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1 Introduction 

1.1 Background and Purpose 

The Environment Agency (“The Agency”) recognises the potential of biological 
processes for solid waste recovery and treatment, such as composting and 
anaerobic digestion, to accept and process wastes other than those identified within 
standard rules permits.  However, the treatment of non standard or bespoke wastes 
must result in stabilisation and recovery of the waste or be beneficial to the process 
itself.  The residues or outputs from the process must not increase the potential risks 
to human health or the environment in any further use or application.   
 
A number of operators and waste producers have already identified opportunities for 
the biological processing of “bespoke” wastes.  There is a need for the Agency to 
maintain consistency in their regulatory approach whilst providing clarity as to how 
they will determine whether the proposed waste(s) will be suitably treated by the 
biological process so that their treatment may be considered to be a recovery 
process, i.e. an R3 process in accordance with the Waste Framework Directive. 
 
To help achieve this, the Agency has commissioned a clear decision framework to 
guide regulators, operators and other stakeholders when considering applications 
for bespoke wastes for biological processing.  The purpose of the framework is to 
identify a route through the process for assessing the suitability of bespoke wastes 
for biological treatment and the evidence that will be required to support bespoke 
permit applications for the biological treatment of such wastes.  This will allow 
producers and operators to make more informed decisions on potential treatment 
routes and the investment required to secure approval. 
 
1.2 Scope and Application 

This note and the appended decision tree form the decision framework for the 
assessment of the suitability of non-standard wastes (i.e. wastes which do not fall 
within a standard rules permit) or bespoke wastes for organic treatment.   The 
decision framework is a support tool to provide guidance for waste producers, 
operators and regulators.  It is intended to be used for biological processes which 
are stand alone and not part of an integrated MBT facility processing household 
wastes. 
 
The assessment of suitability for organic treatment requires an understanding of the 
fundamentals of biological processing techniques.  These may be broadly classified 
according to the microbial regimes which stabilise organic material; aerobic 
processes and anaerobic processes.  Section 2 of this document contains an 
introduction to both types of process and basic information on the different process 
designs and configurations. 
 
The framework is mainly concerned with the suitability of bespoke wastes for 
treatment using aerobic and anaerobic processes.  It does not differentiate between 
process types or configurations and their relative effectiveness at processing 
bespoke wastes.  The evidence to demonstrate this is likely to be site and waste 
specific and the responsibility to provide this information remains with the applicant 
intending to secure approval for the treatment of the bespoke waste. 
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1.3 How This Note is Structured 

Section 2 provides a background to the fundamentals of aerobic and anaerobic 
processing.  
Section 3 walks through the key questions and decision points in the framework in 
detail.  It should be read with the decision tree itself, which is in Appendix A. 
 
Details on the inhibition of biological processes are provided within Table 4.1, Table 
4.2 and Appendix D.  Tables 4.1 and 4.2 provide general data on the environmental 
conditions (e.g. pH, Temperature) which are inhibitory to biological treatment and 
Appendix D provides specific data relating to the inhibitory concentrations of specific 
elements or substances to biological treatment. 
 
Section 4 provides guidance on the approach and content required to adequately 
characterise the bespoke waste.  It also identifies how to demonstrate the fate of the 
waste in the biological process. 
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2 Introduction to Biological Treatment Processes 

This Section is intended for use as a guide to the broad categories of biological 
treatment covered by the Framework.  It is not exhaustive; it is intended to introduce 
the treatment processes to a level that allows the reader to understand the rationale 
and application of the decision framework. 
 
2.1 Anaerobic Digestion (AD) 

2.1.1 General Principles and Definitions 

AD is a natural process in which microorganisms break down organic matter in the 
complete absence of air and under controlled conditions.  The two main outputs are 
biogas (a mixture of carbon dioxide (CO2) and methane (CH4)), and digestate (a 
biomass which has potential for application as a nitrogen-rich fertiliser).  Depending 
on the design of the plant and operational model a liquid effluent may also be 
generated. 
 
Within the National indicators (HM Government, 2007), AD is defined as:  
‘Anaerobic Digestion’ means the biological decomposition and stabilisation of 
organic substrates in the absence of oxygen and under controlled conditions in 
order to produce biogas and a digestate. It results, either directly or after 
subsequent aerobic treatment, in a final product that has been sanitised and can be 
used as a soil improver, as an ingredient in growing media or blended to produce a 
top soil that will meet British Standard BS 3882, incorporating amendment No 1.   
 
The process is extensively used for the stabilisation of organic matter within high 
organic strength waste waters (as defined by their biological or chemical oxygen 
demand; BOD, COD) and for the digestion of organic solids generated from the 
treatment of municipal wastewater.  Sludge digestion at sewage treatment works 
has been practised and researched for nearly a century and as such the 
understanding of the basic processes is well developed.  AD’s use as a technique 
for treating solid wastes is more recent, although the basic ecology and degradation 
processes are the same, with the bacterial action occurring within the aqueous 
phase irrespective of whether the process is referred to as a high solids or low 
solid/aqueous process. 
 
Most AD processes operate around 35°C and are termed mesophilic.  Some 
systems also operate using microorganisms that operate at 55°C and are termed 
thermophilic. 
 
Solid waste AD feedstocks are typically food residues or biomass although the 
reductive environment is capable of degrading man-made organic substrates.  
Therefore there is the potential for AD to accept bespoke organic feedstocks for 
stabilisation. 

 
The biochemical processes for the digestion of carbohydrates (sugars, starches), 
proteins and fats are well understood.  The mechanisms from initial hydrolysis and 
fermentation have been mapped through to mineralisation - where all the carbon 
within the feedstock is degraded to CO2 and CH4.  However, only selective work 
exists defining the mechanisms of degradation for many synthetic organic 
compounds. 
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It is important to recognise that as the process is one of degradation, it does not 
enable the formation of compounds that are more complex than those in the 
feedstocks themselves.  So, for example, dioxins cannot be formed from the 
anaerobic digestion of chlorinated aromatics.  However, there is the potential for the 
AD process to generate unwanted intermediates which may reside within the 
aqueous phase or be released into the gas phase.  Hence perchloroethylene 
(1,1,1,1-tetrachloroethylene, historically used widely as a dry cleaning solvent) is 
reductively dechlorinated ultimately to ethene via vinyl chloride (a hazardous 
carcinogen) which may be released into the gas phase.  Therefore there is a need to 
understand the entire fate of synthetic organics present within a bespoke waste for 
treatment by AD to ensure any intermediates or end products do not present an 
unacceptable risk to human health or to the environment. 
 
Although dioxins are not generated through the AD process, due to the consumption 
of volatile material there is a potential for the concentrations of such substances to 
increase during the process. However, although there is mass loss through biogas 
there is little overall volume change as the process becomes more liquid so the 
effect of any concentration will be minimal in AD.  
 
2.1.2 Description of Key Stages 

The microbial consortia which achieve this conversion are formed of several groups 
and each performs a specific function in the digestion process.  Together they 
achieve the conversion of organic matter into biogas through a sequence of stages.  
The initial stages generate short chain or volatile fatty acids (VFA).  The final stage 
is methanogenesis (methane formation) where methanogenic precursors, primarily 
acetic acid and hydrogen, are converted to methane and CO2.   
 
Some microbial groups can function within environments that are aerobic and 
anaerobic.   However the key later stages of AD are performed by strict anaerobes 
only capable of functioning in an anaerobic environment which is characterised by a 
low redox potential.  Oxygen is effectively toxic to the strict anaerobes. The key 
stages are shown in Figure 2.1 Key Stages of Anaerobic Digestion.  
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Figure 2.1   Key Stages of Anaerobic Digestion 

 
 
 
 
The intrinsic energy within the feedstock is largely retained through the degradation 
process and as such the transformations do not release a significant amount of 
heat, as opposed to the heat production (exotherm) observed during aerobic 
bioprocessing.  The energy is retained within the biogas, which consequently has 
value as a fuel.  Anaerobic processes (depending on the location of the site) 
therefore require a heat source to maintain the system at the optimal biological 
temperature. 
 
Hydrolysis 
During hydrolysis, bacteria and saprophytic microorganisms transform the 
particulate organic substrate into liquefied monomers and polymers, i.e. proteins, 
carbohydrates and fats are transformed to amino acids, monosaccharides and fatty 
acids respectively.  Equation 1 shows an example of a hydrolysis reaction where 
organic waste is broken down into a simple sugar, in this case glucose (Ostrem, 
2004).  Not all hydrolytic microorganisms are strict anaerobes. 
 
Equation 1: [C6H10O4]n+ 2nH2O → n[C6H12O6] + nH2 

 
 
Acidogenesis 
In the second stage, acidogenic bacteria transform the products of the first reaction 
into short chain volatile fatty acids (VFA), ketones, alcohols, hydrogen and carbon 
dioxide. The principal acidogenesis stage products are propionic acid 
(CH3CH2COOH), butyric acid (CH3CH2CH2COOH), acetic acid (CH3COOH), formic 
acid (HCOOH), lactic acid (C3H6O3), ethanol (C2H5OH) and methanol (CH3OH), 
among others. From these products, the hydrogen, carbon dioxide and acetic acid 
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will skip the third stage, acetogenesis, and be utilised directly by the methanogenic 
bacteria in the final stage (Figure 2.1). Equations 2, 3 (Ostrem, 2004) and 4 
(Bilitewski et al. 1997) represent three typical acidogenesis reactions, where glucose 
is converted to ethanol, propionate and acetic acid, respectively. 
 
Equation 2: C6H12O6 ↔ 2CH3CH2OH + 2CO2 
 
Equation 3: C6H12O6 + 2H2 ↔ 2CH3CH2COOH + 2H2O 
 
Equation 4: C6H12O6 → 3CH3COOH 
 
Acetogenesis 
Butyric acid and alcohols are transformed by acetogenic bacteria into hydrogen, 
carbon dioxide and acetic acid (Figure 2.1).  Hydrogen plays an important 
intermediary role in this process, as the reaction will only occur if the hydrogen 
partial pressure is low enough to thermodynamically allow the conversion of all the 
acids. Such lowering of the partial pressure is carried out by hydrogen scavenging 
bacteria, thus the hydrogen concentration of a digester is an indicator of its health 
(Mata-Alvarez, 2003). Equation 5 represents the conversion of propionate to 
acetate, only achievable at low hydrogen pressure. Glucose (Equation 6) and 
ethanol (Equation 7) among others are also converted to acetate during the third 
stage of anaerobic fermentation (Ostrem, 2004). 
 
