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Summary

The company, EasyMining, has developed a process called Ash2Phos that recovers
phosphorus from the ashes from incinerated sewage sludge. This phosphorus product has
qualities that would make it suitable for use as a phosphate supplement in animal feeds.
However, current EU legislation bans the use of any nutrients recycled from wastewater in
animal feeds.

This report presents a qualitative risk assessment for the presence of pathogens in
phosphorus recovered from sewage sludge ash. The specific risk question assessed in the
report is “What is the probability that phosphorus recovered from sewage siudge contains infections animal
pathogens following incineration and processing through the Ash2Phos process?”. The assessment does
not include any evaluation of the consequences of exposure to pathogens.

Under the assumptions made in the assessment and with the information available today,
the risk that phosphorus recovered from sewage sludge using the Ash2Phos process
contains infections animal pathogens is assessed to be negligible. While it has been clearly
shown that sewage sludge contains high levels of bacteria, viruses and parasites, both the
incineration step in converting sewage sludge to ash and the chemical exposure steps in the
Ash2Phos process are assessed to be effective barriers against these pathogens which will
result in their complete inactivation. Regarding prions, the negligible (bovine spongiform
encephalopathy) to very low (scrapie) risk that these transmissible spongiform
encephalopathies are present in the European animal population makes it extremely unlikely
that prions are present in wastewater streams. In addition, the available evidence supports
that both the incineration process and the chemical treatment steps in the Ash2Phos
process are able to significantly reduce the infectivity of prions.

During the risk assessment process, several important gaps in the knowledge about prions
were identified. These include a lack of information about the presence and concentrations
of prions in European wastewater streams and sewage sludge, imprecise data on the
temperatures and residence times required to completely inactivate prions during
incineration, and insufficient information about the effects of pH and chemical treatments
on the infectivity of prions. Additional scientific evidence to fill these gaps would strengthen
the assessment of the various steps in the process of recovering phosphorus from sewage
sludge ash and thus the overall assessment.
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Definitions

Pathogen a microorganism that can cause disease

Prevalence the proportion of a population that has a disease, condition or
characteristic in a given time period

Z.00no0sis a disease that can be transmitted between humans and animals



1 Introduction

The National Veterinary Institute (SVA) has been asked by the company, EasyMining, for a
risk assessment of the probability of pathogens remaining in phosphorus recovered from
sewage sludge ash for use in animal feed. EasyMining has developed a process (Ash2Phos)
that recycles phosphate from the ashes from incinerated sewage sludge. The resulting
product has characteristics that make it suitable for use as a phosphate supplement in animal
feeds. However, under current EU legislation, any nutrients recycled from wastewater are
banned from use in animal feeds, irrespective of processing method or origin of the
wastewater (EU Feed Regulation 767/2009, Annex 111, point 5).

1.1 RISK QUESTION

The company has formulated the following questions to SVA:

e s the ash from sewage sludge a safe starting point for recovering phosphorus for
animal feed?

e What is the probability that production animals fed phosphorus recovered using the
Ash2Phos process are exposed to pathogens from the original sewage sludge?

To answer these questions, SVA has formulated the following risk question:

What is the probability that phosphorus recovered from sewage sludge contains infections animal pathogens
following incineration and processing throngh the Ash2Phos process?

For ease of assessment, the risk question will be assessed in three parts:
1. What is the probability that raw sewage sludge contains animal pathogens?
2. What is the probability that sewage siudge ash contains animal pathogens?
3. What is the probability that phosphorus recovered from sewage sludge ash using the Ash2Phos

process contains animal pathogens?

1.2 SCOPE OF THE ASSESSMENT

This risk assessment will be limited to pathogens. No other hazards, such as heavy metals or
pharmaceutical residues, will be assessed. Also, only the Ash2Phos method of recovery of
phosphorus from sewage sludge ash will be assessed and no other available methods for
phosphorus recovery. Only sewage sludge originating from countries within the European
Union and no other countries will be assessed.

In the risk assessment it is assumed that all current regulations and recommendations for
wastewater treatment and sewage sludge incineration are followed and that no operational
disturbances or failures occur during either the incineration or the Ash2Phos process.



2 Background

21 PHOSPHORUS IN ANIMAL FEED

Phosphorus is an essential nutrient for all living organisms (Havukainen et al., 2016; Luyckx
and Caneghem, 2021). The mineral is required for many biological processes including
energy metabolism, protein synthesis, cell-signaling and maintaining acid-base balance, and it
is an important component in the synthesis of DNA, RNA, cell membranes, muscle and
bone (Singh et al., 2018; Li et al., 2016). In agriculture, phosphorus is routinely added to
animal diets to ensure requirements are met in order to maintain animal health, welfare and
productivity. It has been estimated that phosphorus is the second to third most costly
component in animal feed supplements (Manopriya et al., 2022). A major source of the
phosphorus used in animal feeds is inorganic phosphorus that is extracted through the
mining, crushing and chemical processing of natural phosphate rock (Manopriya et al.,
2022). Approximately 7% of the phosphorus extracted from phosphate rock is used in
animal feed (Cieslik and Konieczka, 2017). However, phosphate rock is a finite resource,
and it is expected that all known natural sources will be depleted or even exhausted within
the next 50-100 years (Bloem et al., 2017; Rorat et al., 2019). Additionally, phosphate rock
contains varying levels of heavy metals, which can be difficult to remove, creating both
environmental and health concerns (Javied et al., 2009). Phosphorus has been classified as a
critical raw material by the EU since 2017 (Di Giacomo and Romano, 2022). Therefore,
interest in recovering and recycling phosphorus from alternative sources has increased in
recent years.

2.2 SEWAGE SLUDGE AS A POTENTIAL SOURCE OF PHOSPHORUS

One alternative source of phosphorus is the ash that remains after the incineration of
sewage sludge. Sewage sludge is a waste product produced during the treatment t of
wastewater. It is made up of the solids and semi-solids that are removed during the
wastewater treatment process. It is rich in organic matter and contains many valuable
nutrients, including phosphorus (Bloem et al., 2017). Sewage sludge is also often heavily
loaded with organic and inorganic contaminants including heavy metals, nanoparticles,
pharmaceutical residues and pathogenic organisms (Bloem et al., 2017). As such, there are
often stringent regulations that must be followed when handling and disposing of sewage
sludge. A well-accepted and commonly used method of sewage sludge disposal is
incineration, which is a combustion process that uses high heat and oxygen to destroy the
organic fraction of the sewage sludge and convert it into ash (Di Giacomo and Romano,
2022). This ash has a high phosphorus concentration (4-12%) which is comparable to the
concentration of phosphorus typically found in phosphate rock (2-18%) (Luyckx and
Canaghem, 2021). Therefore, sewage sludge ash is seen as good alternative source of
phosphorus and several processes have been developed to recover phosphorus from sewage
sludge ash (Bloem et al., 2017; Luyckx and Caneghem, 2021). According to EasyMining, the
phosphorus product recovered from sewage sludge ash using the Ash2Phos process is both
free from heavy metal contaminants and has a digestibility comparable to that of
traditionally sourced phosphorus, which makes it suitable for use as a phosphorus
supplement in animal feeds.



