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Abstract

In an ACIAR research project, the potential use of FILTER (filtration and irrigated cropping for land treatment
and effluent reuse) technology developed in Australia is being evaluated for overcoming the problems of
wastewater treatment and reuse in China. The FILTER technique combines the use of nutrient-rich effluent for
cropping, with filtration through the soil to a subsurface drainage system during periods of low cropping
activity and high rainfall. FILTER field trials in Australia showed that the system could be operated to ensure
that the subsurface drainage water has pollutant concentrations that meet environmental authority criteria for
potential discharge to natural water bodies. Use of the FILTER system on a saline–sodic soil to treat saline
sewage effluent led to continuing high crop yields and progressive reduction in salinity and sodicity of the soil,
by maintaining an adequate leaching fraction. 

FILTER trials in China were conducted at Wuqing, located 65 km southwest of Tianjin City. At this site, FILTER
plots measuring 60 m x 40 m were used. During four cropping seasons there were reductions of 97–99% and 83–
87%, respectively, in total-nitrogen and total-phosphorus loads in the drainage waters. The loads of suspended
solids, BOD and COD were markedly reduced also, by 68–81%, 61–79% and 75–86%, respectively. A pesticide–
spiking experiment on the FILTER plots showed complete removal of malathion in the drainage waters and, in the
case of chlorpyrifos, the load reduction was 99.8%. In a heavy metal spiking trial using cadmium, copper, mercury
and lead, there was a 96% reduction in the concentration of the heavy metals in the drainage water, indicating their
strong absorption by the soil. The heavy metal load reduction exceeded 99%. Overall, the results indicate that the
silty clay soils at the trial site have good pollutant removal and retention properties. 

The field trials in both China and Australia indicate that the FILTER system offers opportunities for
sustainable irrigated cropping with saline wastewater on degraded salinised lands. It is also capable of
removing the major pollutants in wastewaters such as nutrients, BOD, COD, total suspended solids, E. coli and
agricultural chemicals that adsorb onto the soil during filtration, thereby increasing the potential reuse of the
drainage water for downstream irrigation and other uses. The pollutant load reduction rates were comparable
at the two sites at Griffith and Wuqing with clay and silty clay soils, respectively. 

FILTER field trials have also been installed in Da Tong in Shanxi Province to evaluate its potential, as well
as design and management requirements at a site with permeable soils, deeper water tables and very cold
weather conditions. Early indications are that the harsh winters in Shanxi are not easily managed by simple
modifications to the FILTER approach. Combining FILTER with controlled environment poly-greenhouses is
being investigated to try to overcome the winter wastewater renovation problems.
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Introduction

Environmental protection agencies (EPAs) in many
countries have promoted land treatment and reuse of
sewage effluent and other wastewaters to reduce pol-
lution of natural water bodies. When soil conditions
are suitable, land treatment of wastewater for irrigated
cropping or forestry systems can be successfully prac-
tised. However, on soils with restricted drainage and
high watertables, effluent irrigation can lead to water-
logging as well as salinisation and sodification, where
the leaching fraction required to remove excess salts in
wastewater is inadequate. This could reduce crop
yields and nutrient removal, and hence the long-term
sustainability of such sites. In addition, where the
wastewater needs to be stored on expensive semi-
urban lands during wet weather and winter periods,
when the evapotranspiration needs for irrigated crop-
ping falls, the costs escalate. Therefore, alternative
land application technology has to be developed for
such marginal application sites on urban lands.

The land FILTER technique 
The land FILTER (filtration and irrigated cropping
for land treatment and effluent reuse) technique was
proposed to overcome the aforementioned problems,
and to provide a sustainable and cost-effective land-
treatment system on the limited available areas of
high-value land around urban centres (Jayawardane
1995). The FILTER technique combines using
nutrient-rich effluent to grow crops, with filtration
through the soil to a subsurface drainage system
during periods of low cropping activity and heavy
rainfall (Figure 1). It thus provides wastewater treat-
ment throughout the year and the use of high
hydraulic loading rates on the small areas of available
land, with reuse or discharge of the subsurface
drainage waters. 

