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Abstract

The purpose of this study is to describe the methods used to capture flow-weighted water and suspended particulates from farm canals during
drainage discharge events. Farm canals can be enriched by nutrients such as phosphorus (P) that are susceptible to transport. Phosphorus in
the form of suspended particulates can significantly contribute to the overall P loads in drainage water. A settling tank experiment was conducted
to capture suspended particulates during discrete drainage events. Farm canal discharge water was collected in a series of two 200 L settling
tanks over the entire duration of the drainage event, so as to represent a composite subsample of the water being discharged. Imhoff settling
cones are ultimately used to settle out the suspended particulates. This is achieved by siphoning water from the settling tanks via the cones. The
particulates are then collected for physico-chemical analyses.

Video Link

The video component of this article can be found at https://www.jove.com/video/56088/

Introduction

The fate and transport of suspended particulates has been the subject of numerous studies due to its role in eutrophication, particularly in
agricultural systems1,2. A comprehensive evaluation of nutrients contained in particulate matter within an aquatic system is necessary to
investigate numerous environmental issues such as, the internal cycling of nutrients and release to the overlying water column3, substrate
stability, light availability within the water column, and eventually water quality concerns to downstream ecosystems4. The quantity of phosphorus
(P) stored in the particulate form (organic matter or sediments) is typically greater than in the water column5. A study conducted by Kenney et al.6

showed that recent sediments that were deposited in Lake Lochloosa, Florida were between the age range of 1900 and 2006. These younger
sediments contained nearly 55 times more P than that which was present in the water column. One approach to characterize the potential
impact that particulates may have on a particular system is to conduct a quantitative inventory of phosphorus stored in sediment discharged
during drainage events. Collection and analysis of these discharged particulates can help estimate downstream nutrient enrichment impacts on
sensitive ecosystems.

Storm events typically represent a small fraction of time, yet may contribute the majority of P load discharge in farm drainage. This is because
in order to prevent fields from flooding, a large volume of water is drained over short periods of time. Rainfall intensity and flow rates are vital
driving factors that can control the concentration of suspended sediments in overland runoff7. Designing monitoring methods that captures flow-
weighted composite water samples would help avoid errors associated with complex, high intensity rain events. During high discharge events
like storms, the quick and drastic changes in concentrations may not be representative of the average pollutant concentration for the incremental
volume. Therefore, flow-weighted water samples far more accurately represents the concentration of a discharge event as it is a summation of
loads over a period of time8. The most common flow-weighted samples are automatically collected discrete or composite samples. By capturing
the exported suspended particulates from farm drainage during discharge allows us to quantify the severity of the event on P loading. The
method described in this study helps capture the particulates that can later be characterized for various physical and chemical properties. The
novelty of sampling drainage discharge using a continuous composite flow method versus grab sampling is that it is a better representation of
field conditions over the entire duration of the drainage event. Whereas, grab sampling is a “snapshot” in time and may not fully represent the
effect of the entire event.

The Everglades Agricultural Area (EAA) in South Florida, USA is a large expanse of the original Everglades that was channelized and drained
for farming, commercial, and residential development. Nearly 1,100 million m3 of water is discharged annually from and through the EAA to the
south and southeast9. Soils in the EAA are Histosols that commonly contain over 85% organic matter by weight and have less than 35% mineral
content10. Canal sediments typically have low bulk density (between 0.14 g cm-3 to 0.35 g cm-3), high organic matter content (between 31 - 35%)
and Total P (TP) values ranging between 726 -1,089 mg kg-1 11.
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For the purpose of this demonstration, a farm within the EAA was selected. The hydroscape of how water flows within the EAA depends on
pumps and gravity. Each farm in the EAA comprises on at least one main canal, and multiple field ditches. The field ditches run perpendicular to
the main canal. The pumps typically serve a dual purpose; they deliver irrigation water to the farm, and also discharge drainage water off-site.
When the fields need to be drained, water in the main canal is lowered, and water from the field drains into the ditches, driven by a hydraulic
gradient. Due to only a slight slope in surface most of the rainfall that occurs on the fields flows through the soil profile in transit to the field
ditches.  During irrigation, the system is reversed. There is no network of tile drainage in the EAA. The water table is maintained at a specific
height due to a confining layer of limestone bedrock underling the soils.  Water is brought in through the main canals; field ditches are filled, and
water is allowed to seep into the soil profile to raise the water table levels in the fields. Typically, demands for irrigation water in the EAA occur
during March, April, and May (dry season), with very little drainage discharge. In contrast, the volume of water being discharged between June
and October (wet season) is significantly higher. The presence of canal bank berms and ditches allows for minimal surface runoff as a potential
source of P loading into farm canals12.