2.3 WASTEWATER TREATMENT AND SEWAGE SLUDGE PRODUCTION

Urban populations generate large amounts of wastewater that is treated to remove
contaminants before being released back into waterways so that it will not adversely affect
human, animal or environmental health (Chahal et al, 2016). Wastewater entering treatment
facilities comes from three sources: 1) household wastewater (toilets, personal hygiene, food
preparation etc), ii) industrial wastewater and iii) stormwater (rain run-off from surfaces)

(Figure 1) (Chahal et al., 2016).
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Figure 1. Potential sources of pathogens in wastewater

While wastewater treatment processes vary from facility to facility, most treatment plants
use a combination of physical, chemical and biological methods to remove contaminants
from wastewater (Chahal et al., 2016; Di Giacomo and Romana, 2022). These processes can
generally be grouped together into preliminary, primary, secondary and tertiary stages
(Figure 2).
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Figure 2. Steps in the wastewater treatment and sewage sludge production process



In the preliminary stage, large debris, gravel and grit that may clog or damage downstream
equipment is screened out (Di Giacomo and Romana, 2022). In the primary stage,
suspended solid waste particles settle out of the water under the force of gravity in large
settling tanks, thereby clarifying the wastewater. Many systems add flocculants or coagulants
to facilitate the settling process in the primary stage. In the secondary stage, nutrients and
dissolved organic and inorganic solids are removed by applying various biological treatment
processes coupled with solid/liquid separation (Chahal et al., 2016; Ottoson, 2004). During
the tertiary stage, various chemical, biological or physical treatments, such as filters, chlorine,
ozone or ultraviolet light, may be applied as a final measure to ensure the desired quality of
treated water is achieved.

Sewage sludge, which is the solid or semi-solid waste produced during the wastewater
treatment process, may be generated in the primary, secondary and/or tertiary stages of
wastewater treatment (Chahal et al., 2016). Sewage sludge from all three stages of
wastewater treatment is typically combined and handled together (Gholipour et al., 2022;
Schnell et al., 2020) (Figure 2). Because raw sewage sludge is composed primarily of organic
matter, it is easily fermentable and must be stabilized before it can be further managed
(Dumontet et al., 2001). A wide variety of processes can be used to stabilize raw sewage
sludge, including various chemical treatments (eg lime, ozone), aerobic or anaerobic
biological digestion (eg. biogas production), composting and/or thermal treatments (eg
drying) (Dumontet et al., 2001; Di Giacomo and Romano, 2022). These processes reduce
the organic matter and microorganisms in the sewage sludge which inhibits odour
production and further decomposition. The stabilized sewage sludge can then either be
utilized in further processes or sent for final disposal (Di Giacomo and Romano, 2022).

2.4 INCINERATION OF SEWAGE SLUDGE

A common method of sewage sludge disposal is through incineration. There are several
methods to incinerate sewage sludge, but it is most commonly done through a process
known as fluidized bed incineration (Kasina and Jarosz, 2023; Schnell et al., 2020). During
this process, preheated air is used to fluidize a bed of sand. The fluidized sand bed mixes
violently and serves to distribute and break up the sewage sludge as it is pumped in, while
simultaneously providing a very large surface area and well-distributed supply of oxygen to
promote combustion (Schnell et al., 2020). Ditective 2000/76/EC of the European
Parliament and of the Council of 4 December 2000 on the incineration of waste states that
incineration plants must fulfil 850°C for at least two seconds in order to minimize the
emission of environmental pollutants, such as dioxins, during the incineration

process. These high temperatures destroy the organic contaminants in the sewage sludge
leaving behind only the non-combustible, inorganic substances in the form of ash (Bloem et
al., 2017). The volume of ash remaining after incineration is approximately 10% of the
original sewage sludge volume (Kasina and Jarosz, 2023; Cieslik and Konieczka, 2017).

2.5 THE ASH2PHOS PROCESS
The Ash2Phos process is described as follows by the company:



Ash2Phos is a continuous, wet chemical process for P recovery from incinerated sewage
sludge ash. The process is designed specifically for processing fly ash from sewage sludge
mono-incineration using the fluidized bed incineration method. The main inputs in the
process are incinerated sewage sludge ash, hydrochloric acid (HCI), lime (CaO) and sodium
hydroxide (NaOH). The main products of the process are precipitated calcium phosphate,
ferric chloride, sodium aluminate, silicate sand and heavy metal residue (Figure 3).
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Figure 3. A simplified diagram of the steps involved in the Ash2Phos process including the
main inputs and outputs.

The process of recovering phosphorus from ash involves several steps which are described
in detail below.

STEP 1: Ash dissolution

The sludge ash is fed into a stirred dissolution reactor. Concentrated hydrochloric acid (30%
by weight) is fed to the dissolution reactor together with process water. The operational
conditions are: temperature 40°C, pH 0 — 0.5, residence time 30 minutes, liquid to solid ratio
3 liter per kg and effective HCI concentration 3M. The ash is composed of a mixture of
inorganic minerals such as hematite, calcite, apatite, quartz etc. The hydrochloric acid breaks
the covalent bonds in the crystal structure of the minerals and phosphorus is dissolved in a
form of phosphate anion.

STEP 2: Filtration of the non-dissolved fraction (silicate sand)

The next step involves filtration of the non-dissolved fraction. This is done in a vacuum belt
filter in which a filter cake is first formed on the belt filter. The filtrate from the first
filtration is circulated and filtrated again through the filter cake itself. This process filters out
particles larger than a range of 1-10 micrometers. The non-dissolved fraction has about 50%
of the mass of the original ash.

10



STEP 3: Reaction of dissolved phosphorus with iron

The clear filtrate from step 2 is fed into a stirred reactor to which iron hydroxide is added.
The operational conditions are: temperature 40°C, pH 0-2, retention time 33 minutes, liquid
to solid ratio of 3 liter per kg.

STEP 4: pH adjustment

The slurry from step 3 is fed to an additional stirred reactor in which the slurry is reacted
with a slurry of slaked lime (ca 22% by weight). The operational conditions are temperature
40°C, pH 2.5-3, and retention time of 48 minutes. Phosphate is precipitated mainly as ferric
phosphate.

STEP 5: Separation of ferric phosphate mineral.

The precipitated phosphate mineral is separated from the solution by filtration. Filtration is
done in a vacuum belt filter as in step 2.

STEP 6: Dissolution of separated ferric phosphate mineral.

The separated phosphate mineral is fed into an additional stirred reactor where it is
dissolved under alkaline conditions. This is done by feeding a recycled sodium hydroxide
solution into the reactor, along with a concentrated sodium hydroxide (50% by weight). The
effective concentration of sodium hydroxide in the reactor is ca 3M, temperature 40°C, pH
12.5 -13 and retention time of 50 minutes. Phosphate is again dissolved in the form of an
anion by breaking the covalent bonds in the ferric phosphate.

STEP 7: Separation of dissolved phosphorus

The phosphorus which is now dissolved in an alkaline solution is separated from the non-
dissolved fraction by vacuum belt filtration as in step 2.

STEP 8: Precipitation of calcium phosphate

The clear solution from step 7 is fed into a stirred reactor in which milk of slaked lime (22%
by weight) is fed into the reactor to precipitate the phosphate anion with the added calcium.
This reaction generates sodium hydroxide. The operational conditions are pH 12.7 — 14,
temperature 40 — 50°C, and retention time of 60 minutes.

STEP 9: Separation of precipitated calcium phosphate

The precipitated calcium phosphate is separated from the alkaline solution by filtration.
Filtration is done in a vacuum belt filter as in step 2. Typical cutoff for the filtration 1 — 10
micrometers.

STEP 10: Drying of the precipitated calcium phosphate.
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The separated calcium phosphate is dried in a dryer at 105°C to achieve > 95% dry matter
content.
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3 Risk Assessment Method

This risk assessment is qualitative and follows the guidelines in the Codex Alimentarius
(WHO, 2007). The report includes a qualitative assessment (Table 1) of the probability of
the presence of pathogens but does not include any assessment of the consequences of
exposure to pathogens.