In the FILTER system, the rate of wastewater
application and subsurface drainage could be
designed to ensure adequate pollutant removal,
thereby producing low-pollutant subsurface drainage

Figure 1. Schematic diagram of FILTER plots
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water that meets EPA criteria for discharge to surface
waterbodies or for other urban reuses. This filtration
phase could be followed, if and when necessary, by a
cropping phase to remove any nutrients stored in the
soil of FILTER plots, thereby maintaining a sustain-
able system. The preliminary experiments at the Grif-
fith, New South Wales FILTER trial site in Australia
showed that adequate crop growth and nutrient
removal could be achieved by crops grown during the
filtration phase, which eliminated the need for a sep-
arate cropping phase (Jayawardane et al. 1997a,b). 

In the FILTER system, the land at the effluent
application site is prepared as follows. In soils with
low permeability, physical loosening and chemical
amelioration of the soil to about 1 m depth is used to
increase soil macroporosity and hydraulic conduc-
tivity. A network of subsurface drains is installed at
the bottom of this loosened layer, with control valves
to allow for the regulation of leaching rates through
the soil. Alternatively, controlled pumping from a
drainage sump could be used to regulate the outflow,
to approximately match the net hydraulic loading of
the system. The controlled drainage system enables
manipulation of the watertable, and hence provides
control of the depths of the aerated and anoxic soil
layers above the drains, to maximise the pollutant
removal and to provide adequate root-zone condi-
tions for crop production.

A commercial FILTER system requires installa-
tion of 7–10 FILTER blocks. In operating the system,
the wastewater is applied to each block on a 10–14
day rotation. Each effluent application cycle or filter
event (Figure 2) consists of four consecutive stages.
These four stages are: wastewater application (irriga-
tion); followed by a post-irrigation equilibration
period; a pumping period (until drainage outflow
approximately matches the net inflow); and finally a
no-pumping equilibration period (leading to flat-
tening of the watertable). The subsurface drains are
closed except during the pumping period, to max-
imise the wastewater interaction with the soil. The
manipulation of these four-stage effluent application
and drainage operations could be used to maximise
the removal of nutrients and other pollutants, as the
wastewater flows through the soil. Crop uptake and
microbial degradation processes could be used to
prevent the long-term excessive build-up of pollut-
ants in the soil. The FILTER design and management
at a given site depend on factors such as the land area
available, the pollutants present in the wastewater,

the daily wastewater production rate and the require-
ments for pollution reduction by the local EPAs.

Field testing of the FILTER system in 
Australia and China 

Preliminary testing of the FILTER technique was
carried out at the Griffith Sewage Works site in
central New South Wales, Australia, on eight 1 ha
preliminary experimental plots (Jayawardane et al.
1997a,b), and on a 15 ha pilot trial (Biswas et al.
1999a,b; Jayawardane et al. 1999, 2001a) on a highly
salinised, heavy clay soil with impeded drainage and
a high watertable. The results obtained during the
Griffith preliminary trials and pilot trial showed that
the FILTER system meets its primary objectives of
providing pollutant concentration reductions to
below EPA limits in drainage waters, while main-
taining adequate drainage flow rates and crop pro-
duction. For instance, during the five cropping
seasons on the pilot trial, the total phosphorus in the
effluent applied varied between 2.0 and 8.2 mg/L,
while the mean value in the drainage waters was
0.31 mg/L (Figure 3). The total-nitrogen concentra-
tion in the effluent applied ranged from 4.6 to 33.1.
The total-nitrogen concentrations in the drainage
waters were initially high due to leaching of pre-
FILTER soil accumulations of nitrogen, but fell
below 11 mg/L after filter event 5 of the first crop-
ping season, and remained below this value for the
next four cropping seasons. Concentrations of sus-

Figure 2. FILTER irrigation and drainage
operations, during a filter event
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pended solids, BOD5 and chlorophyll a were also
markedly reduced in the drainage waters.

Pollution load reductions in the drainage waters
(Table 1) during the five cropping seasons of the pilot
trial for total P, total N, suspended solids, BOD5,
chlorophyll a, and oil and grease were 96, 60, 81, 93,
100 and 60%, respectively (Jayawardane et al. 1999,
2001a). 

