional tertiary municipal wastewater
treatment worldwide [3]. Application of the wetlands
to treat municipal wastewaters has been encouraged
over the last few years [4]. The use of constructed wet-
lands also represents a relatively new approach for
stormwater treatment [5]. Depuration of waters with
wetlands is also attracting some interest for its potential
application to agricultural wastewaters [6]. The effec-
tiveness of constructed wetlands for tertiary treatment
of effluent from a petroleum refinery, agricultural run-
off, high salinity tannery wastewater, dairy wastewater,
and landfill leachate was always evaluated [7-9].

The situation of most of the rivers in the north shore
of Fuxian Lake deteriorated in the last decades due to
long-term negligence because of population growth,
agricultural emissions, and lack of adequate treatment
and uncontrolled disposal of wastewater to the rivers
[10]. Eutrophication can cause environmental degrada-
tion and also has significant economic impacts on lake
creatures and municipal drinking water supplies
[11,12]. Treatment wetlands can be designed to be
semi-natural wetlands or constructed wetlands. Natu-
ral wetlands are at the most natural, low-energy end of
the scale, and gravity-fed. Vegetation may be allowed
to proceed by natural recruitment [13]. Constructed
wetlands are higher energy wetlands and more highly
engineered systems than natural wetlands.

With the aid of an engineered system that was con-
structed on north shore of Fuxian Lake, the treatment
efficiency of non-point source wastewater was exam-
ined. The system was designed in a continuous flow
configuration. In this study, two types of wetlands,
East River riparian wetland and Yaonigou integrated
wetland system, were monitored intensively to assess
their performance in removing key pollutants of con-
cern, and thus reducing the total pollutant load being
delivered to Fuxian Lake. Besides an evaluation of the
treatment performance of both wetland types, empha-
sis was put on some operational improvements pro-
posed for the possible problems of wetlands functions.

2. Material and methods
2.1. The riparian wetlands
2.1.1. East River riparian wetland

East River riparian wetland was constructed and
operated on the north shore of Fuxian Lake for sew-
age purification and natural landscape of riparian
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zone restoration. The wetland area is 26,000 m?. The
sewage treatment capacity of this wetland system is
15,000m>d™" in dry period and 25,000m’*d™" in wet
period, respectively. Hydraulic retention time of the
wetland is 41 h in dry period and 22h in wet period.
The process flow diagram of the wetland treatment
system is inflow — grit chamber — organic oxidation
pond — surface flow wetland unit — gravel beach —
outflow (Fig. 1). The effective purification area of grit
chamber is 994 m?. Its depth is 1.8-2.0 m. Mixed plan-
tation is better than monoculture for effective pollu-
tants treatment. The area of organic oxidation pond is
7780 m?, where the cress (Oenanthe javanica Bl. & DC.)
and waterlily (Nymphaea tetragona) were cultured. The
depth of organic oxidation pond is also 1.8-2.0 m. The
area of surface flow wetland unit is 10,641 m2 Its
depth is 0.2-0.4m, where the cress (O. javanica Bl. &
DC.) and arrowhead (Sagittaria sagittifolia) were
cultured and harvested. The area of gravel beach
is 4,720m?, where umbrella plant (Cyperus
alternifolius L.), canna (Canna indica L.) and calamus
(Acrorus calamus L.) were cultured. The hydraulic
loading ranged from 0.488 to 0.81 m®m>d ™"

2.1.2. Yaonigou integrated wetland

The area of Yaonigou wetland is 15,000 m”. The
sewage treatment capacity of the wetland system is
3,520m>d™" and hydraulic retention time is 72 h. The
process flow diagram of the wetland treatment system
is inflow — grille — biological purification tank —

