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Abstracts

Aquaculture in earthen ponds has been conventionally and widely used. However, such culture
process typically requires a large amount of water resource, land area and energy, and produces a
polluted effluent, thereby resulting in a great impact on environment. Additionally, the accumulation
of the feces from fish and the residues of food normally cause deterioration of the pond water and
further reduce the production and quality of the aquaculture products.

This study is to integrate constructed wetland, or treatment wetland, technology into the
recirculating aquaculture, in which constructed wetland is used as a facility for aquaculture water
treatment so as to control the water quality in fishpond and reduce pollutant level in the fishpond
discharge. The constructed wetland (105m”) was built using part of an existing fishpond, and
included a free water surface flow unit followed by a subsurface flow unit. A fishpond (1125m?) was
connected with the treatment wetland to constitute a recirculating aquaculture system. Another
fishpond (1138m?) without connection of treatment wetland was used as a control fishpond, in which
traditional static aquaculture was carried out. This study investigated the performance of the
constructed wetland in removing the major pollutants from the recirculating aquaculture water, and
examined the effect of wetland treatment on water quality of the fishpond in the recirculating
aquaculture system.

Results of water monitoring of influent-effluent showed that constructed wetland effectively
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reduced TSS from 21£14 to 6£5mg/L in trials 1, 23+12 to 8+5mg/L in trials 2, and 37£10 to
15+15mg/L in trials 3, (removal efficiencies ranging from 54 to 78%), reduced BOD from 5.6£1.6 to
2.9+£0.8 mg/L in trials 1, 6.2+3.0 to 3.1£1.7 mg/L in trials 2, and 6.6+2.2 to 4.8+1.6mg/L in trials 3,
(removal efficiencies ranging from 27 to 46 %). Besides, constructed wetland showed good removal
efficiency in NH4-N ~ NO,-N and NOs-N (58% ~ 70% and 64%) from the recirculating aquaculture
water. After 72 days of shrimp culture, the weight and length of shrimps in the recirculating
aquaculture system exceeded that in the control fishpond, because the recirculating aquaculture
system can control higher water quality, through the treatment wetlands, in fishpond and reduce
pollutant level, thus increasing shrimp growth rate.

Keywords: constructed wetlands; recirculating aquaculture; shrimp
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# < !This invention relates to an equipment of water purification used in the
recirculating aquaculture, including a sedimentation pond that can collect
FHTHEP solids, a surface flow ecological reaction pond and a subsurface flow
ecological reaction pond a surface flow ecological reaction pond and a
subsurface flow ecological reaction pond that can further remove organic
matters, ammonia, nitrite and nitrate in the recirculating water from a culture
pond. The two ecological reaction ponds, cooperating with plants in water
and microorganisms on soil-rock media, can reduce the harmful matters.
After the methods above, the recirculating water is drained into a well and
then flows into the culture pond. The water purification equipment applying

in the recirculating aquaculture uses the natural and ecological treatment

mechanisms.
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EXECUTIVE SUMMARY

Due to the lack of sewage treatment system in Taiwan, domestic wastewater is untreated
or improperly treated and has become one of the major polluting sources on natural water
bodies. Interest in the development of decentralized treatment of wastewater has been
increasing because it offers householders or small communities of reusing the reclaimed
wastewater without expensive reticulated sewerage. The Government of Tainan County, in
the southern Taiwan, has recognized a policy on pollution control of domestic wastewater,
in that centralized treatment systems will be primarily provided in urban areas whereas
decentralized treatment systems will be offered in rural communities. Ecological
engineering methods, such as constructed wetlands, soil filtration system, and stabilization
pond, have been examined as feasible decentralized treatment technologies, because
they have common advantages of low cost, low maintenance, easy construction, and lack
of need for heavy machinery and energy. Constructed wetlands can additionally provide
wildlife habitats and enhance landscape aesthetics. To date, there have been three
ecological engineering systems built to efficiently perform the wastewater treatment in

Tainan County - Erhang constructed wetland system, Gangwei constructed weland

system, and Dajia soil filtration system. The objectives of the study were to investigate the
efficacy of the three ecological engineering systems for treatment and reuse of domestic
wastewater from rural communities, and to evaluate their abilities to enhance the biological
diversity. The results of influent-effluent water quality, monitored from July to December
2004, showed that all the three systems could effectively reduce the major pollutants from
influent sewage, resulting in treated effluents that always satisfied the Discharge
Standards. The treated wastewaters from the three systems were reused, rather than
disposal, for irrigation of landscape, horticulture, or agriculture lands close to the treatment
systems. The results of ecology survey demonstrate that ecological engineering treatment
systems increased the diversity of flora and fauna in the landscape. Flora includes the
macrophytes and ornamental plants artificially planted and the wild grasses or plants.
Fauna includes a variety of birds, fish, amphibians, reptiles, insects, spiders, and aquatic
invertebrates species. This study concludes that ecological engineering approaches are
cost effective and technically suitable for on-site treatment and reuse of domestic
wastewater from rural communities as well as enhancement of landscape and ecology
aesthetics. Construction of more such systems in rural communities of Taiwan is being
undertaken.



