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1 Summary

Sewage sludge amounts to typically 1% of the organic matter spread on
agricultural land, the remainder being agricultural wastes and exempt industrial
wastes, both ofwhich, at the time ofwriting, are not subject to regulatory control.
The volume of sewage sludge produced is increasing every year and there is a

growing requirement to expand the beneficial practice of recycling treated sewage
sludge (biosolids) to agricultural land. However, various stakeholders, including
food retailers in the UK, have expressed concerns over food safety issues in
relation to the practice.
In both the USA and the UK there are complex regulatory systems for

controlling recycling in order to protect: human, animal and plant health; ground
and surface water quality; long-term soil quality; and soil biodiversity. These
systems have been developed, using risk assessment techniques when possible,
based on the significant reduction of pathogens in biosolids and ensuring there
are physical barriers to avoid direct contact with pathogens.
The system formanaging recycling in the UK, developed in 1989 in the form of

a Code of Practice, has not adequately addressed new and emerging hazards and
in particular, E. coli O157:H7, viruses generally, Campylobacter, Listeria spp.,
Salmonella typhimurium phage type DT 104, Cryptosporidium, Giardia and the
BSE agent. In response, the UK water industry has undertaken a number of
initiatives including the development of the Safe SludgeMatrix, a voluntary code
of practice that is more stringent than the present legislation. In addition, the
industry has commissioned extensive research into the fate of pathogens during
the sewage sludge treatment and biosolid recycling process. During the
development of the Safe Sludge Matrix, the UK water industry gave an
undertaking to develop a quality assurance system for biosolid recycling.
The food industry normally applies Hazard Analysis and Critical Control

Point (HACCP) to control food safety and quality issues. Through the
application of HACCP to biosolid recycling, a number of Critical Control Points
(CCPs) have been identified, including a relatively small number of regulatory
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CCPs concernedwith pathogens and the presence of potentially toxic elements in
the sludge. In addition, a number of quality relatedCCPswere identified.Human
health safety issues can be controlled through the application of HACCP to the
recycling process. Also, the HACCP process contributes to enhancing biosolid
product quality.

2 Introduction

Organic Wastes other than Sewage Sludge and Recycling to
Agricultural Land

Sewage sludge typically accounts for some 1% of the organic waste spread on
land, the vast majority (96%) being agricultural waste and exempt industrial
wastes (3%).� The latter are wastes, often referred to as industrial wastes, exempt
from licensing under the Waste Management Licensing Regulations, 1994, and
include food and drink wastes, paper waste, blood and guts from abattoirs, waste
soils, dredgings and septic tank sludges and sludges frombiological treatmentplants.
Exempt wastes can arise from awide variety of sources and therefore pathogen

content is highly variable; however, exempt wastes can be variously categorized
as low, medium or high risk, with abattoir wastes considered high risk.�
Agricultural wastes can be expected to have high levels of a number of the

pathogens identified as being of concern in the recycling process. For example, it
is estimated that E. coliO157:H7 is present in 2% of the national herd and that
E. coli can remain viable for 70 days on grassland.� On a north Yorkshire farm,
E. coli O157:H7 was found in the faeces of 16% of dairy cattle and 13% of beef
cattle. In a north Yorkshire abattoir E. coli O157:H7 was found in the faeces of
1% of pigs and 2% of sheep.� Cryptosporidium spp. and Salmonella spp. are
present in agricultural wastes, with the latter being able to survive for up to 100
days in slurry applied to grass.�
At the time of writing, agricultural wastes and exempt wastes are not subject to

regulatory control, although it is expected that both will be brought under
regulatory control in the near future. There are Guidelines,� intended to help
farmers comply with the requirements of the ECNitrate Directive (91/676/EEC),
that are designed to reduce the likelihood of nitrate leaching. Specifically the
Guidelines identify closed periods for the application of slurry, poultry manures
and liquid digested sludge between 1st September and 1st November on grass or
on ground to be sown with an autumn-sown crop and 1st August to 1st
November to fields not in grass nor to be sownwith an autumn-sown crop. These

� SEPA, Strategic Review of Organic Waste Spread on Land, 1998, p. 1.
� F.A. Nicholson. M.L. Hutchinson, K.A. Smith, C.W. Keevil, B. J. Chambers and A. Moore, A
Study on FarmManureApplications to AgriculturalLandand anAssessment of theRisks of Pathogen
Transfer into the Food Chain, ADAS Report FS2526, 2000, p. iii.

� Ref. 1, p. 29.
� E.G. Carrington, R.D. Davis and E. B. Pike. Review of the Scientific Evidence Relating to the
Controls on the Agricultural Use of Sewage Sludge. Part 1, The Evidence Underlying the 1989
Department of the Environment Code of Practice for Agricultural Use of Sludge and The Sludge (Use
in Agriculture) Regulations, Report DETR 4415/3, Water Research Centre, 1998, p. 29.

� MAFF, Guidelines for Farmers in Nitrate Vulnerable Zones, MAFF, London, 1998.
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closed periods do not apply to farmyard manure (straw-based manure). The
consequence of these closed periods is that farms must have sufficient storage
capacity, typically 3 to 4 months, in order to satisfy the Guidelines.
Everyday farm management of agricultural wastes is variable, with practices

ranging from immediate spreading of slurry through to storage for over 3months
prior to spreading. This latter condition generally results in low survival of
pathogens. Solidmanure storage for at least amonth, where temperatures exceed
55 °C in the main body of the heap, is considered to ensure elimination of most
pathogens. Recommendations for managing agricultural wastes include:�

� Storage of slurry for at least 1 month and preferably 3 months prior to
application to land

� Solid manures should be stored for at least 3 months with turning and
mixing to ensure 55 °C is achieved during composting prior to spreading

� Low trajectory slurry spreading should be employed to avoid inhalation of
pathogen-laden aerosols

� Manures should not be applied directly to ready-to-eat crops and there
should be at least 6 months between manure spreading and harvest

� There should be an interval of 6 months between harvesting and the time
when the land was last used for grazing

� Manures should be applied to cut grassland rather than grazed pastures

Sewage Sludge

SewageTreatment. Waste water is treated at a conventional treatmentworks to
remove solids and reduce biochemical oxygen demand. This process is a
controlled speeding up of the natural process of degradation and typically takes
place in three main stages. Prior to these three main stages a preliminary stage
consists of screening to remove litter and plastics, often followed by grit removal.
The screenedwastewater then enters a primary treatment stage, commonly in the
form of a settlement tank. Primary settlement typically removes 50% of the
suspended solids, reduces biochemical oxygen demand by 20% and removes
50% of faecal coliforms. Usually a scraper at the bottom of the settlement tank
collects the settled primary solids.
The secondary stage relies on micro-organisms that use waste water, from the

primary treatment stage, as a source of nutrient. This process further reduces the
biochemical oxygen demand and the numbers of organisms. When used
efficiently, secondary treatment can remove up to 99% of faecal coliforms and
90%of indicator viruses.�Theby-productof secondary treatment ismicrobiological
biomass, or secondary sludge. A proportion of the secondary sludge is recycled to
the secondary treatment process to maintain the viability of the process. The
remaining sludge is consolidated with primary sludge.
Tertiary treatment is becoming increasingly common and is intended to

achieve particularly high water quality standards for effluent prior to discharge.

� Ref. 3, pp. viii—x.
� Royal Commission on Environmental Pollution, Sustainable Use of Soil, Nineteenth Report,
HMSO, London, 1996, pp. 81—104.
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Table 1 The seven
treatment options in the

code of practice

Process Description

Sludge pasteurization Minimum of 30 minutes at 70 °C or minimum of 4
hours at 55 °C (or appropriate intermediate
conditions), followed in all cases by primary
mesophilic anaerobic digestion

Mesophilic anaerobic
digestion

Mean retention period of at least 12 days primary
digestion in the temperature range 35 3 °C or of at
least 20 days primary digestion in the temperature
range 25 3 °C followed in each case by a secondary
stage which provides a mean retention period of at
least 14 days

Thermophilic aerobic
digestion

Mean retention period of at least 7 days digestion. All
sludge to be subject to a minimum of 55 °C for a
period of at least 4 hours

Composting (windrows
or aerated piles)

The compost must be maintained at 40 °C for at least
5 days and 4 hours during this period at a minimum
of 55 °C within the body of the pile, followed by a
period of maturation adequate to ensure that the
compost reaction process is substantially complete

Lime stabilization of
liquid sludge

Addition of lime to raise pH to greater than 12.00 and
sufficient to ensure that the pH is not less than 12 for
a minimum period of 2 hours. The sludge can then be
used directly

Liquid storage Storage of untreated liquid sludge for a minimum
period of 3 months

Dewatering and
storage

Conditioning of untreated sludge with lime or other
coagulants followed by dewatering and storage of cake
for a minimum period of 3 months. If sludge has been
subject to primary mesophilic anaerobic digestion,
storage to be for a minimum period of 14 days

There are a number of forms, including chemical precipitation, resulting in the
generation of tertiary sludge.