 
Equation 5: CH3CH2COO- + 3H2O ↔ CH3COO- + H+ + HCO3

- + 3H2 
 
Equation 6: C6H12O6 + 2H2O ↔ 2CH3COOH + 2CO2 + 4H2 
 
Equation 7: CH3CH2OH + 2H2O ↔ CH3COO- + 2H2 +H+ 
 
Methanogenesis 
The fourth and final stage is called methanogenesis. During this stage, 
microorganisms convert the hydrogen and acetic acid formed by the acid formers to 
methane gas and carbon dioxide (Equations 8, 9 and 10) (Verma, 2002). The 
bacteria responsible for this conversion are called methanogens and are strict 
anaerobes. Waste stabilisation is accomplished when methane gas and carbon 
dioxide are produced. 
 
Equation 8: CO2 + 4H2 → CH4 + 2H2O 
 
Equation 9: 2C2H5OH + CO2 → CH4 + 2CH3COOH 
 
Equation 10: CH3COOH → CH4 + CO2 
 
Sulphur and Nitrogen 
Sulphur and nitrogen are reduced in the anaerobic process to sulphide and 
ammonia.  The broadly neutral pH of the anaerobic systems means that the 
sulphide is distributed mainly into the biogas as hydrogen sulphide and the ammonia 
as ammonium in the digestate. 
 
2.1.3 Kinetics and Inhibition 

The amount of organic material that can be stabilised by an AD system depends on 
the number of microorganisms present which are able to metabolise the feedstock.  
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This represents the organic loading rate of the process and is usually expressed in 
terms of kg COD or BOD per volume unit of the reactor or per kg of volatile 
suspended solids (VSS) of biomass or microorganisms held within the reactor.   
 
Where the carbon feedstock, (and nutrients), are not limited then the bacterial 
population responds to increases in organic load by multiplying and increasing the 
bacterial population.  All of the rates of growth for each group of microorganism are 
proportional to nutrition in the broadest sense (carbon and essential elements) and 
are therefore are first order.  The constant of proportionality, however, differs for 
each grouping.  Therefore, when stimulated to growth by an increase in load the 
groups respond at different rates. 
 
The growth rates of each of the groups of bacteria are often described in terms of 
doubling times.  The groupings which yield the precursors for the methanogens 
have doubling times that are in the order of hours.  Methanogens, however, have 
doubling times which are in the order of 2-3 days.  Therefore the earlier groupings 
are able to respond relatively quickly to increases in load whereas the methanogens 
require greater time to respond.   
 
If the organic load is raised too quickly, the acidic methanogenic precursors build up 
and the pH falls to a level which is inhibitory to most groupings.  This is often 
referred to as “soured digestion” or to a reactor being “stuck”.  At this point a 
process may have to be taken offline.   
 
Inhibition of the anaerobic ecology is affected by many different materials and 
conditions beyond pH.  Given the implications of inhibition and reactors failing 
(process down time, unanticipated costs, loss of revenue), it is commercially 
incumbent upon the operator to understand what is within their feedstock and to 
manage their process within the known operational envelope.  However, a well 
designed and operated AD process is relatively robust and given the ability of 
anaerobic consortia to metabolise a range of synthetic organic substrates (e.g. 
mineral oils, substituted alkanes) there are potential opportunities for processors to 
accept bespoke materials within an appropriate process and management regime.   
 
Inhibition is typically determined by examining the effect of introducing a new 
material or change in operation to a steady-state system at laboratory scale.  The 
impact of the change on the activity is reflected in the rate of biogas production.  
This is measured against a control which remains at the pre-established steady 
state.  For substances, the concentration which results in a 50% reduction in activity 
is termed the IC50. 
  
2.1.4 Process Design and Configuration 

Whilst AD processes for the treatment of solid waste vary greatly in design, it is 
important to recognise that the processes of stabilisation are occurring in broadly 
similar environments at a microscopic level i.e. in an aqueous matrix employing the 
same microorganisms. 
 
AD plants may be broadly grouped into two main types; high solids or dry systems 
which digest materials with a dry solids content of 15-50%, and low solids or wet AD 
systems which digest material with <15% dry solids.  The reactors within wet 
systems are akin to those used for the treatment of sludges and wastewaters.    
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Plants are mainly mesophilic, operating around 35°C.  Thermophilic plants operating 
around 55°C require a greater energy input and this lends itself to higher solids 
systems with lower capacity.  Operating at higher temperatures does offer the 
potential to meet the UK ABPR requirements by sustaining the reactor temperature 
at 55°C for over 5 hours. 
 
The main areas of differentiation within wet and dry AD plant designs are: 
 
i. Pre-treatment. Dry systems typically employ little or no specific pre-treatment 

beyond the separation of a fine organic fraction from the raw waste (if mixed).  
Wet systems provide the opportunity to prepare the organic fraction more 
thoroughly to remove inorganic fines (grit and sand) and liquid is added to 
achieve the desired solids content. 

ii. Two stage. Some wet processes deploy an acidification stage where the initial 
stages of hydrolysis and acidification occur.  The second stage methanogenic 
reactor is then fed with VFA.  This mirrors the kinetics of the microbiology and 
allows for greater flexibility in operation. 

iii. Capital and operational cost. The high solids systems involve fewer process 
stages and as a result are typically less land intensive and involve less 
process engineering and control than the wet systems.  This makes them 
cheaper and simpler to operate and maintain.   

iv. Mixing characteristics. Dry systems may be operated on a continuous or batch 
basis but in either configuration the mixing regime is essentially plug flow.  In 
wet systems the fluid matrix and gas production deliver an essentially mixed 
system. 

v. Performance. The pre-treatment and mixing applied to wet systems and 
mixing makes them far more efficient in terms of conversion of organic matter 
to biogas (the methane yield). 

 
Reactor Design 
Reactor design varies widely and different configurations and designs are offered by 
individual manufacturers.  This variation is particularly evident within high solids 
systems which operate on a batch basis with essentially plug-flow mixing.   These 
systems may or may not involve mechanical assistance to drive a charge (batch) of 
organic material through the process by means of a screw or equivalent.  In other 
high solids systems, the waste mass is entirely static.  A batch of waste is simply 
clamped into an airtight container with limited further engineering to promote better 
mass transfer of nutrients (carbon and essential macro and micro nutrients) within 
the biomass.  Leachate may be recirculated to assist mass transfer of macro and 
micro nutrients. The liquid is the source of the inoculation and may be held in central 
tanks and recirculated from the reactor vessels. 
 
Wet systems use vessels that are similar in design to those applied in the treatment 
of municipal wastewater sludges.  They may or may not have internal structures 
(such as baffles) to promote agitation and mixing. They can be batch processes but 
usually the material is continuously removed and fresh material added. They are 
often termed continually stirred tank reactors (CSTR). This is the most reactor 
design.  
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Operational Variables 
Beyond the feedstock applied to anaerobic processes there are a number of 
variables the operator may manipulate to achieve better stabilisation of the organic 
matter or improved economic performance.   
 

Residence time has a direct bearing on stabilisation, with better stabilisation 
achieved with increased residence time.  This is simply a reflection of the 
contact time the biomass has with the organic matter.  This relationship is not 
linear and the efficiency gains from increased residence time will fall as the 
available organic material is consumed.  The tuning of the residence time is 
highly dependent upon specific system design and configuration and the 
material standards of the solid digestate outputs.  Conversely, the value of 
the capital asset is maximised if the residence time is lowered as this allows 
the operator to increase the loading rate of the plant and generate greater 
revenue.   
 
Organic loading rate can be changed independently of residence time by 
altering the feedstock.  This may or may not yield the same stabilisation 
performance.  Practically this is a parameter that may only be routinely 
considered by operators of two stage wet AD processes. 
 
Recycle Ratio.  The recycle ratio is the ratio of recycled liquor to the feed 
liquor. As such it is a variable that only applies to wet systems.  Dry systems 
may collect and recycle leachate into the (solid) waste mass.  
 
Recycling liquor in wet systems effectively dilutes the feed into the reactor 
vessel as well as adjusting the rate of fluid flow through the reactor vessel 
which promotes improved mixing and, all other parameters being equal, 
better stabilisation performance.  Recycling the liquor does require energy 
and is ultimately limited by the need to prevent washout of biomass from the 
process which may occur if ratio is too high.  In high nitrogen feedstocks 
such as manures, ammonia build up may also lead to an inhibition of the 
process.   
 
Addition of nutrients or biomass.  Depending on the feedstock or the 
process technology, the process may require or deploy the addition of 
nutrient additives and/or additional feedstocks.  Nutrients are used to create 
an optimal environment for digestion to occur.  Biomass may be added to 
either facilitate the digestion of a specific material or, in the case of batch 
processes, to initiate or accelerate digestion.   

 
2.1.5 Emission and Abatement 

AD by definition is an enclosed process with two principal outputs, biogas and 
digestate. The quality of both reflects the composition of the feedstock.  The 
digestate may be dewatered to a greater or lesser extent depending on the 
requirements for intended market.  This will generate a liquid effluent which may or 
may not require further management. 
 
Biogas Composition 
Biogas is approximately 55% methane and 45% carbon dioxide (+/- 5% for each) 
with some trace compounds, the principal one being hydrogen sulphide.  The ratio 
of methane to carbon dioxide directly reflects the carbon content of the feedstock; 
higher carbon materials such as fats and oils give rise to slightly higher methane 
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concentrations within the biogas.  The hydrogen sulphide is formed in the AD 
process by the reduction of any sulphate in the feedstock which becomes available 
to the microorganisms. Other trace compounds may also be present either a result 
of volatilisation of volatile organic compounds (VOC) present in the feedstock or 
from the generation of volatile intermediates by the degradation process.  The gas is 
fully saturated with moisture. 
 
