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ABSTRACT. A field study was carried out on a farmer’s field to ascertain the physico-chemical properties of
sandy clay loam and clay loam soils because of aerobic sludge application in tonnes/hectare (t/ha) at low, medium,
and high rates from the Opal’s Secondary Water Treatment Plant. Bulk density of topsoil significantly reduced
(34%) when compared with the control. The reduction in soil bulk density was probably due to the increased soil
aggregation. Other soil physical properties such as effective cation exchange capacity of topsoil increased at low,
medium, and high aerobic sludge doses to 70, 60, and 46% respectively, compared to the control. Hydraulic
Conductivity showed encouraging results at all the treatments in both depths. Overall, Ks increased from 60-98%.
Soil aggregation and organic matter also showed a positive trend, after the application of Opal’s aerobic sludge.
Paddock with 52 t/ha showed a 74 and 61% increase in organic matter at upper as well as lower depths. Chemical
properties such as pH moved towards neutrality whereas high Electrical Conductivity was observed at the lower
depths, showing leaching with time. Total N increased 83% in topsoil at low aerobic sludge dose followed by 60
and 67% at medium and high doses, respectively. In the topsoil, total P increased 65% and 44% at the low and
medium aerobic sludge application, respectively. Among the cations Ca and Mg concentrations were the highest
on all the aerobic sludge treatment levels on both the soil depths except at the highest dose at the lower depth.
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INTRODUCTION

Sewage sludge can be used to enhance soil physico-chemical properties in the overall soil-
plant-water biosphere. Sewage sludge also referred to as biosolids, is a by-product of sewage
treatment processes. Land application of sewage sludge is one of the most important disposal
alternatives [19]. Sewage sludge has potential fertilizer properties and can be used to enrich
agricultural soils due to high nitrogen, phosphorus, and organic matter content [10]. Overall,
the agricultural farmer community is keen to use nutrient and organic matter rich aerobic sludge
[4]. Large quantities of aerobic sludge from the Secondary Water Treatment Plants are dumped
into landfills, or these waste materials have traditionally been incinerated or dumped into
oceans. With the recent interest in decreasing environmental pollution, agricultural scientists
all over the world are advocating the utilization of these wastes on cropped land to minimise
landfills. The composition of waste materials must be determined before land application to
avoid potentially hazardous high levels of trace metals and toxic organic compounds. In
general, for any organic waste such as aerobic sludge from the SWTP, soil and crop
management practices will largely control the nature of the chemical and physical changes
which occur.

Organic matter from the aerobic sludge improves the physical conditions of soils, as well as
altering chemical and biological relationships, through the mechanisms by which it reacts have
not been well documented. Likewise, the impact of aerobic sludge on desirable soil’s physical,
chemical, and biological properties is not well understood. This study would enhance the
understanding of the way SWTP aerobic sludge contributes to OM and the soil's physical
properties as a whole.
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Sewage sludges of Calcutta, India, were characterised to assess their fertilization value.
During the monsoon season, sewage sludge pH was found to be neutral to slightly alkaline and
to have higher salt content in winter [8]. Finally, pH plays an important role to release
macronutrients. Sewage sludge collected from Tamil Nadu, India contributed to improve
cropland because this had nearly neutral pH, high organic matter, as well as N, P, and Ca
contents [11]. First time aerobic sludge was used instead of sewage sludge to improve the
nutritional content and soil properties of cropland in Australia.

Experiments on wastewater biodegradable waste solids were conducted for 16 years to
assess the effects on soil’s physico-chemical properties and found that the organic matter
content of the soil increased significantly [13]. The results of the experiments on the effects of
sewage sludge on the soil’s physical properties found that the constituents of the organic matter
act as a good conditioner of soil properties [6].

Land application of sewage sludge is becoming more popular due to the possibility of