Sludge Treatment. The sludge generated during waste water treatment is
usually drawn off into holding tanks, where it is allowed to thicken through
settlement. This settled sludge can then be further thickened using a variety of
processes including belt presses, centrifuges and picket fence thickeners. This
thickened sludge can be, depending on its final use, subject to a variety of
treatments. If the sludge is to be used in agriculture there have been, since 1989,
seven treatment options in the UK, as shown in Table 1.	
New waste water treatment works typically treat sludge by mesophilic

anaerobic digestion followed by de-watering or thermal drying.

	 Department of the Environment, Code of Practice for Agricultural Use of Sewage Sludge, DoE,
London, 1989.
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Table 2 Destination of
sludge in tonnes dry

weight
Destination 1992

1998
(Forecast)

2005
(Forecast)

Disposal to surface waters by
pipeline 9609 3211 0
Disposal to surface waters by ship 273158 195900 0
Recycling to agriculture 467 824 604930 913870
Re-use (forestry, land reclamation) 35 110 52 770 75 630
Landfill 129 754 75 972 95 311
Incineration 89 800 138600 415700
Other (ill defined) 24 300 2690 2760
Total 1 029 555 1 074 073 1 503 271

Disposal of Sludge. The options for disposal of sewage sludge are limited to:

� Recycling to agricultural land
� Other beneficial uses in forestry, land reclamation, compost production
� Landfill
� Thermal destruction

Disposal by dumping at sea came to an end in Europe on 31st December 1998
as a requirement of the UrbanWasteWater Treatment Directive (UWWTD). In
1998, about 50% of the UK’s sewage sludge was recycled to land, 15% taken to
landfill, 9% incinerated and 17% dumped to sea.
 The volumes and destinations
of sludge are expected to change considerable by 2005, as shown in Table 2.�
These predicted changes in volumes anddestinations are the result of a number

of drivers, including:

� The end of dumping to sea on 31st December 1998
� The increase in the proportion of the population that receives waste water

treatment as a result of the UWWTD
� The decreasing acceptability and increasing costs of landfill
� The increased availability of high-technology solutions such as incineration

What are Biosolids and what is Recycling? The UK Government�� considers
that recovering value from sewage sludge through spreading on agricultural land
is the best practicable environmental option for sludge in most circumstances. A
United States Environmental Protection Agency (EPA) definition of biosolids is
‘primarily treated waste water materials from municipal waste water treatment
plants that are organic in nature and suitable for recycling as a soil amendment’.
Sewage sludge refers to untreated primary and secondary organic solids from the
wastewater treatment process.��


 Environment, Transport and Regional Affairs Committee, Second Report, Sewage Treatment and
Disposal, The Stationery Office, London, 1998, p. 35.

�� Department of the Environment, Transport and the Regions, Raising the Quality, paragraph 71,
DETR, London, 1998.

�� US EPA, Water Biosolids/Sewage Sludge Use and Disposal, 2000, http://www.epa.gov/
owm/genqa.htm, p. 1.
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The benefits of applying biosolids to agricultural land include:��

� Slow release of nitrogen
� Release of phosphorus, potassium and essential micro-nutrients, including

zinc and iron
� Liming properties, if treated with lime
� Improvement of water-holding capacity, soil structure and air and water

transport

Despite these identified benefits, the biosolid recycling route is under threat for
a number of reasons:

� Concern raised by a number of stakeholders, including the general public,
retailers and users of biosolids, regarding the risk of pathogenic diseases
being transmitted to crops, animals and man

� The risk of contaminating land with potentially toxic elements (PTEs) and
organic contaminants and associated liabilities for that contamination

� The consequences of transmitting emerging and unknownhazards including,
for example, dioxins for all stakeholders in the recycling process

� Public perception that recycling is an inherently unacceptable practice
� Possible nuisance associatedwith transport of biosolids, including additional

vehicle movements, vehicle emissions and odour during transport
� Possible nuisance during biosolid application, including odour and vehicle

movements
� Possible reduction of soil micro-organism biodiversity
� Risk of surface and groundwater pollution
� Farmer acceptability on grounds of cost, ease of application and limitations

placed on land use, by comparison with other soil conditioners and sources
of nutrients

� Increased pressure within supplier organizations to recover costs for
biosolid treatment

3 The Legislative Framework and Industry Practice in the UK
and USA

UK

Themost suitablemeasures for controlling transmissible diseases during biosolid
recycling in the UK are:��

� Physical barriers such as injecting or burying sludge
� Treatment or storage, including disinfection, to reduce pathogen numbers

and infectivity
� Timing restrictions on land use to allow further reductions in pathogen

numbers and infectivity
� Reduction in attractiveness of sludge to vectors, including rodents and

insects, through stabilization

�� Ref. 4, p. 41.
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� Restrictions for the use of sludge on crop types, in particular those that are
eaten raw or are in direct contact with sludge

In the UK the use of sewage sludge on agricultural land is controlled through
Regulations (SI 1989, No 1263), accompanied by the non-statutory Code of
Practice,	 where the Regulations implement EC Directive 86/278/EEC on the
protection of the environment, and in particular of the soil, when sewage sludge is
used in agriculture. The objectives of the Directive (86/278/EEC) include the
prevention of harmful effects on soil, vegetation, animals and man, thereby
encouraging the correct use of such sewage sludge. The Directive requires that:

� Limits are set for heavy metals
� Sludge is treated before use (where treated sludge has undergone biological,

chemical or heat treatment, long-term storage or any other appropriate
process so as significantly to reduce its fermentability and the health hazards
resulting from its use), although raw sludge can be injected or worked into
the soil

� Comprehensive and up-to-date records are kept
� There is no grazing or harvestingof forage cropswithin 3weeks of sludge use
� There is no harvesting within 10 months of fruit or vegetables which are

normally in direct contact with the soil and normally eaten raw
� No sludge is used on soil in which fruit or vegetable crops (other than fruit

trees) are growing

Sludge and soil testing is required by the Directive for pH, various heavy
metals, dry matter, organic matter, nitrogen and phosphorus. The Regulations
specify the frequency of testing. The Directive also requires that nutrient needs of
plants and water quality be taken account of. The Code of Practice is intended to
ensure that sludge is compatible with good agricultural practice and that human,
animal and plant health are not put at risk.
The approach employed in the UK to implement the Directive through the

Codeof Practice is to impose barriers to the recyclingof pathogens from sludge to
their hosts. The approach employed is to:

� Either significantly reduce pathogen numbers by at least 90%, followed by
restrictions on grazing, cropping or harvesting to allow an additional
reduction in pathogen numbers

� Or avoid direct contact with pathogens by injection of sludge into grassland
or cultivation of sludge into arable land followed by restrictions on land use
to allow an additional reduction in pathogens

The efficacy of this approach depends on the pathogen:

� Rate of shedding from the host
� Infection rate
� Survivability during sludge treatment
� Survivability in soil

Biosolid Recycling and Food Safety Issues
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In a review of the Code of Practice it was found that the barrier approach was
sound and will reduce risks to an acceptable level for all foreseen eventualities at
the time of its formulation in 1989.�� However, the approach employed was
developed as a result of extensive reviews, at the time, of the control of Salmonella
spp., Taenia saginata (beef tapeworm) eggs and Globodera spp. (potato cysts
nematode). Additional subsequent research has shown thatTaenia saginata has a
higher survivability than 10%when subject to mesophilic anaerobic digestion at
temperatures of 25 °C, as allowedby theCode of Practice. Since 1989 a number of
pathogens have been recognized as potential sources of illness and include
enterotoxigenicEscherichia coli, rotaviruses, small round viruses,Cryptosporidium
spp. and a number of other bacteria. Therefore there is some scientific concern
over the validity of the protection afforded by the Code of Practice.
In order to reassure theUK food industry and theBritishRetail Consortium in

particular, a Safe Sludge Matrix was developed in 1998�� that helped address
continuing concerns, including:��

� Thepotential for pathogen transfer in sewage sludge usedonagricultural land
� Public concerns, and those of retailers, about human and animal health

The Safe Sludge Matrix (Table 3) greatly expands the crop limitations defined in
theCode of Practice and addresses survivability during treatment and subsequent
use of sludge. The Matrix:

� Bans use of all untreated sludge (effective since 31st December 1999), except
for certain combinable crops subject to further heat processing

� Bans surface application of treated sludge on grassland (effective since 31st
December 1999)

� Defines two levels of treatment according to use

The legislation controlling agricultural use of biosolids is presently undergoing
further review in theUK.NewRegulations are being developed that take account
of the Safe SludgeMatrix, revisions to the Sludge Directive (86/78/EEC) and the
inclusion of the principle of CCPs derived from HACCP.

