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APPENDIX N SWEDEN

SUMMARY

The landspreading of wastes in Sweden has traditionally occurred without a central governing
body to regulate it. This lack of central control coupled with several recent scares have led to
the current situation where there is relatively little landspreading activity, other than
experimental, of industrial waste. A proposal to create a voluntary regulatory and quality
certification scheme was accepted in January 2000 and will be put into place within the next
three years. The proposal is welcomed by all players (farmers, food industry organisation,
EPA etc.) and the voluntary scheme is preferred over attempt to regulate through legislative
means e.g. at the EU level.

There are about 30 million tonnes (fresh weight) of organic residues produced annually in
Sweden including 75% of animal manure, 9% food waste, 3% of sewage sludge, 3% of
household waste and 2% of paper sludge. Recycling of untreated organic waste to agriculture
is no longer taking place in Sweden due to public, farmers and dairy industry opposition.
However, several municipalities have implemented new programmes for treating organic
materials from abattoir, food processing, paper production and wood mills together with green
waste, household waste and in some cases animal manure into 8 anaerobic digesters or
composting plants before being recycled to land.

About 2.5 million of organic waste are incinerated or landfilled. Current practice is to incinerate
the majority of wood waste and paper sludge which is not landfilled, but there are concerns
about the presence of silver and brominated flame-retardants, as well as the impacts of air
emissions of the addition of fossil fuels for burning wastes.
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N1 LEGISLATION AND REGULATORY FRAMEWORK

Control on industrial waste landspreading

There is no legal quality requirements for organic wastes recycled to land in Sweden. The
landspreading of wastes in Sweden has traditionally occurred without a central governing
body to regulate it. This disaggregated organisation, coupled with several recent scares have
led to the current situation where there is relatively little landspreading activity, other than
experimental, of industrial waste.

The presence of powerful associations, such as the dairy association, means that farmers can
be discouraged from land spreading even without recourse to legal or other instruments.
Farmers are also currently worried about their public image and are especially concerned with
avoiding media scares and adverse publicity.

In addition, farmers and other land owners, have responsibility for what they put on their land
in Sweden as specified in the new environmental law (Miljöbalken). In January 1999 a new
Environmental Framework law came into force in Sweden. The law, called “Miljöbalken”
combines 15 separate environmental laws, and the broadbrush policies of sustainability,
precautionary principle and an integrated approach to all activities which have an impact on
sustainable development, regardless whether they concern individual or industrial activities.
The law places binding obligations on the person who runs a business or takes actions, to
acquire the knowledge about the possible environmental effects and also incorporates the
principle that the risks for environmental effects shall be carried by the polluter. This
legislation, coupled with the lack of regulation and often uncertain benefits, has further
discouraged farmers from landspreading.

The current concern stems largely from a scare related to imported liming products from
Denmark which were applied to land in Southern Sweden and then subsequently were found
to be at the centre of quality concerns (lime and microbiological). Farmers are also currently
worried about their credibility and trustworthiness in the eyes of society as a whole and are
especially concerned with avoiding media scares and adverse publicity.

There is a need for standardising and regulating the use of land spreading as a disposal
option for industrial waste. Sewage sludge is regulated under national legislation in Sweden
but there is currently no co-ordination over landspreading of other wastes. All companies in
Sweden must produce annual environmental reports which should contain all the quality and
quantity details of waste which is processed for landspreading. However all the report go to
various bodies depending on the type of industry. For example the biogas plants report to the
EPA while the dairy industries report to the food industry association. The process lacks
transparency and there is concern among the farmers about the need for co-operation with
the large food associations. For example, by landspreading a farmer may contravene dairy
best practice recommendations and might therefore not be allowed to sell their crops as
fodder, which would severely impact on the marketability of their produce.

A proposal to create a voluntary quality certification scheme for landspreading was accepted
in January 2000 and will be put into place within the next three years. The proposal is
welcomed by all players (farmers, food industry organisation, EPA etc.) and the voluntary
scheme is preferred over attempt to regulate through legislative means e.g. at the EU level.
This scheme would be organised by a private company which would be responsible for
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processing regulation and for collating official statistics on the quality and quantity of
landspread wastes.

Details of the scheme are published in the report “Sjösättning av certifieringssystem för
kompost och rötrest” by Lundeberg et al (AFR report 257, ISSN 140-4471). The voluntary
scheme recommends quality requirements for both composting and anaerobic digested
materials, and also for the process and raw materials used. Criteria are also given for in house
quality controls.

There is also a need for a similar scheme for forestry to regulate and control e.g. bio ash and
lime. Currently there are quality regulations for landspreading to forestry land but the quantity
is not controlled. It is expected that the two schemes would eventually merge.

So while Sweden would welcome some sort of standardisation from Europe with quality
checks and certifications which would alleviate farmer fears about their liability for what they
put on their land, this voluntary scheme is favoured by all parties.

The detailed quality requirements under the voluntary certification scheme for the end product
are listed below:

Agronomic parameters

Organic substance: The product shall contain less than 20% organic matter, measured as the
loss of ignition in weight as a percentage of dry matter.

Viable seeds and plant pieces: The product must contain less than 2 viable seeds and plant
pieces per litre.

Water content: the water content must not exceed 50% of the mass in the finished product.

The amount of compost or liquid fertiliser which may be spread onto agricultural land is limited
by SNSF 1994:2 for the application of plant nutrients and metals as listed below. The use of
the compost replaces phosphorous and potassium fertilisers, as well as liming, when the soil
nutritional balance is otherwise good. When compost is used, there should therefore not be
any NPK fertiliser applied to land, and only fast growing or nutrient requiring plants that will
require fertilisation the same year.

Soil phosphorus class Total P
(kg ha-1)

Ammonium nitrogen
(kg ha-1)

I and II 35 150

III-V 22 150
Class per 100g dry soil:

I<2, II =2.0 - 4.0, III 4.1 – 8.0, IV 8.1-16; V > 16 (UNIT???)
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Heavy metals and visible pollution

The by-products applied to land should comply with the maximum concentration of heavy
metals as specified below:

Metal Maximum allowed
concentration
(mg kg-1 DM)

Maximum annual
amount applied to land

(g ha-1)

Lead 100 25

Cadmium 1 0.75

Copper 100 300*

Chromium 100 40

Mercury 1 1.5

Nickel 50 25

Zinc 300 600

Note:

* A higher copper value may be acceptable if it can be shown that the soil needs
additional copper.

Visible pollution: this includes foreign substances like plastic, glass, metal, etc. The total
presence of visible pollutants greater than 2 mm in length must not exceed 0.5% of dry mass.

Microbiological quality

The by-product recycled to land which contain low risk abattoir waste must conform with
microbiological requirements specified under SJVFs 1998:34 listed below:

•  Salmonella: absence in 5 samples of 25 grams;

•  Enterobacter: 3 out of 5 samples must not exceed levels 10 per gram and 2 out of 5
samples can be between 10 and 300 per gram.

The quality of other by-products that do not contain abattoir wastes is depending on the
presence of viable seeds and plant parts as specified above.
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N2 QUANTITIES AND QUALITY OF WASTE RECYCLED TO LAND

Farm waste

Since joining the EU in 1995 Swedish agriculture has undergone substantial change. The total
production increased mainly from increased areas used for cereal production and an increase
in pig and poultry farming. There are currently about 10,000 pig farms in Sweden, most of
which are large set-ups of more than 500 pigs. There are 1.7 million cattle in Sweden, about
half are dairy and produce 3.3 million tonnes milk (EU quota). Lamb and sheep farming is
virtually non-existent. The majority of farms (70%) in Sweden are combination farms, the most
common being agriculture and forestry. Part time farms, where agriculture is complemented
with non-agricultural activity is also very common. It is estimated that around 22.8 million
tonnes of manure are produced in Sweden each year (EPA 1996 as reported by Rodhe 1998,
Brolin et al 1996 as reported by Thomsson 1999) equivalent to 2.8 million tonnes of dry solids
per annum. The number of animals as reported in Eurostat 1999-2000 are presented in Table
N1 below. Animal manure represents about 75% of the total amount of organic waste
generated in Sweden. The majority of manure is recycled directly to land while a proportion is
treated in one of the 8 anaerobic digesters or composting plants before being recycled to land
(see section below).

Table N1 Animal manure production in Sweden (Eurostat 1999/2000)

Animal type Number
(x103)

Bovine animals less than 1 year old:

Calves for slaughter 22.9

Other calves 504.4

Bovine animals aged between 1 and 2 years: 422.7

Bovines animals of 2 years and over:

Male 24.8

Heifers 99.0

Dairy cows 447.4

Other cows 158.3

Total of cattle population 1,679.5

Piglets less than 20 kg 566

Pigs 20 kg and less than 50 kg 454.5

Fattening pigs  of at least 50 kg 691.4

Breeding pigs 50 kg and higher:

Boars 4.2

Covered sows 142.4

Sows not covered - total 59.5

Total of pig population 1,918

Laying hens 5647.7

Sheep/goat 437/5.3
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Industrial waste

In 1996, it was reported (Brolin et al 1996 as reported by Thomsson 1999) that there were
about 30 million tonnes of organic residues (fresh weight) produced annually in Sweden
including 75% of animal manure (Table N2). Sewage sludge represents around 3% of the total
equivalent to 1 million tonnes (fresh weight). Organic waste from the food industry represents
about 10% of this amount and is to a large extent re-used in agriculture as fodder.

The major part of organic residues are recycled to land and about 2.5 million are incinerated
or landfilled. A small proportion of the municipal organic waste (14%), restaurant waste (8%)
and parks and garden waste (28%) is biologically treated (composted or digested) while the
rest is either incinerated or landfilled.

Table N2 Types of organic residues produced in Sweden1

Type of waste Quantity

(%) Tonnes per annum2

Manure 75 22 800 (2 786)

Harvest residues 4 1 200

Park and garden residues 2 530

Sewage sludge 3 1 100 (200)

Drink  waste 4.1 1 230

Vegetable waste 3 900

Meat and fish residues 0.6 180

Other residues 1.4 420

Paper sludge 2 600

Household organic waste 2.7 800 (350)

Restaurant and market waste 1 180

Total 30 x 106 tonnes
Notes

1 Brolin et al 1996 as reported by Thomsson 1999
2 As fresh weight, figures in brackets are equivalent in dry matter

Several municipalities have implemented new programmes for treating organic materials from
abattoir, food processing, paper production and wood mills together with green waste,
household waste and in some cases animal manure into 8 anaerobic digesters or composting
plants before being recycled to land. Biogas generated is either used for power generation or
as fuel for city bus and cars. Typical waste components include waste from:

•  Parks, gardens and other green spaces (leaves, grass, branches, twigs, fruit, flowers,
plants and plant parts).

•  Greenhouses, garden centres & nurseries (Tips, soil and turf)



European Commission - Directorate-General for Environment

WRc Ref:CO4953-2/11768-1
July 2001

485

•  Household, canteens, and restaurants (Fruit and vegetable left-overs, coffee and tea left-
overs, left-overs of foodstuffs, food left-overs, eggshells, cardboard, paper, paper bags,
biodegradable plastic bags, plants, potting soil).

•  Foodstuff related retail shops and wholesalers (Fruit, vegetables, potatoes, dairy products,
drying paper, serviettes, bread, meat, meat pieces (bone and trimmings), cured meats and
provisions, flowers, pot-plants, soil, turf).

•  Agriculture (manure from pigs, cattle, sheep. Horses birds and other livestock. Small dead
animals, straw, harvest remains, ensilage, green sludge, energy crops…)

•  Forestry (bark, wood, sawdust, sludge from cellulose industry, chippings).

It was not possible to collect data from all of the 8 treatment centres on the quantities of
digested product which is applied to land. The available information is presented in Table N3.

The key problem areas with the process is threefold:

1. There are some technical problems associated with the processing of the waste. In
particular the inclusion of metal objects (knives and forks), glass, or plastics cause
damage to the processing units, and also if they are accidentally ground up with the waste
they cause pollution of the ground.

2. Acceptability: The general rule that what comes off the land should go back onto the land
is highly acceptable to most Swedes, but there is still a little concern about exactly what is
treated in the plants and therefore what the liquid fertiliser actually contains. This is being
dealt with by education, once there is understanding of exactly what is treated there is less
anxiety on the part of the farmers and the general public.

3. Dairy: there is an issue whereby many dairy organisations have advocated that only
market fertilisers should be used to grow fodder which is fed to dairy cows. Again this
issue is one of lack of information, and once there is understanding of what exactly is
being treated then there is less anxiety.

Table N3 Quantity of waste treated in anaerobic digestion plants

Plant Quantity produced per year
(wet weight basis)

Solbackens Biogas Plant This plant only processes domestic waste from 2
municipalities, and produced 1000 tonnes of compost in
1999.

Filborna Biogas Plant 18,000 tonnes pa

Karpalunds Biogas Plant 73,000 tonnes (50% input from animal manure (pig and
poultry) and 45% from abattoir wastes, food processing
wastes and 5 % household wastes

Laholms Biogas Plant 37,000 tonnes (DM 5-7%)
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Sugar processing

Danisco Sugar has been Sweden's sugar producer since 1907 but for the greater part of this
time it went under the historic name of Sockerbolaget Svenska Sockerfabriks AB, SSA (The
Sugar Company). Since 1992/93, the company has been a member of the Danish food group
Danisco. It is the only company in Sweden producing sugar. Danisco Sugar produce, develop
and market sugar, sweetener products, animal feed products and dietary fibres which are
based on the sugar beet as the major raw material. The Head Office is in Arlöv, just outside
Malmö. The sugar growing area and processing industry is concentrated to the southern
region of Sweden, especially in Skåne (Scania). Daily processing capacity in tonnes of beets
1999 in Table N4 below.

Table N4 Daily processing capacity of Danisco sugar in Sweden

Product type Company name Production
(tonnes of raw sugar per day)

White sugar Köpingebro 9,400

Örtofta 9,750

Raw sugar Jordberga 8,000

Refined and specialised sugar Arlöv 800

Lime is used in the sugar manufacturing process to clean the sugar beets. The waste product
is therefore lime which is enriched with pectins and sugars. The total mass of waste produced
in Sweden is about 120,000 tonnes and it is about 65% dry matter. This waste is sold to
farmers as fertilisers.

