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1 Introduction

Today’s world is facing a range of environmental challenges. It is becoming clear that along with
clean air, the planet also requires enhanced supplies of clean water. Wastewater treatment is a key
component of the water supply chain, and the resulting biosolids need to be managed in a more
sustainable and focused manner on a global scale. The issues of wastewater treatment and
management of the solids produced are global concerns with growing challenges for all stakeholders
(Beecher et al., 2008, LeBlanc et al., 2008). These stakeholders range from the facilities producing
the biosolids, users of the products, regulators, politicians, the scientific community, tax payers and

the general public.

On a global scale, the conventional means of dealing with wastewater is for processing to occur at a
centralised treatment facility; such facilities generally require large amounts of infrastructure and
are expensive to establish. While centralised treatment facilities work well in some circumstances,
such as, large towns or cities, they are impractical in others. In industrialised countries it is common
practice for the collection and treatment of wastewater at a central facility, utilising a combination
of physical and biological processes to help remove large solids and decrease biological and
pollutant levels in the resulting waste water. These processes may be followed by further
sophisticated tertiary treatment if a greater level of sanitisation is required, keeping in mind that the
higher the level of treatment achieved, the greater the amount of wastewater solids being created

and greater costs incurred (LeBlanc et al., 2008).

Although industrialised countries have more sophisticated wastewater treatment, a large
percentage of the world’s population (41%) currently live without proper sanitation facilities
(LeBlanc et al., 2008). Increasing the effectiveness of the management and sanitation of these
excreta poses one of the largest challenges in developing countries but, if successful, will also

provide some of the largest health benefits to communities.

The end use of the wastewater and sludge can vary greatly depending on where in the world it is
produced, with disposal methods ranging from landfill, use as an energy source and being treated
and used as a soil conditioner or fertilizer (Petroff and Brashear, 2005). With methods of ocean
disposal now being banned in many countries throughout the world (Beecher et al., 2008) and issues
of decreasing space in landfill, other disposal options must be considered. Incineration is a
commonly used practice (DeWolf, 2009) but has very high costs and also air pollution issues, and

also does not remove the need to dispose of remaining wastes (e.g. ash) in landfill. Technological



advances in the future may see options for better use for biosolids in energy recovery resources, but

currently these have their own pollution issues and focus has shifted to methods of land application.

The wastewater sludge which is treated and used on land in the practice of “land application” is
known as “biosolids”. This is not strictly the only end use for biosolids but is the focus of this review.
Although there is much evidence as to the benefits of recycling and use of biosolids as a fertilizer or
soil conditioner, it is not a global practice and has often met with public opposition. Within the
global context, with concerns of climate change, disease, environmental pollution and diminishing
global resources, it is important that beneficial use of biosolids becomes a more accepted practice
rather than considering the wastewater by-products as ‘waste’ (LeBlanc et al., 2008, Beecher et al.,

2008, Synagro, 2002).

The issues posed by wastewater sludge at a global level need to be properly managed at national
and even local levels in order to overcome some of the challenges present in this area. Australia,
much like Europe, North America and New Zealand, possesses infrastructure which meets the
sanitation needs for a vast majority of the population that allows them to focus on the improvement
of management in the wastewater sludge and biosolids arena. With a range of engineers, scientists,
agricultural experts and government regulators all involved in efforts to increase management
efficiency, beneficial use options and reduce potential impacts of biosolids use, Australia is well
aware of the many challenges associated with wastewater management (AWA, 2011, Joshua et al.,

1998, Eamens et al., 2006, Pritchard et al., 2010).

In Australia, over 300,000 dry tonnes of biosolids were produced in 2010 alone making it a
significant amount of material to manage sustainably (AWA, 2011) . With a range of methods used in
beneficial use from forestry, composting, landfill, stockpiling and sea disposal, agricultural use was
by far the most widely practiced with over half of biosolids produced being used for this purpose.
This Australian trend is mirrored worldwide with many developed countries choosing to recycle and
land apply biosolids rather than opt for other methods, such as, incineration or landfill (LeBlanc et
al., 2008, Petroff and Brashear, 2005, Spicer, 2002). With such vast qualities of biosolids being used
in agriculture, there is a great need for legislation to govern how, when and where biosolids can be

used, not only in Australia but globally.