Fig. 1. East River riparian wetland.
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organic oxidation pond — subsurface flow wetland
unit — surface flow wetland unit — outflow (Fig. 2).
The treatment system received agricultural wastewater
into a biological purification tank. The effective purifi-
cation area of the biological purification tank area is
900 m” with the depth of 1.0-1.5 m, which reduced the
organic and solids load on the receiving system. Then,
the sewage flowed into an organic oxidation pond of a
4,660 m* areas and water depth of 1.5-1.8 m. The heart
of the treatment system was subsurface flow wetland
unit and surface flow wetland unit. The subsurface
flow wetland unit was composed of four 15x15m
ponds, set in a row and continuous flow configuration,
operating in parallel with a depth of 0.6 m filled with
gravel or cinder and surface area of 900 m?, where
umbrella plant (C. alternifolius), reed (Phragmites
australis), and cattail (Typha latifolia) were cultured.

2.2. Sampling and analysis of agricultural wastewater

The experiments were carried out from April to
November 2009 and November 2009 to January 2010.
Influent and effluent samples were collected once a
month for one year and thereafter on a monthly basis.
There were no influent and effluent data in both
wetlands from September to October 2009 and
therefore no load reduction data. The results were
related only two sampling points along the system:
influent and effluent. Measurements at the East River
riparian and Yaonigou integrated wetlands included
the taking of samples for laboratory analyses of

Fig. 2. Yaonigou integrated wetland.
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nitrogen and phosphorus compounds in agricultural
wastewater. Parameters were measured including
BOD, TSS, nitrogen (ammonia, nitrite, nitrate, and
TN), and phosphorus (TP and soluble phosphate).
BOD, TSS, nitrogen, and phosphorus were estimated
by hydraulic load. The average hydraulic load was
determined by volumetric method under per square
meter per day. Water quality parameters were ana-
lyzed using conventional methods described in
APHA-AWWAWPCEF [14].

3. Results and discussion
3.1. Remouval of organic matter (BOD)

Monthly concentrations (in mgL™") of BOD to the
wetland system from the East River and Yaonigou
Ditch are plotted in Fig. 3 (W1: East River wetland;
W2: Yaonigou wetland). The influent and effluent
concentration of BOD in East River wetland had
143-896mgL™ and 8-15mgL™!, respectively.
The influent and effluent concentration of BODjs in
Yaonigou wetland had 1.43-8.96mgL™" and 3.61-
27.67 mg L™, respectively. Further removal of organic
matter by these two wetlands was not efficient for
eutrophication water body of low organic pollution
and there was no significant difference between the
two wetlands. A high removal capacity of BOD had
mainly occurred in East River wetland system. Other
researchers also reported that significant amount of
BODs removed by wetland systems [15].
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Fig. 3. Influent and effluent of BOD in these two wetland.
(W1: East River wetland; W2: Yaonigou wetland).
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3.2. Removal of SS

Fig. 4 shows much reduction of SS during the flow
through the two wetlands. Influent SS mass loading to
the East River wetland system was 15.0-96.0kgd ™.
The wetland consistently reduced the SS concentration
by 25.0-95.5% to 1.0-30kgd™". Main mechanisms are
filtration and settling, which would be expected to
operate more effectively as retention time increase.
The input loads of 7.0-181kgd ™" to Yaonigou wetland
gave an average loading of 55.5kgd™!, which was
reduced to an average of 19.8kgd ™', equivalent to a
removal of 7.1-99.9% of load.

These two kinds of wetland systems are composed
of three or more functional units. SS removal is caused
by multiple filtering, interception, and sedimentation.
The influent SS loading was much higher in Yaonigou
wetland than in East River wetland. There was no
plants and filters units for the removal SS in the oxi-
dation pond of Yaonigou wetland. On the contrary,
the phytoplankton in the pond would increase SS
effluent loading. A large number of agricultural
wastes carried by the rivers were salvaged and
cleaned up in biological purification tank before enter-
ing into the wetland unit. The amount of garbage sal-
vage in these two wetlands is shown in Fig. 5.
Monthly salvage quantity of floating garbage was
9,600-63,200 kg m ! in the organic oxidation pond of
East River riparian wetland. Average daily salvage
quantity was the highest in June, exceeding 500 kgd".
Salvage quantity was significantly reduced from
December 2009 to April 2010, which presented differ-
ence between dry season and rainy season.
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Fig. 4. Influent and effluent of SS in these two wetland.
(W1: East River wetland; W2: Yaonigou wetland).
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Fig. 5. Garbage in these two wetland.