Forestry and paper mill waste

The forest land in Sweden is owned by private companies, individuals, county councils and
the church. Since 1940 the amount of forest land owned by companies and individuals has
remained relatively constant at about half the Swedish forested area. Some of the biggest
land owners are shown in Table N5.
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Table N5 Large forest owners in Sweden 1997

Forest owner Productive forest land
(x 106 ha)

AssiDoman AB 3.3

SCA Skog AB 1.8

Stora skog AB 1.5

State owned forest
(Statens fastighetsverk)

1.1

MoDo Skog AB 1

Other private companies 1.1

The Church 0.4

Municipalities and county councils 0.3

Public forest in North Norrland 0.3

Other forests 0.2

Provinces 0.1

Many of the Swedish forests and forestry companies have a Forest Stewardship Council
(FSC) certification and /or ISO / EMAS standards. The FSC certification imposes criteria on
the way forest land is managed which affect the possibilities for landspreading of wastes
although no specific details are included in the criteria.

There are concerns in Sweden that fertilising forest soils have some unknown effects. For
example, the municipality of Hagfors has stopped StoraSkogs AB from fertilising any forests in
their municipality until they are assured that there are no long term effects of fertilisation on
density and distribution of flora; on trees (especially resistance to insect pest); on long term
changes in the soil, on water resources and nitrification.

There is, however, some limited experimental applications of industrial waste products on
forestry land in Sweden as shown in Table N6 below.
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Table N6 Experimental application of industrial waste to forestry lands

Owner of forestland Policy Quantity in 1999

AssiDomän (paper & pulp) Experimental land spreading
only, looking at possibilities
for future work

Bio-ashes* 500 tonnes/year
dry weight;

Lime sludge** 5 500 tonnes

Stora Enso AB: (paper and
pulp)

Small quantities of bio-ash
provided for fertilisation of
forest soils.

Bio-ashes: a combined
amount of  9411 tonnes
(Enocell provided 6161 and
Nymölla Mills 3,250 tonnes)

Notes:

* Bioashes are the ashes produced from burning bark
** Lime sludge is sludge generated by the recovery of cooking chemicals in the sulphate process

The information submitted by the Swedish Paper Federation to CEPI is summarised in Table
N 7 below. It is estimated that 450,000 tds of sludge are produced in Sweden from paper
mills. It shows that only less than 5% of sludge from paper production is recycled to land in
reclamation projects while the majority is either incinerated (60%) or landfilled (30-40%).
There is a landfill tax applied in Sweden (250 SEK/ wet tonnes) but de-inking sludge, green
liquor sludge and waste from recycling mills are exempted.

The EPA produces every year a report based on a questionnaire on waste arisings from the
forestry and paper sector. The quantities of non-hazardous waste generated by the Swedish
paper industry in 1998 were reported to amount to about 1.2 million tonnes (SEPA 1998)
(Table N8). It is important to note that the level of information which is reported varies, as
some mills have only reported quantities of wastes which were landfilled whereas others have
reported quantities of wastes which were recovered, re-used (i.e. as bio-fuel), incinerated or
landfilled.

Table N7 Quantity and outlets for sludge produced from paper mills in Sweden
(SFIF, personal comm. 2000)

Waste type Volume
(m3)

Quantity
(tonnes)

Land-
reclamation

Landfill Inciner
-ation

Other*

Paper Sludge 1,300,000 390,000 < 5% 30% 60% 5%

De-inking sludge 170,000 60,000 0 40% 60% 0%

Note:

* recycling in other industries
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Table N8 Quantity and outlets for waste produced from paper mills in Sweden
(SEPA 1998)

Plant Tonne/year Outlet

Green liquor sludge1 360 606 Landfill

Lime2 and lime gravel 33 567 Landfill

Sludge 144 862 Landfill>>incineration>agriculture

 Wood waste3 438 521 Landfill> incineration/biofuel

Screening and fibre reject 30 684 Incineration/landfill>other recovery

Waste from recycling mills
excluding de-inking sludge

26 913 Landfill/incineration/biofuel

Waste from coating 9 716 Landfill

Other paper and pulp
specific wastes

61 791 Landfill>biofuel

Bioashes/slag from energy
extraction

82 104 Landfill>>cover material

Total 1 188 764
Note:

1 Inorganic waste formed during recovery of cooking chemicals
2 Lime surpluses is often re-incinerated in the lime kiln
3 Wood yard waste is bark contaminated with stones which can not be used as fuel
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N3 PROPERTIES OF WASTE SPREAD ON LAND

Farm waste

The quality of animal slurry is summarised in Table N9 below.

Table N9 Quality of animal manure (EPA 1999)

Unit Slurry from cattle Slurry from pigs

DM (%)

Tot-N (% of DM) 4.04 6.34

NH4-N (% of DM) 2 4.19

Tot-P (% of DM) 0.76 2.32

Pb (mg/kg DM) 0.92 0.95

Cd (mg/kg DM) 0.13 0.17

Cu (mg/kg DM) 49 178

Cr (mg/kg DM) 2.3 4.1

Hg (mg/kg DM)

Ni (mg/kg DM) 3.6 3.2

Zn (mg/kg DM) 190 635

Industrial waste

The Agricultural University provided some statistics on the quality of digested product (Table
N10) and detailed quality analyses from the Karpalund anaerobic digestion plant (Table N11).
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Table N10 Quality of digestion product from organic residues

Unit Digestion residue1

DM (%) 4.1

Tot-N (% of DM) 11.5

NH4-N (% of DM) 8.9

Tot-P (% of DM) 1.9

Pb (mg/kg DM) 2.55

Cd (mg/kg DM) 0.29

Cu (mg/kg DM) 128

Cr (mg/kg DM) 14

Hg (mg/kg DM) 0.03

Ni (mg/kg DM) 7.8

Zn (mg/kg DM) 395
Note:

1 Average value from four digestion plants in Sweden treating manure and source separated organic waste
from slaughter-houses, food processing industries, restaurants etc. Data from 1999.
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Table N11 Quality of liquid bio-fertiliser from Karpalund anaerobic digestion plant
(01/03/2000)

Parameter Concentration Unit

Dry matter 4.1 %

Total nitrogen (Kjeldahl) 9.3 %DM

Loss by ignition 76 %DM

C/N 4

PH 8.0

Ammonium Nitrogen 7.1 % DM

Phosphorus P 2.0 % DM

Potassium K 4.6 % DM

Magnesium Mg 0.73 %DM

Calcium Ca 2.7 % DM

Sodium Na 1.4 % DM

Boron B <50 mg/kg DM

Sulphur S 9300 mg/kg DM

Lead Pb 7.6 mg/kg DM

Cadmium Cd <0.5 mg/kg DM

Copper Cu 210 mg/kg DM

Chromium Cr 6.3 mg/kg DM

Mercury Hg <0.06 mg/kg DM

Nickel Ni 8.5 mg/kg DM

Zinc Zn 440 mg/kg DM

Manganese Mn 320 mg/kg DM

Fluoranthene 0.12 mg/kg DM

Benzo (b) Fluoranthene <0.1 mg/kg DM

Benzo (K) Fluoranthene <0.1 mg/kg DM

Benzo (A) Pyrene <0.1 mg/kg DM

Benzo (G,H,I) Perylene <0.1 mg/kg DM

Indeno (1,2,3-CD) Pyrene <0.1 mg/kg DM

PCB (28) <0.002 mg/kg DM

PCB (52) <0.002 mg/kg DM

PCB (101) <0.002 mg/kg DM

PCB (118) <0.002 mg/kg DM
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Parameter Concentration Unit

PCB (153) <0.002 mg/kg DM

PCB (138) <0.002 mg/kg DM

PCB (180) <0.002 mg/kg DM

4 – Nonylphenol <4.0 mg/kg DM

Toluene <0.1 mg/kg DM

Paper industry

Information on the quality of de-inking sludge was also provided and is presented in Table
N12 below.
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Table N12 De-inking sludge – Quality (SFIF, personal com 2000)

Parameter Number of samples Mean

Dry solids (%) 5 38

C/N ? 200

N (mg/kg ds) 7 2,300

Zinc (mg/kg ds) 7 130

Copper (mg/kg ds) 7 140

Nickel (mg/kg ds) 7 12

Cadmium (mg/kg ds) 7 < 0.8

Chromium (mg/kg ds) 7 29

Lead (mg/kg ds) 7 16

Arsenic (mg/kg ds) 7 < 8



European Commission - Directorate-General for Environment

WRc Ref:CO4953-2/11768-1
July 2001

496



European Commission - Directorate-General for Environment

WRc Ref:CO4953-2/11768-1
July 2001

497

REFERENCE

EPA 1996. Floden av organiskt avfall (Flows of organic residues). Report No 4611, Swedish
Environmental Protection Agency.

EPA 1999. Animal manure – content of nutrients and trace elements. Report No 4974,
Swedish Environmental Protection Agency.

Rodhe L (1998) Recycling organic solids in agriculture: State of the art in Sweden. In:
Proceedings of ROSA meeting 1, Sweden, 24-25 September 1998.

Thomsson O (1999) The current situation concerning the use of municipal organic waste in
Sweden. In: Proceedings of NJF seminar No 292, November 23-25 1998, Agricultural
Research Centre, Jokioinen, Finland, Session 1.



European Commission - Directorate-General for Environment

WRc Ref:CO4953-2/11768-1
July 2001

498

CONTACTS

Name Organisation

Ingrid Haglind AssiDomän AB

Jari Lalli Statens Fastlighestverk

Marcus Hallgren Svenska FSC rådet

Christer  Johansson  Karpalunds biogas plant

Ola Palm Swedish institute for agricultural and environmental
engineering

Birgit Landquist Danisco Sugar AB

Bo Audelius RVF (Swedish association of waste management)

Simon  Lundeberg SEPA

Kersti Lindeholm SEPA

Holge Kirsman Swedish Agricultural University



European Commission - Directorate-General for Environment

WRc Ref:CO4953-2/11768-1
July 2001

499

APPENDIX O UNITED KINGDOM

SUMMARY

In the UK, certain industrial wastes applied to agricultural land are exempt from licensing
under waste regulations. This is to permit the beneficial recovery of certain wastes and follows
provisions made under the 1991 EC Waste Framework Directive. Animal wastes and sewage
sludge are not controlled under waste regulations.

The Environment Agency is the lead authority responsible for enforcing waste regulations in
England and Wales. In Scotland, the responsible authority is the Scottish Environment
Protection Agency (SEPA) and in Northern Ireland, it is the Environment and Heritage
Service. These agencies administer the processes of exempt activity registration and
licensing. The Environmental Agency is in the process of revising exemption from waste
management licensing for the landspreading of waste.

Under the exemption system, contractors have to pre-notify the regional regulatory agencies
of the maximum quantity, type of waste and location of the landspreading operations.
However this information does not reflect the actual amount recycled to land and is not kept
centrally.

To be exempt from licensing, a landspreading operation must demonstrate agricultural benefit
and ecological improvement. There are no statutory information requirements or controls on
the quality of waste or on soil quality as required for sewage sludge recycled to land.
Consequently, there is very limited information available on the quality of exempt wastes at
the regulatory levels and this information is mainly kept by landspreading contractors.

Landspreading of industrial wastes is mostly carried out by contractors who collected waste
from the site of production. Solid wastes are usually transported in dumper trucks or skips
whilst liquid wastes are transported in tankers. Very few waste producers have the ability to
store wastes on their premises, resulting in the need for storage at the site of application.
Storage-related problems at the site and transport related issues can arise. There are no
specific minimum standards for storage of these wastes in contrast to the regulations applying
to animal slurries.

It is estimated that about 98 million tonnes (on a fresh weight basis) of waste is recycled to
land each year in the UK equivalent to around 17 million tonnes of dry solids. Of this, 93% is
waste from farm yard manure and 5% is industrial waste. For comparison, an additional 1.1
million tonnes of sewage sludge (dry solids) is also recycled to land.  In the UK, information on
quantities of agricultural waste is generally available while the actual amounts of exempt
wastes spread on land are not know accurately because there is no requirements for record
keeping.

In the UK, landspreading of wastes is in a period of change. While it is likely to increase, it will
also be more closely controlled. The industries producing wastes impacted by these
legislative changes will need to review their current operations to ensure that they are
equipped to cost effectively meet the challenge presented by the regulatory environment.
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Landspreading is likely to increase because it is a preferred option to disposal in the hierarchy
of waste management options, and because of the landfill tax which has altered the balance
of costs between landspreading and landfilling of wastes. In addition, the Landfill Directive has
introduced a programme for the reduction of municipal biodegradable material going to
landfill. This does not currently apply to industrial sources of organic matter. However, there is
every likelihood that it will in the future, when it will have a significant impact on landfilling
practices and increasing pressure on other disposal outlets for organic materials.

In addition, controls on landspreading operations of some organic wastes could be brought
under the same regulatory controls as those applied to sewage sludge as proposed in revision
of the Sludge Directive. In parallel with this revision, the Department for Environment,
Transport and the Regions is reviewing the current exemptions open to the landspreading of
waste to agriculture, and is recommending that properly qualified advice is used to assess the
agricultural benefit of a waste prior to spreading on farm land.
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O1 LEGAL AND REGULATORY FRAMEWORK

Responsible parties

The Environment Agency is the lead authority responsible for enforcing waste regulations in
England and Wales. In Scotland, the responsible authority is the Scottish Environment
Protection Agency (SEPA) and in Northern Ireland, it is the Environment and Heritage
Service. The Agencies administer the processes of exempt activity registration and licensing.
Under the Agency conservation duties, it has to ensure that an activity does not adversely
affect the integrity of a designated conservation area. In order to ensure that an activity
qualifies for an exemption, the Agency will need to consult with the appropriate organisations
or consider the potential impact internally to identify any designated sites and assess the risks
posed by landspreading.

These agencies are also responsible for the prevention of pollution of surface and
groundwaters. The Environment Agency has a duty to monitor and protect the quality of
groundwater and to conserve its use for water resources. It also had a duty to maintain and
where appropriate, enhance conservation of the surface water environment. The Agency may
take measures to prevent pollution from landspreading of controlled wastes.

Control on farm waste landspreading

Wastes generated on farm such as animal manures and slurries are excluded from the
definition of controlled wastes and are therefore not subject to the associated statutory
controls with respect to on-farm recycling.

Section 92 of the Water resources Act 1991 and the Control of Pollution (Silage, Slurry and
Agricultural Fuel Oil) Regulations 1991 as amended, control the storage and handling of
silage effluent, slurry, dirty water and fuel oil to prevent pollution of water resources. Farmers
can be fined up to £20 000 if their operations are not compliant.