The biogas has a high calorific value (CV) of approximately 23 MJ/m3 at 55% 
methane and as such has value as a fuel.  It is captured and either flared (typically 
where the energy recovery plant is down) or utilised in some form of energy 
recovery.  Depending on the scale of the process and the thermal rating of the flare 
or energy recovery, different standards and emission values will apply.  The 
standards define the type of plant and combustion conditions to ensure the burn is 
essentially complete and that VOC are destroyed.  The combustion process also 
converts inorganic contamination such as hydrogen sulphide to much less harmful 
species.  Emission limits for parameter which are central to the management of air 
quality (e.g. NOx, SOx ,hydrocarbons, particulate) may also apply. 

 
Digestate Composition 
Untreated digestate can be solid in the case of high solids digesters or liquid in the 
case of the more common low solids CSTR digesters. 
 
The digestate is primarily biomass which can be spread directly to land as whole 
digestate or as the two separated components of fibre and liquid. Separated fibre 
can also be composted to derive a composted material which, as with the products 
of aerobic composting, may be suitable for agricultural land applications.   
 
Liquid Effluent   
The whole digestate from low solids systems or separated liquid fraction arising from 
anaerobic digestion processes may be suitable for use as a fertiliser. Where this is 
not appropriate the liquid effluent may require some further management, either 
indirectly by tanker to a wastewater treatment facility or via discharge to sewer 
under a discharge consent. Some AD plants also include integrated wastewater 
treatment. 
 
2.1.6 Markets and Outputs 

The biogas may be used as a fuel to heat the AD process itself with the balance 
used for other process or space heating. It can be used as a fuel to generate power 
in engines for Combined Heat and Power (CHP) with the waste heat used to heat 
the digester, or can be cleaned and upgraded for export off site and used in the 
same way as natural gas or as a vehicle fuel.   
 
Much of the recent drive for AD has been stimulated by economic incentives which 
reward the recovery of energy as power and/or heat from the biogas produced by 
the AD process. This is referenced in the Defra Anaerobic Digestion Strategy and 
Action Plan1.    
 
The liquid and solid digestates can be used as an organic fertiliser or soil 
conditioner. Unfortunately the costs of transport mitigate against all but the most 
proximate markets. 
 

                                                
1  http://www.defra.gov.uk/publications/files/anaerobic-digestion-strat-action-plan.pdf. 
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Land applications are permitted if the material satisfies “end of waste” conditions 
due to meeting the requirements of the anaerobic digestion quality protocol and 
PAS110 or if is carried out under a standard rules permit:  
 
• Standard rules SR2010No4 Mobile plant for landspreading (land treatment 

resulting in benefit to agriculture or ecological improvement)  and  
• Standard rules SR2010No5 Mobile plant for the reclamation, restoration or 

improvement of land.    
The digestate may also be dewatered and dried to the point where the CV of the 
fibre fraction allows it to be used as a solid recovered fuel (SRF). 
 
2.1.7 Incorporation of Bespoke Feedstock. 

The summary above illustrates the principles of the AD process and introduces the 
different process configurations and modes of operation.  With the economics of AD 
closely linked to process efficiency and gas yield it is central to the interest of the 
operator to avoid introducing a novel feedstock which will inhibit the process or 
reduce conversion efficiency. 
 
For high solids systems the poor mixing, lower efficiency and (in some cases) crude 
designs means that inhibition is less predictable and bespoke material may not be 
suitably treated and stabilised.   
 
The nature of the microbial process does offer the potential for a range of synthetic 
organic substrates to be treated and stabilised.  However, the potential for the 
generation of harmful intermediates also exists and the mechanism of degradation 
and fate of the synthetic organic substrate should be fully understood within the 
operational limits of the specific process in question before introducing the substrate 
into the process. 
 
The variations in configuration, design, mixing conditions and operational 
approaches also makes defining a set of standard operational parameters for AD 
impractical.  It is also likely that data on inhibition defined in the laboratory are 
reflected differently within different designs employing different operational models 
and feedstocks. This suggests that introducing a bespoke feedstock for treatment 
using AD should be considered in detail prior to seeking regulatory approval.  These 
considerations should gather sufficient evidence to confirm: 
 
i) That the bespoke feedstock does not inhibit the AD process or contain inert 

elements such as grit that may accumulate in the reactor or pipework, and 
ii) the feedstock is stabilised by the process, undergoing degradation to 

methane and carbon dioxide. 
 
2.2 Composting  

2.2.1  General Principles and Definitions  

Composting is a natural process in which microorganisms break down organic 
matter in the presence of air to form a humus like product.  This product is the 
compost, which is suitable for use as a soil conditioner.  Good quality compost is a 
proven organic supplement that can improve yields from poor quality soils through 
the provision of nutrients and humus.  Humus is a complex, stable non-cellular, long 
lasting organic material that is found within soils.  It is beneficial in soil due to its 
moisture properties and nutrients.  Finished compost is humus like in that it contains 



 

 
Organic Treatment 130729 Assessment Framework Final6  

 12 

degraded organic matter and may also contain a nutrient value and microbial 
biomass. 
 
Haug (1993) defines composting as: 
Composting is the biological decomposition and stabilisation of organic substrates, 
under conditions that allow development of thermophilic temperatures as a result of 
biologically produced heat, to produce a final product that is stable, free of 
pathogens and plant seeds, and can be beneficially applied to land. 
 
Within National Indicator Guidance (HMG, 2007), the process is defined as: 
‘Composting’ means the controlled biological decomposition and stabilisation of 
organic substrates, under conditions that are permanently aerobic and that allow the 
development of thermophilic temperatures as a result of biologically produced heat. 
It results in a final product that has been sanitised and stabilised, is high in humic 
substances and can be used as a soil improver, as an ingredient in growing media, 
or blended to produce a top soil that will meet British Standard BS 3882, 
incorporating amendment No 1. 
 
The composting process is aerobic.  The microorganisms require oxygen and 
produce carbon dioxide.  During the process a large amount of energy is released in 
the form of heat; this leads to elevated temperatures within the composting material. 
 
Feedstocks for composting have typically been manures, garden waste and parks 
waste, consisting of tree trimmings and grass cuttings.  More recently the technique 
has been more extensively applied to the treatment of food wastes following the 
introduction of targets to divert biodegradable municipal waste from landfill.   
 
The treatment of food wastes is subject to the Animal By-Products Regulations 
(APBR).  These regulations require that materials are treated to specific time 
temperature profiles in order to achieve an appropriate level of pathogen kill within 
the compost  (70oC degrees for 1 hour for 6cm particles in vessel and 60 oC over 2 
days for 40cm pieces).   
 
The composting process has also been applied to sewage sludge, industrial sludges 
and the by-products from industrial food preparation.  
 
Most commercial composting systems will experience both thermophilic and 
mesophillic phases, which describe the temperatures experienced. During the 
thermophilic phase temperatures of 55°C-70°C are experienced, this is both 
preceded and followed by a mesophilic phase with temperatures of typically 35°C-
45°C. This is followed by a maturation phase. There is the potential for the 
composting process to release odorous substances, such as ammonia and 
hydrogen sulphide, if managed incorrectly.   
 
As with AD processes, the degradation process will not facilitate the production of 
complex intermediate by-products.  Therefore dioxins can not be formed. However, 
due to the 30-40% mass loss experienced during the composting process the 
concentration of dioxins and other recalcitrant materials within a composting mass 
can increase.  As with AD it is necessary to understand the entire fate of synthetic 
organics presented within a bespoke waste to ensure any intermediates or end 
products do not present an unacceptable risk to human health or to the 
environment. 
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2.2.2 Description of Key Stages 

The composting process uses a number of microorganisms to degrade organic 
material.  The phases of composting result in a range of temperatures which gives 
rise to a succession of microbial populations, usually simply defined as thermophilic 
and mesophillic populations.  The microorganisms of interest in the process are 
bacteria and fungi. 
 
The composting process can be split in to distinct phases.  These phases are 
typically represented by the temperature profile of the material.  In reality the 
temperature of the pile is an indicator of the generation and loss of heat by the 
composting system.  Heat is released by the microorganisms as they degrade the 
waste.  Due to the compost mass being an effective insulator much of the heat is 
retained within the system.  The combination of this heat release and retention 
results in a temperature increases.  Figure 2.2 shows a typical temperature profile 
for the composting process as well as the typical heat release from the various 
microbial populations. 
 

Figure 2.2  Typical temperature course and heat release during composting 
(Pöpel , 1971)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mesophilic Heating 
During the first phase the substrate is degraded by a diverse population of fungi and 
mesophilic bacteria.  These organisms degrade the readily available material, 
creating new microbial biomass from the substrate.  The heat released from this 
activity raises the temperature of the pile to approximately 45°C.  At this temperature 
the activity from the mesophilic microorganisms ceases, with many of them dying off 
leaving only heat resistant spores.  In Figure 2.2 this is the period shown up to 
approximately 40 hours, where the temperature has increased to 45°C.  The heat 
release curve shown in Figure 2.2 from mesophiles gives an indication of the 
relationship between the activity of the mesophiles and temperature.  As the 
temperature increases above approximately 35°C, the rate at which heat is released 
reduces.  This is indicative of a reduction in composting activity. 
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Thermophilic Heating 
The pile will then be populated by a thermophilic microbial population of bacteria, 
and fungi.  There may be a short lag phase whilst this population develops.  This 
population causes another rise in temperatures, with the optimal temperature being 
in the range of 50° - 65°C.  The activity of this population will cease in the range of 
70°C - 80°C.  Within Figure 2.2, the slight lag is shown by a levelling of the 
temperature at around 40 hours.  Heating of the mass is then re-established and the 
temperature increases up to 55°C.   
 
Thermophilic Steady State (Stabilisation) 
Following the increase in temperature the next phase is a stationary period where 
the heat released by thermophiles and the pile temperature both remain relatively 
constant.  The microbial population at this point continues to be formed of 
thermophilic bacteria, actinomycetes and fungi.  In Figure 2.2 this phase occurs up 
to approximately 130 hours. 
 
Reduction in Temperature (Maturation) 
Finally there is a reduction in temperature.  This phase is often referred to as the 
maturation phase.  The rate of heat output from the degradation of available material 
is less than the heat loss from the system, resulting in a reduction in temperature.   
 