recycling valuable components, such as organic matter, N, P, and other plant nutrients. He used
organic waste to see the effects on the soil’s physical properties in the degraded semiarid
ecosystem of Spain with a nitrogen content of 43.04% [9]. It was concluded that the biosolids
from the wastewater treatment after 16 years of application increased the soil’s nitrogen [13].
Whereas sewage sludge’s application to soil enables the recycling of nutrients and may
eliminate the need for commercial fertilizers in cropland [21].
Sewage sludge contains soil nourishing macronutrients such as Ca, Mg, K, P and N.
Experiments conducted to see the effect of sewage sludge on the soil’s physical properties
found that the sludge application produced several changes including increased concentrations
of major cations such as Ca®*, Mg?*, Na*, and K* [24]. Furthermore, sludge was rich in organic
carbon and available N. The addition of organic matter to the soil as sewage sludge compost,
prepared using the municipal waste improved the soil properties, such as bulk density, porosity,
and water holding capacity [18]. The sewage: sludge ratio plays a significant role in improving
the soil's physical conditions [16]. The higher organic matter proportion in sludges decreased
bulk density and increased the aggregate stability. Research work on the raw sludge and its role
in aggregate stability showed that the raw sludge treatment had the highest percentage of stable
aggregates during the first 118 days of the incubation, but after 175 days, the percentage of
stable aggregates for the sludge treatments were the same, averaging 34% in comparison to
untreated soil’s 17%. Experiments were conducted a study the effect of 0.5% sewage sludge’s
application to soil on water retention, hydraulic conductivity, and aggregate stability, and found
that the raw, as well as digested sludge, increased the total soil water retention capacity, with
the greatest increase in the raw sludge amended soil. Furthermore, it was concluded that the
sewage sludge addition in soil caused a significant increase in soil hydraulic conductivity after
27 days of incubation [3]. Relatively high rates of sludge application increased the cation
exchange capacity, which helped to retain essential plant nutrients within the rooting zone due
to additional cation binding sites [23].

All over the world emphasis was given to the use of sewage sludge to improve the soil's
physical conditions. Less attention was given to the use of aerobic sludge from the SWTP to
improve the soil's health. The use of SWTP aerobic sludge on agricultural lands is in the initial
stage in Australia. Opal Paper & Recycling Mill, Australia took the initiative to use the aerobic
sludge on the farming land to improve the soil characteristic. The use of SWTP aerobic sludge
for the agricultural lands not only improves soil's physical and chemical properties but also
would be useful to reduce the cost of aerobic sludge disposal to the landfills and to comply
with the NSW Environment Protection Authority (EPA) regulations. It also improves the
farmer’s income and economic wellbeing. However, meagre research work on the use of
aerobic sludge on agricultural lands is available in Australia. Therefore, in this study, we have
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attempted to see the contribution of aerobic sludge from Opal’s SWTP towards the
improvement of soil physical and chemical properties.

MATERIALS AND METHODS

This field study was conducted on clay loam and sandy loam soils. The paddocks where low
and medium doses of aerobic sludge were applied had clay loam soil. However, a high dose of
aerobic sludge was applied to the paddock which had sandy clay loam soil. Three aerobic
sludge levels, low (52 t/ha) medium (105 t/ha), and high (158 t/ha) were applied on 7.1, 7.6,
and 4.1 hectares of agricultural land, respectively. Opal’s Paper & Recycling Mill produced
water by using 100% recycled waste paper for paper production which was then fed to the
microbes in the EGSB reactor. These microbes consumed pollutants which were undesirable
for the environment and produced aerobic sludge as a by-product. Aerobic sludge from the
Opal’s SWTP was homogeneously applied and then pulverized in all the paddocks using a
spreader. Ryegrass was grown to feed the animals per EPA requirements of 90 days hold
period. Treatments of low and medium sludge applications were applied almost 18 months ago
before the soil sampling. However, a high dose was applied just one and a half months before
the soil sampling. Soil samples were taken from 0-15 cm and 15-30 cm depths from each of
the aerobic sludge treatments as well as from control. All the samples were analysed for the
physicochemical properties such as pH, EC, Ca, Mg, Na, K, N, P, bulk density, eCEC, OM,
aggregate stability, and hydraulic conductivity to ascertain the change in the soil properties.
Bulk density was determined by core method, cations were analysed using Atomic Absorption
Spectrophotometer, and total nitrogen was determined by LECO, Dry Combustion method,
total P [17], OM [25], aggregate stability [2] & hydraulic conductivity by 16 drops method. All
the soil samples were analyzed by NATA accredited SESL, Australia.

RESULTS AND DISCUSSION
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Fig. 1. Changes in soil bulk density as a result of Opal's aerobic sludge application
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Bulk density is used to access the soil improvements due to the application of a given
treatment. It can also be used as a Pedo Transfer Functions (PTF) which tells us soil
transformations and improvements from low to high physicochemical properties. In our case,
bulk density showed a 34% reduction due to the low aerobic sludge application of 52
tonnes/hectare (t/ha). However, high (158 t/ha) and medium (105 t/ha) treatments showed 15
and 8% reduction in bulk density in the topsoil compared to control (Fig. 1). No changes in
bulk density were observed at the lower depth at all the aerobic sludge treatments. This no
change in the bulk density, in particular at 158 t/ha, was because the Opal’s aerobic sludge was
applied just 45 days before the soil sampling. Studies on the PTF using bulk density showed
that bulk density reduces with the addition of OM in the soil [12].