Australian legislation regarding biosolids is similar to that of other developed countries which also
use biosolids for agricultural purposes, including the European Union (EU) and the United States of
America (USA). Due to the fact that much research has been conducted in the EU and USA over

recent decades, advanced analyses have been developed of both the risks and benefits of the



different beneficial use options for biosolids (Cotching and Coad, 2011, Evans et al., 2004,
Kuchenrither et al., 2002). A significant amount of research has also been conducted within Australia
by the CSIRO and NSW Department of Primary Industries over recent decades, developing our
understanding of biosolids within the Australian context (AWA, 2011). Working with this foundation
knowledge, many countries, including Australia, have developed guidelines, policy and legislation

which reflect the EU and USA approach whilst also incorporating local needs and conditions.

Within Australia, each state is responsible for its own water management and with this brings
different structures for this management. In New South Wales (NSW), the majority of the population
is serviced by Sydney Water Corporation and Hunter Water, while the remaining population is
serviced by local government councils administering the water supply and dealing with wastewater.
This is very different to other states such as Western Australia where a single water corporation is
responsible for the supply of all retail water services (LeBlanc et al., 2008) across the state. With all
states being responsible for their own water management and the possibility of many suppliers, it is
understandable that each state will have different biosolids guidelines. Although there are many
similarities between each state’s guidelines, there are some fundamental differences, including

heavy metal limits, which create confusion for the general community.

In NSW, where over 80, 000 dry tonnes of biosolids are produced each year (AWA, 2011), the
Environmental guidelines: Use and disposal of biosolids products 1997 (EPA, 1997) are the current
biosolids guidelines in use. The focus of these guidelines is to promote the sustainable use of
wastewater products whilst also providing maximum protection for the environment and public

health.

There are many potential advantages in the beneficial use of biosolids products. Benefits range from
direct agricultural aspects of improving soil quality for crop production, through the addition of
organic matter, vital trace elements for plant growth and increased nutrient levels (Rigby et al.,
2009, Tsadilas et al., 2005, Vu Tran, 2008). The benefits also extend to reductions in soil erosion,
reclamation of lands with poor soils and enrichment of forestry land. Environmental benefits which
are not directly linked to agriculture include conserving landfill space and reductions in greenhouse
gases which can are emitted through processes of incineration. Economic benefits also exist for
companies who provide land application services, with many water corporations aiming for most, if

not all biosolids products produced to be beneficially used.

Although land application of biosolids appears to be one of the most commonly used methods of

beneficial use within Australia and NSW, there are still difficulties and environmental risks to



consider. Some of the main concerns related to biosolids are the potential impacts they can have on
human health due to pathogens (e.g. Escherichia coli, Clostridium perfringens and Salmonella
(Eamens et al., 2006)) which may remain after the treatment process and risks of environmental
pollution. Pathogens remaining after various levels of biosolids treatment are of high concern as
they can be harmful to not only the people handling biosolids but also the general public. Also of
high concern are matters of environmental pollution from the use of biosolids products on the land.
Issues of heavy metals and other chemical contaminants are of concern not only from an
environmental pollution standpoint but also as they can be toxic to humans if quantities are
sufficient. Other environmental issues arise from land application of biosolids in agriculture including
potential for runoff of nutrient rich materials ending up in local waterways and groundwater
resources (Aguilar and Loftin, 1991, Aguilar et al., 1994, Joshua et al., 1998). Of high concern are the
nitrogen and phosphorus compounds which when in high quantities can cause undesirable growth in
marine ecosystems and eutrophication in freshwater ecosystems, resulting in reduction of dissolved

oxygen which is required by aquatic species (LeBlanc et al., 2008, Vu Tran, 2008).

Although the issues around environmental pollution and public health are matters for concern,
current regulations, guidelines and research are aimed at regulating and reducing their impacts. Of
greater concern is the public opposition to the use of biosolids in land application. Most of the public
opposition is linked to the fact that many people do not believe it is safe to use human waste in land
application where other humans may be at risk of exposure (Goven and Langer, 2009). It has also
been found that public opposition can be linked to issues of trace metals and chemicals, pathogens,
odours, air quality, ground and surface water quality, transportation and trucking, oversight and
enforcement and issues of soil/food crop quality (Goven and Langer, 2009). A need to educate and
begin a change in public opinion of biosolids land application is necessary for the future
development and sustainability of this practice. It is also important that the treatment and
management of biosolids keep up with increasingly higher public standards and community

expectations.