Mesophilic microorganisms become re-established from spores that have survived 
the process, or new seed organisms.  The re-establishment is not shown in Figure 
2.2, but it does show the reduction in heat output from thermophiles. The mesophillic 
population succeeds the thermophilic population and extends the degradation 
process through maturation which occurs at a much lower rate than in the earlier 
stages. 
  
The production of the stabilised humic material needs to consider the yield 
coefficient.  This is the quantity of biomass generated divided by the weight of 
substrate presented.  For a typical yield coefficient of 0.1 the degradation of 1 mole 
of glucose (Kutzner, 2000) is:  
 
C6H1206 + 0.16NH3 + 5.2O2→0.16C5H7O2N + 5.2O2 +5.7H20 
 
Where C5H7O2N is a stoichiometric representation of the microbial biomass.   
 
The equation above illustrates the nitrogen source as ammonia which may be 
present in some feedstocks or produced from the degradation of organic nitrogen.   
In well managed processes, with aerobic conditions throughout the waste mass, any 
excess nitrogen will become released as ammonia and ultimately oxidised to nitrate.  
The pH conditions in the waste mass will retain ammonia in the aqueous phase as 
ammonium. 
 
When anaerobic conditions are allowed to develop in the waste mass through poor 
design and/or operational management, the result may be poor organic stabilisation 
and an accumulation of ammonia.  This may lead to difficulties for operational staff 
and odour problems. 
 
2.2.3 Kinetics and Inhibition 

Microbial activity is influenced by the water content, pore space, oxygen content, 
process temperature, nutrients (C/N ratio, availability) and pH (Haug, 1993; 
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Schuchardt, 2000).  The microbial population within the composting matrix will 
continue to grow until one or more of the factors becomes limiting. 
 
Many investigations have been conducted investigating the influence of moisture 
content on composting activity. Simple physical treatments, such as shredding the 
material, have been shown to have an effect, changing the optimal moisture content 
for a material.  However, the moisture range of 50% to 70% (wet basis) does appear 
to contain the optimum point for the majority of materials (Notton, 2005).  Below this 
range it is likely that there is an insufficiently aqueous environment for the 
composting bacteria. Activity ceases entirely below a 15% moisture content. Above 
this range it is likely that the free air space within the composting matrix is becoming 
blocked with moisture, thereby limiting the mass transport of oxygen and reducing 
microbial activity. This will lead to anaerobic conditions. 
 
The Composting Association recommends a volatile solids content of at least 40% 
dry basis for the material to be suitable for composting (Composting Association, 
2004).  However, it is also important for the volatile material to be biodegradable. 
 
The main descriptor of nutrient availability in composting is the carbon to nitrogen 
ratio (C/N ratio). C/N is generally used as a measure of nutrient balance.  Nitrogen is 
necessary to support cellular synthesis and carbon makes up the majority of the 
organic matter within a cell.  However there are other trace elements are also 
important in the composting process. The microorganisms need a C/N ratio in the 
substrate of 25-30, whereby the carbon should be readily biodegradable.  With lower 
C/N ratios the danger of nitrogen losses by ammonia gas increases (especially 
when the temperature rises and the pH is higher than 7).  If the C/N ratio is higher 
the composting process needs a longer time to stabilise the waste material 
(Schuchardt, 2000).  
 
Most bacteria will not survive at a pH of 3 or below. Similarly most bacteria begin to 
lose activity at pH levels above 10.5, with significant kills above ~11.5 (Haug, 1993).  
Although this range is within the pH criteria for non hazardous wastes it is important 
to note that there will be reduced microbial activity at these extremes.  However, 
composting can buffer both alkali or acid wastes due to the production of a weak 
acid (CO2 in solution) and weak base (NH3).  If the material is not amended to adjust 
its pH then high pH materials will encounter an extended lag phase before high 
activity composting occurs.  In low nitrogen, low pH materials there may be 
insufficient ammonia to bring the material to a favourable pH (Haug, 1993).  
 
The temperature of the compost will increase during the initial phase of the process 
as more heat energy is released by the microorganisms than can be dissipated.  
The optimum temperature range for thermophilic populations is 55°C-70°C, whilst 
for mesophilic populations it is in the range of 35°C to 45°C. At temperatures that 
are too high or low the growth rate of the organisms will be impeded.  
 
As the process is aerobic it will require a supply of oxygen.  The supply of air to the 
composting pile is a management issue.  In dense materials or finer materials an 
operator may need to consider methods of supplying appropriate quantities of 
oxygen throughout the compost mass. A minimum oxygen concentration of 5% is 
required to maintain aerobic conditions. 
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2.2.4 Process Configuration 

Typically the phases of composting at a site would consist of: 
 

- Pre-processing, 
- High rate stabilisation 
- Curing/maturation 
- Post processing 

 
The pre-processing may simply be shredding, blending of materials or amendment 
of moisture balance.   
 
The high rate composting phase was discussed in Section 2.2.2, it is characterised 
by the increase to thermophilic temperatures (55° - 70°C), high oxygen demand and 
high reductions in volatile solids.  Once the majority of the easily digestable organic 
material has been used up, the rate of heat release will drop and the material will 
move into a curing/maturation phase.  During this phase the oxygen demand is 
reduced and temperatures will be approximately 35° - 45°C.  The post processing 
phase may involve screening, blending and bagging to produce a quality product. 
 
The high rate stabilisation period would typically last 1-6 weeks (Schuchardt, 2000), 
the length of this time period will depend on the material being treated, the process 
that it is subjected to and the management by the operator.  It is likely that small 
scale trials systems will require different timescales to full scale systems to treat a 
waste.  This is the phase of composting that has attracted much attention regarding 
the management of the process.  Although this stage can occur within open 
windrows there are legislative drivers, such as the Animal By-Products Regulations, 
and site management issues, such as odour and management of reaction rates, that 
have led to a variety of enclosed systems. In such systems the material is 
encapsulated in some way that allows for increased control of process parameters 
such as aeration or temperature. 
 
There are many different composting processes and classification methods for 
composting.  One classification system is shown in Figure 2.3.  Further detail on 
various composting systems is available in the Composting Association document 
“A Guide to In-Vessel Composting” (2004a).  Figure 2.3 demonstrates the range and 
variety of systems.  However the fundamental requirements of the process remain 
the same irrespective of system applied.  The bottom row of the diagram in Figure 
2.3 shows increasing technological intervention moving from right to left, with 
unencapsulated, non aerated piles on the right to rotating reactors on the left.  The 
major differentiator is whether or not a reactor is used.  Other differences include the 
approach to aeration and agitation of the material to improve mass transfer. 
 
Open systems are likely to have lower capital and operational costs, but may require 
a larger area and are likely to have less control over any odorous gas or bioaerosol 
emissions.  Theoretically the reactor based systems can have control over gas 
emissions and incorporate gas cleaning if necessary. 
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Figure 2.3   Hierachy of Composting Systems 
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2.2.5 Emission and Abatement 

The principal output from the composting process is the composted material itself.  
Additionally there may be a leachate and there are also gaseous and particulate 
emissions. 
 
The compost should comprise of humified organic matter suitable for land 
application or horticultural use.  The majority of compost derived from novel 
feedstocks will need to be applied to land under the control of an environmental 
permit. 
 
Leachate from the composting process can often be returned to the composting 
process as a source of moisture in the primary stages.  Excess composting leachate 
may require treatment or disposal.  Where novel wastes are used in the feedstock 
as a blend, consideration must be given to the overall composition of the resulting 
feedstock. 
 
The gas will contain an elevated level of carbon dioxide and, depending on the 
feedstock, may also contain ammonia, hydrogen sulphide, other trace gases and 
bioaerosols. If the material is within a vessel then it is possible to manage the 
exhaust air appropriately to reduce concentrations to acceptable levels.  If the 
composting is occurring outside then the management of the process, such as 
feedstock selection, is an important factor in reducing the concentrations of odorous 
gasses emitted from the pile. Guidance on odour management is provided by the 
Environment Agency (EA position statement on open air composting, 2010) 
 
2.2.6 Markets and Outputs 

The stabilised compost can be used as a soil conditioner or growing media or 
potentially as a biomass fuel.  As a soil conditioner, the humic material can increase 
the water and nutrient retention of soils, resulting in increased yields.  As a fuel the 
composted material benefits from a slight drying and therefore an increase in the net 
calorific value. 
 
2.2.7 Incorporation of Bespoke Feedstock 

The above illustrates the principles of the aerobic composting process and 
introduces the wide range of technologies that have been applied to it.  When 
presented with a bespoke feedstock that is inhibitory the composting process may 
take an extended length of time to start or complete or it may produce nuisance 
odours or harmful gases.  Depending on the level of inhibition and/or the degree to 
which the bespoke material is blended with other feedstocks, the composting 
process could fail entirely or suffer ill-effects resulting in semi or unstabilised waste 
that may require additional treatment or disposal. This will also affect the ability of 
sanitisation temperatures required for ABP regulation criteria to be met.  
 
The economics of composting often rely on the gate fee, which is usually related to 
the capital and operational costs.  These are linked to factors such as the residence 
time on site or within a vessel and routine operational costs of the site. If a novel 
feedstock is utilised then the economics of the site may well be impacted due to the 
length of time required to treat the waste and potential impacts upon the end use of 
the compost. 
 
The wide range of systems currently available and the likely development of new 
systems make defining standard operational parameters impractical.  It is also likely 
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that data on inhibition defined in the laboratory are reflected differently within 
different designs employing different operational models and feedstocks. 
 
This suggests that introducing a bespoke feedstock for treatment through 
composting should be considered in detail prior to seeking regulatory approval.  
These considerations should gather sufficient evidence to determine that: 
 
i) The bespoke feedstock does not inhibit the composting process 
ii) The feedstock is treated and stabilised by the process, undergoing 

degradation to carbon dioxide,  
iii) The feedstock is not added to purely to allow disposal by an unacceptable 

waste treatment such as evaporation or volatilisation of the waste, 
iv) The feedstock may not readily degrade within the process but may improve 

the process, such as the use of materials to provide structure and increase 
porosity within the composting material.  In such cases evidence should be 
provided that the introduction of such a feedstock will not negatively impact 
upon the usability of the final compost output. 