The Control of Pollution (Silage, Slurry and Agricultural Fuel Oil) (Scotland) Regulations 1991
specify minimum standards for storage of slurry. In the event of a pollution incident arising
from leaching from storage or the result of spreading, the relevant regulatory agencies may
take action or may serve a notice requiring improvements.

Guidelines for Good Agricultural Practice

There are several practical guides published by the Ministry of Agriculture to help farmers and
growers avoid causing environmental damages. The recommendations deal mainly with
agricultural wastes but also cover other organic wastes spread to land such as exempt wastes
and sewage sludge. These are detailed below.
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Code of Good Agricultural Practice for the Protection of Water

This is a practical guide to help farmers and growers avoid causing water pollution, which is a
Statutory Code under Section 97 of The Water Resources Act 1991(and before that under
Section 116 of the Water Act 1989). Section 6 deals with ‘Other Organic Wastes’. It
recommends a limit of 250 kg ha-1 y-1 of total nitrogen in organic materials applied to the land.
Organic materials should not be applied on non-spreading areas, and restricted to 50 m3 ha-1

(slurries) and 50 t ha-1 (consolidated organic materials such as manure) per application in
high-risk areas. These non-spreading and high-risk areas are defined in paragraphs 25 to 27,
30 and 31 of the Code. This Code is likely to be updated in 1998. It is understood that the
revision will permit application of 500 kg ha-1 of total nitrogen in one application every two
years of wastes containing little plant available nitrogen (such as compost) in catchments less
sensitive to nitrate leaching.

Code of Good Agricultural Practice for the Protection of Air

This practical guide is to help farmers and growers avoid causing air pollution from odours,
ammonia and smoke, or from greenhouse gases which cause global warming. It includes a
section on ‘Precautions when spreading manure and slurry’, with advice on methods of
application which reduce odour emission. It advises that landspreading should be avoided in
fields close to and upwind of houses unless it is liquid slurry that can be band spread or
injected, or has been treated to effectively reduce its odour. No more than 50 m3 ha-1 (slurries)
or 50 t ha-1 (solids) of waste should be applied at one time in locations where odour could be a
problem.

Code of Good Agricultural Practice for the Protection of Soil

To help farmers and growers avoid causing long-term damage to the soils which they farm,
this guide gives general guidance on practices which will maintain the ability of soil to support
plant growth. The background to the report makes reference to The Council of Europe and its
agreement to the Recommendation on Soil Protection in May 1992. Section 4 on
contamination contains guidance on ‘Other industrial and domestic wastes’ in paragraphs
104-107, and on ‘Dredging materials’ in paragraph 115. Broad guidance is given in this
section on fertiliser value, beneficial conditioning of soil, and avoidance of water pollution and
soil contamination.

Scottish Office Code of Good Practice for the Prevention of Environmental Pollution from
Agricultural Activity

In addition in Scotland, there are guidelines on storage and spreading in the Scottish Office
Code of Good Practice for the Prevention of Environmental Pollution from Agricultural Activity
(1997). It is a practical guide for farmers, growers, contractors and others involved in
agricultural activities. The Code covers the main agricultural activities and describes some of
the management practices that can be adopted to avoid or at least minimise the risk of
causing pollution while enabling economic agricultural practice to continue. The Scottish Code
contains information on non-farm wastes and other organic wastes as well as agricultural
wastes.

The equivalent Code for Northern Ireland is published by Department of Agriculture, Northern
Ireland (DANI, 1990) and is entitled the ‘Countryside Management Code of Practice for the
Protection of Water’.
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Control on industrial waste landspreading

The Waste Framework Directive (91/156/EEC amending 75/442/EEC) provides the basis on
which all waste is managed. The Waste Framework Directive was implemented in the UK by
Part II of the Environmental Protection Act 1990 and the Waste Management Licensing
Regulations (WMLR) 1994.

The WMLR 1994 provide a system for the licensing of waste recovery, disposal and treatment
operations. The WMLR allow the spreading of some from non-agricultural wastes onto
agricultural land without a licence. If not specifically exempted, a waste management licence
will be required for such activities. Guidance on the licensing of waste management facilities
is provided in Waste Management Paper (WMP) No.4 (DoE 1994).

Wastes that are exempt from site licensing and which can be spread on agricultural land are
listed in Table O 1.  A more limited range of wastes (only Part I of Table O 1) can be spread
on specified non-agricultural land such as operational land of a railway, light railway, internal
drainage board or the Environment Agency; or b) and land which is a forest, woodland, park,
garden, verge, landscaped area, sport ground, recreation ground, churchyard or cemetery.

Table O1 Exempt wastes from licensing under Schedule 3, paragraph 7 of WMLR
1994

Part I

•  Waste soil or compost.

•  Waste wood, bark or other plant matter.

Part II

•  Waste food, drink or materials used in or resulting from the preparation of food or drink.

•  Blood and gut contents from abattoirs.

•  Waste lime.

•  Lime sludge from cement manufacture or gas processing.

•  Waste gypsum.

•  Paper waste sludge, waste paper and de-inked paper pulp.

•  Dredgings from any inland waters.

•  Textile waste.

•  Septic tank sludge.

•  Sludge from biological treatment plants.

•  Waste hair and effluent treatment sludge from a tannery.
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Specific conditions and limitations for wastes to be allowed to be spread on land and exempt
from a license as specified in the Regulations are listed below:

•  No more than 250 tonnes or, in the case of dredgings from inland waters, 5,000 tonnes of
waste per hectare may be spread on the land in any period of twelve months.

•  Where more than one waste type is to be spread, the quantities applied must be taken
together;

•  The activity must result in benefit for agriculture or ecological improvements;

•  Notification must be given to the local Waste Regulation Authority (i.e. the Environment
Agency) in advance of the spreading taking place. For regular applications, information
must be repeated every six months or when the nature of the waste changes. Table O2
below describes the statutory information that is required under the WML Regulations. The
Agency’s form requires information in addition to the minimum statutory requirements to
ensure that the exemption requirements are met.

•  Once notified to and accepted by the Agency, the activity will be registered as exempt. The
register is then available for public scrutiny.

Table O2 Information requirements for pre-notification of landspreading of
exempted wastes

•  the operator’s name, address, telephone (and FAX) number(s);

•  a description of the waste, including the process from which it arose;

•  where the waste is being and will be stored pending spreading;

•  an estimate of the quantity of the waste or, in the case of a frequent spreading, an estimate
of the total quantity of waste to be spread during the next six months; and

•  the location and intended date and, in the case of a regular spreading, the frequency of the
spreading of the waste.

It is recommended in Circular 11/94 (26/94 in Wales) to use properly qualified advice (PQA)
prior to the notification. PQA should take account of the environmental protection objectives
stated in the Regulations, ensuring that waste is recovered without endangering human health
and without using processes or methods which could harm the environment and ensuring that
each field is suitable for landspreading. PQA should interpret the analysis and confirm the
beneficial aspects of landspreading a waste, determine appropriate application rate and
application method.

It is an offence under s.33 (1) of the Environmental Protection Act 1990 to spread waste on
land where this is outside the requirements for an exemption. Under such circumstances the
penalties would be a fine of up to £20 000 and/or six months imprisonment. It is an offence to
carry on an exempt activity involving the recovery or disposal of waste without being
registered with the Environment Agency. The penalty would be a fine of up to £10.
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The exemption for landspreading is under review by the Department of the Environment,
Transport and Regions. Some of the aspects considered for revision are;

•  list of exempt wastes;

•  suitability of each application is assessed on a case by case basis as the benefit of the
material depend on site specific factors as well as on the composition of the waste;

•  definition of agricultural benefit and ecological improvement;

•  information which should be submitted

•  notification period;

•  competence of operators, etc.

Control of water resources from landspreading operations

The Groundwater Regulations 1998 implementing the EC Groundwater Directive (80/68/EEC)
prevent the entry of all List I substances into groundwater, and limit the entry of List II
substances, so as to avoid pollution. As the range of substances allocated to these lists is
extremely broad, and includes all pesticides, inorganic phosphorus, and ammonia, a wide
range of materials spread onto agricultural land could be affected.

Where activities on land such as exempt waste spreading are taking place in accordance with
the provisions and conditions of the exemption, and the waste does not contain significant
concentrations of Listed substances (and it provides agricultural benefit and does not
therefore constitute ‘disposal’), an authorisation will not normally be required under the
Groundwater Regulations. However, activities which are exempted from the waste
management licensing regime are not automatically exempted from the provisions of the
Groundwater Regulations and a separate assessment may be needed. Therefore, providing
sufficient details are submitted and sufficient account is taken of groundwater at the pre-
notification stage, the spreading of “exempt” wastes will not require authorisation.

Where existing controls are found to be inadequate, or not being followed, there is provision
for serving a “notice” prohibiting or modifying the activity concerned. When pollution of
groundwater and/or surface water has occurred as a result of an exempted activity, the
Agency has powers under the Water Resources Act 1991 (as amended by the Environment
Act 1995) to pursue prosecution of the polluter.

The implementation of the EC Nitrate Directive (91/676/EC) required the designation of Nitrate
Vulnerable Zones (NVZs). In England and Wales 68 NVZs totalling an area of approximately
600,000 ha were designated.

The statutory provisions have been published in the Protection of Water Against Agricultural
Nitrate Pollution (England and Wales) Regulations 1996 (SI 1996/888). The Nitrates Directive
provisions were transposed into the Protection of Water Against Agricultural Nitrate Pollution
(Scotland) Regulations 1996. One NVZ has been set up in Scotland, at Balmalcolm covering
12 farms. SEPA has recommended that two further NVZs be established, namely the Ythan
catchments and at Kinnesswood.
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Within the NVZs, compulsory measures are imposed:

•  restrictions on organic manures in NVZs - limits of 210 kg N ha-1 y-1, reducing later if
necessary to 170 kg N ha-1 y-1, and

•  closed periods on shallow or sandy soils when liquid slurries containing readily available N.

Sewage sludge legislation and guidance

The Sludge Regulations do not apply to landspreading of exempt waste. However, much of
this is relevant to landspreading of industrial wastes since it covers sludge quality in terms of
content of nutrients, contaminants, pathogenic micro-organisms, odour and treatment
processes, and land management to protect soil and water quality and prevent environmental
problems. Monitoring, record-keeping and reporting are also covered. A relevant theme
throughout the regulations and guidelines for landspreading of sewage sludge is the onus on
the sludge producer to monitor sludge and soil and keep records of operational details in a
register.

Recycling of sewage sludge to agricultural and other land is controlled by statutory
requirements and detailed recommendations in various guideline documents. The relevant
documents are:

•  The Sludge (Use in Agriculture) Regulations (as amended) S. I. 1263. HMSO, London
(1989) implemented the EC Sludge Directive (86/278/EEC). The Regulations transpose
into UK law the provisions of EC Sludge Directive 86/278/EEC. The Regulations are
currently being revised. The Regulations place restrictions on the application of sewage
sludge to agriculture and place duties on sludge producer, operator and occupier of the
land with respect to sludge use;

•  The Safe Sludge Matrix is an agreement between the UK Water industry and the British
Retailer Consortium (BRC) which provides additional restrictions on use of sewage sludge
on agricultural land. The main output is the ban on use of untreated sludge except on non
food industrial crops on which untreated sludge is allowed to be applied until the end
2001. Other restrictions apply.

•  These statutory regulations have been complemented by the Code of Practice for
Agricultural Use of Sewage Sludge first published by DoE in 1989. A revised Code
(second edition) was issued in April 1996 to take account of the DoE/MAFF review of food
safety / animal health and soil fertility aspects of the rules for applying sewage sludge to
agricultural land, which reported in 1995. A MAFF booklet on general information on the
application of sewage sludge to agricultural land was published in 1996 (MAFF 1996). The
Water Services Association has recently (WSA 1996) produced a leaflet on recycling
sewage sludge / biosolids to agriculture. Additional guidance for landspreading of sewage
sludge has been published in Scotland by SAC, Technical Note T 450 ;

•  As regards non-agricultural land, guidance includes Forestry Commission Bulletin 107, ‘A
Manual of Good Practice for the Use of Sewage Sludge in Forestry’, HMSO, London
(Wolstenholme et al, 1992) and a manual of good practice for the use of sewage sludge in
land reclamation is also available (Wolstenholme and Hall 1999).
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Protection of conservation areas

The spreading of industrial wastes has the potential to impact areas and sites of wildlife,
cultural and historical interest. There are many designated conservation areas which are
afforded protection under various pieces of legislation. For example, Site of Special Scientific
Interest (SSSIs) are areas of land notified under the Wildlife and Countryside Act 1981 (WLCA
81) as being of special nature conservation interest. All National Nature Reserves, Ramsar
sites, Biosphere reserves, Special Protection Areas and Special Areas of Conservation are
also designated as SSSIs.

In order to ensure that an activity qualifies for an exemption, it must not affect the countryside
or a place of special interest.

Control on Animal health

The Animal By-Product Order 1992 as amended defines animal by-product and sets out the
requirements covering their disposal. It implement the EC Directive 90/667/EEC which cover
the disposal and processing of animal carcasses or parts of animal or products of animal
origin not intended for direct human consumption. It does not cover animal excreta and
catering waste.

An animal by-product has to be disposed by rendering approved premises, incineration or
burning other than at an incinerator. If access is difficult or the amount or distance to the
rendering premises or incinerator is too large, then the by-product may be buried at a depth
where it would not be accessible to carnivorous animals.

Blood, not used in the manufacture of feed-stuff, is not an animal by-product if the blood is
from healthy animals and may be eligible to be landspread under the exemption of WMLR
1994. If blood is from diseased animals, it is an animal by-product.

Additional controls on animals and animal health include the Disease of Animals (Waste
Food) Order 1973 which covers specified waste food and requires its processing under
certain provisions. The Animals and Animal Products (Examination for Residues and
Maximum Residue Limit) Regulations 1997 prohibit the use of certain substances which have
a hormonal or thyrostatic action and of beta-agonists and also lay down rules for monitoring of
residues in live animals and animal products.

The Spongiform Encephalopathy Advisory Committee (SEAC) has considered the
acceptability of landspreading of blood and gut contents in relation to concern about possible
transmission of BSE resulting from the practice. The Committee felt that given the fact that no
BSE infectivity had ever been detected in blood and that there was no evidence of horizontal
transmission of disease which would suggest that cattle wastes were directly infective to
cattle, there was no reason to recommend that this practice should be prohibited or thought to
be inadvisable (MAFF News Release 198/96 7.6.1996).