On a more local level, issues including transport of biosolids are of some importance. As most
treatment and processing of wastewater is performed in a single location (generally nearby the
population producing the waste), there is a growing issue of the need for transport from these point
sources to the areas of land application. With increased cost of fossil fuels, green house gas
production, impacts on roads and increased traffic flow, the potential impact of transport issues may
become more noticeable as biosolids land application becomes a more widely used method of

beneficial use. In the rural areas where biosolids are applied, issues needing to be addressed are



odours associated with biosolids, dust and noise on biosolids sites, and compaction of farm soil by

trucks and equipment used in the spreading and incorporation processes.

With the many concerns outlined above relating to biosolids land application, a combined effort
from regulators, environmental protection agencies, biosolids producers and biosolids
managers/practitioners has developed actions to attempt to reduce these possible issues. One of
the strategies employed in reducing environmental risks caused by runoff, vector born disease,
odour and potential contact with humans and animals, is to incorporate land applied biosolids into
the soils shortly after they are spread. This not only helps reduce risk but also aims to improve the
soil uptake of nutrients held in the biosolids. The process of incorporation is defined in NSW
Environmental guidelines: Use and disposal of biosolids products 1997 as being a single pass with a
disc plough. No specifications are given as to the depth of incorporation required or the percentage
of biosolids needing to be incorporated with the soil, in order to reduce potential risks posed by
biosolids and to meet the requirements of the regulations. Issues also arise with the increasing
farmer movement to no or low till agricultural practices aimed at preserving soil structure and
organic carbon. New methods of incorporation may be just as satisfactory without the use of a disc
plough, which is known to be detrimental to soil structure (Lal et al., 2007). Development of a
technique which can be used by regulators and biosolids practioners to assess the adequacy of
incorporation levels, in order to reduce potential environmental risks, will prove useful in future

studies and developments in this field.

1.1 Aims and Objectives

This study along with a review of relevant literature surrounding biosolids and land application aims

to:

1. Identify if incorporation techniques currently outlined in NSW biosolids guidelines have an
effect on reducing the environmental risks posed by biosolids land application;

2. Determine if there is an acceptable level of biosolids soil incorporation which may be
achieved in order to reduce environmental and other potential risks to a level which is
acceptable to regulators in regard to current guidelines and legislation;

3. Examine techniques used to determine the extent of soil incorporation of land applied
biosolids and

4. ldentify effective practices for the management and incorporation of land applied biosolids.



1.2 OQutline of Thesis

Background information on the issues currently being faced by the stakeholders involved in
wastewater recycling from the global level to local level, has been provided at the beginning of this
introduction along with issues pertaining to the beneficial use of biosolids products. Following in this
report is a review of literature surrounding issues relating to biosolids beneficial use options and the
challenges faced with land application of biosolids in New South Wales, including legal requirements
and environmental risks. This is required to place this study within the broader context of
surrounding literature and also identify why this research is being conducted. The methods used in
the development of a technique for assessing subsurface incorporation of land applied biosolids will
be outlined followed by the presentation and discussion of results. The discussion includes an
analysis of the various factors which affect the land application and subsequent subsurface
incorporation of biosolids, including how these factors affected the development of a technique for
assessing biosolids surface coverage in relation to potential environmental risks posed by land
applied biosolids. The potential for the findings of this thesis to assist an agreement to be reached
between regulators and biosolids practitioners on the issue of; what represents adequate biosolids
incorporation to reduce potential environmental risks will be discussed. Finally the implications and

limitations of this study will be discussed followed by the conclusions and recommendations.



2. Literature Review

2.1 Introduction

Land application of biosolids is increasing globally which is consistent with worldwide efforts to use
biosolids for beneficial purposes whilst still providing maximum environmental and public health
protection (Sidhu and Toze, 2009). The need to beneficially use biosolids has been highlighted in
data from the US EPA (1999) where it was estimated that by the year 2010 approximately 7.4 million
dry tonnes of biosolids will be generated annually in the USA alone. Many options exist for the
disposal of biosolids including incineration, landfill and land application. However, with incineration
being costly (and having some environmental concerns) and space in landfill becoming limited,
attention has shifted to the beneficial use of biosolids, in particular land application (Moffet et al.,

2005).

For a better understanding of what biosolids are and examples of beneficial use options the

following definitions are provided:

Biosolids are the primary organic materials which are produced during the wastewater treatment
process. Biosolids differ from sewage sludges as they have been treated to meet regulatory pollution

and pathogen requirements for land application and surface disposal (USEPA, 2011).