 
2.3 Thermophilic Aerobic Digestion (TAD) 

2.3.1 Definition of the Process 

Thermophilic aerobic digestion (TAD) is essentially a composting process which can 
be used to treat waste food or other organic materials in a liquid slurry or semi-solid 
form (WRAP, 2012). 
 
It is understood that there are currently two TAD systems operating under the 
environmental permitting regime in England & Wales.   
 
2.3.2 Description 

Feedstock is fed into a digester where air is forced through the material to 
encourage the growth of aerobic microbes.   The process is exothermic and the heat 
is maintained at thermophilic conditions of between 55-65°C.  The retention time of 
the process is usually between two and five days, as degradation is rapid.  Following 
digestion the digestate is usually dewatered or dried. The output can be used as a 
bio-fertiliser (WRAP, 2012). 
 
2.3.3 Key process parameters 

As with the composting process, this is an aerobic process and it is unsurprising that 
several of the key process parameters are similar to those for the composting 
process. 
 
The degradation kinetics within thermophilic aerobic digesters have been shown to 
vary with temperature, with an optimum of 50°C (Roš et al., 2002).  Aeration has to 
be considered specifically as aerobic digestion is very sensitive to lack of oxygen, 
especially in the thermophilic range of temperature (Roš et al., 2002). In these 
higher temperature ranges the saturation concentration of dissolved oxygen will be 
significantly reduced.  Other parameters that should be considered in process 
design are: 
• Agitation and mixing will impact upon the mass transfer within the system. 
• Supply of nutrients; as with composting the balance of nutrients may impact 

upon the rate at which the material heats or its potential to produce odours. 
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• Inhibitory substances; due to the material being in a slurry it is likely that any 
inhibitory substance(s) present would come into contact with the microbes 
sooner than in a higher solids process.   
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3 Applying the Decision Framework for Biological Treatment 

3.1 Overview 

The framework aims to structure the process of determining suitability of bespoke 
wastes for organic treatment.  Whilst it is straightforward in principle, it should also 
be recognised that it does not absolve the need for technical/professional expertise 
and judgment to be applied. 
 
Expertise in specific areas will be needed where evidence on the nature of the 
waste and its biodegradability are not available.  Specifically, an understanding of 
waste characterisation and analysis may be needed depending on the type of 
bespoke waste under assessment and its provenance.  Furthermore, an 
understanding of defining and interpreting tests to assess the biodegradability and 
fate of materials in the relevant biological process may also be required to complete 
the assessment process. 
 
The framework is designed to deliver a positive outcome which is conditional upon: 
 

• Evidence of no inhibition of the process; and  
• Evidence of stabilisation to a mineral end point or 
• Evidence of structural benefit to the process, without being inhibitory to the 

final use of the output. 
 
3.2 Using the Decision Framework  

The decision framework is shown in Appendix A.  It consists of a series of questions 
allowing the officer to work through from the submission of an application for the 
treatment of a bespoke waste stream to a decision on whether or not that waste is 
appropriate for treatment. 
 
The evaluating officer should work through the decision tree assessing each of the 
questions.  It is suggested that the officer works though the whole of the tree and if 
further information is required then a single request for all information can be sent to 
the applicant, rather than potentially sending out a request at each stage of the 
decision tree. 
 
When using the decision tree it will be necessary to refer to Table 4.1 or 4.2 and 
Appendix D.  These contain data on general and specific inhibition levels.  
It should be noted that the table in Appendix D is not exhaustive, and does not list 
every substance which may prove inhibitory to aerobic or anaerobic organisms. The 
potential inhibitory effect of other substances must also be considered. 
 
The questions within the framework are expanded and discussed below. 
 
1. Is the waste European Waste Catalogue coding and description listed within 
any relevant standard rules permit? 
 
The standard rules permits for composting and AD contain the EWC codes and 
descriptions of waste types that are already considered acceptable for treatment. 
The applicant should describe the waste and the process that produces it to enable 
its classification within the relevant EWC code.   Where the EWC classification and 
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description is consistent with the relevant EWC codings and descriptions within the 
standard rules permit for the appropriate biological process then by definition this 
material is considered as low risk, suitable for treatment and no further consideration 
of the framework is required for the material. 
 
Note that the waste types on the standard rules permits may be subject to future 
revision – the most up-to-date version should always be used. 
 
2. Is the waste stream classified as hazardous? 
 
Producers of absolute hazardous waste are required to declare the relevant hazard 
properties (either from prior knowledge or testing) before treatment or disposal at a 
site that is permitted to accept hazardous wastes.  Where the bespoke material is 
shown to be hazardous this would also apply.   

Where the data or source information provided on the material under consideration 
lead to a classification of hazardous using WM2 (Environment Agency, 2011), either 
as an absolute or mirror entry then the material is unlikely to be suitable for 
biological treatment.  However there are certain materials that may be considered 
appropriate for biological treatment, for example, if the waste is considered 
hazardous due to its pH alone.  WM2 lists the 15 hazardous properties H1-H15, 
which include oxidising, flammable, irritant, harmful, toxic, carcinogenic, corrosive, 
infectious, mutagenic, and ecotoxic hazardous properties. 

If a waste is classified as hazardous and it is considered that it may be appropriate 
for biological processing, it will require a detailed case to demonstrate how the 
treatment of the material neither compromises the biological process in terms of 
safety and process efficiency nor yields an output or residue that remains 
hazardous.  

Detailed guidance on the hazard assessment of wastes is provided by the 
Environment Agency in WM2 (Environment Agency, 2011). 

3. Has the applicant demonstrated that the hazardous properties of the waste 
will be treated by the proposed biological system, and provided details of any 
pre treatment or control measures required? 
 
Where the bespoke material is shown to be hazardous the operator should provide 
details of how they intend to operate their process and any necessary pre 
processing so that the waste will not affect their process.  These measures should 
be set out and agreed with the Environment Agency in an operational management 
plan.  The plan may involve the addition of a new unit process to e.g. neutralise the 
material or simply reflect how the bespoke material is blended to provide a benefit to 
the process or reduce the negative effect.  These examples are not exhaustive and 
it is within the gift of the operator to define how they intend to manage these factors. 
The operator must demonstrate that the material is capable of being treated such 
that it can be considered to be recovered.   
 
The operator must also ensure that he has relevant permission for these amended 
processes and may need to vary existing Environmental Permits and apply for 
planning permission. 
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4. Is the bespoke waste stream well characterised? 
 
If it has been determined that the waste is not within any of the relevant EWC 
codings for standard rules and is non-hazardous, then further details are required to 
understand whether it may be suitable for treatment using a biological process; the 
EWC code alone is not sufficient. 
 
The operator should first describe in detail the source of the waste and how it was 
produced.  This will help inform a targeted plan for sampling and testing which will 
yield a set or sets of chemical test data which adequately describe the composition 
of waste and in particular any materials within it which may be inhibitory.  The 
sampling and testing plan should also account for any seasonal variation within the 
waste. 
 
The sampling plan should meet the requirements of PrEN 14899 (ESART, 2004) to 
ensure the samples collected are statistically representative of the waste stream to 
be treated. 
 
The testing plan should adequately reflect the source of the material.  Information 
such as that contained within material safety data sheets may be used to inform the 
testing plan. 
 
5. Are the characterisation data on the bespoke waste stream outside of 
general inhibition values? 
 
The general inhibition values for aerobic and anaerobic treatment are shown in 
Table 4.1 and 4.2.  These are values for a range of general parameters known to be 
inhibitory to aerobic and anaerobic processes.  If the waste is outside of these 
values it does not exclude it from being suitable for biological treatment.  However, 
the operator may need to apply additional measures and demonstrate their efficacy 
to allow the waste to be treated within the proposed system. 
 
6. Has the applicant provided an operational plan demonstrating how the 
process will accept and process the bespoke waste with characteristics 
outside the general inhibition values? 
 
Where the bespoke material is outside of the general inhibition values in Table 4.1 
and 4.2, the operator should provide details of how they intend to operate their 
process to ensure the acceptance of waste with these properties will not affect their 
process.  These measures should be set out and agreed with the Environment 
Agency in an operational management plan.  The plan may involve the addition of a 
new unit process to e.g. neutralise the material or simply reflect how the bespoke 
material is blended to provide a benefit to the process or reduce the negative effect.  
These examples are not exhaustive and it is within the gift of the operator to define 
how they intend to manage these factors. The operator must demonstrate that the 
material is capable of being treated such that it can be considered to be recovered. 
In some cases this may need to be demonstrated through a full-scale trial. Further 
aspects of biodegradability and mineralization are discussed below. 
 
The operator must also ensure that he has relevant permission for these amended 
processes and may need to vary existing Environmental Permits and apply for 
planning permission. 
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7. Do the characterisation data on the waste stream contain specific 
substances that may inhibit the process? 
 
The specific inhibition values for aerobic and anaerobic treatment are given in 
Appendix D.  Within these tables there are two columns of data for aerobic 
treatment, the first is based on the inhibition of respirometric activity and the second 
is based on the inhibition of nitrification.  Equal weighting should be given to both as 
inhibition of either stage will affect output quality. These data were gathered from a 
literature review and can vary widely for a given substance depending on the 
environmental conditions, particularly redox potential and pH.  Surface chemistry 
may also impact on inhibitory values, with certain substances being sorbed onto 
solid particles or biomass making them unavailable to act as inhibitors to the active 
microbiology within the process.   
 
For some parameters there is also evidence of synergistic and antagonistic 
inhibitory effects.   
 
If the waste is outside of these values it does not exclude it from being suitable for 
biological treatment.  However, the operator may need to apply additional measures 
to allow the waste to be treated within the proposed system.  These measures 
should be set out in the operational plan. As above, it must be demonstrated that the 
material is capable of being treated such that it can be considered to be recovered. 
 
8. Has the applicant provided an operational plan demonstrating how the 
process will accept and process the bespoke waste with characteristics 
outside the specific inhibition values? 
 