There is the largest floating garbage carried by
Yaonigou ditch among all the rivers on the north
shore of Fuxian Lake. Monthly salvage quantity of
floating garbage was 132,800-168,200kgm™" in bio-
logical purification tank of Yaonigou wetland, which
joined from Yaonigou ditch to the wetland. Average
daily salvage quantity was more than 2,500 kgd ™
in February and March 2010, which actually
exceeded 4,000 kgd™"' during other studied months.
Average daily salvage quantity of floating garbage
was the largest in November 2009, which was close
to 5,500 kg d~". The present results demonstrated that
planted gravel filter dam with horizontal subsurface
flow unit is a possibility to continuously reduce SS
in the inlet of wetlands and to polish the effluent.
The retention of phytoplankton was related to
enhanced treatment of TN and TP during the whole
year. Removal capacity of SS was higher in Yaoni-
gou wetland system than Eastern River riparian wet-
land system. The characteristics of constructed
wetlands are impacting resistance, stabilizing the
effluent quality, simplifying operation and mainte-
nance, and low operating cost. However, their floor
spaces are larger and the wetlands exhibit higher
pollutant removal rates under greater loading condi-
tion [16]. Previous literature results also indicated
that the differences in the efficiency of wetland func-
tioning which can be ascribed to a great number of
variables. These are natural conditions (geographic,
climatic, and hydrological) of the region, amount
and quality of treated water, characteristics of sub-
strate, hydrological system, type, characteristics of
the aquatic plants, etc. [17].
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3.3. Nitrogen removal

Several forms of nitrogen interact with wetland’s
environment. The principal species are ammonia,
organic, and oxidized nitrogen. The Fuxian lakeside
wetland system received water which dominated by
ammonia, nitrite, and nitrate.

3.3.1. Ammonia (NH3-N)

The influent and effluent of ammonia concentra-
tions in two wetlands are shown in Fig. 6. The average
ammonia concentration was less than 5mgL™" in
East River wetland. Wetland consistently reduced
the ammonia concentration by 0.13-1.18 mgL™' to
0.02-1.04mg L™". The removal efficiency of ammonia
was 70.45-97.59%. In East River wetland, there was a
positive correlation between effluent and influent con-
centrations of ammonia. Fig. 6 shows a little reduction
of ammonia during the flow through the Yaonigou
wetland. The influent and effluent concentrations ran-
ged from 1.87 to 10.80 mg L ™" and 0.57 to 10.85mg L™},
respectively. The effluent ammonia concentrations
were higher than influent from April to July, 2009.
The monitoring concentrations of ammonia of the
Yaonigou wetland were higher than those of influent
in spring and summer. The removal efficiency of
ammonia was favorable in autumn and winter. There
is much less water, even no water in autumn and
winter. Water flow is very slow. And hydraulic
retention time of sewage in the wetlands is large. The
removal efficiency of ammonia in autumn and winter
is better than in summer and spring.
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Fig. 6. Influent and effluent of NH3-N in these two wet-
land (W1: East River wetland; W2: Yaonigou wetland).
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3.3.2. Nitrite/Nitrate (NO,-N/NO; -N)

Figs. 7 and 8 show that the two wetlands reduced
the nitrate and nitrite concentrations in wastewater.
Nitrite and nitrate concentrations were reduced from
influent of agricultural wastewater. The nitrate and
nitrite removal were effective, also during winter
periods. In the Yaonigou wetland, the influent concen-
trations of nitrite and nitrate had been below 0.2 and
6mgL~", expect for individual concentration values.
The influent and effluent of nitrite concentrations in
the Yaonigou wetland were 0.023-0.544 mg L%, 0.028-
0.443mgL™"; those of nitrate concentrations were
0.52-8.96mgL™!, 0.54-2.13mgL™", respectively. The
removal efficiencies of nitrite and nitrate were 63.33—
87.90%, 81.7-93.3%, respectively.

