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ABSTRACT

This study was based on 12 pilot plots: six cut slopes and six fill slopes, each with an
area of 100 m2 In each group of six plots, one plot received no treatment at all; one
plot was hydroseeded in the conventional way; three were hydroseeded with different
sludge dosages, and one received only sewage sludge and seeds with no slurry mix.
The study was carried out in two complete vegetation cycles over a period of two
years. To assess the vegetation cover, images of the plots were taken with the
ARCMAP software application, and rasterized. To measure the eroded sediment, traps
were installed in each pilot plot, to collect the sediment that had been carried there by
the run-off. After two vegetation cycles, in which an untreated control plot was
compared to plots hydroseeded with sewage sludge, the measured erosion was on
average 2.2 times lower in the cut slopes and 3.5 times lower in the fill slopes. The
performance of the plot where sewage sludge and seeds were applied without the
slurry mix was very similar to the performance of the rest of the hydroseeded plots,
which had received sewage sludge with the slurry mix. Consequently, the results of our
study show that for the restoration of road embankments, all conventional

hydroseeding components, except for seeds, could be replaced by sludge.
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1. INTRODUCTION

The plants that grow on roads embankments protect the slopes from soll
erosion and reduce visual impact (Blunt et al., 1994). The soil in newly constructed
road embankments is generally not very fertile, poorly structured, and low in nutrients
(De Ofia and Osorio, 2006a). This limits the growth and development of vegetation and
substantially reduces the protection offered against erosion. Consequently, measures
are taken to improve the soil characteristics of slopes on newly constructed roads (e.g.
hydroseeding).

Sludge is a by-product obtained from wastewater treatment processes (Singh
and Agarwal, 2008). Currently, in Europe, there has been a spectacular increase in
sewage sludge. The problem generated by these growing sludge quantities can only be
solved through the effective management and reuse of this waste. As sewage sludge
contains high levels of the principal plant nutrients, N and P, and is rich in organic
material, its application to soil is a common practice throughout the world (De las Heras
et al., 2005; Gerhardt et al.,1997), subject to strict regulations to guarantee the safe
recycling of sludge because it may contain potentially harmful materials such as heavy
metals (Dai et al., 2006; McGrath et al., 1994).

In this sense, the use of sludge to restore road embankments causes fewer
problems from the perspective of health and waste management since food crops are
not grown on such embankments (Tandi et al., 2004). Previous studies have focused
on the viability and possible benefits of applying sewage sludge to road embankments
(De Ofia and Osorio, 2006a, 2006b; De Ofa et al., 2009) but did not compare results

with those obtained using hydroseeding. Those studies used the Universal Soil Loss



Equation to estimate soil loss. This study provides actual measurements of the quantity
of eroded material instead estimated values.

The main objective of this study is to analyze the use of sewage sludge in
treatments for road embankment restoration (e.g. hydroseeding), and study its effect

on the vegetation cover and erosion of the slopes.
2. EXPERIMENTAL METHODS

2.1. LOCATION AND CLIMATE CONDITIONS

In this study, 12 experimental plots on road embankments (6 on cut slopes and
6 on fill slopes) were laid out on a road in Arjona (municipality in the province of Jaen,
Spain). Their approximate altitude was 317 meters above sea level. All plots had a
southeast orientation and a slope of 2H:1V

Arjona has a seasonal-rainfall oceanic bioclimate with a meso-Mediterranean
thermotype, characterized by a dry subhumid ombrotype and a mild warm thermal
type. It has a mean annual temperature of 17.31 °C and a mean annual rainfall of
415.80 mm mainly during the autumn and winter months (Data source: Agencia Estatal

de Meteorologia, Spain).

2.2. CHARACTERISTICS OF THE PILOT PLOTS
The surface area of each plot was 100 m?. A metallic Gerlach trough (Gerlach,
1967) (see Figure 1), measuring 2 x 2 m, was placed at the center of each plot to
collect runoff and sediment. Each trap consisted of a broad funnel that channeled water

through a tube into a sealed receptacle where the eroded material was stored.

(FIGURE 1)
Each receptacle had a volume of 50 liters. Since the traps had an area of 4 m?,
a rainfall event of 15 liters per m? was enough to fill them. Consequently, the lid of this
receptacle had six equidistant perforations located at the same level. In this way, the

water fell equally through each of the six perforations. One of these perforations was
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connected to another receptacle that was able to collect a sixth of what would have
been lost in the event that the first container was filled. With this information, it was

possible to mathematically calculate the total eroded material.

2.3.  EXPERIMENTAL DESIGN AND EXECUTION
Conventional hydroseeding (CH) is a mechanical planting process in which an area is

sprayed with slurry of seed, mulch or stabilizer, fertilizer, and additives.

For all plots (whether cut or fill), the same type and amount of seed (35 g/m?
was used. The other components of the hidroseeding were: cereal straw was as mulch;
a quick-release NPK as fertilizer; and, a medium cationic polyelectrolyte with a high
molecular weight, made from a cationic acrylamide derivative as additive.