Where the bespoke material is outside of the specific inhibitory values in Appendix D 
the operator should provide details of how they intend to operate their process to 
ensure the acceptance of waste with these properties will not affect their process.   
These measures should be set out and agreed with the Environment Agency in an 
operational management plan.  The plan may involve the addition of a new unit 
process to e.g. adjust the pH in order to neutralise the material or to change the 
state of an inhibitor or simply reflect how the bespoke material is blended to provide 
a benefit to the process or reduce the negative effect.  These examples are not 
exhaustive and it is within the gift of the operator to develop and implement 
proposals to address this. Again, it must be demonstrated that the material is 
capable of being treated such that it can be considered to be recovered. In some 
cases this may need to be demonstrated through a full-scale trial.  The operator 
must ensure that he has relevant permission for these amended processes and may 
need to vary existing Environmental Permits and apply for planning permission. 
 
9. Is it known that all the substances within the bespoke waste are 
biodegradable? 
 
Wastes being included in the process should not be included solely for dilution. 
 
Inert materials are not suitable for organic treatment as they will not undergo any 
change by virtue of going through the process.  
 
The bespoke waste should therefore be capable of undergoing biodegradation or 
change through the treatment process.  
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Therefore the wastes should be shown to be biodegradable within the proposed 
biological processing system.   The Environment Agency may allow the 
incorporation of inert materials into compost following processing to improve the 
final product.  The operator must ensure that he has the relevant permission for 
such a process.  
 
10. Has it been demonstrated that all the substances within the bespoke waste 
are mineralised in the biological process? 
 
Biological processes have the potential to ferment and degrade complex synthetic 
organic substances.  The products resulting from these biological degradation 
processes may pose a greater threat to human health and the environment than the 
original substances within the bespoke waste material.  It is therefore essential that 
the operator understands the fate of substances present within the bespoke waste 
material when subject to the proposed method of biological treatment.   
 
The operator should demonstrate that these substances are capable of completely 
degrading within the treatment system.  With respect to composting this means 
degraded to CO2 and for AD to CO2 and CH4.  The evidence to support this may be 
desk based or drawn from existing experimental data or new data gathered from 
trials conducted to support the permit application. 
 
Desk based work includes an analysis of existing data on (chemically) structurally 
analogous materials which may be argued will degrade in a similar way to 
analogues.  Data on the structural analogues should identify the route of 
degradation and likely intermediates.   
 
Existing experimental data on the substances in question may be used to 
demonstrate mineralisation where it has been gathered to assess the same 
substance as applied to the same process. 
 
Where the fate of the substance is poorly understood additional work may be 
required. This may be on a either desk based or experimental basis to demonstrate 
the mineralisation of the substance to a degree that is consistent with the proposed 
or existing efficiency of the treatment process e.g. if 90% removal of organic 
material is achieved routinely by the process then the bespoke waste should not 
materially reduce this efficiency. 
 
It is also important that consideration is given to any potential concentration of 
contaminants e.g. heavy metals, dioxins that has occurred in the treatment process. 
It is necessary to understand the entire fate of materials presented within a bespoke 
waste to ensure any intermediates or end products do not present an unacceptable 
risk to human health or to the environment.    
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4 Supporting Data 

 
4.1 Bespoke Waste Characterisation 

4.1.1 Provenance 

The operator should have a full understanding of the source of the waste as this will 
assist them in understanding whether the waste is appropriate for their process.  
Ideally a description of the process producing the waste should be provided by the 
operator.  Possible sources of information for the provenance include materials 
safety data sheets and information/literature available concerning similar wastes or 
processes. 
 
If the waste has arisen from a well regulated and controlled process then it is likely 
that the producer will have a sufficient understanding of the waste material.     
 
4.1.2 Sampling 

Where the provenance and existing test data are inadequate to define the waste 
there is a need to carry out appropriate testing.  In order to ensure that the test data 
reflect the entire waste stream (including any variations that may occur), the 
samples collected for testing must be statistically representative.  As wastes can be 
highly heterogeneous it can be difficult to take a sample that is representative of the 
whole.  The European Standardisation Committee (CEN), have produced a 
Framework Standard (EN 14899) and detailed supporting technical reports to cover 
all aspects of waste sampling and testing (ESART, 2004).  The approaches within 
this should be used in order to undertake representative sampling and testing.   
 
The operator should demonstrate that the sampling methodology provides a sample 
(or samples) that is/are representative of the waste to be treated.  The data should 
be current and if necessary represent changes in the feedstock over time such as 
seasonal variations. 
 
The sampling plan provided by the operator should include: 
 
• Objectives of the testing 
• Level of testing required 
• Test parameters 
• Background information on the process to be sampled; 
• Predicted waste arisings requiring treatment; 
• Sampling approach – population, number of sampling events, number of 

samples, sample weight and reliability of the outcome; 
• Sampling methodology. 
 
Once taken, samples should be analysed as soon as possible and the samples 
should not be appropriately stored and not interfered with or amended. 
 
If the sampling plan is inadequate then the analysis is unlikely to be representative 
of the waste. 
 
 



 

 
Organic Treatment 130729 Assessment Framework Final6  

 27 

4.1.3 Analytical Requirements 

The assumed endpoint of the compost/digestate product will be land spreading for 
agricultural or ecological benefit.  As a result of this the release of substances into 
the environment needs to be considered.  It is therefore necessary to identify the 
substances within the waste that make this waste bespoke so that the 
biodegradability and mineralisation of the bespoke substances can be assessed. 
 
The composition of the waste should be defined using chemical analysis of the 
waste.  There are a large number of determinants that could be tested for such as 
heavy metals, aromatics, PAHs as well as specific organic compounds.  This has 
the potential to place a large burden on the applicant.   
 
Therefore a pragmatic approach should be taken with the testing regime being 
focussed using the knowledge the operator has of the waste.  If the operator can 
provide a good understanding of the processes that generated the waste then they 
will be able to develop a defined set of tests that are appropriate for the waste.  This 
should be the case if a waste arises from a well understood controlled process.  

 
However, if the operator or producer of the waste is unable to provide a detailed 
provenance of the waste and its generation then the level of analysis required will be 
more significant and more costly. 
 
The results of the laboratory analysis can be compared with two sets of parameters: 
General inhibitors and specific inhibitors.  The general inhibitors and thresholds for 
aerobic processes are shown in Table 4.1.  The general inhibitors for anaerobic 
processes are shown in Table 4.2. It should be noted that these are optimal 
conditions and that some wastes within standard rules permits may have e.g. pH 
values outside these ranges.  The specific inhibitors are shown in Appendix D.  The 
lists contained within Appendix D are not exhaustive lists of all substances; however 
they do demonstrate the best available data at the time of the literature review.  
 
If the waste is likely to experience inhibition due to either the general or specific 
inhibitors then the operator should include their approach to managing the potential 
inhibition within an operational plan.  This plan could consider blending of the 
material and loading rates into the process.  
 

Table 4.1 General inhibitors for aerobic processes 
Determinant Threshold 
Moisture Content Optimal range of  50-70% wb 
pH Optimal range of 6-8 
C/N Optimal range of  25:1-40:1 
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Table 4.2 General inhibitors for anaerobic processes 
Determinant Threshold 
pH hydrolysis and fermentation acido and aceto 
genesis) 

Optimal pH 5-7 

methanogenesis Optimal pH 7-8, Operational 6.5-8.5 
Temperature - below optimum. (mesophillic 
optimum Temperature 37 °C, Thermophillic 
optimum temperature 55°C)   

The rate of activity will drop by approximately 
50% for every 10 degrees below the respective 
optimum temperature (Caine, 1990). 
 

Temperature above optimum (mesophillic 
optimum Temperature 37 °C)  

Where the temperature is raised gradually 
above the mesophillic optimum, the cultures will 
adapt and thermophiles will become 
established.  During this period performance will 
be reduced.  Where temperature is raised 
suddenly by 10°C performance may reduce 
significantly. 

Temperature above optimum (thermophilic 
optimum temperature 55°C )  

Performance of thermophiles will drop if 
temperature is raised above the optimum values 
but will survive extreme increase up to 100 °C 

Ammonium inhibition  Ammonium build up may inhibit the anaerobic 
process. 

 
4.2 Process Performance Data 

4.2.1 Demonstrating Biodegradability 

Data presented by an operator should be representative of the proposed treatment 
regime, for example treatment periods, temperatures and physical processing 
methods.  The biodegradable substances within the waste should be capable of 
90% biodegradability within the proposed process. 
 
There may be sufficient evidence available to demonstrate the biodegradability of a 
substance during the proposed process, for example from a similar operation being 
undertaken elsewhere in the world.   
 
It may be necessary to gain process performance data from trials.  Operators should 
give consideration to the type of data required when designing a trial and whether 
this should be carried out on the bench, at pilot or at full scale.  It may be necessary 
to gain an Environmental permit to undertake the full scale trials. 
 
There are a variety of test methodologies currently in use for assessing the 
biodegradability of a substance, including the reduction in concentration of a 
substance, respirometric and chemical tests.  The reduction in concentration of a 
specific substance within the waste would show that the substance was being 
metabolised.  There are a variety of respirometric tests, both anaerobic and aerobic.  
These tests, such as BMP, DR4 generally look at look at the use of oxygen or 
production of biogas.  Chemical testing may look at an indirect measure such as 
changes in the ash content or use the Zahn Wellens test. Where possible the test 
should comply within PAS100 standards.  
 
Testing of the biodegradability of a substance should be undertaken using any 
testing methodology that is recognised and agreed with the Environment Agency.  
Testing should be undertaken by laboratories who are UKAS/MCERT accredited to 
undertake the test. 
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4.2.2 Demonstrating Mineralisation 

Mineralisation results in complete conversion of a compound to its basic mineral 
constituents.  In aerobic processes this is CO2 and H2O.  Within AD the mineral end 
products are CO2 and CH4. 
 
Although similar to biodegradability, the purpose of demonstrating mineralisation is 
to show that no intermediate substances remain within the waste that could have the 
potential to cause harm.   
 
Through demonstrating complete mineralisation within the process the operator has 
demonstrated that there are no intermediate substances that could be of concern 
and therefore a human health risk assessment is unnecessary. 
 
For some substances a review of appropriate literature may be sufficient to 
demonstrate that the substances are mineralised.  Alternatively there may be a 
similar operation elsewhere that is able to provide supporting data. 
 
