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Executive summary and main messages

Water quality and agriculture interactions are many and complex. The development of large irrigation schemes
has been an important contributor to global food security, particularly in arid areas, but it has also been associ-
ated with land and water salinity problems. Both, expansion and intensification of agriculture have led to an
increasing use of fertilizers and pesticides that, when not well managed, has degraded the water quality of
rivers, lakes and marine water bodies. Intensification of livestock farming systems is a case in point: concentrat-
ing inputs increases the potential transmission of pollution from both animal waste and fodder production and,
if not managed or regulated well, eutrophication of freshwater bodies can easily result. At the same time, such is
the level of water scarcity and pollution that millions of farmers worldwide are driven to irrigate with marginal
quality water such as wastewater from urban areas or saline agricultural drainage water. Minimizing both
the production and food safety risks and, at the same time, maximizing benefits when using such water is an
enormous challenge. Additionally, concerns about the use of naturally occurring arsenic-laden groundwater in
agriculture are growing and, therefore, this emerging issue will need special attention. These are all examples of

the complex interactions between agriculture and water quality that are systematically analysed in this report.

Agricultural induced water salinization
Salinity is the most important criterion for evaluating the quality of irrigation water because of the potential

crop yield reductions that can result from the use of saline water which inhibits water uptake by plants.

Agricultural practice tends to induce accumulation of salt in land and water. Salts accumulated in soils
can be mobilized by irrigation practice through the modification of water circulation across land. In addition
pumping of groundwater can induce saline intrusion in coastal aquifers or the migration of low quality water
from underlying aquifers. Major soil and water salinity problems have been reported in large irrigation schemes
in China, India, Argentina, the Sudan and many countries in Central Asia, where more than 16 million ha of
irrigated land are salinized through the combination of these processes. Globally, 34 million ha (11 percent of

the irrigated area) are estimated to be affected by some degree of salinity.

Leaching and drainage are required to maintain the salt balance in the soil profile and to sustain crop yields
in arid areas, but this drainage needs to be carefully managed to prevent salinization of water bodies. Some
drainage water management options include minimizing drainage by conserving water, reuse of drainage
water, safe disposal or treatment of drainage water.

Another crucial issue in coastal plains and islands is the prevention of saline intrusion induced by ground-
water pumping. Two main approaches taken in dealing with this problem are to: (i) reduce groundwater
abstraction in coastal areas; and (ii) actively control the freshwater-saline interface by injecting freshwater.

Water pollution from agriculture
The most important water pollution problems related to agriculture are: (i) excess nutrients accumulating in
surface and coastal waters that cause eutrophication, hypoxia and algal blooms; (ii) accumulation of nitrates

in groundwater; and (iii) pesticides accumulated in groundwater and surface water bodies.

Water pollution caused by nutrients (particularly nitrate) and pesticides has increased as intensive
farming methods have proliferated, such as increased use of chemical fertilizers and higher concentrations
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of animals in smaller areas. Sources of pollution are generally diffuse but others can be concentrated (e.g.

slurry management under zero grazing).

The 1980s saw a progressive worsening of water quality owing to the growth of intensive livestock farming
(chickens, pigs) in areas that were already saturated, and of intensive crop-growing involving the use of
chemical weedkillers and over fertilization. Developed countries have had major problems of water pollu-
tion from agriculture and trends indicate that intensified farming systems and agrochemical consumption are

being extended in emerging economies.

The control of water pollution from agriculture clearly needs to occur within broader integrated water
resource management frameworks that ensures linked land water use together with re-use management.
Specific actions need to be carried out by polluters and implemented at the relevant scales (e.g. national,
regional, municipal, local, project-level). Improved agricultural practices to minimise environmental impacts
include integrated plant nutrient management, integrated pest management, conservation agriculture and
livestock waste management. In addition, sustained regulation and water quality monitoring programmes at
all scales are essential for planning and assessment.

Use of treated and untreated wastewater in agriculture

Population growth and rapid urbanization are increasing pressure on fresh water resources. The lack of accept-
able quality water and a high level of local water demand is leading to increased water scarcity and stress and
is consequently driving the use of non-conventional waters, such us treated or raw wastewater.

Wastewater use for irrigated agriculture is especially important in urban and peri-urban areas where it
can serve as a new source of water and fertilizer if it has been properly managed to minimize environmental
and health risks.

The resulting schemes for wastewater use can be heterogeneous, but common patterns can be detected in

different countries:

Lack of quality water and poverty driving untreated wastewater use in urban and peri-urban agricul-
ture is a common pattern in Sub-Saharan Africa and other poor regions where there is no economic
capacity to afford conventional sanitation and wastewater treatment facilities. This poses health,
environmental and agriculture risks if no additional measures are applied.

Water scarcity together with health and environmental protection are the main drivers for reclaimed
wastewater use in high-income countries. This is a common pattern in countries such as Israel, Spain,
Australia or the United States (California and Florida) where highly effective sanitation and treat-
ment technology is used in planned reclamation facilities. This is a costly approach but risk is reduced
almost to zero.

Water scarcity driving treated wastewater use in emerging (middle income) countries is a common
pattern in areas where low cost technologies are applied to provide partially treated wastewater
for irrigation. This approach poses moderate risks to health, the environment and agriculture yield.

A robust policy and institutional framework needs to be in place to maximize benefits and minimize the
risks related to the use of wastewater for irrigation. These frameworks are lacking in many countries, where
wastewater use for agriculture takes place. Public institutions (health, agriculture, water) responsibilities and

jurisdictions need to be clear and coordination mechanisms are necessary.
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Cost effective and appropriate wastewater treatment suited for the end use of wastewater is fundamental.
In most developing countries wastewater treatment is not economically feasible in the short term and interim
solutions may be needed to protect farmers and public health. In these countries affordable and easily adopt-
able risk management strategies are preferable. Adopting multiple-barrier approaches can reduce human and
crop exposure to toxic compounds and pathogens.

In addition farmers need to be provided with specific guidelines to support production and access to markets
and effective dissemination and education campaigns to facilitate the adoption of such guidelines are critical.

Use of saline or desalinated water in agriculture
Salinized and sodic drainage water and groundwater are often used for irrigation. Use of this water poses

agriculture and environmental risks owing to soil salinization and water quality degradation downstream.

Although no global assessment exists, the use of saline or sodic water is a common practice in many
countries such as Bangladesh, China, Egypt, India, Iran, Pakistan, Syria, Spain and the United States, notably
for the irrigation of salt-tolerant plants and trees, but also conventional grains and forage.

When managing salinity it is important to bear in mind that many land and irrigation areas have varying
levels of tolerance to increases in salinity. Therefore, salinity needs to be considered in the context of the
particular asset at risk and the value of that asset. Salinity risk assessment should be carried out to determine
the intensity of the measures to apply and the methods to follow. In areas identified as having a high hazard
level, a good salinity monitoring programme should be developed. In addition, actions aiming to prevent
further salinization of land and water or to remedy saline or sodic soils should be implemented. These actions
include more efficient irrigated agriculture, effective drainage measures, crop selection or treatment of saline

drainage before reuse.

Desalination of saline groundwater and brackish drainage water have arisen as one of the options available
to cope with the problem of water salinization, in addition it is used for augmenting freshwater resources when
seawater is desalinated. Even when the technology presents interesting opportunities, the main constraint to
widespread use of desalinated water for agriculture is high energy consumption and associated costs.

Use of arsenic laden waters

Naturally occurring arsenic in groundwater has been reported in more than 20 countries worldwide and, in
many, shallow groundwater is used for drinking and irrigation. Natural arsenic in groundwater at concen-
trations above the drinking water standard of 10 pg/litre is not uncommon, and the realization that water
resources can contain insidious toxic concentrations of naturally-occurring chemical constituents, such as

arsenic, is fairly recent and increasingly urgent.

First estimates of arsenic toxicity (arsenosis) from drinking water, causing skin lesions and various types of
cancers, indicate about 130 million people are impacted. Sources of arsenic that have been created by people,
such as mineral extraction and processing wastes, poultry and swine feed additives, pesticides and highly
soluble arsenic trioxide stockpiles are not uncommon and have caused the contamination of soils and ground-
waters. Arsenic accumulation in the food chain (e.g. arsenic transfer in rice in Asia) is a major concern that
needs to be tackled globally and, most importantly, the scale of the problem needs to be better quantified.

Finally, management options are being developed and successfully tested to prevent and mitigate Arsenic
(As)-contamination of agricultural land. For example strategies for management of arsenic that would enable
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continuing rice production in polluted areas include: (i) growing rice in an aerobic environment where As is
adsorbed on oxidized Fe (iron) surfaces and is largely unavailable to rice; (ii) switching from As-contaminated
shallow groundwater to non-contaminated surface or deep groundwater to avoid further build up of soil As;

or (iii) identification or development of arsenic tolerant rice varieties, where arsenic uptake is also low.
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1. Introduction

There are many and very complex agriculture and water quality interactions. In this paper we explore the main
water quality impacts from agriculture, including livestock, and the use of marginal quality water, also in agricul-
ture. While linkages between water quality and aquaculture or forestry are also relevant, these subjects are better
covered in other FAO publications (e.g. FAO 2008a or FAO 2001) and are out of the scope of this report.

Section 2 explores the role of agriculture as a driver of salinization and pollution: Many large irrigation
schemes around the world, especially in arid areas, have been suffering from salinization of land and water.
Globally 34 million ha are now impacted. Expansion and intensification of agriculture have led to increasing
use of fertilizers and pesticides which has resulted in higher crop productivity. If not well managed, however,
fertilizers and pesticides can degrade the water quality of rivers, lakes and marine water bodies. In addition,
intensification of livestock farming systems is increasing pressure on water bodies. Section 2 reviews the chain:
drivers, agriculture related pressures and state of water bodies at the global scale. In addition, remedial actions

are proposed, including policy recommendations, that take the relevant socio-economic context into account.

Section 3 focuses on the use of marginal quality water, such as wastewater from urban areas or saline
agricultural drainage water, as millions of farmers worldwide often have no other alternative but to irrigate
with these waters. Minimizing risks and, at the same time, maximizing benefits when using such water is an
enormous challenge that needs to be addressed. In addition, concerns about the use of arsenic-laden water in
agriculture are growing and, therefore, this emerging issue needs special attention. Section 3 reviews the main
factors driving the use of marginal quality water for agriculture and provides an overview of the use of such

water worldwide. Moreover key considerations are outlined to guide policy.

2. Water quality impacts from agriculture

The main water quality problems associated with agriculture worldwide are salinization and nutrient and
pesticide pollution. Salinization is commonly cited as the most widespread groundwater quality problem and
as having the greatest environmental and economic impacts (Morris et.al., 2003). On the other hand eutrophi-
cation, a result of high nutrient loads (mainly nitrogen and phosphorus), is considered to be the prevailing
water quality problem for surface water (UN-Water, 2009). Other pollutants originating in agricultural activi-

ties include pesticides, oxygen-demanding substances and sediments.

2.1 Salinization of water resources in irrigated areas

2.1.1 Problem statement, concepts and definitions

Salinity is the most important criterion for evaluating irrigation water quality (Ghassemi, et al., 1995). High salt
concentrations prevent the uptake of water by plants causing crop-yield reductions. This occurs when salts
accumulate in the root zone to such an extent that the crop is no longer able to extract sufficient water from the
salty soil solution, resulting in water stress for a significant period (FAO, 1994). If water uptake is appreciably

reduced, the plant slows its rate of growth. The plant symptoms are similar in appearance to those of drought.
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Soil salinization in its early stages of development reduces soil productivity, but in advanced stages it kills all
vegetation and consequently transforms fertile and productive land to barren land.

When speaking of water quality, sodicity is also a very important variable. The term refers to the presence of
a high proportion of sodium (Na*) ions relative to calcium (Ca*") and magnesium (Mg?*) ions in soil or water.
Sodicity degrades soil structure by breaking down clay aggregates, which results in more easily eroded soil

that is less permeable to water, which then reduces plant growth.

Irrigating with saline or sodic water generally results in enhanced salinity or sodicity in soil water unless
proper irrigation measures are applied. These measures include applying irrigation water in excess of crop
requirements to leach the salts from the soil (leaching factor) and favouring the drainage of saline water
through well-designed drainage systems.

Waterlogging, which is one of the consequences of land sodicity and one of the precursors of land salini-
zation, damages plant growth. There must be a balance between the amount of air and water in the soil for
healthy growth of the plant. If the soil is waterlogged, the plant’s growth will be damaged and its production
will be adversely affected.

Environmental and agricultural damage caused by salinity, sodicity and waterlogging may imply very
severe economic and social damage, therefore well designed policies need to be developed for prevention
and remediation.

2.1.2 Causes and drivers of water salinization

There are different causes, both natural and human, that can induce accumulation of salt in soils and water
resources. Natural salinity refers to the ‘primary’ salinity that was present prior to the development of land for
agriculture, and human-induced salinity refers to the ‘secondary’ salinity often caused by land-use change.

Natural salinization of land and water is closely related to the long-term accumulation of salts in the soil
profile and, subsequently, in groundwater, but it could occur as a result of the one-time submergence of soils
under seawater (Ghassemi, et al., 1995).

Salts accumulated in soils could be mobilized and cause salinization of water bodies. The main cause for this
salt mobilization is irrigation. Application of leaching fractions for soil-clearing entails the discharge of saline
effluents from drainage schemes in irrigated areas. In addition, excessive irrigation can raise water tables from
saline aquifers and this can increase seepage of saline groundwater into water courses and increase their salini-
zation. Intrusion of saline seawater into aquifers is another important cause of salinization of water resources in
coastal areas. This intrusion is frequently the result of excessive groundwater extractions for agriculture. Excess
mineral fertilization in agriculture also plays a role in the increase of salt content in water resources.

Other human factors that can be locally important for water salinization is the discharge of saline water to
rivers from industries and mining activities. In addition, periodic application of de-icing agents in snow-belt
regions of industrialized countries contributes to the accumulation of salt in the soil and water.

2.1.3 Extent of salinization: Global overview
In almost all countries where land salinization is a major problem, it is accompanied by water salinization.
Table 1 shows the regional distribution of agricultural land salinized by irrigation and indicates that, globally,

34 Mha are now impacted.
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Major problems have been reported in Pakistan, China, United States, India, Argentina, Sudan and many
countries in Central and Western Asia. (AQUASTAT and Ghassemi, et al., 1995). Countries shown in Table 2

accumulate 90% of the area salinized by irrigation.

Figure 1 represents the spatial distribution of land under irrigation which is affected by some degree of
salinization. It was produced by combining FAO AQUASTAT country statistics regarding irrigated areas
affected by salinization with spatial information on irrigated areas where precipitation is not sufficient to
leach away salt residues that are built up in the soil due to irrigation. It was assumed that the risk of saliniza-
tion of irrigated areas can occur only in areas with an Aridity Index lower than 0.65 (where the Aridity Index
is defined as Yearly Precipitation divided by Yearly Reference Evapotranspiration).

2.1.4 Actions to prevent water salinization from agriculture.

Leaching and drainage are required to maintain salt balance in the soil profile and to sustain crop yields in
arid areas (FAO, 2007b). The salinity of drainage water might be up to 50 times higher than irrigation water
and its disposal can increase the salinity of receiving water bodies. The challenge is to minimize environmental
impacts on ecosystems linked to these water bodies, as well as the economic impacts on the subsequent activi-

ties (e.g. agriculture), using this water.

TABLE 1: AREA SALINIZED BY IRRIGATION PER REGION

Region Million ha
South Asia : 10.30
East Asia 6.70
Western Asia : 6.12
Northern America . 5.34
Central Asia : 3.21
Southern America : 0.95
Sub-Saharan Africa 0.68
Northern Africa : 0.68
Australia and New Zealand . 0.20

Total 34.19

Source: AQUASTAT, different years.
* Regions based on country groupings used in SOLAW.

TABLE 2: COUNTRIES WITH THE LARGEST AREAS SALINIZED BY IRRIGATION

Country Million ha
Pakistan : 7.00
China : 6.70
United States : 4.90
India . 3.30
Uzbekistan : 2.14
Iran (Islamic Republic of) : 2.10
Iraq : 1.75
Turkey 1.52

Source: AQUASTAT different years and Ghassemi 1995.
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FIGURE 1: PROPORTION OF LAND SALINAZED DUE TO IRRIGATION

Non-salinized irrigated areas
W <2%
M 2-5%
M >5%

Source: FAO

Until 20 years ago there were few constraints to the disposal of drainage water from irrigated lands. One of
the principal reasons for increased constraints on drainage disposal is to protect the quality of receiving waters
for downstream uses and to protect the local environment and ecology. Now, many developed and developing
countries carry out drainage water management practices. These practices can be grouped as follows:

water conservation;
drainage water reuse;
drainage water disposal; and
drainage water treatment.

Each of these options may impact hydrology and water quality in an area. Interactions and trade-offs occur
when more than one option is applied.

Planners, decision-makers and engineers need a framework to help them select from among the various
options and to evaluate their impact and contribution towards development goals. Moreover, technical exper-
tise and guidelines on each of the options are required to enable improved assessment of the impact of the
different options and to facilitate the preparation of drainage water management plans and designs. FAO
provides guidelines to plan and design land drainage systems (FAO, 2007b and FAO 2005), at the same time, to
protect water resources from the negative impacts of the disposal of agricultural drainage water (FAO, 2002).

The environmental and economic hazards must be considered carefully and, if necessary, mitigating measures
taken. If possible, drainage must be limited to wet seasons only, when the salty effluent inflicts the least harm.
In regions with pronounced dry and wet seasons, the drainage system may be operated in the wet season only
and closed during the dry season. This practice of checked or controlled drainage saves irrigation water.
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Another crucial issue in coastal plains and islands is the prevention of saline intrusion induced by
groundwater pumping. Two main approaches taken to deal with this problem are: (i) reduction of water
extraction from groundwater in coastal areas; and (ii) the creation of saltwater intrusion barriers by inject-

ing water into aquifers.

2.2 Agriculture pollution of water resources

Agriculture is by far the greatest water user in the world and consequently a major cause of water pollution.
Agricultural pollution is commonly non-point source, however, agricultural operations sometimes include
identifiable point source discharges, particularly for concentrated livestock operations. The main pollutants

from agriculture are excess nutrients and pesticides.

2.2.1 Problem statement, concepts and definitions.

Excess nutrients causing eutrophication, hypoxia and algal blooms in surface water bodies and coastal areas is the main
water quality problem globally (UN-Water, 2009). It has been suggested that the planetary boundaries, or upper
tolerable limit, for changes to the global nitrogen cycle (Rockstrom et al., 2011) and for freshwater eutrophica-
tion has been already crossed (Carpenter and Bennet, 2011). Major nutrient sources affecting water include
agricultural runoff and domestic sewage, industrial and mining effluents as well as atmospheric inputs from
the burning of fossil fuels. In a comparison of domestic, industrial, and agricultural sources of pollution from
the coastal areas of Mediterranean countries, agriculture was the leading source of nutrients (UNEP, 1996).
High-nutrient loads (mainly phosphorus and nitrogen) substantially harm beneficial uses of water.

Nitrogen and phosphorus are factors that limit life in aquatic ecosystems. Eutrophication is excessive
nutrient accumulation (e.g. nitrogen concentrations higher than 5 mg/litre), which generally promotes exces-
sive plant growth and decay. Normally, simple algae and plankton are favoured over other more complicated
plants and water becomes cloudy, shady and coloured.

The process of decay consumes dissolved oxygen in the water creating hypoxic conditions and harming
oxygen-consuming fish and shellfish. These effects on fauna are shown in Figure 2. Excessive nutrient inputs
can also cause harmful algal blooms. Cyanobacteria, also known as blue-green algae, have increased in fresh
waters and coastal areas such as the East China Sea in recent decades (UN-Water, 2009). The toxins produced by
the excessive algae can cause poisoning of fish, shellfish and even humans. Global warming may exacerbate this

problem, since cyanobacteria have a competitive advantage over other types of algae at higher temperatures.

Excess nitrogen (N) driving accumulation of nitrates in groundwater is another crucial issue. Nitrate is a soluble
compound that can be easily leached from soil by deep percolation to aquifers. In many irrigated areas
concentrations of nitrate in underlying groundwater are greater than the World Health Organization (WHO)
standards for drinking water (50 mg/litre). This is directly related to the intensive and improper use of mineral
fertilizer and manure for agriculture, sometimes exceeding crop-nitrogen demand. This relation between
agriculture intensification and nitrate pollution of groundwater is illustrated in Figure 3, which shows that
nitrate in groundwater under intensive cash-crop cultivation was higher than under mixed farming areas,

extensive coconut cultivation and uncultivated areas in Sri Lanka.

Pesticide accumulation in groundwater and surface water bodies, especially lakes and wetlands, is an increas-
ing concern. All pesticides are designed to be sufficiently toxic and persistent to reduce populations of the
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weed, insect or fungal pest they are designed to control, but they can also be toxic (poisonous) to desirable
plants and animals, including people. Some pesticides are so highly toxic that very small quantities can kill
a person, while exposure to a sufficient amount of almost any pesticide can make a person ill. Prior to the
1980s, there was relatively little concern that water resources, especially groundwater, could be polluted by
pesticides (Morris et al., 2003). However, extensive monitoring campaigns in developed countries have shown

an increasing presence off such compounds in surface water and groundwater.

FIGURE 2: CONE OF FAUNAL RESPONSE TO DECLINING OXYGEN CONCENTRATION

Source: Based on data from Diaz and Rosenberg [1995) and Rabalais et al. (2001).

FIGURE 3: RELATIONSHIP BETWEEN GROUNDWATER NITRATE CONCENTRATIONS AND CHLORIDE CONCENTRATIONS

FOR DIFFERENT AGRICULTURAL LAND USES, KALPITIYA PENINSULA, SRI LANKA

Source: from Mubarak et al., 1992
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2.2.2 Drivers and causes of increasing agriculture pollution

Intensification of agriculture during the second half of the twentieth century has brought enormous benefits to
global food security. Agriculture productivity has been steadily increasing because of the rapid expansion of
irrigation, fertilizer application and better pest control. However, intensified use of fertilizers and pesticides,
and the growth of intensive livestock farming, have also had unanticipated adverse impacts on the quality of
surface water resources and underlying groundwater. An indicator of this intensification process is the high
concentration of pig breeding in East Asia and Europe (Figure 4) or the high consumption of mineral fertilizers

per unit of cultivated area in some countries (Figure 5).

FIGURE 4: ESTIMATED PIG DENSITY WORLDWIDE (2005)

Source: FAO, 2007a

FIGURE 5: AVERAGE CONSUMPTION OF MINERAL NITROGEN FERTILIZERS PER CULTIVATED LAND (ARABLE LAND AND

PERMANENT CROPS) IN SELECTED COUNTRIES IN 2002 (kgN/ha)

Source: FAOSTAT
Note: Organic fertilizers (e.g. manure] are not accounted for.
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Intensified use of fertilizers has often come together with improper management and/ or excessive application
of nutrients. Today the link is clear between expanding and intensification of cultivated areas, increasing unit
of fertilizer use and rising groundwater nitrate concentrations in developed countries. This is also of increasing

concern in many emerging countries where agricultural expansion and intensification are taking place.

The use of pesticides has followed a similar pattern to that of nutrients with an intensified use often accom-
panied by improper management practices such as: (i) an improper selection of pesticides; (ii) poor pesticide
storage; (iii) disposal of pesticide spray-tank washings; or (iv) landfill disposal of pesticide processing waste.
So far this intensification and poor management of pesticides have primarily affected developed countries,
but this is a problem that is gaining importance in developing countries, where a proper regulatory and

control framework is often lacking.

2.2.3 Eutrophication and hypoxia in wetlands and coastal areas

The FAO Water Report: Scoping agriculture-wetlands interactions (2008b) reviewed 90 wetlands around the word
and studied three different types of water quality degradation: (i) eutrophication, (ii) water quality lowered
by agricultural pollution and (iii) overall lowered water quality (Figure 6). Eutrophication, regardless the
driver, is a frequent trend in wetlands in Europe, Asia and Oceania. Pollution from agriculture is most severe
(most frequent) in European wetlands, wetlands in Neotropics (Latin America) and Asian wetlands. Water
quality degradation (regardless the source -agriculture or other-) is most pronounced for North America and
Oceania. This general state change provides little insight into the origins or effects of water pollution (chemical
or biochemical), however, it does indicate the presence of a water quality problem. The African cases list very
few state changes for water quality/pollution, which is in line with what would be expected of the generally

low (or lower) input agriculture systems.

Similarly, much of the hypoxia and anoxia in shallow coastal marine areas has developed within the last
50 years and is closely associated with anthropogenic activities. Diaz and Rabalais (2010) noted that no

FIGURE 6: PERCENTAGE OFF WETLANDS SUFFERING WATER QUALITY DEGRADATION PER REGION

Source: FAO, 2008b
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other environmental variable of such ecological importance to estuarine and coastal marine ecosystems has
changed so drastically in such a short period. Over time trends have been consistent for increasing severity
of duration, intensity, or extent of hypoxia in areas with long-term data, for example the northern Adriatic
Sea. Currently, there are over 500 hypoxia areas associated with anthropogenic activities in the world’s coastal
areas covering more than 245 000 km? of sea bottom (Figure 7).

2.2.4 Nitrate in groundwater

Nitrate is the most common chemical contaminant in the world’s groundwater aquifers. Nitrate in groundwa-
ter has been reported as a major problem in Europe, United States and South and East Asia. In Europe, even
when mean concentrations of nitrate in groundwater have remain relatively stable in the last decades (Figure

8), nitrate drinking water limit values are exceeded in around one-third of the groundwater bodies for which

FIGURE 7: GLOBAL DISTRIBUTION OF DOCUMENTED CASES OF HYPOXIA IN COASTAL AREAS RELATED

TO HUMAN ACTIVITIES, RED DOTS

Source: Rabalais et al., 2010

FIGURE 8: NITRATE CONCENTRATIONS IN GROUNDWATER BETWEEN 1992 AND 2008

IN DIFFERENT GEOGRAPHICAL REGIONS OF EUROPE.

Source EEA 2008
Note: The number of groundwater bodies included per country is given in parentheses.
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information is currently available (EEA, 2008). In India the occurrence of nitrate in ground water beyond
national permissible limit (45 mg nitrate/1) has been reported in hundreds of districts in 21 Indian states
(CWWB, 2010). In China, according to the China Geological Survey, nitrate pollution of the shallow ground-
water is widespread with almost 100% of water samples containing some level of nitrate, and with 30-60% of
samples containing nitrates at levels above the national standard (20 mgN/1).

2.2.5 Pesticides pollution of water resources

According to available data in FAOSTAT, the United States is currently the country consuming the largest
amount of pesticides, followed by China, Colombia and Brazil. In terms of use per unit area of cultivated area,
Colombia, Costa Rica and Japan are the most intensive users of pesticides (Figure 9). Consumption and intensity
of pesticides use serve as indicator of how pesticides stress water bodies. Even when pesticide consumption in
developing countries represents only a small proportion of the global consumption, rates of increase in pesticide
consumption are now greater in some of the more rapidly developing economies than in the developed world.
This increase in the amount of pesticides consumed worldwide is counteracting the effective use of new pesticide
compounds at lower dose rates.

As a result of the expansion of water monitoring programmes in developed countries an increasing number
of pesticides are being detected in water bodies in these countries. Table 3 shows a summary of pesticides occur-
ring in groundwater.

2.2.6 Agriculture pollution trends

Livestock waste production and fertilizer and pesticide consumption have increased over the last 50 years
worldwide, mainly because of the green revolution and especially in developed countries. Although, in the last
two decades, the agrochemical consumption rate is stabilizing or even declining in some developed countries,
the fast-growing developing countries are becoming the greatest users of agricultural inputs. Figure 10 shows
mineral fertilizer consumption, giving trends for different regions of the world.

This increase in nutrient and pesticide loads on croplands has increased the transport through and accumulation
in water systems. Figures 11 illustrates this evolution in nutrient transport taking nitrogen as an example.

FIGURE 9: CONSUMPTION OF INSECTICIDES, HERBICIDES, FUNGICIDES AND BACTERICIDES PER UNIT OF ARABLE LAND AND
PERMANENT CROPS (G/HA). COUNTRIES WITH HIGHER INTENSITY USE OF PESTICIDES ARE SELECTED.
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TABLE 3: DOMINANT PESTICIDES USED AND TYPICAL COMPOUNDS DETECTED IN GROUNDWATER IN SELECTED REGIONS

Source: Morris et al., 2003

FIGURE 10: CONSUMPTION OF MINERAL FERTILIZERS PER REGION FROM 1961 TO 2002

Source: FAOSTAT
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FIGURE 11: CONTRAST BETWEEN CONTEMPORARY AND PRE-DISTURBANCE TRANSPORT OF TOTAL NITROGEN

THROUGH INLAND AQUATIC SYSTEMS RESULTING FROM ANTHROPOGENIC ACCELERATION OF THIS NUTRIENT CYCLE.

Source: Millennium Ecosystem Assessment 2005

The excess of nutrient loads sometimes exceeds the capacity of natural systems to assimilate additional
constituents. For example, in combination with increasing urban and industrial wastewater discharge,
additional nutrient load has resulted in increasing cases of hypoxia related to human activities in coastal areas

as shown in Figure 12.

2.2.7 Remedial and preventing actions against agriculture pollution

Management to remedy pollution from agriculture should occur within broader integrated management
frameworks such as Integrated Water Resource Management (IWRM) and Integrated River Basin Manage-
ment (IRBM) that ensure a comprehensive overview of the problem, but specific actions need to be carried out

by polluters and implemented at the relevant scales (e.g. national, regional, municipal, local, project-level).

In existing, or potential, areas that have been polluted by agriculture, strategies and action plans should
include explicit analyses of a broad range of diagnosis, prevention and remedial options. The most impor-
tant and comprehensive measure taken to minimize agriculture pollutant loads to water systems has been
the implementation of good agricultural practices (GAP) including integrated plant nutrient management
(IPNM) and integrated pest management (IPM) for the rational use of pesticides, fertilizers and proper
livestock waste management practices. For these GAP to be adopted by farmers the proper policies need
to be designed including regulations and education, dissemination and communication policies. FAO has
produced extensive information (plant nutrition bulletins, irrigation and drainage papers, etc.) and offers
important services for GAP and IPNM (available at: http://www.fao.org/prods/GAP/index_en.htm and
http:/ /www.fao.org/agriculture/crops/ core-themes/theme/spi/it/). Prevention and disposal of obsolete
pesticides deserves special attention since often stockpiles of old pesticides are poorly stored and toxic
chemicals leak into the environment (more information in http:/ /www.fao.org/ag/AGP/AGPP/Pesticid/
Disposal/guides_en.htm).

Sustained monitoring programmes at all scales are essential. Agriculture pollution prevention policies
require abundant and quality data. Water quality data are used to characterize waters, identify trends over
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FIGURE 12: EVOLUTION OF DOCUMENTED CASES OF HYPOXIA RELATED TO HUMAN ACTIVITIES, RED DOTS. THE NUMBER OF

HYPOXIC AREAS IS CUMULATIVE FOR THE SUCCESSIVE TIME PERIODS.

Source: Rabalais et al., 2010

time, identify emerging problems and help direct pollution control efforts to where they are most needed. In
addition, where pollution control programmes are already taking place, data analysis allows assessment of the
effectiveness of the programme. A good water quality monitoring programme should include a proper selec-
tion of: i) sampling sites; ii) sampling stations; iii) parameters to be monitored; and iv) the frequency and timing
of sampling. Complete guidance on how to design and implement freshwater quality studies and monitoring
programmes can be found in UNEP/WHO 1996. In addition, complementary information and statistics are
needed on pressure indicators from agriculture such as type and extent of fertilizers and pesticides used.

There are examples from around the world of successful policies that reduce pollution loads from agricul-
ture. Rabalais et al. 2010 reported improvements in oxygen depletion conditions in many smaller systems
worldwide and other examples of diminished symptoms of eutrophication through reductions in nutrient
loadings (Figure 13). The UNEP-GEMS Water quality outlook showed changes in median nitrate concentrations
in rivers between the early 1980s and the early 2000s in Japan, the Russian Federation, Switzerland and India
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(Figure 14). Improvements (measured as decreases) in nitrate concentrations could be detected at most Swiss
river monitoring stations and about half of the Indian river stations, whereas nitrate increased or remained the
same in most Japanese and Russian river stations. The improvements in nitrate concentrations are likely to be
the result of local and regional efforts to reduce pollutant loads into rivers and lakes (UNEP-GMES 2004).

FIGURE 13: LOCATION OF 38 SYSTEMS THAT HAVE RECOVERED FROM HYPOXIA (GREEN CIRCLES),
PRIMARILY THROUGH MANAGEMENT AND REDUCTION OF NUTRIENT LOADS. ALL SITES ARE IN NORTHERN EUROPE

AND THE UNITED STATES, EXCEPT THE BLACK SEA AND LAKE TUNIS IN THE MEDITERRANEAN SEA.
BLACK DOTS ARE SYSTEMS THAT REMAIN HYPOXIC.

Source: Rabalais et al., 2010

FIGURE 14: CHANGE IN MEDIAN COMBINED NITRATE AND NITRITE CONCENTRATIONS AT RIVER MONITORING STATIONS
BETWEEN 1980-1984 AND 2000-2004. POSITIVE VALUES INDICATE AN INCREASE AND NEGATIVE VALUES INDICATE A

DECREASE IN COMBINED NITRATE AND NITRITE CONCENTRATIONS OVER TIME. STATION IDENTIFIERS ARE SHOWN ON THE
VERTICAL AXIS.

Source: UNEP-GMES 2004
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3. Marginal quality water use for agriculture

Currently, irrigation using marginal-quality water is a common practice for millions of farmers worldwide.
Often these farmers do not have access to an alternative source of clean water. There are different types of
marginal-quality water but the most important, in terms of number of users, are wastewater from domestic and
other urban activities and saline or sodic agricultural drainage water and groundwater. Additionally, concerns

about the use of arsenic-laden water in agriculture are growing. This emerging issue needs special attention.

3.1 Urban wastewater use in agriculture

3.1.1 Problem statement, concepts and definitions

As pressure on water resources intensifies, the conservation of fresh water through use of non-conventional
waters, such us (treated) wastewater becomes an increasingly relevant option. Wastewater use for irrigated
agriculture is especially important, particularly in urban and peri-urban areas (Figure 15). This section reviews
the status and trends of wastewater use in agriculture and provides policy and management recommenda-

tions to maximize benefits and minimize the risks of such a use.

Even when no commonly shared terminology is used to refer to the different types of wastewaters and their
use, Box 1 gives the definitions of terms used in this report, which are often used by many authors.

FIGURE 15: DIFFERENT SCHEMES OF DIRECT USE OF TREATED OR UNTREATED WASTEWATER

Source: FAO, 2010
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BOX 1: DEFINITIONS

Types of wastewater

The term wastewater, as used in this report, include raw and diluted wastewater.

Urban wastewater is usually a combination of one or more of the following:
Domestic effluent consisting of black water (excreta, urine and associated sludge) and grey water (kitchen
and bathroom wastewater).
Effluent from commercial establishments and institutions, including hospitals.
Industrial effluent where present.
Storm water and other urban runoff.

Treated wastewater is wastewater that has been processed by a wastewater treatment plant and that has been
subjected to one or more physical, chemical, and biological processes to reduce its pollution or health hazard.

Reclaimed (waste] water or recycled water is treated wastewater that can officially be used under controlled
conditions for beneficial purposes, such as irrigation.

Types of wastewater use in agriculture
Direct use of untreated wastewater from a sewage outlet occurs when it is directly disposed of on land where
it is used for cultivation.
Indirect use of (unltreated urban wastewater occurs when water from a river receiving (un)treated urban
wastewater is abstracted by farmers downstream of the urban centre for agriculture. This happens when
cities do not have a comprehensive sewage collection network and drainage systems are discharging
collected wastewater into rivers.
Direct use of treated wastewater occurs when wastewater has undergone treatment before it is used for
agriculture or other irrigation or recycling purposes.
Planned use of wastewater refers to the conscious and controlled use of wastewater either raw (direct) or
diluted (indirect). However, most indirect use happens without planning.

Source: Raschid Sally and Jayakody, 2008 and Jimenez and Asano, 2008

3.1.2 Factors driving wastewater use in irrigated agriculture

There are a variety of factors driving wastewater use in agriculture (physical, economic, social and political)
but the main one is the lack of fresh water that, together with a high level of local water demand, leads to
water scarcity, stress and competition. Wastewater is sometimes the only reliable available water source for
agriculture as fresh water is allocated for industries and households. In arid and semi-arid regions freshwater
availability is low by nature, but even in rainy regions pollution of water sources may reduce the amount of
water that is safe to use. Population growth, especially in urban and peri-urban areas (Figure 16), is increas-
ing pressure on water quality because of the growing amount of wastewater produced. Population growth
is also increasing water demand both directly and indirectly through an increasing food and fibres demand.
In addition, climate change is expected to lower water availability in certain areas and in certain periods.

