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a b s t r a c t

Cryptosporidium parvum oocysts can be transported in overland flow from faecal deposits of grazing
animals causing potential water contamination problems. Deposition of oocysts can occur when overland
flow encounters vegetative buffers and its transport capacity is decreased in the upslope backwater
region. Deposition of oocysts was investigated using a large rainfall simulator, with and without a vetiver
buffer strip. Oocysts-spiked slurries were applied to two contrasting soils and the resultant oocyst/
sediment depositions from the flow were compared. The buffers substantially reduced suspended
sediment loads from the two soils and increased the oocyst concentration in the soil with >99% of the
deposited oocysts measured upslope of the buffer.

� 2008 Elsevier Ltd. All rights reserved.

Transport of oocysts of the protozoan parasite, Cryptosporidium
parvum, from faecal deposits of grazing animals into adjacent water
storage reservoirs poses potential public health risks in Australia
and elsewhere (SEQWater, 2002–2003; Wohlsen et al., 2004). The
oocysts are primarily transported by overland flow (Atwill et al.,
2002; Trask et al., 2004) which can be intercepted by vegetative
buffers (Tate et al., 2004; Ferguson et al., 2007). When flow
encounters a buffer, a backwater (ponded area) is created upslope
of the buffer and flow velocity and concomitant transport capacity
are reduced, causing deposition of sediments (and therefore sor-
bed-oocysts). The backwater may extend for several metres
upslope of the buffer depending on slope, flow and type of vege-
tation (Ghadiri et al., 2001; Hussein et al., 2007a,b) and may remove
up to 98% of inflow sediment by deposition (Meyer et al., 1995;
Dorioz et al., 2006). The oocyst load reduction is dependent on
release from faecal deposits (Tyrrel and Quinton, 2003; Atwill et al.,
2006), soil type/density (Atwill et al., 2002; Tate et al., 2004) as well
as vegetation, rainfall intensity/duration and slope (Davies et al.,
2004; Trask et al., 2004; Ferguson et al., 2007).

In most previous studies, oocysts were applied at the upslope
edge of, or in the buffers, and so the researchers did not effectively
simulate the presence of the backwater and assess its effect on
oocyst transport. There are therefore few representative studies on
which to base an understanding of the entrapment of oocysts by

backwater development. This communication compares the oocyst
deposition from flow with and without the presence of a vetiver
(Vetiveria zizaniodes L.) buffer strip. The work formed part of
a larger project examining the effect of transport of oocysts over
different soil types under applied rainfall.

Soils from two contrasting grazing sites near Wivenhoe Dam in
Queensland Australia (27�802600 S; 152�3901100 E) were used for the
experiments: Site A (never inundated) and Site B (frequently
inundated). Site B soil was more erodible due to its higher silt
(Si¼ 41%) and lower total carbon (C¼ 1.1%) contents compared to
the sandier Site A soil (Si¼ 25%, C¼ 2.7%).

The flow experiments were carried out in the Griffith University
Tilting-Flume Simulated Rainfall Facility. Three experiments were
firstly conducted for each soil without a buffer. A 6� 0.5 m section
of the flume was lined with new black plastic for each experiment
and filled with 0.06 m depth of homogenised soil (<10 mm). Soils
were saturated, equilibrated for 1 h, and then random samples
were taken to determine pre-test concentrations of Cryptospo-
ridium oocysts using a sterile 10 ml syringe. All soil samples were
chilled immediately (4 �C) and transported to the Queensland
Health Laboratory and analysed using the method of Lacovski et al.
(2004).

Ten minutes before rainfall application, the flume was raised to
5% slope and a purified, oocyst-spiked, suspension (100 ml of
Reverse Osmosis water with 1�108 of gamma-irradiated oocysts,
BTF Precise Microbiology) was applied to the soil surface, 3 m from
the flume exit. Simulated rainfall (average drop diameter of
2.2 mm) was applied for 40 min at a rate of 138� 5 mm h�1
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(Ghadiri and Rose, 1993). After cessation of rainfall, further soil
samples were taken at designated positions from the flume (Fig. 1a)
and tested for oocyst concentration as previous. The soil/plastic
sheeting was then removed and the flume repeatedly washed
before the next experiment.

A second set of experiments was performed with a 1 m-long
vetiver grass strip inserted into the soil 1 m from the outflow. Due
to funding limitations only one replicate was carried out for each of
the two soils. The spiking was performed 1 m upstream of the
buffer. Photographs were taken through the Perspex side of the
flume and later digitised to provide vertical water depths upslope
of the buffer.

Pre-inoculation oocyst concentrations in the soils (24
measurements) were all zero per g of saturated soil except for one
sample (Site B, 38 g�1). Oocysts measured in the soil after the
simulations were therefore primarily from the spiked oocysts and
were transported from the spiked site by splash action of raindrops
and/or by overland flow. The oocysts concentrations at the end of
the simulation, for the six without-buffer experiments, were vari-
able with distance (Fig. 1a). Overall mean concentrations were
102.84 (688.2) and 101.77 (59.5) g�1 for Site A and Site B, respectively.
Site A soil thus retained about 11 times more oocysts than Site B
soil, probably due to increased deposition of Site A’s coarser
particles. As distance from the spiked site increased, so the oocyst
concentration in the soil decreased (Fig. 1a), due to progressive
‘‘dilution’’ over the soil volume in the flume.

The oocyst concentrations for the with-buffer experiments were
also variable with distance (Fig. 1b), giving an average of 103.31

(1626) and 102.61 (146) per g soil for Site A and Site B, respectively.
While there was a general decrease in the oocyst concentration
downstream from the spiked sites for the without-buffer runs
(Fig. 1a), the with-buffer runs show a different trend (Fig. 1b), with

concentration generally increasing towards the buffer. This is most
likely due to the differences in water depths between the two sets
of experiments. Water depths upstream of the buffer are consid-
erably larger (3–38 mm, Fig. 1b) than in the without-buffer runs
(w3 mm, Fig. 1a) and concomitantly have much slower flow
velocities than shallow depths. Flow velocities in the backwater
region were calculated using the Griffith University Buffer model
(Hussein et al., 2007a) as 0.08 ms�1 at the start of the backwater to
0.005 ms�1 just upstream of the buffer. Thus time taken by a sus-
pended particle to transverse a w0.6 m length backwater, at these
velocities, would vary between 7.5 and 120 s. An oocyst sorbed, for
example, to a coarse sand particle (diameter w1000 mm) would
have a settling velocity of 100 mm s�1, in contrast to a non-sorbed
(free) oocyst (diameter w5 mm), with a settling velocity of
0.76 mm s�1 (Searcy et al., 2005). Maximum settling distance would
therefore be 120�100¼12 000 mm for the sorbed-oocyst as
opposed to 120� 0.76¼ 91.2 mm for a free oocyst. As the backwater
depths were 300–38 000 mm, therefore it is likely that only the
sorbed-oocysts would fully settle out of suspension within the
backwater while the free oocysts would remain suspended in
the flow passing into the buffer. Organic-sorbed oocysts (e.g. those
released from faeces) would be intermediate between these two
extremes.

These preliminary results suggest that a single vetiver buffer
strip enhanced deposition of sediment-sorbed oocysts but not of
non-sorbed oocysts upslope of the buffer. Further replicated
experimentation is required to examine this effect in more detail.
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Fig. 1. Variation in mean water depths and oocyst concentrations in soils at the end of
the experiments at different distances downstream from the spiked site for (a)
without-buffer and (b) with-buffer experiments. Oocysts concentrations were plotted
as log (no. þ1.1) oocysts per g of saturated soil to facilitate column display.
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