However, for more novel waste types it is likely that the operator will need to 
demonstrate mineralisation through, for example, mass spectrometer testing or 
mass balances. 
 
Phytotoxicity testing of the compost digestate may also be required. 
 
Testing should be undertaken by laboratories who are UKAS/MCERT accredited to 
undertake the testing. 
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Appendix A The Decision Framework 

 

 
 



 

Appendix B Worked Example 1 – Filter Cake 

Introduction 
This note summarises the information provided by an applicant wishing to compost 
a bespoke waste.  The information is summarised to demonstrate the use of the 
framework without revealing the identity of the applicant. 
 
Summary of information 
The operator provided the following information: 
 
i. Draft pro forma identifying the waste source and handling, current means of 

disposal. (2011)  
ii. Within the draft proforma is a description of the process that the waste arises 

from, with a breakdown of the components in the waste.  The filter cake is 
described as 29% solids and 71% water.  The water content can vary between 
60% - 80%.  The solids fraction can be broken down further (as percentages 
of the total stream) as 23.2% polymer, 3.1% ferrous sulphate, and 2.7% 
calcium hydroxide.  However no detail is given on the polymer. 

iii. The proforma describes the waste as a sludge, provides an EWC code (07 02 
12) and the waste is classified as non hazardous. 

iv. Two sets of analytical analysis dated April 2010 and May 2011, consisting of 
basic physical, heavy metals and nutrient values of the Waste 

v. A copy of the site’s Environment Permit is provided showing the waste code 
listed amongst wastes requiring pre acceptance condition. 

 
No details of the annual tonnages are provides, the Environmental permits states 
that the process in open windrow.   
 
1. Is the waste European Waste Catalogue coding listed on the standard rules 
permit? 
 
The EWC coding assigned to the waste is 07 02 12, this is described as sludges 
from on-site effluent treatment other than those mentioned in 07 02 11.  This is a 
generic non hazardous code.   
 
This is not within the codings for standard rules permit for open windrow 
composting. 
 
2. Is the waste stream classified as hazardous?  
 
No. 
 
3. Has the applicant demonstrated that the hazardous properties of the waste 
will be treated by the proposed biological system, and provided details of any 
pre treatment or control measures required? 
 
Not applicable 
 
4. Is the bespoke waste stream well characterised? 
 
The waste is a filter cake; contained within the draft proforma is a description of the 
waste.  A polymer is mentioned, but no detail is given as to what the polymer is.  
The waste also contains ferrous sulphate and calcium hydroxide. 
 



 

Although two sets of analytical results have been submitted, no detail is given on the 
sampling strategy for these, and why the determinants shown were tested for. 
 
One of the sets of analyses shows a moisture content of 88%, outside of the range 
contained within the description. 
This is insufficient data to fully classify the waste and understand any variations 
within its composition.  The operator would need to provide a sampling plan and 
appropriate analytical data. 
 
5. Are the characterisation data on the bespoke waste stream outside of 
general inhibition values? 
 
Yes, the moisture content of the waste is in the range 60% to 80%, potentially higher 
than the value shown in Table 4-1.  The applicant would need to demonstrate their 
strategy for dealing with the waste at a high moisture content. 
 
The pH is within the defined range. No data on C:N ratio is presented. 
 
6. Has the applicant provided an operational plan demonstrating how the 
process will accept and process the bespoke waste with characteristics 
outside the general inhibition values? 
 
No.  
 
7. Do the characterisation data on the waste stream contain specific 
substances that may inhibit the process? 
 
No.  There is nothing within the analysis provided that can be found within Appendix 
D.  In the absence of any data on inhibition, the assessment now focuses on 
biodegradability and mineralisation. 
 
8. Has the applicant provided an operational plan demonstrating how the 
process will accept and process the bespoke waste with characteristics 
outside the specific inhibition values? 
 
Not applicable. 
 
9. Is it known that all the substances within the bespoke waste are 
biodegradable? 
 
The polymer may experience degredation within the composting process. However 
no information is submitted.  The operator would need to provide evidence for the 
biodegradability of the waste within the proposed system. 
 
10. Has it been demonstrated that all the substances within the bespoke waste 
are mineralised in the biological process? 
 
No evidence has been submitted to show the mineralisation of the polymer.   
The operator would need to provide evidence for the mineralisation of the waste 
within the proposed system. 
 
Conclusion 
This Case Study is useful to illustrate a relatively low quantity of evidence 
presented.  The main thrust of the analytical data presented is towards the use of 



 

the waste for its nutrient value, rather than looking at what happens to the waste 
during a biological treatment process. 
 
Before the application can be fully assessed the applicant would need to consider: 
 
• Further developing their sampling strategy; 
• Justifying their choice of determinants;  
• Development of a management plan;   
• Gathering trials data on biodegradability and mineralisation of the waste. 
 
The applicant and waste producer may need to consider content of the waste further 
and conclude whether biological treatment is the best treatment route for this waste.  
This may depend on several factors, such as alternative gate fees and the proposed 
treatment tonnages. 
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Appendix C Worked Example 2 – Active Pharmaceutical Ingredient 

Introduction 
This note summarises the information provided by an applicant wishing to compost 
a bespoke waste.  The information is summarised to demonstrate the use of the 
framework without revealing the identity of the applicant. 
 
Summary of information 
The operator provided the following information: 
 
i. A summary report of composting trials on the bespoke waste. (2010) 
ii. Analysis of the waste material including CAS references for chemical 

components which constituted less than 1% of the waste by weight.  The bulk of 
the waste was mycelium (15-20%) and water (75-80%). (2010) 

iii. Analysis of the compost output from trials which incorporated 20% of the waste 
into the standard process. (2001) 

iv. Horticultural study on benefits of material as a soil improver. (1974) 
v. Weighbridge data identifying the tonnages of mycelium produced. (2011)  
vi. Draft pro forma identifying the waste source and handling, current means of 

disposal. (2011)  
 
The waste producer wishes to divert 10,000-15,000 tonnes per annum of this 
material from landfill and recover it using an in vessel composting process.   
 
1. Is the waste European Waste Catalogue coding listed on the standard rules 
permit? 
 
The EWC coding assigned to the waste is 07 05 14, solid wastes other than those 
mentioned in 07 05 13, a generic non hazardous code.  This is not within the 
codings for standard rules permit for in vessel composting. 
 
2. Is the waste stream classified as hazardous? 
 
No (the waste contains 0.6% Al2(SO4)3, < 0.1 antibiotic and up to 30% biomass).  
 
3. Has the applicant demonstrated that the hazardous properties of the waste 
will be treated by the proposed biological system, and provided details of any 
pre treatment or control measures required? 
 
Not applicable. 
 
4. Is the bespoke waste stream well characterised? 
 
The waste in question is the biomass (mycelium) residue from the production of a 
broad spectrum antibiotic.  The fermentation of this broad spectrum antibiotic starter 
compound is a standardised batch process.  The ongoing processing of the broth to 
recover the active compound is also standardised to optimise the recovery of the 
compound (the yield).  The reaction conditions are also tightly controlled as is the 
processing environment to minimise the potential for contamination of the production 
process.   
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Whilst the applicant presented some of the information above, some has also been 
inferred by the assessor.  Greater detail could have been provided by the applicant 
by referring to the main production site permit. 
 
The analytical data provided indicated that the level of residual active compound is 
<0.1% by weight (wet).  The provenance of the analytical data and the source 
indicate that although the waste is heterogeneous its composition is highly 
consistent.   
 
Therefore although no sampling plan was provided as such, the details of the origin, 
processing and handling of the waste provide adequate comfort that the analytical 
data are representative of the waste.  
 
5. Are the characterisation data on the bespoke waste stream outside of 
general inhibition values? 
 
No, the data provided are within the general inhibition data provided in Table 4.1. 
 
6. Has the applicant provided an operational plan demonstrating how the 
process will accept and process the bespoke waste with characteristics 
outside the general inhibition values? 
 
Not applicable. 
 
7. Do the characterisation data on the waste stream contain specific 
substances that may inhibit the process? 
 
No. There is nothing within the analysis provided that can be found within Appendix 
D.  The description of the waste states that this is a pure waste stream that is well 
understood. Therefore the characterisation can be considered appropriate for this 
material.  In the absence of any data on inhibition, the assessment now focuses on 
biodegradability and mineralisation. 
 
8. Has the applicant provided an operational plan demonstrating how the 
process will accept and process the bespoke waste with characteristics 
outside the specific inhibition values? 
 
Not applicable. 
 
9. Is it known that all the substances within the bespoke waste are 
biodegradable? 
 
Evidence was provided on composting trials which examined the composting 
performance in parallel with the remaining concentration of active antibiotic residue 
within the compost mass. 
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The evidence was gained from a sister plant producing the same active component 
using the same process.  
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The graphs are selected from this work and show the removal of the active 
compound and that this maps onto the high rate stabilisation phase of the 
composting process.  This provides reasonable evidence of the biodegradability of 
the primary active compound.  However, it does not demonstrate the fate of this 
degradation or whether the compound has been mineralised.  Without this 
information degradation intermediates may remain in the compost product. 
 
 
10. Has it been demonstrated that all the substances within the bespoke waste 
are mineralised in the biological process? 
 
Additional studies cited in the compost trial report indicate that the applicant has 
mapped the fate of the active pharmaceutical ingredient (API) in soil and compost.  
This confirms that removal of the API continues in the aerobic culture present within 
soils and infers that this proceeds to a mineral end point.  Further supporting 
information is cited and summarised to provide evidence that the residual API does 
not harm soil flora and fauna. 
 
Conclusion 
This Case Study is useful to illustrate the level of evidence necessary to support an 
application for the treatment of a bespoke waste in a biological process.  The 
material provided to support the agricultural benefits of compost derived from the 
bespoke waste was extensive.  As presented the application should not be refused 
on grounds of treatability of risk subject to a review of key references which infer 
mineralization of the API.  Any remaining uncertainty over this could be relatively 
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quickly resolved by a tailored analysis of compost to examine for the presence of 
degradation intermediates. 
 