Together these factors are leading to an increasing use of wastewater in agriculture.

In developing countries direct use of untreated wastewater is also driven by poverty, which limits the
‘coping capacity” of cities to respond to the infrastructure needs of urbanization, e.g. with comprehensive
wastewater treatment. (Raschid.and Jayakody, 2008).
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FIGURE 16: WORLD POPULATION FROM 1950, PROJECTED TO 2050 DCS = DEVELOPING COUNTRIES;

ICS = INDUSTRIALIZED COUNTRIES
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In industrialized countries and tourist areas environmental protection and enhancement in combina-
tion with wastewater management needs represent an emerging driver for direct use of reclaimed water.
In areas with more stringent wastewater discharge standards, such as in Europe, United States, Australia
and South Africa, water reclamation and reuse becomes a competitive alternative both from economic and
environmental viewpoints.

3.1.3 Opportunities and risks

New source of fertilizers - Wastewater contains the macro and micro nutrients (e.g. nitrogen, phosphorus,
potassium, calcium and magnesium) that plants need to grow. When safely used in agriculture it leads to
eventual savings for fertilizer. In fact in some areas it may be the only affordable source of fertilizers for
poor farmers. Therefore, the use of wastewater can be a reliable source of nutrients for urban and peri-urban
agriculture, which can raise incomes, reduce poverty and improve food and nutritional security. Additionally,
at the sight of the global phosphorus crisis, with a peak in global phosphate rock reserves foreseen by around
2030 (Cordell et al 2009), wastewater can become an alternative and relevant source of this essential nutrient.

Available all year round - Unlike rainwater or natural water courses, wastewater is a reliable source of
water all year round, much less dependent on weather changes and climate variability. Urban and periurban
farmers can benefit from a more reliable source of water which allows growing more crops per year resulting

in increased yields and incomes for periurban farmers.

Low cost wastewater treatment - When wastewater treatment services are not provided, the use of wastewater
for agriculture acts as a low-cost treatment method, taking advantage of the capacity of soil and plants to naturally
remove contamination. Therefore, the use of wastewater for irrigation helps to reduce downstream health and
environmental impacts that would otherwise result if wastewater was discharged directly into surface bodies.

Health risks - Wastewater often contains a variety of pollutants: salts, metals, metalloids, pathogens,
residual drugs, organic compounds, endocrine disruptor compounds and active residues of personal care
products. Any of these components can harm human health and the environment. (WHO/FAO/UNEP, 2006).
Farmers can suffer harmful health effects from contact with wastewater, while consumers are at risk from

eating vegetables and cereals irrigated with wastewater (typhoid, etc.).
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Environmental risks - Wastewater use poses environmental risks, especially in relation to soil and
groundwater pollution (salinization of soil, clogging, pollution of water resources, etc.). Generally, the use
of domestic wastewater poses less risk to the environment than the use of industrial wastewater, especially
where industries use or produce highly toxic chemicals. Industrial discharges containing toxic chemicals are
mixed with domestic wastewater in many countries, creating serious environmental problems and, where the
wastewater is used for crop irrigation, endangering the health of the farmers and product consumers. Efforts
should be made to reduce or eliminate practices that entail the mixing of domestic and industrial wastewater,

particularly where wastewater is used for agriculture.

The use of wastewater in agriculture may have both positive and negative impacts. With careful planning and

management, the use of wastewater for agriculture can be beneficial to farmers, cities and the environment.

3.1.4 Regional overview

Planned versus unplanned reuse

Planned water reclamation and reuse is an already widespread strategy in developed regions and is expanding
throughout the world. Figure 17 shows the results of a survey carried out during the European Commission
project AQUAREC in 2003. The number of municipal water reuse schemes identified worldwide is sorted per
type of reuse application. The types of application are split into five categories: 1) agricultural irrigation; 2)
urban, recreational and environmental uses, including aquifer recharge; 3) processing water for industry; 4)
(indirect) potable water production; and 5) combinations of the above (multipurpose).

Most of the 3 300 water reclamation facilities identified for planned water reuse are located in developed
regions. For example over 1 800 were identified in Japan, over 800 in the United States, 450 in Australia and

230 in the European Union.

FIGURE 17: NUMBER OF IDENTIFIABLE PLANNED WATER REUSE SCHEMES IN SEVEN REGIONS OF THE WORLD
PER TYPE OF REUSE APPLICATION

Source: European Commission, 2006
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On the other hand, developing regions had fewer planned reclamation facilities: about 100 sites in North
Africa and the Near East area, 50 in Latin America and 20 in sub-Saharan Africa. Those numbers are destined
to become outdated quickly since many projects were identified in an advanced planning phase, and some
countries such as China were not included in the survey.

Previous data do not include unplanned and indirect use of wastewater, which is a common practice in
developing regions especially for agricultural purposes. This unplanned irrigation has been broadly reported
in low-income countries in Africa, Latin America and Asia, but data on this regard is very scarce because of
the unplanned nature of the wastewater use.

Developed and developing countries

Box 2 and Box 3 summarize the main characteristics of wastewater use for irrigation in both developing and
developed regions. Information is presented on the main drivers behind wastewater use, type of guidelines
followed and main approaches.

Agriculture represents an important demand on water and, as a consequence, is the biggest user of waste-
water by volume among all the different uses of water. Overall, surface irrigated with untreated wastewater
is substantially higher than that irrigated with treated wastewater. This is especially the case for developing
and low-income countries (Jiménez and Asano, 2008).

BOX 2: OUTSTANDING CHARACTERISTICS IN DEVELOPING REGIONS

Near East and North Africa (low and middle income countries)
The main driver of reuse is water scarcity
Reuse performed with partially treated or untreated wastewater
Agricultural irrigation is the main reuse activity
WHO guidelines basically followed

Central and South Africa
Little available information on reuse practices
Water reuse is driven by water scarcity and a lack of sanitation
Wastewater is appreciated as a reliable water resource and for its nutrient content
Are starting to follow WHO guidelines but with problems

Central and South America
Water reuse is driven by the interest in recycling nutrients contained in wastewater in poor soil areas, the
lack of sanitation that make raw sewage available for irrigation, and water security in the Caribbean Islands,
Mexico and Peru (water scarce countries).
Wastewater is frequently used untreated and to irrigate crops directly or indirectly. Farmers appreciate this
wastewater because it is a reliable water source, because of its nutrient content and because of its low or
zero cost.
Public policies tend to control unplanned reuse rather than promote planned use.
Most of the countries follow WHO guidelines but have problems

Asia [middle and low income countries)
Water reuse is driven by water scarcity, lack of sanitation and demand in high population density areas.
Perform reuse for agriculture and aquaculture

Source: Adapted from Jimenez and Asano, 2008
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BOX 3: OUTSTANDING CHARACTERISTICS IN DEVELOPED REGIONS

Europe
Water is a scarce resource in Southern Europe (Mediterranean region) where agriculture is the main user
of wastewater.
Wastewater use in agriculture is driven by: a) water scarcity; and b) stringent effluent discharge regula-
tions.

European countries use either WHO Guidelines or California’s Title 22 standards (see Box 4 and 5).

North America
Reuse is only practiced in some states/provinces because of chronic and temporary water shortage, fast
growing water demand in urbanized areas, stringent standards for wastewater discharge, the increased cost
of mobilizing new water resources and environmental constraints.
The first standards for water reuse in the world were established in the State of California in 1918. This
legislation evolved into the Title 22 standards, which are stringent because of the high level of public health
protection required by the State.
22 out of 50 States comprising the United States have water reuse standards. Some follow the style of Title
22 standards’ but others do not
In 2005 the United States Environmental Protection Agency released new water reuse criteria

Oceania
Water reuse is driven by regional water scarcity and stringent effluent discharge conditions to protect ocean,
coastal and surface water ecosystems.
Australia is undertaking important water reuse programmes. It has developed a new water policy based on
mandatory measures and incentives for promoting water reuse.
Currently, reuse is increasing at a rate of 10-17 percent per year.
Of reclaimed water used, 28 percent is for agricultural irrigation.
Water reuse schemes have been developed with subsidies, where the recycled water cost has been set at
30 percent of the cost of potable water.

Near East and North Africa (high income countries)
The main driver for reuse is water scarcity.
There are water reuse schemes for agricultural and landscape irrigation.
Use reclaimed water where there is a high demand for water (see Box 2J.
Wastewater use standards are inspired by the California Title 22.

Asia (high income countries)
Water reuse is driven by water scarcity, demand in high population density areas, and in one case (Singapore)
by international political pressure on water resources.
Performing reuse for municipal and industrial purposes (like Japan and Korea)
Municipal reuse is for activities requiring low quality water (like toilet flushing) but also for human consump-
tion (only Koreal)

Source: Adapted from Jimenez and Asano, 2008
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BOX 4: CALIFORNIAN TITLE 22 REGULATION (STATE OF CALIFORNIA, 2000)

Attempts to achieve near zero-risk, with relatively expensive compliance requirements.

It is flexible: 43 uses, four treatment levels and alternative treatment is possible.

Primarily developed in response to projects to eliminate public health risks.

Criticized for not being a risk-based regulation and for being overly conservative.

This approach may be applicable to countries with a strong domestic financial market like Israel, the
European Union and Australia, but when a critical level of financing is not available this model cannot be
considered to be of practical use.

Source: European Commission, 2006

BOX 5: WHO/FAO/UNEP GUIDELINES (WHO, 2006)

Designed to facilitate reuse, recognizing that regulations should be realistic and able to be realized within
the context they are to be applied.

Standards criticized for being too low.

This approach is valuable to countries with limited financial means and wastewater treatment infrastructure.
In economies in transition, too strict standards would virtually ban the reuse practice but this does not neces-
sarily stop the reuse of often even less treated or untreated wastewater.

Source: European Commission, 2006

Many high-income and water-scarce countries, especially in the Near East and the Mediterranean region, are
intensively using treated wastewater for irrigation. In a number of these countries - Israel, Jordan, and Tunisia
- water reuse provides the greatest share of irrigation water. Israel is the world’s leader in this area, with over
70 percent of collected and treated wastewater re-used for agricultural purposes (Kanarek and Michail, 1996).

3.1.5 Common patterns
Even when use of wastewater in irrigation can be driven by many factors and the resulting schemes for waste-

water use can be very heterogeneous, common patterns can be detected in different countries.

Lack of quality water and poverty drive untreated wastewater use in urban and peri-urban agriculture.
This is a common pattern in sub-Saharan Africa and other poor regions where there is no economic capacity
to afford conventional sanitation and wastewater treatment facilities. This poses health, environmental and
agriculture risks if no additional measures are applied.

Water scarcity and health and environment protection drive reclaimed wastewater use in high-
income countries:
This is a common pattern in countries such as Israel, Spain, Australia or the United States (California and
Florida) where highly effective sanitation and treatment technology is used in planned reclamation facilities.
This is a costly approach but reduces risk almost to zero.

Water scarcity drives treated wastewater use in emerging (middle income) countries.
This is a common pattern in areas were low cost technologies are applied providing partially treated wastewa-
ter for irrigation purposes. This approach poses moderate risks to health, environment and agriculture yield.
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Different patterns and schemes for wastewater use for irrigation will require a specific approach to minimize
the associated risks and maximize the potential benefits.

3.1.6 Policy and institutional framework
To maximize benefits and minimize risks related to the use of wastewater for irrigation a robust policy and
institutional framework needs to be designed. In many countries, where wastewater use in agriculture takes

place, these frameworks are lacking.

Policies for wastewater use can be implemented through several types of instruments: laws and regula-
tions, economic measures, information and education programmes all focusing on treatment or non-treatment

options depending on the local socio-economic conditions (Table 4).

The institutional framework on wastewater use in irrigation is especially complex since there may be a great
number of institutions involved in dealing with: i) health protection; ii) agriculture; and iii) water manage-
ment at different administrative levels: international, national, local. Responsibilities and the jurisdictions of
the public institutions need to be clear and coordination mechanisms should be created to establish compre-

hensive and effective policies.

Policies on the use of wastewater for irrigation can have one or more objectives (conserve water and
nutrients, maximize agricultural yields, protect public health, prevent environmental damage, meet produce
quality standards for domestic and international trade...). Defining these objectives is important for develop-
ing a national policy framework. The right policies can facilitate the safe use of wastewater for agriculture.

An essential issue is to know the current institutional framework well and to identify and clarify the role (respon-

sibilities and jurisdictions) of the different institutions (ministries, agencies...) at both national and local level.

3.1.7 Management strategies to reduce risks

Advanced treatment of wastewater before use is to eliminate health and environmental risks. This is the
main approach used when planning wastewater reuse facilities in developed countries. In many developing
countries, however, the cost of construction, operation and maintenance, and the lack of required skills, are the
primary constraints to wastewater treatment capacity. In this situation it may be wiser to manage or minimize
risk, rather than attempting to eliminate it through advanced wastewater treatment.

Minimizing health risks:
In most developing countries wastewater treatment is a long-term strategy. Interim solutions may be needed
to protect farmers and public health (CA., 2007). In these countries, the focus has been on prioritizing afford-

TABLE 4: INSTRUMENTS TO IMPLEMENT POLICIES ON WASTEWATER USE IN IRRIGATION

Education, social

Laws and regulations Plans and programmes Economic framework awareness and social
marketing
Focus on treatment Especially middle to high income countries where promotion of planned use of treated
options wastewater is needed
Focus on non-treatment Especially in low to middle income countries were controll of unplanned wastewater use is
options needed
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able and easily adoptable risk-management strategies. Adopting the multiple-barrier approach can reduce
human and crop exposure to toxic compounds and pathogens. The 2006 WHO-FAO-UNEP ‘Guidelines on
the safe use of wastewater in agriculture’, present a number of risk management strategies that can be imple-
mented (Figure 18).

Though unpopular, protective measures such as wearing boots and gloves can reduce farmers’ exposure.
Farmers can wash their arms and legs after immersion in wastewater to prevent the spread of infection.
Improvements in irrigation methods and in personal and domestic hygiene can be encouraged by public awareness
campaigns. Drip irrigation can protect farmers and consumers by minimizing crop and human exposure, but
pretreatment of wastewater is needed to avoid clogging of emitters. A combination of farm-level and post-harvest
measures can be used to protect consumers, such as restricting crops to be used (industrial or inedible crops) or
products that require cooking before consumption. Farmers can stop applying wastewater long before harvest,
to reduce potential harm to consumers. Vegetables can be washed before sale or consumption and storage
methods can be improved. Public agencies can implement child immunization campaigns against diseases that

can be transmitted by wastewater use and target selected populations for periodic antihelminthic campaigns.

In many developing countries, where high-tech wastewater treatment is not feasible, treatment can be
phased in by first introducing primary treatment facilities, particularly where wastewater is used directly for
irrigation. Secondary treatment can be implemented in some areas by using low-cost options, such as waste-
stabilization ponds, constructed wetlands and up-flow anaerobic sludge blanket reactors (Mara 2003).

Minimizing environmental risks:
Nutrients in municipal wastewater can contribute to crop growth, but periodic monitoring is needed to avoid
imbalanced nutrient supply. Periodic monitoring is required to estimate the nutrient loads in wastewater and to

adjust fertilizer applications.

FIGURE 18: OPTIONS TO REDUCE PATHOGENS ALONG THE FOOD CHAIN WITH DIFFERENT COMBINATION OF HEALTH

PROTECTION MEASURES THAT ACHIEVE THE HEALTH-BASED TARGET OF (< 10 DALYS) PER PERSON PER YEAR.

Source: WHO/FAO/UNEP 2006
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Salt levels in wastewater, even after most treatments, are often too high for unrestricted irrigation. To
maintain a favourable salt balance, excess water must be able to drain from the root zone. Good drainage is
particularly important in arid and semi-arid areas. The quality of drainage water should be controlled and
must be disposed of properly.

3.1.8 Management strategies to maximize benefits

To maximize farmers” benefits several technical and market issues should be addressed:

Selection of crops, agricultural practices and technologies:
Raw, but also treated, wastewater has certain characteristics that might affect crop productivity and,
consequently, farmers” income. For example wastewater, even after secondary treatment, typically has
high salt concentration and therefore actions to prevent soil salinity and harmful effects on crops must
be undertaken (see the Sections on Actions to prevent water salinization from agriculture and Improving
management of saline and sodic water). Suspended solids in wastewater is another example of a constraint
that needs to be managed. Suspended solids in wastewater may increase clogging of soil and of some
types of drip-irrigation systems. To prevent this, the right irrigation technology and the right agricul-
tural practice should be implemented. Especially relevant is the selection of crops and varieties that are
resistant to low-quality water and salinity.
Management of nutrients to meet crop requirements in different seasons:
Often there is no control of the total amount of nutrients used for crop production. Farmers should
periodically measure nutrient concentrations in applied wastewater or, at least should have an indica-
tion of the average nutrient content in the water being used. When farmers do not have the resources
or capacity to implement this measurement they will need public support. When nutrient content in
wastewater is known, farmers can better match crop requirements and the amount of nutrients applied
by diluting wastewater or by adding extra fertilizer if feasible.
Approach to market and consumers:
Consumers are often reluctant to buy products that have been irrigated with wastewater, even when
treated. Many countries using reused water for irrigation face exportation restrictions and their
products have no access to more profitable markets. This is often because of a lack of confidence
and cultural and religious barriers. Strengthening consumer confidence, and dismantling unjusti-
fied cultural and religious barriers, should be a priority. Certifying that crops were produced in a
safe environment, with a special focus on the safe use of wastewater, would increase produce safety
and the confidence of both consumers’” and markets’. More information on how to create certification
programmes is shown in FAO, 1997.
Farmers should be provided with specific guidelines on dealing with the above-mentioned issues and to
support production and access to markets. In addition, proper dissemination and education campaigns need
to be designed to facilitate the adoption of such guidelines by farmers.

3.1.9 Planning and implementation

National plans and programmes should be developed with the participation of the stakeholders involved:
public agencies and ministries, farmers, service providers, NGOs, researchers and universities. This partici-
pation should include communication strategies and data collection from stakeholders to ensure their inter-
ests are covered.

Key factors such us religion, economic financial considerations, public perception, cultural barriers, psycho-
logical taboos, technical feasibility and institutional capacity needs to be considered to successfully implement
wastewater use schemes.
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3.1.10 Economic and financial considerations
Projects related to wastewater use for irrigation should be economically justified and financially feasible,
otherwise they may fail over the long term.

The economic appraisal of a project should be from the viewpoint of the regional basin, comparing its
economic costs and benefits. Although farmers may be net beneficiaries when using treated wastewater,
compared with their previous and alternative sources of water, this depends very much on local circum-
stances and the scale of farming (smallholder farmers or large-scale commercial farming). In any event their
net benefits are unlikely to offset the full cost of the scheme. On the other hand, the benefits to urban and
industrial users could be sizeable and, in most cases, would be the principal justification for the project. The
net impact of the project on the local and downstream environment will also be site specific, and there are
likely to be both benefits and costs (FAO, 2010).

Once the basic economic justification for the project is established, the next step is to examine its financial
feasibility. The distribution of the costs and benefits of the project among the different stakeholders is crucial
to its feasibility. Its impact on the finances of the various stakeholders - national government, regional water
authority, farmers, municipal utility and/or other major players should be assessed. Financial gainers and
payers should be identified to gauge the incentives, or conversely the penalties, to be applied and the type
of funding that would be appropriate. Water charges, taxes, subsidies, soft loans, environmental service
payments, and other instruments could all form part of the financing proposals.

3.2 Saline, sodic and desalinated water use in agriculture

3.2.1 Problem statement

Surface runoff and subsurface drainage from agriculture systems often have higher salt content than the
originally used irrigation water. This is because of excessive use of mineral fertilizers, inappropriate irriga-
tion methods, irrigation of saline soils and leaching fractions applied. In addition, use of water resources
that are considered saline or sodic is increasing worldwide as shown in Section 1.1. Salinized drainage water
and groundwater are often used for irrigation purposes posing agriculture and environmental risks owing to
soil salinization and water quality degradation downstream. Problems from soil salinization and sodicity are
described in Section 1.1.

Desalination of salty groundwater and brackish drainage water is an available option for coping with the
problem of water salinization. In addition, when seawater is desalinated, it is used to augment freshwater
resources (FAO, 2006). Even if this technology is interesting the main constraint is the massive use of energy
required and the associated costs.

3.2.2 Global overview
Use of saline and sodic water
Currently no overall and complete global or regional quantifications exist for saline and sodic drainage use

for agriculture. Nevertheless, Figure 1 gives an idea of the extent of this practice.

The cases of Egypt and India illustrate the importance of the issue. Egypt uses approximately 5 billion m®
of drainage water for irrigation in the Nile Delta, where drainage water and freshwater are mixed. In India,
approximately 32 billion m® of saline and sodic groundwater are withdrawn annually for different uses,
mainly for agriculture. The use of saline or sodic waters is a common practice in many other countries such as
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Bangladesh, China, Iran, Pakistan, Syria, Spain or the United States, especially to irrigate salt-tolerant plants
and trees, but also conventional grains and forage (CA, 2007).

Use of desalinated water in irrigation

Global desalination capacity has grown rapidly worldwide in the last 30 years (Figure 19). Figure 20 presents
the share of the installed desalination capacity in terms of the process used. The multistage flash distillation
process makes up the highest total production capacity of desalinated waters, followed closely by Reverse
Osmosis (RO). Other processes are comparatively smaller in production capacity. Although thermal distillation
plants make up about 21 percent of the world total of desalinating facilities, they produce more than half of the
total desalinated waters because they are larger than RO facilities. RO is particularly appealing because recent
advances in membrane technology allow for modular construction of desalinating facilities to meet small- to
large-volume desalination needs (FAO, 2006). From an inventory by Wangnick (2000), seawater and brackish

water make up about 59 percent and 41 percent, respectively, of the total water sources for desalination.

RO is the preferred desalination technology for agriculture uses because of the cost reductions driven by
improvements in membranes in recent years.

Spain provides an important example of the application of desalinated water for irrigation. Spain has more
than 300 treatment plants (about 40 percent of the total number of existing plants worldwide) and 22.4 percent
of the total desalinated water is used for agriculture. Most of these plants process brackish water (only
10 percent of the total desalinated water for agriculture originates from seawater) and are located in coastal
areas or within 60 km of the sea (FAO, 2003). In this country, small and medium-sized brackish-water desali-
nation plants, with a capacity of less than 1 000 m*®/d (11.6 litres/s), are common because they adapt better to
the requirements of individual farmers and to the existing hydraulic structures.

3.2.3 Improving management of saline and sodic water

When dealing with salinity it is important to bear in mind that many land and irrigation areas have varying
levels of tolerance to increases in salinity. Therefore, salinity must be considered in the context of the particu-
lar asset at risk and the value of that asset. A salinity risk assessment should be carried out to determine the
intensity of the actions to apply and the methods to follow. In areas identified as having a high hazard level a
good salinity monitoring programme should be developed. In addition, actions to prevent farther salinization
of land and water or to remedy saline or sodic soils need to be implemented.

The prevention of salinity, sodicity and waterlogging requires more efficient irrigated agriculture or effec-
tive drainage measures, or better still a combination of the two. Improved efficiency of water use has been the
subject of much research by irrigation engineers and agronomists, and many techniques are now employed,
of varying technical complexity and cost. An extensive description of these techniques is given by Ghassemi,
et al., 1995 with a detailed review of engineering options, biological options, policy options and a wide range

of tools that can be used to manage and monitor salinization.

Drainage is the primary method of controlling soil salinity. A drainage system should permit a small
fraction of the irrigation water (about 10 to 20 percent, the drainage or leaching fraction) to be drained and
discharged out of the irrigation project. This can be achieved by open ditches, tile drains or pumping from
boreholes. The choice depends on the permeability of the soil, subsoil and underlying aquifer material, on the
funds available for the capital works, on the resources of local communities for operation and maintenance
and the energy costs of pumping,.
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FIGURE 19: CUMULATIVE TOTAL CAPACITY OF DESALINATION PLANTS IN THE WORLD. 1945 TO 2004

Source: Wangnick/GWI, 2005

FIGURE 20: GLOBAL DESALINATION CAPACITY PER TYPE OF PROCESS

Source: Wangnick/GWI, 2000

Crop selection is another crucial issue related to salinity or sodicity management in agriculture. Crops vary
considerably in their ability to tolerate saline conditions, for example durum wheat, triticale or barley tolerate
higher salinity than rice or corn. Irrigation with saline water can even improve the quality of some vegetables,

as the sugar content in tomatoes or melons can increase.

Saline drainage water can be reused downstream directly of blended with freshwater. These approaches
would require planning at the watershed scale to adapt agriculture practices and crops to the increasing salt

content after different cycles of reuse (Figure 21).
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FIGURE 21: SEQUENTIAL REUSE OF DRAINAGE WATER

Source: CA, 2007

Reuse of saline water can require treatment before use. Desalination of salty groundwater, brackish
drainage or even seawater is an option of increasing importance. In the past, the high cost of desalinating and
the energy required have been major constraints to large-scale production of freshwater from brackish waters
and seawater. However, desalinated water is becoming more competitive for urban uses because desalinat-
ing costs are declining (Table 5) and the costs of surface water and groundwater are increasing. In spite of
this development, the costs of desalinated water are still too high for the full use of this resource for irrigated
agriculture, except for intensive horticulture for high-value cash crops, such as vegetables and flowers (mainly

in greenhouses) grown in coastal areas (where safe disposal is easier than in inland areas).

The discharge of salty drainage water may pose environmental problems to downstream areas. The
environmental hazards should be considered carefully and, if necessary, mitigating measures taken (FAO,
2007b). If possible, drainage should be limited to wet seasons only, when the salty effluent inflicts the least
harm. Constructed wetlands are a relatively low-cost option for protecting aquatic ecosystems and fisheries,
either downstream of irrigated areas or in closed basins. The volume of drainage water requiring disposal can
be reduced by treatment and cyclic reuse. Disposal options include direct discharge into rivers, streams, lakes,

deserts, and oceans and discharge into evaporation basins.

3.3 Arsenic-laden water use in agriculture

3.3.1 Problem statement
Natural arsenic in groundwater at concentrations above the WHO drinking water standard of 10 ug/litre is not
uncommon, and the realization that water resources can contain insidious toxic concentrations of naturally-

occurring chemical constituents, such as arsenic, is fairly recent and increasingly urgent.

Sources of arsenic that have been created by people such as mineral extraction and processing wastes,
poultry and swine feed additives, pesticides and highly soluble arsenic trioxide stockpiles are also not

uncommon and have caused further contamination of soil and groundwater.
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TABLE 5: ENERGY CONSUMPTION AND SEAWATER DESALINATION COSTS IN SPAIN

Source: FAO 2003

The use of arsenic-polluted groundwater has increased considerably in the last decades, especially in Asia.
In this period arsenic pollution of these water resources was unnoticed. The aim was to provide farmers with
inexpensive sources of drinking and irrigation water. Thus, millions of shallow tube wells were constructed
to withdraw groundwater. This had very positive effects providing farmers with water during the dry season
and during periods of drought and offered an inexpensive source of drinking-water mostly free of waterborne
diseases. It released, however, an enormous amount of arsenic that increased human exposure to this pollut-

ant and posed significant health risks.

Estimates of arsenic toxicity (arsenosis) from drinking water, causing skin lesions and various types of
cancers, indicate about 130 million people are impacted (Nordstrom, 2002).

Besides drinking water health risks, there is a concern about the potential levels of arsenic entering the food
chain through absorption by crops from irrigated water. Widespread use of As-contaminated irrigation water
ultimately leads to issues of food security, food safety and degradation of the environment through:

1. Reduced agricultural productivity resulting from As toxicity to crops (e.g. rice) and possibly to animals
when high As crops (e.g. rice straw) are used for feed.

2. Constraints on land use because of arsenic build up in soils, toxicity to crops and/or unacceptable
quality of agricultural products.

3. Creation of spatial variability in soil As, Fe and P levels that make agricultural management of land
difficult.

4. Enhanced exposure of humans to As through agricultural products containing elevated levels of As,
especially rice, and through food system and environmental pathways of arsenic, e.g. high As animal
products, dermal absorption while weeding rice paddies, use of high As straw and manure as fuel.

3.3.2 Extent of the problem

Arsenic contamination in groundwater has been reported in more than twenty countries around the world
(Nordstrom, 2002) and, in many, shallow groundwater is used for both drinking and irrigation, potentially
exposing millions of people (Table 6).
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TABLE 6: GLOBAL ARSENIC CONTAMINATION IN GROUNDWATER (NORDSTROM 2002)

Country/  Potential exposed As concentration in . .
R . . Environmental conditions
region population Jroundwater (llg lliter)

Bangladesh 30,000,000 <1t0 2,500 Natural; alluvial/deltaic sediments with high
phosphate,* organics

West Bengal, 6,000,000 <10 to 3,200 Similar to Bangladesh

India

Vietnam >1,000,000 1to 3,050 Natural; alluvial sediments

Thailand 15,000 1to >5,000 Anthropogenic; mining and dredged alluvium

Taiwan 100,000 to 200,000 10 to 1,820 Natural; coastal zones, black shales

Inner Mongolia 100,000 to 600,000 <1to0 2,400 Natural; alluvial and lake sediments; high
alkalinity

Xinjiang, >500 40 to 750 Natural; alluvial sediments

Shanxi

Argentina 2,000,000 >1 t0 9,900 Natural; loess and volcanic rocks, thermal
springs; high alkalinity

Chile 400,000 100 to 1,000 Natural and anthropogenic volcanogenic
sediments; closed basin; lakes, thermal
springs, mining

Bolivia 50,000 - Natural; similar to Chile and parts of Argentina

Brazil - 0.4 to 350 Gold mining

Mexico 400,000 8 t0 620 Natural and anthropogenic; volcanic sediments,
mining

Germany - <10 to 150 Natural: mineralized sandstone

Hungary, 400,000 <2to 176 Natural; alluvial sediments; organics

Romania

Spain >50,000 <1to 100 Natural; alluvial sediments

Greece 150,000 - Natural and anthropogenic; thermal springs and
mining

United - <1t0 80 Mining; southwest England

Kingdom

Ghana <100,000 <1to 175 Anthropogenic and natural; gold mining

USA and - <1 to >100,000 Natural and anthropogenic; mining, pesticides,

Canada

As,0; stockpiles, thermal springs, alluvial,
closed basin lakes,various rocks

Source: Nordstrom 2002
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Although the main geochemical mechanisms of arsenic mobilization are well understood, and important cases
have been reported around the world (Table 6) the real worldwide scale of affected regions is still unknown.

Amini et al., (2008) conducted a study using a large database of measured arsenic concentrations in ground-
water (around 20 000 data points) from around the world as well as digital maps of physical characteristics
such as soil, geology, climate, and elevation to model probability maps of global arsenic contamination.
(Figure 22). The probability maps based on modelling the above information correspond with the known
contaminated regions around the world and delineate new untested areas that have a high probability of
arsenic contamination. Notable among these regions are Southeast and Northwest China, central Australia,
New Zealand, northern Afghanistan, and northern Mali and Zambia.

3.3.3 Knowledge gaps and remedial actions
Considerable effort has been made to study and develop practical and acceptable water treatment systems for
rural households but remedial actions to reduce exposure to As through the food chain is less understood and

controlled. This is an emerging issue and important knowledge gaps need to be filled (Box 6).

FIGURE 22: MODELED GLOBAL PROBABILITY OF GEOGENIC ARSENIC CONTAMINATION IN GROUNDWATER FOR (A)

REDUCING GROUNDWATER CONDITIONS, AND (B) HIGH-pH/OXIDIZING CONDITIONS WHERE ARSENIC IS SOLUBLE
IN ITS OXIDIZED STATE.

Source: Amini. et al., 2008
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BOX 6: IDENTIFIED As KNOWLEDGE GAPS FOR ASIA

The extent of using As-contaminated groundwater resources for irrigation in Asia has not been quantified.

The scale of As accumulation in topsoils from As-contaminated irrigation water in Asia is unknown.

The scale of land degradation caused by irrigation with As-contaminated water is unknown.

Factors determining As accumulation in soils are not sufficiently understood and quantified.

The relationship between As in water, soil and plants has not been quantified.

Few management options have been developed to prevent and mitigate As-contamination of agricultural land.
Uptake and toxicity of As in crops currently cannot be predicted.

Limited knowledge is available about the differences between plant species and cultivars in As uptake, sensitivity,
translocation and speciation.

There is no plant toxicity data representative of the field situation.

There is no insight into the risks of As in water and fodder for livestock and their food products.

There are no policies concerning the use of As-contaminated groundwater for irrigation.

Only limited data on inorganic As in rice, vegetables and other foods are available.

The uptake efficiency/bio-availability of As in rice and other foods after consumption is largely unknown.

The provisional tolerable daily intake for dietary inorganic As intake is still provisional 18 years after issuance,
indicating uncertainties about the acceptable level.

Globally, except for China, no food safety standards for inorganic As in foods have been found.

A reliable and representative human health risk assessment for As in foods cannot be made at this stage.

Data from countries other than Bangladesh for (inorganic) As in irrigation water, soil, crops and foods are
very limited.

Data on As in livestock and freshwater fisheries are so far insufficient to make any statement on the risks of As
to animal health and the safety of food products from these sectors.

Source: Heikens, 2006

Most importantly, the scale of the problem needs to be better quantified. This should be based on scientifi-
cally justified methodologies resulting in reliable results, conclusions and recommendations. Close involve-
ment of stakeholders from different sectors is necessary to optimize integrated and cross-sectoral programme
coordination and implementation, which should include data sharing, human resources, funding and
optimize the dissemination and integration of the outcomes in strategic planning and programming, thus
ensuring sustainability.

Finally, it is worth mentioning that management options are being developed and successfully tested to
prevent and mitigate As-contamination of agricultural land. For example, strategies to manage arsenic would
enable rice production in Bangladesh to continue, which is so far the most arsenic exposed country (FAO,
2007c). Other strategies include:

1. Growing rice in an aerobic environment where As is adsorbed on oxidized Fe surfaces and is largely
unavailable to rice.

2. Switching from As-contaminated shallow groundwater to uncontaminated surface or deep groundwa-
ter to avoid further build up of soil As. Unfortunately, the surface water option is limited and generally
requires large irrigation development projects.

3. Identification or development of arsenic tolerant rice varieties, where arsenic uptake is also low.
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Abstract

Environmental issues are often neglected until a lapse in the care for environment, which leads to serious human health problem,
would then put regulation gaps in the spotlight. Environmental regulations and standards are important as they maintain balance among
competing resources and help protect human health and the environment. One important environmental standard is related to municipal
solid waste (MSW). Proper MSW management is crucial for urban public health. Meanwhile, the sustainability of landfills is also of
concern as increasing volumes of MSW consume finite landfill space. The incineration of MSW and the reuse of incinerated residues
help alleviate the burden on landfill space. However, the reuse of MSW incinerator residues must be regulated because they may expose
the environment to toxic heavy metal elements. The study of environmental standards from different countries applicable to MSW is not
widely published, much less those for incinerated MSW residue reuse. This paper compares extant waste classification and reuse stan-
dards pertinent to MSW, and explores the unique recent history and policy evolution in some countries exhibiting high environmental
regard and rapid changes, so that policy makers can propose new or revise current MSW standards in other countries.
© 2015 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. All rights reserved.
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1. Introduction

An important purpose of environmental regulations is
to regulate the use of resources to ensure minimal impact
on the environment and human health. As the economy
grows and income rises, the increased demand for natural
resources and manufactured consumer goods has put
strains on the environment (Swanson, 2008). Subsequently,
the amount of solid waste generated increases in parallel to
economic development, due to excessive consumerism.
According to the United States Environmental Protection
Agency (USEPA), solid waste that is not properly managed
poses risk to human health and the environment by con-
taminating water, attracting insects and rodents, increasing
flood due to blocked drainage of canals or gullies, among
others (USEPA, 2002). Wastes can be classified as munici-
pal solid waste (MSW), medical waste, hazardous waste,
industrial waste, or radioactive waste (Links, 2006).