Table 1: Terminology for probabilities in the risk assessment

Level Interpretation ‘
Negligible So rare as to be inconsequential

Very low Very unlikely, but cannot be ruled out
Low Rare, but does occur

Medium high | Sometimes occurs

High Often occurs

Very high Almost certainly occurs

The assessment of probability of the presence of pathogens is based on the pathway shown
in Figure 4.

Ash2Phos Animalfeed

process

Wastewater Sewage sludge

ash

Sewage sludge

Wastewater Incineration

treatment phosphate

Figure 4. Pathway considered in the risk assessment.
The uncertainty in the results of the risk assessment is assessed qualitatively (Table 2) and
reflects both natural variation and the uncertainty that originates in the knowledge base ie.

the lack of knowledge about the actual situation.

Table 2: Terminology for uncertainty in the risk assessment

Level Interpretation

Low 1. Solid and complete data available

2. Strong evidence from several sources

3. Several authors report similar
Medium 4. Some, but not complete data available

5. Evidence from single references

6. Authors report differing conclusions
High 7. Little to no data available

8.

Evidence drawn from unpublished reports, observations or personal communications rather than
scientific references
9. Authors report conclusions that differ significantly from each other
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The assessment is performed in three steps along the pathway corresponding to the three
parts of the risk question presented above. Each step is first assessed separately assuming
that pathogens are present in wastewater, raw sewage sludge and sewage sludge ash,
respectively. In a second step, the outcomes of the assessment for the three separate steps
are merged to an overall assessment to answer the original, comprehensive risk question.
This is done using the matrix in Table 3. This procedure can be repeated, if needed, using
the result from the first weighing step, to merge with the following step.

Table 3. Matrix for weighing together the probabilities along the pathway.

Probability of second step

Negligible VeryLow Low Medium

Negligible | Negligible | Negligible Negligible  Negligible | Negligible Negligible

Very Low | Negligible | Very Low  Very Low | Very Low | Very Low  Very Low

Low MNegligible | Very Low Low Low Low Low

Medium = Medium

Medium | Verylow | Low Low Medium

High Low Loy Medium | Medium High High

Probability of first step

Very High Low Medium = Medium High High  Very High

3.1 USE OF INDICATOR MICROORGANISMS

Determining the effect of the various processes on every single pathogen type that might
be present in sewage sludge would be extremely difficult and time consuming. In such
instances, the use of specific indicator microorganisms that represent the most resistant
organisms within pathogen categories is routine. If the resilient indicator microorganisms
are inactivated by a process, then all, less resilient pathogens can also be assumed to be
inactivated (Koutsoumanis et al., 2021; McDonnell, 2022).
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4 Hazard Identification and
Characterization

41 PATHOGENS IN SEWAGE SLUDGE

Several factors will affect whether pathogens are present in wastewater or sewage sludge,
including the prevalence of the pathogen in the population contributing to the wastewater,
routes of entry of the pathogen into the wastewater stream and the pathogens’ ability to
survive in the waste treatment environment. Pathogens may enter the wastewater treatment
stream from any of the sources shown in Figure 1. For example, domestic sources of
pathogens include those found in waste flushed down the toilet or from contaminated
bathing and laundry water. Industrial sources may include pathogens shed by livestock at
abattoirs or from meat processing facilities. Storm water may contain pathogens shed by
wildlife, pets or livestock in the outdoor environment. Therefore, the prevalence and
concentration of pathogens in wastewater entering a treatment facility is highly dependent
on the health status of the population the facility serves as well as the make-up of the sewers
connected to the system (Bloem et al., 2017). The pathogen composition in wastewater will
also vary from day-to-day, season-to-season and year-to-year (Di Giacomo and Romana
2022; Rorat et al., 2019).

Pathogens in wastewater may be free in suspension or attached to particles in the water.
While some of the pathogen load in wastewater is decreased through predation and
competition during the secondary stage of treatment, many pathogens are removed from
wastewater during the settling process in the primary, secondary and tertiary stages of
treatment (Ottoson, 2004). Thus, many of the pathogens found in wastewater are
partitioned into the sewage sludge (Bibby and Peccia, 2013), where they become
concentrated (Gholipour et al., 2022, Olofsson et al, 2012). Even in countries where
hygiene standards are generally high, the degree of pathogen prevalence in sewage sludge is
significant (Dumontet et al., 2001). Because humans are the main contributors to
wastewater, the pathogens in sewage sludge originate primarily from human waste. Most
pathogens are species-specific so these pathogens pose the greatest risk to humans.
However, some pathogens are zoonotic and therefore pose a health risk to animals as well
(Bloem et al., 2017).

The main pathogens found in sewage sludge include bacteria, viruses, and parasites
(Fijalkowski et al., 2017; Chahal et al., 2016; Bloem et al., 2017). The presence of prions in
wastewater has never been reported (Hinckley et al, 2008), but because they are considered
to be the most resistant pathogen (Koustoumanis et al., 2021) their presence must also be
considered.

4.1.1 Bacteria in wastewater and raw sewage sludge
The presence of bacteria in both wastewater and sewage sludge has been well documented

and bacteria are the most diverse and prevalent type of microorganism found in wastewater
(Chahal et al., 20106; Strauch, 1991). One study identified 243 species of potentially
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pathogenic bacteria in sewage treatment facilities (Huang et al., 2018), many of which are
known to infect animal species. Some bacterial pathogens found in wastewater that can
infect animals include Escherichia coli, Salmonella spp., Listeria spp., Yersinia spp., Campylobacter
spp., Clostridinm spp., Leptospira spp., and Mycobacterium spp. (Jiang et al., 2020, Chahal et al.,
2016; Varela and Manaia, 2013). Much of the bacterial load in wastewater is partitioned into
the sewage sludge during the water treatment process, making the bacterial concentration in
raw sewage sludge higher than that in wastewater (Mocé-Llivina et al., 2003). Because
sewage sludge is composed primarily of organic matter, it serves as an excellent medium
where bacteria can not only survive but, under certain conditions, also multiply (Carrington,
2001; Strauch, 1991). Levels of some bacteria, such as Sa/nonella and streptococci, have been
found to remain high in sewage sludge after a storage period of 12 months (Gibbs et al.,
1995). It has also been found that some bacteria, including Sa/nonella, are able to regrow
during sludge storage, despite bacterial numbers initially falling during the storage period
(Gibbs et al., 1997; Zaleski et al., 2005). Bacterial survival time in sewage sludge is
dependent on a large number of factors including the initial bacterial concentration,
temperature, pH, moisture content and which stabilization process(es) is/are applied to the
sludge.

4.1.2 Viruses in wastewater and raw sewage sludge
Unlike bacteria, viruses are not able to multiply outside of a living host cell (Carrington,
2001). However, given the correct conditions, many viruses are able to survive for long
periods of time in the environment. Studies have shown that untreated wastewater can
contain between 10°-107 virus particles per liter of water (Chahal et al., 2016), and many of
the viruses will end up concentrated in the sewage sludge during the treatment process
(Gholipour et al., 2022). Sewage sludge is known to contain viruses, particularly those of
intestinal origin (Rorat et al., 2019) and almost 100% of sewage sludge samples examined
have been shown to contain viruses (Dumontet et al., 2001). One study identified 43
different types of viruses in samples of sewage sludge (Bibby and Peccia, 2013), many of
which had the ability to infect animals. Some of the viruses known to be found in sewage
sludge that are of concern for animal health include Rotavirus, Coronavirus, Influenza virus,
and Parvovirus (Chahal et al., 2016; Dumontet et al., 2001). As with bacteria, survival of
viruses in sewage sludge is dependent on many external factors such as temperature, pH and
application of various stabilization treatments.