INTRODUCTION

Due to deficiency of appropriate sewerage system in Taiwan, domestic wastewater is
untreated or improperly treated and has become one of the major polluting sources on
natural water bodies. A large centralized treatment plant with reticulated sewer system is
an efficient approach to solve water pollution problem; however, it requires high costs to
install and maintain and long term for construction. With national funds becoming
increasingly limited, most towns or cities cannot afford this type of conventional centralized
approach. In Taiwan, only less than 15% of the population is currently connected to a
centralized treatment plant. Moreover, wastewater treated by a centralized system is
difficult to be reused because the distance between reuse location and treatment plant is
normally too long (Ho, 1996). On the other hand, interest in the development of on-side (or
decentralized) treatment of wastewater has been increasing because it offers
householders or small communities of reusing the reclaimed wastewater without extensive
infrastructure development and expenditure (Ho, 1996; Bakir, 2001).

A decentralized wastewater management system may include a number of on-site
treatment sub-systems serving individual homes, clusters of homes, residential buildings,
commercial or institutional establishments, in where wastewater is treated rather close to
the point of origin and reuse (Wilderer and Schreff, 2000). A variety of technologies used
for on-site wastewater treatment worldwide have been reported (Ho, 1996; Oron et al.,
1999; Wilderer and Schreff, 2000). In Taiwan, there have been existing on-site treatment
systems for residences. Old dwellings or clusters of homes normally use septic tank to
separate feces solids from wastewater, but with failure in removing soluble pollutants.
Since the past decade, new households or buildings have been regulated to adopt a
“compact plant”, including septic tank, biological contact aeration process, settling tank,
and chlorination, which is similar to the technology of the centralized wastewater treatment
plant. This plant is designed to not only retain feces or solids, but also remove organic
mater and pathogens from wastewater. However, the knowledge and willing of
householders or owners to operate such sophisticated facility is generally insufficient.
Therefore, development in alternative on-site treatment technology with low cost, high
efficiency, easy maintenance is essential for improving management of domestic
wastewater, particularly from rural communities where cannot afford a centralized
sewerage system.

Constructed wetlands, an ecological technology, have been successfully used for decades
to treat various types of wastewater, including municipal wastewater, acid mine drainage,
industrial wastewater, agricultural and urban storm runoff, and effluent from livestock
operations (IWA, 2000). Comparing to conventional treatment system, constructed
wetlands are characterized by the advantages of lower capital costs, lower dependence on
energy and maintenance, because they are based on natural processes driven by solar
energy and gravity. Moreover, the increased wetland ecosystem can provide landscape
aesthetics and wildlife habitat. Treatment wetlands have been applied as on-site treatment
technology for management of domestic wastewater from individual residences (Neralla et
al., 2000), commercial or school buildings (House et al., 1999), or small communities
(Luederitz et al., 2001; Greenway and Simpson, 1996).

In Tainan County, where is located in southern Taiwan, government has recognized a
policy on pollution control of domestic wastewater, in that centralized treatment systems
will be primarily provided in urban areas and decentralized systems will be offered in rural
communities. Since 2001, the Bureau of Environmental Protection in Tainan County
Government has initiated a series of projects to evaluate the feasibility of natural treatment
systems, or so called ecological engineering methods, as on-side treatment technologies



for decentralized wastewater management in rural communities. The technologies that
have been examined include constructed wetlands, soil filtration system, stabilization pond
etc. To date, there have been three ecological engineering systems built to efficiently

perform the wastewater treatment - Erhang constructed wetland system, Gangwei

constructed wetland system, and Dajia soil filtration system. The objectives of the study
are to investigate the efficacy of the three ecological engineering systems for on-side
treatment and reuse of domestic wastewater from rural communities, and to evaluate their
abilities to enhance the biological diversity.