Soil chemical analysis at the Griffith trial site
showed that the pre-FILTER nutrient accumulations
which occurred due to previous effluent irrigations
were depleted by intensive cropping under the
FILTER system. Soil analysis also indicated a reduc-
tion in the pre-FILTER levels of soil salinisation
(Figure 4) and sodification after installation of the
FILTER system, through removal of excess salt in

the subsurface drainage (Jayawardane et al. 2001a,b;
2002a). The FILTER system could thus be used to
ameliorate degraded salinised and waterlogged land,
thereby adding economic value to the reclaimed
lands. This is in contrast to wastewater irrigation
schemes where good quality and high-value agricul-
tural lands with adequate drainage are required to
provide a sustainable system. Substantial crop yields
were obtained on FILTER plots. These could be used
to offset costs of installation and operation of com-
mercial FILTER systems.

Figure 3. The mean total-phosphorus concentrations
in the sewage effluent applied and
subsurface drainage discharges from the
pilot FILTER trial, during successive filter
events over five cropping season

Table 1. Pollutant load reductions (%) during the Griffith preliminary and pilot FILTER trials, and in the Wuqing
FILTER trial (with drain spacings of 5 m and 10 m)

Pollutant Griffith 
preliminary 

Griffith 
pilot 

Wuqing 
(5 m drains)

Wuqing 
(10 m drains)

Total P 96 96 99 99

Total N 75 60 82 86

Suspended solids 81 68 81

BOD5 93 61 79

COD 75 86

Grease and oil 60

Chlorophyll a 100

Malathion 99.4 100

Chlorpyrifos 100 99.8

Other pesticides 98–100

E. coli (counts) 100

Figure 4. Soil salinity reductions during operation
of the pilot FILTER trial
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Spiking trials with the full range of pesticides used
in the Murrumbidgee Irrigation Area (bensulfuron,
molinate, malathion, chlorpyrifos, diuron, bromacil,
atrazine, metolachlor and endosulfan) showed that
FILTER systems could be used to reduce the pesti-
cide concentrations from excessively high levels
observed in surface drains of the area to values well
below EPA limits (Jayawardane et al. 1997a; Biswas
et al. 2000a,b). The pesticide loads were reduced by
more than 98%. 

Wastewater pollution surveys in China indicate
severe pollution problems in many rivers, lakes,
bays, groundwater and coastal waters. Recognising
the need to develop and evaluate economically and
socially acceptable methods of treating and reusing
wastewater to increase crop production and minimise
pollution of waterbodies in China, the China Institute
of Water Resources and Hydropower Research
(IWHR), Tianjin Water Conservancy Scientific
Research Institute (TWCSRI) and CSIRO Australia
carried out an ACIAR research project on the
FILTER system for land treatment of wastewaters.
The research was carried out at a field site in Wuqing
county near Tianjin, China. The field site is located in
an area where there is intense competition for scarce
freshwater resources among users and extensive pol-
lution of waterbodies from wastewater discharges.
The area also has saline wastewaters and extensive
areas of agricultural lands with saline soils and high
watertables, which could potentially be ameliorated
for cropping by the FILTER technique, thereby pro-
viding a dual benefit. The area surrounding the field
trial site receives irrigation diverted from Beijing

City ‘sewage river’, which also collects untreated
sewage effluent discharge from a nearby township.

 FILTER trials in China were conducted at Wuqing,
located 65 km south-west of Tianjin City. The main
aim of the Wuqing trial was to evaluate the FILTER
techniques for sustainable crop production and for
removing pollutants in wastewater (Gao et al. 2000). At
this site, FILTER plots measuring 60 m × 40 m were
used (Figure 5). During four cropping seasons there
were reductions of 97–99% and 83–87%, respectively,
in total-nitrogen and total-phosphorus loads in the
drainage waters. The loads of suspended solids, BOD
and COD were also markedly reduced, by 68–81%,
61–79% and 75–86%, respectively. A pesticide-
spiking experiment on the FILTER plots showed com-
plete removal of malathion in the drainage waters and,
in the case of chlorpyrifos, the load reduction was
99.8%. In a heavy-metal spiking trial using cadmium,
copper, mercury and lead, there was a 96% reduction in
concentration of the heavy metals in the drainage
water, indicating a strong adsorption of the heavy
metals in the soil. The heavy metal load reduction
exceeded 99%. Overall, the results indicate that the
silty clay soils at the trial site have good pollutant
removal and retention properties. The results indicate
pollutant reduction rates comparable to those observed
in the Australian field trials on a clay soil (Table 1),
while maintaining adequate flow rates and crop pro-
duction. The FILTER site at Wuqing was also used to
treat wastewater from a nitrogen fertiliser factory that
was known to be polluting a river near Tianjin. The
FILTER system markedly reduced the pollutants in the
wastewater, and the yield of crops grown increased due
to the nitrogen additions in the wastewater. 