It is also important to note that the resources deployed by this manufacturer were 
clearly deemed worthwhile in terms of meeting their commitment to landfill diversion 
and the resulting carbon benefits.  The tonnage requested was significant and given 
the differential in gate fees the producer should also reduce their costs for managing 
this waste.  This represents a model outcome in terms of sustainable waste 
management.   
 
For lower bespoke tonnages with greyer provenance and higher variability it is 
questionable whether pursuing an application would deliver the same outcome.  The 
framework is designed to enable this assessment to be made at the earliest 
opportunity to save time and investment from all stakeholders. 
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Appendix D Specific Inhibitors 

The following table contains the inhibitive concentrations for a range of substances for both aerobic and anaerobic treatment 
processes. Blanks indicate that there has been no data found within the literature.  The first column of data for aerobic treatment is 
based on the inhibition of respirometric activity, the second is based on the inhibition of nitrification.  
N.B. This table does not list every substance which may prove inhibitory to aerobic or anaerobic organisms. The 
potential inhibitory effect of other substances must also be considered.  
Unless otherwise stated in the table, the values for aerobic treatment are those listed in Appendix G from the EPA local limits 
development guidance document (http://www.epa.gov/npdes/pubs/final_local_limits_guidance.pdf) 
 

Parameter 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Activated 
sludge 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Nitrification 

Comments/ Test 
methodology/Reference 

Anaerobic Treatment 
threshold g/L (unless 
otherwise stated) 

Comments/ Test 
methodology/Reference 

Conductivity - -  -  
Oils fats and Grease - -  -  

total ammonia nitrogen 

480 -  1.7-14 differences attributed to 
substrates, inocula, 
environmental conditions 
(temperature, pH and 
acclimation periods) (Chen) 

Phosphorous - -  -  

Potassium (K) 
- -  2.8-14 sodium has antagonistic effects 

on potassium toxicity (Chen) 

Sodium (Na) 

- -  5.6-53 differences attributed to 
adaptation period, 
antagonistic/synergistic effects, 
substrate and reactor 
configuration (Chen) 

http://www.epa.gov/npdes/pubs/final_local_limits_guidance.pdf
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Parameter 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Activated 
sludge 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Nitrification 

Comments/ Test 
methodology/Reference 

Anaerobic Treatment 
threshold g/L (unless 
otherwise stated) 

Comments/ Test 
methodology/Reference 

Calcium (Ca) 
- -  2.5-4 levels that can be tolerated; 8 

g/L is strongly inhibitory (Chen) 

Copper (Cu) 

1 0.05-0.48  0.009 acidogenesis is even more 
sensitive (by a factor of 10; Lin 
and Shiu) (Kerri et al)_ 

Zinc (Zn) 
0.3-5; 5-10 0.08-0.5  0.03 as ZnO nanoparticles (Mu et al. 

) 
Iron (Fe) - -  -  
Molybdenum (Mo) - -  -  

Magnisum (Mg) 
- -  12 concentration tolerated by 

adapted methanogens (Chen) 

Lead (Pb) 
1-5 or 10-
100 

0.5  3.2-8 refs in Li and Fang 

Cadmium (Cd) 1-10 5.2  0.15-0.33 refs in Li and Fang 

Mercury (Hg) 
0.1-1; 2.5 
as Hg(II) 

-  -  

Nickel (Ni) 1.0-2.5; 5 0.25-0.5; 5  0.1-1.6 refs in Li and Fang 
Silver (Ag) - -  0.1 100 mg/L is safe; 
Chromium (Cr) VI 1 1-10* *as chromate -  

Chromium (Cr) III 
10-50 - 3.5 - 68  (trickling filter; 

EPA) 
-  

Chromium (Cr) total 
1-100 0.25-1.9 1-100 (nitrification 

trickling filter EPA) 
0.2 Methanogenesis (Li and Fang) 

Aluminium (Al) 
- -  1 2% inhibition of methane 

production after 59 days.  [150 
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Parameter 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Activated 
sludge 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Nitrification 

Comments/ Test 
methodology/Reference 

Anaerobic Treatment 
threshold g/L (unless 
otherwise stated) 

Comments/ Test 
methodology/Reference 

mg/gTS not toxic (Mu et al., 
Chen) 

TiO2 (mg/gTS) - -  150 not toxic (Mu et al.) 

Boron (Br) - -  -  
Chloride mg/kg - 180  -  
Fluoride (F) - -  0.018 Ref. Ochoa-Herrera 
Iodine (I) 10 -  -  
Arsenic (As) 0.1 1.5  0.0016 "inhibitory concentration" EPA 
Selenium - -  -  
Vanadium - -  -  
Tin - -  -  

Sulphide 
25-30 -  100-800 strong dependence on pH and 

speciation (Chen) 

Sulphate 

- -  N/A methane production is reduced 
by one mole for every mole of 
sulphate added due to sulphate 
reduction dominating over 
methanogenesis (Chen) 

Total Colbalt - -  -  
 - -  -  
Cyanide 0.1-5 0.34-0.5 30 (Trickling filter; EPA) -  
Complex Cyanide - -  -  
Free Cyanide - -  -  
Total PAHug/l - -  -  
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Parameter 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Activated 
sludge 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Nitrification 

Comments/ Test 
methodology/Reference 

Anaerobic Treatment 
threshold g/L (unless 
otherwise stated) 

Comments/ Test 
methodology/Reference 

TPH ug/l - -  -  
Gasoline organics 
range[C6-C1] 

- -  -  

Naphthalene 

500 (EPA); 
29-670 

- IC50 (mg/L) for 
Nitrosomonas and 
aerobic heterotrphs 
respectively 

-  

Acenaphthyleneug/l - -  -  
Acenaphthene - -  -  
Flourene ug/l - -  -  
Phenantherene ug/l 500 -  -  
anthracene ug/l 500 -  -  
flouranthene ug/l - -  -  
Pyrene ug/l - -  -  
Benzo[a]anthracene 
ug/l 

- -  -  

Chyrsene ug/l - -  -  
Benzo[b]fluranthene 
ug/l 

- -  -  

Benzo[k]flouranthene 
ug/l 

- -  -  

Benzo[a]pyrene - -  -  
Indeno[1.2.3-cd]pyrene - -  -  
Dibenzo[a.h]anthracene - -  -  
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Parameter 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Activated 
sludge 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Nitrification 

Comments/ Test 
methodology/Reference 

Anaerobic Treatment 
threshold g/L (unless 
otherwise stated) 

Comments/ Test 
methodology/Reference 

Benzo[g,h,i]perylene - -  -  
BOD - -  -  
COD - -  -  

alkylbenzenes 
- -  160 - 580 mg/l versus 1200 for benzene itself 

(Blum and Speece) 

halobenzenes 

- -  20-750 mg/l 
 

depending on number and 
position of chloro substituents 
(Blum and Speece) 

nitrobenzenes - -  13 nitrobenzene Ref Blum and Speece 
phenol and 
alkylphenols 

- -  phenol 1850; o,m,and p-
cresol 850, 925, 975 mg/l 

Ref Fang 

halogenated phenols 

- -  2-300 for mono,-di and 
trichloros; 0.04 and 0.13 
for penta and tetra mg/l 

Ref Blum and Speece 

nitrophenols 
- -  4-12  mg/l Depending on the structure 

(Blum and Speece) 

chlorinated aliphatics 

- -  0.5 - 600  mg/l Depending on number and 
position of halo substituents  
(Blum and Speece) 

alcohols 

- -  22-43000  mg/l Short chain alcohols generally 
being less toxic than long chain 
alcohols  (Blum and Speece) 

halogenated alcohols 
- -  0.3 - 630 mg/l  Depending on the structure 

(Blum and Speece) 
ketones - -  6000 - 50000 mg/l Ref Blum and Speece 
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Parameter 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Activated 
sludge 

Aerobic 
Treatment 
threshold 
mg/L 
(unless 
otherwise 
stated) 
Nitrification 

Comments/ Test 
methodology/Reference 

Anaerobic Treatment 
threshold g/L (unless 
otherwise stated) 

Comments/ Test 
methodology/Reference 

Acrylates - -  62 - 150 mg/l Ref Blum and Speece 
Halogenated carboxylic 
acids 

- -  < 0.001 to 0.01 mg/l  trichloroacetic acid is extremely 
toxic (Blum and Speece) 

Amines 
- -  13000 1-methylpyrrolidine 

mg/l 
Ref Blum and Speece 

Nitriles 

- -  90 - 28000 Acrylonitrile 
and Acetonitrile 
respectively mg/l 

Ref Blum and Speece 

Amides - -  -  
Pyridine - -  -  

surfactants 

- -  e.g. alkyl 
dimethylbenzylammonium 
chloride: 6.7; sodium alkyl 
ethersulfate: 11 mg/l 

Madsen and Rasmussen 
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Glossary 

ABPR Animal By Products Regulations.  
Regulations that control the use, 
treatment and disposal of Animal By 
Products in the UK. 

Biological Oxygen Demand (BOD) The degree of oxygen consumption by 
microbially mediated oxidation of the 
contaminant in water (BOD). 

Chemical Oxygen Demand (COD) A measure of oxygen requirement of a 
sample that is susceptible to oxidation 
by strong chemical oxidant. 

Compost-Like Output (CLO) The organic output from MBT systems 
treating mixed residual wastes. 

Humus The organic component of soil, formed 
by the decomposition of leaves and 
other plant material by soil 
microorganisms. 

Microbial consortia A multi membered bacterial culture in 
which organisms benefit from each 
other. 

Mineralisation The decomposition of chemical 
compounds within organic matter to 
their most stable end points. 

Moisture Content Water content or moisture content is 
the quantity of water contained in a 
material.  Normally expressed on a 
wet basis (wb) or as received weight. 

Redox potential A measure of the tendency of a 
chemical species to acquire electrons 
and thereby be reduced. 

Steady state A system in a steady state has 
numerous properties that are 
unchanging in time. 

Volatile Fatty Acids (VFA). Fatty acids consisting of a carbon 
chain of up to 6 carbon atoms. 

Volatile Solids Solids, frequently organic, which 
volatilize at a temperature of 550ºC. 

 

http://en.wikipedia.org/wiki/Chemical_species
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Redox
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