MSW is of particular concern in developing economies,
as a significant portion of the population there does not
have access to a waste collection service (Schiibeler,
1996). Therefore, MSW management can have important
consequences for public health, well-being, and sustainabil-
ity. In the US, most of the MSW is handled in one of the
three ways: landfilling (53.8%), recycling (34.5%), and
incineration (11.7%) (USEPA, 2012). Although the inciner-
ation rate is still low in some countries, the reuse and recy-
cle of incineration ash can greatly lower disposal burdens
of MSW and provide valuable materials to countries that
have limited natural resources (Huang et al., 2006). One
of the benefits of incineration is volume reduction in waste,

Table 1

which alleviates limited landfill space, providing extra
source of energy from combustion, and the potential recy-
cling of incinerator residues. There are more than 200
waste-to-energy plants in 14 European countries, managing
about 23% of MSW in these countries, and 89 waste-to-
energy plants operating in 27 states in the US (Ornebjerg
et al., 20006).

Generally, there are two types of MSW incineration ash,
which are the remaining residues after burning: bottom ash
(IBA) that remains after combustion on the grate and fly
ash (IFA) that is removed from exhaust flue gases
(Huang et al., 2006). Millions of tons of IBA are produced
worldwide each year, and varying portions of them are
recycled for structural applications. In Germany, over
three million tons of IBA were generated, two million tons
of which were reused in 2003 (Ornebjerg et al., 2006). On
the other hand, Denmark, having recycled only slightly
more than half a million tons of IBA in the same year,
had a high IBA reuse rate of nearly 98% (Ornebjerg
etal., 2000). These and other statistics are shown in Table 1.
Numerous studies have been conducted on the assessment
of reusing incineration ash (Chang et al., 1999; Erdem
et al., 2011; Tang et al., 2014) and found it suitable as
secondary construction material (Cai et al., 2004). IBA
can also be reused as road bases and dye adsorbents
(Lam et al., 2010). IFA is seldom reused due to its
hazardous nature. In fact, IBA cannot be reused unless it
meets the environmental regulations set out in individual
countries.

The proper reuse of IBA as a new resource requires
environmental regulations. The MSW environmental

Incineration bottom ash quantities in selected countries (Ornebjerg et al., 2006).

Country Tons of ash available Tons of ash reused Percent of ash
per year (2003) per year (2003) reused (2003) (%)

Denmark 644,626 629,278 97.6

France 2,995,000 2,366,000 79.9

Germany 3,140,000 2,025,700 64.5

The Netherlands 1,075,000 950,000 88.4

United Kingdom 725,000 410,000 56.6

United States 9,000,000 500,000 5.6
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standards covered in this review paper come from the
European Union, the Netherlands, Denmark, the United
States, Taiwan, and China. These countries either have
advanced stages of waste management programs and
policies, as in the case of European countries and the
US, or the potential of growth in Asia as illustrated
by Taiwan and China. The scope of coverage of
environmental standards in this paper is limited to
environmental standards pertaining to incinerated waste
management. Specifically, inorganic contaminants in
leaching limit criteria are discussed. As far as the authors
of this paper know, there are no comprehensive, widely
published evaluation criteria for the reuse of incinerated
waste available. Furthermore, even when criteria are
published, the rationales for the standard criteria are
often not given (Barnett and O’Hagan, 1997). Huque
and Watton (2009) attempt to explain environmental
management policy differences in Canada and the United
States by their different federal government structures
and historical developments, but there is no analysis of
such standards available. Compiling data and rationale
from different countries is also difficult for researchers
because primary sources of data are often not available
in English. The objective of this paper is to compile envi-
ronmental standards from countries with well-published
environmental practices and standards, so as to be a
source of reference for decision makers to formulate
solid waste environmental standards. The standards
presented in this paper may also become relevant in
the future as incinerator residue treatment technology
becomes more prevalent, and guidelines are needed to
evaluate treatment effectiveness.

Table 2

2. Environmental standards
2.1. Environmental standard principles

Decision makers face environmental, technological, eco-
nomical, and political constraints in setting environmental
standards (Blok and de Groot, 2004). Environmental stan-
dards are set to protect the environment from the negative
effects of anthropogenic activities. However, other consid-
erations must be taken into account to ensure successful
implementation. For example, technology should be avail-
able to treat the waste as per the regulations and the stan-
dards should make economic sense for the industry to
follow. Current environmental legislation in different coun-
tries is guided by their own set of principles (Streffer and
Cansier, 2003). Table 2 summarizes the key features of
some current guiding principles for setting environmental
standards (Barnett and O’Hagan, 1997). The prudence
avoidance principle has been adopted in Australia, Sweden,
and several US states (Kheifets et al., 2001). The “As Low
As Reasonably Achievable” (ALARA) principle plays an
important part in the enforcement of environmental law
in the Netherlands (Faure and Ruegg, 1994). At the Euro-
pean level, the “Best Available Technology Not Entailing
Excessive Cost” (BATNEEC) principle is used (Faure
and Ruegg, 1994).

2.2. Country statistics and environmental regulations
overview

No two countries share identical circumstances in
terms of political regime, industrial policy, major type of

Different principles of setting environmental standards (Barnett and O’Hagan, 1997).

Principle Features

“Safe” Levels

e Pollutant levels are set to levels deemed to be safe

e Definition of “safe” not defined
e Aspires to maximum safety benefit without regard to cost

Prudent Reduction

e A particular pollutant level is set at some “worthwhile” reduction from present levels

e There is recognition that a “safe” level may not be identifiable

Precautionary Principle

e Broadly applied general principle
Recommendation to consider action to avoid possible harm even if it is not certain to occur (WHO)

e High level of protection taking into account the diversity of situations in the various regions of the
Community (under the context that the principle is formally a part of EU law)

e Take action to avoid potentially damaging impacts of substances that are persistent, toxic and liable
to bioaccumulate even where there is no scientific evidence to prove a causal link between emission
and effects (definition given at the third North Sea Conference in 1990)

Best Available Technology Not Entailing
Excessive Cost (BATNEEC)

e Recognizes that if a “safe” level exists it is likely to be too costly to achieve
e The cost of standard is clear and reasonable

e Technology should be “best” at preventing pollution and “‘available” to operator of activity con-
cerned (“The effectiveness of policy instruments for energy-efficiency improvement”)

As Low As Reasonably Achievable (ALARA)

e Broadly applied general principle

e Any procedures for controlling pollutant levels should employ the latest and best technological aids
to achieve outcomes that are ALARA

e ALARA levels are implied to ensure safe or prudent levels and that more than this cannot be
expected from the pollutant

Major application in radiation risk and protection
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industries, geography, and the nature of their hazardous
waste problem (Probst and Beierle, 1999). Similarly, they
need different considerations for environmental standards.
Countries with a high population density and a low per-
centage of arable land have the most to benefit from the
reduction in landfill use, and the reuse and recycle of solid
waste. For example, in the US, incineration tends to be the
practice in land-scarce jurisdictions, and landfilling is the
dominating practice in land-rich jurisdictions (U.S.
International Trade Commission, 2004). This also tends
to be the pattern in the countries listed in Table 3. Japan
and South Korea both have high population densities (per-
sons per square kilometer), at the same time they have a
low arable land as a percentage of total land. Japan and
South Korea also have high incineration plant densities,
as measured by the number of incineration plants per one
million people. Meanwhile, Taiwan has the second highest
MSW incineration rate and the second highest population
density as shown in Table 3. Another factor is a country’s
openness to trade; developing countries that are more open
to trade are, for competitiveness reasons, significantly more
reluctant to ratify international environmental agreements
(Spilker, 2012). Countries listed in Table 3 are mostly
developed countries, but China, still considered as a devel-
oping country, ranks 57 out of 75 by its Open Markets
Index. A country can also be characterized by its environ-
mental regulatory performance. The Environmental Regu-
latory Regime Index (ERRI) represents a summary of
performance measure of the quality of the environmental
regulatory system in a country. It comprises measures of
various aspects of the regulatory system, including stan-
dards, implementation and enforcement mechanisms, and
associated institutions. The greater the ERRI in a particu-
lar country, the more the concern that country has for envi-
ronmental quality. Moosa et al. (2014) use the EERI to see
the correlation between economic freedom and environ-
mental performance. Among the countries examined here,
the Netherlands, Germany, and Singapore have high envi-
ronmental regulatory systems in place. These examples
illustrate that it is worthwhile to learn about the unique sit-
uations of a country when analyzing a country’s environ-
mental policies and regulations.

Each country’s national legislative and regulatory
framework for solid waste management delineates roles
and responsibilities in its respective levels of government
(Hoornweg et al., 2005). In addition, studying how and
to what extent regulations are derived from laws can give
insights to policy analysts into effectiveness of environmen-
tal programs and where inefficiencies lie, and can provide
lessons for countries wishing to start or review their envi-
ronmental regulations. The development of a legal frame-
work comprises two regulatory actions: the enactment of
a formal legal instrument e.g. an act, ordinance, or decree,
and the development of regulations, rules, and orders by
the authority designated in the formal legal instrument
(World Health Organization, 1987). Table 4 lists formal
legal instruments and subsidiary regulations for

environmental protection for some major countries. The
listed legal instruments represent significant legal efforts
to protect environmental and public health within their
respective country, and some of them will be highlighted
in Sections 2.3.2-2.3.6. It is also interesting to note that,
from Table 4, significant formal legal instruments had been
effective in Denmark, the US, Taiwan, and Japan since the
1970s, when environmental awareness became more
prevalent.

2.3. Compilation of solid waste environmental standards and
discussion

2.3.1. European Union waste acceptance criteria

2.3.1.1. Background information. The European Union
(EU) has a clear and defined objective in waste manage-
ment. Its long-term goal is to become a recycling society,
avoiding waste, and using unavoidable waste as a resource
wherever possible (European Commission, 2010). Through
a combination of member state politics, regulatory politics,
and international market competitiveness, the EU attempts
at legitimizing the precautionary principle, and establishing
international credibility, which contributes to its progres-
sion in environmental protection policies (Kelemen, 2007).

In the 1970s, the EU adopted the Waste Framework
Directive and the Hazardous Waste Directive as a response
to individual Member States that were taking action to
control and manage waste (European Commission, 2005).
Then in 1989, international outrage as a result of uncon-
trolled shipping of hazardous waste to developing coun-
tries and to Eastern Europe led to the adoption of the
Basel Convention (European Commission, 2005). The
Basel Convention aims to, among other objectives, reduce
hazardous waste generation and restrict transboundary
movements of hazardous wastes (Secretariat of the Basel
Convention, 2011). In 2001, the Landfill Directive was
adopted to address problems of pollution from incinera-
tors, landfills, and recycling plants (European
Commission, 2005). Today, the Waste Framework Direc-
tive, the Hazardous Waste Directive, and the Waste Ship-
ment Regulation (adopted in 2006) form the basis of the
regulatory structure on waste in the EU (European
Commission, 2005). Since EU legislative power derives
from the European Economic Community treaty, and as
a supranational organization to which member states have
ceded special administrative and legislative powers, the
waste regulatory structure basis applies to Member States
(Neumann, 2010). This has helped protect the environment
and human health across the European Community
(European Commission, 2005). Fig. 1 summarizes the his-
torical trend on waste directives in the EU.

As for the reuse of solid waste in construction applica-
tions, the waste acceptance criteria (WAC) have been
established in Europe, but there are no European limits
especially for construction products. While the recycling
of MSW incineration ash is widely practiced, management
practices for incinerator residues vary in different



Table 3

Country statistics (top 3 extreme values bolded).

Country

Population Population

(millions)

Density
(persons per
km?)

Arable Land
(% of total
land area)

Incineration Plants/
Incineration Plant Density
Per 1 Million People

MSW
Incineration
Rate

MSW
Recycling
Rate

Open Market
Index Ranking
(out of 75)

ERRI

Source

The Netherlands

Denmark

Germany

United States

Taiwan

Japan

16.8

5.6

319.0

23.4

126.1

498

132

231

35

649

349

30.0%

57.0%

34.0%

17.0%

24%

11.6%

10/0.60

29/5.15

59/0.73

112/0.35

24/1.03

1,320/10.47

38%

54%

37%

11.7%

55.8%

7%

51%

42%

62%

34.5%

42.5%

19.6%

15

22

38

27

39

1.747

1.384

1.522

1.184

Not
available

1.057

The World Bank (2015)

Johnke (2002)

Confederation of European Waste-to-
Energy Plants (2013)

European Environment Agency (2013)
International chamber of Commerce
(2013)

The World Bank (2015)

Rambell (2006)

Confederation of European Waste-to-
Energy Plants (2013)

European Environment Agency (2013)
International chamber of Commerce
(2013)

The World Bank (2015)

Johnke (2002)

Confederation of European Waste-to-
Energy Plants (2013)

European Environment Agency (2013)
International chamber of Commerce
(2013)

The World Bank (2015)

Tangri (2003)

USEPA (2012)

International chamber of Commerce
(2013)

CIA (2014)

Tsai (2014)

Tsai and Kuo (2010)

International chamber of Commerce
(2013)

The World Bank (2015)

Kawamoto (2008)

Tanaka et al. (2005)

United Nations Environment Programme
(2010)

International chamber of Commerce
(2013)
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The World Bank (2015)

Ng (2013)

—0.121

45

60.5%

20%

712/14.14

15.6%

516

50.3

South Korea

International chamber of Commerce

(2013)

Legislative Council of Hong Kong

(2013)

The World Bank (2015)

1.771

2

54%

36%

0.9% 4/0.73

7,713

Singapore

Ryu and Shin (2013)

International chamber of Commerce

(2013)

The World Bank (2015)

—0.348

57

3%

20%

0.087

11.3%

145

1,357

China

National Development and Reform

Commission of the People’s Republic

of China (2012)

International chamber of Commerce

(2013)
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jurisdictions, and there is still need for legislation on recy-
cling of waste incinerator residues at the EU level (Van
Garven et al., 2000).

2.3.1.2. EU WAC standard. The Landfill Directive of 1999
defines the different categories of waste, among other mat-
ters. It is a minimum directive, and EU member states can
set stricter criteria nationally. The European Council Deci-
sion 2003/33/EC (published in January 2003 and taking
effect in July 2004), on the other hand, lists the WAC for
the different categories of waste: inert wastes, non-
hazardous wastes, hazardous wastes acceptable in non-
hazardous landfills, and hazardous wastes acceptable in
hazardous waste landfills, pursuant to the Directive of
1999. These criteria are listed in Table 5.

The concept behind the WAC is that leaching should
not result in an unacceptable increase in key pollutant con-
centrations in the groundwater downstream the landfill.
The procedure for setting the WAC consisted of several
consecutive steps. First, the point of compliance (POC)
was set to be the groundwater quality 20 meters down-
stream the landfill (Hjelmar et al., 2005; Christensen,
2010). Quality criteria were then set for the peak concentra-
tions of contaminants in the groundwater based on existing
European groundwater or drinking water legislation. The
release of contaminants from the source can be expressed
as a function of liquid-to-solid ratio (L/S), and the trans-
port of contaminants from the landfill through soil and
into the groundwater can be modeled based on
contaminant-subsoil sorption. Using the contaminant
release and transport models, forward calculations could

be done for the concentration at the POC for each contam-

source peak concentration
> forward—calculated peak POC concentration’®

was used to back calculate permissible values at the source
from the groundwater quality criteria at the POC for each
contaminant. The source term criteria could then be trans-
formed into limit values for a specific leaching test and L/S
value (Christensen, 2010).

As shown in Table 6, the implementation of EU require-
ments related to acceptance criteria area is achieved in the
majority of EU-15 Member States. In the Netherlands,
Portugal, and the England and Wales parts of the UK,
the inorganic leaching criteria are identical to the EU
WAC, while in the Flanders part of Belgium, France, Ger-
many, and the Northern Ireland part of the UK the inor-
ganic leaching criteria are identical to or even more
stringent than the EU WAC.

inant. An attenuation ratio

2.3.2. Denmark

2.3.2.1. Background information. Denmark’s history of
waste management goes back to as early as 1903, when
incineration was introduced for waste treatment (Kleis
and Dalager, 2004). However, it was not until the 1960s
that environmental awareness became pervasive in the
Danish general public (Kleis and Dalager, 2004). Not
much later, Denmark had its first Minister of the Environ-
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Significant formal legal instruments and regulations related to solid waste management in different countries.
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Country

Significant formal legal instruments

Selected Regulations

Reference

The Netherlands

Denmark

Germany

United States

Taiwan

Japan

South Korea

Singapore

China

Soil Protection Act (1987, revised 2008)

Environmental Protection Act (effective 1974,
Consolidated Act No. 879, 2010)

Basic Law (Grundgesetz) Article 74 Number 24
(promulgation in 1949)

Resource Conservation and Recovery Act
(1976)

Waste Disposal Act (effective 1974, latest
revision 2013)

Waste Management and Public Cleansing Law
(1970)

Wastes Control Act (enacted 1986, amended
2007)

Environmental Protection and Management
Act (enactment in 1999, revised 2002)

Law of the People’s Republic of China on the
Prevention and Control of Environmental
Pollution by Solid Wastes (1996)

Decree No. 39 of 1995 concerning the discharge of
water for purposes of soil protection

Decree No. 649 of 1997 relative to the discharge of
liquid substances into the soil

Decree No. 469 of 2007 containing rules relative to
quality of soil

Order No. 99 on reports of environmental
supervision and approvals

Order No. 1022 on environmental quality standards
for water and requirements for discharges of
pollutants into rivers, lakes or the sea

Order No. 231 on quality requirements for
environmental measurements

Federal Waste Prevention and Disposal Act
Packaging Ordinance

Hazardous Substances Control Act

Federal Nature Conservation Act

40 CFR Part 256: Guidelines for Development and
Implementation of State Solid Waste Management
Plans

40 CFR Part 258: Criteria for Municipal Solid
Waste Landfills

40 CFR Part 260: Hazardous Waste Management
System

40 CFR Part 268: Land Disposal Restrictions

Method for Normal Waste Cleaning, Treatment,
and Recycling
Standard for Hazardous Waste Identification

Standards on Transfer of Municipal Solid Waste
Technical Standards on Municipal Solid Waste
Disposal Facility

Standards of Facilities for Recycling

Volume-Rate Wastes Disposal System
Reporting System for the Import and Export of
Waste

Hazardous Substances Regulations
Trade Effluent Regulations

GB 5085.3-2007: Identification Standards for
Hazardous Wastes — Identification for Extraction
Toxicity

GB 16889-2008: Standard for Pollution Control on
the Landfill Site of Municipal Solid Waste

GB 18485-2014: Standard for Pollution Control on
the Municipal Solid Waste Incineration

Food and Agriculture
Organization of the
United Nations

Food and Agriculture
Organization of the
United Nations

Neumann (2010)

US EPA
US Government
Publishing Office

Taiwan Environmental
Protection
Administration

Ministry of the
Environment of Japan

Ng (2013)

Ministry of Environment
of the Republic of Korea
Pariatamby and Tanaka

(2013)

Food and Agriculture
Organization of the
United Nations

Ministry of
Environmental
Protection, People’s
Republic of China

ment, and the Danish Environmental Protection Agency
(EPA) was established in 1971 and 1972, respectively. A
year later, in 1973, Denmark became the first country in
the world to pass an environmental protection law
(Copenhagen Cleantech Cluster, 2012). Yet around the
same time, landfilling of waste was a common practice in
Denmark. A point was reached such that landfill capacity
was saturated in the Copenhagen region, and waste became

a problem for human health. In the 1980s, the government
took action to require counties and municipalities to meet
recycling targets. Also in the 1980s, waste incineration and
composting became the primary waste treatment solution,
alleviating landfills (Copenhagen Cleantech Cluster,
2012). Eventually, the incineration tax and landfill tax were
introduced and helped incentivize recycling. In 1997,
Denmark became the first country to completely ban



172 A. Liu et al. | International Journal of Sustainable Built Environment 4 (2015) 165-188

1989
Basel Convention adoption

2003
Council Decision 2003/33/EC

1978

Hazardous Waste Directive

2001
Landfill Directive implementation

1975
Waste Framework Directive

1999
Landfill Directive

| | |

I I |
1960 1970 1980

| I I
1990 2000 2010

Figure 1. The EU’s timeline on waste directives.

landfilling of combustible waste. The EU Landfill Directive
in 1999 further helped shift the waste treatment paradigm
from landfilling to recycling (Wong, 2014a).

In Denmark, there is extensive legislation for the appli-
cation of IBA. From 1974 onward, IBA had to be disposed
of in special sanitary landfills or recycled (Kleis and
Dalager, 2004). While MSW IBA utilization is preferred
over landfilling, the utilization must be done in an environ-
mentally acceptable manner. Therefore, regulation of
MSW IBA utilization has been in place since 1983
(Ornebjerg et al., 2006). The government provided impetus
for a more wide spread use of IBA by imposing a State tax
on IBA disposal in 1987 (Ornebjerg et al., 2006). Fig. 2
summarizes Denmark’s historical timeline on waste
regulations.

2.3.2.2. Denmark WAC, Statutory Order No. 252, and
Statutory Order No. 1662. The EU WAC Decision has
been implemented in Danish regulation by the Statutory
Order No. 252 of 2009 (European Commission, 2009b).
The Danish EPA decided to use a similar modeling
methodology employed for the EU landfill directive, but
adjusted for Danish conditions (Hjelmar et al., 2005).
Denmark relies heavily on groundwater as a source for
drinking water, and therefore has a strong incentive to
strictly protect groundwater quality. Because of this, the
Danish acceptance criteria should be more stringent than
those set by the EU. Other differences are that the Danish
POC is located 100 meters downstream of the landfill, and
the Ky values, used to describe the contaminant-subsoil
interaction in the transport modeling, have been adjusted
for Denmark (Hjelmar et al., 2005). In Denmark, landfills
that are located inland and those located near the seacoast
are distinguished. Also, three subcategories of landfills for
non-hazardous waste are defined: landfills for mineral
waste, mixed waste, and non-reactive hazardous waste.
Furthermore, mineral waste landfills are divided into three
types: inland mineral waste landfills (MAOQ), seacoast min-
eral waste landfills with higher dilution potential by the
nearby sea (MA1), and seacoast mineral waste landfills
with lower dilution potential by the nearby sea (MA2)
(Hjelmar et al., 2009). Table 7 lists the leaching limit values
for non-hazardous mineral waste.

Beyond the characterization of waste for different land-
fills, Denmark’s Statutory Order No. 1662 (2010), “Utiliza-
tion of Residual Waste Materials and Soil for Construction
Works and Utilization of Sorted, Unpolluted C&D
Waste,” sets leaching criteria that apply to residual prod-
ucts (MSWI BA, BA and FA from coal fired power plants)
and soil. The criteria are listed in Table 8. Soil and residues
to be utilized are classified into three different categories,
based on the determination of trace element content after
partial digestion with 7 M nitric acid (Saveyn et al.,
2014), with different applications. Category 1 may be used
for certain specified purposes, i.e. construction of roads,
paths, parking lots, noise reduction walls, ramps, dikes,
dams, railway embankments, pipe/cable trenches, land-
scaping, marine constructions, refilling floors and founda-
tions. Categories 2 and 3 are for the reuse of
contaminated waste for geotechnical purposes (Kirkland
et al., 2012). Moreover, Category 2 is for roads, paths,
cable graves, floors and foundations, noise banks, and
ramps, whereas Category 3 is for roads, paths, cable
graves, and floors and foundations. Both Category 2 and
Category 3 residues and soil may be recycled under increas-
ingly more stringent conditions concerning the type of
application, thickness, and top cover. If the analysis result
from the leachate meets the criteria for the category, the
use is suitable for that category.

2.3.3. The Netherlands

2.3.3.1. Background information. The Dutch waste manage-
ment system is well respected around the world. To some
extent, Dutch national waste management policy has even
influenced some European policies in recent years (Milios,
2013). Furthermore, some have estimated that more than
half of Dutch legislation on the environment is derived
from EU legislation (Andeweg and Irwin, 2014). Therefore,
there is an intertwining relationship between EU and
Dutch environmental legislation. Similar to some other
developed countries, the Netherlands has faced challenges
of increasing material consumption, lack of physical space,
and environmental deterioration in the past decades. As a
result, the government decided to reduce landfilling of
waste (Wong, 2014b). Therefore, the Netherlands’s
standing in waste management can be attributed to



Table 5
Leaching limits as set out in Council Decision 2003/33/EC (EUR-Lex, 2003).
Inert wastes Non-hazardous wastes Hazardous waste acceptable at non-hazardous = Hazardous waste acceptable at hazardous waste
waste landfills landfills

Element or L/S=2L/kg L/S=10L/kg C, L/S=2L/kg L/S=10L/kg Cy L/S=2L/kg L/S=10L/kg Co L/S=2L/kg L/S=10L/kg Co

substance percolation percolation percolation percolation
test test test test

mg/kg mg/kg mg/L mg/kg mg/kg mg/L mg/kg mg/kg mg/L mg/kg mg/kg mg/L

As 0.1 0.5 0.06 0.4 2 0.3 0.4 2 0.3 6 25 3

Ba 7 20 4 30 100 20 30 100 20 100 300 60

Cd 0.03 0.04 0.02 0.6 1 0.3 0.6 1 0.3 3 5 1.7

Cr (total) - - - 4 10 2.5 4 10 2.5 25 70 15

Cu 0.9 2 0.6 25 50 30 25 50 30 50 100 60

Hg 0.003 0.01 0.002 0.05 0.2 0.03 0.05 0.2 0.03 0.5 2 0.3

Mo 0.3 0.5 0.2 5 10 3.5 5 10 35 20 30 10

Ni 0.2 0.4 0.12 5 10 3 5 10 3 20 40 12

Pb 0.2 0.5 0.15 5 10 3 5 10 3 25 50 15

Sb 0.02 0.06 0.1 0.2 0.7 0.15 0.2 0.7 0.15 2 5 1

Se 0.06 0.1 0.04 0.3 0.5 0.2 0.3 0.5 0.2 4 7 3

Sn - - - - - - - 50 - - - -

Zn 2 4 1.2 25 50 15 25 50 15 90 200 60

Cl™ 550 880 450 10000 15,000 8500 10,000 15,000 8500 17,000 25,000 15,000

F~ 4 10 2.5 60 150 40 60 150 40 200 500 120

SOz~ 560 1000 1500 10,000 20,000 7000 10,000 20,000 7000 25,000 50,000 17,000

Phenol index 0.5 1 0.3 - - - - - - - -
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Table 6

Implementation of Decision 2003/33/EC; black = more stringent, gray = identical, white = slight differences (European

Commission, 2009a).

Belgium Wallopia

Denmark
Finland
France

Belgium Brussels
Belgium Flanders

Austria

UK England/Wales
UK Northern Ireland

Germany
Greece
Ireland

Italy
Luxembourg
Netherlands
Portugal
Spain
Sweden

UK Scotland

Inert waste landfill

leaching limit values
Non-hazardous
waste landfill
leaching limit values
Non-hazardous
waste landfill for
hazardous waste
leaching limit values

Hazardous waste
landfill leaching
limit values

nation-wide efforts to establish well-defined national waste
management policy with quantitative targets, as well as
comprehensive waste processing infrastructure.

The first piece of Dutch legislation that dealt explicitly
with waste was the Waste Substances Act 1977, which cov-
ered discrete sectors of the environment separately, such as
surface water, air, chemical waste, and noise. However,
regulators found this sector-wise approach to be inade-
quate, and an integrated approach was required. The inte-
grated approach was realized in the Environmental
Management Act 1993. The Act covers a wide range of
aspects such as waste collection, hazardous waste disposal,
air quality, noise nuisance, environmental permits, and

setting of environmental management strategies. At
present, the Environmental Management Act is the central
piece of legislation that governs the planning framework
for environmental authorities, integrated permitting, com-
pliance monitoring activities, and harmonization with
other environmental laws (OECD, 2009). In 1995, a waste
decree was issued to institute a landfill ban for 35 waste cat-
egories including all combustible and biodegradable
wastes. At around the same time, the government also
enacted a landfill tax to reduce waste generation to
discourage landfill disposals. In 1997, the responsibility
for waste management was passed from the provincial to
the central government level in an effort to centralize waste

1983

IBA utilization starts

2010

1980s

Recycling targets, waste incineration and composting

Statutory Order No. 1662

1974
IBA in special landfills or recycled

1973
Environmental Protection Act

2009
EU WAC implementation

2001
Landfill Directive implementation

1972

Danish Environmental Protection Agency

1997
Ban on landfilling of combustible waste

1971 1987

Ministry of Environment

State tax on IBA disposal

| | | |

I I I I
1960 1970 1980 1990

I I
2000 2010

Figure 2. Denmark’s timeline on waste regulations.
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Table 7
Contaminant
As

Ba

Cd

Cr (total)

A. Liu et al. | International Journal of Sustainable Built Environment 4 (2015) 165-188 175

management, perhaps in an attempt to formulate policy in
a more universal manner.
- As per an amendment to the Environmental Manage-
g ment Act in 2002, the Ministry for Housing, Spatial Plan-
" ning, and the Environment must draw up a Waste
- o o ; Management Plan every six years. The first National Waste
eS8l ,%584d Management Plan came into force in 2003, and was
TeCMnSS LT o reviewed in 2009, resulting in the second National Waste
Management Plan. The first National Waste Management
Plan set out the framework for the Netherlands’s future
8 waste management, introduced the control of waste poli-
= cies under a national perspective, banned direct disposal
o g of mixed municipal waste to landfills, and called for the
s 3 g Z increase in waste utilization to 86% in 2012. The second
wRococol282222 © National Waste Management Plan introduces initiatives
Me - - =SSR~ —aHo to further enhance the waste management policy. Fig. 3
summarizes the historical timeline on waste regulation in
the Netherlands.
= 2.3.3.2. Dutch soil quality decree. The overall Dutch
o s gd approach to waste management, also known as the
" § 222 § i e g S ; % “Lansink’s Ladder,” is to: avoid as much waste as possible
in the first place, recover reusable resources from wastes,
S generate energy through waste incineration, and then
i dispose the remaining waste into landfills (Zimring and
- - - ; Rathje, 2012). In keeping with the practice of recovering
8o, R84 reusable resources from wastes, stony wastes can be reused
FemmS S m«eF U in construction applications. For solid waste to be reused
§ as construction material, the solid waste must meet the cri-
= teria as stipulated in the Dutch Building Materials Decree.
E E From 1995 to 2008, the Dutch Building Materials Decree
s g §é regulated t'he potential impact of cons.truction materigls
. § coo E i o ; R ; z 3 on thfﬁ environment. It specified the en.Vlronmenta! quality
criteria for the use of stony materials in construction, and
- did not distinguish between primary, secondary, and waste
2 materials. The regulations were updated in 2007 into the
S - o § § = Soil Quality Decree (came into force in July 2008). The rea-
02222382 nSg3S4 son for the revised decree was to develop a simplified and
§ more transparent regulation containing a consistent set of
3 emission limit values (van der Sloot et al., 2012).
- g There are limit values for monolithic and granular con-
- § e Sa, § § Z struction products in the Soil Quality Decree (Table 9). In
¥foSssSsSSS =~ w0 —0U - general, these values are derived from impact modeling of
g groundwater and soil quality, which are determined by eco-
~ o toxicological criteria (Sloot et al., 2012). The emission limit
5 ; values for granular construction products were calculated
S ecoul_ 8 8 a i in six steps, using leaching results from tank leaching test
n2ZT22S 02T Z = carried out over 64 days (Saveyn et al., 2014). A generic
_ average release pattern (in mg/m?) for each inorganic sub-
5' stance based on a large collection of quality control data
Ve S S a for construction products was determined using the perco-
223992273085 lation test NEN 7343. Geochemical modeling was then
used to calculate how the substance concentrations varied
- with time and depth of the soil. These substance concentra-
- tions were compared with established compliance values at
oo oS B the POC. The source release was then adjusted to match
Cr=2283850u3E exactly the compliance values in the soil and groundwater
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Table 8

Limit values for content and leached amounts in Statutory Order 1662/2010 (Saveyn et al., 2014).

Substance Category 1 (mg/kg) Category 2 (mg/kg) Category 3 (mg/kg)
Total element content in dry matter®

As <20 >20 >20

Cd <0.5 >0.5 >0.5

Cr (total) <500 >500 >500

Cr (VI)® <20 >20 >20

Cu <500 >500 >500

Hg <1 >1 >1

Ni <30 >30 >30

Pb <40 >40 >40

Zn <500 >500 >500

Leached amount at L/S =2 L/kg

Chloride <300 <300 300-6,000
Sulfate <500 <500 500-8,000
Na <200 <200 200-3,000
As <0.016 <0.016 0.016-0.1
Ba <0.6 <0.6 0.60-8.0
cd <0.004 <0.004 0.004-0.080
Cr <0.02 <0.02 0.020-1.0
Cu <0.09 <0.09 0.090-4.0
Hg <0.0002 <0.0002 0.0002-0.002
Mn" <0.30 <0.30 0.30-2.0

Ni <0.02 <0.02 0.020-0.14
Pb <0.02 <0.02 0.02-0.20
Se <0.02 <0.02 0.020-0.060
Zn <0.2 <0.2 0.20-3.0
Testing method EN 12457-1, L/S=2L/kg

# Digestion is required for analysis.
® The content of Cr (V1) and the leached amount of Mn do not apply for IBA.

2009
Second National Waste Management Plan

2007
Soil Quality Decree

2003
First National Waste Management Plan

1999
Building Materials Decree

1997
Waste management passed to central government

1995
Ban on landfilling of combustible and biodegradable wastes

Landfill tax
1977 1993
Waste Substances Act Environmental Management Act
| | | | |
| | | | |
1970 1980 1990 2000 2010

Figure 3. The Dutch timeline on waste regulation.
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at the POC. The adjusted substance releases from the
source were then transformed into emission limit values
(in mg/kg). The more stringent emission limit value of
the soil or the groundwater was selected, for being protec-
tive of both the soil and groundwater.

2.3.4. The US

2.3.4.1. Background information. In the immediate post-war
period, new consumer products provided unprecedented
convenience to the general population: air conditioners
and central heating helped give comfort in the house, elec-
tric refrigeration increased the demand for pre-packaged
food, television started a new era of home entertainment,
cars enabled travel in the newly built highway system,
and factories manufactured ever increasing consumable
goods (Roberts, 2011). The consumer society and popula-
tion increase escalated the generation of solid waste, and
the management and control of waste were therefore neces-
sary. Initially, collection and disposal of waste fell under
the responsibility of local governments, however city pop-
ulations, consumerism, and industry grew so much that
waste generation proved to be too much to handle for cities
(Roberts, 2011). This was evident in open dumps, where
fires, odors, and vermin were common occurrences. In
response, national guidelines on sanitary fill methods were
published.

The Solid Waste Disposal Act, passed in 1965, was
designed to assist state and local governments with the
technical and financial aspects of developing and managing
waste disposal programs, and to promote the development
of guidelines for waste collection, transportation, recovery,

Table 9

Emission limits from the Dutch regulation as part of the Soil Quality
Decree (Saveyn et al., 2014; Muchova, 2010); limit values are specified for
monolithic products (in mg/m?), granular construction materials in
“open” applications (infiltration rate of 300 mm/year), and in applications
with isolating measures (infiltration rate of 6 mm/year).

Element Monolithic ~ Granular, open Granular, isolated
(mg/m?) (300 mm, mg/kg) (6 mm, mg/kg)

As 260 0.9 2

Ba 1,500 22 100

Cd 3.8 0.04 0.06

Cr 120 0.63 7

Co 60 0.54 2.4

Cu 98 0.9 10

Hg 1.4 0.02 0.08

Mo 144 1 15

Ni 81 0.44 2.1

Pb 400 2.3 8.3

Sb 8.7 0.16 0.7

Se 4.8 0.15 3

Sn 50 0.4 2.3

\% 320 1.8 20

Zn 800 4.5 14

Br™ 670 20 34

Cl- 110,000 616 8,300

F~ 2,500 55 1,500

SOz~ 165,000 1,730 20,000

Testing method NEN 7375  CEN/TS 14405

and disposal. The Solid Waste Disposal Act was followed
by the Resource Recovery Act of 1970, which shifted the
emphasis of federal involvement from disposal to recycling,
resource recovery, and conversion of waste to energy.
Waste management was made more comprehensive with
the Resource Conservation and Recovery Act of 1976; it
is the primary law governing the disposal of solid and haz-
ardous waste in the US. Broadly speaking, the law sets
national goals to protect human health and the environ-
ment from waste hazards, conserve resources, reduce waste
generation, and better manage wastes. In addition, the Act
bans all open dumping of waste and encourages recycling.
The Act also gives the EPA authority to promulgate crite-
ria to differentiate between hazardous and non-hazardous
wastes (Bricka et al., 1992) and regulations for the manage-
ment of hazardous waste. The Resource Conservation and
Recovery Act was amended and strengthened in 1984 with
the Hazardous and Solid Waste amendments, which
phased out land disposal of hazardous waste, increased
enforcement authority of the Environmental Protection
Agency, and set more stringent hazardous waste manage-
ment standards. Fig. 4 shows the major legislations dealing
with hazardous waste in the US.