USA

In the USA the approach to the control of pathogens in sewage sludge is broadly
similar to the controls employed in the UK and is based on two principles:��

� Either reduction in pathogens to below detectable limits through treatment

�� Ref. 4, p. 79.
�� ADAS, The Safe Sludge Matrix, Guidelines for the Application of Sewage Sludge to Agricultural

Land, ADAS, Guildford, 1998.
�� J. Thatcher, in Sewage Sludge, Disposal, Treatment and Use, IBC Global Conferences, 2000, p. 3.
�� US EPA, Environmental Regulations and Technology.Control of Pathogens and Vector Attraction

in SewageSludge,UnitedStates EnvironmentalProtectionAgency,Washington,EPA/625/R-92/013,
1999, p. 6.
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Table 4 Class A sludge
pathogenic criteria

Pathogen Limit per 4 g dry weight of biosolids�

Salmonella spp. �3 MPN
Enteric viruses �1 PFU
Viable helminth eggs �1

�MPN, most probable number; PFU, plaque forming units.

Table 3 Safe sludge matrix Treated sludge
(reduction of
fermentability and
possible health Advanced treated
hazard by biological, sludge (virtual
chemical or heat elimination of

Crop type Untreated sludge treatment) pathogens)

Fruit � � �
Salads � � �

(30 month harvest
interval applies)

Vegetables � � �
(12 month harvest
interval applies)

Horticulture � � �
Combinable & � � �
animal feed crops (Target end by

31st December
1999)

Grass—grazing � � �
(Deep injection or
ploughed down
only)

Grass—silage � � �
Maize—silage � � �

� Or prevention of vectors from coming into contact with land-applied
biosolids (barrier methods)

The regulation of pathogens in the US EPA’s Part 503 rule is not based on a
risk assessment as there were, at the time of its formulation, insufficient data to
allow a meaningful assessment.�� Instead, the non-risk based Part 503 pathogen
operational standard includes pathogen controls and monitoring requirements.
The Part 503 rule allows a combination of monitoring and Processes to
Significantly Reduce Pathogens (PSRP) and Processes to Further Reduce
Pathogens (PFRP) approaches for controlling pathogen densities in biosolids.�	

�� US EPA, A Guide to the Biosolids Risk Assessments for the EPA Part 503 Rule, United States
Environmental Protection Agency, Washington, EPA832-B-93-005, 1995, p. 50.

�	 Ref. 16, chapters 4, 5 and 6.
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Table 5 Six methods of reducing pathogens�

Alternative and description Treatment description Variations
Vector attraction reduction
(see Table 6)

1. Thermally treated sewage
sludge

Four different time—
temperature regimes in which
all the sludge particles meet the
required time—temperature
targets

More conservative time—
temperature regimes are
applied to sewage with greater
than 7% solids which tend to
form internal structures that
inhibit mixing

High volatile solids must be
addressed by pH treatment or
heat drying (Options 6 and 7)
or Options 8 to 11

2. High pH—high temperature pH� 12 for �72 hours;
temperature �52 °C for at
least 12 hours; and air drying
to over 50% dry solids after
the 72 hours at pH� 12

Requires batch monitoring of
pH and temperature at various
points and agitation of sludge

Option 6 is automatically met

3. Other processes Relies on comprehensive
monitoring to show treatment
satisfies Class A requirement:
Faecal coliforms
�1000MPN/g dry solids; or
Salmonella spp. �3MPN/4 g
dry solids; and Enteric viruses
�1PFU/4 g dry solids; and
Helminth eggs �1/4 g dry
solids

Dependent on pathogen
reduction process

4. Unknown process (including
sludges that have not
satisfied the treatment
requirements of other Class
A alternatives)

At the time of use or disposal
the sludge must meet the
following: Enteric viruses
�1PFU/4 g dry solids; and
Helminth eggs �1/4 g dry
solids; and Faecal coliforms
�1000MPN/g dry solids; or
Salmonella spp. �3MPN/4 g
dry solids

Dependent on pathogen
reduction process

5. Use of process to further
reduce pathogens
(PFRP)—see notes below

Treated according to one of the
PFRPs and Faecal coliforms
�1000MPN/g dry solids; or
Salmonella spp. �3MPN/4 g
dry solids at the time of use or
disposal

Dependent on pathogen
reduction process
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6. Use of a process equivalent
to a PFRP—see notes
below

Treated according to a process
equivalent to a PFRPs and
Faecal coliforms
�1000MPN/g dry solids; or
Salmonella spp. �3MPN/4 g
dry solids at the time of use or
disposal

Dependent on pathogen
reduction process

�MPN, most probable number; PFU, plaque forming units.
Processes to Further Reduce Pathogens (PFRPs):
Composting, the controlled aerobic decomposition of organic matter which produces a humus-like material. Sewage sludge is typically mixed with a
bulking material and the following operating conditions achieved:

� for the within-vessel or the static aerated pile, the temperature of the sewage sludge is maintained at 55 °C or higher for 3 consecutive days
� forwindrowcomposting, the temperature of the sewage sludge ismaintained at 55 °Cor higher for 15 consecutive days or longer, duringwhich time

the windrow will be turned for a minimum of 5 times
Heat drying where the following operating conditions are achieved:

� sewage sludge is dried by direct or indirect contact with hot gases to reduce the moisture content to 10% or lower. Either the temperature of the
sewage sludge particles exceeds 80 °C or the wet bulb temperature of the gas in contact with the sewage sludge as it leaves the dryer exceeds 80 °C

Heat treatment where the following operating conditions are achieved:
� liquid sludge is heated to at least 180 °C (i.e. under pressure) for 30min

Thermophilic anaerobic digestion achieves higher rates of organic solids reduction compared to conventional aerobic processes at ambient
temperature; in addition, the digested sludge is effectively pasteurized and is based on the following operating conditions:

� liquid sewage sludge is agitated with air or oxygen to maintain aerobic conditions and the mean cell residence time of the sewage sludge is 10
consecutive days at 55—60 °C

Beta and gamma ray irradiation, under the following operating conditions:
� sewage sludge is irradiated with beta rays from an accelerator at dosages of at least 1.0 megarad at room temperature; and
� sewage sludge is irradiated with gamma rays from certain isotopes, such as cobalt 60 and caesium 137 (at dosages of at least 1.0 megarad) at room

temperature
Pasteurization, under the following operating conditions:

� the temperature of the sewage sludge is maintained at 70 °C or higher for 30 min or longer
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Table 6 Twelve vector attraction reduction options�

Option Requirement Typical method

1. Reduction in volatile solids
content

Reduction of at least 38% volatile solids
during sewage sludge treatment, typically
achieved through ‘good practice’ when
anaerobically digested for 15 days at 35 °C

Anaerobic biological treatment and aerobic
biological treatment

2. Additional digestion of
anaerobically digested sewage
sludge

Less than 17% additional volatile solids loss
during bench-scale anaerobic batch digestion of
the sewage sludge for each additional day at
30—37 °C

Only for anaerobically digested sewage sludge
that cannot meet requirements of Option 1

3. Additional digestion of
anaerobically digested sewage
sludge

Less than 15% additional volatile solids
reduction during bench-scale aerobic batch
digestion for 30 additional days at 20 °C

Only for aerobically digested liquid sludge with
2% or less solids that cannot meet the
requirements of Option 1, e.g. sewage sludges
treated in extended aeration plants. Sludges
with �2% solids must be diluted

4. Specific Oxygen Uptake Rate
(SOUR) for aerobically
digested sewage sludge

SOUR at 20 °C� 1.5mg O
�
/h/g solids dry

weight
Liquid sludges from aerobic processes run at
between 10 and 30 °C, but not for composted
sewage sludges

5. Aerobic processes at greater
than 40 °C

Aerobic treatment for at least 14 days at over
40 °C with an average temperature of over
45 °C

Composted sludge

6. Addition of alkali pH raised by alkali to at least 12 at 25 °C and
maintained at pH 12 for 2 h and a pH of 11.5
for 22 h

Sludge treated with alkali including lime, fly
ash, kiln dust and wood ash

7. Moisture reduction of sewage
sludge containing no
unstabilized solids

Contains no unstabilized solids (e.g. food
scraps) generated during primary waste water
treatment and, if the solids content is at least
75%, by removal of water and not addition of
inert materials

Sludges treated by aerobic or anaerobic
processes and therefore do not contain
unstabilized solids

8. Moisture reduction of sewage
sludge containing no
unstabilized solids

A dry solids content of 90% will desiccate any
unstabilized solids and will limit biological
activity. Subsequent wetting may lead to
putrefaction and vector attraction and therefore
more storage is required.