As part of our study, sewage sludge was added to the other components of the
mix.

The experiment involved treating each of the six plots, located on cut slopes
and fill slopes, with different sludge dosages. For the purposes of the study, the sludge
was sprayed on four plots, whereas the other two were used as control plots (see
Table 1). One of the control plots was conventionally hidroseeded without sludge, and
the other plot received no treatement.

(TABLE 1)
The characteristics of the sludge (i.e. its high moisture content) meant that it had to be
applied first in order for conventional hydroseeding equipment to be used.
Consequently, sewage sludge was sprayed on the plots at the previously mentioned

concentrations. The plots were then hydroseeded in the conventional way.

2.4. SOIL AND SLUDGE CHARACTERISTICS
Before being hydroseeded, the cut slopes had no topsoil in contrast to the fill
slopes, which did have topsoil, since topsoil is generally added after the construction of
embankments in fill slopes. Consequently, the fill slopes possessed better agronomic
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properties than the cut slopes since the subsoil in both sites was very compact,
impermeable, and rich in clay and lime.

Before the hydroseeding process, various laboratory analyses were performed
on the soil and sludge (agronomic parameters and heavy metal content). Table 2 gives
the values of the agronomic parameters.

(TABLE 2)

From an agronomic point of view, the sludge showed better parameters for
plant growth because of its richness in organic material, nitrogen, and fulvic acids.
Embankment soils had a fulvic acid content of less than 1%, whereas the sludge had a
fulvic acid content of 7% (see Table 2). This is important since fulvic acid is
decomposed organic material available for vegetation (Eyheraguibel et al., 2008). The
total humic extract in the soils was also less than 1% in contrast to the sludge, where it
was 8.4%. This extract is the sum of all of the humic acids (fulvic and humic), which
represents the organic fraction of the soluble soil in the alkaline medium necessary for
the formation of an evolved soil and vegetation (Eyheraguibel et al., 2008).

Another important parameter, which reflects intrinsic soil quality is the
carbon/nitrogen ratio. This ratio is indicative of the rate of mineralization that should
occur for a given type of organic material in the soil as well as the type of humus. The
lower the C:N ratio, the higher the rate of mineralization of the organic material. This
means that the soil quality is also better. Since the C:N ratio of the sludge was found to
be lower than that of the soil, it is probable that the addition of sludge will improve the
quality of the soil where the seeds are planted (Aguilo, 1981; Dorgelo and Leonards,
2001).

Another indicator of the presence of nitrogen is Kjeldahl nitrogen, which in the
case of the different soils was insignificant (lower than 1%), whereas in the sludge, it
was 5.5%. Since this parameter also refers to the amount of nitrogen present in soll

and sludge, its impact is the same as that of the carbon/nitrogen ratio.
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Also crucial is the percentage of organic material, which was much greater in
the sludge than in the soil. Organic material is a necessary source of soil nutrients. It
provides support for vegetation, as well as a base for the formation of a structured soil
with texture. It is also a means of protecting the soil against water erosion (Veum et al.,
2009).

The sludge was found to have a greater quantity of heavy metals than the soail
although the amount was lower than the limit established in the European Union
regulations concerning the use of sewage sludge in farming (Council Directive

86/278/EEC, 1986).

2.5. MONITORING AND CONTROL

2.5.1.Vegetation cover
The vegetation cover was calculated using a mixture of conventional methods, manual
systems, and modern systems based on photographic analysis (Kuechler and
Zonneveld, 1988). The process was the following: first, photographs were taken of
each plot during an on-site visual inspection; second, the pictures were rasterized with
ARCMAP version 9.2.; next, the different colors in the images were detected in the
raster, and; finally, a software application was used to count the number of pixels in
each color. The total number of pixels and percentages in the image were calculated.
Once the color percentages were obtained, it was necessary to identify what each color
represented. In this case, percentages were calculated for the vegetation in each plot,

and thus, the total vegetation cover in each plot was obtained.

The methodology used was found to have certain limitations resulting from the
slope of the embankments and the height of the vegetation cover. As the photograph
was taken from the highway, it was not an image of the surface plane since such a
photograph could only have been obtained from the air. The other limitation was the
the program’s interpretation of pixel colors. In any case, the results of the software
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application were compared to on-site visual observations, and found to be quite

satisfactory.

2.5.2.Measurement of erosion
The measurement of the erosion was performed by periodically visiting the
plots. Sediments accumulated in the sediment traps were collected. Plots were
monitored at least once a month though in periods of heavy rainfall, they were

monitored somewhat more frequently.

In laboratory sediments were weighed. They were then dried at a temperature
of 200° C. After the sediments had been dried, they were weighed a second time, and
the sediment content was obtained. This result was divided by the surface occupied by
the traps to get an erosion value in Kg/m?2. This value was multiplied by the surface of

the plots in order to ascertain the total quantity of the eroded material.