2.3.4.2. Waste characterization and landfill requirements.
Unlike in the Netherlands, there is no relevant or equivalent
standard for cumulative release from diffusion testing in the
US to be used for the reuse of construction materials (van der
Sloot et al., 2012). Perhaps this is one reason why little incin-
eration ash is reused in the US. Another reason against reuse
could be legal liabilities: if mixtures of fly and bottom ashes
are determined to be hazardous by EPA standards, anyone
connected with the distribution of those products may be
held legally responsible (ASTM, 1989). Currently, mixed
waste-to-energy ash is mostly disposed of in landfills
(Oehmig et al., 2007; An et al., 2014). For testing, the
Toxicity Characteristic Leaching Procedure (TCLP) test
applies to ash from municipal waste incinerators that man-
age hazardous solid wastes (Simmons, 1991). Nevertheless,
there are regulatory levels for identifying hazardous waste.
By the TCLP test Method 1311, if any of the contaminant
level from an extract of a representative solid waste is at or
exceeds the regulatory level (Table 10), the solid waste is
considered to exhibit toxicity characteristics, and is classified
as a hazardous waste.

The approach for the derivation of the TCLP regulatory
level takes into account three key determinations: accept-
able level at the groundwater consumption point based
on risk, the dilution/attenuation factor between the dis-
posal unit and the receptor, and the leachate concentration
from the waste that would be permitted (Simmons, 1991).
In addition, explicit determination of allowed concentra-
tion from risks of exposure to the leached constituents is
needed. Particularly, the risks are based on risk-specific
doses for carcinogenic compounds that result in an inci-
dence of cancer equal to or less than 10>, reference doses
for non-carcinogenic constituents based on an estimate of



178 A. Liu et al. | International Journal of Sustainable Built Environment 4 (2015) 165-188

1976

Resource Conservation and Recovery Act

1970
Resource Recovery Act
1965 1984
Waste Disposal Act Hazardous and Solid Waste Amendments
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I | | | | I
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Figure 4. The US timeline on waste regulation.

Table 10
Maximum concentration of contaminants for toxicity characteristics (U.S.
Government Publishing Office, 2011).

Contaminant Regulatory level (mg/L)
Ag 5.0

As 5.0

Ba 100.0

Cd 1.0

Cr 5.0

Hg 0.2

Pb 5.0

Se 1.0

Testing method TCLP Method 1311

the daily dose of a substance that will result in no adverse
effect even after a lifetime of such exposure, and the pro-
posed maximum contaminant levels in drinking water
(Simmons, 1991).

Criteria for wastes from different industries are listed in
40 CFR 268.40. A restricted waste, as identified in 40 CFR
268.40, cannot be land disposed if a TCLP extract of the
waste or a TCLP extract of the treated residue of the waste
exceeds the value in 40 CFR 268.40 (shown in Table 11). In
the latter case, the treatment standard has not been met,
and further treatment is required prior to land disposal.

2.3.5. Taiwan

2.3.5.1. Background information. Taiwan is a densely popu-
lated mountainous island, and responsible waste manage-
ment is an issue of crucial importance, because finding
new sites for waste landfills is a challenge (Huang et al.,
2006; Tsai and Chou, 2006). Similar to some European
countries, Taiwan is active in tackling the challenges
brought on by waste generation, and following the general
international trend of valuing sustainable resources
(Pariatamby and Tanaka, 2013). Taiwan’s commitment
to waste reduction is evident in its mandatory recycling sys-
tem, which requires residents to recycle certain waste mate-
rials. In addition, there is a strict schedule of recyclables
collection, where fines are imposed on mixing of recyclables
and other trash (Ross, 2008). As can be illustrated in the
following paragraphs, in Taiwan, solid waste management

initially focused on waste disposal technology, then on
resource recycling, and then on waste source reduction.

Prior to 1968, MSW were stored in public collection
boxes, and waste personnel would collect and transport
the waste to disposal sites. The public collection boxes were
abolished in 1971, however. Also, before 1984, there was
no proper treatment of MSW in Taiwan; most of the
MSW were disposed in facilities with no intentional design
for environmental protection (Ho et al., 2006). The con-
struction of sanitary landfills began in 1984, and of inciner-
ators later in 1991.

In 1991, incineration technology was introduced as an
alternative to landfills, as the latter were approaching their
capacity (Ross, 2008). However, environmentalist groups,
citing community health concerns arising from waste incin-
eration, led a strong opposition to the incineration practice
as a permanent solution. The government later adopted a
“zero waste policy” instead in 2003 as a central tenet of a
waste reduction strategy (Fillingham, 2013).

In 1997, in order to stop dumping of garbage in public
areas, which posed significant health risks, citizens were
required to meet trash collectors and throw their household
waste directly into the garbage truck (Ross, 2008). This
“Keep Trash off the Ground Policy” is still in practice
today in all parts of Taiwan except for specific remote areas
(Pariatamby and Tanaka, 2013).

Table 11
Inorganic hazardous constituents in hazardous waste leachates from 40
CRF 268.40 (U.S. Government Publishing Office, 2015).

Contaminant Non-wastewater concentration limit (mg/L)
As 5.0

Ba 21

Cd 0.11

Cr (total) 0.60

Pb 0.75

Hg 0.25

Se 5.7

Ag 0.14

Ni 11

Sb 1.15

CN™ 590

Testing method TCLP Method 1311
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In 2001, the government introduced a trash bag collec-
tion fee, which is levied by requiring citizens to purchase
government-issued trash bags in stores and markets. Trash
collectors in the island only accept waste in city-approved
bags, and the fee helps discourage unnecessary discarding
of garbage (Ross, 2008).

In 2002, as a result of Taiwan’s Waste Disposal Act,
which puts higher priority on waste reutilization, industries
have been encouraged to reuse and conserve resources in
manufacturing processes (Pariatamby and Tanaka, 2013).
To combat the problem of discarded plastic bags clogging
drainage ditches and creating floods, the Taiwan Environ-
mental Protection Administration (Taiwan EPA) began to
promote the “Plastic Shopping Bags, and Disposal Plastics
(Styrofoam Included) Tableware Limitation Policy,” which
also began in 2002 (Pariatamby and Tanaka, 2013). Fig. 5
shows Taiwan’s timeline on waste management practices,
programs, and policies.

Two notable waste management approaches in Taiwan
are its Zero Waste Policy and its Cradle-to-Cradle princi-
ple. What is significant about the Zero Waste Policy, initi-
ated by the Taiwan EPA in 2003, is that it marked a
turning point from end-of-pipe treatment to source reduc-
tion and resource reutilization in the waste management
philosophy (Ho et al., 2006). There are four strategies to
the Taiwan Zero Waste Policy: source reduction, reuse,
recycling, and green consumption. Source reduction targets
the minimization of toxicity and generation of wastes. Ini-
tial efforts were aimed at plastic shopping bags, disposal
tableware, and non-rechargeable batteries, as well as
“eco-design” considerations for products (Ho et al.,
2006). The reuse of retired furniture was promoted by the
Taiwan EPA, and will be followed by small appliances.

The reuse strategy provides economic incentive to furniture
refurbishing firms, since resale of renewed furniture can
generate profit. Taiwan places much of its recycling effort
on its citizens. For example, waste producers have to sort
garbage into recyclables, kitchen wastes, and trash. On
the industrial side, recycling of IBA is also supported by
the Taiwan EPA. Greater acceptance of green consump-
tion and demand for “green products,” encouraged by
the Government Green Procurement program began in
2002; the program sets minimum procurement level for
government agencies to buy “eco-certified” products and
promotes consumer product purchase by private enter-
prises (Ho et al., 2006). Taiwan is the first country-level
jurisdiction in Asia to apply cradle-to-cradle in the plan-
ning of resource circulation strategies (Pariatamby and
Tanaka, 2013). The cradle-to-cradle design concept would
keep materials cycling in nature. In the ecological aspect,
biodegradable raw materials are used in product design
and returned to the ecological cycle, while in the industrial
aspect non-toxic materials are continually cycled back
(Taiwan EPA, 2012).

What is unique about Taiwan’s case is that there is a
civic dimension to waste management. This is a positive
development to Taiwan’s waste management because
developing a culture of compliance is crucial (Probst and
Beierle, 1999). The government invites citizens to actively
participate in waste source reduction. For example, in
1996 the “Environmental Tableware Package Design Con-
test” asked people to prepare their own tableware, and in
2001 the “Use Less Plastic Bags” activity asked restaurants
to use less plastic tableware. Government agencies and
schools in Taiwan believed in the promotion of waste
source reduction to young generations, and as a result,

2003
“Zero waste” policy

2002
Waste Disposal Act

Government Green Procurement Program

1997
“Keep Trash off the Ground” policy is effective

1991

Construction of landfills begins

1984

Construction of sanitary landfills begins

1971
Public garbage collection boxes abolished

2001
Introduction of trash bag collection fee

I I I I
1960 1970 1980 1990

I I
2000 2010

Figure 5. Taiwan’s timeline on waste regulation.
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government departments and schools stopped providing
any disposal tableware in 2006. The government set up
reward programs for sustainable behavior in private citi-
zens. In 2011, as a result of the “Regulations on Rewards
for Disposal Take-Out Cup Source Reduction and Collec-
tion,” customers were offered discounts from fast food and
convenience stores for self-prepared dining utensils
(Pariatamby and Tanaka, 2013).

2.3.5.2. Waste characterization and incinerator residue
reuse. Taiwan draws upon the experiences of other devel-
oped nations in promoting the reuse of incineration ash
in building materials. In fact, the Taiwan EPA adopts sim-
ilar regulatory limits (Table 12) as the US EPA for identi-
fying hazardous waste by the TCLP method, which is
equivalent to Taiwan’s indigenous NIEA R201.14C
method (Chang et al., 2012). In addition, leaching results
from studies on IBA are often compared to TCLP limits
when evaluating its utilization (Wang et al., 1998; Yang
et al., 2012).

There is a high reuse rate of IBA in Taiwan. Leaching
limit criteria for IBA reuse are divided into three categories
(Table 13), although there is little variation across the dif-
ferent categories for each contaminant. Categories 1 and 2
are for applications mainly in concrete aggregates, while
Category 3 is for foundation and road fill that must be used
in quantities of at least 10,000 tons. The criteria for Cate-
gories 1 and 2 are identical, except that there is no limit
for chloride ions in Category 2.

2.3.6. China

2.3.6.1. Background information. China is in the midst of
rapid urbanization, which corresponds to huge generation
of MSW (Zhang et al., 2010). In fact, China surpassed
the US as the world’s largest waste generator in 2004
(Hoornweg et al., 2005; Vanacore, 2012). From the end
of the 1950s through the end of the Cultural Revolution
(1966-1976), environmental issues were not factored in
China’s economic and industrialization plans (Pariatamby
and Tanaka, 2013). Though China began to realize the
importance of environmental protection at the 1972 Stock-
holm Conference on Human and Environment, environ-
mental awareness was weak then at lower-level
government authorities and the public. After the late
1970s, as China opened its economy and environmental
deterioration worsened, the government took notice and
borrowed the environmental experience from Western
countries (Pariatamby and Tanaka, 2013). Three
government-issued documents formed the basis for envi-
ronmental protection practices in the early stage in China:
Certain Regulations on Environmental Protection and
Improvement, the Provisional Environmental Protection
Law of the People’s Republic of China, and the Articles
on environmental protection that were added to the 1982
National Constitution of the People’s Republic of China
(Pariatamby and Tanaka, 2013). In the 1980s, there was
a sudden industrial and economic boom, even while the

Table 12
Hazardous waste identification in Taiwan (Taiwan EPA, 20006).

Contaminant Regulatory level (mg/L)
Ag 5
As 5
Ba 100
Cd 1
Cr (total) 5
Cr (VI) 2.5
Cu 15
Hg 0.2
Pb 5
Se 1

Testing method TCLP or NIEA R201.14C

Table 13

Criteria for bottom ash reuse in Taiwan (Taiwan EPA, 2010).

Contaminant Category 1 Category 2 Category 3
(mg/L) (mg/L) (mg/L)

ClI- 0.024 NA NA

As (total) 0.5 0.5 5

Ba 100 100 100

Cd 1 1 1

Cr (total) 5 5 5

Cr (VI) 0.25 0.25 25

Cu 15 15 15

Hg (total) 0.02 0.02 0.2

Pb 5 5 5

Se 1 1 1

Testing method TCLP

environmental condition was largely neglected. As a
response, in the Second National Meeting on Environmen-
tal Protection in 1983, the government announced environ-
mental protection to be a state fundamental policy, which
meant that economic growth and environmental protection
were to be planned, implemented, and developed simulta-
neously (Pariatamby and Tanaka, 2013). Since the 1990s,
China has opened its MSW management market to private
and foreign (especially French, Japanese, German, and
American) owners (Pariatamby and Tanaka, 2013). The
first law to regulate the management of MSW was the
Law on Prevention and Control of Environmental Pollu-
tion Caused by Solid Waste of the People’s Republic of
China, effective in 1996 (Hoornweg et al., 2005). After that,
a series of laws and regulations on MSW was issued to pro-
mote cleaner production in manufacturing, require more
government approvals in construction, set standards for
MSW treatment technologies, and attract private and for-
eign investment to waste treatment industries (Hoornweg
et al., 2005). Fig. 6 summarizes China’s major laws on
waste management.

Outside of official state regulations, there exists an infor-
mal waste collection sector where private individuals save
recyclable consumables, especially electrical and electronic
equipment, and sell them for extra income (Hicks et al.,
2005; Zhang et al., 2010). Another interesting aspect is,
unlike other industrialized countries, in China nearly all
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solid waste management expenditure comes from local
government financing, which has contributed the lag of
MSW treatment behind economic development.

There are no government-mandated standard criteria
for the use of incinerated waste materials. According to
the Standard for Pollution Control on the Municipal Solid
Waste Incineration (GB16485 2014), IBA can be landfilled
directly. In addition, IBA that have lower leachability of
heavy metals than China’s leaching standard and TCLP
can be treated as non-hazardous waste for use as building
materials. Also, according to GB16485 (2014) IFA is to be
managed as hazardous waste, but if it needs to be landfilled
it must meet the requirements of GB16889 (2008). On the
other hand, if IFA is to be treated in a cement kiln, it must
meet the requirements of GB 30485 (2013).

2.3.6.2. Hazardous waste identification and landfill waste
requirements. Table 14 shows the leaching limit criteria for
the purpose of identifying hazardous waste in China, sim-
ilar to the function of TCLP regulatory limits in the US.
The criteria are identical for the elements that the two
countries share in common (i.e. Ag, As, Ba, Cd, Cr, Hg,
Pb, Se). In China, if wastes meet the criteria as listed in
Table 15, they can be landfilled. Unlike the EU waste
acceptance criteria, the GB 16889 criteria do not distin-
guish between inert, non-hazardous, and hazardous waste
landfills.

2.3.7. Solid waste environmental standard international
comparison and discussion

In the earlier sections, waste leaching criteria from dif-
ferent places are surveyed by individual countries. In this
section, a comparison of these criteria is made at the inter-
national level. The waste criteria presented in this paper
can be divided into two groups, hazardous waste character-
ization criteria, and solid waste reuse criteria. Comparison

Table 14
Hazardous waste identification in China (Ministry of Environmental
Protection of the People’s Republic of China, 2007).

Contaminant Regulatory level (mg/L)
Ag 5
As 5
Ba 100
Be 0.02
Cd 1
Cr (total) 15
Cr (VI) 5
Cu 100
Hg 0.1
Ni 5
Pb 5
Zn 100

Testing method HI/T 299-2007

of criteria allows for the assessment of where a particular
country’s criteria stand in relation to other countries. If
substantial deviations exist among different countries,
researchers may take the opportunity to learn different,
perhaps updated, methodologies of deriving the standard
values.

2.3.7.1. Hazardous waste characterization. Figs. 7a and b
compare the hazardous waste characterization criteria for
the US, Taiwan, China, and the EU. The criteria are split
up into two figures because different units are used, mg/L
in 7a and mg/kg in 7b. The values are the same as those
listed in Sections 2.3.1 and 2.3.4-2.3.6, but only the haz-
ardous waste criteria are shown for comparison. The US,
Taiwan, and China all use leaching methods similar to
the TCLP to characterize waste toxicity, and their criteria
are expressed in mg/L, which makes the leaching criteria
comparable. Between the US and Taiwan, the leaching lim-
its are identical in all the inorganic contaminants that they
have in common. In Taiwan, there are criteria for two

1996
Law on Prevention and Control of
Environmental Pollution Caused by Solid Waste

1983

Second National Meeting on Environmental Protection

1982

Certain Regulations on Environmental Protection and Improvement
Provisional Environmental Protection Law

Articles on environmental protection

| | | |

| |

! | I |
1960 1970 1980 1990

! |
2000 2010

Figure 6. China’s timeline on waste regulation.
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Table 15
Landfill waste requirement in China (Ministry of
Protection, 2008).

Environmental

Contaminant Regulatory level (mg/L)

As 0.3
Ba 25
Be 0.02
Cd 0.15
Cr (total) 4.5
Cr (VI) L5
Cu 40
Hg 0.05
Ni 0.5
Pb 0.25
Se 0.1
Zn 100

Testing method HI/T 300-2007

additional inorganic contaminants, hexavalent chromium
and copper, which are not in the US limits. Between the
US and China, the leaching limits are identical in inorganic
contaminants that they have in common except for total
chromium and mercury, in which case total chromium limit
value for the Chinese criteria is higher and the mercury
limit value is lower. Also, the Chinese criteria have more
elements — beryllium, hexavalent chromium, copper, nickel,
zinc, and fluoride. Both Taiwan and China use the TCLP
method or similar for waste characterization, but they both
have included extra inorganic contaminants to the list of
leaching criteria, and for a couple of the inorganic
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contaminants, China has either loosened (Ag, 0.14-5
mg/L; Ba, 21-100 mg/L; Cd, from 0.11 to 1 mg/L; Cr total,
from 0.60 to 15 mg/L; Pb, 0.75-5 mg/L) or tightened (Hg,
0.25-0.1 mg/L; Ni, 11-5 mg/L) limit values as compared to
the US leaching criteria for hazardous waste
characterization.

In order to compare the US criteria for hazardous waste
characterization and the EU waste acceptance criteria, the
US criteria are converted to mg/kg. These values are com-
pared to the EU criteria values for hazardous landfill
wastes at L/S ratios of 2 and 10, as shown in Fig. 7b.
Between the US and the EU, the US criteria are higher
in all of the inorganic contaminants that they have in com-
mon. However, the US results are derived from the TCLP
method at an L/S ratio of 20, while those for the EU are
derived at L/S ratios of 2 and 10. More importantly, it is
also worth noting that deionized water is the leachant in
the EN 12457 method while acetic acid is the leachant in
TCLP. Therefore, the results from the two different leach-
ing methods are expected to differ.

Comparing the three most stringent limit values in the
US and Taiwan, they belong to criteria for cadmium, mer-
cury, and selenium. In China, they belong to those for
beryllium, cadmium, mercury, selenium (cadmium and
selenium are tied). In the EU, they belong to those for cad-
mium, mercury, and strontium. In all cases, cadmium and
mercury have the most stringent values, indicating the
countries’ agreement of the high degree of harmfulness of
cadmium and mercury to the environment.
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“Metals and Alloys Used in Food Contact Materials
and Articles,” (European Directorate for the Quality of
Medicines & HealthCare, 2013) published by the European
Directorate for the Quality of Medicines & HealthCare,
describe in detail metal, including cadmium and mercury,
levels toxic to human health. Briefly, cadmium is a rela-
tively rare element, and present at low concentrations in
the environment. However, it is toxic to humans at low
dosages and the biological half-life is long. The methyl
form of mercury is the most toxic form of organic mercury.

Methyl mercury is also listed as one of the six most danger-
ous chemicals in the environment, while inorganic mercury
is classified as a carcinogen.

2.3.7.2. Reuse of solid wastes. Figs. 8a and b show the limit
criteria for the reuse of solid wastes for Denmark, the
Netherlands, and Taiwan, and the top three most stringent
criteria are indicated within each country. The data are
split into two figures for comparison of more lenient crite-
ria across the countries (Fig. 8a), and for more stringent
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¢ Strong legal enforcement
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the future

Figure 9. SWOT analysis of MSW standards.
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criteria across the countries (Fig. 8b). The inorganic con-
taminants that fall into the top three most stringent criteria
across the different countries include arsenic, cadmium,
chromium (total), mercury, nickel, lead, selenium, and
chloride ions. The inorganic contaminants that most fre-
quently fall into the top three most stringent criteria are
cadmium and mercury, further highlighting the importance
and potential danger of these contaminants to public
health and the environment. Similar to the waste character-
ization criteria, the Taiwan criteria in Figs. 8a and b are
converted into mg/kg for comparison. It is observed that
the criteria are generally more stringent in Denmark as
compared to other countries in the table.

3. Conclusion

Environmental standards and regulations are integral to
protecting and improving environmental quality. A subset
of these standards deals with MSW and incinerated MSW.
Through examining the environmental regulation history
of various countries and their MSW leaching criteria, one
can make the following generalizations:

e Countries with limited natural resources should have an
interest in resource reuse.

e A country’s uniqueness, for example historical, social,
and/or economic aspects, plays a role in setting environ-
mental policies.

e Between developed and developing economies, more
developed ones tend to have greater environmental con-
cerns, and waste management focus priorities in devel-
oping economies generally follow similar paths as
those in developed ones.

e Standard setting is a science that takes into account the
natural environment setting that needs protection, the
transport phenomena of contaminants through different
media, and the contamination source.

e For some countries, it may be practical to follow stan-
dards established in other countries, especially if those
countries face similar challenges.

These generalizations may serve as implications that will
help decision makers in governments that are looking to
begin to set MSW leaching criteria standards initiate pro-
posals. It is hoped that, with more standards in place, there
is a greater degree of resource reuse and preservation.

The future of MSW standards remains uncertain, as
shown in a SWOT analysis in Fig. 9. Setting environmental
standards has the benefits of setting legally enforceable reg-
ulations, enjoying the strong infrastructures already in
place for their ease of implementation, and being under-
standable for the public to comply. However, as environ-
mental technologies become more sophisticated the cost
for compliance and initial investment costs may increase,
much scientific work and deliberation by policymakers
are needed to finalize standards, and tracing the origins
of limit values in standards may not be possible. For future

research studies in MSW standards, investigators could
look into opportunities and threats. Increasing popular
support for standards in general propagated by social
media and open innovation, increasing demand for sustain-
able technology brought on by the dwindling and rising
cost of resources, and aligning business interests with waste
and energy cost reduction goals may increase standards’
importance and availability. Meanwhile, perceived eco-
nomic priority over environmental concerns, partisan polit-
ical paralysis from gridlock in governments, judicial
reinterpretation of past environmental statutes, and busi-
ness groups’ lobbying efforts may hamper standards pro-
mulgation. For future research studies, analyzing the
relationship between these new trends and MSW environ-
mental standards would be worthwhile.
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Appendix A

Term
ALARA

Explanation

As Low As Reasonably Achievable
principle, initially a radiation safety
principle of keeping radiation doses
and amount of radioactive material
releases to the environment as low as
can be achieved
General term used for the reduction
of magnitude of a numerical term
Best Available Technology But Not
Entailing Excessive Costs, a principle
that allows for modification of the
best available technology
requirement if its costs are excessive
in relation to their effectiveness in
achieving environmental objectives
or to the capabilities of the industry
European Committee for
Standardization
United States Code of Federal
Regulations
EN European standards
ERRI Environmental Regulatory Regime
Index, an index representing a
summary of performance measure of
the quality of the environmental
regulatory system in a country
Dutch Standards Institute, center for
standards in the Netherlands
Organization for Economic
Cooperation and Development
(continued on next page)

Attenuation ratio

BATNEEC

CEN

CFR

NEN

OECD
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Appendix A (continued)

Peak concentration The maximum amount of a
substance, such as the highest
concentration of a contaminant at a
specific point

Point of compliance, a location at
some distance from a potential
source of pollution where some
enforcement limit is set, measured,
and shall not be exceeded

An estimate (with uncertainty
spanning perhaps an order of
magnitude) of a daily oral exposure
to the human population (including
sensitive subgroups) that is likely to
be without an appreciable risk of
deleterious effects during a lifetime
The release of a contaminant from
its original source

POC

Reference dose

Source release

TCLP Toxicity Characteristic Leaching
Procedure

USEPA United States Environmental
Protection Agency

WAC Waste Acceptance Criteria,
European Union criteria for the
acceptance of waste at each landfill
class as specified

WHO World Health Organization
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List of abbreviations

AD Anaerobic digestion

AOX Total adsorbable organo-halogen

APD Acid phase digestion processes

BAT Best available technigues

BOD, BOD5 Biochemical oxygen demand

CBA Cost-benefit analysis

CEN Comité Européen de Normalisation

CHP Combined heat and power plant

COD Chemical oxygen demand

CoGP Code of good practice

DEHP Bis(2-ethylhexyl)phthalate

DG ENV Directorate General Environment of the European Commission
DM Dry matter, or dry solids, or total solids

DS Dry solids, dry matter, total solids

ECJ European Court of Justice

EEA European Environment Agency

EoW End-of-waste

EPA Environmental Protection Agency

EQS environmental quality standards

EU 12 The 12 Member States that joined the EU in 2004 and 2008
EU 15 The 15 Member States that joined the EU before 2004
EU 27 All 27 Member States since 2008

FAO Food and Agriculture Organization

FWD Food waste disposal

GHG Green house gas

GWP Global warming potential

HACCP Hazard analysis and critical control point

1A Impact Assessment

IPPC Integrated pollution prevention and control

LAS Linear alkylbenzene sulfonate

LCA Life-cycle analysis

MAD Mesophilic anaerobic digestion

MBT Mechanical biological treatment

MS Member State of the European Union

MSW Municipal solid waste

Mt Million tonnes

ND Nitrate Directive

NP/NPE Nonylphenol/Nonylphenol ethoxylate

NP/NPE Nonylphenol/Nonylphenol ethoxylate

oC Organic compounds / Organic contaminants

PAH Polycyclic aromatic hydrocarbons

PCB Polychlorinated biphenyls

PCDD/F Polychlorinated dibenzodioxins and polychlorinated dibenzofurans
pe population equivalent

PPP Public private partnerships

PTE Potentially toxic elements; refers to heavy metals

QA Quality assurance

QMRA Quantitative microbial risk assessment

REACH Registration, Evaluation, Authorisation and Restriction of Chemicals
RED Renewable Energy Directive
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SEPA Scottish Environmental Protection Agency
SSM Safe sludge matrix

TD Thermal Destruction

tDS Tonnes of dry solids

THP Thermal hydrolysis process

TOC Total organic content/carbon

TRF Toxicological reference value

TS Total Solids, dry matter, dry solids
TSP Total sludge production

UBA Umweltbundesamt

UWWTD Urban waste-water treatment
VOSL Value of statistical life

WFD Water Framework Directive

Wi Waste incineration

WWTP Wastewater treatment plant




The Sewage Sludge Directive (86/278/EEC) was adopted more than 20 years ago with a view to encourage
the application of sewage sludge in agriculture and to regulate its use as to prevent harmful effects on soil,
vegetation, animals and humans. In the light of the increased production of sewage sludge across the
European Union with the implementation of the Urban Wastewater Treatment Directive, and recognising the
need to assess recent scientific research on the reuse of sludge in agricultural soils, the European
Commission is currently considering whether the current Directive should be revised.

The European Commission (DG Environment) awarded a contract to Milieu Ltd, together with its partners
WRc and Risk & Policy Analysts Ltd (RPA), to prepare a Study on the environmental, economic and social
impacts of the use of sewage sludge on land (DG ENV.G.4/ETU/2008/0076r).

The aim of the study was to provide the Commission with the necessary elements for assessing the
environmental, economic and social impacts, including health impacts, of present practices of sewage sludge
use on land, provide an overview of prospective risks and opportunities and identify policy options related to
the use of sewage sludge on land. This study thus provides background information for a decision whether or
not a revision of the directive is needed and lays the basis for a possible revision.

This final report presents the overall results of the study and it compiles the detailed reports prepared over
the course of the project, incorporating the results of two open consultations held in the course of the project.

e This overview report summarises the main project results and forms Part | of the final report.

e Part Il is the Report on Options and Impacts, which describes the main options identified for the
revision of the directive and presents the cost-benefit analysis of these options: it thus provides the
final, detailed analysis of the study and it incorporates the results of the second open consultation.

e Part Il presents the other project reports:

o The Assessment of Existing Knowledge describes current levels of sewage sludge production,
the concentration limits on pollutants in sewage in place in Member States and provides an
overview of key EU legislation influencing sewage sludge, of sludge treatment technologies and
their prospects and of current scientific literature on risks to human health and the environment.

o The Baseline Scenario and Analysis of Risk and Opportunities estimates sludge production
and application levels to 2020 and describes the forces influencing these levels

o The project Interim report on the first consultation compiles the results of the first open,
web-based consultation, summarising the comments and additional information provided by
public bodies and stakeholders regarding the first two reports.

The two consultations held over the course of the project provided information and comments that were
assessed and used where appropriate in the work. The first, from 24 June to 27 July, was an open, web-based
consultation on reports 1 and 2. In total, 40 responses were received (including comments received after the
deadline): 19 from governmental bodies, and 21 from industry and other stakeholders.® (Key information
from these responses is compiled in the project’s Interim Report — and thus the first two reports should be
read together with this one for an overview of information gathered, all of which is used in the cost-benefit
analysis.) The second consultation reviewed the draft version of the Report on Options and Impacts and its
preliminary cost-benefit analysis. Here, an open web-based consultation was held from 17 December to 13
January, and 39 comments were received (including those sent after the deadline). It was followed by a
workshop at the European Commission on 29 January, attended by over 40 Member State officials and
industry stakeholders. The comments and new information provided in this second consultation were used to
revise the cost-benefit analysis and the Report on Options and Impacts.

Key findings and results of the study are summarised in the following sections.

! Of the industry and other responses, 19 were from the private sector and commercial organisations or from
associations with commercial interests, 1 from an NGO and 1 from an individual citizen with specialist knowledge.
Some were joint responses and some originated from different organisations but reiterated some of the comments.
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Review of existing practices and knowledge

The first stage of work involved the collection and assessment of existing information concerning possible
risks to health and the environment stemming from the application of sewage sludge on land, as well as the
potential economic opportunities.

The Directive was based on the knowledge available at the time, including an evaluation of risks prepared by
the COST 68 programme in the early 1980s. Since then, new scientific evidence has been generated relating
to the human health and environmental impacts and the soil quality and fertility aspects of recycling sewage
sludge to agricultural soil. A number of reports and risk assessments have also been published recently.

Benefits

There is scientific evidence that the application of sewage sludge to agriculture provides a series of
agronomic benefits, in particular the recycling of plant nutrients such as nitrogen and phosphorus, and thus
sludge is an effective replacement for chemical fertilisers. Indeed, one of the most commonly recognised
environmental benefits is the recycling of phosphorus (P) in the food chain. This contributes to the
conservation of mineral phosphorus reserves and also reduces external inputs of cadmium (Cd) present in
phosphate rocks. Sludge also provides other plant macronutrients, such as potassium and sulphur, and
micronutrients such as copper and zinc. The beneficial effects of sludge application on soil organic matter
status, structural properties and soil moisture retention are also well documented.

In addition to its use on agricultural land, sewage sludge has been employed successfully for forestry and in
land reclamation operations, such as for disused mines or closed landfills.

Some researchers claim benefits in terms of climate change and greenhouse gases emissions from sewage
sludge recycled to agriculture, in particular that a portion of the carbon in sludge used in agriculture will be
sequestered in the soil. However, this has not been fully scientifically substantiated and it is not believed that
any national inventories of greenhouse gas emissions consider sequestered carbon from sludge used in
agriculture.

In terms of air pollution, although replacing the use of chemical fertiliser by sewage sludge reduces the
nitrous oxide emissions associated with that fertiliser, as little as 20% of the nitrogen in digested sludge cake
is considered to be readily available to plants so the emissions of N,O from its spreading are greater than the
reduction in N,O from the displaced fertiliser.

Current levels of sludge production

The total quantities (i.e. production) of sludge in the EU27 are currently estimated at 10.13 million tons (dry
solids), as shown in the Table 1 on the next page.

Of this total, nearly 40% is estimated to be spread on land for agricultural use. The recycling of sludge to
agriculture varies greatly among Member States. In a few EU15 countries — Denmark, France, Ireland, Spain
and the UK — more than half of all sludge production is used in agriculture. In three of the EU27 Member
States, however, no sludge is recycled to agriculture, and in four others the amounts are less than 5% of total
sludge production.
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Table 1: Recent sewage sludge production and quantities recycled to agriculture in the EU

Member State Year Sludge production Agriculture
(t DS) (t DS) (%)

Austria (a) 2006 252,800 38,400 16
Belgium

e Brussels region 2006 2,967 0 0
e Flemish region 2006 101,913 0 0
* Walloon region (b) 2007 31,380 10,927 35
Denmark 2002 140,021 82,029 59
Finland (c) 2005 147,000 4,200 3
France 2007 1,125,000 787,500 70
Germany (d) 2007 2,056,486 592,552 29
Greece 2006 125,977 56.4 <1l
Ireland 2003 42,147 26,743 63
Italy 2006 1,070,080 189,554 18
Luxembourg (e) 2005 8,200 3,780 46
Netherlands 2003 550,000 34 <1
Portugal 2006 401,000 225,300 56
Spain 2006 1,064,972 687,037 65
Sweden 2006 210,000 30,000 14
United Kingdom 2006 1,544,919 1,050,526 68
Sub-total EU 15 8,874862 3,728638 42
Bulgaria 2006 29,987 11,856 40
Cyprus 2006 7,586 3,116 41
Czech republic (f) 2007 231,000 59,983 26
Estonia (g) 2005 26,800 3,316 12
Hungary 2006 128,380 32,813 26
Latvia 2006 23,942 8,936 37
Lithuania (h) 2007 76,450 24,716 32
Malta (i)) Nd Nd nd
Poland 2006 523,674 88,501 17
Romania 2006 137,145 0 0
Slovakia 2006 54,780 33,630 62
Slovenia 2007 21,139 18 <1
Sub-total EU 12 1,260,883 266,885 21
Total 10,135,745 3,995,523 39

Sources: EC, 2006; EC, personal communication, 2009; Member State responses to the project consultations, 2009

Notes:

a) Austria: in addition in 2006, 177,000 t DM of industrial sludge (mainly from cellulose and paper industry) were produced and 3% of this was

recycled to agriculture.

Wallonia: in addition in 2007, 48,000 tds of industrial sludge (mainly from paper industry,) were also recycled to agriculture.
Finland: the remaining is recycled in landscaping operations including landfill cover.
Germany: in 2007, 18% were also recycled in landscaping operations.
Luxembourg: in 2005, in addition 32% were reported to be composted — no final outlet provided

Czech republic: it is reported that up to 2/3 of sewage sludge is ultimately recycled to agriculture mainly after composting
Estonia: estimate based on 20 kg/pe and 90% collection and treatment as no figures were reported for total sludge production.
Lithuania: in addition in 2007, 11% were recycled on other land
No data for Malta, assumed zero
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Although the overall proportion of sludge recycled to agriculture across the EU has increased slightly since
1995, the situation in some Member States has changed dramatically: the Netherlands, for example, has
stopped the recycling of sludge to land, while the UK and some other Member States have significantly
increased the amounts used on land.

More than 40% of sludge production is spread on land in the EU15, compared to less than 20% in the EU12.
Moreover, the EU15 have a much higher level of sludge production, due both to higher populations as well
as higher connection rates to urban waste water treatment (UWWT) plants. In the EU15, incineration is at
present the main alternative to spreading on land; in the EU12, it is still landfilling. In both groups, however,
the variation among individual countries is quite large.

To put these figures — as well as the overall analysis — in perspective, it should be noted that the use of
sewage sludge in the EU is relatively small compared to other organic and inorganic fertilisers: sludge
contributes less than 5% of the total amount of organic manure used on land (most of which is of farm
animal origin), and sludge is applied to less than 5% of agricultural land in the EU.

Contaminants and pathogens

While sewage sludge contains nutrients and organic matter that are beneficial for the soil, it also contains
contaminants such as heavy metals, organic compounds and pathogens. There is clear evidence that, since
the mid 80s, concentrations of heavy metals in sewage sludge have steadily declined in the EU15 due to
regulatory controls on the use and discharge of dangerous substances, voluntary agreements and improved
industrial practices. These measures have led to the cessation or reduction of discharges, emissions and
losses of these heavy metals to the environment.