Strict procedures are now enforced at abattoirs and renderers with the intention of removing,
for separate disposal, components of cattle carcasses which might contain BSE prions. The
term Specified Bovine Material (SBM), now called Specified Risk Material (SRM), is used to
refer to these parts of the carcass. An example of these statutory procedures is The Specified
Bovine Material (No. 2) Order 1996 (SI 1996 No. 1192) which came into effect on 1 May 1996.
Further legislation (Article 2e SBM (No. 3) Order 1996) includes the need to ensure that
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trapped abattoir waste (i.e. caught in screens and drain traps in areas handling SBM) is dealt
with separately as SBM and is not discharged onto land.

Control on Plant health

Diseased plant waste cannot be spread on agricultural land. The disposal; of such waste is
controlled by the Plant Health (Great Britain) Order 1993 which required the material to be
incinerated or disposed of to landfill. A code of practice has been developed by MAFF, the
Code of Practice for the safe disposal of agricultural and horticultural waste 1994, whereby
material leaving the processing plant should receive suitable treatment or in the case of soil,
be returned to the field of origin.

Additional guidance relevant to landspreading of wastes

•  A report on legislative requirements for landspreading of industrial wastes entitled,
‘Controlling the landspreading of wastes’. This was a guidance document produced by the
National Association of Waste Regulation Officers and National Rivers Authority Technical
Liaison Group (NAWRO/NRA 1996);

•  CIRIA Report 157 - Guidance on the disposal of dredged material to land;

•  Code of Practice for landspreading paper mill sludge published in 1998 by the Paper
Federation of Great Britain; and

•  The Royal Commission on Environmental Pollution in its nineteenth report on ‘Sustainable
Use of Soil’ (RCEP 1996) has made a number of recommendations concerning
landspreading of sewage sludge and industrial wastes.
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O2 QUANTITIES OF WASTE RECYCLED TO LAND

Farm animal wastes

It is estimated that, for the whole of the UK, around 91 million tonnes of farm animal manure
(fresh weight) are collected annually from farm buildings and yards (Table O3). This
represents the majority of materials recycled to agriculture, around 93%. Of these,
approximately 50% are handled as solid manure (mainly cattle, sheep, pig and poultry) and
the remainder as liquid slurry (cattle and pig). Additionally around 60 million tonnes of excreta
are deposited directly in the field by grazing cattle, sheep and pigs (Chambers 1999).

The majority of farm manures are applied to farm land where there are produced while 40% of
poultry and 15% of pig manure are transported off-site for disposal.

Only a small minority of farmers treat their slurry before landspreading mainly due to odour
problem.

Table O3 Estimated quantities of farm animal manures recycled annually to
agricultural in the UK

Animal type Number1

(x103)
Estimated quantity2

Fresh weight
(x106 tonnes)

Dry solids
(x106 tonnes)

Cattle 11 423 73.3 12

Pig 7 284 10.4 1

Poultry 150 494 4.4 2.1

Sheep 44 656 2.6 0.6

Total 90.7 15.7

Ref.:

1 MAFF statistics for 1999
2 Chambers 1999

England and Wales

It has been estimated that in England and Wales alone, approximately 67 million tonnes (fresh
weight) of animal manures are collected annually from farm buildings and yards (Table O4).
About 45% are as solid based manure and the remainder is as liquid slurry. Additionally
around 45 million tonnes of excreta are deposited directly in the field by grazing cattle, sheep
and pigs. These 67 million tonnes of handled manure contain about 340,000 tonnes of
nitrogen, 90,000 tonnes of phosphorus and 250,000 tonnes of potassium (Chambers et al
1999).

The amount of manure and slurry produced vary depending on the type of stock and the main
source of further variation in weight or volume being the degree of dilution with straw or water.
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However, the quantities produced by various classes of livestock can be predicted
reasonably.

Table O4 Estimated quantities of farm yard manure handled annually in England
and Wales (Chambers et al 1999)

Animal type As solid manure
(x 106 tonnes)

As liquid manure
(x 106 tonnes)

Total fresh weight
(x 106 tonnes)

Cattle 21 32 53

Pig 4.3 4.6 8.9

Poultry 3.5 - 3.5

Sheep 1.9 - 1.9

Total 30.7 36.6 67.3

Scotland and Northern Ireland

It has been estimated (SAC 1998) that approximately 15 million tonnes (fresh weight) of farm
yard manure are applied to farmland in Scotland every year. This account for 96% of
quantities of waste currently recycled to land in Scotland. These figures are based on
numbers of animals and estimated volumes produced per head. Approximately 80% of this
manure is in the liquid form. Most of the farm waste in Scotland is derived from cattle excreta
(Davis et al 1999) originating from the dairy, beef, pig and poultry sectors. There is an
additional 10 million tonnes (fresh weight) excreted directly on to land by grazing animals.

Typical loadings of nutrients for various animal wastes in Scotland are shown in Table O5
below. The total amount of nutrients applied to farmland in Scotland through animal manure
accounts for 33 750 t N per annum (14%) and 10 635 t P per annum (11%). Approximately
30  000 t of N is supplied to Northern Ireland farmland each year in the form of animal manure
(Long and Gracey 1990), equivalent to approximately 6 million tonnes of farm yard manure.

Table O5 Typical loadings1 of nutrients for different animal wastes (Aitken 1998)

Type of animal
waste

Plant-available N
(kg)

PO4

(kg)
K2O
(kg)

Cattle slurry 37 25 112

Pig slurry 200 100 135

Poultry broiler litter 1250 850 700

Note:
1 assuming an application rate of 50 m3 per ha

Industrial wastes
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Since the introduction of the Waste Management Licensing Regulations (WMLR) 1994, a
variety of non-agricultural derived wastes have been applied to land under legal exemptions
from licensing. The actual amounts of exempt wastes spread on land are not known
accurately. This is due to the recording system currently in place whereby the sludge
contractor is required only to give pre-notification of maximum amounts intended to be spread
in a six-month period. Quantities provided by contractors are based on maximum area to
which the waste is to be applied and maximum application rate. Therefore figures on
quantities of exempt wastes are no more than rough estimates, the exceptions being paper
wastes. It has not been possible to estimate a figure for some wastes although for some of
these, such as dredgings and waste lime materials, the quantities spread on land are
expected to be quite substantial and in excess of 500 000 tonnes (wet weight) per annum.

Data on quantities recycled to land presented in Table O6 have been compiled using
quantities reported by Davis et al (1999) for Scotland and Environment Agency (pers. comm.
2001) for England and Wales. The total estimate amounts to 7 million tonnes of waste on a
fresh weight basis. Davis and Rudd (1998) had estimated that around 850 000 tonnes of dry
matter was recycled to land in the UK through industrial residues, representing 4% of the total
quantity of materials recycled to agriculture. The main industrial sectors using this route are
food and sugar beet processing industries, and paper industry.

Table O6 Estimated quantities of animal farm wastes and exempt wastes spread
annually on land in the UK1

Waste  type Quantity
(x103 wet tonnes per annum)

Food waste 1 549

Paper sludge 405

Textile 3.5

Tannery and leather 9

Biological treatment plant sludge2 13

Other organic waste3 5 051

Mineral waste4 39

Total 7,070

Notes:

1 including England and Wales and Scotland
2 Including sectors such as metal production, gas/electricity/ water utilities, transport, storage and

communications
2 Including vegetable, animal matter, tissue and body fluids from various sectors such as

catering, public administrations and maybe abattoirs
4 Including gas cleaning waste, cement and lime waste, rocks and soil from various sectors
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England and Wales

The Environment Agency is required to produce estimates of the amounts of controlled
wastes produced in England and Wales and the methods by which it is managed. Last year
the Agency has launched the National Waste Survey based on questionnaire to around
20,000 industrial and commercial premises and visits to around 12,000 of these premises.
This information has been cross-referenced with information from other sources (i.e. Trade
associations). A draft report (LQM 2000) has been produced and the latest figures were
provided by the Agency (Environment Agency, pers. comm. 2001).

In England and Wales, the quantities of wastes generated by industrial processes and
recycled to land as reported in the National Waste Survey (Environment Agency, pers. comm.
2001) are given in Table O7. It amounts to 6.8 million tonnes (fresh weight).

Table O7 Estimated annual amounts of wastes applied to land in England and
Wales (National Waste Survey, Environment Agency, pers. comm. 2001)

Waste type Quantity
(x 103 wet tonne per annum)

Food industry waste1 1409

Paper sludge 322

Textile waste 3.5

Leather and tannery waste 0.3

Cement waste 12.2

Biological treatment plant sludge in other sectors2 4.3

Other organic waste2 5050

Rocks, sub-soils and contaminated soil/subsoil 15

Fly-ash or other gas cleaning residues4 0.03

Other mineral wastes 0.4

Total 6817

Notes:

1 Including vegetable and animal matter, mineral waste and sludge from biological treatment
plant processing waste from a wide range of industries including vegetable processing, sugar
processing, meat and fish processing, dairies, soft drinks, breweries, etc.

2 Including sectors such as metal production, gas/electricity/ water utilities, transport, storage and
communications

3 Including vegetable, animal matter and tissue and bloody fluids from various sectors such as
catering and public administration and maybe abattoirs

4 Including sectors such as machinery, equipment,  furniture and other manufacturing industries
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Scotland and Northern Ireland

In Scotland, it is estimated that the quantities of exempt wastes range between 250 000
(Davis et al 1999) and 364 000 tonnes (fresh weight) (SEPA 1998). Almost 290 000 tonnes
was pre-notified in SEPA East Region, 60 000 tonnes in SEPA West Region and 14 000
tonnes in SEPA North Region. The main exempt wastes used in Scotland are paper sludge,
distillery waste and milk processing waste (Table O8). Industrial wastes account for 3% of
waste recycled to land in Scotland.

Table O8 Estimated annual amounts of exempt wastes applied to land in Scotland
(Davis et al 1999)

Waste type Quantity
(wet tonnes per annum)

Paper mill sludge 82 306

Distillery waste 69 710

Milk processing >30 000

Chicken processing 20 526

Blood and guts 10 521

Tannery 8 810

Biological treatment plant sludge 8 584

Waste lime 8 483

Molasses 6 510

Liquid ammonia 2 922

Abattoir waste including guts and paunch
contents

1 700

Fish processing 1 422

Septic tank 1 400

Waste wood or other plant matter -

Total 252 984

Paper sludge

Landspreading of paper waste sludge, waste paper and de-inked paper pulp is one of the
exempt activities from waste licensing included in Schedule 3 of the Waste Management
Licensing Regulations 1994. The Paper Federation of Great Britain has published last year a
Code of Practice for Landspreading of Paper Mill Sludge (1999). A large proportion of it is
recycled to land since the introduction of the landfill tax on 1 October 1996. There have been
cases and there are concerns in the Environment Agency that the agricultural route is being
used as a cheap disposal option for paper sludge. The other disposal options used in the UK
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for paper sludge are landfill and incineration or heat production on the paper mill site for
pulping process.

The UK paper industry comprises 97 mills owned predominantly by multinational companies.
These mills are generally very large and perform the pulping of the fibre. The main products
and production figures for 1998 are presented in Table O9 below. The source of the fibre in
the UK is a mixture of mostly imported pulp and waste paper. Pulping of wood chip only occur
at one site by mechanical pulping in the UK.

The National Waste Survey indicated that the total of waste materials generated by paper
industry is approximately 2.5 million tonnes including paper sludge, de-inking sludge, waste
paper, plastics, etc. In the validation study (LQM 2000), it was estimated that newsprint
production generates annually around 540 000 tonnes of paper sludge and 170 000 t of
deinking paper sludge (on a fresh weight basis) which can not be recycled into the production
process. The coefficients of calculation are presented in Table O10. In addition, graphics
production generates around 30 000 tonnes of sludge. The quantities of paper sludge
currently recycled to land in England and Wales are reported to amount to 322,321 tonnes
(fresh weight) (Environment Agency, pers. comm. 2001), approximately 45% of sludge
produced. In Davis and Rudd study (1998), a largest quantity of sludge was reported as it was
estimated that 520 000 tonnes of paper sludge (dry solids basis), or in excess of
1 x 106 tonnes fresh weight, were spread on land in 1995 in England and Wales.

Table O9 Paper products production 1998 (LQM 2000)

Product Type Annual Production
(x 106 tonnes)

Newsprint 1.0

Graphics (printing etc) 1.8

Tissue 0.6

Packaging papers 0.1

Case materials (corrugated card) 1.8

Cardboard 0.7

Other 0.4
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Table O10 Paper sludge and de-inking sludge arising from newsprint production in
the UK (LQM 2000)

Total raw material
(x106 tonnes/y)

Yield
(%)

Paper sludge
(x106t/y)

Wet weight Dry solids*

Virgin fibre 0.92 65 0.54 0.32

Recycled fibre 0.5 80 0.17 0.10

Total 0.71 0.42

Note:

* Assuming a 60% dry solid content

Food and drinks waste

Landspreading of waste food, drink or materials used in or resulting from the preparation of
food or drink is one of activities exempt from waste management licensing in Schedule 3 of
the Waste Management Regulations 1994.

The Food and Drink Federation (FDF pers. comm. 2000) has relayed WRc request for
information to their Members. The information received has been incorporated in the section
below. In addition the information collected by the Environment Agency has been reported,

The National Waste Survey estimated that approximately 8 million tonnes of waste are
produced annually by the Food, Drink and Tobacco sector (LQM 2000) and 1.4 millions are
recycled to land. There is a wide range of different industries associated with food and drink
sector which range in size from national/multinational organisation (e.g. brewing) to small local
producers (e.g. dairy products). Waste management practices are likely to vary with size, in
particular, the accuracy of record keeping which is likely to be better for larger companies and
the scope for re-use which will be subject to economic factors such as proximity of waste
utilising industries.

The largest volumes of waste are produced by the primary processors and include waste such
as soils from vegetable washing, offal from meat processing and husks from cereal milling.
Much of these wastes are re-used as far as possible by secondary industries, e.g. production
of animal feed or fertiliser.

Wastes which can not be re-used for quality or economic reasons are disposed of to different
outlets depending on costs. These types of waste will be mostly in either sludge or liquid form.
In some cases it may be possible to treat liquid waste streams prior to discharge to sewer, but
in most cases disposal to land will be the preferred option. Disposal to land includes both
consignments to landfill and spreading on agricultural land (landspreading). Landspreading
can only be carried out if qualifying as an activity exempt from waste management licensing,
and is not allowed for all waste types.

For the secondary manufacturing processes, economics dictates that waste generated from
foodstuffs is kept to a minimum. Significant quantities of food wastes arise on an irregular
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basis, for example contaminated batches. Ancillary wastes, e.g. packaging etc, are more likely
to be major waste types generated by secondary manufacturing processes.

