DEVELOPMENT AND EVALUATION OF AN ON-FARM SEDIMENT
POND TO CAPTURE AND REDUCE PESTICIDE AND NUTRIENT LEVELS
Research Topic 5: Management of erosion and sedimentation
Trial number: 05-WB-03
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INTRODUCTION
Fertilisers and pesticides are major inputs in pineapple production. There are increasing
concerns about their potential environmental impact, so managing these inputs has never
been more important. The industry is located in the coastal areas of Queensland for its warm
climate, well-drained soils and limited exposure to cold winters and frost.
The high rainfall events and predominantly sandy loams in this coastal area pose a soil erosion
risk which coupled with their proximity to sensitive environmental areas such as the Great
Barrier Reef and Moreton Bay Marine Park are a challenge for growers.
The key issues of concern are off-farm deposition of sediment, pesticide and nutrient.
Sediment has been identified as a primary element impacting aquatic species and their
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habitats. Sediment deposited onto reefs can smother corals and interfere with their ability to
feed, grow, and reproduce. Sediment can also act as a carrier for pesticides such as diuron.
Pesticides such as diuron directly kill marine vegetation such as sea grasses which are
important parts of the food chain. High levels of nutrients in the water can have a negative
impact on aquatic environments, for example by causing blue green algae blooms.
It is important for pineapple farmers to manage their fertiliser and pesticide programs
efficiently and reduce losses of soil, pesticides and fertilisers from the farm. Measures include
only applying amounts that will be used by the crop, reducing the movement of soil and water
across the farm and as far as possible retaining them on the farm so they are not
contaminating the environment.
This demonstration trial focuses on a redesign of the traditional silt trap into a shallow
sediment pond and evaluating its capacity to reduce fertiliser and pesticide in water leaving
the farm.

HYPOTHESIS

A large and shallow sediment pond can be constructed to capture the first runoff after rain.
Its shallow design will allow sunlight and heat to help break down some of the pesticides, and
by holding the water long enough some of the nutrient load will sink to the bottom and be
captured in the sediment. In some cases, a standard industry silt trap can be modified or
enlarged into a sediment pond.

OBJECTIVE

a. To capture the first 25 mm rainfall per hectare. The reason is that the first 25mm of run
off is generally considered to contain 75% of the fertiliser and pesticides likely to run off
the field.
b. Evaluate the potential to degrade pesticides in the soil and water run-off through greater
exposure to heat and sunlight in a shallow, broad sediment pond.
c. Monitor the levels of pesticides and nutrients in the water and sediment to see if they
drop over time.

METHOD

Location and grower
The site is Littabella Pines Pty Ltd located on South Littabella Road, Yandaran north of
Bundaberg. The farm owners and principal collaborators John and Linda Steemson and their
family have been growing sugar cane, pineapples and other small crops for many years in the
area and are the first pineapple operation to be reef certified in the Growcom Hort360
program.
This site was chosen for its close proximity to Littabella Creek which flows approximately 8
km before reaching the ocean and the Great Barrier Reef marine park.
The demonstration site is the first collaborative trial led by the Pineapple Environmental Team
(PET) which is a collaboration of Growcom, Department of Agriculture and Fisheries (DAF),
Burnett Mary Regional Group (BMRG) and Australian Pineapples (AP). This is part of a
research site with numerous other demonstration trials.
Dates
Planning commenced in April 2019 with the selection of the site and development of the
pond design. Construction of the settlement pond began in November 2019. It was
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completed before the start of the summer wet season. At this time the area was experiencing
a drought which lasted until summer 2020. Three days before the first rainfall event in early
February 2020, diuron pre-emergent herbicide was applied as a post-plant drench. The
sediment pond collected rainfall over a four-week period from early February to early March
2020 until the first 25mm flush was captured. It was then ‘capped’ in the third week of March
2020 so no more run-off could enter the structure. From March to September 2020 soil and
water samples were collected monthly and sent for analysis (see Figures 9 to 15).
Crop details
The total site covers 3.5 ha with 1.1 ha of it draining directly into the sediment pond. The total
site was planted with Smooth Cayenne, using industry standard two-row beds on 1.5 metre
bed centres. The soil type has a sandy loam topsoil to a depth of 0.3 to 0.4 m below which is
a heavy clay subsoil. The site has a westerly aspect with the slope varying between 0.5 to
1.5%.
Description
Traditionally, industry standard silt traps are constructed to be deep with limited length and
breath. The primary function of the silt trap is to capture and retain run-off water to allow
sufficient time for sediment to drop out of suspension to the bottom of the trap, allowing less
silty water to flow out of it.
The testing of a sediment pond is the third of three processes to mitigate the erosion of soil
from the farm. The three areas of focus are:
1. Erosion and run-off at the source within planted pineapple fields
2. Erosion and run-off outside of the field in the primary and secondary drains
3. Capturing and treating run-off water on the farm (sediment pond).
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Figure 1. Contour map of trial location (image courtesy of Central Queensland University)
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The primary function of the sediment pond is to capture and allow nature to treat the runoff water from the farm, on the farm. Research has indicated that if there is sufficient rain
to result in run-off soon after a pesticide or fertiliser application then there can be an
appreciable amount of these chemicals carried off in the water and sediment of this first
flush (Irvine-Brown, personal communication, 2019). The dimensions of the sediment pond
are designed to capture 25mm of runoff from one hectare of field. The pond was also lined
with black plastic (3mm thickness) in an attempt to help raise the temperature of the water
to aid pesticide breakdown. The sediment catchment pond constructed measures 1 m deep,
25 m long and 10 m wide. This is enough to capture 250,000 litres of water (equivalent to 25
mm runoff from one hectare of pineapple field). The shallow depth of the catchment pond
is designed to increase the exposure of pesticide and nutrient to heat and sunlight.