The beneficial use of biosolids is a term used to refer to processes including land application
whereby the biosolids are applied to the soil at or below agronomic loading rates to supply nutrients
and replenish soil organic matter, without harming or threatening public health and safety or the

environment (AWA, 2011).

While the beneficial use of biosolids products is increasing worldwide, there are many issues which
are raised in the literature in relation to this subject area. Issues range from:

What are the reasons for land application of biosolids and what are the benefits?

Legal requirements which need to be followed for biosolids land application and guidance given for
biosolids practitioners;

What are common methods for biosolids land application?

Issues regarding some of the potential environmental concerns and risks associated with biosolids
land application and subsurface incorporation;

Various aspects which challenge and impact on biosolids land application and incorporation;



The nature of Australian soils with reference to how and why biosolids application can impact soils;
Information on soils and runoff data after biosolids land application and how this relates to possible
environmental risks such as surface/groundwater contamination;

Finally are there any techniques for assessing incorporation levels to alleviate potential
environmental risks following biosolids land application?

While this is a wide spanning list of issues, this review will demonstrate how they are all integral in
understanding, why there is a need to develop a technique for the assessment of adequate levels of
incorporation of land applied biosolids. This will not only be useful for regulators but also biosolids

practioners to manage potential environmental risks.

2.2 Why apply biosolids and what are the benefits?

Biosolids are fast becoming a significant environmental challenge being faced by many communities
and water authorities throughout the world (LeBlanc et al., 2008). With increasing population
worldwide and the resulting stresses which are placed on finite natural resources, a need to
beneficially use and recycle waste and waste products has been a top priority for many countries
over recent decades (Riggle, 1996). Human/animal excreta and waste products have been used
throughout history as a form of fertilizer as they were known to increase soil fertility. In recent times
human waste has become more highly treated and refined into what we now call biosolids (US EPA,
2011). With increased quantities of waste being produced there is a growing need to dispose of it in
an environmentally friendly manner. Countries are turning away from conventional methods of
disposal including incineration, sea disposal and landfill as these are not only costly but also
environmentally unsustainable (Beecher et al., 2008). Focus has shifted to beneficial use options
including land application, composting, land reclamation and other agronomic purposes. The largest
proportion of biosolids for beneficial use within countries such as Australia, New Zealand and the
United States of America is for agricultural land application purposes (Beecher et al., 2008, AWA,

2011).

There are many reasons for the use of biosolids including; improving soil quality for crop production,
reducing soil erosion, reclamation of lands with poor soils, enriching forestry land, conserving landfill
space and economic incentives for companies who provide land application services, biosolids
derived compost, etc. Economic incentives for companies are provided by biosolids producers

setting targets to beneficially use high percentages of their biosolids, and having to pay for land



application services. Sydney Water for example has beneficially used 100% of its biosolids each year
since 2003 (Sydney Water, 2011). The history and benefits of biosolids for activities of mine
reclamation (Toffey et al., 1998) and forestry are significant but are not the focus of this review. A
more generalised review of benefits will be assessed with a focus on benefits in agricultural

practices.

The benefits of land applying biosolids are related to biological and organic matter which is provided
to the soil. Biosolids are a source of organic carbon, nitrogen, phosphorus, micro/macronutrients
and other trace elements including zinc, copper and iron and many others which add to soil
properties (Rigby et al., 2009, Tsadilas et al., 2005, Vu Tran, 2008) some typical composition data is
provided in Table 1 (NSW DPI, 2009). With increasing availability of biosolids, it has become an
effective low cost source of essential plant nutrients and an effective soil conditioning agent. This
has been known for many years throughout the world with biosolids providing the essential
nutrients for the growth of various crops and pastures (Petroff and Brashear, 2005). The organic
matter present in biosolids not only nourishes plant growth but also increases soil condition, helping
increase bacterial activity, enhancing soil structure and improving consistency of poor soils (Synagro,
2002). This in turn allows for higher levels of root development and access to other nutrients

provided by biosolids application.

Nutrient %

Total Nitrogen (N) 2.9-5.1
Total Phosphorous (P) 1.05-4.26
Potassium (K) .034-0.74
Calcium (Ca) 0.9-2.4
Magnesium (Mg) 0.1-0.5
Sulphur (S) 0.5-2
Zinc (Zn) .03-0.1
Organic Matter 40-60

Table 1: Typical nutrient concentrations found in dewatered biosolids (mg/kg) in NSW (NSW DPI, 2009).