Information supplied by some individual companies to the Food and Drink Federation (FDF
pers. comm. 2000) is summarised below:

Company Sector Waste type Waste spread to land Waste landfilled

A Vegetable
processing

Fat trap material comprising
starch and vegetable oil
Negligible heavy metal
content and low pathogen
content

Local small-scale
recycling of 100 tds y-1

at one site, equivalent
to 0.1% of primary
product

Equivalent to 2% of
primary product

B Sugar
refining

Filter sludge
DS: 70%
CaCO3: 75% ds
Ca(OH)2: 5%
CaSO4: 3% ds
Organics: 15%

25,000 t y-1 (ww) is
spread as a soil
conditioner

Mill industry

NABIM (The Incorporated National Association of British and Irish Millers) has stated that the
flour milling industry generates virtually no waste from its milling processes and thus negligible
amount is spread on land.

Breweries

The UK brewing industry uses an estimated 34 million m3 per year of water. Most breweries
discharge over 70% of supplied water as trade effluent (ETPP 1998b). Brewery waste such as
grain, wort and yeast can be used as animal feed rather than discharged to sewers. Trub,
subject to certain conditions can be mixed with other liquid wastes for use as animal feed.
Trub and spent hops can be used as a garden mulch or soil conditioner. Trub or other
brewery by-products are also spread on land. Large breweries generate enough yeast to sell
it to food manufacturers. Small breweries do not have this option but can sell it to farmers as
animal feed supplement because it contains over 40% proteins. Slurry from beer filtration
containing yeast, bacteria and other solids can be sold for animal feed without further
processing. Ullage drains from the cask can be stored with spoilt beer and given to local
farmers as animal feed. SIBA (Society of Independent Brewers) has stated that its members
do not use the landspreading outlet.

Dairy industry

Dairies use large amounts of water mainly for cleaning. The effluent is sent to a off-site waste
water treatment plants or is treated on site. Minimising water use and effluent generation at
source are considered and implemented in the dairy industry as well as ways of re-using
waste water, re-suing by- products on site or in other processes or for animal feed such as
whey recovery.

About 90% of the milk used for cheese-making ends up as whey, a watery waste containing
proteins and lactose. It is usually tankered away to be dried and re-used or spread on
farmland. It is a valuable animal foodstuff and is also used as an additive in human foodstuff
such as ice cream, bakery products, etc. There are examples in the UK where whey protein
and lactore are recovered by membrane technology on site and sold while the demineralised
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water is used for cleaning membrane units and as boiler feedwater. Proper disposal is
essential because untreated whey can cause serious water pollution and odour is another
potential problem.

Effluent treatment plants at dairies produce large amounts of sludge which has a high nutrient
and organic matter content. The sludge can be sold for use as fertiliser without treatment with
a potential value up to £100 /tonnes (ETBP 1999). The dried sludges can also make a useful
compost or soil conditioner.

Soft drink industry

Over 25 billion litres of water are used to produce 10 billion litres of soft drinks consumed
every year in the UK according to a survey of water use in the UK Soft Drinks Industry
(ETBPP 1998). The majority of water supplied does not end up in the product but is used for
rinsing containers, equipment, floor washing etc. For 60% of survey respondents, over 30% of
their effluent is discharged off site as waste to a sewage treatment plant.

Renderings and slaughtering

Wastes from abattoirs include blood, gut contents, wash waters and sludge from dissolved air
flotation treatment (DAF) where this process has been used to separate solids from any of the
liquid waste materials of the abattoir, or some admixture of them. Of these, the exempted
wastes are blood and gut contents. It has been assumed from the Agency file which figures
that around 5 million tonnes of abattoirs waste are applied to land in England and Wales.
However, this will need to be doubled checked with the Agency.

Waterworks sludge

It is estimated that a total of approximately 131,000 tonnes dry solids per annum of potable
water treatment works (WTW) sludges are currently produced in the UK. Currently the major
disposal methods in the UK are landfill (58% by mass ds) and discharge to waste water
treatment plants (29%). A number of novel outlets are being used or developed in the UK
such as the use of sludge in brick-making and on agricultural land. The use of WTW sludge in
land reclamation, manufacture of soil improvers and aggregate production are also receiving
some attention (Dillon et al 1996). The cost of disposal of WTW sludge has been estimated as
£5.5 million.

The application of waterworks sludge to agricultural or other land is potentially a major
disposal route. At the present time, however, very little waterworks sludge is utilised in this
way because of the requirements of waste management legislation. Waterworks sludge is not
specifically exempt from current waste licensing regulations which require generally that any
application of waste to land should result in benefit to agriculture or other ecological
improvement. The application of waterworks sludge to forest lands has been investigated in
several countries. Land reclamation could also be a significant disposal route for waterworks
sludge, subject to acceptance by the relevant regulatory authorities.
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Other waste

The foundry industry is looking into recycling foundry sand to land by mixing it with organic
wastes to make a substitute for soil and is seeking exemption for licensing (Ends report 299,
December 1999).
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O3 PROPERTIES OF WASTE SPREAD ON LAND

Farm Animal wastes

Surveys on farm waste quality are not carried out systematically but a substantial amount of
information is available in the open literature mainly from monitoring studies carried out by
ADAS.

Nutrient content

The fertiliser value of manures and slurries is highly variable from farm to farm and is
dependent on factors such as type of livestock (species, breed and age), diet, type of
production and waste handling system. The dry matter content and nutrient content can also
vary considerably from one batch to another.

The total amount of nitrogen contain in manure in the UK has been estimated to 450 000
tonnes (Chambers 1999). Typical nitrogen content for different types of manure are given in
Table O11 (Chambers 1999).

Table O11 Typical dry matter content and nutrient (fresh weight basis) in farm
animal waste produced in the UK (Chambers 1999)

Manure type Dry Matter
(%)

Tot N
(kg t-1)

N-NH4 + uric
acid

(kg t-1)

Cattle-FYM fresh 25 6 1.5

Cattle-FYM old 25 6 0.6

Pig-FYM fresh 25 7 1.8

Pig-FYM old 25 7 0.7

Layer manure 30 15 7.5

Broiler/turkey litter 60 29 11.6

Beef slurry 6 2.3 1.2

Dairy slurry 6 3 1.5

Pig slurry 4 4 2.4

Separated slurry – strainer box 1.5 1.1 1.5

Separated slurry – weeping wall 3 2 1.4

Mechanically separated slurry 4 3 1.5

Separated slurry solids 15 5 1
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Potential impact on water quality

Following manure application to land, ammonium-N (plus uric acid N for poultry manure) will
be converted to nitrate-N which is susceptible to leaching.

Most animal waste such as slurries and silage have a high Biochemical Oxygen Demand
(BOD) (Table O12) which if entering a watercourse after application to land can deplete the
available oxygen content in water and result in ammonia levels which are toxic to many
aquatic animals. High BPD waste added to wet soils can give rise to anaerobic conditions in
soil due to soil oxygen depletion and result in poor plant growth. Manures and slurries also
contain suspended solids which can increase turbidity in waster and smother benthic fauna
and flora.

Table O12 Typical BOD content of agricultural wastes

Type of waste BOD5 content
(mg l-1)

Silage effluent 30 000 – 80 000

Pig slurry 20 000 – 30 000

Cattle slurry 10 000 – 20 000

Potential impact on soil quality

Manures and slurries can contain high levels of PTEs, particularly zinc and copper. The heavy
metal contents of a range of animal manures were measured from a number of farms to give
an indication of ‘typical’ manure metal concentrations in England and Wales. The metal
content of livestock feed from the same sample of farms were also measured. A total of 85
manure samples and 270 feed samples were analysed (Table O13) (Chambers et al 1998).

Table O13 Median dry matter and heavy metal concentrations (mg kg-1 ds) in animal
manures in England and Wales (Chambers et al 1998)

Waste type No DM
(%)

Zn Cu Ni Pb Cr As Cd

Dairy FYM 6 16 145 31.4 2.8 2.24 2.58 1.15 0.42

Beef FYM 12 21 63 15.6 2.1 1.4 1.5 0.71 0.14

Pig FYM 7 21 387 346 5 2.83 1.87 0.73 0.68

Dairy slurry 20 7 176 51 5.5 4.79 5.13 1.09 0.2

Beef slurry 8 13 132 30.9 3.3 5.8 2.62 0.98 0.22

Pig slurry 12 3 403 364 7.8 <1 2.44 1.33 0.3

Broiler/turkey
litter

12 56 403 92.4 4.9 2.94 7.53 0.75 0.38

Layer manure 8 37 423 65.6 6.1 9.77 4.79 0.45 1.03
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The metal concentrations were adjusted to more ‘typical’ manure dry matter content, typical
rates of straw or woodship addition to excreta to calculate the heavy metal loading rates
(Table O14). Heavy metal loading was calculated using farm census data on animal numbers,
best estimates of manure production and manure metal concentrations. As the pig industry is
located in two main areas in England and Wales; East Anglia and Humberside), these are the
areas where soil metal accumulation is likely to be occurring at the greatest rates.

Table O14 Estimated typical heavy metals loading rates (kg ha-1) from animal
manures applied at 250 kg ha-1 total N

Waste type Dry
matter

(%)

Total N
(kg t-1

or m3)

Zn Cu Ni Pb Cr As Cd

Cattle FYM 25 6 0.7 0.2 0.03 0.03 0.02 0.01 <0.01

Pig FYM 25 7 2.1 1.5 0.05 0.03 0.02 0.01 <0.01

Dairy slurry 10 4.5 0.9 0.3 0.03 0.04 0.03 0.01 <0.01

Beef slurry 10 3.5 1.2 0.3 0.04 0.05 0.04 0.02 <0.01

Pig slurry 10 7 2.3 1.7 0.05 0.03 0.02 0.01 <0.01

Broiler/turkey
litter

60 29 1.1 0.2 0.02 0.02 0.01 <0.01 <0.01

Layer manure 30 15 2.9 0.5 0.05 0.05 0.03 <0.01 0.01

Odour nuisance and Potential impacts on air quality

Pig and poultry farms produce the most complaints about odour (SOAEFD 1997). The storage
of farm of such wastes can also cause problems if the wastes turn anaerobic and gives rise to
strong odour when the crust is broken.

Ammonia volatilisation is generally the major loss pathway for manure N following land
application. Typically 65% of N-NH4 of FYM and 35% of N-NH4 + uric acid of poultry manure
are lost through ammonia volatilisation following land application (Chambers et al 1998). Soil
incorporation can be very effective but it must be done rapidly, i.e. within hours or via injection
if a significant reduction in losses is to be achieved. The dry matter content has a large
influence on ammonia losses from surface application of slurries and other liquid manures.
Ammonia losses during the spreading of manures and slurries can be very high particularly
when waste is applied in spring or summer when all the ammonium nitrogen can be lost
(Aitken 1996). It is estimated that of the total of 70,000 tonnes of ammonia emitted in Scotland
every year from agriculture, excretion during grazing is the largest source (c. 24 500 t yr-1),
followed by emissions during spreading (c.21 000 t yr-1) and storage of wastes (c. 14 000 t yr-

1) (Aitken 1996). Poultry produce substantially more ammonia than pigs and cattle (SOAEFD
1997).

Emissions of nitrous oxide (N2O) and methane (CH4) following landspreading of manures
were estimated in the UK by measurements and by using literature values. The emissions
from landspreading of these two greenhouse gases are mainly from cattle manures (Table
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O15) (Chadwick et al 1998). Emission from landspreading are relatively small, around 0.5 kt
CH4 and 1.11 kt N2O respectively representing less than 0.1 % of CH4 emissions and 5.3% of
total N2O emissions from farming (Table O16) (Chadwick et al 1998).

The total emission of nitrous oxide estimated by Chadwick et al (1998) is in the range of
previous studies but much lower than the inventory of Armstrong-Brown et al (1996) of 103 kt
N2O indicating that largest N2O emission were from land applications of manures. The
methane emission is subject to variation due to change in diet and animal variation.

Table O15 N2O and CH4 emissions following manure spreading in the UK (Chadwick
et al 1998)

Animal type Store type CH4 emission
(kt)

N2O emission
(kt)

Cattle Solid manure 0.2 0.52

Slurry 0.1 0.3

Sheep Solid manure <0.1 0.03

Pig Solid manure 0.2 0.03

Slurry <0.1 0.13

Poultry Solid manure <0.1 0.10

Deer Solid manure <0.1 <0.01

Total 0.5 1.11

CH4 methane
N2O nitrous oxide

Table O16 N2O and CH4 emissions by farm management in the UK (Chadwick et al
1998)

Component CH4 emission
(kt)

% of total CH4

loss
N2O emission

(kt)
% of total N2O

loss

Housing 371.3 44 4.99 23.6

Storage 42 4.9 5.65 26.8

Land application 0.5 <0.1 1.11 5.3

Fertiliser 0 0 5.36 25.4

Outdoor livestock 431.6 51.1 3.98 18.9

Total 845.5 100 21.09 100

CH4 methane
N2O nitrous oxide

Potential impacts on animal and human health
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Animal manures are applied without treatment and restrictions on the application to land of
agricultural wastes are less stringent than other wastes. They also represent a greater risk
because of the large volumes compared with other wastes for possible contamination of meat,
dairy products and vegetables. In many cases, manures and slurries are applied on the same
farm that they originated from. While this practice does not reduce the risk to humans or wild
animals, the resident animal population is likely to become re-infected.

Potential impacts on plant health

The risks associated with the application of agricultural and horticultural wastes are not well
documented (The Scottish Office, pers. comm. 1998). Farm slurry is not perceived to be a risk
to plant health because it usually takes place on the farm of origin. It is possible that potato
cyst nematode may pass through the animal gut if it is present in feed and thus be present in
slurry.
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Industrial waste

The data was obtained from the analysis of industrial waste materials carried out by ADAS for
the waste recycling contractor over a period of ten years and reported in Davis and Rudd
(1998). Since these data are derived from a limited number of sources of these wastes in the
UK, they may not be entirely representative but should provide a broad indication of the
composition of the wastes. The number of samples analysed each year is shown below:

Year Number of samples analysed

1986 4

1987 43

1988 31

1989 63

1990 85

1991 94

1992 134

1993 126

1994 130

1995 136

1996 100
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Renderings and slaughtering

Abattoir wastes, especially waste blood can be expected to contain potentially beneficial
levels of nutrients, especially nitrogen, and may also have a high conductivity and fat content
(Table O17). These wastes are potentially odorous. Waste stomach contents produced by the
abattoir industry consist predominantly of partially digested feed or vegetable matter (Table
O18). As with many other food processing industries, large volumes of wash waters (Table
O19) are produced, and the term is often used to describe a wide range of low solid waste
materials. This category can contain dung and urine from animal holding areas and washings
from distribution vehicles.