Organic nitrogen in wastewater was transformed
into ammonia by oxidative decomposition under the
action of micro-organisms and then the ammonia was
further removed through nitrification and denitrifica-
tion processes. In spite of this, the nitrate concentration
was increased. In East River wetland most of influent
nitrate concentrations were less than 0.2mgL™". The
nitrite concentrations were slightly higher in Yaonigou
wetland than in East River wetland. Nitrite was
unstable in water. It was easily transformed into
nitrate under certain conditions. The influent of nitrite
and nitrate concentrations in East River wetland was
0.027-0.57mgL™" and 0.34-6.34mgL~", respectively.
The effluent of nitrite and nitrate concentrations was
0.001-0.121 mg L™ and 0.091-4.75mg L™, respectively.
The removal efficiencies of nitrite and nitrate were
7.87-96.25% and 12.5-77.8%, respectively. In East River
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Fig. 7. Influent and effluent of NO3-N in these two wet-
land (W1: East River wetland; W2: Yaonigou wetland).
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Fig. 8. Influent and effluent of NO,-N in these two wet-
land (W1: East River wetland; W2: Yaonigou wetland).

wetland most of influent nitrate concentrations were
less than 4mgL™". Nitrogen removal capacity was
effective, especially for nitrate and ammonia.

3.3.3. Total nitrogen

Fig. 9 describes removal concentrations of TN from
the wastewater. In East River wetland, the influent TN
concentrations were 1.72-11.48 mg L% the effluents
were 0.23-4.17 mg L™". To compare the monitoring val-
ues in May, the effluent TN concentrations were only
0-3mgL~". The average TN removal in the wetland
system had been nearly 50%. In East River wetland, the
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Fig. 9. Influent and effluent of TN in these two wetland
(W1: East River wetland; W2: Yaonigou wetland).
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TN removal efficiency in spring and summer was bet-
ter than in autumn and winter. TN removal was carried
by nitrification and denitrification process under the
action of micro-organisms. In winter and autumn, the
temperature was low, which affected microbial activity.
The influent TN concentrations in Yaonigou wetland
were 9.81-16.12mgL™", relatively high. The effluent
TN concentrations were 3.43-12.81 mg L™". TN removal
in Yaonigou wetland was good.

The results obtained during the one year of opera-
tion showed that Yaonigou wetland and East River
wetland treatment systems had an excellent perfor-
mance with respect to nitrogen removal from agricul-
tural wastewater. High nitrogen (ammonia, nitrite,
nitrate, and TN) removal had occurred in Yaonigou
wetland systems. As a constructed wetland, its
functional pools were made of concrete construction.
Correspondingly, East River wetland is a kind of
semi-natural riparian wetland. The treatment pond
was built by using existing nature slopes and ridge.
Therefore, the whole treatment system did not nega-
tively affect the local ecosystem [18,19]. Significant
amount of ammonia (84.02%) removal was observed
in effluent of agricultural wastewater. In constructed
wetland, nitrogen is removal via several pathways
(plant uptake, nitrification, denitrification, and volatili-
zation) that may start with the decomposition of
organic nitrogen present in wastewater by heterotro-
phic bacteria and fungi to ammonia through ammoni-
fication process. This process may occur both in
aerobic and aerobic environments, but is much faster
under the former condition. Part of the produced
(NH;-N) uptake by cultured plants. Also, ammonia
may be temporarily removed from the water column
by binding to negatively charged sites on soil particles
in the constructed wetland sediment through adsorp-
tion [20]. Ammonia is oxidized to nitrite (NO,) and
further to nitrate by bacteria nitrification bacteria. The
transformation is generally completed within 5-6d.
Nitrate is not easily absorbed by the soil and it is easy
to migrate through denitrification process. Denitrifica-
tion is favored by anoxic conditions, high availability
of organic carbon, high temperatures (optimum 60—
75°C), and pH ranges of 6-8.5 [21]. The denitrification
process means a one-way loss of nitrogen from a con-
structed wetland system. Ammonia nitrogen may also
be lost to the atmosphere as ammonia gas (NH;)
through volatilization process from agricultural waste-
water. Our results indicated that maximum influent
NO;3-N concentration was obtained from April to July
2009 but the effluent NO;-N concentration was very
low during the entire experimentation periods side by
side organic carbon content was very high due to vig-
orous growth of cultured plants. In this period, nitrate