Figures 2, 3 and 4. Different stages in the construction of the sediment pond.
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The basin was designed to be wide and shallow to allow the water to heat up as much as
possible and get maximum exposure to UV light. Heat, UV light and microbial activity will
accelerate the degradation of chemicals and reduce the half-life of pesticides.
After construction of the sediment pond in November 2019, fertiliser, diuron and other
pesticides were applied to the crop over the next few months. In summer 2020, the first major
rainfall event occurred. The sediment pond captured the first 25mm of runoff which
contained significant amounts of sediment. The pond was then capped, preventing any
further run-off from entering.
The sediment pond was monitored on a monthly basis by taking water and sediment samples
for analysis. The change in pesticide and nutrient levels in the water and sediment were
observed over seven months. The laboratory analysis included a multi-residue pesticide
determination for over 150 active constituents including all the commonly used pineapple
pesticides and nutrients.
Water and sediment sub-samples were taken (6 sub-samples per test) from across the pond.
Water samples were taken below the surface of the water. Sediment samples were taken
from the bottom of the sediment pond where the water depth was 30 – 40mm, thus the
sampling site moved each time since the pond was drying out. The samples were consolidated
before being sent for analysis. The focus of the analyses where the herbicides diuron and
bromacil, and the nutrients nitrogen and phosphorous. Levels of other pesticides and
nutrients were too low to be of concern.

Figures 5, 6 & 7. Sediment pond over the seven-month observation period.
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Top left: April 2020. Top right: June 2020. Bottom August 2020

The sediment pond was established as part of a wider network of demonstration sites at a
single location on the farm. Several assessments were undertaken. The key data collected
consisted of:
•

Pesticides in water and sediment samples taken from the pond

•

Nutrients in water and sediment samples taken from the pond

•

Cost of constructing the sediment pond

RESULTS

Fertiliser and pesticide levels
The rainfall at the farm during the trial year (2020) is shown in Figure 8. The key pesticide
(diuron and bromacil) and nutrient (nitrogen and phosphorous) levels are as listed in Figures
9 to 15.
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Figure 8. Rainfall at the farm in 2020 (note: the automatic rain gauge was unserviceable mid-Feb to April)

Economics
The general principle of the demonstration sites focused on keeping new practices simple,
easy to replicate, adaptable to current practices, and cost-effective. The construction of the
sediment pond consisted primarily of machinery hire for the earthworks costing $1800, and
reinforcing the entry point with 150 mm rock costing $350, although this latter step is not
considered critical to the construction of a sediment pond.
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Figure 10. Diuron levels in pond sediment. Note the much lower levels compared with the water.
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Figure 11. Bromacil levels in pond water.
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Figure 12. Bromacil levels in pond sediment. Note the much lower levels compared with the water.
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Figure 13. Nitrogen levels in pond water.

NOTE – nitrogen in all sediment samples were at the limits of the analysis with levels less
than 0.1 mg / kg.
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Figure 14. Phosphorus levels in pond water.
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Figure 15. Phosphorus levels in pond sediment. Note the much higher levels compared with the water.
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DISCUSSION