Table O17 Blood and gut contents from abattoirs – blood (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 84 0.0 10.9 11.0 37.9 6.9

PH 84 5.3 6.6 6.6 10.3 0.7

N (kg m-3) 84 0.7 11.7 13.4 38.0 9.5

NH4N (kg m-3) 82 0.0 1.0 1.7 8.0 2.0

P2O5 (kg m-3) 84 0.0 0.8 1.3 11.9 1.6

K2O (kg m-3) 84 0.0 0.7 1.0 6.4 1.4

Mg (kg m-3) 84 0.0 0.0 0.03 0.3 0.1

Cu (mg kg-1) 54 0.3 1.6 3.2 34.1 5.9

Zn (mg kg-1) 73 1.0 6.1 12.8 87.2 19.0

Ni (mg kg-1) 83 <1.0 <1.0 0.4 5.7

Cd (mg kg-1) 82 <0.25 <0.25 <0.25 0.68

Pb (mg kg-1) 83 <0.1 <0.1 0.3 10.0

Cr (mg kg-1) 80 <1.0 <1.0 0.3 3.2

Hg (mg kg-1) 79 <0.01 <0.01 <0.01 10.24

BOD (mg l-1) 78 88 28 650 33 100 122 000 25 608
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Table O18 Blood and gut contents from abattoirs - stomach contents (Davis and
Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 6 2.4 10.1 8.6 14.2 4.7

PH 6 5.2 6.5 6.3 7.6 0.9

N (kg m-3) 6 0.2 3.1 8.2 22.7 9.8

NH4N (kg m-3) 5 0.0 0.3 0.3 0.5 0.2

P2O5 (kg m-3) 6 0.0 1.5 1.5 2.9 0.9

K2O (kg m-3) 6 0.0 0.6 0.6 0.9 0.4

Mg (kg m-3) 6 0.0 0.0 0.03 0.1 0.1

Cu (mg kg-1) 5 0.8 1.2 2.4 7.5 2.9

Zn (mg kg-1) 6 2.4 4.1 9.0 34.1 12.4

Ni (mg kg-1) 6 <1.0 <1.0 0.8 4.6

Cd (mg kg-1) 6 <0.25 <0.25 <0.25 <0.25

Pb (mg kg-1) 6 <1.0 <1.0 0.4 2.1

Cr (mg kg-1) 5 <1.0 0.15 0.2 <1.0

Hg (mg kg-1) 5 <0.01 <0.01 0.03 0.14

BOD (mg l-1) 6 6000 12 500 18 000 41 000 13 622
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Table O19 Blood and gut contents from abattoirs - wash water (Davis and Rudd
1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 14 0.1 6.4 7.8 21.9 6.8

PH 14 3.7 6.1 6.1 7.6 1.0

N (kg m-3) 14 0.2 2.4 3.2 9.0 2.7

NH4N (kg m-3) 14 0.0 0.4 0.6 1.8 0.5

P2O5 (kg m-3) 14 0.0 1.2 1.3 2.9 1.0

K2O (kg m-3) 14 0.0 0.3 0.4 1.2 0.4

Mg (kg m-3) 14 0.0 0.0 0.04 0.3 0.1

Cu (mg kg-1) 12 1.0 1.7 2.1 5.5 1.4

Zn (mg kg-1) 13 1.8 9.5 18.4 115.0 29.7

Ni (mg kg-1) 14 <1.0 <1.0 <1.0 4.35

Cd (mg kg-1) 14 <0.25 <0.25 <0.25 <0.25

Pb (mg kg-1) 14 <1.0 <1.0 <1.0 1.5

Cr (mg kg-1) 14 <1.0 <1.0 1.1 10.5

Hg (mg kg-1) 14 <0.01 <0.01 <0.01 0.04

BOD (mg l-1) 14 899 12 650 23 000 86 900 27 121

There have been reports of water pollution incidents following application of exempt waste in
Scotland. It is SEPA’s experience that the application of exempt waste is seldom if ever
matched to the crop nutrient requirement. Public concerns were high last year following a
stream pollution by abattoir waste injected into agricultural land in Lanarkshire. Another focus
of concerns is the diminishing number of abattoirs and knackeries in Scotland. The recent
closure of knackeries in south west Scotland, for example, mean that fallen stock has to be
sent upto 70 miles to the nearest alternative facilities. The high cost involved is pushing
farmers towards burying fallen stock on farm, often in locations where water pollution risks are
high because of adverse ground conditions.
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Waste Food and drink

Data available on quality of wastes produced by the food and drink sector are discussed
below. A typical composition is presented in Table O20.

Vegetable wastes

The nature and origin of waste plant matter needs to be considered, in case diseased material
is present that could act as a source of infection for succeeding crops. Two particular
examples are:

•  Haulms and tubers of potatoes infected with the potato blight fungus, Phytophthora
infestans. These must be burnt or disposed to landfill; and

•  vegetable wastes, washing-waters and soil from farm and industrial washing, grading,
packing and processing of imported vegetables should not be spread on agricultural
land. This is to prevent the introduction and spread of the notifiable Rhizomania disease
of sugar beet and other beetroot and fodder beet crops. Provisions for the safe
treatment and disposal of such wastes from imported vegetables are given in a
voluntary code of practice (MAFF 1985). It is understood that this Code is being revised.
The new Code will cover the safe disposal of waste arising from imported and domestic
plant material. Under this Code it is recommended that, as a precautionary measure, all
waste should be treated if it is intended to spread it on agricultural land except where it
is being returned to the field of origin. These precautionary measures are recommended
in order to prevent the spread of a number of pests and diseases such as potato brown
rot and Colorado beetle as well as Rhizomania. The Code was issued for public
consultation in June 1995. It is understood that the title is to be ‘Code of Practice for the
Safe Disposal of Agricultural and Horticultural Waste’ and is to be released by MAFF in
1997.

Dairy wastes

The effluent generated from dairies primarily arises from washing. Its composition is
presented in Table O21. If treated, sludge produced has a high nutrient and organic matter
content. About 90% of the milk used for cheese-making ends up as whey, a watery waste
containing proteins and lactose (Table O22).

Soft drinks wastes

Soft drink wastes composition is given in Table O23.

Brewery wastes

Brewery effluent tends to have a high COD content due to soluble sugars, starches, alcohol
and proteins in the wort, beer and yeast (Table O24). The COD of these products are typically
over 100 000 mg l-1. The main sources of undissolved solids in brewery effluent are grains
washed from the floor, trub, yeast and ullage.
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Table O20 Waste food, drink or materials used in or resulting from the preparation of
food or drink – general (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 365 0.1 4.6 8.2 90.7 11.3

PH 364 2.8 5.6 5.8 12.8 1.7

N (kg m-3) 365 0.0 1.6 3.5 31.2 4.8

NH4N (kg m-3) 316 0.0 0.1 0.5 7.6 1.0

P2O5 (kg m-3) 349 0.0 0.7 1.2 13.8 1.8

K2O (kg m-3) 365 0.0 0.2 1.1 157.2 8.4

Mg (kg m-3) 356 0.0 0.0 0.1 5.6 0.4

Cu (mg kg-1) 261 <1.0 1.2 3.8 78.4 2.3

Zn (mg kg-1) 262 <1.0 5.05 1.4 336 5.4

Ni (mg kg-1) 362 <1.0 0.005 0.9 57.0

Cd (mg kg-1) 362 <0.25 <0.25 0.1 10.3

Pb (mg kg-1) 329 <1.0 <1.0 0.7 30.8

Cr (mg kg-1) 280 <1.0 <1.0 1.4 57.0

Hg (mg kg-1) 269 <0.01 <0.01 0.06 8.0

BOD (mg l-1) 339 1 11 700 23 000 260 000 33 753
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Table O21 Food, drink or materials used in or resulting from the preparation of food
or drink - dairy wastes (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 54 0.2 3.7 5.3 23.7 5.5

PH 54 3.0 5.6 5.6 10.9 1.4

N (kg m-3) 54 0.0 1.0 2.1 26.0 3.8

NH4N (kg m-3) 46 0.0 0.1 0.3 3.8 0.7

P2O5 (kg m-3) 54 0.0 0.8 0.9 3.1 0.7

K2O (kg m-3) 54 0.0 0.2 0.5 6.6 1.0

Mg (kg m-3) 54 0.0 0.0 0.05 0.4 0.1

Cu (mg kg-1) 32 0.0 1.4 2.4 15.8 3.4

Zn (mg kg-1) 44 0.1 3.7 1.7 209.0 39.8

Ni (mg kg-1) 53 <1.0 <1.0 0.3 3.7

Cd (mg kg-1) 53 <0.25 <0.25 <0.25 0.5

Pb (mg kg-1) 48 <1.01 <1.0 5.8 250

Cr (mg kg-1) 44 <1.0 <1.0 0.4 8.9

Hg (mg kg-1) 40 <0.01 <0.01 <0.0106 0.14

BOD (mg l-1) 48 250 11 250 31 000 260 000 51 213

Table O22 Typical composition of whey

Analyses Composition (%)

Water 93.7

Lactose 4.5

Protein 0.8

Ash 0.75

Other solids 0.15

Fat 0.1
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Table O23 Waste food, drink or materials used in or resulting from the preparation of
food or drink - soft drinks (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 11 0.7 3.9 4.9 16.2 4.9

PH 11 2.6 4.4 4.7 8.0 1.8

N (kg m-3) 11 0.0 0.3 1.3 7.2 2.2

NH4N (kg m-3) 11 0.0 0.0 0.2 0.9 0.3

P2O5 (kg m-3) 11 0.0 0.2 0.8 4.2 1.3

K2O (kg m-3) 11 0.0 0.0 0.4 3.8 1.1

Mg (kg m-3) 11 0.0 0.0 0.1 0.6 0.2

Cu (mg kg-1) 11 <1.0 0.13 1.1 6.0

Zn (mg kg-1) 11 <1.0 0.34 3.0 14.2

Ni (mg kg-1) 11 <1.0 <1.0 0.17 0.75

Cd (mg kg-1) 11 <0.25 <0.25 <1.0 0.06

Pb (mg kg-1) 11 <1.0 <1.0 <1.0 1.07

Cr (mg kg-1) 11 <1.0 <1.0 <1.0 1.34

Hg (mg kg-1) 11 <0.01 <0.01 <0.01 0.04

BOD (mg l-1) 10 300 4250 4505 8500 3463
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Table O24 Waste food, drink or materials used in or resulting from the preparation of
food or drink - brewing wastes (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 80 0.0 6.6 9.2 49.2 9.1

PH 80 2.3 5.0 5.8 - 4.5

N (kg m-3) 80 0.0 2.1 3.9 45.5 6.4

NH4N (kg m-3) 78 0.0 0.0 0.2 1.9 0.3

P2O5 (kg m-3) 80 0.0 0.8 1.7 22.0 3.3

K2O (kg m-3) 80 0.0 0.2 0.6 4.6 1.0

Mg (kg m-3) 80 0.0 0.0 0.2 7.0 1.0

Cu (mg kg-1) 45 0.2 3.7 3.1 314.0 78.1

Zn (mg kg-1) 64 0.2 3.8 9.9 163.0 22.4

Ni (mg kg-1) 80 <1.0 <1.0 2.4 154

Cd (mg kg-1) 80 <0.25 <0.25 0.03 1.1

Pb (mg kg-1) 78 <1.0 <1.0 1.3 63

Cr (mg kg-1) 78 <1.0 <1.0 3.2 78

Hg (mg kg-1) 78 <0.01 <0.01 <0.02 0.65

BOD (mg l-1) 74 1000 11 750 18 000 92 100 19 539



European Commission - Directorate-General for Environment

WRc Ref:CO4953-2/11768-1
July 2001

533

Waste wood, bark or other plant matter

Some operational analyses are given in Table O25 Waste wood and bark are inherently free
from animal pathogens and those likely to be of concern to food crops.

Table O25 Waste wood bark or other matter (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 3 1.0 38.7 31.5 54.9 27.7

pH 3 4.1 5.0 5.8 8.4 2.3

N (kg m-3) 3 0.0 2.5 4.0 9.5 4.9

NH4N (kg m-3) 3 0.0 0.0 0.8 2.5 1.4

P2O5 (kg m-3) 3 0.0 0.0 0.2 0.5 0.3

K2O (kg m-3) 3 0.0 0.2 0.6 1.5 0.8

Mg (kg m-3) 3 0.0 0.0 0.3 1.0 0.6

Cu (mg kg-1) 2 3.1 4.8 4.8 6.4 2.3

Zn (mg kg-1) 2 14.6 18.5 18.5 22.3 5.4

Ni (mg kg-1) 3 <1 <1 0.3 <1

Cd (mg kg-1) 2 <0.25 <0.25 <0.25 <0.25

Pb (mg kg-1) 3 <1 3.6 2.4 3.7

Cr (mg kg-1) 3 <1 <1 3.3 9.9

Hg (mg kg-1) 3 <0.01 <0.01 <0.01 <0.01

BOD (mg l-1) 2 3000 5500 5500 8000 3536



European Commission - Directorate-General for Environment

WRc Ref:CO4953-2/11768-1
July 2001

534

Paper waste sludge, waste paper and de-inked paper sludge

The stock used to generate fibre will influence the production processes used and the
wastewater generated and thus the sludge. The quality of paper sludge is summarised in
Table O26.