3. RESULTS AND DISCUSSION
Plots were monitored over a period of two complete vegetation cycles. This
section presents the results for the first (April 2007 — March 2008) and the second

period (April 2008 — March 2009).
(TABLE 3)

Table 3 shows the vegetation cover for the cut slopes and the fill slopes during
the first and second vegetation cycle of the experiment. These results indicate that the
greater the sludge dosages, the better the growth of the vegetation cover. The reason
for this was the improvement in soil quality produced by the sludge. Similarly, it was
found that during colder and drier seasons when conditions for plant growth are more
adverse, there was a vegetation cover of over 20% on the slopes treated with sludge,
whereas the cover was less than 20% on the slopes that did not receive any sludge

dosage.



(TABLE 4)

Table 4 shows the measured erosion for the cut slopes and fill slopes during the
first and second vegetation cycle of the experiment. The final results are the sum of the

data for both periods.

For the first vegetative period (April 2007 — March 2008), results reflect a
general decrease in erosion as the sludge dosage increased with the exception of cut
slope 5 that did not follow this pattern. Although this plot had an abnormally high

erosion value, it was still lower than the erosion in plot 1, which received no treatment.

For the second vegetative period (April 2008 — March 2009), it was also found
that a larger dosage of sludge led to less erosion. Even cut slope 5 clearly showed the
expected result for its sludge dosage, and had a minimal soil loss during the second
cycle. Plot 1, which was the control plot (with no treatment), had the worst result for
both cut and fill slopes. It should be noted that erosion in the second year was an
average of 7.2 times lower on cut slopes and 9.3 times lower on fill slopes. As could be
expected, the development of a vegetation cover during the second period was
extremely important, and the soil acquired a structure that was more resistant to

erosion.

An analysis of the total erosion after two vegetation cycles reflected that the
plots with the worst results were plot 1, which received no treatment, followed by plots
2, treated with conventional hydroseeding with no sludge added. In contrast, the plots
with the best performance were those that were hydroseeded with a slurry mix that

contained sewage sludge.

4. CONCLUSIONS
Hydroseeding is a practice that involves spraying a slurry mix made of various
components for the landscape restoration of road embankments in order to increase
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vegetation cover on the embankment and reduce erosion. Based on the results of this
study, it is possible to conclude that the addition of sewage sludge to the mix improved
the performance of the embankment by reducing the erosion, and increased the

vegetation cover more effectively than when sludge was not added to the slurry mix.

After two vegetation cycles, when plot 1 (control plot with no treatment) was
compared to plots 3, 4, and 5 (plots hydroseeded with sewage sludge), the measured
erosion was on average 2.2 times lower on the cut slopes and 3.5 times lower on the
fill slopes. On the plots that had been conventionally hydroseeded with the sewage
sludge, the measured erosion in the second vegetation cycle was drastically reduced in
comparison to the real erosion measured after the first vegetation cycle (5.1 times
lower on cut slope 3 which had the smallest reduction, and 4.7 times lower on fill slope

5 which had the smallest reduction).

Generally speaking, the performance of plot 6, where sewage sludge and seeds
were applied without the slurry mix, was very similar to the performance of the rest of
the hydroseeded plots that received sewage sludge with the slurry mix. Consequently,
the results of our study show that for the restoration of road embankments, all
conventional hydroseeding components, except for seeds, could be replaced by

sludge.
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Figure

FIGURE CAPTIONS LIST

Figure 1.- Detail of the sediment trap and general view of the cut slope plots



Figure

(FIGURE 1)



Table

Table 1.- Plot names and dosages in the experiment

Cutl Cut2 Cut3 Cut4 Cut5 Cut6

Filll Fill2 Fill3 Fill4 Fill5 Fille

No treatment CH + SD1 CH + SD2 CH + SD3 SD3 + seeds



Table 2: Agronomic Parameters in several soil and sludge samples

<0,10
0.1
87
03
06

<0,50
8,4

0,4
<0,10
0,2
10,8
0.4
0,8

<0,50
8,2

0,5
<0,10
0,3
13,0
0,3
0,7

<0,50
8,4

<0,10
0,4
7,5
0,5
11

<0,70
8,3

<0,10
0,4
7,7
0,5
12

<0,70
8,3

<0,10
0,3
8,0
0,5
12

<0,70
8,3

<0,10
8,4
34
18,8
41,9

55
73




Table 3.- Vegetation cover in cut and fill slopes, period: april 2007 — march 2009

Cutslopes apr-07 jan-08 mar-08 may-08 oct-08 nov-08 mar-09

Cutl 0 0 2 2 1 1 5

Cut2 0 5 55 82 20 28 80
Cut3 0 10 70 90 40 32 85
Cutd 0 8 42 84 35 20 15
Cut5 0 5 63 97 70 30 65
Cut6 0 3 50 95 50 25 35

Fill slopes apr-07 jan-08 mar-08 may-08 oct-08 nov-08 mar-09

Filll 0 15 20 69 90 40 63
Fill2 0 60 85 90 40 15 70
Fill3 0 55 95 95 97 60 80
Filla 0 45 90 97 85 53 85
Fill5 0 25 75 78 85 47 90
Fill 0 20 50 85 60 34 75




Table 4.- Total measured erosion, period: april 2007 — march 2009