J. Xu et al. | Desalination and Water Treatment 54 (2015) 2959-2968

is transformed by bacteria through a denitrification
process to nitrogen gas (N,), which diffuses from the
constructed wetland water surface and thus returns to
the atmosphere [22-24]. Results also revealed that
NH; -N concentration in effluent was higher than
influent from April to July 2009. Different reasons are
involved for the enrichment of NH;-N in constructed
wetland systems which are as follows: organic nitro-
gen in agricultural wastewater is transformed into
ammonia through ammonification. This process may
occur both in aerobic and anaerobic environments.
Ammonification took place through anaerobic condi-
tion in wetland system during this period. On the
other hand, nitrification process is determined by an
aerobic condition. The nitrification rates in a wetland
are favored by oxic conditions, the availability of inor-
ganic carbon, and NH; -N as well as temperature and
pH ranges of 30-40°C and 7.5-8.0, respectively. Tem-
perature was favorable for the vigorous growth of cul-
tured plants. As a result, nitrogen transformation from
NH;-N to NO;-N was completely inhibited due to
lack of nitrification process. Some researchers claimed
that nitrification may still occur at dissolved oxygen
(DO) levels down to about 0.3mgL™" [21]. However,
more recent studies have indicated that oxygen levels
of 1-2mgL™" in wetland water columns can decrease
NH;-N removal through lower nitrification rates
because all nitrifying bacteria are aerobic nature [25].
Most plants are dormant and wilting during cold
weather and have no capacity for absorbing nitrogen,
which lead to reduce the nitrogen mitigation (NH; -N
uptake by plant) capacity of constructed wetlands in
autumn and winter. The soil in the wetland has
clogged severely after years of operation, especially in
the subsurface wetland unit. Porous media provides
attachment surface for plant and microbial communi-
ties and in gradients for bio-reactions as well as
removing nitrogen by sedimentation, filtration and
sorption of media. However, porous media cannot
provide long-term stable the capacity of nitrogen
removal due to their saturated adsorption, resulting in
removing nitrogen from the media. On the other hand,
soil porosity was so low that only topsoil was used to
provide support for the microbial growth as carrier
for biofilm. The water flowed through wetland surface
and the capacity of oxygen exchange in the wetland
was poor. The space for biofilm decreased signifi-
cantly. The rate of nitrification processes is lower and
unnoticed because of the low concentrations of nitrite
and nitrate measured in the effluents and low DO
(Fig. 10). The reduction of TN is the primary aim of
nitrogen migration and transformation in the fields of
this wetland system. Therefore, removal of nitrogen in
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Fig. 10. Influent and effluent of DO in these two wetland
(W1: East River wetland; W2: Yaonigou wetland).

the system is mainly due to plant uptake and sedi-
mentation of organic matter [26].