SITE DESCRIPTION AND METHODS

Erhang Constructed Wetland System

Erhang constructed wetland system (Figure 1(A)) was built at Erhang village in November
2001. It consisted of a stabilization pond, a free water surface (FWS) wetland, a
subsurface flow (SSF) wetland arranged in series. The stabilization pond was measured by
36.2 m x 7.4 m (long and wide), and was divided into three equal-area sections along the
long and flow direction. The first section was not planted with any macrophyte, whereas
the second and third sections were planted with water lettuce (Pistia stratiotes) and water
hyacinth (Eichhornia crassipes), respectively. Water depth of the pond was maintained at
approximately 1.0 m. The FWS wetland was an S shape ditch with a dimension of 98.5 m
long and 3 m wide. A 0.3 m thick local soil layer (Jender silty loam) lined the bottom, and
the depth of the surface water was 0.5 m. The SSF wetland was 14.4 m long and 5.0 m
wide, and filled with a 1.0 m thick layer of gravel (20 mm average in size), providing a void
volume of 45%. The water depth of the gravel bed was controlled at 0.8 m by a discharge
facility. Cattails (Typha orientalis Presl.) and common reed (Phragmites australis L.) were
planted in the FWS wetland and common reed was planted in the SSF wetland. The total
area of the treatment wetlands was thus estimated to be 635 m? Part of domestic
wastewater from Erhang community, with the flow rate ranging from 30 to 90 m®day, was
intercepted and pumped into the front part of the stabilization pond, and then flowed
through the treatment wetlands by gravity.

Gangwei Constructed Wetland System

Gangwei constructed wetland system (Figure 1(B)) was built at Gangwei village in April
2004, and consisted of four FWS wetland cells, each measuring 21 m long x 10 m wide,
and an ecological pond (2046 m?) connected in series. Hygrophila pogonocalyx,
Gymnocoronis sp., Ceratophyllum demersum, and cattails were planted in the FWS
wetlands. Domestic wastewater collected from the community was pumped into the first
FWS cell and then flowed through the wetlands by gravity.



(A)

(B) ©

Figure 1 (A) Erhang constructed wetland system, (B) Gangwei constructed wetland system, and (C) Dajia soil filtration
system for decentralized treatment and reuse of domestic wastewater from rural communities.

Dajia Soil Filtration System

This system was built in May 2004 and located at Dajia village. It mainly included an
anaerobic digester (12.3 m x 9 m) and a soil filter (52.5 m x 15 m), which were established
under the ground. The anaerobic digester was made of brick and concrete in main body,
being covered with a gravel layer (50 cm thick) and then a soil layer (25 cm thick). The soll
filter lined with impermeable plastic liners was divided into three equal-size compartments
with connecting in parallel. Perforated distribution pipes were installed at the top of the
inlet end of each compartment to conduct the flow of wastewater from the anaerobic
digester to soil filter, while perforated collection pipes were installed at the bottom of the
distal end of the compartment for drainage of the treated wastewater. The filtration
medium filled in the filter comprised local soil (84%) and rice hull (16%). The land area
above the ground of the treatment site was schemed as a garden planted with a variety of
terrestrial and ornamental plants (Figure 1(C)). Part of domestic wastewater from Dajia
community, with a flow rate ranging from 40 to 60 m®day, was collected and pumped into
the anaerobic digester, and then passed through the filter via gravity flow. The treated
wastewater was retained in an aboveground pond (3 m x 2 m) for reused.



Table 1 Performance of Erhang constructed wetland system in treating domestic wastewater from Erhang communities

Total coliforms

Parameters TSS BODsg TN TP

(CFU/mL)
Influent, mg/L 57 37 18.3 3.2 54,929
Effluent, mg/L 17 9 4.6 1.6 305
Removal efficiency, % 48 76 74 42 98
Removal rate, kg/day 1.67 1.39 0.68 0.07
Areal removal rate, g/m?/d 2.63 2.20 1.04 0.11

Water Sampling and Analysis

Water samples were collected biweekly from the inlet and outlet of each treatment unit of
the three ecological engineering systems. All water samples collected were stored in an
ice container and transported immediately to laboratory for water quality analysis. Total
suspended solids (TSS), 5-day biochemical oxygen demand (BODs), chemical oxygen
demand (COD), total Kjeldahl nitrogen (TKN), ammonium nitrogen (NH4-N), nitrite nitrogen
(NO2-N), nitrate nitrogen (NOs-N), total phosphorous, and orthophosphate were
determined for the samples in the laboratory, while temperature, dissolved oxygen (DO),
and pH of the wastewater at each sampling location were also measured in situ when
sampling was performed. All above measurement methods were according to Standard
Methods (APHA et al., 1995).

Ecological Assessment

Ecological assessments included surveys of vegetation, bird, fish, amphibian, reptile,
spider, insect, and benthic invertebrate. The species and the number of individuals for the
species were observed and recorded. Ecological diversity was evaluated using the usual
Shannon-Weiner index.