In this visual experiment, we present a novel method of capturing flow-weighted suspended particulates during drainage events that can later be
used for physico-chemical characterization such as bulk density, organic matter content, and P fractionation13,14.

Protocol

1. Datalogger Installation and Workings

1. Identify a study farm and install a datalogger that triggers an autosampler to collect composite flow samples on a flow proportional basis,
which requires monitoring canal levels, pump head revolutions, and pump calibration equation.

 

Figure 1: ISCO sampler used to program auto-sampling procedures for the composite drainage water and the particulates water
sampling. Please click here to view a larger version of this figure.

3. Monitor the farm canal levels using pressure transducers installed in the inflow and outflow canals adjacent to the pump station.
4. Monitor pump speed using proximity switches that are installed on the pump heads; speed is recorded by the datalogger in revolutions per

minute (rpm).
 

NOTE: Proximity switches are pieces of metal which when passed over each other count the number of rpms. They are welded onto the
pump heads.

5. Measure rainfall using a tipping bucket rain gauge that is connected to the datalogger.
 

NOTE: The datalogger communicates by radio telemetry to a base radio station located at UF/IFAS Everglades Research and Education
Center. Telemetry is not necessary for controlling sample collection, only for data collection and storage.

2. Drainage Flow-weighted Water Sampling

1. Calculate drainage flow using a datalogger and a pump calibration equation for each pump. Drainage flow-weighted sampling is achieved by
an autosampler that is actuated by the datalogger after a trigger drainage volume is achieved.
 

NOTE: The pump speed and flow rates vary over 24 h. The ISCO sampling is triggered by the volume of water discharged, not the rate. The
autosampler is programmed to collect a sub-sample after a fixed volume of water discharge. The volume of water discharge is calibrated
based on the number of pump rpms.
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2. Collect a composite water sample (minimum 500 mL) using an in situ automated sampler located at the pump station and program it to
capture a daily composite water sample during drainage events.
 

NOTE: The ISCO sampler is plumed to the collection tanks using tubing diverted through a datalogger that takes a 2 L sample every 2 min up
to 400 L.

3. Program sample trigger volumes to allow for a maximum of 30 samples per 24 h discharge period.
1. Program the datalogger to collect composite flow samples by following these steps: Enter Program → Program → Flow Based

Sampling → Sample every 1 Pulses → 30 Composite Samples → Sample Volume of 130 mL → Calibrate Sample Volume [NO] →
Enter Start Time [NO] → Program Sequence Complete.

4. Store the flow-weighted composite samples in an onsite refrigerator at 4 °C until collection and transportation back to the laboratory for
analyses in an ice-filled cooler.

5. Analyze the water samples for soluble reactive P within 24 h from the time of sample collection. Samples used for Total P (TP) analysis can
be acidified and stored at 4 °C for up to 28 days15.

3. Capturing Suspended Particulates

1. Place a series of two 200 L PVC settling tanks to collect farm canal discharge water over the duration of the drainage period to
capture and characterize the suspended particulates.

1. Program the datalogger to collect suspended particulates samples by following these steps: Program → Time Based Sampling →
Sample every 2 min → Composite Samples [200] → Calibrate Sample Volume [NO] → Enter Start Time [NO] → Sequence Complete
→ Push Sampling Button.

2. Collect flow-weighted drainage water in the setting tanks (2 L every 2 min) based on the volume of water over a 24 h collection period.

 

Figure 2: Two 200 L tanks used to collect drainage water. Suspended particulates settle out at the bottom of the tank and are transferred in
five-gallon buckets. Please click here to view a larger version of this figure.