Effective Cation Exchange Capacity
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Fig. 2. Improvements in eCEC as a result of Opal's aerobic sludge application in the
farmer’s field

Effective Cation Exchange Capacity (eCEC) results at both depths showed encouraging soil
improvements. Opal's aerobic sludge @ 52 t/ha at 0-15 cm depth showed 70% improvements
in eCEC compared to control. However, improvements in eCEC were 60% and 46% where
105 and 158 t/ha doses, respectively were applied at the lower depth (Fig. 2). Similarly,
consistent improvements in eCEC, but less than the upper depth, were observed at the lower
depth. These improvements were 53, 50, and 27% where Opal's aerobic sludge treatments of
52, 105, and 158 t/ha, respectively were applied. Better results of eCEC may be due to the
addition of organic matter (OM) in the soil which ultimately improved the soil structure [1].

85



Mustafa et al.: Effect of aerobic sludge from the Opal’s secondary water treatment plant on the soil properties

Saturated Hydraulic Conductivity
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Fig.3. Response of different treatments of aerobic sludge on Ks

Saturated Hydraulic Conductivity (Ks) is one of the most important soil physical parameters
which clearly tell us the soil response to the applied treatments. Opal's aerobic biomass
treatments showed a positive response and a 98% increase in Ks compared to control was found
at the upper depth where 52 t/ha aerobic sludge was applied. Almost 60% Ks improved where
105 and 158 t/ha of biomass were applied at the upper depth (Fig. 3). Our aerobic sludge
treatments worked well not only at the upper depths as well as at the lower depth. At the lower
depth Ks showed 89, 75, and 60% improvement at 52, 105, and 158 t/h, respectively. It was
found that during the In-situ and laboratory investigations roots control the water uptake and
improve the soil matrix and hydraulic conductivity [14].

Soil Aggregate Stability
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Fig. 4. Aggregate stability classes of because of Opal’s aerobic sludge applications
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As a result of Opal's aerobic sludge application, Emerson's aggregate stability class varied
from 3.1 to 3.2, on the basis of the degree of dispersion (Fig. 4). Paddocks with low, medium,
and heavy aerobic sludge treatments showed remoulding soil properties at water content
equivalent to field capacity. Dispersion of soil was more evident with a slight milkiness.
Furthermore, aggregate broke down but remained intact. Aggregate stability enhanced the
nutrient holding capacity of the soil. Formation and stabilization of aggregates was found to be
linked with the soil organic matter [21].

Soil Organic Matter
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Fig. 5. Effect of different aerobic sludge treatments on the soil OM

Soil organic matter plays a pivotal role to develop the soli matrix. It contains humus and is
called the blood of soil. Organic matter (OM) not only improves soil physical parameters but
also a rich source of nutrients supply as a fertilizer for the plants. Application of Opal's aerobic
sludge to the agricultural land significantly contributed to improving the soil organic matter at
both the depths and at all the aerobic sludge treatments. Paddock with low sludge treatments
showed 74 and 61% OM increase at upper and lower depths, respectively as compare to control
(Fig. 5). Soil OM improvements were also observed in the paddocks where medium and high
sludge doses were applied. Soil OM improvements were 50% and 45% at 0-15 cm and 15-30
cm depths, respectively. Field experiments concluded that OM improves the soil properties
[12]. Soils with OM in the ranges between 1.8 and 8.9% confirmed the importance and close
relationships of OM with the abundance of the finer fractions (silt and clay) of the soil samples
and moderate correlations with the plasticity index [7].
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Total Soil Nitrogen
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Fig. 6. Status of total soil nitrogen in the three paddocks treated with aerobic sludge
compared to control

Interestingly, the status of total soil nitrogen improved as a result of our aerobic sludge
treatments and act as a nitrogen fertilizer source. The maximum total soil nitrogen (83%) was
measured as a result of aerobic sludge treatment of 52 t/ha at the topsoil compared to control
(Fig. 6). Treatments such as 105 and 158 t/ha nurtured the soil well and in response, an increase
in total soil nitrogen of 60 and 67%, respectively was measured at the upper depth. The data of
total soil nitrogen at the lower depth also showed the contribution of Opal's aerobic sludge to
enhance soil fertility. At the lower depth almost 50, 38 & 29% of total soil nitrogen increased
as a result of aerobic sludge application @ 52, 105 & 158 t/ha, respectively. Sewage sludge
addition to croplands of semi-arid regions helped to equilibrate soil humic balance, supplied
nitrogen and phosphorus at lower costs, and most importantly, coped with farm manure
shortages [19]. Currently, no cited reference of aerobic sludge application on the agricultural
lands is available to improve the soil properties, particularly in Australia.