3.4. Phosphorus removal

Phosphorus removal mechanism in the wetlands
includes fillers adsorption, plant uptake, and microbial
assimilation. Bacteria and algae containing biological
oxidation pond is another factor for excess phospho-
rus removed from the effluent. Sedimentation of
organic matter and incorporation into biomass by the
macrophytes might cause this effect. TP and phos-
phate removal in these two wetland treatment systems
is presented in Figs. 11 and 12. The two wetland sys-
tems had performed excellent with respect to TP
removal throughout the experimentation. The influent
concentration of TP and phosphate in East River wet-
land was 0.10-0.51mgL™" and 0.065-023mgL",
respectively. The effluent concentration of TP and
phosphate was 0.06-0.23mg L™" and 0.047-0.26 mg L ",
respectively. The removal efficiencies of TP and phos-
phate were 11.11-67.86% and 56.0-89.90%, respec-
tively. Phosphorus did not consider as the major
pollutant in the wetland systems due to low concen-
tration in influent. But the amount of outflow phos-
phorus was more than the inflow phosphorus
(negative elimination efficiency) which is caused by
the release of phosphates. In some other studies, the
release of phosphorus was reported under anaerobic
conditions or during the reduction of incoming phos-
phorus. Another reason behind the increase in the out-
let phosphorus in the main reactor in this study could
be the death of cultured plants and the release of
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Fig. 11. Influent and effluent of TP in these two wetland
(W1: East River wetland; W2: Yaonigou wetland).
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Fig. 12. Influent and effluent of PO4P in these two wet-
land (W1: East River wetland; W2: Yaonigou wetland).

phosphorus for the pieces of plants [27]. Under certain
conditions, the phosphorus adsorbed on the surface of
the soil was backed to the water in various ways,
resulting in phosphorus loading increased. The reduc-
tion of effluent phosphorus and their compounds was
not the primary target of the wetlands for the influent
phosphorus concentration. However, results revealed
that phosphorus concentrations (TP and phosphate)
were removal from East river wetlands influent to the
effluent. The reduction was stable throughout the per-
iod of one year. The influent and effluent concentra-
tions of TP were slightly higher in the Yaonigou
wetland than in the East River wetland. The influent
concentrations of TP and phosphate in Yaonigou
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wetland were 0.32-1.12mgL™" and 0.52-8.96mgL™",
respectively. The effluent concentrations of TP and
phosphate were 0.19-0.90 mg L™" and 0.41-2.13mg L,
respectively. Part of the data presented the phospho-
rus release in the wetland. An increase in effluent TP
concentration up to 0.9mgL™" in Yaonigou wetland
was observed during the studied period, in January
and July 2009, but the average effluent concentration
was still lower than the local wastewater discharge
limit of 0.5mgL™". The soil was clogged and filter
porosity decreased in the Yaonigou wetland after sev-
eral years, operation, especially in the subsurface wet-
land unit. Sewage partly did not enter the filter layer
of the wetland and flowed directly through the wet-
land surface. Soil adsorption is an important way for
phosphorus removal, followed by plants and micro-
organisms. The soil and plant were both similar for
the phosphorus purification capacity in these two
types of wetlands. The wetland soil has already
saturated adsorption after a long run.

3.5. Yearly pollutants reductions

The empirical design data used in wetlands for
nitrogen, phosphorus, and COD are generally 10, 1,
and 60gm>d™" in China, respectively, when the
hydraulic loading is 0.2 m™>d". Pollutants loadings in
these two wetlands are shown in Table 1. East River
wetland COD loading reduction was 37,140kga’
(391gm2d™"). The removal rate was 52.06%; TN
loading reduction was 17,283kga ' (1.82gm>d™").
The removal rate was 52.09%; TP loading reduction
was 515kga™" (0.05gm>d™"). The removal rate was
31.77%. Correspondingly, in Yaonigou wetland COD
loading reduction was 24,402kga ' (46.48 gm >d ™).
The removal rate was 48.02%; TN loading reduction
was 12,439kga ' (227gm 2d™"). The removal rate
was 48.30%; TP loading reduction was 450kga’
(0.08gm >d™"). The removal rate was 28.09%. Com-
pared to the empirical values, TN went increasingly
beyond the range. It showed that TN was the main
important pollutant in the two wetlands.