4.1.3 Parasites in wastewater and raw sewage sludge
Many parasites have evolved to have life cycle stages that are extremely resistant to adverse
environmental conditions (Rocha et al., 2016). Thus, many are able to survive in both
wastewater and sewage sludge. However, parasites are not able to reproduce outside of a
suitable host (Carrington, 2001). Protozoan parasites known to infect animals, such as
Cryptosporidinm spp., Giardia and Toxoplasma are commonly detected in sewage sludge (Chahal
et al. 2016; Jiang et al., 2020). For example, one study found 3810 Cryptosporidium oocysts
and 11 800 Gizardia cysts in 100 g of sewage sludge (Dumontet et al., 2001). Giardia cysts
have been found to survive in sewage sludge for at least 12 months (Gibbs et al., 1995). It
has been estimated that >99.99% of parasite eggs are eliminated from treated wastewater
during the primary and secondary treatment phases, thus ending up in sewage sludge
(Chilian et al., 2022). Parasite eggs that are commonly found in sewage sludge and that can
potentially infect livestock include those of Ascaris, Trichuris and Toxocara (Rorat et al.,
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2019). Parasite eggs can survive for many years in the environment, given the proper
conditions (Strauch, 1991). In sewage sludge stored under conditions similar to those found
in a sewage lagoons, Toxocara eggs remained infective for up to 16 months while Ascaris spp.
eggs remained infective for up to 33 months (O’Donnell et al., 1984). As with bacteria,
survival of parasites in sewage sludge is dependent on many external factors such as
temperature, pH and application of various stabilization treatments.

4.1.4 Prions in wastewater and raw sewage sludge
Prions are proteinaceous, infectious particles that are the causative agents for a group of
diseases known as transmissible spongiform encephalopathies (TSEs) (Appel et al., 2000).
TSEs are fatal neurodegenerative diseases that affect a number of mammalian species,
including humans (Saunders et al., 2008). The TSEs of importance to domestic animals are
Bovine spongiform encephalopathy (BSE) in cattle, and scrapie in sheep and goats.

The presence of prions in wastewater or sewage sludge has never been reported nor has it
been thoroughly investigated (Hinckley et al., 2008). However, there are several plausible
ways BSE or scrapie prions could potentially enter the wastewater treatment stream. Scrapie
prions are shed in both the urine and feces from infected sheep and goats (Maluquer de
Motes et al., 2012; Rubenstein et al., 2011; Terry et al., 2011) and could therefore enter
wastewater via surface runoff. Both BSE and scrapie prions are also found in various
tissues in infected animals (Sawada et al., 2019, Kumagai et al., 2019; Acin et al., 2021;
Saunders et al., 2008; Race et al., 1998) so leachate from whole carcasses or tissues of TSE-
infected animals may therefore serve as a source of contamination for stormwater (Saunders
et al., 2008). However, the presence of prions in stormwater has not been thoroughly
examined. One study detected prions in one sample of surface water run-off entering a
water treatment facility from an area where Chronic wasting disease, a TSE that affects deer
species, was endemic in the wild deer population. However, the amounts detected were
found to be below infectious levels (Nichols et al., 2009). No studies to detect the presence
of the prions causing BSE or scrapie in stormwater have been done.

BSE or scrapie prions could also enter wastewater streams from industrial sources that
might handle infected animals or carcasses, such as abattoirs, meat processors or carcass
rendering facilities (Saunders et al., 2008, Maluquer de Motes et al., 2008, Yamamoto et al.,
2005). These facilities generally have barriers in place that minimize the risk of entry of
infectious prions into wastewater (Gale and Stanfield, 2001; Yamamoto et al., 2006; Adkin et
al., 2012a; Quinn and Fabiansson, 2001). At abattoirs for example, any animals exhibiting
signs of TSE disease during pre-slaughter inspection are deemed unfit and are not
slaughtered (Gale and Stanfield, 2001). Tissues considered to be at high risk for containing
infectious prions are typically removed and disposed of using methods considered
appropriate to inactivate infectious prions, such as incineration (Gale and Stanfield, 2001;
Yamamoto et al., 2006; Adkin et al., 2012a). Abattoirs and other facilities that handle animal
carcasses and parts also typically have mesh screens over the drains to prevent small
particles from entering the wastewater (Gale and Stanfield, 2001; Yamamoto et al., 2000;
Adkin et al., 2012b). However, the effectiveness of these measures in preventing prions
from entering wastewater has not been thoroughly investigated. Only one study where
wastewater from industrial facilities was examined for the presence of prions has been
published. These researchers found no prions in any of 17 wastewater samples collected
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from 3 different abattoirs, 9 of which were collected within 24 hours after slaughtering a
confirmed BSE-positive animal (Maluquer de Motes et al., 2008).

Several groups have made estimates of the amounts of infectious prions that might enter
wastewater from industrial facilities from prion-infected carcasses, all of which have been
very low. One group estimated that between 2-20 g of infective tissue would enter the
wastewater stream from one BSE infected animal slaughtered at an abattoir (Quinn and
Fabiansson, 2001). Another estimated that between 0.01-1% of high-risk tissues (brain and
spinal cord) from a BSE-infected animal might enter the wastewater stream from an abattoir
(Gale and Stanfield, 2001). A third group estimated that the highest amount of prion
infectivity entering wastewater from different types of facilities handling animal carcasses
came from BSE infected cattle carcasses handled at rendering plants or large incinerators,
with an average infectivity of 7.4 Bovine Oral IDs per infected carcass (one IDs is the
amount of infectivity that will cause infection in 50% of cattle exposed to it) (Adkin et al.,
2012a). For classical scrapie, it has been estimated that an infectivity of 1 IDso per infected
small ruminant carcass would enter the wastewater from an abattoir (Adkin et al., 2018). All
of these assessments made note of limitations in the estimations due to a lack of available
scientific data.

Prions are extremely resistant to inactivation (Sakudo et al., 2011) and can survive in
wastewater for long periods of time. One study showed that BSE and scrapie prions were
able to survive in experimentally contaminated wastewater for at least 50 days (Maluquer de
Motes et al., 2008). A similar study found that prions were detectable in artificially
contaminated wastewater for 150 days with no reduction in infectivity (Maluquer de Motes
etal., 2012). Yet another study showed that BSE and scrapie prions remained detectable
and infective in wastewater for over 6 and 8 years, respectively, although their infectivity was
reduced by several orders of magnitude during this time (Marin-Moreno et al., 2016).

Due to their resistant nature, the various processes applied during the wastewater treatment
process have very little effect on prion infectivity (Yamamoto et al., 2006; Gale and
Stanfield, 2001; Adkin et al., 2012a). One study showed that during a simulated wastewater
treatment process, there was no significant degradation of prions that had been artificially
added to wastewater samples (Hinckley et al., 2008). Prions are “sticky”” and bind to
particles in the environment (Gale et al., 1998). Therefore, any prions in wastewater are very
likely to be partitioned into and concentrated in the sewage sludge fraction during the
treatment process (Gale et al., 1998; Gale and Stanfield, 2001). One study that simulated the
fate of prions during the wastewater treatment process using samples artificially “spiked”
with prions, found that most of the prions (>99%) were removed from suspension and
routed to the sewage sludge (Hinckley et al., 2008).