Sewage sludges containing unstabilized solids
generated in primary water treatment, e.g.
heat-dried sewage sludge

9. Injection No significant amount is left on the surface 1h
after injection (if Class A then injection must
take place within 8 h after discharge from the
pathogen reduction process)

Sludge applied to land or on a surface disposal
site including domestic septage applied to
agricultural land, forest, reclamation sites or on
a surface disposal site
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10. Incorporation of sewage
sludge into the soil

Sludge incorporated into the soil within 6 h
after application to land or placement on
surface disposal site; Class A sludge must be
applied or placed on the land surface within
8h after discharge from the pathogen reduction
process

Sludge applied to land or on a surface disposal
site including domestic septage applied to
agricultural land, forest, reclamation sites or on
a surface disposal site

11. Covering sewage sludge Sludge placed on a surface disposal site must
be covered with soil or other material at the
end of each operating day

Sludge or domestic septage placed on a surface
disposal site

12. Raising the pH of domestic
septage

Septage pH raised to 12 at 25 °C by alkali
addition and maintained at pH 12 for 30min
without further addition of alkali

Domestic septage applied to agricultural land,
forest, reclamation sites or on a surface
disposal site

�Class A sludges are likely to be devoid of actively growing bacteria and are therefore an ideal medium for growth of pathogenic bacteria. If pathogenic
bacteria are present, are survivors or are introduced by contamination, their numbers will increase slowly for the first 8 h after treatment. After this
period their numbers can increase rapidly. This kind of growth is unlikely to happen for Class B sludges because high densities of non-pathogenic
bacteria are present which suppress the growth of pathogenic bacteria
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Table 7 Three Class B
pathogen requirements

Vector attraction
reduction

Alternative and (Options 1 to 12
description Treatment description discussed below)

1. Monitoring for
faecal coliforms

Geometric mean of 7
samples to be less than 2
million MPN or CFU/g dry
solids

2. Use of a process to
significantly reduce
pathogens (PSRP)

See notes below�

3. Other processes Relies on comprehensive
monitoring to show
treatment satisfies Class A
requirement: Faecal
coliforms �1000MPN/g
dry solids; or Salmonella
spp. �3MPN/4g dry solids;
and Enteric viruses
�1PFU/4g dry solids; and
Helminth eggs �1/4 g dry
solids

Dependent on
pathogen reduction
process

�Processes to Significantly Reduce Pathogens (PSRPs):
Aerobic digestionof sludge, operated in a variety ofwayswhere the operating conditions are:

� sewage sludge is agitated with air or oxygen to maintain aerobic conditions for a
specific mean cell residence time at a specific temperature between 40 days at 20 °C
and 60 days at 15 °C

Anaerobic digestion where the operating conditions are:
� sewage sludge is treated in the absence of air for a specificmean cell residence time at a

specified temperature of between 15 days at 35—55 °C and 60 days at 20 °C
Air drying of partially digested sludge where the operating conditions are:

� sewage sludge is dried on sand beds or on paved or unpaved basins for a minimum
period of 3 months and during 2 of the 3 months the ambient average daily
temperature is above 0 °C

Composting where the operating conditions are:
� for a within-vessel, static aerated pile, or windrow composting, the temperature of the

sewage sludge is raised to 40 °Cor higher and remains at 40 °Cor higher for 5 days, for
4 h during the 5 day period, the temperature in the compost pile exceeds 55 °C

Lime stabilization where the operating conditions are:
� sufficient lime is added to the sewage sludge to raise the pH of the sewage sludge to 12

after 2 h of contact
Equivalent processes are approved by the EPA’s Pathogen Equivalency Committee.

For biosolids to be applied to land they must be subject to one of two levels of
treatment, referred to as Class A or Class B.

Class A Sludges. Biosolids classified as Class A are subject to treatment
designed to reduce pathogens (enteric viruses, pathogenic bacteria and viable
helminth eggs) to below the limits of detection shown in Table 4.
In order to be classified as Class A biosolids and achieve the listed pathogen
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Table 8 Site restrictions Activity/crop Restrictions

Turf farms Turf shall not be harvested for 1 year after
application if the turf is to be placed on land
with high potential for public access

Animal grazing Animals shall not be allowed to graze on the
land for 30 days after application

Public access Public access to land with high potential for
public exposure shall be restricted for 1 year
after application

Food crops that do not touch
the ground at any time,
including harvesting
Food crops, e.g. oats, wheat Harvest may not take place until 30 days

after application
Food crops that do, or may,
touch the ground
Harvested food will not be
eaten raw or handled by the
public
Harvested food may be
eaten raw or handled by the
public

Permitting authority may use discretion to
reduce waiting period from 14 months to 30
days, depending on the application

Food crops with harvested
parts that touch the
sewage sludge/soil mixture
but are totally above the
land surface, e.g. lettuce,
cabbage, melons,
strawberries and herbs

Harvest may not take place until 14 months
after application

Food crops with harvested
parts below the land
surface

Harvest may take place after 20 months after
application when the sludge remains on the
surface for 4 months or longer before
incorporation into the soil

Food crops with harvested
parts below the surface
and the sludge is
incorporated in less than 4
months after application

Harvest may not take place until 38 months
after application

reduction, they must also have been subject to one of six prescribed methods of
reducing pathogens as shown in Table 5. The six pathogen reduction alternatives
shown in Table 5 are often part of a process that includes vector attraction
reduction options. The EPA identifies a total of 12 vector attraction reduction
options as shown in Table 6.

Class B Sludges. Class B sludges contain pathogens at levels that are unlikely to
pose a threat to public health and the environment under specific use conditions.
In addition, they must meet one of the vector attraction reduction requirements
(see Table 7). Class B biosolids have reduced densities of pathogenic bacteria and
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Table 9 Class A and Class
B application controls

Vector attraction
Application Pathogen requirements reduction requirements

Bulk application to
agricultural land, public
access site, including parks
and reclamation sites,
including mine spoil

Class A or Class B
with site restrictions

Options 1—10

Bulk application to a lawn
or home garden

Class A Options 1—8

Biosolids sold or given away
in a bag or container for
application to land

Class A (Class B
cannot be used)

Option 1—8

enteric viruses as demonstrated by a faecal coliform density of 2 millionMPN or
CFU/g dry solids. Viable helminth eggs are not necessarily reduced in Class B
biosolids. There are three Class B pathogen requirements as shown in Table 7.
Site use restrictions are imposed tominimize the potential for humanor animal

exposure to Class B biosolids for a period of time following land application and
until environmental factors, including sunlight and desiccation, have further
reduced pathogens (see Table 8). These site restrictions are applied in order to
allow time for further reduction in the pathogen population and are primarily
based on the survival rates of helminth eggs.

ApplicationControls for bothClass A andClass BBiosolids. Table 9 summarizes
the options available for the application of Class A and Class B biosolids.

4 Principal Pathogens in Sewage Sludge

Recognized Pathogens in Sewage Sludge

Human excreta-related diseases are primarily due to four groups of pathogens:
viruses, bacteria, protozoa and worms (helminths). Of these, the helminths often
have a complex multi-host life cycle and where the hosts may be geographically
restricted. The UK Code of Practice recognizes that a number of organisms in
sewage sludge are of most concern, including salmonellae, beef tapeworm Taenia
saginata, potato cyst nematodes and a range of viruses.	 However, there are a
large number of pathogens of concern in domestic sewage and sewage sludge as
shown in Table 10.
Micro-organisms that may occur in UK sewage sludge, with those of most

significant risk in bold, are shown in Table 11.�


�
 E.G. Carrington, R.D. Davis, J. E. Hall, E. B. Pike, S. R. Smith and R.J. Unwin, Review of the
Scientific Evidence Relating to the Controls on the Agricultural Use of Sewage Sludge. Part 2,
Evidence Relevant to Controls on the Agricultural Use of Sewage Sludge, Report DET 4454/4,
Water Research Centre, 1998, p. 23.
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Table 10 Principal
pathogens of concern in

domestic and sewage
sludge��

Organism Disease/symptoms

Bacteria
Salmonella spp. Salmonellosis (food poisoning)
Shigella spp. Bacillary dysentery
Yersinia spp. Acute gastroenteritis (including diarrhoea,

abdominal pain)
Vibrio cholerae Cholera
Campylobacter jejuni Gastroenteritis
Escherichia coli
(pathogenic strains)

Gastroenteritis (pathogenic strains)

Enteric viruses
Hepatitis A virus Infectious hepatitis
Norwalk and
Norwalk-like viruses