Figure 5. FILTER trial site in Wuqing, China. The subsurface drainage from the FILTER plots located
on both sides of the centre road collects in the drainage sumps (located in a row adjacent to the
road) and is then pumped to the drainage storage tank (right foreground)
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Collaborative research between the Australian and
Chinese scientists was also carried out on developing
FILTER operational systems and models to provide
improved understanding and management of FILTER
systems to treat different wastewater (Jayawardane et
al. 2002b,c; Cheng et al. 2003). Collaborative studies
were also conducted on optimisation modelling, to
assist wastewater managers in optimising the FILTER
design and management according to the needs for
pollutant removal and wastewater reuse at specific
sites (Gao et al. 2002).

Current FILTER trials in Shanxi 
Province, China

The main aim of the new field trial at Shanxi is to
develop a holistic, integrated system for using waste-
water in a sustainable irrigated cropping system,
combined with reduction of pollutants in the drainage
water to low concentrations that meet potential dis-
charge and reuse standards. We propose to install a
FILTER-type system with adequate modification to
suit the specific site conditions. A preliminary
inspection of the field site and assessment of the

available information indicates that the following
two modifications need to be applied to meet the site
requirements: (a) subsurface drainage designed
according to the regional groundwater hydrology of
the site, which has more permeable soils and deeper
piezometric levels than on sites previously used for
FILTER; and (b) wastewater application under
freezing conditions in winter.

Shanxi authorities selected a field site close to Da
Tong City to install and monitor a FILTER system.
Currently at this site, wastewater from a small city of
around 30,000 inhabitants is subject to primary treat-
ment. About half of the sewage effluent from the city,
consisting of a flow rate around 2 ML/day, is cur-
rently discharged into a tributary of the Yang River.
A part of this wastewater is used during summer as
supplementary irrigation in an agricultural field close
by. Three trial plots were established and instru-
mented in May 2004 (Figure 6). The field instrumen-
tation is designed to allow the automated
measurement of soil water content, soil pressure
potential and soil temperature at various depths. A
weather station was also installed at the site. The soil
physical and weather data are stored in the data

Figure 6. FILTER trial site in Da Tong, Shanxi Province showing terminating boxes,
cages over tensiometers and soil suction samplers in the plot in the foreground.
The three terminating boxes can be seen on the three plots. The cabling
between these terminating boxes and through to the data logger is buried.
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logger and can be accessed through a modem. The
data logger was housed in a building for security
reasons and cables were run from the terminating
buses in each plot, back to the house in a serial
manner. The boxes holding the terminating buses are
shown in Figure 6. During the spring/summer maize
cropping months, excess effluent irrigation was
applied to the plots. During winter months the plots
were subjected to wastewater filtration through the
soil without a crop.

The hydrogeology of this system was investigated
to understand how a FILTER system for effluent irri-
gation and pollutant removal can be operated without
causing unwanted environmental damage. If shallow
groundwater conditions develop under the FILTER
plots, it will be possible to use shallow horizontal
drains to recycle water. However, if this is not the
case, then deeper drainage techniques such as single
or multiple strainer shallow tubewells will be needed.
We also need to know the impact of increased
hydraulic and nutrient loading on the regional
groundwater in terms of altered groundwater regime,
interaction with surface channels or pollutant con-
tamination. Thus, we need to know where this water
will move to, and its quality in the long term.