The current Sewage Sludge Directive addresses both pathogen reduction and the potential for accumulation
of persistent pollutants in soils but sets no limits for organic contaminants. The Directive sets limit values for
seven heavy metals (cadmium, copper, nickel, lead, zinc, mercury and chromium), both in soil and in sludge
itself. It specifies general land use, harvesting and grazing restrictions to provide protection against health
risks from residual pathogens. The Directive requires all sludge to be treated before being applied to
agricultural land, but allows the injection of untreated sludge into the soil under specific conditions.. While it
calls for the use of treated sludge, the Directive does not specify treatment processes.

Most MS have adopted stricter standards and management practices than those specified in the Directive,
either through binding rules or via codes or practice and other voluntary agreements. While the standards for
the level of potentially toxic elements (PTESs) in soil in these Member State requirements are similar to the
ones specified in the Directive, the majority of MS have introduced more stringent standards for sludge
quality including stricter limits for most PTEs. Some have introduced limits for additional parameters such
pathogens, organic contaminants and other elements. In general, untreated sludge is no longer applied and in
several MS it is prohibited. However, these national (and in some case regional) requirements vary across the
EU. In some cases, including the Netherlands, the Flemish region in Belgium and Bavaria in Germany,
stringent standards have resulted in an effective ban on use of sludge for agriculture. (Details on Member
State requirements can be found in Part 111 of this report.)

Current risks to human health and the environment

Significant environment or health risks linked to the use of sewage sludge on land in the EU have not been
documented in scientific literature since the Directive took effect. It is, however, difficult to establish
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whether this is because the provisions of the Directive are sufficient or is due to the fact that more stringent
national requirements have been put in place.

The presence of human pathogens in sewage sludge has led to a considerable amount of research to assess
the health risks associated with the land applications of sludge. Significant environment or health risks
linked to the use of sewage sludge on land in the EU have not been widely demonstrated by observations or
risk assessments in scientific literature since the directive has taken effect, although there continue to be
authoritative studies that identify and assess concerns. It is difficult to establish if the lack of evidence for
adverse effects is because the provisions of the Directive are sufficient or is due to more stringent national
requirements in some Member States.

Epidemiological and risk assessment studies on the risks to health from microbial pathogens in sewage
sludge for workers and populations in the vicinity of sludge operations have not generally found the risks to
be significantly greater than background risks.> Overall the health risks from indirect exposure to pathogens
have also been found to be low, with no clearly identified public infections from the use of food grown on
land where sludge was applied in accordance with the provisions in the Directive. ®

In terms of other impacts on human health, recent risk assessments indicate that the exposure resulting from
organic compounds in sewage sludge applied to land have not found an adverse effect on human health.* For
risks posed by the wide range of potential organic contaminants, including pharmaceuticals, antibiotics,
metabolically active substances, consumer and industrial substances, and for microbial pathogens, stringent
precautionary controls are advocated by some authorities to deal with the risks found in some assessments. °

Environmental issues related to the recycling of sewage sludge on land include the risk of nutrient leaching,
impacts on soil biodiversity and greenhouse gas emissions. Methane and nitrous oxide, both potent
greenhouse gases, are both produced after sludge and other bio-wastes and recycled into agricultural land.
Procedures and means to minimise their uncontrolled production and emission during treatment and
recycling are necessary. In assessments of the global warming potential (GWP) of different treatment,
recycling or disposal routes, efficient treatment and recycling to agricultural land can usually be
demonstrated to have a lower GWP than other processes. There are some local circumstances, such as the
location of the land or the nature of the sludge, in which the overall environmental impacts, either in terms of
greenhouse gas emissions alone or in conjunction with other environmental factors, result in assessments that
suggest non-agricultural routes may be more beneficial.

2 Tanner et al 2008, Estimated Occupational Risk from Bioaerosols Generated during Land Application of Class B
Biosolids, J Environ Qual.2008; 37: 2311-2321
® Gale et al. 2003, Pathogens in biosolids. Microbiological Risk Assessment. UKWIR, London, UK. ISBN: 1-84057-
294-9
* Smith SC (2008) ), The implications for human health and the environment of recycling biosolids on agricultural
land. Imperial College London Centre for Environmental Control and Waste Management. Available at:
http:/www3.imperial.ac.uk/ewre
® See for example: Barkowski, D. Et al (2005) Characterization and assessment of organic pollutants in Sewage Sludge
from Municipal Wastewater Treatment Plants in the State of North Rhine-Westphalia. Ministry of the Environment,
Conservation, Agriculture and Consumer Protection of the State of North Rhine-Westfalia. Disseldorf, June 2005. In
addition, the conclusions of a recent risk assessment study (Méthodologie d’évaluation des risques sanitaires des
filieres d’épandage des boues urbaines et industrielles, 2007) carried out by the French institute INERIS together with
other government bodies suggested that:

e The more stringent limits proposed in the Commission in 2003 (CEC 2003) are acceptable apart from

e  Zinc limit value should be decreased from 750 mg t 500 mg/kg DM to reach an acceptable level of risk

e DEHP value of 100 mg/kg DM

e Benzo(a) pyrene separately from other PAHs
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In terms of public concerns, odour can be an important issue prompting opposition to the use of sewage
sludge on land, either due to the odour itself or to a public perception that substances adverse to health may
be present. Despite a humber of studies on possible adverse health effects to the public in the vicinity of
sludge spreading operations there have been no unambiguously demonstrated adverse consequences to the
public as a result of aerosols from properly conducted treatment and recycling operations.

Part I11 of this final report provides further details on the health and environmental risks and on the literature
reviewed. It includes a summary of the information and comments provided by Member State officials and
stakeholder representatives on this topic: here it should be noted that there was no clear consensus, with
some respondents calling for stricter limits for precautionary reasons and others noting that health and
environmental problems have not been identified and calling a continuation of the current requirements or
for more relaxed approaches.

A baseline scenario for the future

The study developed a baseline scenario for the period 2010 to 2020: this scenario assumes that no change is
made to the Sewage Sludge Directive, and it extrapolates from the current situation and current
developments at EU level and in the Member States for its forecasts of future sludge production and sludge
use on land. This baseline or reference scenario is an important element of the cost-benefit analysis, which
measures the impacts of possible revisions to the Directive against it.

The development of the baseline involves a series of assumptions concerning key forces and trends as well as
risks and opportunities that will affect the production of sewage sludge in the EU and its application to land.

In terms of overall sludge production, the following trends were identified for the EU27:

e The population of the EU will grow slowly, from about 499 million in 2010 to just under 514 million
in 2020 (according to Eurostat projections)

e While industrial production will grow, process improvements, pollution prevention and improved
on-site treatment will reduce sludge coming from industry

e Continued increased level of sewer connection and wastewater treatment across the EU27 which
means more sewage sludge being produced which will need proper management.

e Increased industrial water pre-treatment and pollution prevention, reducing or eliminating discharge
of toxic substances (heavy metals, chemicals) and improving sludge quality.

A broad range of EU, national and sub-national legislation could influence the spreading of sludge on land in
the coming decade. The analysis gave highest importance to: the Landfill Directive, which will restrict the
amount of sludge and other organic waste sent to landfills, and possible future local controls on pathogen
content to ensure public acceptability. Many other pieces of legislation will be important, from REACH —
whose restrictions on chemicals may reduce contaminants in sludge and increase public confidence — to the
new Directive on renewable energy,® which could encourage the use of sludge for biogas and other forms of
energy recover. Member States efforts to meet the requirements of the Nitrates Directives as well as the
Water Framework Directive may restrict the use of sludge on land in local areas.

On the basis of this analysis of EU legislation, together with a review of possible developments in the
Member States, the following major trends are expected to influence the spreading of sludge on land:

® Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of the use of
energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC
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e There will be a general phasing out of sludge being sent to landfill, due to EC restrictions on organic
waste going to landfill as well as public disapproval: by 2010 the overall proportion of sludge going
to landfill will be lower than currently reported, and it is estimated that by 2020 there will be no
significant amounts of sludge going regularly to landfill in the EU27.

e Increased treatment of sludge before recycling to land through anaerobic digestion and other
biological treatments, like composting. The use of raw sludge will no longer be acceptable.

e Potential increased restrictions on types of crops being allowed to receive treated sludge.
Introduction of semi-voluntary and voluntary quality management programs such as the ones in
place in England and Sweden to increase the safety of sludge use on food chain crops

e Increased attention to recovery of organic nutrients, including those in sludge.

e The main alternative to spreading sludge on land is likely to be incineration with energy recovery for
sludge produced at sites where land suitable for recycling is unavailable. This will be the case in
particular where population densities are high and public opposition, e.g. to odour problems, make it
more difficult to recycle to land; it will be seen also where animal manures are over-abundant.

Developments related to climate change policy and renewable energy will also influence sludge
management:

e Increased attention to climate change and mitigation of greenhouse gas emissions and thus
recognised additional benefits of sludge applications to soils.

e There will be increased treatment of sludge with energy recovery through anaerobic digestion,
incineration or other thermal treatment, with recycling of the ash. There may be increased production
and utilisation of biogas from sewage sludge, as well as some production of alcohols and other fuels
directly from sewage sludge using pyrolysis and gasification.

e Increased application of sludge to fuel crops such as miscanthus, hybrid poplars and other non-food
energy crops.

On the basis of these trends, it is estimated that sludge production in the EU27 will reach about 11.5 million
tons (dry solids) in 2010 and rise to just under 13.0 million tons in 2020 (see Table 2, above). Based on these
EU-wide trends as well as analysis of individual Member States, estimates of future sludge production have
been made for each Member State (some responses in the first consultation provided further information for
these estimates).

Overall, in the baseline scenario the proportion of treated sludge recycled to agriculture across the EU will
remain more or less the same, at 42% in 2010 and 44% in 2020 (see the Table below). The share used in
incineration will rise slightly, while the share going to landfills will be halved.

Overall, the analysis considers that the use of sludge on land in the EU15 will not change dramatically over
the next 5 years. While national, regional and local legislation may impose some restrictions here, the
analysis suggests that the use of sludge on agricultural land will increase in the EU12, in particular in some
Member States where it is currently little practiced.

Many of the factors that will influence future levels of sludge production and of sludge use on land are
uncertain. The analysis identified among the key uncertainties the following factors: the development of
treatment technologies for sludge; public perceptions of sludge recycling to land; future demand and supply
of mineral fertilisers; and future risk assessments related to sludge (as well as public and political reactions to
their results).
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Table 2: Estimates of annual sewage sludge production and disposal routes, 2010 and 2020

Member 2010 2020
State

S-:—Sézle Rticé (:Sd Incineration : Landfill: Other S-Il—lj)ézle Rt?)cl); (:Sd Incineration : Landfill . Other

tds/a % % % % tds/a % % % %

EU12
Bulgaria 47,000 50 0 30 20 151,000 60 10 10 20
Cyprus 10,800 50 0 40 10 17,620 50 10 30 10
Czech
Republic 260,000 55 25 10 25 260,000 75 20 5 5
Estonia 33,000 15 85 33,000 15 85
Hungary 175,000 75 5 10 5 200,000 60 30 5 5
Latvia 30,000 30 40 30 50,000 30 10 20 30
Lithuania 80,000 30 0 5 65 80,000 55 15 5 25
Malta 10,000 100 10,000 10 90
Poland 520,000 40 5 45 10 950,000 25 10 20 45
Romania 165,000 0 5 95 520,000 20 10 30 40
Slovakia 55,000 50 5 5 10 135,000 50 40 5 5
Slovenia 25,000 5 25 40 30 50,000 15 70 10 5
EU12 Total 1,411,000 41 8 35 17 2,457,000 37 16 17 31
EU15
Austria 273,000 15 40 >1 45 280,000 5 85 >1 10
Belgium 170,000 10 90 170,000 10 90
Denmark 140,000 50 45 140,000 50 45
Finland 155,000 5 95 155,000 5 5 90
France 1,300,000 65 15 5 15 1,400,000 75 15 5 5
Germany 2,000,000 30 50 0 20 | 2,000,000 25 50 0 25
Greece 260,000 5 95 260,000 5 40 55
Ireland 135,000 75 15 10 135,000 70 10 5 10
Italy 1,500,000 25 20 25 30 1,500,000 35 30 5 30
Luxembourg 10,000 90 5 5 10,000 80 20
Netherland 560,000 0 100 560,000 0 100
Portugal 420,000 50 30 20 750,000 50 40 5 5
Spain 1,280,000 65 10 20 1,280,000 70 25 5
Sweden 250,000 15 5 1 75 250,000 15 5 1 75
UK 1,640,000 70 20 1 10 | 1,640,000 65 25 1 10
EU15 total 10,153,000 43 29 11 17 |10,530,000 44 37 4 15
EU27 total 11,564,000 42 27 14 16 |13,047,000 44 32 7 16
EU12 (% of
EU27 total) 88 5 1 5 1 81 8 3 4 4
EU15 (% of
EU27 total) 12 38 26 9 15 19 36 30 3 12

Source: Based on consultant estimates and information from the consultations; see the annexes to the Report on the Baseline
Scenario and Analysis of Risk and Opportunities
Notes: As working estimates, 2010 production rates have been taken to be the same as 2020 production for Member States expected
to be in full compliance in 2010. For non-compliant states, rounded 2006 production rates have been used — see Annex 2 of Report 2

for details. The estimate for Belgium includes 110,000 t ds for the Flemish region; 50,500 t ds for the Walloon Region and 5,000 t ds for
the Brussels region.
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Options for the revision of the Sewage sludge directive

The project team developed a long list of options, based on the review of literature and of regulations in
Member States as well as comments received from Member States and stakeholders in the first consultation
for this study and the first workshop. This was reviewed with the European Commission. The original list
included options which were deemed technically unfeasible or out of the scope of this study (for instance
extending the boundary of the Directive to include uses such as reclamation, recreational and energy crops as
the Directive is focused on agricultural land only).

As a result of analysis and discussion with the Commission, five options were developed. The options are as
follows:

e Option 1: do-nothing: keeping the Directive as it is (i.e. the baseline scenario described above);

e Option 2: introduce certain more stringent standards, especially for heavy metals, standards for
some organics and pathogens, and more stringent requirements on the application, sampling and
monitoring of sludge;

e Option 3: introduce more stringent standards across all substances and bans on application of sludge
to some crops;

e Option 4: total ban on the use of sludge on land; and

e Option 5: repeal of the Directive.

Table 7 at the end of this report provides a detailed overview of the components of these options.

Analysis of the economic, social and environmental impacts of the proposed
options

The analysis of impacts followed the approach recommended in the European Commission’s Impact
Assessment Guidelines.’

The first step was a qualitative screening of the options to identify key impacts. The most important impacts
identified in this screening were carried forward for detailed assessment. Table 3 below sets out the results
of this qualitative assessment of the Options (the results here and in the following tables include information
provided in the consultation on the preliminary version of the impact assessment).

It should be noted that the original screening list was longer: those impacts whose magnitude is considered to
be quite limited are not included. This is the case, for example, for impacts on agricultural production. (Here
too, these results incorporate the comments on the preliminary version of the analysis.)

A cost-benefit analysis was then prepared for the key impacts. It is important to underline that not all
impacts identified in the qualitative analysis as potentially significant could be valued. Table 4 lists the
impacts categories where valuations were made in this assessment, and those where valuation was not
possible.

It should be noted that Option 1 is the baseline: the costs and benefits of the other options are assessed, in
both qualitative and quantitative terms, in comparison with this one.

" Available at: http://ec.europa.eu/governance/impact/commission_guidelines/commission_guidelines_en.htm
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Table 3: Initial qualitative assessment

Option Economic Impacts Environmental Impacts Social Impacts
Option 1 - Baseline 0 0 0
Scenario
Option 2 - “moderate | Costs of alternative disposal (-) Environmental benefits from Human health benefits from
changes” Obligation of treatment (-) reduced application (?/+) reduced application (?/+)
Changes to regulation: including costs | Environmental benefits/costs Human health costs from alternative
of consultation (-) from alternative routes of routes of disposal, e.g. air pollution
Policy implementation and control (-) disposal_ including climate from incineration (-)
Benefits/costs if meeting other related change |rnpa|(: tsJ][_lolm Odour/amenity impacts (-/?)
legislation requirements (i.e. WFD, incineration, landfiling (-)
Waste Directive) (?)
Loss of use of sludge as a fertiliser
and fertiliser replacement costs (-/?)

Option 3 — more As above but greater in magnitude
significant changes
Option 4 - Total Ban | Fertiliser replacement costs (--) Environmental benefits from Human health benefits from
Alternative routes of disposal for all | reduced application (?/+) reduced application (?/+)
sludge arisings (--) Environmental benefits/costs Human health from alternative
from alternative routes of routes of disposal including climate
disposal including climate change impacts (--)
change impacts (--) Odour/amenity impacts from
increased landfilling and
incineration (-/?)
Option 5 - Repeal of | Benefits from reduced policy Environmental benefits/costs Human health from alternative
the Directive monitoring and compliance (+) from alternative routes of routes of disposal including climate
disposal including climate change (?)
change (?) Potential risks to human health if a
Potential environmental risks if a | MS abandons all sludge
MS abandons all sludge regulation (?/--)
regulation (?/--) Odour/amenity impacts from

increased landfilling and
incineration (-/?)

0: impact expected to be negligible;

- : low/moderate negative impacts expected
--: significant negative impacts expected

+: low/moderate positive impacts

++: significant impacts expected

Options 2, 3 and 4 will reduce potential environmental and health impacts from spreading sewage sludge to
land, but increase impacts from alternative disposal paths. While some of these impacts — e.g. climate change
and air pollution impacts from greater incineration — can be and have been assessed in monetary terms, this is
not true for all. In particular, Options 2, 3 and 4 can reduce the environmental and health risks and impacts
from spreading sludge on land. Here, however, neither the literature reviewed for the project nor the
responses to the first consultation provided a basis for quantifying such reductions in risk. However, some
Member States have introduced more stringent requirements for precautionary reasons. (See the sections
above for an extended discussion of these points.) It is important to recognise that the potential
environmental and health benefits resulting from more stringent sludge standards in Options 2 and 3
(as well as the total ban in Option 4) are not quantified in this CBA.
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Table 4: Overview of impacts considered and approach

Economic Stakeholder Description Quantified? | Qualitative assessment if

impacts no quantification and
other comments

Costs of alternative | Water and sludge | As sludge recycled will be Yes -

disposal management ended, there will be internal

operators costs from its disposal
Obligation of Water and sludge | Sludge will need further Yes -
treatment management treatment to deal with new
operators standards
Changes to Regulators There will be costs from No These are expected to be
regulation changing legislation and moderate in comparison with
consultation (not monetised) total costs

Policy Regulators Costs from monitoring in order to No These are expected to be

implementation and check that legislation is being moderate in comparison with

control met total costs

Benefits/costs if Regulators Option 2 and 3 likely to influence No Depends on the level of

meeting related positively meeting the objectives changes. A ban may

legislation of WFD but may act against compromise objectives of Waste

requirements (e.g. Waste Directive (especially Directive

WFD) Option 4)

Loss of use of Farmers As sludge is no longer available, Yes -

sludge as a they will have to be replaced by (included under

fertiliser and fertiliser (this could be organic net internal

fertiliser and/or mineral) costs)

replacement costs

Environmental impacts

Environmental General public Impacts on biodiversity, Partly Only some impacts from air

benefits from end to ecosystems, quality of water and emissions; other impacts, such

application groundwater from an end to emissions to water and soil

application impacts could not be quantified.

Benefits/costs from | General public Impacts from increase in use of Partly Values include externalities from

alternative routes of landfill and incineration for air emissions (including energy

disposal including sludge recovery) but excludes impacts

climate change to the environment and human
health through emissions to soil
and water

Social Impacts

Human health General public Owing to national practices and Partly As above — Only some impacts

benefits from end to standards, benefits uncertain from air emissions have been

application due to lack of evidence valued

Human health from | General public Values include human health Partly As above — Only some impacts

alternative routes of
disposal

externalities from emissions
(including energy recovery)

from air emissions have been
valued

For Option 5, the impacts are highly uncertain; in particular, the environmental and health impacts could be
large. Moreover, a preliminary analysis indicates that Option 5 is not acceptable on the basis of the
precautionary principle. Responses received in the second consultation confirmed this assessment. A cost-
benefit analysis has not been undertaken for this option, however, due to the uncertainty about the potential
impacts on national legislation and practices.
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Table 5: Scenario 1 (high cost) — Summary of the net costs of the options for the EU27
(compared to Option 1)

EU TOTAL Option 2 Option 3 Option 4
Present value 2,144,665,000 4,493,702,000 7,822,364,000
Annualised Cost 219,730,000 460,398,000 801,433,000
PV discounted at 4% for the period from 2010 to 2020

Table 6: Scenario 2 (low cost) — Summary of the net Costs of the options
(compared to Option 1)

EU TOTAL Option 2 Option 3 Option 4
Present value 8,040,000 460,398,000 7,822,364,000
Annualised Cost 824,000 4,943,000 801,433,000
PV discounted at 4% for the period from 2010 to 2020

Tables 5 and 6 summarise the costs calculated for the options.

It should be noted that the analysis faced a key problem. A major factor in terms of the economic costs is the
proportion of sewage sludge that would not meet the more stringent limits under Options 2 and 3. This has
been estimated for each major component of the new limits — e.g. for the proposed limits on heavy metals in
sludge, for those on organic compounds and for those in other components.

Most of the information available to make these estimates of costs is by individual component, and there is
no way to estimate the cumulative effective of the different components in each option based on the data at
hand. Simply totalling the separate shares of sludge failing each component’s limits would in part result in a
double-counting of the impacts.

The analysis instead focused on the costs of each component in turn. To estimate the total costs of each
option, the analysis used two cost scenarios:

1. Scenario 1 (higher cost): the highest cost among the different components is taken as an indicator of
the total costs for the Option. For both Option 2 and Option 3, the most expensive component
concerns the proposed limits on organic compounds (followed by more stringent limits on PTEs in
soil, with costs of similar magnitude);

2. Scenario 2 (lower cost): the lowest costs among the different options’ component is taken as an
indicator of the total cost for the Option. This reflects a situation where only quality assurance and
monitoring requirements are changed.

As it can be seen from the Tables, Option 2 and Option 3 are significantly less expensive than Option 4 for
both scenarios. (Moreover, the total ban on spreading sewage sludge on land in Option 4 may act against the
principles of the Waste Directive, which give priority to the recycling and reuse of waste.)

The advantage of the component by component analysis used here, is that it allows the Commission services
and others to consider the difference in costs among the different components and, as a result, make
decisions concerning the individual components of each option. Such decisions could take into account the
various responses with regard to the impacts from the different aspects under analysis.
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Final notes

The estimates produced here are subject to many uncertainties and as a result should be only interpreted as
an approximation of the total estimates for the different components of the options. This is due to
uncertainties regarding the amount of sludge affected, disposal options and also the scope of the costs and
the uncertainties concerning the unitary values as well as, more importantly, uncertainties concerning the
baseline (i.e. percentile distribution of sludge pollutants by MS, level of treatment and background
concentrations of heavy metals in soil by MS). The results nonetheless are based on the information
gathered, including the responses from the two consultations, and as a result represent the best estimate
currently possible based on the information available.

Based on the findings, the Commission may wish to include or exclude specific components from an option
or, alternatively, implement only the least costly components. Based on our analysis and the responses
received, the most costly components appear to be the limits on organics (in particular the limits on PAHS)
and those on heavy metals in soil. The component with the lowest cost implications is that for quality
assurance and/or increased monitoring. The limits proposed under Option 2 concerning heavy metals in
sludge seem to be quite achievable and indeed many consultation responses called for such changes on the
basis that national standards are already more stringent. For this reason, the costs of the more stringent limits
on heavy metals in sludge in this option are likely to be limited.

As has been noted, the results do not reflect all costs and benefits. In addition to the unquantifiable reduction
in risk from reduced recycling, there may be additional benefits in terms of amenity and public perception
from Options 2, 3 and 4. These costs and benefits are highly uncertain, however. One other benefit from
these options is that in some geographical areas the more stringent requirements under these options could
help to meet other EU objectives, such as those for the Water Framework Directive. Such trade-offs will
have to be borne into consideration in any decision on possible revisions to the directive.
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Table 7: Overview of the options

Option 1. Option 2. Moderate changes (some standards more stringent) | Option 3. More significant changes (more stringent standards) | Option 4. Total Ban | Option 5.
Baseline Repeal of the
Scenario Directive
Limits on sewage sludge content
Heavy metals |Retain More stringent standards More stringent standards Total ban N/a
existing limits | PTE mg/kg PTE mg/kg
(asgivenin [Cd 10 Cd 5
Annex IBand |Cr 1000 Cr 150
IC) Cu 1000 Cu 400
Hg 10 Hg 5
Ni 300 Ni 50
Pb 750 Pb 250
Zn 2500 Zn 600
Organics No change — | 1-2 standards for "indicator" organics: PCB and PAH Introduce standards for organics for PAH, PCB, LAS, NPE, Dioxins, | Total ban
no limits PAH DEHP
6mg/kg dry matter PAHS
6 mg/kg dry matter
PCB PCB9
0.8 mg/kg dry matter 0.8 mg/kg dry matter
PCDD/F10
100 ng ITEQ/kg dry matter
LAS11
5 g/kg dry matter
NPE12
450 mg/kg dry matter

8

benzo(ghi)perylene, indeno(1, 2, 3-c, d)pyrene.
’ Sum of the polychlorinated biphenyls components number 28, 52, 101, 118, 138, 153, 180.

10
11
12

Polychlorinated dibenzodioxins/ dibenzofuranes.
Linear alkylbenzene sulphonates.
It comprises the substances nonylphenol and nonylphenolethoxylates with 1 or 2 ethoxy groups.

Sum of the following polycyclic aromatic hydrocarbons: acenapthene, phenanthrene, fluorene, flouranthene, pyrene, benzo(b+j+k)fluoranthene, benzo(a)pyrene,
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Option 1. Option 2. Moderate changes (some standards more stringent) | Option 3. More significant changes (more stringent standards) | Option 4. Total Ban | Option 5.
Baseline Repeal of the
Scenario Directive
Pathogens No change — | Conventional treatment, i.e. any sludge treatment capable of Advanced standard that sanitises sludge and achieves: a) a 99.99% | Total ban
no limits achieving a reduction in Escherichia coli to less than 5x105 colony |reduction of Escherichia coli to less than 1-103 colony forming unit
forming units per gram (wet weight) of treated sludge. per gram (dry weight) of treated sludge; b) a 99.99% reduction in
Salmonella Senftenberg W775 for sludge spiked with this micro-
organism; ¢) no Ascaris ova; ) a sample of 1 gram (dry weight) of
the treated sludge does not contain more than 3-103 spores of
Clostridium perfringens; d) and a sample of 50 grams (wet weight) of
the treated sludge does not contain Salmonella spp.
Nutrients No change — | No standards but provision of information on N:P and C content. | As in Option 2 Total ban
no limits
Other changes |No change Require stabilisation (or pseudostabilisation) to reduce methane | As in Option 2 and Hazard Assessment and Critical Control Points | Total ban
concerning emissions during storage and from land. A potential indicatoris | Assessment (HACCP)
quality and the lack of oxygen demand; use volatile solid (VS) reduction of
aimed at 38% or specific oxygen uptake rate of less than 1.5mg/h/g total
prevention solids
More stringent conditions on application of treated sludge to land
Soil composition N/a
Heavy metals | No change Heavy metal concentration (mg/kg) Heavy metal concentration (mg/kg Total ban
PTE 50pH<6 6<pH<7 pHI7 PTE BlpH<6 B<pH<7 pHI7
Cd 0.5 1 15 Cd 0.5 1 15
Cr 50 75 100 Cr 50 75 100
Cu 30 50 100 Cu 30 50 100
Hg 0.1 0.5 1 Hg 0.1 0.5 1
Ni 30 50 70 Ni 30 50 70
Pb 70 70 100 Pb 70 70 100
Zn 100 150 200 Zn 20 20 200
Organics No change No limits , i.e. no change No limits, i.e. no change Total ban
Pathogens No change No limits, i.e. no change No limits, i.e. no change Total ban
Nutrients No change Information only As in option 2 Total ban
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Option 1. Option 2. Moderate changes (some standards more stringent) | Option 3. More significant changes (more stringent standards) | Option 4. Total Ban | Option 5.
Baseline Repeal of the
Scenario Directive
Conditions on |No change | Setting periods for harvesting for grassland and/or forage crops— | Ban of application of sludge for fruit, vegetable crops and grassland | Total ban
application Article 7.a
Make compulsory 10 month period for fruit, vegetable crops
Ban the application of untreated sludge — changes to Article 6
which currently allows MS to authorise under certain conditions
the use of untreated sludge if injected or worked into the soil.
Outright ban on the use of untreated sludge injected or worked
into the soil - changes to Article 6
Liquid sludge may only be used if injected or immediately worked
into soil.
Other Quantity of | Minimum number of analyses per year As in Option 2 but Option 3 could have more substances to be Total ban
changes, i.e. sludge tested (organics)
sampling and (tDS/year/ Agronomic | Heavy 0OCs Dioxins Micro-
monitoring, plant) parameters | metals (gxgept organisms
Quality dioxins)
<50 1 1 - - 1
assurance
scheme 50 — 250 2 2 - - 2
250 — 1000 4 4 1 - 4
1000 - 2500 4 4 2 1 4
2500 - 5000 8 8 4 1 8
> 5000 12 12 6 2 12

Ease the sampling and reporting requirements in case of QAS for
separate discussion. Should be available for both option 2 and 3.
Include CEN TC 308 procedures.

Source: Adapted from CEC (2003): Proposal for a Directive of the European Parliament and of the Council on spreading of sludge on land. Brussels, 30 April 2003.
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Executive Summary
Introduction

Milieu Ltd, together with partners WRc and Risk & Policy Analysts Ltd (RPA), has carried out a
contract for the European Commission’s DG Environment, entitled Study on the environmental,
economic and social impacts of the use of sewage sludge on land (DG ENV.G.4/ETU/2008/0076r).

The Sewage Sludge Directive (86/278/EEC) could be said to have stood the test of time in that sludge
recycling has expanded since its adoption without environmental problems. Since its adoption, however,
several Member States have put in place stricter national requirements. Moreover, EC legislation has
evolved in many related fields, such as chemicals regulation. Any revision should aim to retain the
flexibility of the original Directive which has permitted sludge recycling to operate effectively across the
wide range of agricultural and other environmental conditions found within the expanded EU.

The aim of the study is to provide the Commission with the necessary elements for assessing the
environmental, economic and social impacts, including health impacts, of present practices of sewage
sludge use on land, provide an overview of prospective risks and opportunities and identify policy options
related to the use of sewage sludge on land. This could lay the basis for the possible revision of
Community legislation in this field.

This is the final deliverable of the study: the first was a review of literature on the topic, Assessment of
existing knowledge. The second was the development of a baseline scenario to 2020 concerning the
spreading of sewage sludge on land and an analysis of the relevant risks and opportunities. The project
Interim Report reviewed the results of the first consultation.

This report provides the list of Options for the revision of Directive 86/278/EEC as well as an assessment of
the impacts of these Options, including a cost-benefit analysis (CBA).

The Options

An initial set of five options for the revision of the Sewage Sludge Directive (Directive 86/278/EEC) was
developed based on the review of literature and of regulations in Member States as well as comments
received from Member States and stakeholders in the first consultation for this study and the first workshop.
The options are as follows:

Option 1: do-nothing: keeping the Directive as it is;

Option 2: introduce certain more stringent standards, especially for heavy metals, standards for
some organics and pathogens, and more stringent requirements on the application, sampling and
monitoring of sludge;

Option 3: introduce more stringent standards across all substances and bans on application of
sludge to some crops;

Option 4: total ban on the use of sludge on land; and

Option 5: repeal of the Directive.

The Options were formulated in discussion with the Commission, based on the interim project results. The
specific components of the Options are detailed in section 1.2 of this report.
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Approach to Data Gathering

The information used for the analysis was gathered in several stages. Report Il provides the results of the
information-gathering phase of the project, together with an overview of the results of the first consultation,
held in July and August 2009. On this basis, a preliminary impact assessment was prepared: this was the
subject of the second project consultation, held in December 2009 and January 2010. Results from this
consultation, including additional information on costs, were used in revising the assessment.

In total, 39 responses were received in the second consultation, providing valuable information on the costs
and benefits from the different options and the magnitude of impacts on sludge recycling. A summary of
the responses is provided in Annex 1. The following table summarises the numbers and types of
stakeholders that replied in the consultation. Some further information was gathered at a workshop held in
Brussels in late January 2010.

Table 1: Project consultation 2: Number of responses by type of stakeholder

National authority (MS) 8
Regional authority (MS-

R) 4
Statutory advisor, agency,

public institution (MS-A) 3

International Professional
association/federation
(EF) 6
National Professional
association/federation
(NF)
Company/industry (IS)
Consultancy 1
Research/academic
institute 0
NGO

Other 1

Comparison of the Options

An impact screening of the different options was one of the first steps of the assessment. This was carried
out following the EC Impact Assessment Guidelines. The most important impacts identified in this
screening were carried forward for detailed assessment. Table 2 sets out the results of this first assessment
of the Options in qualitative terms (this assessment uses the information gathered throughout the project,
including the responses provided in the second consultation). It should be noted that the original list was
longer: only those impacts considered as significant are presented in the table below (other impacts, e.g.
impacts on agricultural production, are considered to be limited; the consultation responses agreed with
these judgements).

Table 2: Initial qualitative assessment

Option Economic Impacts Environmental Impacts Social Impacts

Option 1 - 0 0 0

Baseline Scenario

Option 2 — Costs of alternative disposal (-) | Environmental benefits from | Human health benefits from

“moderate Obligation of treatment (-) reduced application (?/+) reduced application (?/+)
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Option Economic Impacts

Environmental Impacts

Social Impacts

changes” Changes to regulation: including
costs of consultation (-)

Policy implementation and
control (-)

Benefits/costs if meeting other
related legislation requirements
(i.e. WFD, Waste Directive) (?)
Loss of use of sludge as a
fertiliser and fertiliser
replacement costs (-/?)

Environmental benefits/costs
from alternative routes of
disposal including climate
change impacts from
incineration, landfilling (-)

Human health costs from
alternative routes of
disposal, e.g. air pollution
from incineration (-)

Odour/amenity impacts (-/?)

Option 3—more | As above but greater in magnitude

significant

changes

Option 4 - Total Fertiliser replacement costs (--) | Environmental benefits from | Human health benefits from
Ban Alternative routes of disposal reduced application (?/+) reduced application (?/+)

for all sludge arisings (--)

Environmental benefits/costs
from alternative routes of
disposal including climate
change impacts (--)

Human health from
alternative routes of disposal
including climate change
impacts (--)

Odour/amenity impacts from
increased landfilling and
incineration (-/?)

Option 5 - Repeal | Benefits from reduced policy
of the Directive monitoring and compliance (+)

Environmental benefits/costs
from alternative routes of
disposal including climate
change (?)

Potential environmental risks
if a MS abandons all sludge
regulation (?/--)

Human health from
alternative routes of disposal
including climate change (?)
Potential risks to human
health if a MS abandons all
sludge regulation (?/--)
Odour/amenity impacts from
increased landfilling and
incineration (-/?)

0: impact expected to be negligible;

- . low/moderate negative impacts expected
--: significant negative impacts expected

+: low/moderate positive impacts

++: significant impacts expected

This report presents a cost-benefit analysis (CBA) for a number of impacts. It should be emphasised,
however, that not all impacts could be valued. The following table summarises which impacts are valued in

the assessment.