Table O26 Paper waste sludge, waste paper and de-inked paper pulp (Davis and
Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 25 1.7 21.6 21.4 65.1 16.2

pH 25 4.9 7.2 6.9 9.4 1.0

N (kg m-3) 25 0.0 0.3 0.9 4.5 1.1

NH4N (kg m-3) 24 0.0 0.0 0.02 0.3 0.1

P2O5 (kg m-3) 25 0.0 0.1 0.4 2.0 0.5

K2O (kg m-3) 25 0.0 0.1 0.2 1.5 0.3

Mg (kg m-3) 25 0.0 0.0 0.1 0.6 0.2

Cu (mg kg-1) 23 2.0 12.7 32.8 349.0 72.2

Zn (mg kg-1) 24 1.3 13.8 29.4 157.0 38.2

Ni (mg kg-1) 25 <1.0 1.02 1.3 8.7

Cd (mg kg-1) 25 <0.25 <0.25 0.02 0.5

Pb (mg kg-1) 24 <1.0 0.45 1.7 14.8

Cr (mg kg-1) 24 <1.0 1.50 2.4 16.07

Hg (mg kg-1) 24 <0.01 <0.01 <0.01 0.03

BOD (mg l-1) 19 18 1100 1800 1600 2020

Aitken et al. (1995) have given an account of effects on soil fertility from applying paper mill
sludge to agricultural land based on field experiments established in North Wales in 1991. The
sludge used was de-ink paper sludge (DPMS). Paper sludge such as DPMS is largely
cellulose and ash (clay and calcium carbonate) with high C/N ratio. This can cause
immobilisation of soil N when it is incorporated into the soil and hence crop N deficiency. The
findings of Aitken et al (1995) showed that losses in yield due to DPMS could be minimised in
the first year by applying 40 kg N ha-1 of fertiliser N per 100 t ha-1 DPMS. Results indicated
that DPMS immobilised very little or no N in the second year after application. Visual studies
of the soil profile two years after application indicated that DPMS had degraded satisfactorily
in the soil even at a rate of application of 300 t DPMS ha-1. Phillips et al. (1997) described the
results of field trials at Silsoe with wheat and grass plots which received 5 to 20 t dm ha-1 of
paper mill sludge in each of three successive years. All plots received normal fertiliser
dressings throughout the trial. In most cases, topsoil condition, as assessed by the
percentage content of organic carbon, was significantly improved (by about 0.5%) as a result
of paper mill sludge application over 3 years. Other measures of soil physical conditions
suggested the benefit would be greater on clay soils than sandy soils. It was thought that the
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case for landspreading of paper mill sludge rested mainly on potential improvements in soil
condition from which increases in crop yield might perhaps follow from successive
applications over a number of years. Such a benefit ought in due course to be particularly
evident in very dry seasons.

Aitken et al. (1995) recommended that because of the variable nature of paper sludge from
different mills, each product should be subject to investigation before being recycled to
agricultural land.

Leather and tannery industry

Results of operational analyses are given in Table O27.

Table O27 Waste hair and effluent treatment sludge from a tannery (Davis and Rudd
1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 3 0.9 2.2 6.1 15.0 7.8

PH 3 6.5 6.6 6.7 7.0 0.3

N (kg m-3) 3 2.2 3.6 - 3.7 0.8

NH4N (kg m-3) 2 0.2 0.2 0.2 0.2 0.0

P2O5 (kg m-3) 3 0.0 0.4 - 0.6 0.3

K2O (kg m-3) 3 0.0 0.7 - 1.0 0.5

Mg (kg m-3) 2 0.0 0.0 0.0 0.0 0.0

Cu (mg kg-1) 3 <1.0 <1.0 <1.0 1.6

Zn (mg kg-1) 3 2.8 9.2 - 10.2 4.0

Ni (mg kg-1) 3 <1.0 <1.0 <1.0 0.84

Cd (mg kg-1) 3 <0.25 <0.25 <0.25 0.04

Pb (mg kg-1) 3 <1.0 <1.0 <1.0 2.1

Cr (mg kg-1) 2 169.0 237.0 - 305.0

Hg (mg kg-1) 2 <0.01 <0.01 <0.01 <0.01

BOD (mg l-1) 3 560 2000 6000 15 500 8241
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Textile

The primary textile industries generate large quantities of waste from washing. The wash
water also often contains large quantities of waste wool, ‘dags’ containing animal excrement,
grease and suint (potash-rich animal residue). For results of operational analyses see Tables
O28 and O29.

Table O28 Textile waste - Dyers and bleachers (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 37 0.7 3.8 6.4 43.7 7.7

PH 37 4.6 6.7 6.9 12.1 1.4

N (kg m-3) 37 0.0 1.9 7.3 171.0 27.8

NH4N (kg m-3) 32 0.0 0.2 5.3 164.0 29.0

P2O5 (kg m-3) 33 0.0 0.7 1.2 6.2 1.5

K2O (kg m-3) 37 0.0 0.1 0.3 2.8 0.5

Mg (kg m-3) 37 0.0 0.1 0.7 14.6 2.5

Cu (mg kg-1) 32 0.5 9.6 27.5 243.0 53.7

Zn (mg kg-1) 35 1.4 10.5 17.2 80.0 19.2

Ni (mg kg-1) 36 <1.0 0.12 0.8 4.7

Cd (mg kg-1) 36 <0.25 <0.25 <0.25 0.5

Pb (mg kg-1) 32 <1.0 0.51 2.5 20.3

Cr (mg kg-1) 28 <1.0 0.30 10.7 123

Hg (mg kg-1) 28 <0.01 <0.01 0.08 0.94

BOD (mg l-1) 34 500 3500 10 000 94 000 19 617
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Table O29 Textile waste - Wool scourers (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 3 7.7 54.8 45.1 72.8 33.6

PH 3 2.8 6.8 5.5 6.9 2.3

N (kg m-3) 3 1.9 2.4 2.6 3.4 0.8

NH4N (kg m-3) 3 0.0 0.0 0.03 0.1 0.1

P2O5 (kg m-3) 3 0.0 0.2 0.5 1.2 0.6

K2O (kg m-3) 3 0.6 3.6 - 4.0 1.9

Mg (kg m-3) 3 0.1 0.2 0.5 1.2 0.6

Cu (mg kg-1) 3 1.7 9.6 7.5 11.3 5.1

Zn (mg kg-1) 3 12.0 13.2 29.1 62.0 28.5

Ni (mg kg-1) 3 0.5 5.2 - 5.6 2.9

Cd (mg kg-1) 3 <0.25 <0.25 <0.25 <0.25

Pb (mg kg-1) 3 1.3 1.3 3.3 7.2 33.6

Cr (mg kg-1) 2 1.5 8.6 8.6 15.7 10.0

Hg (mg kg-1) 2 <0.01 <0.01 <0.01 <0.01

BOD (mg l-1) 3 284 11 000 9400 17 000 8468
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Basic organic chemical industry

Table O30 Non-exempt wastes – Ammonia (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 9 0.0 1.8 8.1 38.3 13.6

PH 9 1.5 8.4 8.6 12.2 3.4

N (kg m-3) 9 0.7 21.0 25.2 64.3 20.7

NH4N (kg m-3) 9 0.0 21.0 22.2 46.1 16.7

P2O5 (kg m-3) 9 0.0 0.0 4.3 37.8 12.6

K2O (kg m-3) 9 0.0 0.0 0.12 0.7 0.2

Mg (kg m-3) 9 0.0 0.0 0.04 0.2 0.1

Cu (mg kg-1) 9 <1.0 2.5 3.8 18.4

Zn (mg kg-1) 9 <1.0 3.1 4.8 17.7

Ni (mg kg-1) 9 <1.0 <1.0 0.3 1.7

Cd (mg kg-1) 9 <0.25 <0.25 0.2 0.98

Pb (mg kg-1) 9 <1.0 <1.0 2.2 19.3

Cr (mg kg-1) 9 <1.0 <1.0 2.8 25.3

Hg (mg kg-1) 8 <0.01 <0.01 <0.01 <0.01

BOD (mg l-1) 6 11 33 225 7200 28 000 10 437
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Table O31 Non-exempt wastes - Ammonium sulphate (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 6 2.3 32.7 - 49.9 21.5

PH 6 4.3 7.7 - 9.1 1.7

N (kg m-3) 6 6.3 56.7 57.2 107.0 45.5

NH4N (kg m-3) 6 1.5 46.4 46.7 98.8 43.2

P2O5 (kg m-3) 6 0.0 0.0 0.03 0.1 0.1

K2O (kg m-3) 6 0.0 0.0 0.1 0.6 0.2

Mg (kg m-3) 6 0.0 0.1 0.1 0.3 0.1

Cu (mg kg-1) 6 <1.0 0.24 0.61 2.2

Zn (mg kg-1) 6 <1.0 0.5 0.86 2.8

Ni (mg kg-1) 6 <1.0 <1.0 <1.0 1.0

Cd (mg kg-1) 6 <0.25 <0.25 <0.25 <0.25

Pb (mg kg-1) 6 <1.0 <1.0 <1.0 <1.0

Cr (mg kg-1) 6 <1.0 <1.0 <1.0 <1.0

Hg (mg kg-1) 6 <0.01 <0.01 0.10 0.62

BOD (mg l-1) 5 5 200 11 000 33 000 15 517
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Pharmaceutical industry

Some analyses are given in Table O32 which shows that these materials can contain
beneficial amounts of plant nutrients.

Table O32 Non-exempt wastes – Pharmaceutical (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 24 0.9 4.6 9.0 52.1 11.6

pH 24 3.7 6.4 - 10.5 1.5

N (kg m-3) 24 0.0 3.7 4.6 17.5 4.3

NH4N (kg m-3) 24 0.0 0.3 1.5 16.9 3.5

P2O5 (kg m-3) 23 0.0 0.6 0.7 2.9 0.7

K2O (kg m-3) 24 0.0 0.2 0.3 1.7 0.4

Mg (kg m-3) 24 0.0 0.0 0.1 1.6 0.3

Cu (mg kg-1) 12 0.0 2.3 3.5 12.7 3.8

Zn (mg kg-1) 23 0.5 5.2 6.3 19.5 4.4

Ni (mg kg-1) 24 <1.0 <1.0 0.5 3.4

Cd (mg kg-1) 24 <0.25 <0.25 <0.25 <0.25

Pb (mg kg-1) 24 <1.0 <1.0 <1.0 2.6

Cr (mg kg-1) 24 <1.0 <1.0 <1.0 7.6

Hg (mg kg-1) 24 <0.01 <0.01 <0.01 0.09

BOD (mg l-1) 23 400 12 200 17 000 88 800 19 480
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Waste lime and waste gypsum

These two waste descriptions are separated into two different categories in WMLR 1994 but
are sufficiently similar to consider collectively. The categories cover all sources of lime other
than that produced in the food processing industry. The two biggest producers are cement
manufacture and gas processing, although the salt industry produces significant quantities of
waste lime and gypsum.

These wastes, by virtue of their chemical nature and origin are inherently pathogen-free. Lime
and lime sludges have pH values of 10 -12+ and are therefore self-disinfecting, as long as this
high pH value is maintained.

Some operational analyses are given in Tables O33 and O35.

Table O33 Waste lime (David and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 21 0.0 31.6 33.0 76.8 23.0

PH 21 4.6 8.2 9.2 13.1 2.9

N (kg m-3) 21 0.0 0.6 1.6 15.0 3.2

NH4N (kg m-3) 21 0.0 0.0 0.2 1.5 0.5

P2O5 (kg m-3) 21 0.0 0.4 1.7 12.0 3.3

K2O (kg m-3) 21 0.0 0.3 2.2 21.0 4.8

Mg (kg m-3) 21 0.0 1.1 4.4 55.0 11.8

Cu (mg kg-1) 16 0.4 6.7 9.9 26.2 8.8

Zn (mg kg-1) 17 2.1 14.4 35.9 270.0 65.7

Ni (mg kg-1) 10 0.7 2.3 3.0 8.5 2.4

Cd (mg kg-1) 20 <0.25 <0.25 <0.25 2.47

Pb (mg kg-1) 20 <1.0 <1.0 1.2 6.97

Cr (mg kg-1) 17 <1.0 2.5 38.5 614

Hg (mg kg-1) 20 <0.01 <0.01 <0.01 0.02

BOD (mg l-1) 19 5 3000 9700 59 700 15 824
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Table O34 Lime sludge from cement manufacture or gas processing (Davis and
Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 9 2.9 15.3 36.2 100.0 38.1

PH 9 6.5 12.0 11.1 12.5 2.1

N (kg m-3) 9 0.0 0.0 0.4 2.5 0.9

NH4N (kg m-3) 8 0.0 0.0 0.2 1.3 0.5

P2O5 (kg m-3) 9 0.0 0.3 0.4 1.5 0.5

K2O (kg m-3) 9 0.0 0.7 2.6 16.9 5.5

Mg (kg m-3) 9 0.0 0.8 3.9 18.0 6.2

Cu (mg kg-1) 9 0.3 2.0 12.7 46.0 16.8

Zn (mg kg-1) 8 0.2 38.9 44.4 153.0 50.1

Ni (mg kg-1) 8 0.1 4.1 5.8 25.0 8.0

Cd (mg kg-1) 9 <0.25 <0.25 1.0 8.0

Pb (mg kg-1) 7 0.0 2.0 145 1000.0 377.0

Cr (mg kg-1) 7 0.5 8.8 10.7 31.5 10.1

Hg (mg kg-1) 8 0.5 8.8 0.5 3.5

BOD (mg l-1) 4 95 1400 1224 2000 868
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Table O35 Waste gypsum (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 12 8.7 52.7 47.6 78.3 21.7

PH 12 5.5 9.4 9.4 12.4 2.6

N (kg m-3) 12 0.0 0.0 2.3 27.5 7.9

NH4N (kg m-3) 12 0.0 0.0 0.0 0.0 0.0

P2O5 (kg m-3) 12 0.0 0.0 0.4 2.2 0.7

K2O (kg m-3) 12 0.0 0.0 0.4 2.0 0.7

Mg (kg m-3) 12 0.0 0.4 1.0 6.0 1.7

Cu (mg kg-1) 9 1.2 9.2 12.0 31.8 10.8

Zn (mg kg-1) 12 2.4 7.5 124.0 1075.0 310.3

Ni (mg kg-1) 10 1.0 1.9 32.5 144.0 52.4

Cd (mg kg-1) 4 0.1 0.1 1.4 5.0 2.5

Pb (mg kg-1) 10 1.3 10.2 53.0 404.0 124.5

Cr (mg kg-1) 11 1.6 3.1 51.0 466.0 138.5

Hg (mg kg-1) 2 0.0 0.1 0.1 0.2 0.9

BOD (mg l-1) 10 2 300 770 2000 904
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Drinking water preparation

The sludge is composed of the impurities removed and precipitated from the water together
with the residues of any treatment chemical used. Waterworks sludge can be broadly
classified either as coagulant, natural, groundwater or softening sludge. The types and
characteristics of waterworks sludge produced depend on the water treatment process and
raw water quality. Typical composition of alum and ferric coagulant sludge is given in
Table O36 while results from analyses carried out on waterworks recycled to land is given in
Table O37.