4. Problems and improvements during wetlands
operation

Wetland vegetation plays a major role in wetlands.
Lush vegetation, huge biomass, timely harvest man-
agement, and vegetation renewal are the fundamental
guarantees for water purification in the wetland sys-
tems. However, vegetation degradation is relatively
common in the wetland treatment systems. Wetland
vegetation was good in the early running, which was
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Table 1
Pollutants loading in these two wetland
CODc; (kga™) TN (kga™") TP (kga ")
Wetland Loading  Loading reduction  Loading  Loading reduction = Loading  Loading reduction
East River wetland 71,339 37,140 33,181 17,284 1,621 515
Yaonigou wetland 50,816 24,403 25,753 12,439 1,601 450

severely degraded or absent in the operation and
maintenance process for various reasons. For example,
the plant is not timely replanted after death in winter;
the dominant species is replaced by others naturally
during plant growth process, seasonal plants growth,
mismanagement, etc. Vegetation with high purification
performance in the biological oxidation pond of East
River wetland did not consider carefully during the
construction of wetlands. In addition, East River wet-
land is a riparian wetland of high-water level. The
effluent discharged directly to Fuxian Lake. Several
drainage ditches were covered up by the sand and
gravel blown up by the wind and waves of the lake
beach. Wetland effluent is not easy to discharge into
the lake, for the reason that wetland flow is not uni-
form. In addition, flood discharge gate on the entrance
to the wetlands resulted in solid contaminants into the
lake and reduced the removal efficiency of SS. Some
improvements are needed to make on sedimentation
tank in the East River estuary.

Arch dam is selected to replace the river sluice.
Diversion tank should be increased for all sewage pre-
cipitation treatment and improvement of solid pollu-
tant removal. In addition, dredge and transformation
of the wetland drainage system should also be carried
on. Drainage ditches in the bottom of wetland outlet
should be dug as cross-section of 2,000 x 500 mm (efflu-
ent weir to the bottom as datum), using natural slope.
Narrow leaf cattail should be planted in the gullies.
Operation and management of Yaonigou wetland will
be in good condition through these improvements.

5. Conclusion

The results obtained during this one year of opera-
tion showed that Yaonigou wetland and East River
wetland treatment systems had an excellent perfor-
mance with respect to all constituents of pollutants
besides individual water quality parameters. A high
removal capacity of BOD and SS had mainly occurred
in East River wetland system. However, high nitrogen
removal has occurred in Yaonigou wetland. As a

constructed wetland, its functional pools were made
of concrete construction. Correspondingly, East River
wetland is a kind of semi-natural riparian wetland.
The treatment pond was built by using existing nature
slopes and ridge. Therefore, the whole treatment sys-
tem did not negatively affect the local ecosystem. Dur-
ing summer and winter, the consumed oxygen is
mainly used for the heterotrophic metabolism of
organic compounds. This resulted in ammonia elimi-
nation by the wetland of nearly 20% in summer and
half of this in winter. Also, a continuous reduction of
TN and TP was measured during the whole year,
mostly higher in fall. This might be an effect of the
phytoplankton’s death and sedimentation in the wet-
land during fall. Another factor at which both wet-
lands may differ was the release of components
during degradation of dead plant material. In the Ya-
onigou wetland, the standing biomass was removed
timely in the past and as such no decaying plant
build-up was present.

Microbial removal of pollutants is a very important
pathway for several contaminants. Because of the dif-
ference in age and process units between both wetland
types, a difference in biofilm development may be
present. At the start of the experiments, both wetland
types had an actual age of five years (Yaonigou wet-
land) and three years (East River wetland). Although
East River wetland was much younger, it can be
expected that in both used wetland types, a stable
microbial community was present and that gravel,
submerged plant parts, soil surface and the water col-
umn were completely colonized by biofilms. Subsur-
face flow wetland unit and surface flow wetland unit
were involved in Yaonigou wetland. Correspondingly,
there was only surface flow wetland unit in East River
wetland. The gravel in the subsurface flow wetland
unit was more important in removal of P than the soil
substrate in the surface flow wetland unit. The gravel
in the subsurface flow wetland unit has a higher
adsorption capacity than the soil and provides a larger
contact area as water flows within the gravel substrate
rather than on top of the soil surface.
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