Epidemic gastroenteritis with severe diarrhoea

Rotaviruses Acute gastroenteritis with severe diarrhoea
Polioviruses Poliomyelitis
Coxackieviruses Meningitis, pneumonia, hepatitis, fever, cold-like

symptoms, etc.
Echoviruses Meningitis, paralysis, encephalitis, fever, cold-like

symptoms, diarrhoea, etc.
Reovirus Respiratory infections, gastroenteritis
Astroviruses Epidemic gastroenteritis
Calciviruses Epidemic gastroenteritis

Protozoa
Cryptosporidium Gastroenteritis
Entamaeba histolytica Acute enteritis
Giardia lambia Giardiasis (including diarrhoea, abdominal cramps,

weight loss)
Balantidium coli Diarrhoea and dysentery
Toxoplasma gondii Toxoplasmosis
Sarcocystis

Helminth worms
Ascaris lumbricoides Digestive and nutritional disturbances, abdominal

pain, vomiting, restlessness
Ascaris suum May produce symptoms such as coughing, chest

pain and fever
Trichuris trichiura Whipworm, abdominal pain, diarrhoea, anaemia,

weight loss
Toxocara canis Fever, abdominal discomfort, muscle aches,

neurological symptoms
Taenia saginata Beef tapeworm, nervousness, insomnia, anorexia,

abdominal pain, digestive disturbances
Taenia solium Pork tapeworm, nervousness, insomnia, anorexia,

abdominal pain, digestive disturbance
Necator americanus Hookworm disease
Hymenolepsis nana Taeniasis
� �

�� Ref. 16, p. 6.
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Table 11 Micro-organisms
that may occur in UK

sewage sludge

Group Group

Bacteria
Salmonella spp.
Shigella spp.
Yersinia spp.
Escherichia
Pseudomonas
Clostridium
Bacillus
Listeria
Vibrio
Mycobacterium
Leptospira
Campylobacter
Staphylococcus
Streptococcus

Viruses
Polioviruses
Coxackieviruses A and B
Echoviruses
Rotaviruses
Adenoviruses
Reovirus
Astroviruses
Calciviruses
Coronavirus
Norwalk agent and other small round
structured viruses (SRSV)

Protozoa
Crytposporidium
Entamaeba
Giardia
Balantidium
Toxoplasma
Sarcocystis

Cestodes
Taenia
Diphyllobothrium
Echninoccus

Nematodes
Ascaris
Toxocara
Tricuris
Ancylostoma

Yeasts
Candida
Cryptococcus
Trichosporon

Fungi
Aspergillus
Phialophora
Geotrichum
Trichophyton
Edidermophyton

Micro-organism considered by the World Bank to be of concern�� are
presented in Table 12 on p. 62.

New and Emerging Pathogens in Sewage Sludge

Considerable effort has been expended in reviewing the efficacy of utilizing
sewage sludge on agricultural land.�������Practice in the UK, based on the Code
of Practice, is considered to be sound and will reduce risks of infection to an
acceptable level in all foreseen eventualities when considering diseases caused by
salmonellae, Taenia saginata eggs, potato cyst nematodes and a range of

�� R.G. Feachem, D. J. Bradley, H. Garelic and D.D. Mara, Sanitation and Disease, Wiley, New
York, 1983, pp. 9—15.
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viruses.�� Nevertheless, owing to findings of recent research, the 1989 Code of
Practice may not adequately control both a number of the hazards considered in
1989 and a number of newly identified hazards. These hazards include:

� E. coli O157:H7
� Viruses generally
� Campylobacter
� Listeria spp. and Listeria monocytogenes in particular
� Salmonella typhimurium phage type DT 104
� Cryptosporidium
� Giardia
� BSE agent

5 Existing Management Practices in the UK

Record Keeping

In the UK the organizations producing biosolids maintain records as advised in
the Code of Practice	 including:

� The quantities of sludge produced and the quantities supplied for use in
agriculture

� Sludge analyses
� Type of sludge treatment
� Soil analysis (for any 15 cm or 7.5 cm deep monitoring samples as well as for

statutory samples)
� Estimates of soil metal concentrations prepared for sites where 25 cm (a

regulatory requirement) samples have not yet been taken
� The names and addresses of the recipients of the sludge, the location of each

site where sludge is applied and the quantity and quality of sludge supplied.
Thesefigures should include the quantity andquality of other sludges (if any)
used by the farmer but not supplied by the sludge producer concerned. In
such cases the sewage sludge producers involved should agree among
themselveswhich of them is to have overall responsibility formonitoring the
particular site

� Written evidence given by the relevant government Minister in respect of
sludge use on dedicated sites togetherwith any analysesmadeof soil crops as
a result of that advice

Information for each source works should be permanently recorded to monitor
the use of sludge in agriculture. A site should be regarded as a field or part of a
field to which sludge has been applied.

Monitoring

In order that they can properly utilize sludge it is necessary for farmers to be

�� Ref. 4, p. 79.
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Table 12 Pathogenic organisms of concern to the World Bank

Organism Distribution Disease/symptoms

Viruses
Adenoviruses Worldwide Numerous
Polioviruses Worldwide Poliomyelitis
Echoviruses Worldwide Meningitis, paralysis, encephalitis, fever,

cold-like symptoms, diarrhoea, etc.
Coxackieviruses Worldwide Meningitis, pneumonia, hepatitis, fever,

cold-like symptoms, etc.
Hepatitis A virus Worldwide Infectious hepatitis
Reovirus Worldwide Respiratory infections, gastroenteritis
Rotaviruses, Norwalk agent and other
viruses

Worldwide Diarrhoea

Bacteria
Campylobacter fetus ssp. Jejuni Worldwide Diarrhoea
Escherichia coli (pathogenic forms) Worldwide Diarrhoea
Salmonella typhi Worldwide Typhoid fever
Salmonella paratyphi Worldwide Paratyphoid fever
Salmonella spp. Worldwide Salmonellosis (food poisoning)
Shigella spp. Worldwide Bacillary dysentery
Vibrio cholerae Worldwide Cholera
Vibrio spp. Worldwide Diarrhoea
Yersinia enterocolitica Worldwide Diarrhoea and septicaemia

Protozoa
Balantidium coli Worldwide Diarrhoea and dysentery
Entamaeba histolytica Worldwide Acute enteritis
Giardia lambia Worldwide Giardiasis (including diarrhoea, abdominal

cramps, weight loss)
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Helminth worms
Ancyclostoma duodenale Warm wet climates Hookworm
Ascaris lumbricoides Worldwide Digestive and nutritional disturbances,

abdominal pain, vomiting, restlessness
Clonorchis sinensis Southeast Asia Chinese liver fluke
Diphyllobothrium latum Mainly temperate Fish tapeworm
Enterobius vermicularis Worldwide Pinworm
Fasciola hepatica Worldwide in sheep/cattle

raising areas
Sheep liver fluke

Fasciolopsis buski Southeast Asia, mainly
China

Giant intestinal fluke

Gastrodiscoides hominis India, Bangladesh, Vietnam,
Philippines

Gastrodiscoidiasis

Heterophyes heterophyes Middle East, southern
Europe, Asia

Heterophyiasis

Hymenolepsis nana Worldwide Taeniasis
Metagonimus yokogawai East Asia, Siberia Metagonimiasis
Necator americanus Warm wet climates Hookworm disease
Opistorchis felineus USSR, Thailand Cat liver fluke
Opistorchis viverini
Paragonmus westermani Southeast Asia, foci in

Africa and South America
Lung fluke

Schistosoma haematobium Africa, Middle East, India Schistosomiasis, bilharzia
Schistosoma japonicum Southeast Asia Schistosomiasis, bilharzia
Schistosoma mansoni Africa, Middle East, Central

and South America
Schistosomiasis, bilharzia

Strongyloides stercoralis Warm wet climates Threadworm
Taenia saginata Worldwide Beef tapeworm
Taenia solium Worldwide Pork tapeworm, nervousness, insomnia,

anorexia, abdominal pain, digestive
disturbance

Ascaris suum Worldwide May produce symptoms such as coughing,
chest pain and fever

Trichuris trichiura Worldwide Whipworm, abdominal pain, diarrhoea,
anaemia, weight loss

B
iosolid

R
ecycling

and
F
ood

S
afety

Issues

63

Table 12 Pathogenic organisms of concern to the World Bank

Organism Distribution Disease/symptoms



provided with an analysis of the sludge received which should include the
following parameters:

� Dry matter %
� Organic matter %
� pH
� Nitrogen total and ammoniacal (% dry solids)
� Phosphorus total (% dry solids)
� The following heavy metals measured in mg/kg dry solids: zinc, copper,

nickel, cadmium, lead, mercury, chromium,molybdenum, selenium, arsenic
� Fluoride (mg/kg dry solids)

Results of all soil analysis should also be provided together with the quantity of
sludge supplied to each site.