4.1.4.1 Prevalence of prions in EU animal populations

When assessing the probability that prions are present in wastewater, the prevalence of
TSEs in the population contributing to the wastewater must also be considered. A
surveillance program for BSE has been in place in the EU for over 20 years and the results
indicate that the prevalence of BSE in European cattle is extremely low. Between 2017-
2021, over 5 million European cattle were tested for the presence of BSE prions within this
program, with only 2 animals testing positive for classical BSE, the type transmitted via
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consumption of contaminated feed (EFSA, 2022). The World Organisation for Animal
Health considers the incidence of BSE in cattle to be negligible with the number of cases
per million animals approaching zero (WOAH, 2023). As with BSE, a scrapie surveillance
program for small ruminants in the EU has also been ongoing for over 20 years. Since
2002, over 10 million sheep and goats have been tested as part of this surveillance program
(EFSA, 2022). Over the years, the number of cases of classical scrapie, the type which is
transmitted via contagious prions, has been dropping. The results of the surveillance show
that over the last 10 years, there has been a significant decreasing trend (approximately

3% /year) in the number of sheep with classical scrapie. Between 2011 and 2016, the
number of sheep testing positive for classical scrapie more than halved, from 1416 cases to
554 cases. In 2021, 429 631 small ruminants were tested, of which 448 (0.1%) tested positive
for classical scrapie (EFSA, 2022). Thus, the prevalence of classical scrapie in European
small ruminants is very low.

4.2 EFFECT OF HEAT ON PATHOGENS

All pathogens are sensitive to heat and can be inactivated if the temperature is raised
sufficiently (McDonnell, 2022). Incineration is considered a highly effective means to
dispose of a variety of wastes that are potentially contaminated with pathogens. For
example, the leading method of disposing of infectious medical waste in high income
countries is through incineration, as it both reduces the waste volume and ensures its
sterilization (Windfeld and Brooks, 2015). Similarly, incineration of animal carcasses at a
temperature of at least 850"C is considered to be an effective disposal method that is
expected to destroy all infective agents (Gwyther et al., 2011; NABC, 2004). Incineration
degrades nearly all organic matter present in sewage sludge (Bauer, 2020) and the resulting
ash contains negligible levels of residual organic matter (Jama-Rodzenska et al., 2021). The
organic matter content of sewage sludge ash produced through fluidized bed incineration at
850"C has been found to be between 0.1 - 0.6% (Ki et al., 2021; Latosinska and Gawdzik,
2014).

While the incineration process is expected to destroy all pathogens in sewage sludge
(Cieslik and Konieczka, 2017; Chilian et al., 2022; Luyckx and Caneghem, 2021), evidence
that definitively shows this is lacking. Many studies have examined the effects of heat
treatment on a wide range of pathogens, but none of them have examined the specific
requirements set out in Directive 2000/76/EC for the incineration of sewage sludge (ie
850"C for 2 seconds). As there is a lack of research examining the effect on pathogens of
incineration at high temperatures for short time periods, others have relied on
extrapolation from available data to determine its effectiveness (McDonnell, 2022;
Koutsoumanis et al., 2021). Much of this available data comes from studies on thermal
inactivation of pathogens that have looked at the effects of temperatures under 100°C for
time periods of 30 minutes or more.

421 Effect of heat on bacteria

Bacteria are generally sensitive to heat and cannot survive the temperatures reached during
burning (Koutsoumanis, 2021). Most bacteria ate killed at temperatures in excess of 70°C
over a relatively short period of time (Carrington, 2001). However, certain bacteria species
are more resistant to heat inactivation. One of the most heat resistant bacteria is Enterococcus
faecalis, a Gram-positive, non-spore-forming bacterium which has been known to survive
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pasteurization (McAuley et al., 2012) and the manufacture of cooked processed meat
products (Hugas et al., 2003). Therefore, this bacterium has been identified as an
appropriate indicator organism when considering the effectiveness of various thermal
inactivation processes (Lau et al., 2020). In an EFSA assessment of collated data from
several sources, it was calculated that thermal treatment of Enterococcus faecalis at only 98°C
for 2 seconds would result in a reduction of >5logo, while at 110°C a reduction of >5logio
would take only 0.2 seconds (Koutsoumanis et al., 2021). As these temperatures are well
below (approximately 8-9 times lower) the required operating temperature for incineration,
it is expected that incineration at 850°C for 2 seconds will completely inactivate Enterococcus
faecalis (McDonnell, 2022). Another bacterium that has been used as an indicator organism
in assessments of thermal treatments is the Gram-negative, non-spore-forming Sa/monella
Senftenberg as the time needed to reduce the population of Sa/nonella Senftenberg at a given
temperature by 1 logio is 10 to 20 times longer than for other Sa/nonella serovars (Doyle and
Mazzotta, 2000). Calculations have shown that treatment at 74’C for 2 seconds will reduce
the population of Salmonella Senftenberg by >5logy, while at 78.8°C, a >5logi reduction
would take only 0.2 seconds (Koutsoumanis, 2021). If the treatment is able to inactivate
Salmonella Senftenberg, it will be effective against all other salmonellas as well as other
Gram-negative, spore-forming bacteria (Koutsoumanis, 2021).

4.2.2 Effect of heat on viruses
Like bacteria, most viruses are inactivated relatively quickly if subjected to temperatures
above 71°C (Knight et al., 2013). Non-enveloped viruses are more resistant to thermal
inactivation than enveloped viruses (Koutsoumanis, 2021; Knight et al., 2013, Carrington,
2001). Among the non-enveloped viruses, animal parvoviruses have been shown to be the
most heat-resistant viruses (Knight et al., 2013; Nims and Plavsic, 2013) and they have
therefore been used as indicator organisms when assessing the effectiveness of thermal
treatment processes (KKoutsoumanis, 2021; Emmoth, 2010). If a treatment is sufficient to
inactivate parvovirus, then all other non-enveloped viruses should also be inactivated by the
treatment. Depending on parvovirus species and the treated matrix, it has been shown that
treatment at temperatures ranging from 101-196°C for 30 seconds results in a 4logio
reduction in parvovirus (Nims and Plavsic, 2013).

4.2.3 Effect of heat on parasites
Among the parasites that are present in sewage sludge, eggs from the nematode Ascaris are
the most refractory to thermal treatment processes, when compared to other helminth eggs
(Rocha et al., 2016; Maya et al., 2012). _Ascaris eggs can survive for more than a year at a
temperature of 40°C (Naidoo and Foutch, 2018). Therefore, eggs from Ascaris spp have
been used to examine the effects of various thermal processes on contaminated wastes
(Koutsoumanis, 2021; Sahlstrém et al., 2008). Although considered highly resistant to heat
treatment when compared to other parasites, Ascaris eggs can be inactivated at relatively low
temperatures. ‘Thermal treatment at 45°C is sufficient to completely inactivate Ascaris eggs
under both aerobic and anaerobic conditions, although this does require a relatively long
exposure time of 2 days (Harroff et al., 2019). Temperatures above 60°C have been
recommended to obtain complete inactivation of helminth eggs (Maya et al., 2012). At 80°C,
complete inactivation of Ascaris eggs is achieved in <5 seconds (Naidoo and Foutch, 2018).
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4.2.4 Effect of heat on prions
Multiple studies have examined the effects of heat treatment processes on prions (Marin-
Mareno et al., 2019; Koutsoumanis et al., 2021; Mohammadi et al., 2020; Muller and Reisner,
2005; Chapman et al., 2020; Spiropoulos et al., 2019). However, all of these have looked at
the effects of much lower temperatures (98°C -200°C) than the 850°C required for sewage
sludge incineration. Only one study (Brown et al., 2004) has examined the potential to
inactivate prions at incineration temperatures. This study found that incineration of prion-
infected brain tissue at 600°C did not completely inactivate prions. Two of 21 hamsters that
were inoculated directly in the brain with ash remaining after the incineration became
infected, indicating that exposure to 600°C allows for a low level of infectivity to persist. No
hamsters that were inoculated with ash remaining after the incineration of prion-infected
brain tissue at 1000°C became infected. This led to the conclusion that prions are
completely inactivated at temperatures approaching 1000°C (Brown et al., 2004). It should
be noted however, that in this study, the incineration temperatures were maintained for 5
and 15 minutes, which is significantly longer than the 2 second requirement laid out in
Directive 2000/76/EC. Others created a simulation model to estimate the amount of BSE
infectivity contained in the ashes produced during incineration of meat-and-bone meal from
potentially BSE-infected carcasses. The results suggested that one ton of ash would contain
<1.8E-07 cattle IDs)95% of the time and concluded that the risk from using the ash in the
fertilizer or phosphate industry would be negligible (Paisley and Hostrup-Pedersen, 2005).
A report from EFSA on the inactivation of microorganisms in animal by-products states
that the risk of TSE infectivity from incineration ash would be extremely small if
incineration is conducted at 850°C (Koutsoumanis et al., 2021). Incineration is considered
the most effective method of disposal of prion-contaminated waste (Paisley and Hostrup-
Pedersen, 2005; Saunders et al., 2008; Gwyther et al., 2011; Koutsoumanis et al., 2021) and
ash derived from incineration of waste is considered safe and may be disposed of in landfills
(Koutsoumanis et al., 2021).