The analysis of the preliminary data on the soil
physical properties at the field site and on-field obser-
vations indicates that the soils at the site have high
hydraulic permeability and deep watertables. The site
therefore appears to be more suitable for a modified
FILTER system with a vertical drainage system, than
the conventional horizontal system. On the basis of
hydrogeological properties at the experimental site, a
radial flow model of a FILTER site is being developed
to test recharge, pumping and drawdown scenarios.

Combining FILTER with poly-
greenhouses for wastewater 
renovation in cold winters in 

northern China

The harsh cold climates in northern China are an
important climatic deterrent to year-round adoption
of land application of wastewater for irrigated crop-
ping such as in the FILTER system. The soils are
frozen for long periods of each year. Innovative
methods are needed to overcome this problem.
IWHR researchers have developed a novel approach
to modifying FILTER systems for application in the

cold winter areas in northern China, by combining
FILTER with existing poly-greenhouses (Figure 7). 

In the outskirts of most cities in northern China,
use of protected canopies or greenhouses is a
common practice for production of vegetables and
other crops to meet year-round heavy demand from
urban dwellers, but these enterprises often face short-
ages of irrigation water. Modifying these green-
houses to combine them with FILTER technology
could provide complementary benefits of potentially
increased crop production and provision of low-cost
wastewater renovation. Thus, in addition to using
partly treated wastewater to grow specific crops within
accepted health guidelines, the land FILTER systems
installed under appropriately heated greenhouses can
be potentially used through the cold winter months to
remove the pollutants in the wastewater as it drains
through the soil to the subsurface drainage systems
installed beneath the poly-greenhouses. This drainage
water can be discharged to natural waterbodies or be
reused to help overcome the acute water shortage
problems in cities in northern China. 

A preliminary trial site has been established in the
Beijing Water Commission area to develop and test
the efficacy and potential application of the combined
FILTER and poly-house technologies (Figure 7).

Potential application of FILTER 
technique in addressing the 

wastewater pollution problems in 
China

Wastewater pollution surveys in China indicate
severe pollution in many rivers, lakes, bays, ground-
water and coastal areas, due to lack of strict EPA con-
trols in the past. The economic and environmental
benefits of improved wastewater reuse in China in
increasing agricultural production and preventing
pollution of downstream water supplies and fisheries
are well documented. In China, irrigated lands
produce two-thirds of the total crop production. Irri-
gation is therefore a key factor influencing agricultural
production in China, which is being threatened by
increasing demands for domestic and industrial water
(MWREP 1987; Wang 1989; CNCID 1994). The daily
total water and wastewater resources available for irri-
gation are 7.7 and 0.1 million ML, respectively. How-
ever, during low rainfall seasons, the proportion of
wastewater to total water resources can exceed 20% in
the drier river basins in northern China. This propor-
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tion will increase in the future (Wang 1989) and
hence provides an important water resource. 

It has also been recognised in China that the daily
discharge of untreated sewage and industrial effluent
causes serious pollution to watersheds and damages
biological environments (Wang 1989; Mei and Feng
1992; CNCID 1994). In 1985, the proportions of
sewage and industrial effluent that were treated
before discharge were less than 3% and 22%, respec-
tively. Many lakes and rivers close to cities receive
large quantities of untreated effluent, thereby losing
their previous functions of drinking water supply,
recreation and aquatic production. In a survey of 878
rivers in the early 1980s, 82% were polluted to some
degree and in more than 5% of total river length there
were no fish. Over 20 waterways were considered
unusable for agricultural irrigation because of pollu-
tion (Wang 1989). Concerns have also been
expressed about the risk to public health by the use of
mixed industrial and sewage effluent for irrigation of
edible crops, especially from accumulation of heavy
metals such as cadmium, lead, mercury and chro-
mium (CNCID 1994). This also leads to degradation
of irrigated cropping lands by pollutant accumula-
tion. Surveys indicate that more than 85% of the pol-
lution load in China comes from 9000 point-source
polluters. The major pollutants in the waterways in
China are organic matter, nutrients, heavy metals and
toxic organic chemicals (Wang 1989; Mei and Feng
1992). As only 3% of the sewage effluent is treated,
pathogens counts could be expected to be high near
discharge points. Presence of excess nutrients in

wastewater discharge can cause algal blooms in
downstream waterbodies, making the water unsuit-
able for consumption by humans and farm animals
and for other uses, as exemplified in recent outbreaks
of algal blooms in Lake Dianchi in Yunnan Province.