Management Practice Shortfalls

The explicit purpose of record keeping is to maintain sustainability of the
recycling process in terms of Potentially Toxic Elements (PTEs) and not for the
control of pathogens. Whilst the Code of Practice states that records are
necessary and must be maintained up-to-date, there is no requirement to use the
information gathered in a structured way to manage the recycling process.

6 Hazard Analysis and Critical Control Point

Overview of HACCP

HACCP is a quality assurance system widely used in the food industry to help
prevent both food safety and product quality problems. When agreeing to
develop an external verified quality assurance system for biosolids recycling,
Water UK, the trade association of the UKwater industry, did not specify which
quality assurance system would be appropriate. However, given that HACCP is
the preferred management system of the UK food industry and the key
stakeholder concern is food safety, HACCP is the natural choice.

Product Safety and Product Quality

Historically, sludge has been regarded as a waste to be disposed of, but it is
increasingly regarded as a resource of positive value. Indeed the Royal
Commission considers the process should be reviewed with the aim of enhancing
its quality and safety.��To date the management of the biosolid process has been
concerned with issues of product safety and the presence of pathogens and PTEs
in particular. The application of HACCP to biosolid recycling will provide an
opportunity to address the control of both safety and quality.

�� Ref. 7, p. 95.
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Table 13 Seven principles
of HACCP

Principle Activity

1 Conduct a hazard analysis
2 Determine the critical control points (CCPs)
3 Establish critical limit(s)
4 Establish a system to monitor control of the CCP
5 Establish the corrective action to be undertaken when

monitoring indicates that a particular CCP is not under
control

6 Establish procedures for verification to confirm that HACCP
is working effectively

7 Establish documentation concerning all procedures and records
appropriate to these principles and their application

The Seven Principles of HACCP

The seven principles of HACCP,�� shown in Table 13, are designed to:

� Identify specific hazards that adversely affect the safety of food
� Specify measures for their control

These seven principles will be addressed in the development of a HACCP plan
through 14 stages as shown in Table 14 and described in the following sections.��
The generalized requirements for a biosolidsHACCPplan are shown in Table 14
and in the hypothetical HACCP plan for biosolid cake shown in Table 15.

The Fourteen Stages of HACCP

Termsof Reference (Stage 1). In order to limit the extent of theHACCPplan, the
terms of reference for the HACCP study should be clearly defined:

� The limit of the process to be subjected to the HACCP process
� The geographical location of the study, including details of the sites included

in the study
� The intended use of the product and therefore the categories of hazard to be

addressed including biological, chemical and physical hazards
� The point at which the product is judged to be safe with accompanying

storage and usage instructions

Selection of the HACCP Team (Stage 2). A multi-disciplinary team should be
identified to develop, maintain and review the HACCP plan.

Product Description (Stage 3). In order to address both product safety and
quality the starting point of a HACCP plan is to define the product. Safety issues

�� CodexAlimentarius Commission,FoodHygieneBasicTexts, Food andAgricultureOrganisation
of the United Nations, Rome, 1997, pp. 35—36.

�� S. Leaper, ed.,HACCP: A Practical Guide, 2nd edn., Campden and Chorleywood Food Research
Association, 1997, p. 8.
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Table 14 Fourteen stages of developing a HACCP plan for biosolid cake

Activity (corresponding
Stage Codex Principle) Biosolid HACCP activity

1 Define terms of reference � What are the biosolids to be used for?
� Where are the biosolids produced and recycled?
� What types of hazards are to be considered (biological, chemical, physical)?
� How will the biosolids be judged safe for use?
� Define the point when the biosolids are considered safe when accompanied by

appropriate storage and use instructions for the farmer
2 Select HACCP team The HACCP team will be multi-disciplinary and with skilled staff representing at least:

� Trade effluent control
� Sewage treatment works operation
� Advanced treatment operation
� Biosolids transportation
� Biosolids recycling
� Quality assurance
� Regional supervisors
� Environment, Health and Safety specialists
� Representation of sub-contractors
� HACCP specialist (chairperson)

3 Describe the product The description will address:
� The fact that the raw material is waste water and possibly includes trade effluents and

imported sludges
� Describe the broad sludge treatment process employed
� Any packaging employed for the biosolids
� Any storage and distribution conditions required for the biosolids
� The maximum period before which the biosolids can be used for their intended purpose
� Any instructions for use of the biosolids including the requirement to abide by the Safe

Sludge Matrix
� The nature of the final product in terms of pathogen, PTE, dry solid and litter content

and the potential of the biosolids for odour
4 Identify intended use A description of the use of biosolids as a fertilizer and soil conditioner
5 Construct a flow diagram The process diagram will typically compress all of the process steps

An example process flow diagram is presented at Table 15 (this diagram includes additional
compression to avoid repetition)

6 Confirm flow diagram A key step in order to ensure the flow diagram contains no errors or omissions
7 List potential hazards and identify

control measures
(1. Conduct a hazard analysis)

For each process step, identify potential hazards. These hazards relate to safety (regulatory)
or quality (operational) hazards and can be divided into microbiological (e.g. pathogenic
bacteria, viruses, protozoa and helminth worms), chemical (PTEs) or physical (dry solids,
litter and odour potential)
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8 Determine CCPs
(2. Determine the critical control points)

Apply the decision tree at Figure 1 (see below) to determine if the identified hazard is a CCP
The regulatory CCPs, those relating to pathogens and PTEs, are relatively few in number.
Quality CCPs, typically relating to physical hazards, are likely to be more numerous.
Quality CCPs often relate to ensuring a sufficiently high dry solid content during the several
steps of the treatment process and the avoidance of odour and litter complaints by the end
user

9 Establish critical limits for CCPs
(3. Establish critical limits(s))

Derive critical limits from at least:
� Code of Practice (and new legislation when available)
� Safe Sludge Matrix
� EPA Part 503 Rule
� Research programmes
� Consultation papers, draft regulations, draft Directives
� Information arising from the results of expert workshops
� Any other source agreed as appropriate by the HACCP team and satisfying the criteria

of best industry practice
Some typical limits are:

� For digestion temperature: 35 3 °C
� For digestion residence: mean minimum of 12 days
� For trade effluents: PTE concentrations as per trade effluent consents
� For thickening: dry solid content sufficient in order not to threaten the efficient running

of the subsequent stages of the process
� For screening: no complaints from farmers

10 Establish monitoring system for each
CCP
(4. Establish a system to monitor control
of the CCP)

Define a system to monitor the control of the CCP wherever possible using parameters
other than microbiological
Typical monitoring parameters are time, temperature, and visual inspection:

� For digestion temperature in each digester, time of batch feeding, mixing gas feed
� For trade effluents, monitoring PTEs as part of consent process
� For thickening, visual inspection and/or dry solids analysis
� For screening, visual inspection

Define frequency of monitoring recognizing that it is intended to show the control is in place
and within specification. Define who will undertake the monitoring

11 Establish corrective action plan for each
CCP
(5. Establish the corrective action to be
undertaken when monitoring indicates
that a particular CCP is not under
control)

Define the actions to be taken when a CCP is outside, or trending outside, its critical limit
These typically include activities such as:

� Review of the process
� Review of what will be done with biosolids that are produced when the CCP is out of

control
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Table 14 (cont.)

Activity (corresponding
Stage Codex Principle) Biosolid HACCP activity

12 Verification
(6. Establish procedures for verification
to confirm that HACCP is working
effectively)

Verification differs from monitoring, being required to show that the entire HACCP plan is
working correctly. Verification activities include:

� Internal and external audits and the retention of the records
� End-product testing to show that the sludge treatment process is effective
� Short-term testing to demonstrate that monitoring of surrogate parameters is adequate
� Review of deviations from critical limits
� Review of corrective actions undertaken
� Review of the use of biosolids and associated safety and quality related issues in the

wider market place
� Audit of records and associated procedures to monitor if CCPs are under control

13 Establish documentation and record
keeping
(7. Establish documentation concerning
all procedures and records appropriate to
these principles and their application)

Documentation will include:
� HACCP plan
� Relevant procedures, including any specially prepared for the HACCP plan
� Existing procedures in Operations and Maintenance Manuals, Work Instructions, Total

Quality Management systems, quality management systems and any other source of
relevant procedures

Records will include:
� Records of inputs including waste water, trade effluents, sludges, cess pit wastes and

treatment chemicals
� Records of deviations, corrective actions, modifications to the process
� Verification data
� Monitoring data

The length of time which the various records will be kept for should be determined and
should reflect the hazards addressed

14 Review HACCP plan A periodic review of the HACCP plan should be undertaken on a regular basis, typically
annually. Any changes to at least the following list will require an appraisal of the
requirement for a review of the HACCP plan

� Trade effluent regime
� Imported sludge regime
� Waste water catchment
� Use of treatment chemicals
� Process steps or equipment within a process step
� Storage
� Packaging
� Staffing levels
� Farmer use
� Legislation
� Market intelligence regarding safety or quality issues
� Emergence of new hazards
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are clearly defined in the relevant legislation concerned with biosolids and relate
to biological (pathogens) and chemical (PTEs) hazards.Quality issues are specific
to each biosolid producer and typically relate to physical hazards (dry solid
content, presence of litter and odour potential). Therefore the key parameters in
any product description are likely to include:

� Pathogen content
� PTE content
� Dry solids content
� Presence of litter
� Potential for odour generation

TheHACCPprocess also includes a number of other parameters that address,
for example:

� The sludge treatment process employed
� Storage duration and conditions
� Any packaging employed
� Any specific instructions for use and application

These parameters have a direct bearing on the safety and quality of the product.