Table 3: Overview of impacts considered and approach

Economic Stakeholder | Description Quantified? Quialitative assessment when
impacts no quantification/other
comments
Costs of Water and As sludge recycling will be Yes -
alternative sludge ended, there will be internal
disposal management | costs from its disposal
operators
Obligation of Water and Sludge will need further Yes -
treatment sludge treatment to deal with new
management | standards
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Economic Stakeholder | Description Quantified? Qualitative assessment when
impacts no guantification/other
comments
operators
Changes to Regulators There will be costs from No These are expected to be
regulation changing legislation and moderate in comparison with
consultation (not monetised) total costs
Policy Regulators Costs from monitoring in No These are expected to be
implementation order to check that legislation moderate in comparison with
and control is being met total costs
Benefits/costs if Regulators Option 2 and 3 likely to No Depends on the level of
meeting related influence positively meeting changes. A ban may
legislation the objectives of WFD but compromise objectives of
requirements (e.g. may act against Waste Waste Directive
WFD) Directive (especially Option
4)
Loss of use of Farmers As sludge is no longer Yes -
sludge as a available, they will have to be (included
fertiliser and replaced by fertiliser (this under net
fertiliser could be organic and/or internal costs)
replacement costs mineral)
Environmental impacts
Environmental General Impacts on biodiversity, Partly Only some impacts from air
benefits fromend | public ecosystems, quality of water emissions; other impacts, such
to application and groundwater from an end as emissions to water and soil
to application impacts could not be
quantified.
Benefits/costs General Impacts from increase in use Partly Values include externalities
from alternative public of landfill and incineration for from air emissions (including
routes of disposal sludge energy recovery) but excludes
including climate impacts to the environment
change and human health through
emissions to soil and water
Social Impacts
Human health General Owing to national practices Partly As above — Only some
benefits fromend | public and standards, benefits impacts from air emissions
to application uncertain due to lack of have been valued
evidence
Human health General Values include human health Partly As above — Only some
from alternative public externalities from emissions impacts from air emissions
routes of disposal (including energy recovery) have been valued

Comparison of the Options

Option 1 is the baseline: the costs and benefits of the other options are assessed in comparison with this

one.

Options 2, 3 and 4 will reduce potential environmental and health impacts from spreading sewage sludge to
land, but increase impacts from alternative disposal paths. While some of these impacts — e.g. climate
change and air pollution impacts from greater incineration — can be assessed, this is not true for all. In
particular, Options 2, 3 and 4 will reduce environmental and health impacts from spreading sludge on land.
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Here, however, the project team has not found literature quantifying this reduction; nor did the responses to
the first consultation provide relevant data. Much of the literature and many responses to the first
consultation indicate that the current levels (Option 1) adequately protect environment and human health.
However, some Member States have introduced more stringent requirements for precautionary reasons, and
it is not possible to indicate the extent to which adequate protection is due to the Directive or to more
stringent national requirements. It is important to recognise that the potential environmental and
health benefits resulting from more stringent sludge standards in Options 2 and 3 (as well as the
total ban in Option 4) are not quantified in this CBA.

For Option 5, the impacts are highly uncertain and the environmental and health impacts could be large. In
a preliminary analysis, it appears that Option 5 is not acceptable on the basis of the precautionary principle.
This has also been confirmed by responses to the consultation. A cost-benefit analysis has not been
undertaken for this option on the basis of the uncertainty about the potential national reactions (i.e. how
national legislation and practice would change).

Tables 4 and 5 below summarise the costs for the options, as calculated under this CBA.

It should be noted that the analysis faced a key problem. A major factor in terms of the economic costs is
the proportion of sewage sludge that would not meet the more stringent limits under Options 2 and 3. This
has been estimated for each major component of the new limits — i.e. for heavy metals, for organic
compounds, pathogens and also for the monitoring and quality assurance requirements.

Most of the information available, however, is by individual component, and it has not been possible to
estimate the cumulative effective of the different components in each option. Simply summing the separate
shares of sludge failing each component’s limits would in part double-count the results and thus would
likely represent an over-estimate of the costs.

The analysis has instead used two scenarios, a high and a low estimate, for each option.

1. Scenario 1 (high estimate): the highest costs among the different components of each option is
taken as an indicator of the total costs for the Option. For both Option 2 and Option 3, the most
expensive component concerns the new limits on organics, which is the component leading to the
greatest costs (followed by limits of PTEs in soil, with costs of similar magnitude);

2. Scenario 2 (low estimate): the lowest costs among the different options’ component is taken as an
indicator of the total cost for the Option. This reflects a situation when only quality assurance and
monitoring requirements are changed.

While scenario 1 may underestimate the total costs of each option, it is believed that it will provide a good
comparison of the costs among the different options.

This approach has an advantage: the detailed component by component analysis (provided in the full
report) allows decision-makers to consider the separate costs for each component. This can help in
weighing the individual components of each option and considering options that include only some of them.
This may be an important consideration, as the consultation responses and workshop discussion indicated
varying support for the different components.

As it can be seen from the Tables, Option 2 and Option 3 are significantly less costly than Option 4 for both
scenarios. Among the three options, it appears that Option 2 will have the most limited cost implications.
Option 3 is likely to affect a larger number of sewage treatment plants and a higher share of sewage sludge.
The greatest economic costs are expected from Option 4, a total ban.
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Table 4: Scenario 1 — Summary of Net costs of Options (against Option 1)

PV Option 2 Option 3 Option 4

EU-TOTAL 2,174,438,000 4,540,742,000 7,964,555,000

Annualised Costs Option 2 Option 3 Option 4

EU-TOTAL 222,780,000 465,217,000 816,001,000
PV discounted at 4% covering period from 2010 to 2020

Table 5: Scenario 2— Summary of Net Costs of Options (against Option 1)

PV Option 2 Option 3 Option 4
EU-TOTAL 8,040,000 48,242,000 7,964,555,000
Annualised Costs Option 2 Option 3 Option 4
EU-TOTAL 824,000 4,943,000 816,001,000

Concluding notes

The estimates produced here are subject to many uncertainties and as a result should be only interpreted as
an approximation of the costs each option. This is due to uncertainties regarding the amount of sludge
affected, disposal options and also the scope of the costs and the uncertainties concerning the unitary values
as well as, more importantly, uncertainties concerning the baseline (i.e. percentile distribution of sludge
pollutants by MS, level of treatment and background concentrations of heavy metals in soil by MS). The
results nonetheless provide an idea about the order of magnitude of these costs. Moreover, they incorporate
the information provided through the second consultation and as a result represent the best estimate
possible based on the information available.

Based on the findings, the Commission may wish to include or exclude specific components from the
Options or, alternatively, implement only the least costly components. Based on our analysis and the
responses from the consultees, the most costly components appear to be the limits on organic compounds
(in particular the limits on PAHSs) and those on heavy metals in soil. The component with the smallest cost
implications is that for quality assurance and/or increased monitoring (although the costs appear to vary
significantly in range). The limits proposed under Option 2 concerning heavy metals in sludge seem to be
achievable and most Member State and stakeholder responsdents called for this type of change on the basis
that most national standards are already more stringent than the current Directive. As a result the costs of
only introducing more stringent limits on PTEs in sludge (at levels such as those in Option 2) appear to be
limited.

The above figures do not reflect all costs and benefits. In addition to the unquantifiable reduction in human
health and environmental risks from reduced recycling, there may be additional benefits in terms of amenity
and public perception from Option 2, 3 and 4. These are highly uncertain, however. One other benefit
from Options 2, 3 and 4 is that in some geographical areas they could help meet other EU environmental
objectives, such as those for the Water Framework Directive. A total ban, on the other hand, may act
against the waste hierarchy set forth in the Waste Directive: this gives priority to the recovery and recycling
of waste.

Such trade-offs will have to be borne into consideration in a decision on the revision of the Directive.
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EU 27 All 27 Member States since 2008

FAO Food and Agriculture Organization

FWD Food waste disposal

GHG Green house gas

GWP Global warming potential

HACCP Hazard analysis and critical control point

1A Impact Assessment

IPPC Integrated pollution prevention and control

LAS Linear alkylbenzene sulfonate

LCA Life-cycle analysis

MAD Mesophilic anaerobic digestion

MBT Mechanical biological treatment

MS Member State of the European Union

MSW Municipal solid waste

Mt Million tonnes

ND Nitrate Directive

NP/NPE Nonylphenol/Nonylphenol ethoxylate

NP/NPE Nonylphenol/Nonylphenol ethoxylate

oC Organic compounds / Organic contaminants

PAH Polycyclic aromatic hydrocarbons

PCB Polychlorinated biphenyls

PCDD/F Polychlorinated dibenzodioxins and polychlorinated dibenzofurans
pe population equivalent

PPP Public private partnerships

PTE Potentially toxic elements; refers to heavy metals

QA Quality assurance
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QMRA Quantitative microbial risk assessment
REACH Registration, Evaluation, Authorisation and Restriction of Chemicals
RED Renewable Energy Directive
SEPA Scottish Environmental Protection Agency
SSM Safe sludge matrix
TD Thermal Destruction
tDS Tonnes of dry solids
THP Thermal hydrolysis process
TOC Total organic content/carbon
TRF Toxicological reference value
TS Total Solids, dry matter, dry solids
TSP Total sludge production
UBA Umweltbundesamt
UWWTD Urban waste-water treatment
VOSL Value of statistical life
WFD Water Framework Directive
Wi Waste incineration
WWTP Wastewater treatment plant
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1. Infroduction

1.1 Scope of this Study

The objective of the impact assessment was to inform the commission about the different impacts expected
from a set of Options concerning the use of sludge on agriculture.

The options considered below are concerned only with sewage sludge as defined in Directive 86/278/EEC,
ie.

)] residual sludge from sewage plants treating domestic or urban waste waters and from other
sewage plants treating waste waters of a composition similar to domestic and urban waste

waters [..]
Art.2 (a)

As for the uses the options are only concern with the use of sludge on agriculture, where agriculture means:

the growing of all types of commercial food crops, including for stock-rearing purposes
Art.2 (c)

Consultation proposed extending the scope to cover other industrial uses and the use of sludge on other
land rather than agriculture, i.e. forestry. However, these aspects are believed to be outside the scope of this
study as the options agreed did not concern expanding the scope of the Directive.

1.2 Overview of Options

An initial set of options for the revision of the Sewage Sludge Directive was developed based on the review
of literature and of regulations in Member States, as well as comments received from Member States and
stakeholders in the first consultation for this study and the first workshop.

The consultation on the previous report, the Interim Report', has revealed different opinions concerning
changes to the Directive, with some member states (MS) favouring the status quo whilst others consider
that changes to the Directive are required. The changes proposed included the following:

Revision of current limit values for heavy metals;

Introduction of limit values for organic pollutants;
Introduction of pathogen concentration limits; and
Introduction of a quality assurance system.

The project team developed a long list of options, which was reviewed with the European Commission. The
original list included options which were deemed technically unfeasible or out of the scope of this study
(for instance extending the boundary of the Directive to include uses such as reclamation, recreational and
energy crops). As a result, five options were developed. The options carried out for this IA have also
considered the previous Commission Communication in 2003°. There are five options as follows:

1 WRc, Milieu and RPA (2009): Environmental, economic and social impact of the use of sewage sludge on land,
Interim Report, October 2009.

2 CEC (2003): Proposal for a Directive of the European Parliament and the Council on spreading of sludge on
land, Brussels, 30 April 2003.
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Option 1: do-nothing: keeping the Directive as it is;

Option 2: introduce certain more stringent standards, especially for heavy metals, standards for
some organics and pathogens, and more stringent requirements on the application, sampling and
monitoring of sludge;

Option 3: introduce more stringent standards across all substances and bans on application of
sludge to some crops;

Option 4: total ban on the use of sludge on land; and

Option 5: repeal of the Directive.

A Dbrief summary of each option is provided in Table 6.
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Table 6: Option comparison by component

Option 1 = | Option 2 = Moderate changes (some standards more | Option 3 — More significant changes (more stringent | Option 4 = Total | Option 5 =
Baseline stringent) standards) Ban Repeal of the
Scenario Directive
Limits on sewage sludge content
Heavy Retain More stringent standards More stringent standards Total ban N/a
metals existing
limits (as PTE mg/kg PTE mg/kg
given in Cd 10 Cd S
Annex 1B [y 1000 Cr 150
and IC) Cu 1000 Cu 400
Hg 10 Hg 5
Ni 300 Ni 50
Pb 750 Pb 250
Zn 2500 Zn 600
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Option 1 = | Option 2 = Moderate changes (some standards more | Option 3 — More significant changes (more stringent | Option 4 = Total | Option 5 =
Baseline stringent) standards) Ban Repeal of the
Scenario Directive
Organics No change | 1-2 standards for "indicator" organics: PCB and PAH Introduce standards for organics for PAH, PCB, LAS, NPE, | Total ban
—no limits | PAH Dioxins, DEHP
6mg/kg dry matter PAH3
6 mg/kg dry matter
PCB PCB4
0.8 mg/kg dry matter 0.8 mg/kg dry matter
PCDD/F5
100 ng ITEQ/kg dry matter
LAS6
5 g/kg dry matter
NPE7
450 mg/kg dry matter
Pathogens No change | Conventional treatment, i.e. any sludge treatment capable of | Advanced standard that sanitises sludge and achieves: a) a | Total ban
—no limits | achieving a reduction in Escherichia coli to less than 5x105 | 99.99% reduction of Escherichia coli to less than 1-103 colony
colony forming units per gram (wet weight) of treated sludge. | forming unit per gram (dry weight) of treated sludge; b) a
99.99% reduction in Salmonella Senftenberg W775 for sludge
spiked with this micro-organism; c) no Ascaris ova; ¢) a sample
of 1 gram (dry weight) of the treated sludge does not contain
more than 3-103 spores of Clostridium perfringens; d) and a
sample of 50 grams (wet weight) of the treated sludge does not
contain Salmonella spp.
Nutrients No change | No standards but provision of information on N:P and C | As in Option 2 Total ban
—no limits | content.

indeno(1, 2, 3-c, d)pyrene.
4 Sum of the polychlorinated biphenyls components number 28, 52, 101, 118, 138, 153, 180.

Polychlorinated dibenzodioxins/ dibenzofuranes.

Linear alkylbenzene sulphonates.

It comprises the substances nonylphenol and nonylphenolethoxylates with 1 or 2 ethoxy groups.

Sum of the following polycyclic aromatic hydrocarbons: acenapthene, phenanthrene, fluorene, flouranthene, pyrene, benzo(b+j+k)fluoranthene, benzo(a)pyrene, benzo(ghi)perylene,
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Option 1 = | Option 2 = Moderate changes (some standards more | Option 3 — More significant changes (more stringent | Option 4 = Total | Option 5 =
Baseline stringent) standards) Ban Repeal of the
Scenario Directive
Other No change | Require stabilisation (or pseudostabilisation) to reduce | As in Option 2 and Hazard Assessment and Critical Control | Total ban
changes methane emissions during storage and from land. A | Points Assessment (HACCP)
concerning potential indicator is the lack of oxygen demand; use volatile
quality and solid (VS) reduction of 38% or specific oxygen uptake rate
aimed at of less than 1.5mg/h/g total solids
prevention
More stringent conditions on application of treated sludge to land
Soil composition N/a
Heavy No change | Heavy metal concentration (mg/kg) Heavy metal concentration (mg/kg) Total ban
metals PTE 5<pH<6 B<pH<7 pH>7 PTE 5<pH<6 6<pH<7 pH>7
Cd 0.5 1 15 Cd 0.5 1 1.5
Cr 50 75 100 Cr 50 75 100
Cu 30 50 100 Cu 30 50 100
Hg 0.1 0.5 1 Hg 0.1 0.5 1
Ni 30 50 70 Ni 30 50 70
Pb 70 70 100 Pb 70 70 100
Zn 100 150 200 Zn 20 20 200
Organics No change | No limits, i.e. no change No limits, i.e. no change Total ban
Pathogens No change | No limits, i.e. no change No limits, i.e. no change Total ban
Nutrients No change | Information only As in option 2 Total ban
Conditions No change | Setting periods for harvesting for grassland and/or forage | Ban of application of sludge for fruit, vegetable crops and | Total ban
on crops— Article 7.a grassland
application Make compulsory 10 month period for fruit, vegetable crops
Ban the application of untreated sludge — changes to Article
6 which currently allows MS to authorise under certain
conditions the use of untreated sludge if injected or worked
into the soil. Outright ban on the use of untreated sludge
injected or worked into the soil — changes to Article 6
Liquid sludge may only be used if injected or immediately
worked into soil.
Other Quantity | Minimum number of analyses per year As in Option 2 but Option 3 could have more substances to be | Total ban
changes, i.e. of tested (organics)
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Option 1 = | Option 2 = Moderate changes (some standards more | Option 3 — More significant changes (more stringent | Option 4 = Total | Option 5 =
Baseline stringent) standards) Ban Repeal of the
Scenario Directive
sampling and sludge  |Agrono | Heavy OCs Diox | Micro-
monitoring, (tDSlyear/ | mic metals | (except | -ins organ-
Quality plant) para- dioxins) isms
assurance meters
scheme <50 1 1 - - 1
50 — 250 2 2 - - 2
250 — 4 4 1 - 4
1000
1000 - 4 4 2 1 4
2500
2500 - 8 8 4 1 8
5000
> 5000 12 12 6 2 12
Ease the sampling and reporting requirements in case of
QAS for separate discussion. Should be available for both
option 2 and 3. Include CEN TC 308 procedures.

Source: Adapted from CEC (2003): Proposal for a Directive of the European Parliament and of the Council on spreading of sludge on land. Brussels, 30 April 2003.
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2. Approach to the Impact Assessment
2.1 Overview

A preliminary impact assessment was conducted in November 2009. This report was published for
consultation with interested stakeholders. The report included a number of questions in order to check the
assumptions and gather more data on the impacts. The level of response was substantial and a total of 39
responses were gathered around the 20 questions presented in the study. The list of respondents as well as
asummary of responses is provided in Annex 1. The results of the consultation have helped in refining the
previous assumptions and assessing the impacts on disposal.

The assessment of options follows a similar approach to the CBA conducted in 2002 (by Sede and
Andersen; although there are differences in the limits proposed). This Impact Assessment (1A) aims to
quantify all the impacts where data are available that allow initial estimates to be made of the costs and
benefits. When impacts are not quantified, qualitative descriptions are provided.

2.2 Initial Screening
Table 7 shows the impact screening based on the IA Guidelines by the Commission for the different

Options. When impacts are uncertain, they have been carried forward for the analysis. The greatest
uncertainty applies to Option 5 as this will finally rely on any changes to national legislation and

implementation at MS level.

Table 7: Impact Screening

. Option 4 - .
. Option 2 - Option3- 1 ononthe | OPHONS -
Option 1 - more Repeal of
moderate L use of
BAU significant the
changes sludge on L
changes Directive
land
Impacts likely?
ECONOMIC IMPACTS
Functioning of the |_n_ternal No Uncertain Uncertain Uncertain Uncertain
market and competition
F:ompetmveness, trade and No Uncertain Yes Yes Uncertain
investment flows
Operating costs and conduct of No Yes Yes Yes Uncertain
SMEs
Adr_mnlstratlve burdens on No Yes Yes Uncertain Uncertain
business
Public authorities No Yes Yes Yes Uncertain
Property rights No No No No Uncertain
Innovation and research No Uncertain Uncertain Yes Uncertain
Consumers and household No Uncertain Uncertain Yes Uncertain
Specific regions and sectors No Yes Yes Yes Uncertain
Thqu countries and international No No No No No
relation
Macroeconomic environment No Uncertain Uncertain Uncertain Uncertain
SOCIAL IMPACTS
Employment and Labour No Uncertain Uncertain Uncertain Uncertain
markets
_Standard_s and rights related to No No No No No
job quality
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. Option 4 - .
. Option 2 - Option 3- | 1 onthe | QPHONS -
Option 1 - more Repeal of
moderate L use of
BAU significant the
changes sludge on L
changes Directive
land
Social _|nclu5|on and protection No No No No No
of particular groups
G_end_er_equ_ahty, hon- No No No No No
discrimination
Governance, participation No No No Uncertain Uncertain
Public health and safety No Yes Yes Yes Uncertain
Crime, terrorism and security No No No No No
Access to social protection and No No No No No
health
Culture No No No No No
Impacts on third countries No No No No Uncertain
ENVIRONMENTAL
IMPACTS
The climate No Yes Yes Yes Uncertain
Transport and the use of energy No Yes Yes Yes Uncertain
Air quality No Yes Yes Yes Uncertain
Biodiversity, flora, fauna and No Yes Yes Yes Uncertain
landscape
Water quality and resources No Uncertain Uncertain Uncertain Uncertain
Soil quality and resources No Uncertain Uncertain Uncertain Uncertain
Land use No Uncertain Uncertain Yes Uncertain
Renewable and non-renewable No Yes Yes Yes Uncertain
sources
Environmental consequences No Uncertain Uncertain Uncertain Uncertain
Waste . . . No Yes Yes Yes Uncertain
production/generation/recycling
Likelihood of environmental risk No Yes Yes Yes Uncertain
Animal welfare No No No No Uncertain
:rr:]t;;lgistlonal and environmental No Uncertain Uncertain Uncertain Uncertain

2.3 Identification of stakeholders

The range of stakeholders affected and types of costs and benefits considered are set out in Table 5.
Consultation has helped to reassess the impacts, for instance, it has been confirmed that impacts on
agricultural outputs are expected to be negligible as well as impact on employment in the agricultural
sector. However, consultation has also highlighted that these impacts would be limited. On the other hand,
the sector producing recycling equipment noted during consultation that they would be affected.

Table 8: Stakeholders and costs/benefits

Stakeholder Economic impacts

Environmental Impacts

Social Impacts

Water and sludge | Costs of alternative disposal
management Quality assurance — including reporting
operators requirements
Obligation of treatment
*Distributional impacts

Environmental
benefits/costs from
changes in risk of
application and
alternative routes of

Amenity (odour)
Reduction/increase in
risk — human health

Employment impacts in
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Stakeholder Economic impacts Environmental Impacts | Social Impacts

Regulatory Changes to regulation —including costs disposal including related sector (recycling
authorities of consultation climate change manufacture)

Policy implementation and control
Benefits/costs if meeting other related
legislation requirements (i.e. WFD and
Waste Directive)

Farmers Loss of use of sludge as a fertiliser and
fertiliser replacement costs
Loss of agricultural output/crops

Consumers/Public | Increased bills (from water companies
due to greater obligation of treatment)
*Distributional impacts

*: Distributional impacts are assessed separately under this 1A based on total cost /benefit estimation. However, they come
under the economic impact category in the Impact Assessment. We have included them separately in this IA.

24 Approach to assessment of impacts

For all options, the approach to the impact assessment will involve the following steps:

e Step 1: Identification of MS affected by changes to the Directive, due to current national legislation
and current practices;

e Step 2: Direct impact estimation when impacts are considered likely on recycling rates and changes in
amount going to different disposal options; and

e Step 3: Indirect impacts from changes in the above in terms of costs and benefits to the different
stakeholders (e.g. fertiliser replacement, costs of incineration, etc). The approach will then be the
following:

Costs/Benefits = amount of sludge affected x impact (in quantitative term) x unit costs (€) for
impact

The approach to the impact assessment has considered the impact of the new standards of the different
treatment options as well as disposal. In this regard, the current management of countries have been taken
into account to generate the estimates (with the help of consultation).  Unitary costs have then been
applied to account for the switch from recycling to different disposal options. The unitary costs and benefits
considered in this IA are presented in Section 3.

Where impacts have not been quantified due to a lack of data, these are described qualitatively. When
impacts are highly uncertain, ranges have been used or qualitative descriptions used. The below Table
presents a summary of the impacts that have been quantified in this 1A.

Table 9: Impact quantification

Impacts | Quantified | Comments

Economic impacts

Costs of alternative disposal Yes These costs are the main costs stemming from the

Loss of use of sludge as a fertiliser and Yes options when the new standards will affect the level

fertiliser replacement costs of recycling

Obligation of treatment Yes

Quality assurance — including reporting Yes

requirements

Loss of agricultural production No Stakeholder identified that impacts in this regard
are unlikely as sludge could be replaced by

fertilisers (organic and mineral)
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Impacts Quantified Comments

Employment impacts No Difficult to estimate with accuracy — some
stakeholder have highlighted that there may be
impacts should a ban or very stringent limits be

implemented (i.e. manufacturers of recycling
equipment) but others have highlighted negligible
impacts

Amenity (increase in real or perceived No Highly uncertain, hence not estimated

value of land from reduced sludge

application)

Energy recovery Partially Market price of incineration and landfilling takes
into account energy recovery. External benefits
have not been quantified; however, in relation to

incineration, this is perceived to be wholly or
partially counterbalanced by the need for sludge
drying

Impact on markets for mineral and other No The impacts are considered low, as the fertilizer

natural fertilizers market is much larger in volume than sludge market

(but impact might be greater under Option 4)

Increased water bills No Depend on national practices — some costs may be

passed on to farmers and consumers in terms of
increased waterbills but this may vary significantly
among MS

Increased consumer confidence (linked to No Highly uncertain, hence not estimated

food sales)

Innovation and research No Highly uncertain, hence not estimated

Environmental impacts

Environmental benefits/costs from changes Partially Only some impacts from air emissions and reduced

in risk from changes in quantity of recycled need to use fertiliser quantified; other impacts, such

sludge: e.g. soil impacts, discharges to emissions to water and soil impacts could not be
surface water and groundwater quantified.

Environmental benefits/costs from changes Partially Some impacts linked to air emissions have been

in risk from alternative disposal: quantified and the results have been included in the

e CO, emissions and impact on impact assessment.
climate change
e  Other air pollutants However, some other impacts, such as discharges to
e Discharges to water and water, could not be quantified.
groundwater

Social impacts

Amenity (odour) No Highly uncertain and variable among MS

Human health impacts from changes in risk Partially Some impacts from air emissions have been valued

from changes in quantities of recycled as these are included in the overall valuation of air

sludge emissions.

Human health benefits/costs from changes Partially Health impacts linked to air emissions have been

in risk from alternative disposal quantified as these are included in the overall

e  Air emissions from incineration in impact valuation of air emissions.
particular

Benefits if meeting other related legislation No Difficult to quantify. Significant data requirements

requirements (i.e. WFD)

on degree of implementation of relevant policies

The period for analysis is the same as that used in the Interim report: to 2020. The benefits and costs have

been discounted at 4%.
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3. Valuation methodology used to assess costs and benefits from
different sludge management options

3.1 Overview

When the policy options are expected to affect the recycling route, impacts will be likely. In other words,
there will be costs and benefits related to the increased incineration, landfilling and/or further treatment
when the volumes of recycling are affected by the policy option or by any of the option components. In this
Section, we explain the methodology used for estimating the benefits and the costs of changes to the
different sludge management options.

The costs and benefits fall in two main categories:

1. Financial benefits and costs — also called “internal” benefits and costs. These costs are
aimed to capture the financial costs and benefits as reflected in the market place. It is
important to note that subsidies/taxes to the different management options, e.g. subsidies for
recycling and or taxes on incineration are not included in the estimates. This is because such
payments represent a transfer and as such they are not a net gain/loss to the economy; and

2. External benefits and costs — externalities are defined as impacts on a party that is not
directly involved in the transaction stemming from the action of another party who does not
bear the costs. In such a case, prices do not reflect the full costs or benefits in production or
consumption of a product or service®. An example of an externality in this context is for
instance the environmental impacts from air emission from incineration processes through
deposition.

The valuation methodology in this report largely follows the methodology for valuing internal and external
costs and benefits from sludge disposal routes developed by Sede and Andersen (2002). Unit costs given in
Sede and Andersen (2002) have been updated to reflect the increase in average price levels since 2002
(using the retail price index®) and changes in EU-wide price levels as a result of EU enlargements in 2004
and 2007 (we estimate that this reduced the average price level by approximately 9%).

The remainder of this section provides an overview of the current disposal routes which have helped to
estimate the impacts in the different MS as well as a summary of the unit costs used for their analysis;
including the sources of uncertainty. All unit costs used for further analysis in this report are summarised at
the end of this section.

3.2 Incineration

3.2.1 Overview of sludge incineration rates in EU Member States

Incineration is used as a treatment for a very wide range of wastes. The objective of waste incineration is to
treat wastes so as to reduce their volume and hazard, whilst capturing (and thus concentrating) or destroying
potentially harmful substances that are, or may be, released during incineration. Incineration processes can
also provide a means to enable recovery of the energy, mineral and/or chemical content from waste.

8 An advantageous impact is called an external benefit or positive externality, while a detrimental impact is

called an external cost or negative externality.
’ Prices updated by RPI (215.3/178.5)
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Incineration of sludges can be performed in designated incinerators (mono-incineration) or in municipal
solid waste incinerators (co-incineration). After pre-drying sludge can also be incinerated in cement kilns
because they have a high calorific value.

Specific sludge incineration facilities have been operating for many years. However, the availability of
these vary significantly according to Member States. Currently data are sparse about the incineration
capacities in different MS. The following Table shows the number and total capacity of existing
incineration plants (not including planned sites) for general waste and dedicated sewage sludge incinerators
based on information from 2001"°. No more recent information has been found available. As a result, this
information is only presented to illustrate the split among MS and types of incineration. As it can be seen, a
number of MS have been, in the past, at the forefront of mono-incineration, i.e. Germany, Denmark and the
UK. However, from our consultation we believe that there are existing plans to develop incineration
facilities in countries such as Portugal and the Czech republic.

Table 10: Number and total capacity of incineration plants

Country Total number Capacity Total number of Capacity Mtlyr
Oof MSW Mtlyr dedicated sewage (dry solids)

incinerators sludge incinerators

Austria 5 0.5 : 1

Belgium 17 24 1 0.02

Denmark 32 2.7 5 0.3

Finland 1 0.07 : :

France 210 11,748 1 :

Germany 59 13.4 23 0.63

Greece 0 na : :

Ireland 0 na

Italy 32 1.71

Luxembourg 1 0.15

Portugal(a) 3 1.2

Spain 9 1.13

Sweden 30 2.5 : :

Netherlands 11 5.3 2 0.19

United Kingdom 17 2.97 11 0.42

Note: the “:” sign denotes no data are available.

More recent data are available on the amount of sludge being incinerated across EU. The following Table
shows information from Eurostat on the trends of sludge being incinerated up to 2007. However, it is not
clear whether this is incinerated with other municipal waste or in specific incinerators.

Table 11: Sludge going to incineration (kt, DS)

Year 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
Belgium 162 | 180 | 182 | : | 551 | 66.4 | 71.0 | 281 | 362 | : : :
Bulgaria : - - : : : : : 00 | 00 | 00 | 00
Czech 00 | 00 | 00 | 00 | 00 | 00 | 03 | 04 | 00 | 00 | 00 | 00
Republic

Denmark 32.7 33.2 31.9

Germany : : 396.0 : : 554.9 : : 711.2 | 941.7 | 965.1

Estonia : : : : : : : : : 0.3 0.3 0.3
Ireland : : : : : : : : : 0.0 : :
Greece : : : : : 0.0 0.0 0.0 0.0 0.0 0.0

10 Available in CEC (2006): Integrated Pollution Prevention and Control Reference Document on the Best

Available Techniques for Waste Incineration August 2006
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Year 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
Spain 320 | 20.0 | 335 | 335 | 70.2 | 548 | 689 | 768 | 775 | 77.8 | 41.1 :
France : : 154.1 : : 166.4 : : 178.4 : :

Italy : : : 30.8

Cyprus : : 0.0 0.5 : :
Latvia 0.0 0.0 0.0 0.0 0.0 0.0
Lithuania : : : 0.0 0.0 0.0
Luxemb. : : : : : :
Hungary 0.0 0.1 0.5 : : : : : : 0.0 0.0

Malta 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Netherl. 102.0 | 98.0 | 162.0 | 184.0 | 180.0 | 207.6 | 204.3 | 212.6 | 235.7 | 232.8 | 252.5
Austria : 68.2 | 68.4 : 150.2 : 162.1 : 151.3 : 98.3 :
Poland : 5.0 5.0 5.9 6.9 6.8 6.3 1.4 6.3 4,5 1.7
Romania : : 0.0 : :
Slovenia : : : 0.0 0.0 0.0 5.2 5.1
Slovakia 0.0 0.0 0.0 : : : : : 0.0 0.0
Finland 0.0 0.0 0.0 0.0 0.0 : : : : : : :
Sweden 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

United 241.2 | 305.8 | 314.3 | 273.2 | 281.9

Kingdom

Note: the “:” sign denotes no data are available; “0” less than half of the unit used; “- ” not applicable or real

zero or zero by default

The next Table summarises the percentages currently going to incineration based on more recent data from
our first consultation and projections of how these incineration capacities could be developed in the future.
Again, the percentage of sludge going together with municipal solid waste (MSW) against special
incineration is not clear.

Table 12 Disposal methods for sewage sludge in EU Member States as percentage incinerated (AMF
2007, Doujak 2007, Eureau 2006 reported by Smith 2008, IRGT 2005, Leonard 2008, COM personal
communication, 2009) and projections for 2010 and 2020

Member State Year of data | Incineration 2010 2020
Projection projection

Austria 2005 47 40 85
Belgium 90 90

. Flemish Region 2005 76 : :

. Walloon Region 2005 62

o Brussels region 2002 66 : :
Denmark 2002 43 45 45
Finland 2000 : : 5
France 2002 20 15 15
Germany 2003 38 50 50
Greece : : :
Ireland 2003 : :
Italy 2005 7 20 30
Luxembourg 2004 20 5 20
Netherlands 2006 60 100 100
Portugal 2005 0 30 40
Spain : : 10 25
Sweden : 2 5 5
UK 2004 19.5 : 25
Bulgaria 2005 0 10
Cyprus : : 10
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Member State Year of data | Incineration 2010 2020
Projection projection

Czech republic 2004 25 20
Hungary 2006 5 30
Poland 2000 5 10
Romania 5 10
Slovakia 2006 5 40
Slovenia 2006 5 70
Note: the “:” sign denotes no data are available.

As it can be seen from the above Table, most of the countries will maintain and increase their incineration
rates, with some of them showing a significant increase. Although the decision to mono incinerate or co-
incinerate will depend on costs, other factors will also affect the choice of disposal. For instance, in case of
co-incineration, the treatment capacity and treatment efficiency depend on the saturation of the incinerator
by other solid waste streams and/or the ratio of sludge mass to solid waste mass.

The first consultation revealed that while several authorities and commercial stakeholders recognised the
advantages of co-treatment of sludge, some regard mono-incineration as the preferred option in order to
enable phosphorus recovery. Among the disadvantages of incineration are the air emissions and other
externalities related to transport.

The incineration sector has undergone rapid technological development over the last years. Much of this
change has been driven by legislation specific to the industry and this has, in particular, reduced emissions
to air from individual installations™. Continual process development is ongoing, with the sector now
developing techniques which limit costs, whilst maintaining or improving environmental performance.
Despite this, incineration use, costs, energy benefits and emissions are contentious with strongly held views
for and against the use of incineration and different estimates have been produced on the financial and
external costs from incineration. These are described below.

3.2.2 Internal costs and benefits from incineration

Incinerators are normally capital intensive and probably only warranted on the basis of large volumes of

material to be incinerated. The following costs categories are considered “internal costs™ to incineration
process:

« Costs of storage systems;

o Costs of furnace;

» Treatment of off-gas and other incineration residues, i.e. bottom ash, fly ash, clinker;
« Operating costs;

» Transport costs to the treatment site; and

o Quality control.

1 The Waste Incineration Directive (WI Directive) sets emission limit values and monitoring requirements for

pollutants to air such as dust, nitrogen oxides (NOXx), sulphur dioxide (SO2), hydrogen chloride (HCI),
hydrogen fluoride (HF), heavy metals and dioxins and furans. The Directive also sets controls on releases to
water in order to reduce the pollution impact of waste incineration and co-incineration on marine and fresh
water ecosystems. Most types of waste incineration plants fall within the scope of the Directive, with some
exceptions, such as those treating only biomass (e.g. vegetable waste from agriculture and forestry). Many of
the plants that are covered by the W1 Directive are also covered by the Integrated Pollution Prevention and
Control (IPPC) Directive.
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There are a number of sources in the literature that report different costs of co-incineration. More limited is
the information on the costs of mono-incineration. Sede and Andersen estimated that the costs could be of
the following magnitude:

o  CO-incineration: €290 t/DS*
e MONO- incineration: €374t/DS

Other costs are summarised in the next Table. As it can be seen from the Table, the costs can vary
significantly; however, it is not always certain what is included under operating costs.

Table 13: Incinerator Cost Information (€2009)

Co-incineration Mono- Type of costs | Specific assumptions Source
incineration | considered
c. €290/tDS c. €374tDS | Capital costs €2009 prices Sede and
Operating costs Investment costs assessed Andersen

(includes labour, energy | and annualised (6% discount | (2002)
and other consumable), | rate). Life of equipment
transportation, disposal | ranging from 8 to 15 years

of residues. depending on equipment.