The benefits of biosolids are not only limited to the chemical matter which is provided to the soil;
the application of biosolids has also been found to improve the soil’s water retention, water
infiltration, bulk density and porosity, e.g., see (Moffet et al., 2005, Spicer, 2002). In studies of
surface applied biosolids effects on erosion, infiltration and surface runoff, Aguilar and Loftin (1991)
and Aguilar et al. (1994) found that using simulated and natural rainfall events lead to a significant

difference in infiltration rate and less surface runoff from sites amended with biosolids compared to



those which were not. These findings were also supported by Moffet et al. (2005), who attributed
decreases in erosion and surface runoff on sites which received surface applied biosolids to an
increase in surface roughness and also the ability of biosolids to absorb water in rainfall events.
Many of these studies have focused on surface applied biosolids with very few focusing on the effect
biosolids have on soils after subsurface incorporation. Sepulveda-Varas et al. (2011) concluded that
degraded soils respond positively to biosolids incorporation to improve quality, but noted a loss of
surface structure due to physical incorporation technique negatively affecting water infiltration rate.
While there are many studies pertaining to surface applied biosolids it seems more research needs

to be done in relation to the effects incorporation has on the potential benefits offered by biosolids.

2.3 Requirements (including legal) and guidance for biosolids
incorporation

The beneficial use of biosolids is a contentious issue in the eyes of some stakeholders such as the
general public and the media. Many issues arise due to preconceived notions of pollution and
disease which have been associated with wastewater sludges, primarily due to poor education of the
general public on the matter. While there are issues surrounding environmental pollution and public
health risks, many of these are dealt with by biosolids guidelines and legislation which are generally

specific to a single country or states/territories (LeBlanc et al., 2008).

Australia has adopted a regulatory framework similar to that developed in the North America,
Europe and New Zealand, where the regulatory systems are complex and biosolids technologies are
advanced. With many trained professionals working in wastewater treatment and management
fields within these countries, more emphasis is placed on improving the management of biosolids
practices than on development of technologies (LeBlanc et al., 2008). Within Australia, each state
and territory is responsible for the management of its own water and wastewater resources and
regulations but adhere to a national framework (NRMMC, 2004). This is then overseen by state

based regulatory agencies such as an Environmental Protection Agency (EPA), which ensure

compliance with the relevant guidelines developed by that state (Pritchard et al., 2010).

The Environmental Guidelines: Use and Disposal of Biosolids Products (EPA, 1997) is the document
which details the various rules and regulations which must be followed when land applying biosolids
within New South Wales (NSW). These guidelines outline various requirements which must be

followed including buffer distances, soil contaminant concentrations, lands which are suitable or
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unsuitable to receive biosolids application, various biosolids contamination grades and management
practices which need to be followed. These guidelines may seem comprehensive for NSW, but
difficulty arises when applying biosolids in more than one state as each has their own set of
guidelines which often differ slightly (LeBlanc et al., 2008). This can be a source of confusion
especially for concerned members of the public who may do some research to find different
regulations apply in each state and worry about public safety. The development of an up to date
nationwide set of guidelines would help remove confusion and potentially enhance biosolids

management systems and public acceptance as a whole.

According to the current NSW guidelines (EPA, 1997) incorporation of land applied biosolids must be
completed within 36 hours of land application. The method of incorporation is a single pass with a
disc plough. The guidelines do not state, however, the depth to which incorporation must be
completed and the percentage of biosolids which need to be incorporated beneath the soils surface.
This has arisen as a contentious issue amongst stakeholders, while biosolids practitioners attempt
the maximum incorporation at the lowest cost, environmental and water authorities seek that
incorporation be significant enough to reduce any potential environmental risks as discussed later in
this review. Amongst other issues, the need to develop an understanding between authorities and
practitioners as to what is considered adequate levels of biosolids incorporation is essential in
moving forward with the development of biosolids guidelines which provide maximum

environmental protection, whilst not making the process of beneficial use more problematic.

2.4 Common methods for biosolids application

Land applied biosolids typically come in two forms, either as a liquid with relatively low solids
content (3-6 %) or as more processed dewatered cake generally with solids content up to 30%
(USEPA, 2000). Liquid biosolids can either be injected into the soil using specialised machines or be
surface applied using various spraying apparati. Dewatered biosolids can be surface applied using
conventional agricultural equipment, such as manure spreaders pulled by tractor (Figure 1). The
varying forms of biosolids are used throughout the world, although dewatered biosolids are more
common due to the ease of transport (higher solids content reducing transport costs) and storage at

potential land application sites.
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Figure 1: Rear discharge manure spreader used in biosolids land application.