RESULTS AND CONCLUSIONS

Water quality improvement

The results of water quality monitored from July to December 2004 show that all the three
systems could effectively reduce the major pollutants from influent wastewater, resulting in

treated effluents that always satisfied the Discharge Standards, i.e. TSS < 30 mg/L,

BOD5 < 30 mg/L, and total coliforms < 2000 CFU/mL (Tables 1~3). Erhang system

reduced total suspended solids (TSS), 5-day biochemical oxygen demand (BODs), total
nitrogen (TN), total phosphorous (TP), and total coliforms from influent sewage with
efficiencies of 48, 76, 81, 42, and 98%, respectively (Table 1). In Gangwei system, TSS,
BODs, TN, TP, and total coliforms in influent sewage were removed by 22, 60, 71, 67, and
70 %, respectively (Table 2). Removals of influent TSS, BODs, TN, TP, and total coliforms
in Dajia system were 32, 74, 52, 45, and 94 %, respectively (Table 3).

Water Reuse for Irrigation

The treated wastewater from the Erhang constructed wetland system was conducted into
a scenic pond and then was reused to irrigate the terrestrial vegetation in the wetland site
and the coconut and horticultural plant on the farmland next to the wetland site. The
farmlands of coconut and horticultural plant occupied approximately 0.3 and 0.2 ha,
respectively. Effluent from the wetland was rarely discharged to the adjacent water bodies.
Ditch irrigation was used to avoid the contact of treated wastewater with human. Coconut
production was found to considerably increase after the treated wastewater being reused.



Table 2 Performance of Gangwei constructed wetland system in treating domestic wastewater from Gangwei
communities

Total coliforms
Parameters TSS BODs TN TP

(CFU/mL)
Influent, mg/L 58 14 4.9 3.7 1193
Effluent, mg/L 16 5 1.0 1.1 207
Removal efficiency, % 68 61 71 67 70
Removal rate, kg/day 5.12 1.08 0.32 0.32
Areal removal rate, g/m*/d 1.76 1.04 0.11 0.31

Table 3 Performance of Dajia soil filtration system in treating domestic wastewater from Dajia communities

Total coliforms

Parameters TSS BODs TN TP

(CFU/mL)
Influent, mg/L 24 40 27.9 3.3 261,599
Effluent, mg/L 19 7 13.4 1.9 18,742
Removal efficiency, % 15 74 52 45 94
Removal rate, kg/day 0.33 2.02 0.45 0.10
Areal removal rate, g/m?/d 0.21 1.31 0.29 0.07

In Gangwei system, the treated wastewater was mainly recycled as the water supply of the
large ecological pond for improvement of landscape aesthetic and ecology diversity.
Irrigation of the terrestrial vegetation in the wetland site also used the treated wastewater.
The treated wastewater from the Dajia system was recycled for irrigation of the ornamental
plants in the garden above the soll filtration bed so as to create a site of recreation for
residents of the community.

Ecological Assessment

The results of ecology survey demonstrate that the three ecological engineering treatment
systems increased the diversity of flora and fauna in the landscape. Flora includes the
macrophytes and ornamental plants artificially planted and the wild grasses or plants.
Fauna includes a variety of birds, fish, amphibians, reptiles, insects, spiders, and aquatic
invertebrates species. Dajia system was comparatively lower in ecological diversity
probably because there was no sufficient wetland or pond to provide habitat for fauna, as
indicating from a very low Shannon index for fish and reptile. Erhang system was likely
with the highest ecological diversity among the three systems because this system had the
longest duration of wetland operation.

In conclusion, ecological approaches, such as constructed wetlands, soil filtration system,
stabilization pond, are cost effective and technically suitable for on-site treatment and
reuse of domestic wastewater from rural communities. They can also provide multiple
functions as enhancement of landscape and ecology aesthetics for the community.
Construction of more such systems in rural communities of Taiwan is being undertaken.



Table 4 Shannon index of an individual type of fauna present in the three ecological engineering treatment systems

- Erhang system Dajia system Gangwei system
ype

Aug Sep Oct Nov Aug Sep Oct Nov Aug Sep Oct Nov
Bird 197 1.98 1.92 2.21 1.82 2.09 2.15 2.00 1.65 1.71 1.84 2.12
Fish 140 1.44 1.39 1.39 0.00 0.00 0.00 0.00 0.50 0.41 0.38 0.00
ﬁmph'b'a 064 086 089 056 1.05 1.00 105 000 1.08 1.07 107 056

Reptile 142 122 154 147 000 000 000 000 068 067 095 0.67
Spider 127 198 226 230 043 041 058 064 090 148 160 154

Insect 3.09 3.28 3.33 3.02 268 273 311 2.92 2.30 1.88 226 2.25
Benthic

invertebr 1.18 0.95 1.07 1.18 - - - - 1.90 1.96 1.85 1.93
ate
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