€191 - €271 /tDS €281/tDS to | Capital costs and €2009 prices EEA (1998)"
€478/1DS operating costs, Up to 5,000 tonnes of dry
including final disposal | material per year,
of residues representing stations from
200,000 to 800,000 pe

6,500—8,500(USD/KW) | nd Typical current Plant size: IEA™

investment 10-100 MW

costs Using a 10% discount rate

Other assumptions uncertain —
year of value assumed 2008

€486 — €1164/tpa | nd Capital €2004 values Murphy and
capital costs Operating costs Size range from 40 ktpa to | McKeogh®
€32 — €74/t running 450ktpa

costs

€46m to €137m capital | nd Capital Assumes energy recovery Last™®

costs Operating costs Costs depend on capacities

c. €30 to c. €70/tonne ranging from 100 ktpa to 400

operating costs ktpa

~€190€/tDS Capital + Operating costs | (2009) WRc

The costs of incineration are highly variable to design aspects (and especially for mono-incineration the
sensitivity of these costs were estimated to vary by around +50% in Sede and Andersen, 2002).
Assumptions regarding energy recovery from incineration have an important impact on results of analyses
comparing alternative options for managing waste. From the economic point of view, energy recovery is an

12 prices updated by RPI (215.3/178.5)
13 Sludge treatment and disposal, management practices and experiences
 International Energy Agency (2008), Deploying Renewables. Principles for Effective Policies.

5 Murphy, J.D. and McKeogh; E. (2004), Technical, economic and environmental analysis of energy production
from municipal solid waste, Renewable Energy 29, pp 1043-1057.

16 | ast, S (2008), An Introduction to Waste Technologies, The processes Used to Recycle, Treat, and Divert
Municipal Solid Waste Away from Landfills, Waste Technologies UK Associates.
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important aspect, as sales of both electricity and heat can generate substantial revenue that can cover part of
the incineration costs. Information on the current trends for energy recovery, however, is not available in
order to calculate the revenues from selling electricity, heat and/or both.

As newer technologies develop maximising energy recovery it is expected that the marginal costs may
decrease, also responding to economies of scale. A lower estimate of such costs could be illustrated by the
current costs of pyrolisis or gasification (as highlighted by the stakeholders) although this is not yet
common practice and these processes are currently at the development stage.  The capital costs of the
plants can be smaller at £19m to £93 m (based on Lust, 2008) for a 100,000 tpa plant. Information on
operating costs, however, is not available although they could be expected to be similar to those of a mono-
incineration plant.

For the valuation of impacts, we have chosen to use unit costs of sludge incineration that are based on an
update of data provided by Sede & Andersen (2002). Sede & Andersen’s valuation includes capital and
operational costs of incineration which is based on the market price of incineration and thus includes all
relevant costs and benefits, including that of disposal of residues and energy recovery. The internal unit
costs of sludge incineration are summarised in the below Table"’.

Table 14: Internal cost of incineration used for further analysis in this study (€/t DS)

Type of cost Co-incineration Mono-incineration
Internal cost - investment 113 161
Internal cost - operational 177 213
Total cost 290 374

3.2.3 External costs and benefits from incineration

Incineration generates emissions into the air (particles, acid gases, greenhouse gases, heavy metals, volatile
organic compounds, etc.), soil (disposal of ashes and flue gas treatment residues to landfill, atmospheric
deposition of air emissions) and water (flue gas treatment wet processes). Emissions into the air may be
reduced thanks to flue gas treatment. From an environmental point of view, recovered energy displaces
alternative energy production and related environmental impacts. Operation of an incineration plant may
also produce noise, dust, odour and visual pollution.

The environmental impacts from incineration are summarised in the next Table.

Table 15: Environmental impacts from incineration

Emissions

Impacts

Energy production

Displaced emissions of pollutants to air

Emissions of pollutants to air via smoke
stack

Human health impacts
Ecosystem degradation
Climate change
Building degradation

Emissions of wastewater to surface water

Human health
Decrease in surface water quality

Emissions of leachate to soil from landfilling
of ash

Human health impacts
Soil micro-organisms reduction
Decrease in groundwater quality

Emission of leachate to water (landfilling of
ash)

Human health impacts
Decrease in surface water quality

Visual intrusion

Social acceptance

7 These values are inferred from a figure available in the report.
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Emissions Impacts

Public anxiety

Transportation Exhaust emissions due to transportation

Source: adapted from Sede and Andersen 2002

A number of impacts from the above list are expected to be minimised on the basis of existing legislation.
These include for instance lanfilling of ash (and this is subject to stricter legislative requirement than
conventional waste); as a result impacts from leachate are expected to be negligible. Some other impacts
will not be subject to valuation in this study, i.e. visual intrusion as this will depend on site specifics and
other perception issues that are not subject to modelling. Other impacts may be considered negligible, i.e.
transportation, as sludge transportation is considered to be very low in comparison with the total traffic. In
addition, it will depend on local conditions.

More detailed discussion of individual environmental impacts from sludge incineration and of the method
for their valuation (or of the reasons for not valuing them in this study) is given below.

Energy production

Incineration of sludge and/or wastes generates excess heat which may be used as such or converted into
electricity. Energy recovery could therefore be considered as an external benefit of sludge incineration,
considering the saving of non-renewable resources. Currently however there is limited information on the
energy recovery from incineration, including anaerobic digestion.

Several studies have calculated the benefits from energy reduction ranging from €0 to €100/tonne waste.
The following Table summarises the benefits from energy recovery in a number of studies.

Table 16: Valuation of energy recovery (reduced emissions) from incinerators (€2009/tonne
waste/MSW)

Source Valuation of savings from energy recovery
(€2009/tonne waste)

CSERGE et al (1993) 6.55 - 22.47

Powell and Brisson (1994) 10.46 - 14.32

Enosh (1996) 8.14

EMC (1996) 8.14

EC (2000) 0-109.51

Dijkgraaf and Vollebergh (2003) 21.54

Source: Eshet et al (2006): Valuation of externalities of selected waste management alternatives
Assumes $1=€0.88 (2003), updated to €2009 with HPCI

COWI (2000)* also considered that the benefits of displaced emissions could vary significantly according
to the type of waste being considered and the type of incineration. The values for various types of
incineration plants are replicated in the following Table.

'8 European Commission, DG Environment A Study on the Economic Valuation of Environmental Externalities
from Landfill Disposal and Incineration of Waste Final Main Report October 2000.
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Table 17: Valuation of energy recovery (reduced emissions) (€2009)

IL. 12. 13.
-87 -26 0
(-141 - -23) (-36 - -5) ()

I11. Energy recovered will generate electricity and heat (CHP), which normally implies a high recovery
percentage. This percentage is assumed to be 83%.

12. Energy recovered will generate electricity only, which normally implies a lower recovery percentage. This
percentage is assumed to be 25%.

13. The flue gas cleaning technology is an electrostatic precipitator. There is no energy recovery.

The above values however reflect energy recovery from general waste. In the context of sludge however,
this will have to be dried prior to the incineration process. The 2002 report by Sede and Andersen was
based on the assumption that energy production from sludge incineration is counterbalanced by energy
needs of reduction of the water content of sludge, and as a result the net benefit was considered to be
negligible. For this reason, this type of benefit was not valued by Sede and Andersen. This approach is
also followed here although owing to more recent technologies the costs may represent an overestimate of
the real cost in this context.

Human health

Incineration can impact human health directly and indirectly. The former is related to exposure to flue gas
inhalation, containing compounds such as heavy metals, dioxins, HCI, NOx, SO2, or particulate matter.
The latter may be due to ingestion of contaminated vegetal or animal products. Human health may also be
affected by waste water produced during the wet treatment of flue gas if this is emitted to surface or
groundwater. Generally though, human health risk from wet treatment of flue gas may be minimised on the
basis of available legislation. The risk from contamination is also expected to be limited.

Incineration of sludge however could be regarded as carbon neutral. This is line with the approach on
biowaste™ incineration in the meaning of the renewable energy directive and the proposed Directive on the
promotion of the use of energy from renewable resources. This is also the new approach by the IPCC.
Under international GHG accounting methods developed by the Intergovernmental Panel on Climate
Change (IPCC), non-fossil CO, is considered to be part of the natural carbon balance and therefore not a
contributor to atmospheric concentrations of CO,. The rationale behind the IPCC’s decision is that non-
fossil carbon was originally removed from the atmosphere via photosynthesis, and under natural conditions,
it would eventually cycle back to the atmosphere as CO, due to degradation processes. Given this, CO,
emissions from combustion of biomass fuels should not be included in totals for the energy sector. As a
result, CO, is not considered here under the air emissions below.

The following Table shows emissions to air from incineration.

Table 18: Air emissions from sludge incineration (unit g/tDS unless otherwise stated)

Emission type Mono-Incineration Co-incineration
CH,(kg/tDS) 0 0

NO, 1,253 1,233

Cco 331 610

SO, 1005 841

HC 20 1394

PST 85 216

19 Although sludge is not considered a biowaste, it is believed that the same principles for carbon accounting apply

here.
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HCI 50 50
HF 5 5
Cr 1 1
Cu 1 1
Ni 1 1
Pb 1 1
Zn 1 1
Note: includes exhaust emissions from transportation

COWI valued the external impacts from incineration arising from air emissions, based on ExternE. These
however included environmental and health impacts. The ranges reflect the fact that different studies used
different valuation methods and in some cases different impacts were valued.

Table 19: Valuation estimates for air emissions (€/kg emissions)”

Emission type Best estimate Low estimate High estimate
CH, 0.184 0.086 0.372
NO 19.631 4.037 26.325
SO, 11.043 5.005 16.191
HC 1.840 - -
PST 29.447 - -
HCI 0.000 - -

HF 0.000 - -

Cr 613.484 163.187 1175.436
Cu 0.000 - -

Ni 12.270 3.681 24.539
Pb 0.000 - -

Zn 0.000 - -

Combining the above cost with the air emissions, the human health costs from incineration can be
estimated.
The following estimates have been used in further analyses in this report.

Table 20: External costs of emissions to air from incineration (€/tDS)

Emission type Mono-incineration Co-incineration
CH, 0.0 0.0
NOy 24.6 24.2
SO, 11.098 9.287
HC 0.037 2.566
PST 2.503 6.361
HCI 0 0
HF 0 0
Cr 0.613 0.613
Cu 0 0
Ni 0.012 0.012
Pb 0 0
Zn 0 0

20 \/aluation estimates are
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Ecosystem degradation

As above, ecosystems may be impacted directly or indirectly following sludge incineration by the emission
of flue gas to air, or by the emission of wastewater following the wet treatment of flue gas.

Heavy metals, dioxins, NOx, SO2, HCI, and particulate matter are contained in flue gas which may have an
impact on plants and crops due to air deposition and/or absorption. These may further contaminate livestock
and wild fauna via ingestion of contaminated plants. Emission of waste water to surface water may also
have an impact on wild fauna and flora, especially on aquatic organisms. Such impacts, however, are
difficult to model and are expected to be minimised on the basis of existing legislation. On the other hand,
the COWI values take into account impacts linked to air emissions so these have been used as a surrogate
of the impacts, although they may be an undervalue.

Buildings degradation

Flue gas produced following sewage sludge incineration contains SO2 and NOx which are known to have
an impact on buildings due to acidic deposition on materials. The COWI coefficients above, however,
include such impacts (however, according to Sede and Andersen, it is not clear whether all impacts related
to buildings degradation are included in the valuation methodology developed by COWI and used by Sede
and Andersen).

Climate change

When sludge is incinerated, flue gas is produced, containing greenhouse gases (GHG) such as CO,and
NO,. The following Table shows the range in emissions of greenhouse gases and NOx (which is seen as
contributing to climate change in an indirect manner) for the different types of incineration. On the other
hand, due to the nature of sludge, the CO2 emissions are not considered here (as it is deemed carbon
neutral).

Table 21: Emissions from sludge incineration (unit g/tDS unless otherwise stated)

Emission type Mono-Incineration Co-incineration
CH,(kg/tDS) 0 0

NOy 1,253 1,233
Notes: includes exhaust emissions from transportation

GHGs are known to have both environmental and human health impacts. Human beings may be affected
directly, by gas inhalation, or indirectly, following ingestion of contaminated vegetable or animal products.
The environmental impacts are related to:

« loss of crops (due to SO, and Os); and
» impacts on buildings and materials.

The following cost estimates are used in Sede and Andersen (2002) and based on COWI (in turn based on
ExternE). The ranges reflect different studies using different valuation methods and in some cases not
valuing the same impacts. Due to the difficulties in assessing dose-response data from environmental
impacts, the values are mainly linked to human health impacts (95% of the total costs, especially mortality).
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Table 22: Valuation estimates for air emissions (€/kg emissions)*

Emission type

Best estimate Low estimate

High estimate

CH,

0.184 0.086

0.372

NOy

19.631 4.037

26.325

Combining the emissions from incineration with the COWI estimates, the following estimates can be

produced for the external costs of incineration in terms of climate change.

Table 23: External costs of emissions from incineration (€/tDS)

Emission type

Mono-incineration

Co-incineration

CH,

0.0

0.0

NOy

24.6

24.2

The above estimates have been used in the assessment of policy options in this report. It is important to
note however that such costs are included under the net external costs for this disposal route, and more
specifically in the valued given in Table 23).

Summary of external costs from incineration

Information presented above shows that external costs of sludge incineration are around € 44 per tDS for
mono-incineration and around € 48 per tDS for co-incineration.

The external costs for incineration as estimated by Rabl et al (2008)? and based on the results of ExternE
range from about €4 to €21/tonne waste and damage costs. However, these costs do not include the cost of
dewatering since they are estimates produced for municipal solid waste (MSW). Amenity impacts are not
included either. These costs therefore may be an under-estimate of the total costs of incineration in the case
of sludge. The above costs are thus considered to be more appropriate.

3.2.4 Summary of approach to valuing impacts from sludge incineration

Internal costs have been monetised based on an update of the market price of sludge incineration given in
Sede and Andersen (2002). External unit costs have been valued based on updated unit costs developed by
COWI (2000) and reproduced in Sede and Andersen (2002); these include the health and other impacts
(such as buildings degradation) which occur due to air emissions from incineration.

The unit costs of sludge incineration for mono-incineration and co-incineration are given separately in
Table 24. Sensitivity analysis will be undertaken on the unitary costs to reflect the uncertainties
surrounding the estimates (Sensitivity on Unitary costs and benefits).

Table 24: Net cost of sludge incineration (€/tDS)

Cost Mono-incineration Co-incineration
Internal cost — investment 161 62
Internal cost — operational 213 228
External cost 37 41
Total cost 417 339

2L \aluation estimates are
22

Waste Management and Research, Vol 26, Fasc 2, pg 147-162.

Rabl et al (2008): Environmental impacts and costs of solid waste: a comparison of landfill and incineration,
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3.3 Sludge recycling

3.3.1 Overview of sludge recycling rates in EU Member States

The purpose of using sludge in agriculture is partly to utilise nutrients such as phosphorus and nitrogen and
organic substances for soil improvement. Sludge can be spread on farmland if it fulfils the quality
requirements (heavy metals, pathogens, pre-treatment) laid down by the European and national legislation.
Most often, the amounts of sludge allowed to be spread are limited by the amount of nutrients required by
the plants and the total amount of dry solids.

The amount of sludge produced and recycled is replicated below.

Table 25: Recent sewage sludge quantities recycled to agriculture in the 27 EU Member States
(Doujak 2007, EC, 2006, EC, personal communication, 2009, IRGT 2005, Eurostat 2007(as reported
by France-need to check), DSD/DPS 2009, personal communication)

Member State Year Agriculture As a percentage of sludge production
(tDS) (%)
Austria 2005 47,190 18
Belgium
e Brussels region 2006 0 0
e Flemish region 2008 0 0
e Walloon region 2007 10,927 35
Denmark 2002 82,029 59
Finland 2005 4,200 3
France 2007 787,500 70
Germany 2007 592,552 29
Greece 2006 56.4 0
Ireland 2003 26,743 63
Italy 2006 189,554 18
Luxembourg 2003 3,300 43
Netherlands 2003 34 <0
Portugal 2002 189,758 46
Spain 2006 687,037 65
Sweden 2006 30,000 14
United Kingdom 2006 1,050,526 68
Sub-total EU 15 3,701,406 42
Bulgaria 2006 11,856 40
Cyprus 2006 3,116 41
Czech republic 2007 59,983 26
Estonia 2005 3,316 ?
Hungary 2006 32,813 26
Latvia 2006 8,936 37
Lithuania 2007 24,716 32
Malta - nd nd
Poland 2006 88,501 17
Romania 2006 0 0
Slovakia 2006 0 0
Slovenia 2007 18 0
Sub-total for EU 12 233,255 19
Total 3,934,661 39
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Although the advantages of sludge application have been recognised by the stakeholders consulted for this
study (with this including among others the utilisation of nutrients and organic substances for improvement
of the humus layer of the soil, i.e. soil improvement) there are also a number of disadvantages (e.g.
investments in storage facilities in farms, through legislative controls, public perception issues, etc). The
costs and benefits from sludge recycling that will be quantified in the impact assessment for each policy
option are described further below.

3.3.2 Internal costs and benefits from recycling

The main costs related to the application of sludge on land stem from treatment by waste water treatment
facilities in order to meet the new standards.

3.3.2.1 Obligation of tfreatment

Some MS will have to treat the sludge to higher standards in order to meet some new limits, i.e. standards
on pathogens. The total costs will depend not only on the type of treatment but also on the percentage of
sludge that will have to be treated. The types of treatment considered for this 1A are described in the
following Table.

Table 26: Advanced treatments (CEC, 2003)

Type of advanced treatment | Description of process

Windrow composting All material maintains a temperature of at least 55°C for at least four hours
between each turning. The heaps shall be turned at least three times and in any
case a complete stabilisation of the material shall be reached. The costs of
sludge composting in Germany are between 100 and 200 €/Mg of dry matter
for windrow composting®

In-vessel composting All material maintains a temperature of at least 55°C for at least four hours
and reaches complete stabilisation.

Thermal drying Temperature of the sludge particles reaches at least 80°C for ten minutes and

moisture content reduced to less than 10%.

Thermophilic aerobic or Temperature of at least 55°C for a continuous period of at least four hours
anaerobic stabilisation after the last feed and before the next withdrawal. Plant should be designed to
operate at a temperature of at least 55°C with a mean retention period
sufficient to stabilise the sludge.

Thermal treatment of liquid For a minimum of ten minutes at 80°C or 20 minutes at 75°C or 30 minutes at
sludge 70°C followed by mesophilic anaerobic digestion at a temperature of 35°C
with a mean retention period of 12 days

Conditioning with quicklime

(Ca0) Reaching a pH of at least 12.6 or more and maintaining a temperature of at

least 55°C for two hours. The sludge and lime shall be thoroughly mixed.

However, there is limited information as to the costs of such treatment, especially due to the variability of
costs among MS. Some information on costs is presented in the next Table.

23 Martin Kraner, Gerold Hafner, Ingrid Berkner, Ertugrul Erdin (2008) Compost from sewage sludge — a product
with quality assurance system.
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Table 27: Advanced treatment Costs

Type of advanced treatment | Capital, Operating for | Costs (€/tRwDS)
€k/tRwDS/d 15tRwDS/d,
€k/year
Pre-pasteurisation + digestion | 667 - 935 400 — 534 (less | 74 —93 (less energy income)
energy income)
Drier to agriculture 400 667 — 801 134
Lime treatment 80 - 200 467 — 1067 80

Our consultation asked stakeholders about the current practices and costs to deal with pathogens.
Consultees’ responses varied significantly, with some stating that lime application is not currently
widespread practice while some others saying that this was common. Similarly the costs of adding lime
were reported to vary significantly, from €22/tDS to €160/tDS (including capital and operating costs). A
recent study published by our Federal Environment Agency (UBA - Umweltbundesamt) in 2009 indicates
the following costs for hygienisation, depending on plant size?*:

0 207-1.100 € per ton of DS (lime hydrate treatment of wet sludge)
0 84-167 € per ton of DS (unhydrated lime treatment of dewatered sludge)

This second estimate is closer to the estimates in Sede and Andersen of applying solid and digested semi-
solids. From experience, the consultants estimates are c. €90/tDS. Owing to the uncertainties surrounding
the costs the following bounds have been taken to develop our estimates.

Table 28: Costs €/tDS for enhanced treatment
Lower | Upper
€90 €160

3.3.2.2 Quality assurance

Quality assurance system costs were estimated by Andersen and Sede (2002) at €15/tDS; i.e. €18/tdS
(2009).

Prior consultation suggested that CEN TC 308 procedures should be introduced. TC 308 concerns the
standardization of the methods for characterising and classifying sludges and products from storm water
handling, night soil, urban wastewater collection systems, wastewater treatment plants for urban and
similar industrial waters (as defined in EC directive 91/271/EECL1), water supply treatment plants, but
excluding hazardous sludges from industry. The sampling methods included are the physical, chemical and
microbiological analyses required for characterising these sludges with a view to facilitating decisions on
the choice of the treatment procedures and of the utilization and disposal. Included is the drafting of good
practice documents in the production, utilization and disposal of sludges. The Scope of the TC considers
all sludges that may have similar environmental and/or health impacts. Quality assurance systems will have
to be applied to all sludge recycled; so costs are likely to be significant. Another quality control could be a
Hazard Analysis and Critical Control Point (HACCP) system with monitoring and measurement as
appropriate.

Consultees were asked about their experience with such management systems as well as costs information
that could aid in the assessment. Some consultees stated that HACCP is not a widespread practice, as it
stems from the food processing industry, but suggested alternative quality assurance systems. The costs
provided by the consultees vary significantly. A UK company noted that the costs of HACCP are of the

% This was quoted by one of the consultees.
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region of £5,000 to £8,000 per treatment per year, equivalent to €5,700 to €9,200. A German company
provided costs of around €2-3/tDS to implement quality assurance systems.

The following range has been applied in our estimates for quality assurance costs: €3/tDS, lower bound,
and €18/dDS.

There are a number of other costs that will determine its use in agriculture. These are set out in the
following box.

Table 29: Costs from sludge recycling

Transport costs from treatment plant to storage

Storage investments and operating costs

Transport costs from storage to farmer

Investments in spreading equipment (can often be omitted as the farmer uses his own equipment)

Expenses for spreading and ploughing (can often be omitted as the farmer uses his own equipment)

Expenses for analysis of sludge quality

Expenses for analysis of soil quality

Administrative expenses for e.g. declaration of sludge, conclusion of agreements with farmers and control of
application.

3.3.2.3 Summary of net internal costs

Net costs from the use of sludge on land have been estimated earlier at around €96 to €255/tonne of sludge,
with 20% dry solids (EEA, 1998%). But the prices are reported to vary considerably depending on local
conditions, e.g. price of sludge itself, price of alternative fertilisers (including availability of other organic
fertilisers), distance, etc.

Sede and Andersen (2002) differentiate internal costs according to the type of sludge applied. The
following Table summarises the internal costs from application of sludge in its different forms; both capital
and operational costs (these costs have been updated to take account of increased price levels in 2009 and
to take account of EU enlargements in 2004 and 2007). As it can be seen, the first three types of
application are of similar order of magnitude to the upper range of the costs provided in the EEA report.
On the other hand, the costs of composting significantly increase the internal costs of sludge recycling.

Table 30: Internal costs from sludge application in agriculture (€tDS) (€2009)

Type of sludge Land-spreading of Land-spreading of Land-spreading of Land-spreading of
semisolid semisolid digested solid composted

!nternal cost — 68 68 74 120

investment

Internal cost — 174 (incl. 32 for 245 (incl.124 for

. 125 125 X .

operational extra drying) composting)

Internal costs - 193 193 248 365

total

The costs of composting sludge are reported to vary significantly. Costs for France have been reported up
to range from €175 to €335/tonne (EEA, 1999%). The upper range, however, is not far off from the Sede
and Andersen (2002) estimate.

There are a number of financial benefits from recycling sludge. The main benefits include:

% Prices given in DEM 1999 values. Converted using 1999 conversion rates and updated by HICP (1DEM
(1999)= €0.64(2009))

Service contract No 070307/2008/517358/ETU/G4

25 Environmental, economic and social impacts of the use

of sewage sludge on land




» benefits to waste operators in terms of reduced costs from alternatives routes of disposal; and
 benefits to farmers as sludge is a “cheap” fertiliser.

The current practices in EU Member States in terms of charging for sludge vary. In some countries/regions
sludge is charged® whereas in others, e.g. Scotland, it is believed to be given for free to the farmers or
given as symbolic price. On the other hand, it is expected that even in the case of a charge this will not be
significant. The internal benefits from the replacement of fertilisers were given in Sede and Andersen
(2002) but varied according to the type of sludge being applied. However, it is not certain from the study
which type of alternative fertiliser was considered although due to the high figures one may consider that
this is mineral fertiliser.

Table 31: Internal benefits from sludge application in terms of saving in fertiliser (€/tDS)

Land-spreading of Land-spreading of Land-spreading of solid Land-spreading of
semisolid semisolid digested composted
-63 -63 -63 -92

Negative sign indicates a benefit

Consultation for this study however has suggested that other organic bio-fertilisers and other organic
resources rather than mineral fertilisers could be increased as a replacement should sludge not be available.
Generally, these are expected to be cheaper than mineral fertilisers (although the prices are also reported to
range according to the level of treatment). However, the consultants believe that when such organic
fertilisers are readily available these are currently being used as opposed to sludge (as these are less
contentious and likely to be more available to farmers). Because of this, we believe that the above costs are
generally applicable for estimating the marginal impacts; these cost estimates will be used in the impact
assessment of policy options presented later in this report. Sensitivity analysis will also be undertaken on
such estimates.

3.3.3 External costs and benefits from recycling

Humans and the environment could be affected by sludge borne pollutants from application on land. The
impacts from recycling are summarised in the next Table.

Table 32: Impacts from recycling of sludge on land

Emissions Impacts
Pollutant volatilisation to air Human health impacts
Ecosystem degradation
Emissions of pollutants to surface water Human health
Decrease in surface quality
Emissions of pollutants to soil Human health impacts
Livestock health

Ecosystem degradation

Soil micro-organisms reduction
Decrease in groundwater quality
Decrease is soil value

Odour Social acceptance
Amenity impacts
Public anxiety

Transportation Exhaust emissions due to transportation

Source: adapted from Sede and Andersen (2002)

% Prices range from around £1.50 per tonne for sludge cake (conventionally treated sludge) to around £12.00 per
tonne for sludge pellets (enhanced treated) in the UK. This broadly reflects the differing fertiliser value and
cost of treatment.
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A number of impacts reported are difficult to value, e.g. decrease in soil value from application and impacts
from odour. This depends on the perception of the landspreading practice, which varies over time in each
Member State, even in each region, and is therefore not predictable. Such impacts cannot be modelled
within this study with accuracy. Transportation costs are expected to be limited as sludge is only expected
to be transported short-distance and represent a very low percentage of total traffic.

The Sede and Andersen (2002) report considered that the impacts of recycling on the value of land were
difficult to estimate (as it will depend on the level of contamination of the land and the perception of the
landspreading practice). Similarly, social acceptance and public anxiety are not subject to valuation.

Human health
Humans may be affected by the application of sludge on land through different exposure routes, i.e.:

o Soil: by dermal contact with soil or volatile compounds inhalation and consumption of
contaminated foodstuff;

« Surface and groundwater: through water ingestion and consumption of animal products; and

« Sludge manipulation by workers and inhalation of particles and/or pollutants by the general public.

The main problem with the valuation of impacts from the application of sludge on land however stem from
the fact that at to this time there is no evidence of such impacts from contamination of surface waters and/or
soils. However, it is uncertain whether this is due to the existing directive or the current practices. Previous
work to this study on gathering the evidence on impacts has revealed that the dose-response data in terms of
ecosystem degradation, human health (from consumption of contaminated foodstuff) and impacts on
livestock are also limited. As a result, valuation of impacts is not feasible at the time of writing.
Quantification of environmental and human health impacts from sludge recycling through the
aquatic and terrestrial environmental compartments is thus at the time of writing not feasible, due to
the lack of dose-response data.

However, impacts that can be quantified relate to human health and the environment (i.e. building
degradation) from airborne emissions. The basis for valuation is information given in Sede and Andersen
(2002) based on the COWI (2000) study, in turn based on ExternE values. Please note that these data
include both emissions from transportation?” and pollutant volatilisation to air; however.

Table 33: External costs of emissions to air from recycling (€/tDS unless otherwise stated)

Emission type Land-spreading Land-spreading of Land-spreading | Land-spreading of
of semi-solid solid of composted semi-solid digested

CO, 0 3.62 2.41 7.24

PST 1.21 1.21 2.41 1.21

SO, 1.21 121 3.62 121

NO, 1.21 121 2.41 1.21

CH, 0 0 0 0

CcoO 0 0

HC 0 0 1 1

HCI 0 0 0 0

HF 0 0 0 0

No information is available on the transport distances considered for the valuation so assumptions cannot be
checked.
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Emission type Land-spreading Land-spreading of Land-spreading | Land-spreading of
of semi-solid solid of composted semi-solid digested

H,S 0 0 0 0

As 0 0 0 0

Cd 0 0 0 0

Cr 0 0 0 0

Ni 0 0 0 0

Dioxins 0 0 0 0

Total” 2 7 13 11

Note: includes exhaust emissions from transportation

The EFAR report (2007) concluded that global risk based on the results of the quantitative risk assessment
was acceptable under the following:

e limits proposed under Annex Il of the CEC (2003) communication;
e Bis(2-ethylhexyl) phthalate (DEHP) limit of 100mg/kg DM; and
e Lower limit for lead of 500mg/kg DM (as opposed to 750 mg/kg).

This would suggest that when the limits are not set at this level, there could be limited benefits in terms of
reduced health risk. When national limits are more stringent and/or the quality of the sludge complies with
such limits, the benefits in terms of health risk are expected to be negligible. The current limits on DEHP
seem highly variable and appear to be unlinked to other substances. A European range is of 0.095 to
47mg/kg DS, median 7.2. Other limits include:

e UK: 0.3 to 1020 mg/kg with median of 110 mg/kg;
e Norway: 17 to 178 mg/kg with median of 53 mg/kg; and
e N Rhine: 0.93 to 110 mg/kg with median of 22 mg/kg and 90%ile of 57 mg/kg.

As a result there may be benefits in some specific regions. Thus, although we believe these impacts may be
an underestimate of the total environmental and human health risks from application, no further data has
been provided to estimate these impacts with more accuracy.

Ecosystems degradation

Because sludge contains heavy metals, pollutants and pathogens, sludge landspreading may have an impact
on ecosystems.

It may be assumed that current regulatory provisions and codes of practice implemented in Member States
reduce the risk of exposure to pathogens. In particular, plant pathogens have in general low optimum
growth temperature, so that disinfection will be achieved at a lower temperature than for mammalian
pathogens. Sludge treatment will therefore reduce the application of plant pathogens to soil.

On the other hand, wild fauna and flora may be contaminated by heavy metals and organic pollutants
released into the environment. Aquatic organisms could also be affected by those pollutants if they are
transferred to surface water following run-off. Asabove, however, the evidence on such impacts is sparse.

28 There is a slight divergence between the total values and values for individual pollutants. This is believed

to stem from Sede and Andersen (2002) presenting rounded figures. Therefore, updating of data to 2009
prices results in a discrepancy between the total costs and costs for individual pollutants. Where such
discrepancies occurred, the updated totals were used in the impact assessment presented later in this report..
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As aresult, quantification of such impacts is not feasible at the time of writing. In addition, other fertilisers
may also contain heavy metals, which may have the same impact on ecosystems as those contained in the
sludge-borne ones so marginal impacts in this regard are considered negligible.

Climate change

Impacts due to emissions of greenhouse gases (CO,and CH,) and NOx are included in the valuation done
for air emissions above.

Fertiliser replacements

Sede and Andersen (2002) also quantify external benefits from sludge replacing fertiliser. These data are
given in the Table below. A negative sign indicates a net benefit. As it can be seen although there are
benefits these are not expected to be significant. This is in line with recent findings concerning
externalities from the production of mineral fertilisers (which state that emissions from fertilisers equal
represent a very little proportion of GHG®).

Table 34: External cost from recycled sludge replacing fertiliser (€/tDS of sludge)

Land-spreading of semi- Land-spreading of solid Land-spreading of Land-spreading of semi-
solid composted solid digested
-6 -7 -6 -6

Summary of external costs from sludge recycling

The impacts quantified relate to human health and the environment (i.e. building degradation) from
airborne emissions, as for incineration. Although we believe these impacts may be an under-estimate due to
the lack of readily available data on environmental risks that may be due to current application practices,
these are deemed to be the best estimates to date on the net external costs from recycling®.

Data on external costs from air emissions can thus be combined with data on external benefits from
fertiliser replacement to derive the net external costs from sludge recycling. These data are given in the
Table below.

Table 35: Total external cost from recycled sludge; negative sign indicates benefits (€/tDS)
Land-spreading of semi- Land-spreading of solid Land-spreading of Land-spreading of semi-
solid composted solid digested
-4 0 7 5

Other impacts of recycling, such as impacts on the value of land, were difficult to estimate (as it will
depend on the level of contamination of the land and the perception of the landspreading practice).

3.3.4 Summary of approach to valuing impacts from sludge recycling

The unit costs of sludge recycling have been valued for the different types of landspreading. All costs have
been monetised based on updated unit costs from Sede and Andersen (2002). External unit costs include

2 International Fertiliser Industry Associations (IFIA) (2009): Fertiliser, Climate Change and Enhancing

agricultural Productivity Sustainibly, Paris.

%0 The dose-response data in terms of ecosystem degradation, human health (from consumption of contaminated
foodstuff) and impacts on livestock are also limited. Valuation of impacts on soil micro-organism was not
feasible either due to the lack of valuation studies and dose-response data.
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impacts from air emissions on human health and other types of impacts (such as buildings degradation) and
benefits from avoided fertiliser use. Internal costs include investment and operational costs of
landspreading, dewatering (where applicable), and benefits from avoided fertiliser use. All costs have been
updated to 2009 prices.

The total of internal and external cost, per tonne of DS of sludge recycled, which will be used for the

purpose of the assessment of policy options later in this report is detailed in the Table below.

Table 36: Net costs and benefits from sludge recycling (€/tDS) (€2009)

Type of sludge Land-spreading of Land-spreading of Land-spreading of Land-spreading of
semisolid semisolid digested solid composted

!nternal cost — 68 68 74 120

investment

Internal cost — 174 (incl. 32 for 245 (incl.124 for

. 125 125 . .

operational extra drying) composting)

Internal benefits -

fertiliser -63 -63 -63 -63

replacement

External costs 2 11 7 13

External benefits —

fertiliser -6 -6 -7 -6

replacement

Total costs 126 134 185 280

3.4 Landfill

3.4.1 Overview of sludge incineration rates in EU Member States

Although landfilling of sludge was a favoured method in the past, the amount of sludge going to landfill has
been decreasing in the last decade not only due to legislation but also due to more limited capacities and
pressure to utilise these from other sources. The following Table shows this trend. As it can be seen from
the Table, and also reflected by the consultation, the reduction is more significant in some countries (e.g. in
the UK and Sweden) than others.

Table 37Estimates of annual sludge production and percentages to disposal routes, 1995 — 2005

1995 2000 2005
Country total sludge landfill total sludge landfill total sludge landfill
tds/a % tds/a % tds/a %
Austria a) 390,000 11 401,867 11 238,100 5
Belgium 87,636 32 98,936 14 125,756 4
Denmark 166,584 155,621 2 140,021
Finland 141,000 160,000 147,000
France 750,000 20 855,000 20 1,021,472 13
Germany 2,248,647 2,297,460 3 2,059,351 2
Greece 51,624 95 66,335 95 116,806 95
Ireland 34,484 43 33,559 54 59,827 17
Italy 609,256 30 850,504 30 1,074,644 31
Luxembourg 7,000 7,000 8,200 0
Netherlands 550,000 550,000 550,000
Portugal 145,855 70 238,680 84 401,017 44
Spain 685,669 54 853,482 47 986,086 46
Sweden 230,000 50 220,000 44 210,000 4
United
Kingdom 1,120,000 10 1,066,176 5 1,510,869 1
Bulgaria 20,000 100 20,000 100 33,700 60
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1995 2000 2005

Country total sludge landfill total sludge landfill total sludge landfill

tds/a % tds/a % tds/a %
Cyprus 4,000 100 4,000 100 6,542 48
Czech
Republic 146,000 50 210,000 30 220,700 10
Estonia b) 15,000 15,000 26,800
Hungary 30,000 30,000 125,143 25
Latvia 20,000 20,000 38 28,877 40
Lithuania 48,000 90 48,000 90 65,680 6
Malta 0 0
Poland 340,040 56 397,216 50 495,675 18
Romania 171,086 100 134,322 97
Slovakia 56,360 30
Slovenia 8800 85 16,900 56
EU12 % of
total EU 8 4 11 6 12 4
EU15 % of
total EU 92 15 89 16 88 13
EU27 % of
total EU 100 19 100 22 100 17
3.4.2 Internal costs from landfill

The internal costs from landfill include the following costs categories:

» the capital costs for the site. Such costs will include site assessment, acquisition, site development,
restoration and aftercare. The main variable will be the size of the site as site acquisition is one of
the main factors affecting the cost of a landfill;

« operating costs: these relate mainly to labour costs and the cost of operating equipment but also to
the needed treatment of sludge prior to final disposal and transport.