Intended Use (Stage 4). Having described the product, the intended use of the
product must also be defined, typically as a fertilizer and soil conditioner.

The Process Flow Diagram (Stage 5). A process flow diagram is a simple way to
facilitatehazard analysis during theHACCPprocess and should include all those
steps at which hazards are identified at Stage 7. Initially, process steps are
included along with any addition of treatment chemicals or packaging.
Subsequently, these process steps may consolidated if considered appropriate.
The process flow diagramat Table 15 presents such a consolidatedflow diagram.

Confirmation of Process FlowDiagram (Stage 6). The process flow diagrammay
contain errors, overlooked short circuits in the process flow, missing steps,
overlooked rawmaterial inputs or outputs. It is important that the flow diagram
is subject to rigorous scrutiny and agreed as being a correct and a valid
representation of the process.

Identification of all Potential Hazards and Identification of Control Measures
(Stage 7). A brainstorming session is typically undertaken to identify all
possible hazards to the safety and quality of the final product. These hazards
include those present in the rawmaterials, hazards thatmaybe introducedduring
the process and hazards that survive each process step. Generally these hazards
can be categorized as microbiological, chemical or physical.
From the forgoing discussion an extensive list of hazards might be recognized:

� Microbiological: all those pathogens identified in Section 4
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Table 15 Simplified hypothetical HACCP plan for biosolid cake�

Process CCP? Critical Corrective
step Hazard Control (logic tree) limits Monitoring actions Records

1. Trade
effluent
discharge

Presence of
PTEs

Trade effluent
consent

Yes
(Regulatory)
(Q2 ‘Yes’)

Compliance
with consent

According to
consent
conditions, or
annually

Review trade
effluent consent
Review product
compliance

Consent
monitoring
CAs
undertaken

2. Waste
water
arrival

Presence of
microbiological
hazards

Digestion at
step 6

No
(Q4 ‘Yes’)

Presence of
litter

Screening at
step 3

No
(Q4 ‘Yes’)

Presence of
PTEs

Field
application at
step 10

No
(Q4 ‘Yes’)

3. Screens Litter passing
screens

Screening of
effluent

Yes (Quality)
(Q2 ‘Yes’)

Sufficient to
avoid farmer
complaint

Daily VI of
screens

Repair,
unblock,
redesign screens
Review product
acceptability to
farmers and
determine
action for out-
of-specification
product

VI records
Farmer
complaint
records
CAs
undertaken

4. Primary
and
secondary
waste
water
treatment

Survival of
microbiological
hazards as a
result of
inadequate
digestion

Low dry solids
due to incorrect
dosing and
treatment at
several stages

Yes (Quality)
(Q4 ‘No’)

No
compromise of
later stages of
the process

Daily VI of
settlement and
dosing
Daily dry solid
analysis

Adjust process
as necessary
Review product
acceptability to
farmers and
determine
action for out-
of-specification
product

VI and dry
solid records
CAs
undertaken

5. Polyelectro-
lyte dosing
of settled
sludge
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6. Thickening Survival of
microbiological
hazards as a
result of
inadequate
digestion

Correct dosing
at step 5

Yes (Quality)
(Q4 ‘No’)

Sufficient dry
solids to ensure
effective
digestion

Daily VI
Daily dry solid
analysis

Adjust process
as necessary
Review product
acceptability to
farmers and
determine
action for out-
of-specification
product

VI and dry
solids records
CAs
undertaken

7. Digestion Survival of
microbiological
hazards

Correct
temperature

Yes
(Regulatory)
(Q2 ‘Yes’)

35 3 °C Temperature
monitoring
every shift

Adjust process
as necessary
Review product
acceptability to
farmers and
determine
action for out-
of-specification
product

Temperature
records
CAs
undertaken

Efective mixing Sufficient to
ensure effective
digestion

Gas flow to
mixers every
shift

Adjust process
as necessary
Review product
acceptability to
farmers and
determine
action for out-
of-specification
product

Gas flow
records
CAs
undertaken

Correct
duration�

Mean
minimum 12
days

Monitoring
batch feed
every shift

Adjust process
as necessary
Review product
acceptability to
farmers and
determine
action for out-
of-specification
product

Batch feed
records
Corrective
actions
undertaken

8. Polyelectro-
lyte dosing

9. Thickening Incorrect dry
solid content

Correct dosing
at step 8

Yes (Quality)
(Q4 ‘No’)

Dry solid
content as
defined in
product
description

VI/dry solid
analysis once
per day

Adjust process
as necessary
Review product
acceptability to
farmers and
determine
action for out-
of-specification
product

VI and dry
solid analysis
records
CAs
undertaken
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Table 15 (cont.)

Process CCP? Critical Corrective
step Hazard Control (logic tree) limits Monitoring actions Records

10. Cake
storage

Survival of
biological
hazard

Correct storage
time

Yes (Quality)
(Q2 ‘Yes’)

14 days storage VI every 14
days

Review
procedure
Review product
acceptability to
farmers and
determine
action for out-
of-specification
product

VI
CAs
undertaken

11. Field
application

Exceed PTE
limits

Correct field
application
rates

Yes
(Regulatory)
(Q2 ‘Yes’)

PTE limits as
defined in the
Code of
Practice

Monthly audit
PTE
monitoring

Review
procedures
Review product
acceptability

PTE
monitoring
records
CAs
undertaken

Survival of
biological
hazard

Farmer to
agree to abide
by Safe Sludge
Matrix

Yes
(Regulatory)
(Q2 ‘Yes’)

Application to
approved crops

VI on a cycle
determined
by risk
assessment

Withdraw
supply of
biosolids

Evidence that
farmer has
agreed to Safe
Sludge Matrix
VI records
CAs
undertaken

Presence of
litter

Screening at
step 3

No
(Q3 ‘No’)

�VI, visual inspection; CAs, corrective actions.
�Effective volume of the digesterwill be determined as a result of a 1 in 10 year lithium test, effectivemixing volumewill be inferred from effective volume.
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� Chemical: PTEs, substances introduced during the waste water treatment
process, the 200 pollutants considered by the EPA��

� Physical: dry solid content, presence of litter, potential for odour nuisance.

At this stage of the HACCP process, no attempt is made to define which of
these hazards will generate Critical Control Points in the HACCP plan. Having
identified all potential hazards, an analysis is undertaken to determine which
should be eliminated or reduced to acceptable levels in order to ensure the
product is safe and of a suitable quality. This process will consider:

� Past history of the hazard resulting in safety and quality related effects
� The severity of the consequencesof the hazard including short- or long-term,

acute or chronic, lethal or sub-lethal
� The consequence of the hazard and effects on product quality
� The size of the population exposed to the hazard
� Vulnerability of those exposed
� Survival and potential for re-growth of micro-organisms of concern
� Potential for secondary hazards to be produced, including generation of

toxins, chemical or physical hazards

This step relies on the understanding and professional capabilities of the
HACCP team. It is therefore crucial that the HACCP team includes capable
individuals familiarwith best workingpractice in the industry and are involved in
the whole of the sewage sludge and recycling process.
Having identified the hazards the HACCP team will then determine what

control measures can be applied to each hazard. There may be hazards for which
there are no control measures in existence. Control measures are intended to
prevent, eliminate or reduce hazards to an acceptable level.

Identification of Critical Control Points (CCPs) (Stage 8). In order to make the
selection of CCP non-subjective, the Codex Alimentarius Commission of the
Food and Agriculture Organization�� has designed a decision tree to aid in their
identification (Figure 1). This decision tree is applied at each step of the process
where a hazard has been identified.