3. Siphon off the excess water using hoses as particulates start to settle in the tanks.
4. Transfer the particulates into five-gallon buckets, transport them back to laboratory, and place them in a refrigerator at 4 °C.
5. Siphon off the excess water after settling for 24 h, and transfer the particulates into Imhoff settling cones.
6. After settling for at least 1 h, siphon off the excess water one last time before settled particulates are transferred into pre-weighed 500 mL

screw-top jars for storage at 4 °C.
7. Weigh jars with particulate samples.
8. Proceed with phosphorus fractionation analyses as described by Hedley and Stewart14.
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Figure 3: Imhoff settling cones used to collect the suspended particulates captured in the settling tank. Please click here to view a larger
version of this figure.

Representative Results

The method described in this study allows us to capture water and particulate matter that is being discharged during pumping events in farms
canals. The water and particulates that are collected are flow-weighted, which means that they are representative of the entire duration of
the pumping event and not just a onetime snapshot; making it highly representative of the type of material being discharged. The water and
suspended particulates can be stored to be analyzed for various physical and chemical parameters. In this article, we summarized some of the
properties of the suspended particulates from three farms canals within the EAA. Some of the physico-chemical analyses of the particulates
suggest that they are highly organic, with low bulk density, and are rich in nutrients like P 11. The bulk density of the particulates ranged between
0.08 g cm-3 to 0.11 g cm-3. The organic matter composition ranged between 55 - 77%, and the TP concentrations ranged between 2,173 mg
kg-1 to 2,548 mg kg-1 (Figure 4). The quality of water and suspended sediments in farm canals are highly representative of the soil type and
surrounding land-use practices. Within the EAA the soils are highly organic, >50% organic material (OM), and so it is not surprising that the
suspended particulates contain high OM. The particulates are also composed of dead aquatic plant matter (detrital), known to contain high P
concentration16. The low bulk density observed in the suspended particulates is directly related to the higher OM content.
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Figure 4: Bulk density (g cm-3), organic matter (%), and total phosphorus concentration (mg kg-1) of the particulates collected from the
farm canals. Error bars correspond to standard deviation. Modified from Bhadha et al.16 Please click here to view a larger version of this figure.

Discussion

The autosamplers for drainage water particulate collection were placed near the exiting pump station dataloggers. Power was supplied by 12 V
batteries that are charged by solar panels. The autosamplers were controlled by the on-site dataloggers, which turned the autosamplers on when
the exit pumps ran, and turned them off when pumping stopped. Openings of the sampler intake lines were positioned 0.5 m above the canal
bottom and upflow from the pump station. The intake lines were held in place by installing a metal rebar into the canal bottom and zip tying the
intake line to the rebar. Samples of 2 L were collected into the 200 L settling tanks every 3 min. Samples were collected daily. In the field, the
majority of the sampled water was removed from the drums using a portable suction pump. The residing water/sediment was then placed in 26 L
buckets with lids and returned to research station where they were placed in refrigerators. The following day, additional water was removed using
laboratory suction pumps.

It is important that when siphoning particulates to avoid removing suspended particles as much as possible. To do so, add a pipette tip to the end
of the hose and be careful to keep the tip near the water surface. It is normal to have excess water left in the sample when storing. Knowing the
moisture content will allow for dry weight equivalent estimation of sample, and keeping measurements of all containers with and without sample
and extractants will help track the accuracy of experimental procedure.

The novelty of using this procedure to collect drainage water is that it allows one to capture flow-weighted discharge water as opposed to grab
sampling. A flow-weighted water sample is more representative of an event, because it is a composite sample of numerous sub-samples over
time; whereas a grab sample is simply a single sample that may not be representative of the entire drainage event. Flow-weighted sampling
method described in this study works for collecting discrete drainage events because one can program the auto sampler to suit their desired
goals. For example, the auto sampler can be programed to collect 30 mL sub-sample of water for every hour the pump is running. Or the flow-
weighted water sample can be programed to collect 30 mL sub-sample of water after  a constant incremental volume of discharge passes the
sampler. Each flow-weighted sample is assumed to represent the average pollutant concentration for the entire incremental volume of water
to which it corresponds. This method allows us to accurately measure pollutant concentrations even if the concentrations were to change
irregularly. The advantage of flow-weighted samples is that summation of loads calculations are simplified and presumed to be more accurate
because the discharge volume is constant for each representative sample. Another added benefit of this method is that it preserves the daily
flow-weighted water sample at 4 °C in refrigerated conditions.
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