Table O36 Typical composition of coagulant sludge in the UK (Dillon 1997)

Parameter Alum sludge Ferric sludge

Total solids (td) (% w/w) 0.1-27 1.85-17.6

Volatile solids (% of ts) 10-35 -

Suspended solids (% of ts) 75-99 -

pH 5.5-7.5 -

BOD (mg/l) 30-6000 92-329

COD (mg/l) 500-27000 9110-68900

Aluminum (% of ts) 4-11* 4.5-10.5

Iron (% of ts) 6.5* 19-38

Manganese (% of ts) <0.005-5 0.06-0.81

Arsenic (% of ts) <0.04 0.001-0.002

Cadmium (% of ts) <0.005 <0.0001-0.0006

Chromium (% of ts) - <0.0002-0.0125

Copper (% of ts) - 0.003-0.0087

Lead (% of ts) - 0.0013-0.0084

Mercury (% of ts) - <0.00005-0.00006

Nickel (% of ts) - 0.0018-0.0125

Zinc (% of ts) - 0.011-0.086

Total Kjeldahl nitrogen (mgN/l) 0.7-1200 186-1440

Phosphate (mgP/l) 0.3-300 0.34-6.22

Total plate count (no./ml) 30-30000 -
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Table O37 Non-exempt wastes- water treatment sludge (Davis and Rudd 1998)

Analyses No. of
samples

Min Median Mean Max Standard
Deviation

Total solids (%) 8 2.4 8.5 20.8 55.7 21.8

pH 8 4.4 5.0 5.4 7.0 1.0

N (kg m-3) 8 0.8 2.0 2.3 9.0 2.7

NH4N (kg m-3) 7 0.0 0.0 0.01 0.1 0.0

P2O5 (kg m-3) 8 0.0 1.1 1.5 5.5 1.8

K2O (kg m-3) 8 0.0 0.8 0.9 2.3 0.9

Mg (kg m-3) 8 0.0 0.2 0.6 2.0 0.8

Cu (mg kg-1) 8 3.1 11.0 13.3 34.7 10.1

Zn (mg kg-1) 8 3.8 21.3 29.3 78.7 28.3

Ni (mg kg-1) 8 0.5 3.5 6.1 17.1 6.2

Cd (mg kg-1) 7 0.1 0.3 0.2 0.4 0.1

Pb (mg kg-1) 7 2.8 8.1 17.4 50.1 19.4

Cr (mg kg-1) 6 0.1 5.2 9.9 27.9 11.5

Hg (mg kg-1) 6 <0.01 0.02 0.03 0.09

BOD (mg l-1) 5 100 3000 6020 19 000 7563

Waterworks sludge is not specifically exempt from current waste licensing regulations which
require generally that any application of waste to land should result in benefit to agriculture or
other ecological improvement. Potential benefits of using waterworks sludge include its
reported pH buffering capacity, soil conditioning properties and capacity to adsorb heavy
metals (Dillon 1997).

Such benefit might be more easily demonstrated for softening sludges, which might be used
for liming of agricultural land, and natural sludges, which might contain appreciable quantities
of plant nutrients and organic material, than for coagulant sludges. Benefits resulting from the
application to land of coagulant sludges are less easily demonstrated and there are some
concerns about potential adverse effects on plant growth, concentrations of heavy metals and
aluminium, and possible contamination of surface or groundwaters (Dillon 1997).

Concentrations of heavy metals in coagulant sludges are usually smaller than in sewage
sludges applied to agricultural land and would therefore be unlikely to cause problems.
Concentrations of aluminium and iron would be greater in waterworks sludges, but neither is
included in the list of potentially toxic elements (PTEs) in the Code of Practice for the use of
sewage sludge in agriculture. The accumulation of aluminium or iron due to extended
applications of sludge would not be expected to cause any serious problems (Dillon et al,
1996). Nevertheless, it is understood that agricultural advisors in Scotland have concerns that
aluminium-rich waterworks sludge applied to acid soils could have a deleterious effect on the
growth of barley in particular if the soil pH falls below pH 5.5 (Young et al, 1997).
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It is reported that aluminium and iron hydroxides in coagulant sludges can adsorb soluble
phosphorus and reduce its availability to plants, adversely affecting growth. However, co-
application with sewage sludge or the addition of supplemental phosphorus to the soil would
eliminate or reduce this effect, if necessary. Trials carried out at WRc (Dillon et al, 1996)
investigated the possible land application of coagulant sludges conditioned with lime or mixed
with sewage sludge. Conditioning of waterworks sludge with lime appeared to be technically
feasible and addition of lime-treated sludge to an acidic soil was shown to increase plant
growth compared to plants grown in unamended soils. The resultant increase in soil pH
appeared to more than compensate for any decrease in availability of phosphorus and
leaching of aluminium from acidic soil amended with alum sludge was negligible at typical
agricultural soil pH values. The addition of waterworks/sewage sludge to an organic-rich soil
was shown to increase plant growth compared to plants grown in unamended soils although
plant growth was greatest in soils amended with sewage sludge only. The main effect of the
waterworks sludge was to reduce the concentrations of plant nutrients.

The application of waterworks sludge to forest lands has been investigated in several
countries. In one US study, liquid alum sludge was applied to deciduous and coniferous
forested land. One year after the initial application, it was concluded that the alum sludge had
no adverse effects on tree growth or nutrient uptake in the short term. However, because of
the slow growth rate of trees, measurements would need to continue for many years before
conclusions regarding long-term effects could be drawn (Dillon 1997).
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Dredgings industry

Some analysis of dredgings from a 100 km length of canal are given in Table O38.

Table O38 Analysis of dredgings from a 100 km length of canal (Davis and Rudd
1998)

Parameter Mean Minimum Maximum

Solids air dried (%) 23.2 7.8 63.2
Loss on ignition (%) 24.5 6 44
PH 6.7 5.4 7.6
(total) antimony (mg kg-1) 10.0 0 146
(total) arsenic (mg kg-1) 47.4 9 873
(total) cyanide (mg kg-1) 0.6 0 2.6
(total) lead (mg kg-1) 408.9 22 8275
(total) mercury (mg kg-1) 83.0 0.1 1570.7
(total) molybdenum (mg kg-1) 1.6 0 7.1
(total) nickel (mg kg-1) 79.3 34 204
(total) PAH (mg kg-1) 16.1 0 203
(total) phenols (mg kg-1) 23.4 2.11 292
(total) phosphorus (%) 0.5 0.17 2.51
(total) barium (mg kg-1) 243.8 38.6 731
(total) beryllium (mg kg-1) 1.8 0.8 9.7
(total) boron (mg kg-1) 45.0 9.9 172
(avail) boron (mg kg-1) 9.2 1.16 37.4
(total) cadmium (mg kg-1) 2.2 0 21
(total) chromium (mg kg-1) 159.7 25 4011
(total) cobalt (mg kg-1) 36.4 15 94
(total) copper (mg kg-1) 136.8 26 1357
(total) selenium (mg kg-1) 3.7 0.1 23.1
(total) silver (mg kg-1) 0.1 0 23.1
(total) sulphide (mg kg-1) 1805.1 0 6330
(total) tin (mg kg-1) 33.2 9.7 278
(total) thallium (mg kg-1) 0.1 0 5.2
(total) tungsten (mg kg-1) 0.0 0 0
(total) vanadium (mg kg-1) 68.7 37.8 104
(total) zinc (mg kg-1) 958.1 154 6671

(the median values were not available)
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O7 RECOMMENDATIONS

England and Wales

The Exemptions for landspreading are being revised. Different points of concerns have been
addressed by the Environment Agency and are summarised below.

The Agency accepts that there must be a nominated list of waste types as required by the
Waste Framework Directive but the Agency has two points of concern: the list is inflexible and
it is not possible to consider the recovery of other wastes which are not included there is an
open and regular review process of the list. It also means that if a waste is included on the list,
there can be an assumption that the material will always be beneficial irrespective of the site
where it is applied. The Agency recommends that the benefit of the material will depend on
site specific factors as well as the composition of the waste.

The definition of agricultural benefit and ecological improvement should be included in the
regulations. The Agency proposes a series of criteria which should be considered when
assessing the agricultural benefit of a waste. The Agency has also drafted a form detailing the
information which should be submitted when pre-notifying the Agency of landspreading
operation. At present, information within the Agency is not well co-ordinated between regions
and the use of a standard form would facilitate the enforcement of the regulations and the
collection of information received.

The Agency would require notification 3 weeks (15 working days) before the proposed
spreading takes place. This would allow the Agency to evaluate properly the information
supplied.

The Agency considers that, in some instances, the landspreading of waste on the countryside
or sites of special interest (such as SSSIs, National Parks, Nature Reserves, etc) is not
appropriate. The Agency would need additional time to consider the exemption to consult the
relevant organisations.

Currently a spreading activity may be registered with the Agency but never take place due to
adverse conditions or operational difficulties. The Agency would like to see a requirement for
a site completion note including details on actual date of spreading, the actual amount spread
and the area of land on which waste was spread.

The Agency wish to see that only competent operators are allow to carry out the spreading
activity. It would require some sort of certification, or to rely on PQA more extensively.

The Agency recommends that secure and appropriate methods and location of storage be
used for waste prior to landspreading.

The Agency is concerned about some cases where paper sludge may have been/be spread
with less consideration of the environmental impact of such a use. The beneficial aspect of
using paper sludge will depend largely on the site and in particular the soil type. The Agency
recommends that paper sludge can be spread under the exemption only on sites where
benefit result.

The Agency is concerned about the recovery of blood and gut contents from abattoir. It give
rise to a large number of public complaints even where it is carried out in accordance with
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existing codes of practice. It has also been reported that the risk of transmitting pathogens
into the food chain from abattoir waste is greater than the use of untreated sludge. The
Agency recommends that the list of exempt wastes be amended to include only treated blood
and gut contents from abattoirs.

The Agency feels that the term waste from biological treatment plants is too broad and open
to interpretation. It recommends to make the term industry specific and exclude wastes from
other industries such as pharmaceutical and petroleum.

The Agency recommends to add certain material on the list of exempt wastes such as potable
water treatment sludge, bentonite and lairage and waste from equine premises.

Scotland

In their strategic review of organic waste spread on land (SEPA ?), SEPA identified and
analysed deficiencies in management of these wastes. These are listed below. They came up
with a preferred management option which is also presented below.

1. The current regulation of organic wastes spread on land is not consistent. Sewage sludge
which is relatively homogeneous and represents 1% of the wastes going to land, is well
regulated with controls on the application of PTEs and land restrictions. Exempt wastes
which are heterogeneous have few controls imposed on them once they have satisfied the
conditions for exemption. This includes the undefined requirements of ‘agricultural benefit’
and ‘ecological improvement’. Agricultural wastes representing 96% of the waste going to
land are not controlled although guidances have been issued in the PEPFAA Code.

2. There is no statutory requirement for any farm where waste is being applied to have a
management plan which records nutrient addition, PTEs and other contaminants.

3. There is no statutory requirement for any farm where waste is being applied to have a
nutrient management plan which look at nutrient application, soil conditions and crop
requirements

4. As a result of lack of management, there is scope for loss of nutrients and environmental
impacts on water resources.

5. The owner or occupier of the land does not have clear responsibility for the way his land is
being used when exempt waste is applied for recycling. Many are passing this
responsibility to the contractor bringing in the waste.

6. It is recognised by many that a more prescriptive approach is needed. Guidance is given
in non-statutory codes of practices which are not widely known or open to interpretation.

7. A shift of attitude of waste producers is needed as landspreading of exempt wastes is
viewed as a cheap disposal option rather than a beneficial recycling. Little attempt is made
to manage the quality of the material because it is viewed as a waste and therefore has no
monetary value. This change in attitude is needed through the whole chain from producer
to final recipient. Proper controls over the quality parameters, storage and handling
practice is needed.
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8. Similar restrictions than stipulated for storage and handling of farm wastes should be
applied to exempt waste to ensure they do not cause problems. Placing the responsibility
with the producer is in line with other waste management procedures.

9. There is no requirement for qualification for contractors applying wastes to land.
Introduction of such a certificate would assist in raising standards and public confidence in
the practice

10. Exempt waste has to be notified only in general terms and agricultural waste is not notified
or recorded. A single site could in theory be receiving wastes from a number of sources for
which there is no centralised recording system. The issue of confidentially and liability
should be addressed.

11. There is no monitoring of exempt waste for microbiological quality and there is no land use
restrictions. It is suggested that land restrictions for sewage sludge should be extended to
all wastes spread on land.

12. SEPA does not have the power to serve enforcement notices to stop activities. It is only in
the event of pollution that SEPA can take action.

Recommendations for improving the current practices of landspreading of wastes are listed
below:

1. Increased storage capacity at the producer site

2. Increased treatment of exempt waste

3. Clear definition of agricultural benefit or ecological improvement

4. Common statutory standards for all wastes

5. Certification of contractors

6. Incentive for Good Practices

It is recommended that the following wastes are not spread on land:

1. Blood and gut content from abattoirs;

2. Septic tank sludge

It is recommended that the following practices are prohibited:

1. Injection of wastes on land with field drains

2. Spreading outside daylight hours

3. Spreading in designated heritage sites.

In a leaflet published by SEPA on application of non-agricultural waste to land, the following
recommendations are made:



European Commission - Directorate-General for Environment

WRc Ref:CO4953-2/11768-1
July 2001

552

•  Do not spread more than 50 m3 ha-1 (4500 gallons/acre) or a level equating to the crop’s
nutrient requirement, whichever is lower;

•  Give notice to SEPA before starting application;

•  Prior to application, mil should be diluted at least 1:1 with water or mixed with slurry. Do
not apply milk and dairy wastes on sites with a high risk of run-off (e.g. steeply sloping
sites);

•  When spreading vegetable washing onto land, ensure that this will not result in run-off to
watercourses or field drain systems. To minimise the risk of transmitting plant diseases,
vegetables imported into the UK must not be applied to farmland unless this operation has
received prior approval from SOAEFD;

•  Farmers should ensure that land application of abattoir wastes would not cause any health
risks. Should land application be deemed appropriate, blood and intestinal contents should
be diluted at least 1:1 with water before application. Applications should be soil injected
and should be restricted to land which is to be immediately ploughed afterwards to prevent
odour problems.

In brief, SEPA would like to see a consistent legislative framework introduced to cover land
spreading of all organic wastes. The framework would incorporate relevant codes of practice
with statutory backing and would for the time offer clear definitions of agricultural benefit and
ecological improvement.

SEPA proposes to abandon the current pre-notification regime and to replace it by detailed
records to be kept by waste producers/operators and landowners for auditing by SEPA.
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