Critical Limits for each CCP (Stage 9). Critical limits are required for the
identified CCPs. These critical limits can be derived from a number of sources,
including legislation and from experimental data. For the biosolid and recycling
process, possible sources of critical limits could be:

� Code of Practice
� Safe Sludge Matrix
� EPA Part 503 Rule
� Research programmes
� Consultation papers, draft regulations, draft Directives

�� Ref. 17, p. 10.
�� Ref. 24, p. 44.
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CCP Question 1
Do preventive measures exist? 

CCP Question 2
Is the step specifically designed to
eliminate or reduce the hazard to
an acceptable level?

CCP Question 3
Could contamination with the 
hazard occur at unacceptable level(s)
or increase to unacceptable level(s)? 

CCP Question 4
Will a subsequent step eliminate identified
hazard(s) or reduce likely occurrence to 
acceptable level(s)?

Is control at this step necessary for safety?

No Not a CCP

Yes

Modify process or product

Yes

No

No

No Not a CCP

Yes Not CCP

CCP
Yes

CCP
No

Yes

Figure 1 CCP decision tree
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� The results of expert workshops
� Any other source agreed as appropriate by the HACCP team and satisfying

the criteria of best industry practice

Critical limitsmay have a tolerance, such as dry solids content for biosolid cake
of 21%with a target of 23 2%, or temperature during digestion of 32 °C with a
target of 35 3 °C.
In addition, critical limits must be easily measurable and in the case of the

biosolids process these typically include parameters such as temperature, time,
dry solid content, PTE content and parameters measured by visual inspection.

Monitoring System for Each CCP (Stage 10). Having selected critical limits for
each CCP, wherever practicable that are easily measured, a monitoring system
should be defined thatmonitors control of that CCP and addresses the following
requirements:

� Data are generated in a form suitable for subsequent auditing
� Provision of information on a time-scale that enables timely action to bring

a CCP back under control (microbiological monitoring rarely fulfils this
criterion and surrogates should be employed wherever practicable such as
temperature and duration of treatment process)

� Match frequency of monitoring with duration of treatment step in order to
ensure bulk products such as biosolids are monitored appropriately (daily
monitoring of sludge digestion duration but continuous monitoring of a
sludge dryer feed rate)

� Ensure that responsibility for undertaking monitoring is defined and that
data are quality assured

� Monitoring requirements are supported by appropriate documented
procedures

Corrective Action Plans (Stage 11). Corrective actions are to be identified for
each CCP and undertaken when monitoring has shown that the CCP is out of
control or showing a trend toward loss of control. Typical corrective action plans
include:

� Adjusting equipment
� Reviewing procedures
� Action to be taken when biosolids are produced whilst the CCP was out of

control

Verification (Stage 12). Verification differs from monitoring. While monitoring
is concerned with the critical limits associated with individual CCPs, verification
is concerned with the correct functioning of the whole process and includes:

� Internal and external auditing of the HACCP plan and its records
� Microbiological examination of intermediate and final product
� Validation of the use of surrogate monitoring parameters
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� Review of health related issues associated with the treatment and use in the
wider market place

� Review of consumer use of the product
� Audit of records and associated procedures to monitor if CCPs are under

control

Documentation and Record Keeping (Stage 13). As for any management system,
the HACCP plan requires appropriate documentation and record keeping in
order to be able to demonstrate that it satisfies the criteria of the Codex
Alimentarius and that the plan is up to date and being applied effectively. This
will include the following documents:

� AHACCPmanual, that can bemadepart of an existingmanagement system
if required

� Existing procedures from a number of sources including, for example,
Operation and Maintenance Manuals, Work Instructions and regulatory
reporting requirements

Additional record keeping will typically include:

� Source and condition of raw materials
� Process records
� Management decisions relating to HACCP and product safety
� Process deviations
� Corrective actions
� Process modifications
� Verification and validation data
� Review data

The timescale for themaintenance of records shouldbedefined in theHACCPplan.

Review of theHACCPPlan (Stage 14). Periodic review should be undertaken in
proportion to the risk associatedwith the use of the final product. A review of the
HACCP plan should be undertaken if there are changes in at least the following
issues:

� Raw material make-up
� Equipmentmaking up the process systemormodification to that equipment
� Process flow diagram
� Suppliers or supplied raw materials
� Storage arrangements including duration and packaging
� Staffing levels or responsibilities
� Use of product including new outlets
� Understanding of the risks associated with the use of the product
� New hazards
� Legislation

The introduction of new technologywill require theHACCPplan to be reviewed.
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The Benefits of Applying HACCP to the Recycling Process

Experience of the application of HACCP to the recycling process in the UK has
shown that it offers a range of benefits, a number of which are common to any
process. The following benefits are particularly relevant to the biosolid recycling
process:

� Addresses food safety issues
� Addresses product quality issues
� Encourages the view that biosolids have economic value rather than being a

waste requiring potentially expensive disposal
� Focuses attention at the critical parts of the process
� Reducees the quantities of out-of-specification product produced through

the application of a preventative approach to process control
� Provides useful support for a defence of ‘due diligence’ in the event of a food

related health incident
� Provides reassurance to stakeholders (including food consumers, water

company customers, the food industry and sludge producer’s colleagues and
directors) that biosolids are being properly managed

� Identifies all currently conceivable hazards, including those which can
reasonably be predicted to occur

7 Conclusions

Sewage sludge accounts for approximately 1% of the organic wastes spread to
agricultural land, with the remainder accounted for by agricultural and exempt
wastes, both of which are unregulated at the time of writing.
The volumes of sewage sludge are increasing dramatically as a result of the

implementation of European Directives and legislation, including the Urban
Waste Treatment Directive which banned the dumping of sludge to sea on 31st
December 1998. In the UK, projections indicate that the quantities will have
increased by approximately 50%between 1992 and 2005. This projected increase
places the existing outlets, including recycling to agricultural land, under
considerable pressure.Whilst recycling is recognized by anumber of organization
and authorities as being beneficial, there are a number of concerns regarding the
presence of pathogens in sewage sludge.
In the USA and UK there are complex systems for the regulation of recycling

based on the significant reduction of pathogens in biosolids and ensuring there
are physical barriers to avoid direct contact with pathogens. The formulation of
these systems has been based on a degree of risk assessment, although in theUSA
theEnvironmentProtectionAgency has approached themanagementof biosolid
recycling on a non-risk-based approach as there are insufficient data to allow a
meaningful assessment. In the UK the system was developed based on available
information at the time of its formulation in 1989. Review of the available
scientific data suggests that theUK system of control is broadly effective but that
there are new and emerging pathogens that may not be adequately controlled.
Whilst the quantity of biosolids to be recycled is increasing, the control system
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has been shown not to be completely reliable. In response to this pressure and
concerns conveyed by such organizations as the British Retail Consortium with
respect to food safety, the UK Water Industry has undertaken a number of
activities. These activities include the development of the Safe Sludge Matrix, a
control on recycling more stringent than that required in legislation. In addition,
the water industry in the UK as a whole has given a commitment to develop a
quality assurance system, that is externally verified, for the control of the biosolid
recycling process.
A management system for the biosolid recycling process should address a

number of issues including food safety, regulatory requirements and the quality
of the biosolids produced. Existing management in the UK is focused on
controlling PTEs. Any management system employed should provide the
opportunity to effectively manage the process and control food safety issues,
regulatory requirements and the quality of the biosolids produced.
HACCP is a management system widely used in the food industry. Its

application to biosolid recycling has a number of benefits including a move away
from a reactive, end-product testing-led approach to a system of pro-active
process optimization. This approach mirrors a change in attitude from treating
sludge as a waste by-product requiring expensive disposal to a product of
significant value to farmers. As with any product, value can be increased by
enhancing quality.
The hazards addressed in a typical biosolids HACCP plan are defined within

stage 3 of the HACCP plan and can be divided into:

� Biological hazards relating to pathogens
� Chemical hazards relating to PTEs
� Physical hazards relating to dry solids content, presence of litter and odour

potential

These hazards necessarily result in CCPs within the plan which are typically:

� Regulatory CCPs (biological and chemical)
� Quality CCPs (physical)

The identification of quality CCPs allows operational resources to be focused on
those critical parts of the sludge treatment process.
In a climate of rapid change the novel application of HACCP to biosolids

recycling presents an opportunity to satisfy the requirements of a number of
stakeholders:

� Regulators, by providing auditable management of regulatory standards
� The food industry, by addressing food safety issues through the application

of a management system widely accepted within the industry
� Farmers, by enhancing the quality of biosolids supplied
� Operational staff, by providing a mechanism for optimizing performance of

the process
� Shareholders, by providing evidence of the control of food safety hazards

associated with biosolid recycling
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