4.3 EFFECT OF CHEMICAL TREATMENTS ON PATHOGENS

During the process of recovering phosphorus from sewage sludge ash, the ash undergoes
both an acid treatment (HCI) and an alkaline treatment (NaOH and lime). The pH during
the acid treatment decreases to <0.5 for at least 30 minutes and during the alkaline
treatment increases to >12 for at least 30 minutes. pH is one of the most significant
environmental factors impacting the survival of microorganisms (Lund et al., 2020; Jin and
Kirk, 2018) so the pH extremes encountered during the Ash2Phos process are likely to have
an effect on any pathogens that may be present in the sewage sludge ash.

4.3.1 Effect of pH on bacteria

Most bacteria are neutrophiles, meaning that they survive within a neutral pH range of 5-9
(Jin and Kirk, 2018; Merino et al., 2019). Some pathogenic bacteria however, such as Listeria
monocytogenes and Salmonella typhinmrium, are adapted to survive at a slightly lower pH range
and can, for example, survive in the acidic environment found in the stomach (ph 3.0-4.5)
(Zhu et al., 2006). However, even these bacteria, are completely inactivated at a pH below
4.0 (Tiganitas et al., 2009). A pH of 2.0 or less will kill 90% of bacteria in less than 30
minutes (Zhu et al., 2006). Only extreme acidophiles, which are typically isolated from
hyperacidic lakes, hotsprings and volcanoes, can survive at pH <3 (Merino et al., 2019).
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These microorganisms are not known animal pathogens. There are also alkaliphilic bacteria
that can survive at a high pH of >9 (Merino et al,, 2019). Currently, the most extreme
alkaliphile known can survive at a pH as high as 12.5 (Merino et al., 2019) and this is also
not a known animal pathogen.

4.3.2 Effect of pH on viruses
Like bacteria, viruses are generally most stable at a neutral pH of around 7. Many enteric
viruses are able to survive in more acidic conditions, such as those found in the
gastrointestinal tract (pH 3 to 5) (Vasickova et al., 2010). Few viruses, however, are able to
survive in conditions with a pH as low as 0.5. and acidic solutions are commonly used as
disinfectants to inactivate viruses (Nishide et al., 2011). Viruses have been identified that can
survive in extremely low pH (<3), but these are primarily viruses that infect acidophilic
bacteria (Gil et al., 2021) and they are not known animal pathogens. Viral survival in
extremely alkaline conditions is also limited and generally, viruses are less likely to survive in
alkaline conditions than acidic (Vasickova et al., 2010). Again, those viruses that can survive
in very high pH conditions are those that can infect alkalophilic bacteria (Gil et al., 2021)
and are not known to be animal pathogens.

4.3.3 Effect of pH on parasites
Ascaris eggs are considered to be among the most resistant to chemical treatment and
changes in pH (Capizzi-Banas et al., 2004; Izumi, 1952). As with many parasites, Ascaris
eggs are relatively resistant to low pH as they are adapted to surviving in the acidic
environment of the gastrointestinal tract. Treatment with HCI has been found to have little
to no effect on the infectivity of Ascaris eggs (Izumi, 1952; Yoshida, 1920). There is
conflicting evidence on the effect of alkaline pH on Ascaris eggs. One study found that
lime treatment producing a pH of >12 completely inactivated Ascaris eggs, but only after a
long period (10 weeks) of treatment (Eriksen et al., 1995). Others have shown that alkaline
treatment with lime at a pH of >12 reduces viable Ascaris eggs to negligible levels in 75
mins at 55°C or 8 mins at 60'C (Capizzi-Banas et al., 2004). Another study found that, at
temperatures of 30°C and above, alkalinization results in complete inactivation of Ascaris
eggs (Ghiglietti et al., 1995). However, others have found that alkaline pH has little effect on
Ascaris eggs and even after > 2 months of treatment at pH >12.0, Ascaris eggs can remain
viable (Senecal et al., 2020; Pecson et al., 2007).

4.3.4 Effect of pH on prions
There is little information available on the effect of pH alone on prions. However, other
manufacturing processes that utilize two-step acid and alkaline treatments, such as the
conversion of waste animal fats into biodiesel and the production of gelatine from animal
bones, are considered effective methods to inactivate pathogens, including prions, and
produce safe products (Mohammadi et al., 2020; Grobben et al., 2004). However, in these
processes, the potentially prion-infected materials are typically exposed to the high and low
pH for a longer period of time than in the Ash2Phos process. Because there is little
information on the general effect of pH on prions, the effects of the specific chemicals used
in the Ash2Phos process on prions has been assessed.
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4.3.5 Effect of HCI treatment on prions
One study found that treatment of prion-infected brain tissue with a low concentration of
HCI (1 N) for 2 hours at room temperature had no effect on prion infectivity (Tateishi et al.,
1991). However, others found that treating prion-infected brain material with a relatively
low concentration of 1 M HCl (3.6%) for 1 hour reduced infectivity by 10'*IDs, (Brown et
al., 1986). Similar results were reported by Grobben et al. (2004) where treatment of scrapie
infected brain material with 4% HCI produced a 10'*IDs reduction in infectivity. However,
treatment time in this study was 2 days. Another study found that treatment with low
concentrations of HCI (1 M or 3M) for 1 hour at 25°C reduced prion infectivity but did not
completely inactivate them (Appel et al., 2006). However, if the temperature was increased
to 85C, prions were completely inactivated by treatment with 1 M HCI for 1 hour. If
exposed to a high concentration of HCI (8 M) all prions were also inactivated within 1 hour
of treatment, even at room temperature (25'C) (Appel et al., 2006).

4.3.6 Effect of NaOH treatment on prions
NaOH has been shown to reduce the infectivity of prions and 1-2 N NaOH solutions are
recommended for prion decontamination (Sohn et al., 2019; CFSPH, 2016). Treatment of
scrapie ption contaminated sutfaces with 1IN NaOH for 1 hour at 20°C resulted in complete
decontamination as shown by a 0% transmission rate to exposed hamsters (Fichet et al.,
2004). Others have found that treatment of scrapie infected brain tissue with 1N NaOH at
25"C for varying lengths of time up to 24hrs reduced, but did not completely eliminate,
prion infectivity (Prusiner et al., 1984). It has also been reported that exposure of scrapie
prions to 0.1 M NaOH for 15 minutes at room temperature resulted in infectivity log
reduction of 5.0 (Brown et al., 1986). Others showed that 0.1 M NaOH at 60°C for 2 mins
and 0.25 M NaOH at 30°C for 60 mins inactivated 3.96 and 3.93 logs of scrapie, respectively
(Unal et al., 2007). This same study found that a higher concentration of NaOH (0.5 M) at
30C for 60 minutes or 75 minutes inactivated >4.23 and 4.15 logs of scrapie (Unal et al.,
2007). Treatment of prion-contaminated soil with 2 N NaOH for 1 hour has been shown to
completely eliminate prion infectivity (Sohn et al., 2019).