Land application of liquid biosolids was assessed by Lapen et al.(2008) using two methods of
application; tillage of the soil before surface application and surface application followed by
standard incorporation. In an assessment of these varying techniques on groundwater quality it was
found that the tillage before biosolids application lead to significantly less contamination of
groundwater than post application incorporation. While this study only focused on liquid biosolids it
highlighted a point of interest in regard to surface application and potential runoff issues which arise

when surface applying any biosolids product.

Of greater importance to the present study are the instances of land application of dewatered
biosolids as these are most commonly used due to ease of transport and potential storage at both
treatment plants and potential land application sites. Many studies in this area often refer to surface
applied biosolids, but these are generally not incorporated into the soil as is expected in practice
under NSW biosolids guidelines (Beecher et al., 2008, Moffet et al., 2005, Pritchard et al., 2010,
Spicer, 2002, Vu Tran, 2008). Due to the fact that the studies mentioned above focus on surface
applied but not incorporated biosolids makes interpretation of the results and potential impacts for
incorporated biosolids difficult but does give valuable information concerning many of the

environmental risks posed by biosolids and outlined in following sections.
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An Australian study by Eamens et al.(2006) did focus on surface applied and incorporated biosolids
in regard to survival of pathogenic and indicator bacteria in biosolids applied to agricultural soils.
This study provides interesting insights into potential human and animal health risks which may still
be present even after biosolids incorporation. With many studies only focusing on surface applied
biosolids and very few on how incorporation effects biosolids application and the potential risks to
the environmental, people and animals, more work is needed to establish standards for safe levels

of application and incorporation in relation to these issues.

2.5 Potential environmental concerns/risks with regard to biosolids
incorporation

Biosolids have faced much opposition in gaining a general acceptance and support towards their
beneficial use in NSW for the last 20 years. Much of this opposition has come from what people
believe to be the potential environmental and human health risks associated with the use of
biosolids products. A number of potential environmental concerns are commonly outlined in the
literature; these include: potential for surface water/groundwater contamination (with microbial
and chemical agents), human related health risks, pathogens, heavy metal accumulation, ingestion

by animals and potential for vector borne disease.

The environmental risk of the potential for surface/groundwater contamination has been an area of
much biosolids related research over recent years. Research in this area tends to be split, focusing
either on surface water contamination and runoff, or leaching of contaminants into groundwater.
Aguilar and Loftin (1991) and Hansen et al. (2007) examined runoff water quality from sites
amended with biosolids products and concluded that runoff from biosolids sites was well below
recommended standards for groundwater and stream water supplies in relation to nitrate, heavy
metals and phosphorus levels. Hansen et al. (2007) also found that dissolved phosphorus loss in
runoff water was also decreased by incorporation of biosolids into the soil onsite when compared to
similar non-incorporated application rates. This information provides evidence that the
incorporation of land applied biosolids aids in decreasing potential surface water runoff
contaminants; although other findings suggest that concentrations in runoff from surface applied

non-incorporated biosolids sites are within environmental limits regardless.

Similar results have been obtained when studying the effect of biosolids application to potential

groundwater contamination (Esteller et al., 2009, Rigby et al., 2009, Vogeler et al., 2006, Brenton et
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al., 2007). Potential leaching of nitrate, phosphate and heavy metals into groundwater was found to
be insignificant for sites that were suitable for biosolids application and at standard application rates
as outlined by relevant biosolids guidelines. In most cases, all potential contaminant levels were
below those of safe drinking water guidelines within the studies respective countries. These studies
support the findings of potential surface water contamination studies and conclude that, with
proper enforcement and practice within biosolids guidelines, potential for water contamination

should not be of high environmental concern.