Soil Phosphorus
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Fig. 7. Soil Phosphorus status in the aerobic sludge treated soil compared to control.
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Soil fertility not only depends on the addition and availability of nitrogen in the soil but also
needs phosphorus. Our aerobic sludge contributed to improving the soil phosphorus. Treatment
@ 52 t/ha enhanced 65% of phosphorus in the topsoil as compare to control (Fig. 7). The
medium application rate of 105 t/ha also showed 44% enrichment of soil with the phosphorus
at the upper depth. However, no treatment effect was observed at 158 t/ha of aerobic sludge
applications at all. This could be because we applied this dose just 45 days before soil sampling
and enough time was not given to release the nutrients from the aerobic sludge. The phosphorus
leaching was not observed because the phosphorus concentration at the lower depth in all the
treatments was found similar to control. Soil P improvement was observed as a result of sewage
sludge application and found that sludge with high P concentration increased soil P
concentration and can be considered as a slow-release fertilizer. It is important to note that no
refereed reference is available to find the P release from the aerobic sludge and our research
work is pioneer in the field of aerobic sludge application on the croplands in Australia [5].

Soil pH
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Fig. 8. Changes in soil pH of the three aerobic sludge treated paddocks.

Soil pH plays an important role to release and make nutrients available for the crops.
Opal's aerobic sludge application improved soil pH and brought it towards 7.0. Paddock, where
105 t/ha aerobic sludge was applied, showing a 15% increase in pH followed by 52 t/ha where
pH increase was 2% at the upper depth (Fig. 8). However, at the lower depth, only 105 t/ha
treatment showed a 4% increase in pH towards neutrality. Interestingly, pH became more acidic
in the paddock where 158 t/ha was applied at the upper depth. It was because aerobic sludge
did not decompose well after 45 days of its application. Our results showed an increase in pH
as a result of aerobic sludge application on sandy loam soils. The increase or decrease in pH
depends on the sludge application rates, but on Gypsiferous soils [15].
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Fig. 9. Cation status in the soil as a result of Opal's aerobic sludge application.

Exchangeable cations such as Ca, Mg, K concentration showed soil improvement as a result
of aerobic sludge applications. Encouraging results were found due to Opal's aerobic sludge
application at low medium and high doses in all the paddocks. These results were more
promising at the upper depth in all the treatments (Fig. 9). Sodium concentration slightly
increased at both depths but it did not have any saline trend. The addition of Ca, Mg, and K
helped to improve physical properties such as bulk density, hydraulic conductivity, and
aggregate stability. Sewage sludge application at 40, 80 and 180t/ha improved soil structural
stability due to calcium addition as compared to control [26]. However, this research was on
the application of sewage sludge. Little research is available in Australia and abroad on the use
of aerobic sludge on agricultural lands which is produced by the SWTP.

RESULTS

The current field study investigated the quality of clay loam and sandy loam agricultural
soils nurtured with the Opal’s aerobic sludge at three levels. Our results showed that all the
studied parameters were aerobic sludge dose-dependent. Overall, organic matter accumulation
and its subsequent mineralization over the period of 18 months improved soil structural
stability in proportion to sludge dose. Our treatments improved soil structure and fertility
without causing physical degradation.

Results showed healthy Ryegrass crop in both the paddocks where low and medium doses
were applied after 18 months. However, yet crop was not grown in the paddock where a high
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dose was applied 45 days before the sampling time (Figs 10-12). In this case, aerobic sludge
was yet to be physically incorporated into the soil which had a significant effect on the soil
properties.

Fig. 11. yegrs in the Gadehere 105 t/ha aerobic I as pplied.
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CONCLUSIONS

The use of Opal’s SWTP aerobic sludge improved the soil physical properties. Opal’s
SWTP aerobic sludge application enhanced soil nutrients and organic matter at lower and
medium aerobic sludge application rates. The use of aerobic sludge on agricultural land not
only enhanced soil fertility but also helped to save cost and environmental pollution. The use
of SWTP aerobic sludge leads to the decrease of the number of chemical fertilizers that should
have been used to ensure the growth of plants and also helps to eliminate the problems created
by the accumulation of increasing amounts of sludge.

Opal's aerobic sludge contains a significant amount of nutrients, which gives them organic
fertilizer properties. The use of aerobic sludge from the SWTP improves the farmer’s income
and wellbeing. The use of aerobic sludge on agricultural land leads to lower production costs,
as much lower amounts of synthetic fertilizers will be used or even in some cases can be
completely replaced. The use of aerobic sludge on agricultural lands reduced environmental
pollution. It is a cost-effective method of SWTP aerobic sludge disposal. This study will be
continued in the future to evaluate the soil's physical and chemical properties.
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