4.3.7 Effect of lime treatment on prions
One study found that lime treatment of prion-infected mouse brain resulted in a loss of
infectivity of between 10*' to 10> IDs, (Grobben et al., 2004). In another study, after 10
minutes of incubation in lime solution at 99°C, prions were no longer detectable in samples
of brain material from scrapie-infected sheep (Greenlee et al., 2008). Lime treatment of
sewage sludge has been shown to be effective in inactivating infectious prions (Brooks et al.,
2015). When digested sewage sludge was treated with lime (pH 12.9), a 2.9 log), reduction in
infectious prions occurred within 2 hours (Miles et al., 2013).

4.3.8 Effect of consecutive acid and alkaline treatment on prions
The recovery of phosphate from sewage sludge ash involves two process steps, acid
treatment followed by alkaline treatment. It is possible that these two consecutive treatment
steps may affect each other and either improve or impair the ability to inactivate prions.
One study showed that the consecutive treatment of scrapie-infected mouse brain with 4%
HCl and saturated lime solution resulted in a loss of infectivity of 10*® IDs, whereas for the
individual treatments it was 10" IDs for 4% HCl and 10*'-10*’ IDs, for saturated lime
(Grobben et al., 2004).
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4.4 EFFECT OF FILTERING ON PATHOGENS

In several steps of the Ash2Phos process, solutions are passed through filters to separate
dissolved fractions from non-dissolved fractions. This filtering process filters out particles
larger than a range of 1-10 micrometers and may therefore act as a barrier to pathogens.

4.4.1 Effect of filtering on bacteria
The size of most bacteria is in the range of 1-10 micrometers. For example, Salmonellae are
generally 2-5 x 0.5-1.5 microns in size (Andino and Hanning, 2015) while E.coli have
dimensions of 1-3 x 0.4-0.7 microns (Basavaraju and Gunashree, 2022). The smallest
pathogenic bacteria, the Mycoplasmas, typically have a diameter of 0.3 to 0.8 microns.
Therefore, the filtering process will not act as a barrier for many bacteria types, should they
be present during the Ash2Phos process.

4.4.2 Effect of filtering on viruses
Generally, viruses are smaller than bacteria. There is a wide range in virus size but they
typically range from 0.02 - 0.4 microns. The largest viruses are approximately 1.25 microns
in size (Edwards et al., 2021). Therefore, the filtering process will not act as a barrier to
viruses, should they be present during the Ash2Phos process.

4.4.3 Effect of filtering on parasites
The eggs of many parasites are relatively large. For example, helminth eggs are typically
between 20 — 80 microns in size (Mahapatra et al., 2022). The filtering in the Ash2Phos
process would therefore act as a barrier to these parasites. However, other parasites are
much smaller in size. For example, Giardia cysts are usually between 8 — 12 microns while
Cryptosporidium oocysts range in size from 4 — 6 microns (Ratnayaka et al., 2009). The
filtering process may therefore not act as a barrier to these parasites should they be present.

4.4.4 Effect of filtering on prions

It is estimated that the diameter of a prion is about 0.03 micrometers (Burrell et al., 2010).
Therefore, the filtering that occurs during the Ash2Phos process would not act as a barrier
to prions should they be present.
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5 Assessment of Probabilities
and Uncertainty

The risk question to be assessed is:

What is the probability that phosphorus recovered from sewage sludge contains infections animal pathogens
following incineration and processing through the Ash2Phos process?

The pathway from wastewater to recycled phosphorus includes several barriers that may
contribute to reducing the probability that pathogens are present in the final phosphorus
product, including the wastewater treatment process, sewage sludge incineration and the
various steps in the Ash2Phos process.

To simplify the assessment of probability, the risk question has been broken down into
three subquestions, based on the steps in the pathway of recycled phosphorus production,
from wastewater to end product, shown in Figure 4 :

1. What is the probability that raw sewage sludge contains infections animal pathogens?

2. What is the probability that sewage sludge ash contains infectious animal pathogens?

3. What is the probability that phosphorus recovered from sewage siudge ash using the Ash2Phos
process contains infections animal pathogens?

In this step of the risk assessment, the probability of each subquestion is assessed
independently of the other subquestions. Therefore, the probability assessed for one
subquestion has no bearing on the probability assessment for any of the subsequent
subquestions. For each subquestion, it is assumed that pathogens are present in the first step
of the pathway covered by that particular subquestion. Also, for each subquestion, each
category of pathogen (bacteria, viruses, parasites, prions) is assessed separately as the steps
in the pathway of phosphorus production may have varying effects the different pathogen
categories.

5.1 WHAT IS THE PROBABILITY THAT RAW SEWAGE SLUDGE
CONTAINS INFECTIOUS ANIMAL PATHOGENS?

This subquestion addresses the steps in the pathway of recycled phosphorus production
shown in Figure 5.

25



Wastewater

Wastewater Sewage sludge

treatment

Figure 5: Steps in the pathway from wastewater to sewage sludge

The presence of bacteria, viruses and parasites in wastewater treatment streams has been
well-documented (Chahal et al., 2016; Jiang et al., 2020). There is excellent evidence to
show that a large proportion of these three pathogens groups are removed from wastewater
during treatment and become concentrated in raw sewage sludge (Gholipour et al., 2022;
Chahal et al., 2016; Dumonet et al., 2001).

On the other hand, there is a lack of scientific data about the presence and/or
concentrations of prions in wastewater or sewage sludge as this topic has not been
thoroughly investigated. However, because the prevalence of transmissible
encephalopathies in animals in Europe is negligible (BSE) to very low (scrapie) (WOAH,
2023; EFSA, 2022), the probability of prions entering wastewater streams in the first place
will have the same magnitudes. Additionally, the measures in place at many facilities where
prion-infected animals or carcasses are potentially handled will further reduce the risk of
prions entering the wastewater stream. There is evidence to suggest that, should prions enter
wastewater streams, the probability that they would survive the water treatment process and
be partitioned into sewage sludge is high (Gale et al., 1998; Gale and Stanfield, 2001;
Hinckley et al., 2008).

Assessment of the probability that raw sewage contains bacteria, virus and/ or parasites: Very high

Uncertainty in the assessment: L.ow

Assessment of the probability that raw sewage contains prions: Negligible
Uncertainty in the assessment: Medium

Factors contributing to uncertainty in the assessment:

e Lack of information about the presence of and/or concentration of prions in
wastewater streams and sewage sludge

5.2 WHAT IS THE PROBABILITY THAT SEWAGE SLUDGE ASH
CONTAINS INFECTIOUS ANIMAL PATHOGENS?

This subquestion assesses the steps in the pathway of recycled phosphorus production
shown in Figure 6.
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Figure 6: Steps in the pathway from sewage sludge to sewage sludge ash

Studies have found that temperatures 8 and 10 times lower than the required operating
temperature for incineration (850°C) will completely inactivate the indicator bacteria
Enterococcus faecalis and Salmonella Senftenberg, respectively (Koutsoumanis et al., 2021;
McDonnell, 2022). Because these bacteria are considered to be among the most heat
resistant, all bacteria are expected to be completely inactivated at incineration temperature
(McDonnell, 2022). Similarly, it has been determined that temperatures 4-8 times lower than
the incineration temperature of 850°C will completely inactivate parvoviruses (Nims and
Plavsic, 2013), which are considered among the most heat-resistant viruses. Therefore, all
virus types are expected to be completely inactivated at the legislated incineration
temperature (McDonnell, 2022; Koutsoumanis et al., 2021). Complete inactivation of
Ascaris eggs, which are the most refractory of all parasite eggs to heat, occurs at a
temperature more than 10 times lower than incineration temperature (Naidoo and Foutch,
2018), which supports the complete inactivation of parasites at incineration temperatures.
Scientific data on the heat inactivation of prions, particulatly at incineration temperatures is
sparse. The available evidence suggests that incineration at 600’C allows a low level of prion
infectivity to remain and that the complete inactivation of prions occurs somewhere within
the temperature range of 600°C -1000°C (Brown et al., 2004). However, the exact
temperature point at which complete inactivation occurs has not been confirmed.
Therefore, it is not certain that incineration at the legislated temperature of 850°C will result
in complete prion inactivation. However, the extremely low (<1%) organic matter content
of sewage sludge ash following fluidized bed incineration suggests that there is near
complete destruction of all organic matter, including pathogens, during the incineration
process.