Another major concern in regard to biosolids is the potential for human health risks due to
pathogens, viruses and vector borne diseases which can originate from application sites. Varying
arrays of pathogens exist within biosolids from E. coli and Salmonella to hepatitis. Most of these
pathogens are reduced to safe levels through the treatment process (Sidhu and Toze, 2009), but the
remnant populations have the potential to pose a risk to those exposed to biosolids. There is much
evidence of the pathogens and health risks associated with biosolids, some of these issues are dealt
with in relevant guidelines such as Occupational Health and Safety controls, control on crop
production, land withholding periods etc. Wu and Smith (1999) in their review of the regulatory
update of the Part 503 rule from the U.S. EPA give reference to potentially useful methods of
reducing the risks associated with biosolids pathogens. Application of biosolids to the ground surface
exposes pathogens to desiccation, radiation from the sun and other environmental effects which aid
in reducing their effect (Wu and Smith, 1999). These benefits are short lived, however, due to
biosolids requiring incorporation within 36 hours of application which can greatly affect pathogen
survival rates. This is supported by the results of Eamens et al. (2006) noting the survival of
pathogens (E. Coli and Salmonella) within clumps of biosolids for up to 12 months after biosolids
application and a slightly higher survival rate in incorporated biosolids. While the incorporation of
biosolids is done to reduce risks including those associated with pathogens and vector borne disease
by creating a physical barrier between the biosolids and external sources, perhaps the effectiveness
of this incorporation may be further assessed to establish if incorporation does play a significant role

in reducing risks (Eamens et al., 2006).

Hill et al. (1998) examined the potential risks associated with the ingestion of biosolids by grazing
animals and the potential build-up of toxic elements within body tissues. Feeding a mixed diet of
soils, varying biosolids concentrations and grazed herbage to lambs, an assessment was made on the
effect on body tissues. Results yielded that for most potentially toxic elements, build-up in body

tissues was below the levels set for food standards with the exception of the liver and kidneys. There
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was little margin for potentially toxic chemical levels for human food safety in the liver and kidneys
of lambs, with caution recommended to be taken. This study provides important data for biosolids
applied paddocks with quantitative assessment of how much biosolids ingestion can lead to toxic
element build-up. With levels of ingestion in lambs of up to 300 g/kg of biosolids in total diet dry
matter leading to highest levels of toxic element build-up, assessment of how this can related to
incorporated biosolids can be made. This proves useful as incorporation helps reduce surface
exposure of biosolids and can therefore reduce the potential intake of biosolids by grazing animals.
Just how effective incorporation is at decreasing surface exposure of biosolids will be important for

farmers wanting to graze animals on paddocks previously applied with biosolids.

For the benefit of the physical barrier provided by incorporating biosolids, the potential for the
reduction in contaminated runoff water and reduction of animal ingestion, further assessment
needs to be conducted on the effectiveness of incorporation or degree of incorporation and the

potential this could have in reducing these risks.

2.6 Aspects which challenge and impact on biosolids land application and
incorporation

There are many factors which have the potential to challenge and limit biosolids application and
incorporation ranging from issues of public acceptance, odour, farmers moving towards no-till

practices, the physical conditions of the soils themselves and prevailing weather conditions.

Issues of odour and public acceptance of the use of biosolids products have been some of the major
inhibitors of the increased beneficial use of this product. Rynk and Goldstein (2003) and Tanto and
Magette (2010) conducted studies which dealt with the issues of odour and public acceptance with
results showing that, with best field practice utilising incorporation and increased community
education and awareness campaigns, this issue currently inhibiting biosolids acceptance may slowly
change. With increased use of biosolids products in agriculture, it is important to have community
support and input to build-up a positive attitude toward the use and recycling of what is becoming a
major waste issue. The role of incorporation in this context is that as it provides a physical barrier to
help decrease odours and removes the biosolids from plain sight, this helps increase the positive
awareness and acceptance by communities towards the use of biosolids (with a general attitude of

out of sight out of mind).
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Another major contributing factor which is having an effect on the use of biosolids is the move from
traditional tillage methods to minimum or no-till farming practices. Lal et al (2007) discuss the
gradual move towards no-till farming and highlight environmental aspects including reductions in
erosion, organic carbon and nutrient losses as some of the main reasons for the shift. While
conventional methods of farm tillage, including discing (Figure 2), have negative effects of breaking
down soil structure and increasing potential for erosion and other losses, they still remain the
required form of incorporation under current NSW biosolids land application guidelines. The use of
disc ploughs for incorporation is advantageous as it allows for almost complete turnover of the soil
to varying depths and provides good biosolids cover and mixing. However, with more farmers
becoming aware of the issues related to this practice it may be time for regulators to look into new
forms of incorporation (less soil destructive plough types) or other potential alternatives to help
reduce environmental risks. As disc plough is still currently the incorporation method outlined in the
guidelines, an assessment of its effectiveness of incorporation and potential reduction in

environmental risks, may prove useful for development of future guidelines.