With increasing public awareness of the impor-
tance of environmental pollution control, Chinese
authorities have started introducing laws to force
wastewater producers to clean their wastewater.
While wastewater treatment plants may be econom-
ical in the larger, affluent cities with only limited
available lands, wastewater renovation and reuse by
land application systems could be more suited for
smaller and less affluent cities, and for industries
located in rural areas. 

The specific choice of the wastewater land appli-
cation system or combination-systems for providing
adequate wastewater renovation without pollution
risk of public water supplies will be determined by
the hydrological conditions at the site, as discussed in
detail by Foster et al. (2003). Figure 8, taken from
Foster et al. (2003), illustrates hydrological condi-
tions in which poorly designed effluent irrigation can
lead to pollution of public water supplies, while com-
bination systems which could involve pre-treatment
with recharge lagoons or FILTER systems eliminate
such risks. Thus, FILTER systems in combination
with other wastewater treatment and reuse schemes
could be used to overcome the water pollution con-
cerns, in both new city planning and in solving prob-
lems of existing smaller cities and rurally located
industries in China. 

Figure 7. (left) Poly-greenhouses with FILTER plots, underlain with a subsurface drainage system; (right)
Cheng Xianjun inspecting the drainage sump into which subsurface FILTER drainage water flows.
This drainage water (with pollutants reduced below EPA limits) could be reused, or discharged into
surface water bodies.

Chinawater.book  Page 150  Monday, July 24, 2006  11:33 AM



151

From: Willett, I.R. and Zhanyi Gao, ed., 2006. 
Agricultural water management in China. Proceedings 
of a workshop held in Beijing, China, 14 September 
2005. Canberra, ACIAR Proceedings No. 123.

The optimum combination of FILTER with other
wastewater treatment practices will vary widely
according to specific site conditions (Jayawardane et
al. 2002c). In such integrated planning, both the con-
cerns of the environmental authorities on reducing pol-
lution of the waterbodies and interest of the
wastewater managers to reuse the wastewater eco-
nomically, need to be considered. In addition, a
holistic and integrated approach for combining water-
supply management and wastewater reuse should be
adopted, where the adequately treated wastewater can
offset the demands on fresh water supplies. According
to specific site conditions and available land resources,
the following advantages of FILTER systems should
be considered in the integrated water and wastewater
management plans. The FILTER system can be sus-
tainably used on saline, sodic, waterlogged and other
degraded low-cost lands, and for dealing with saline
wastewaters. A high hydraulic loading could be used

to reduce the required area of semi-urban land for
wastewater renovation and the ‘cleaned’ drainage
waters can be reused for agricultural, industrial and
other uses, thereby reducing the demand on water
supply requirements. As illustrated in Figure 8, the low
volumes of industrial wastewater containing heavy
metals should be isolated from the high volumes of
domestic sewage, for separate treatment. 

The producers of such wastewaters with heavy
metals could be encouraged to use relatively small
areas of FILTER plots to grow non-edible crops, and
the cleaned wastewater draining out of these FILTER
plots can be reused (Figure 8). Other innovative, opti-
mised combinations of treatment systems incorpo-
rating FILTER could be developed according to
specific local hydrological conditions. The Shanxi
studies aim to provide guidelines for designing such
combined systems including FILTER, to suit the
local hydrological conditions.

Figure 8. General schematic diagram of wastewater generation, treatment, reuse and infiltration to aquifers
(from Foster et al. 2003). P, S and T denote primary, secondary and tertiary sewage treatments.
(a) Poorly designed wastewater irrigation can lead to pollution of public water supplies. 
(b) Well-designed systems to reduce pollution risks, such as pre-treatment using recharge lagoons

within the whole-catchment hydrological cycle. FILTER systems could substitute for the
recharge lagoons, to provide an economic return through cropping. The separated industrial
wastewater could also be renovated by application to small FILTER plots growing non-
consumable crops, and the drainage water reused.
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