1. Diuron
According to the Australian & New Zealand guidelines for fresh and marine water quality
(ANZECC & ARMCANZ 2000) Diuron in freshwater and marine water (waterquality.gov.au)
diuron persists in soils, with a DT50 (half-life) of 90 to 180 days (Tomlin 1994), and in
sediment. Under normal use it will remain active in soil for 4 to 8 months (Peterson & Batley
1991). Adsorption by sediments increases with organic content of the sediment and
temperature. Peterson and Batley (1991) used a model to predict a half-life of diuron in a
lagoon of around 175 days, 90% of it would be in sediment. We know that diuron attaches to
clay particles so most of it moves wherever the soil goes. Water and sediment from the pond
in this trial were tested monthly for two months prior to capping and for five months (150
days) after capping.
Water
In this trial, initial levels of diuron in the water measured 40 mg/kg and declined to less than
2 mg/kg over the sampling period. Some of the diuron could have been de-natured and a
large proportion is likely to have sunk to the bottom attached to the sediment as the water
settled. Note that the solubility of diuron in water at 25°C has been measured at between
37.4 to 42 mg/L (USDA, 2018) and (MacBean, 2008-2010), this is the level at which it was
detected in the pond water at the first sampling.
Levels of diuron present in the water were much higher than those measured in the sediment.
Sediment
Diuron measured 1.1 mg/kg in the first month, 1.8 mg/kg in the second month and 0.4 mg/kg
at the end of the sampling period. The sampling site was different each time.
2. Bromacil
Bromacil is soluble in water at 25 °C between 800 and 1300 mg/L, depending on pH and is
more soluble at an alkaline pH (Tomlin 1994). It is degraded in soil under aerobic and wet
conditions but is stable in water (Tomlin 1994).
Water
Initial levels of bromacil measured 15 mg/kg and declined to less than 2.5 mg/kg over the
sampling period.
Levels of bromacil present in the water were much higher than those measured in the
sediment.
Sediment
Initial levels of bromacil measured 0.11 mg/kg in the first month, 0.34 mg/kg in the second
month and 0.28 mg/kg at the end of the sampling period.
3. Nitrogen
Water Samples
Initial levels of nitrogen measured 52 mg/kg and declined to less than 4 mg/kg over the
sampling period. This reduction may have been at least partly due to nitrogen being lost to
the atmosphere through de-nitrification.
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Sediment Samples
Levels of nitrogen measured over the sampling period were consistently below 0.1 mg / kg.
Much lower than those measured in the water.
4. Phosphorous
Water Samples
Initial levels of phosphorous measured 0.73 mg/kg and declined to less than 0.12 mg/kg over
the sampling period. Phosphorus is not lost to the atmosphere, it is likely to have been taken
to the bottom of the pond attached to clay particles.
Sediment Samples
Initial levels of phosphorus measured 56 mg/kg and declined to less than 30 mg/kg over the
sampling period. Note that the sediment sample was not taken at the same spot each time,
rather as the pond dried up sampling took place where the water depth was 30-40mm deep
(as described on page 6). Levels of phosphorous in the sediment samples were much higher
than those measured in the water samples, this is not unexpected since phosphorus has low
solubility and attaches itself to clay particles.
General
Levels of pesticides and fertilisers in the water and sediment of the pond mostly appeared to
decline over the five-month period measured after the main flush of run-off.
The fate of the pesticides and nutrients was not investigated. In the case of the pesticides, it
is possible that some was de-natured with the process being accelerated by sunlight and
higher water temperatures, some is also expected to be attached to sediment in the pond.
The level and rate of pesticide degradation is dependent on its active constituent, product
formulation and the level of exposure to the environment. Immediately after application,
pesticide begins to break down into simpler compounds. Photodegradation is the process by
which pesticides are broken down by the action of light, particularly infrared, visible, and
ultraviolet. Photodegradation is one of the most important abiotic transformations for
pesticides in an aquatic environment, however, the turbidity of the water may have limited
the potential effect of sunlight.
Nitrogen is predominantly associated with run-off water with very low levels attached to
sediment. Its rapid decline in the water is most likely due to release to the atmosphere
through de-nitrification. Some is likely to be found in organic matter in the pond sediment.
Phosphorus in inorganic forms can be strongly attached to sediment particles and be easily
transferred across the farm through erosion. Phosphorus builds up on sediments in aquatic
environments. Various chemical and biological processes can allow phosphorus in sediment
to be released back into the water.
There was a problem with the black plastic, firstly the amount of silt and resulting turbidity
meant that sunlight did not reach the plastic to produce the extra heating effect, and secondly
once the pond dried out the wind tore the plastic and dislodged from the pond base.
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ADOPTION AND IMPACT

Growers in the Lagoon Creek and Six Mile Creek sub catchments in south-east Queensland
have expressed interest in the idea of sediment ponds to reduce the movement of
pesticides and nutrients off their farms and into these local waterways.

CONCLUSIONS

This demonstration trial has shown how sediment ponds can capture a proportion of the first
runoff after rain and their potential to reduce the loss of pesticides and nutrient from the
farm. The success of any means of retaining runoff from the farm to reduce pesticide levels
lies in (a) how much of the runoff volume can be captured and retained on-farm and (b) how
long it can be held for. It would appear to be advantageous if the sediment on the bottom of
the pond could be removed periodically and stored or utilised on the farm without leaving
the farm.
The financial outlay to construct a sediment pond is relatively low, and its construction is
relatively easy. The greatest limitation is having sufficient area to construct a sufficient
number, or collective size of sediment ponds to cater for the whole planted area whilst
minimising the loss of productive land.
Growers should consider a range of methods or a combination of methods to reduce the loss
of pesticides and nutrients from the farm. They can include:
• Sediment ponds
• Wetlands
• Bioreactors
• Silt traps
Wetlands and bioreactors are well researched and proven. In the case of wetlands, vegetation
is vital for effective nitrogen removal and would also be beneficial for pesticide reduction
through adsorption and plant uptake as well as microbial degradation. Having some open
areas of water (i.e. the equivalent of a sediment pond) within the wetland will help with the
photodegradation of pesticides.
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