Figure 2: Conventional 2-way disc plough used for soil incorporation of biosolids as outlined in NSW guidelines.
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Soil physical conditions are a contributing factor which can challenge effective biosolids soil
incorporation. Dedousis and Bartzanas (2010) outline a number of soil conditions which may affect
tillage, ranging from soil type, texture, organic matter content, state of compaction, soil moisture
and soil structure. Soil moisture is the most commonly studied of these conditions and can greatly
affect the level of soil fragmentation and therefore degree of incorporation of any surface applied
solids. If these mentioned soil conditions have the potential to affect tillage, this will also affect the
incorporation of biosolids into soils with varying conditions. To gain the best outcome for
incorporation of biosolids, tillage should be performed at optimal soil moisture content levels
(typically 12-18%); however this is not practical in real world situations as biosolids are constantly
applied year round in a variety of climatic conditions, which would inevitably affect soil moisture and

therefore incorporation effectiveness.

With a range of factors which challenge and impact biosolids land application and incorporation the
development of strategies to deal with these challenges is extremely important. The development of
an assessment technique for adequate incorporation levels which will help biosolids practitioners
reduce problems of odour and environmental risk will be useful in dealing with some of these

challenges in the future.

2.7 Nature of Australian soils with reference to biosolids application

Australian is a very old continent which is mirrored by the quality of our soils. Being exposed to
many environmental conditions throughout geological history has lead to Australian soils which are
often affected by salt and are lacking in both nutrients and organic matter making them relatively
infertile (CSIRO, 1983). When compared to soils in the Northern Hemisphere, Australian soils tend to
have less organic matter and are poorly structured, with many soils containing a highly clayey layer
just below the surface which restricts drainage and effects root growth (ANRA, 2009). With the
knowledge that Australian soils are lacking in nutrients, organic matter and are relatively infertile,
the application of biosolids to these soils may help increase the potential for continued or new

agricultural practices.

Due to the properties of biosolids which are outlined above they have the potential to make good
soil conditioners, adding valuable micro/macronutrients, trace elements and organic matter to help

replenish levels which are lacking within many Australian soil types. The incorporation of surface
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applied biosolids aids in the delivery of these nutrients into the soil but care needs to be taken as to
not cause overworking of the soil and increase potential for erosion. The addition of biosolids and in
particular the organic matter contained within the biosolids provides a secondary effect of
increasing the available water content within soils (FIFA, 2006). This has the potential to enrich areas
within the Australian soil landscape which suffer from low water availability; this would therefore

help increase the fertility of these areas.

If possible issues outlined above surrounding biosolids land application and incorporation can be
addressed, in a cost effective and environmentally safe manner the potential benefits of biosolids for

infertile Australian soils can be increased.

2.8 Soil and runoff data after biosolids land application

Many studies have been conducted overseas to assess soil and runoff data after biosolids application
including those by Aguilar and Loftin, 1991, Aguilar et al., 1994, Esteller et al., 2009, Lapen et al.,
2008, Moffet et al., 2005, Vogeler et al., 2006, Vu Tran, 2008. These studies have generally been
conducted in the USA which has regulatory and guideline systems on which Australian guidelines
were originally based. The difficulty in applying some of these studies in the Australian context is, as
mentioned, because of the difference in Australian soils compared to those in the Northern
Hemisphere. Therefore, it is important for similar studies to be carried out in the Australian context.
Michalk and Curtis (1998) and Joshua et al. (1998) studied the effects of surface applied and
incorporated biosolids respectively on soils and runoff water from field sites within NSW. Both
studies concluded that the application of biosolids at rates within current NSW biosolids regulation
guidelines have low potential for the pollution of soil or water resources. Levels of potential
contaminants measured in runoff and soil samples were well below limits established in the NSW
EPA biosolids guidelines (EPA, 1997). These results for both incorporated and surface applied
biosolids provide evidence contrary to the common perception, with these forms of biosolids land
application resulting in no substantial movement of contaminants which are of concern from an
environmental risk standpoint. These studies were of limited duration and covered only a few soils,
so studies similar to those above need to be conducted in conjunction with regulating authorities to
determine what levels of environmental risk are acceptable when it comes to biosolids land
application. The results of the present study will help regulating authorities, such as, the NSW EPA,

biosolids practitioners and biosolids producers, to reach agreement of what is an acceptable level of
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