Assessment of the probability that sewage sludge ash contains bacteria, viruses and/ or parasites: Negligible
Uncertainty in the assessment: L.ow

Assessment of the probability that sewage sludge ash contains prions: Very low

Uncertainty in the assessment: Medium

Factors contributing to uncertainty in the assessment:
e Limited information about the effect of heat treatment on prion inactivation is
available, particularly at the legislated temperature and residence time for

incineration of sewage sludge ash (850°C for 2 seconds)
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5.3 WHAT IS THE PROBABILITY THAT PHOSPHORUS RECOVERED
FROM SEWAGE SLUDGE ASH USING THE ASH2PHOS PROCESS
CONTAINS INFECTIOUS ANIMAL PATHOGENS?

This subquestion assesses the steps in the pathway of recycled phosphorus production
shown in Figure 7.

Animal feed
phosphate

Sewage sludge
ash

| Ash2Phos
process

Figure 7: Steps in the pathway from sewage sludge ash to recycled phosphate for animal
feed

During the Ash2Phos process, the ash undergoes both an acid treatment with HCl and an
alkaline treatment with both NaOH and lime. During the acid treatment, the pH is
maintained at <0.5 while during the alkaline treatment, pH is maintained at >14. There is
good evidence to show that neither bacteria or viruses that are pathogenic to animals can
survive at these extremes of pH.

For pathogenic parasites, the evidence suggests that the low pH achieved during the acid
step of the Ash2Phos process is likely to have little effect on the most resistant parasite eggs.
Although there is some conflicting research, the bulk of the evidence suggests that the high
pH during the alkalinization steps is likely to at least significantly reduce, if not completely
eliminate, pathogenic parasites that may be present in the ash. Additionally, the filtration
steps during the Ash2Phos process are likely to remove any helminth eggs that may be
present, but smaller parasites may be able to pass through this barrier.

HCl is capable of completely inactivating infectious prions, but either a high concentration
or high temperature is required (Appel et al., 2006). In the Ash2Phos process, 3M HCl is
added to the ash and this concentration of HCI has been shown to reduce, but not
completely inactivate, prion activity (Appel et a., 2006). During this step of the Ash2Phos
process, the temperature is raised to between 40-50’C. This temperature is below that
shown (85°C) to completely activate prions with low concentrations of HCI treatment
(Appel et al., 20006) so it is difficult to interpret the effect that the temperature increase
during the acidification step might have on prion inactivation.

NaOH has also been shown by many to have an infectivity-reducing effect on prions
(Fichet et al., 2004; Prusiner et al., 1984; Unal et al., 2007; Sohn et al., 2019), with higher
concentrations having a greater effect (Unal et al., 2007). During the Ash2Phos process, 3M
NaOH is added during the step to dissolve phosphate from ferric phosphate mineral. At
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this concentration of NaOH, prions on both surfaces and in soil have been shown to be
completely inactivated (Fichet et al., 2004 ; Sohn et al., 2019).

Treatment with lime has been shown to reduce the infectivity of prions (Grobben et al.,
2004, Miles et al., 2013), but it is only when the temperature has been increased to 99°C that
it has been shown to result in complete inactivation (Greenlee et al., 2008). This temperature
is not achieved during the lime treatment step of the Ash2Phos process.

With the information available, it cannot be confirmed that the Ash2Phos process will result
in the complete inactivation of any prions that might be present in sewage sludge ash.
However, because there is good evidence to support that each of the three chemical
treatments on their own are capable of reducing the infectivity of prions, the combined
effect of the HCI, NaOH and lime treatments in the Ash2Phos process are likely to
substantially reduce the infectivity of any prions that might be present in sewage sludge ash.

Assessment of the probability that phosphorus recovered from sewage sludge ash using the Ash2Phos process
contains bacteria, viruses and/ or parasites: Negligible

Uncertainty in the assessment: Medium

Factors contributing to uncertainty in the assessment:
e Contradictory information on the effect of high pH on certain parasites

Assessment of the probability that phosphorus recovered from sewage sludge ash using the Ash2Phos process
contains prions: Negligible

Uncertainty in the assessment: Medium

Factors contributing to uncertainty in the assessment:
e Contradictory information on the effect of both HCl and NaOH on prion
infectivity.
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6 Overall Assessment of
Probability

What is the probability that phosphorus recovered from sewage sludge contains infections animal pathogens
following incineration and processing throngh the Ash2Phos process?

With today’s level of knowledge and under the assumptions that all current regulations and
recommendations for wastewater treatment and sewage sludge incineration are followed and
that no operational disturbances or failures occur during either the incineration or the
Ash2Phos process, the probability that phosphorus recovered from sewage sludge using the
Ash2Phos process contains infectious animal pathogens is assessed to be negligible.

For bacteria, viruses and parasites, the likelihood is very high that the various processes in
the pathway of phosphorus recovery from sewage sludge using the Ash2Phos process will
result in complete inactivation of these pathogens. There is a clear scientific basis to support
that no bacteria, viruses or parasites can survive the incineration step, making sewage sludge
ash a safe substrate in terms of these pathogens. The extremes in pH, from approximately 0
to 14, that occur during the chemical treatments in the Ash2Phos process serve as additional
barriers that will inactivate bacteria and viruses and significantly reduce, if not completely
inactivate, any viable parasites.

The overall probability that phosphorus recovered from sewage sludge using the Ash2Phos
process contains infectious prions was also assessed to be negligible. This level of
probability is based primarily on the known negligible (BSE) to very low (scrapie) prevalence
of TSEs in the European animal population, which makes it extremely unlikely that prions
are present in wastewater streams. In addition, the evidence that is available clearly shows
that both the incineration process and the chemical treatment steps in the Ash2Phos
process alone are able to significantly reduce the infectivity of prions.

The presence of prions in wastewater and sewage sludge has not been thoroughly
investigated and such studies would further support the assessment. Also, additional
scientific evidence on the exact temperature and time needed for prion inactivation and the
effect of sequential use of extreme pH and chemical treatment on inactivation of prions
would strengthen the assessment of these steps of the procedure and thus the overall
assessment.

It should be noted that any changes in either the assumptions or in the data on which the

assessment was based could have a significant effect on the results of the risk assessment
and in such case would call for an updated assessment.

6.1 KNOWLEDGE GAPS

During the course of this assessment, several important gaps in knowledge were identified:
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1. There is a lack of scientific information about whether prions are present in
European wastewater streams and/or sewage sludge and if so, at which
concentrations they are found in these matrices.

2. Sufficient data to support the precise temperature and residence time required to
ensure complete inactivation of prions during incineration is not available.

3. There is a lack of scientific information on the effect of the sequential use of

extremes of pH, specifically using HCl and NaOH, on the infectivity of prions.
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