The main issue with the estimation of landfill costs across the EU is that these are highly variable among
MS. Notwithstanding landfill taxes, which are not part of this analysis, the costs will vary significantly
according to transportation distances and dewatering requirements. Stabilisation costs can also vary
significantly. Sede and Andersen estimated costs were of €300/tDS across Europe (updated to 2009
values). The study however noted that the variation between the maximum costs and the average could
reach 80%.

Although we believe that these cost may be an underestimate, they are adopted on the basis that as energy
can be recovered from landfilled sludge (if landfill gas is utilised) these internal benefits may be offset by
the cost from drying (although the cost will fall onto different stakeholders).

The relevant costs from Sede and Andersen (2002) are presented below (updated to 2009 values).

Table 38: Internal costs from landfilling of sewage sludge (€/tDS) (€2009)

Investment 44
Operational costs — dewatering 47
Operational costs — landfilling (incl. transport) 209
Total 300

3.4.3 External costs from landfill

The impacts from landfill are summarised in the next Table.
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Table 39: Impacts from landfill

Emissions Impacts

Emissions of landfill gas to air Human health impacts
Ecosystem degradation
Climate change

Emission of leachate to soil Human health
Soil micro-organisms reduction
Decrease in groundwater quality

Emissions of untreated or treated leachate to water | Human health impacts
Ecosystem degradation
Decrease in surface water quality

Emissions from transport Human health impacts
Ecosystem degradation
Climate change
Amenity impacts

Odour Social acceptance
Amenity impacts
Public anxiety

Visual intrusion Social acceptance
Amenity impacts
Public anxiety

Transportation Exhaust emissions due to transportation

Source: adapted from Sede and Andersen (2002)

Impacts from leachate would be limited on the basis of regulatory requirements on landfills to use best
available technologies. Similarly the impacts from transportation are considered negligible (in comparison
with the total volume of traffic).

Although the social costs and benefits such as unpleasant odours, the fears associated with the perception of
environmental or health risks are key factors to be considered in assessing the overall impact and costs of
landfill, these factors were not quantified as this would require significant data requirements concerning
location and management practices so they cannot be modelled within this study.

Energy production

As noted above there may be benefits from the recovery of energy from landfill gas. Currently however
there is limited information as to the number of landfills with energy recovery for these impact to be valued.

Human health

Human beings may be directly affected by landfill gas inhalation, or indirectly following ingestion of
contaminated vegetal or animal products. Human health may also be affected by leachate if this is emitted
to surface or groundwater. No study is available in the literature enabling to assess the sludge-borne
pollutants concentration in the surface water and the soil, the resulting increased concentration in the food
chain, and the human exposure to those pollutants. Moreover, as noted earlier these are expected to be
limited in the case of a landfill complying with regulation. Thus direct impacts on health are not expected.

The following Table shows emissions to the air from landfilling.

Table 40: Air emissions from landfilling of sludge (unit g/tDS unless otherwise stated)

CO, 791
CH, 23
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NOy 0.003
Cco 57
SO, -10
HC 382
PST 26
H,S (kg/tDS) 10
HCI 4
HF 1
Note: includes exhaust emissions from transportation

As a result, the impacts values from landfill relate to the human health (and other impacts) from airborne
pollution, as calculated in ExternE, and other environmental impacts. These are replicated below.

Table 41: External costs of air emissions from landfill (€/tDS unless otherwise stated)

Emission type Cost
CO, 3.82
CH, 2.50
NOy 0.087
PST 1
SO, 1
Cco 0
HC 0
HCI 0
HF 0
H,S 0

Ecosystem degradation

Some emissions following disposal of sludge to landfill may have an impact on ecosystems. Those
considered herein are the emissions of landfill gas to air, or the emission of leachate to surface water.

Landfill gas contains pollutants that may have an impact on plants and crops due to air deposition and/or
absorption. It may further contaminate livestock and wild fauna after ingestion of contaminated plants.
These impacts however are included in the costs given above under health (based on the valuation from
ExternE).

Emission of leachate to surface water may also have an impact on wild fauna and flora, especially on
aquatic organisms. In addition to those direct impacts on species, emissions may induce changes in their
biotope following eutrophication or acidification. This impact arises mainly in old landfills without a
bottom liner to retain and collect leachate and without gas collection and treatment. It may however be
considered as negligible when considering landfills complying with regulatory requirements and using best
available technologies.

Buildings degradation

As before, the building degradation is given in the above estimates for air emissions.

Climate change

The impacts in terms of climate change stem from landfill gas. There is information on the impacts in

terms of air borne emissions from landfill (point 4) as well as information on costs (point 5). Table 42 sets
out the emissions from landfill in terms of GHGs.
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Table 42: GHG emissions from sludge landfilling (kg/tDS)

Emission type Best estimate(kg/tDS)
CO, 791

CH, 23

NO, 0.003

Note: includes exhaust emissions from transportation

The same cost estimates that have been introduced in the section on valuing costs from incineration (please
see this section for more details on what is included in these cost estimates) are used to derive the following
external costs from emission of GHG and NOx emissions from landfill.

Table 43: External costs of emissions from landfilling of sludge (€/tDS)

Emission type €/tDS of
emissions
co, 3.82
CH, 250
NOy 0.087

The above costs however are included in the net costs of landfill.

3.44 Summary of approach to valuing impacts from sludge landfilling

The unit costs of sludge landfilling are, again, based on an update to 2009 values of estimates given in Sede
and Andersen (2002). External unit costs include impacts from air emissions on human health and other
types of impacts (such as buildings degradation). Internal costs include investment and operational costs of
landfilling including transport and dewatering. The total of cost of sludge landfilling that will be used for
the purpose of the assessment of policy options is detailed in the Table below.

Table 44: Total cost of sludge landfilling (€/tDS) (€2009)

Type of cost €/tDS
Internal cost — investment 44
Internal cost — operational 256
External cost 9
Total 309

3.5 Summary of cost and benefit valuation methodology used in this Impact
Assessment

The amount of information on the costs of the different disposal methods for sludge is plentiful. More
often than not, the costs are of similar order of magnitude, as revealed above. However the costs are highly
variable according to a number of sensitivities such as:

- type of process and technologies used;
- storage duration;

- specific equipment;

- transport distances.

The Sede and Andersen (2002) estimates of the financial costs and the external costs and benefits are
considered to date the best estimates of the costs and benefits from the different disposal methods.
Generally, although the costs were collated for 2002, consultants’ experience and the review of the
literature have shown that the relative positions do not significantly change, and that adjustments for such
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guidance assessments can be made using inflation indices within reasonable periods of the initial
assessments. This also applied to the externality costs.

The costs used in this 1A are set out in the next Table. The estimates produced in 2002 were calculated for
the EU-15. Although Sede and Andersen appear to have used variation across MS for the internal costs, it
has not been possible to verify such assumptions. Instead, new published figures on prices levels® have
been used to estimate the variation among MS (noting however that these only apply to the internal costs).
The net costs by MS are replicated in Table 46: Net Cost by MS of Different Disposal Methods).

Table 45: Summary of unit costs used in the impact assessment (€2009)

Type of Landspreading | Landspreading | Landspreading | Landspreading | Landfilling Co-
Costs of semisolids of semisolid of solid of composted incineration
digested

Mono-
incineration

Internal 193 193 248 365 300 290
costs

374

Internal -63 -63 -63 -92 0 0
benefits
(savings in
fertiliser)

0

Net internal 129 129 185 273 300 290
costs

374

Quantifiable 2 11 7 13 9 41
external
costs (EU15
average)

37

Quantifiable -6 -6 -7 -6 0 0
external

benefits (use
of fertiliser)

Net -4 5 0 7 9 41
external
costs

37

Net internal 126 134 185 280 309 332
and
external
costs

411

31 http://epp.eurostat.ec.europa.eu/cache/ITY _PUBLIC/2-16072009-AP/EN/2-16072009-AP-EN.PDF
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Table 46: Net Cost by MS of Different Disposal Methods

Net costs - internal Land-spreading | Land-spreading | Land-spreading | Land-spreading Landfilling Co-incineration Mono-
and external by MS of semisolids of semisolid of solid of composted incineration
digested
Austria 121 129 178 269 298 320 396
Belgium 128 136 188 284 314 336 417
Denmark 163 172 238 359 397 416 519
Finland 145 153 211 319 353 374 465
France 128 136 188 284 314 336 417
Germany 120 128 176 267 295 318 393
Greece 108 116 159 242 268 291 359
Ireland 147 155 215 324 358 379 472
Italy 121 129 178 269 298 320 396
Luxembourg 134 142 196 297 328 350 434
Netherlands 118 127 174 264 292 315 389
Portugal 100 108 147 224 248 273 335
Spain 110 118 162 247 273 296 365
Sweden 132 140 193 292 322 344 427
United Kingdom 114 122 167 254 281 304 376
New MS
Bulgaria 57 65 86 134 149 177 211
Cyprus 103 111 152 232 257 281 345
Czech Republic 82 90 122 187 207 233 283
Estonia 88 96 130 199 221 246 300
Hungary 79 88 118 182 202 227 276
Latvia 85 94 127 194 215 241 293
Lithuania 76 84 113 174 193 219 266
Malta 89 97 132 202 224 249 304
Poland 78 86 117 179 199 225 273
Romania 70 78 105 162 180 206 249
Slovakia 79 88 118 182 202 227 276
Slovenia 95 103 140 214 237 262 321
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In order to estimate the costs however is it important to consider the costs of the switch for sludge failing
and going to other disposal options. As there is not enough information on the type of recycling occurring
by MS, the average of recycling has been taken in order to estimate the costs of switching disposal routes.

Table 47: Costs Differences in Sludge Management Methods (€/tDS)

MS From land-spreading to From land-spreading | From land-spreading
landfill to co-incineration to mono-incineration
Austria 124 146 222
Belgium 130 152 233
Denmark 163 183 286
Finland 146 167 258
France 130 152 233
Germany 122 145 220
Greece 111 135 202
Ireland 148 169 261
Italy 124 146 222
Luxembourg 136 157 242
Netherlands 121 144 218
Portugal 104 128 190
Spain 114 137 206
Sweden 133 155 238
United Kingdom 117 140 211
New MS
Bulgaria 64 91 126
Cyprus 107 131 195
Czech Republic 87 113 163
Estonia 93 118 172
Hungary 85 111 160
Latvia 90 116 168
Lithuania 81 107 154
Malta 94 119 174
Poland 84 110 158
Romania 76 102 145
Slovakia 85 111 160
Slovenia 99 124 183
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4. Option 1: Do-nothing
4.1 Overview of Option

This Option will be the business as usual scenario. This will be the baseline for estimating the amount of
recycled sludge affected and is based on the analysis presented in project report 2, updated by the
information and comments on this report given during consultation.

The impacts of the existing legislation however need to be taken into account when describing the baseline.
The results of previous consultation show that respondents expect only limited effects on the amount of
sludge recycled onto agricultural land by some regulation. For the REACH regulations, although there is
an expectation that metals and organic contaminants are likely to reduce, some believe that the effect would
be insufficient to achieve the level of purity they would find acceptable. The WFD may affect the location
and frequency of return to available land but this has not been identified as a significantly increased cost.

Existing local restrictions have already driven the rate of agricultural recycling and there is no expectation
of further significant changes based on sludge quality being driven by other regulations.

The most significant other drivers identified by respondents are the amounts of sludge being produced as
sewerage collection systems are developed, increased rates of sludge production due to more stringent
sewage effluent quality consents, and reduction in the availability of landfill disposal for sewage sludge.

The following Table (based on consultation) shows the predicted increase in sludge production from 2010
t0 2020. The projections are based on projections about population connected as well as sludge production
per capita as estimated by the stakeholders (as explained in the baseline report). As can be seen, the
majority of the increase is due to the newer MS. These figures will be the basis for considering the
marginal impacts from the Options.

4.2 Assessment of the option

Option 1 will have limited impacts on the MS as it will not involve any changes to the Directive.

Under this Option, the amount of sludge produced and recycled will depend on national legislation and
practices. More information on the current legislation and practices is available on our baseline report.

There may be a risk with some of the newer MS who may introduce limits complying with the Directive but
not conservative enough to reduce the risk to the extent now considered desirable by many consumers as
well as regulatory bodies. These could give rise to greater environmental and human health risks than
those present in other EU member states. On the other hand, this option may not preclude some MS from
undertaking pollution prevention measures to improve sludge quality based on public perception issues
and/or other legislative drivers at national level, as noted above.

Only few respondents to our consultation document seem to agree with this Option; mostly on the basis of
subsidiarity.
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Table 48: Future forecasted (2010 and 2020) sludge arisings in the EU27

Member State 2010 (x10° tds pa) 2020 (x10%tds pa)
Austria 270 280
Belgium 166 166
Denmark 140 140
Finland 155 155
France 1,300 1,600
Germany 2,060 2,060
Greece 290 290
Ireland 135 135
Italy 1,500 1,500
Luxembourg 15 15
Netherlands 560 560
Portugal 420 420
Spain 1,280 1,280
Sweden 250 250
United Kingdom 1640 1,640
EU15 10,181 10,491
Bulgaria 30 180
Cyprus 9.8 17.6
Czech Republic 260 260
Estonia 33 33
Hungary 130 250
Latvia 25 50
Lithuania 80 80
Malta 10 10
Poland 520 950
Romania 165 520
Slovakia 55 135
Slovenia 20 50
EU12 1,338 2,485
EU27 11,519 12,977

Notes: As working estimates 2010 production rates have been taken to be the same as 2020 production for states
expected to be in full compliance in 2010. For non-compliant states rounded 2006 production rates have been used —
see text in Annex 2 for detail.

The estimate for Belgium includes 110,000 tds for the Flemish region; 50,500 tds for the Walloon Region and 5,000
tds for the Brussels region.
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4.2.1 Environmental Impacis

Few respondents from the first consultation considered that the risks to be associated with PTE and OCs in
sludge outweighed the benefits from nutrients and soil conditioning that could be achieved by using
suitable and treated sludge.

Although the 2003 communication highlighted the risk that the Directive was not conservative enough to
take into account the long-term accumulation of metals to the topsoil, as for the time of writing, there is no
scientific evidence (as distinct from news stories) that describes adverse effects when the conditions of the
Directive have been met. However, this could be due to the fact that many MS have adopted more stringent
standards than those given in the Directive. Indeed most MS including Austria, Belgium, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Hungary, Malta, Netherlands, Poland, Romania, Slovakia,
Slovenia, and Sweden have limit values for metal concentrations more stringent than the lowest limits set in
the 1986 Directive. Some MS have also additional standards for pathogens, metals and organics.

4.2.2 Social Impacts

Both the recent consultation and EC’s Communication in 2003 regarding possible changes to the provisions
of the Directive have highlighted that Directive 86/278 has proven quite effective in preventing the spread
of pathogenic micro-organisms to crops and outbreaks of epidemics in humans, in reducing the amount of
heavy metals brought to the soil when using sewage sludge as well as in harmonising the pieces of national
legislation existing before 1986 (CEC, 2003%).

While no evidence of health risks related to the current directive has been found, we also note that this may
be influenced by the more stringent standards set by some Member States. Moreover, some respondents to
the first consultation strongly opposed the application of sewage sludge to land for precautionary reasons.

In these circumstances, it is not possible to quantify any health impacts for the Baseline Scenario.

%2 CEC(2003): Proposals for a Directive of the European Parliament and of the Council on spreading of sludge on
land, Brussels, 30 April 2003.
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5. Option 2: more stringent standards (moderate change)
5.1 Overview
Option 2 will consist of the following:

e Changes to the limits on heavy metals concerning the quality of the sludge (as given in the CEC
(2003)) and in soil;

Setting limits for PCBs and PAHSs for sludge quality;

Introduce standards for treatment compatible with CEC (2003) conventional treatment;

Provision of information on nutrients;

More stringent conditions on application; and

Small changes to sampling and monitoring requirements.

The main issue associated with this Option relates to the limitations on sludge use by restrictions that require
higher standards in areas where there is no added value in terms of human health and the environment.

This Option is expected to impact the availability of sludge for application (percent of sludge produced that is
failing the standards). This is likely to have economic, environmental and human health implications.
Economic impacts will stem primarily from further treatment and the internal costs of alternative disposal
options. The environmental and human health impacts will be related to the impact from the alternative
routes of disposal and also from the potential reduction in environmental and human health risk from
recycling.

Overall, when the national limits are less stringent than the new limits the percentile sludge quality
distribution will help to assess the quantity of sludge failing to meet the requirement. We have limited
information on the percentile sludge distribution in different MS however. Information is available on the
average sludge content. Thus we produced estimates on the amount of sludge affected. These estimates have
been backed up by consultation. For a summary of impacts valued under this Option please refer to Table 9:
Impact quantification.

5.2 Heavy metal content in sludge

5.2.1 Step 1: Identification of MS affected by changes to the Directive

As noted earlier, most MS have set more stringent standards than those in the current Directive. The current
MS regulatory standards for heavy metals are given in Table 36. The Table sets out which MS may be
affected by the limit on heavy metals under Option 2. Shaded in grey are the national limits that would have
to be tightened. These MS will have to amend their national legislation so this will have some costs
implications. The costs of changing the legislation are not expected to be significant in comparison with the
costs that may arise from changes in disposal®.

% Although they will vary according to national procedures, information on the administrative costs of changes to
legislation are not widely available.
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Table 49: Proposed limit values on Potentially Toxic Elements (PTE) in sewage sludge

PTE | CEC 2003 (mg/kg)
Cd 10

Cr 1000

Cu 1000

Hg 10

Ni 300

Pb 750

Zn 2500

Table 50: Countries with national limits less stringent than those proposed under Option 2 e.i. setting
limits on Maximum level of heavy metals (mg per kg of dry substance) - in grey

PTE Cd Cr Cu Hg Ni Pb Zn
New limits 10 1000 1000 10 300 750 2500
Bulgaria 30 500 1600 16 350 800 3000
Cyprus 20-40 B 1000-1750 | 16-25 | 300-400 | 750-1200 | 2500-4000
Denmark 0.8 100 1000 0.8 30 120 4000
Estonia 15 1200 800 16 400 900 2900
France (4) 10 1000 1000 10 200 800 3000
Germany (1)

10 900 800 8 200 900 2500
Greece 20-40 500 | 1000-1750 | 16-25 | 300-400 | 750-1200 | 2500-4000

Hungary 10 1000/1(3) | 1000 10 200 750 2500
Ireland 20 1000 16 300 750 2500
Italy 20 1000 10 300 750 2500
Lithuania - - - - - - =
Luxembourg 20-40 | 1000-1750 | 1000-1750 | 16-25 | 300-400 | 750-1200 | 2500-4000
Portugal 20 1000 1000 16 300 750 2500
Spain 20-40 | 1000-1750 | 1000-1750 | 16-25 | 300-400 | 750-1200 | 2500-4000
Czech Republic) g 200 500 4 100 200 2500

In practice however, information on the quality of sludge seems to indicate that the quality of sludge may be
better that the national limits given in Table 49. There is limited information however on the percentile
distribution of metal in sludge by MS. Thus, the information presented in Table 50 is based on country
averages and has been used for estimating the impacts (this information was provided to the consultants by
the Commission services). Although the quality of the sludge seems to be better than those given under the
proposed new limits, it can not be stated that all sludge arisings within these are compliant with the new
limits. Indeed the first consultation revealed that the content can vary significantly, so these figures need to
be read with caution. (In addition, the data do not cover all Member States).

Table 51: Quality of sewage sludge (on dry solids) recycled to agriculture (2006) against new Option 2
limits

Parameter Cadmium | Chromium | Copper | Mercury | Nickel | Lead | Zinc
New limits Option 2 10 1000 1000 10 300 750 | 2500
BE —Flanders 1 20 72 0.2 11 93 337
BE-Walloon 15 54 167 1 25 79 688
Bulgaria 1.6 20 136 1.2 13 55 465
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Parameter Cadmium | Chromium | Copper | Mercury | Nickel | Lead | Zinc
New limits Option 2 10 1000 1000 10 300 750 | 2500
Germany 1 37 300 0.4 25 37 713
Spain 2.1 72 252 0.8 30 68 744
Finland 0.6 18 244 0.4 30 8.9 332
France 1.3 43 272 11 21 50 598
Italy 1.3 86 283 14 66 101 879
Portugal <0.4 20 12 <1 15 27 341
Sweden 0.9 26 349 0.6 15 24 481
UK 1.3 61 295 1.2 30 112 574
Cyprus 6.9 37 180 31 21 23 1188
Czech Republic 15 53 173 1.7 29 40 809
Estonia 2.8 14 127 0.6 19 41 783
Hungary 14 57 185 1.7 26 36 824
Lithuania 1.3 34 204 05 25 21 534
Latvia 3.6 105 356 4.2 47 114 | 1232
Portugal 4 127 153 4.6 32 51 996
Slovenia 0.7 37 190 0.8 29 29 410
Slovakia 25 73 221 2.7 26 57 1235

The CBA conducted in 2002 highlighted that the percentage of sludge failing to comply with the new limits
on heavy metals could be 12% of the total sludge being produced, in the short term, without pollution
prevention®. Based on more recent data from our consultation on sludge quality, however, we believe that
this may be an overestimate. Indeed the consultation undertaken for this impact assessment has provided us
with some estimates about the percentage of sludge affected in some MS. The following Table summarises
the percentages assumes for this assessment but includes also our estimates on the percentage failure®.

Table 52: % recycled sludge failing new limits on heavy metals under Option 2

Parameter % affected Source of data
Austria 0% E
Belgium 0% C
Brussels region 0% C
Flemish region 0% C
Walloon Region 0% C
Denmark 0% C
Finland 0% C
France 1% C
Germany 0% C

* These percentages vary however according to country and range from 0% to 20% depending on whether pollution
prevention measures are in place.

% The estimate has been in cases calculated based on standard deviation from the UK response, as there is available
information to the consultants on the percentile distribution for this particular MS, and assuming that the
distribution among EU countries remains the same. In other cases, when this estimate was considered too high,
the frequency of failure has been revised downwards.
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Parameter % affected Source of data
Greece 12% E
Ireland 12% E

Italy 5% C
Luxembourg 10% E
Netherlands 0% Due to ban on application
Portugal >5% , <15% C
Spain 5% E
Sweden 0% E
United Kingdom 5% C
Bulgaria 0.1% E
Cyprus 12% E
Czech Republic 0% C
Estonia 6.5% E
Hungary 8% E
Latvia 20% E
Lithuania 0.6% E
Malta - nd
Poland 12% E
Romania 0% C
Slovakia 20% E
Slovenia 0.2% E

Key to source:

C — provided by consultee; E- estimate by consultant based on information
gathered for Report 2

5.2.2 Step 2: Impacts on Sludge Management
For the sludge that is failing, there will be two scenarios:

e specific treatment measures are taken to reduce the heavy metals loads in sludge by waste
management operators ; or
e alternative disposal options (i.e. to landfill or incineration).

Both of the scenarios will have costs implications for water and sludge management operators. The
treatment available for reducing heavy metals by sludge operators is, according to the state of the art, rather
limited. Most of the consultees to the impact assessment concluded that the most likely outcome was
incineration. In absence of any information on the different disposal routes, the following estimates have
been used to estimate the costs of Option 2, based on information available in the literature (trend in mono-
incineration and co-incineration) and consultation responses.

Table 53: Impacts from Option 2- disposal options for sludge failing standards

Parameter % going to co- % going to mono- % going to landfill
incineration incineration
France 40% 50% 10%
Greece 25% 50% 25%
Ireland 80% - 20%
Italy 80% - 20%
Luxembourg 50% 50% 10%
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Parameter % going to co- % going to mono- % going to landfill
incineration incineration

Portugal 30% 50% 20%
Spain 40% 40% 20%
United 0% 100% 0%
Kingdom

Bulgaria 50% 50%
Cyprus 50% 50%
Estonia 50% 50%
Hungary 50% 50%
Latvia 50% 50%
Lithuania 50% 50%
Poland 50% 50%
Slovakia 50% 50%
Slovenia 100% 0%

5.2.3 Step 3: Impacts from the component — Costs and Benefits

The following costs are calculated on the basis of the costs of the alternative disposal options. The unit cost
presented in Section 3 are used for the analysis. It is important to note that owing to the nature of the unit
costs, such costs include both environmental and human health costs in addition to financial costs. The
environmental costs, on the basis of the degree of quantification possible to date however, represent around
10% of the total costs (although in the case of incineration, the externality are closer to the 10% value of the
total quantifiable costs). Estimates on the GHG for this component are presented at the end of the Section
separately.

Table 54 Costs from New Limits of PTE in sludge: Option 2 (EAC, €2009)

MS Costs from | Costs from Costs TOTALS
switch to switch to from
mono- co- switch to
incineration | incineration landfill
France 980,000 513,000 110,000 1,602,000
Greece 158,000 53,000 43,000 254,000
Ireland 1,381,000 446,000 391,000 2,217,000
Italy 1,770,000 1,166,000 492,000 3,428,000
Luxembourg 111,000 91,000 16,000 217,000
Portugal 1,789,000 723,000 391,000 2,903,000
Spain 3,185,000 2,120,000 878,000 6,182,000
United 10,527,000 - - 10,527,000
Kingdom
EU15 19,900,000 5,111,000 2,320,000 27,331,000
Bulgaria - 2,000 2,000 4,000
Cyprus - 47,000 39,000 86,000
Estonia - 17,000 13,000 30,000
Hungary - 494,000 379,000 872,000
Latvia - 114,000 89,000 203,000
Lithuania - 10,000 7,000 17,000
Poland - 1,364,000 1,042,000 2,406,000
Romania - - - -
Slovakia - 456,000 350,000 805,000
Slovenia - 1,000 - 1,000
EU-new - 2,504,000 1,920,000 4,424,000
EU-TOTAL 19,900,000 7,614,000 4,241,000 31,755,000
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53 Limits on organics
5.3.1 Step 1:Identification of MS affected by changes to the Directive

The previous report highlighted that, currently, some MS have limits on organics although this is not the
general norm. Some countries such as UK, USA and Canada have not set any limit on organic contaminants
(OCs) in sludge suggesting that concentrations present are not hazardous to human health, the environment or
soil quality. However, other countries have set limits for some OC groups. For example, Germany has set
limits for PCBs and dioxins but not PAHSs. France has limits for PAHs and PCBs but not dioxins. Denmark
has set limits for a range of OCs including linear alkyl sulphonates, nonylphenol and nonylphenol ethoxylates
and the phthalate, di(ethylhexyl)phthalate (DEHP). The following Table shows the different limits on
organics based on previous consultation.

Table 55: Existing legislative limits on organics

Polycyclic aromatic hydrocarbon Polychlorinated biphenyls
(PAH) mg/kg DS (PCB) mg/kg DS

Option 2 6 0.8
Austria
Lower Austria - 0.2¢)
Upper Austria 0.2 ¢)
Vorarlberg 0.2¢)
Carinthia 6 1
Denmark (2002) 3a)
France Fluoranthene: 4

Benzo(b)fluoranthene: 2.5 0.8¢c)

Benzo(a)pyrene: 1.5

Germany (BMU 2002) 0.2 d)
Germany (BMU 2007) €) Benzo(a)pyrene: 1 0.1d)
Sweden 3a) 0.4b)
Hungary 10 1
Czech Republic - 0.6
Notes:
a)sum of 9 congeners
b)sum of 7 congeners: PCB 28, 52, 101, 118, 138, 153, 180
c)sum of 6 congeners:PCB28,52,101,138,153,180
d)Per congener
e)Proposed new limits in Germany (BMU 2007)

Out of the 40 consultees’ responses to the first consultation, eight would like OC limits, or stricter limits than
currently in place in some location (with another respondent stating that any recycling is unacceptable), five
argued that there is no evidence of sufficient risk to require limits on OCs, and another four would prefer it if
limits were based on a common risk assessment and applied generally. There were no common views
amongst those responding in favour of introducing EU limits on OCs in sewage sludges on which substances
should be regulated. Under Option 2, we agreed with the Commission that limits are set on PCBs and PAHs
as follows:

Table 56: Limit values for organics in sludge
PAH 6mg/kg dry matter
PCB 0.8 mg/kgdry matter

Under this option, most MS will be affected, excluding:
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e Austria (three of Austria’s nine states already have a sufficient limit on PCBs in place and another
state [Carinthia] has a limit on PAH and a limit on PCBs that is slightly higher than the proposed 0.8

mg/kg);
e Denmark (currently only has a limit on PAH);
e Germany;
e Sweden; and
e Czech Republic (will comply with PCB limit but not limit on PAH).

The 1A in 2003 estimated that 50% of sludge meeting the new heavy metal limits would fail to meet the new
organics limits (although this included more standards than those proposed under this Option). Some
consultees have stated that the maximum amount of sludge failing would be less than 50%. However, there is
limited evidence on this. Although there appear to be a reduction of organic content, there are no detailed
data on the amount of OC in sludges at different concentrations. The following table summarises the
assumptions and information provided by the stakeholders on the amount of sludge affected.

Table 57: % recycled sludge failing the new limits on OCs under Option 2

MS % affected Source of data
Austria 0% E
Belgium 20% E
Denmark 0% Cc
Finland 20% C
France 1% C
Germany 0% C
Greece 50% E
Ireland 50% E
Italy 50% E
Luxembourg 50% E
Netherlands 0% Due to ban on application
>30 and <50% C
Portugal
Spain 50% E
Sweden 50% E
United Kingdom 10% - 50% C
Bulgaria 50% E
Cyprus 50% E
Czech Republic 40% C
Estonia 50% E
Hungary 50% E
Latvia 50% E
Lithuania 50% E
Malta nd nd
Poland 50% E
Romania 50% E
Slovakia 50% E
Slovenia 50% E
Key to source:
C — provided by consultee; E- estimate by consultant
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5.3.2 Step 2: Impacts on Sludge Management

A UK DETR study considered that composting would reduce the concentration of most organic compounds
below the limit. The ICON study confirmed that aerobic sludge treatment (such as composting) would destroy
most of the LAS, NPE or DEHP. However, persistent organic compounds such as PAHs, PCBs, PCDD/Fs
would probably not be sufficiently destroyed by composting. This will entail that the options for that sludge
failing will be again incineration and landfill.

The same percentages going to incineration and landfill as for PTE have been applied here. However, new
estimates need to be developed for those countries which did not fail the limits on heavy metals but will fail
the limits on organic contaminants. The estimates on the different disposal routes used in the calculations are
provided in the next Table.

Table 58: Disposal for sludge failing OC (% of failing sludge)

Alternative Co- Mono- Landfill
disposal incineration incineration

Belgium 40 50 10
Denmark - - -
Finland 50 50 0
France 40 50 10
Greece 25 50 25
Ireland 25 50 25
Italy 40 40 20
Luxembourg 50 40 10
Portugal 30 50 20
Spain 40 40 20
Sweden 40 50 10
United

Kingdom - 100 -
Bulgaria 50 - 50
Cyprus 50 - 50
Czech

Republic 40 50 10
Estonia 50 - 50
Hungary 50 - 50
Latvia 50 - 50
Lithuania 50 - 50
Poland 50 - 50
Romania 50 - 50
Slovakia 50 - 50
Slovenia 100 - -

5.3.3 Step 3: Impacts from the component — Costs and Benefits

The following table summarises the annual costs from this component and option (including the costs of
externalities due to alternative disposal options, i.e. landfilling and incineration).

Table 59 Costs from New Limits of OC: Option 2 (EAC, €2009)

Service contract No 070307/2008/517358/ETU/G4 50 Environmental, economic and social impacts of the use
of sewage sludge on land



MS Costs from Costs from Costs of TOTALS
mono- co- landfill
incineration incineration
Belgium 347,000 182,000 39,000 567,000
Finland 179,000 116,000 - 295,000
France 980,000 513,000 110,000 1,602,000
Greece 658,000 220,000 181,000 1,059,000
Ireland 5,753,000 1,857,000 1,628,000 9,239,000
Italy 17,699,000 11,659,000 | 4,924,000 34,282,000
Luxembourg 556,000 453,000 78,000 1,086,000
Portugal 7,158,000 2,892,000 1,562,000 11,612,000
Spain 31,847,000 21,195,000 | 8,781,000 61,823,000
Sweden 2,003,000 1,046,000 225,000 3,274,000
United 63,162,000 - - 63,162,000
Kingdom
EU15 130,341,000 40,133,000 | 17,528,000 | 188,001,000
Bulgaria - 1,138,000 796,000 1,934,000
Cyprus - 197,000 161,000 357,000
Czech 4,888,000 2,699,000 522,000 8,109,000
Republic
Estonia - 131,000 103,000 233,000
Hungary - 3,085,000 2,367,000 5,452,000
Latvia - 284,000 222,000 506,000
Lithuania - 801,000 607,000 1,408,000
Malta - - - -
Poland - 5,682,000 4,342,000 10,024,000
Romania - 857,000 636,000 1,493,000
Slovakia - 1,139,000 874,000 2,013,000
Slovenia - 197,000 - 197,000
EU-new 4,888,000 16,210,000 | 10,630,000 31,728,000
EU- 135,229,000 56,343,000 | 28,157,000 | 219,730,000
TOTAL
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54 Standards for pathogens
5.4.1 Step 1:Identification of MS affected by changes to the Directive

Seventeen respondents to the first consultation specifically mentioned or discussed pathogens in sludge.
Most of these either inferred or specifically described the evidence that there have been no adverse health
effects on humans, animals or plants whilst using sludge for agriculture treated and recycled in accordance
with the Sludge Directive requirements. Five of the respondents specifically described a desire for pathogen
controls to be based on different standards for different purposes, and possibly even with requirements
adjusted by location as well, whilst three respondents would prefer consistent or harmonised controls.

None of the respondents made any specific recommendations other than by referring to existing quality limits
or more stringent recycling controls used in some Member States either as regulatory controls or as codes of
practice.

Option 2 will involve introducing standards for pathogens in line with the conventional treatment as given in
the Commission Communication in 2003. Conventional treatment means any sludge treatment capable of
achieving a reduction in Escherichia coli to less than 5x10° colony forming units per gram (wet weight) of
treated sludge.

Currently, only a few MS are known to have limits on pathogens, shown in Table 18. The 2002 CBA
concluded that pollution prevention for pathogens by reducing at source was not feasible. However, local
controls which specify indicator pathogen limits in the sludge have been implemented in several of the EU15
countries, driven by stakeholder demands. Sludge producers have installed new treatment processes that
achieve more reliable and greater levels of pathogen destruction during treatment. Countries without
equivalent systems to conventional standard however are using anaerobic digestion or aerobic digestion but
this may not reliably achieve the standards.

Table 60: Standards for maximum concentrations of pathogens in sewage sludge (Sede and Andersen,
2002; Alabaster and LeBlanc, 2008)

Salmonella Other pathogens
Denmark a) No occurrence Faecal streptococci:< 100/g
France a) 8 MPN/10 g DS Enterovirus: 3 MPCN/10 g of DS
Helminths eggs: 3/10 g of DS
Finland Not detected in 25 g Escherichia coli <1000 cfu
(539/2006)
Italy 1000 MPN/g DS
Luxembourg - Enterobacteria: 100/g no eggs of worm likely to be
contagious
Hungary - Faecal coli and faecal streptococci decrease below
10% of original number
Poland Sludge cannot be used in agriculture if
it contains salmonella

No attempt has been made at this time to closely model the forms of sludge treatment used in each country as
the combinations of sewage and sludge treatment processes lead to a very wide variety of possible scenarios.
Consultation for the interim report revealed that the % of sludge being treated with anaerobic digestion can
range from 20% (Norway) to 49% (Belgium). Consultation for the impact assessment provided some
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estimates about the % of sludge affected but in cases the range varies significantly (in such cases the median
has been taken).
Table 61: % recycled sludge affected

Parameter % affected Source of data
Austria 0% E
Belgium 40% E
Denmark 20% E
Finland 0% C
France 5%-20% C
Germany 0-40% C
Greece 50% E
Ireland 50% E
Italy 50% E
Luxembourg 50% E
Netherlands 0% Due to ban on application
Portugal C. 90% C
Spain 50% E
Sweden 50% E
United Kingdom 20% C
Bulgaria 40% E
Cyprus 40% E
Czech Republic 40% E
Estonia 40% E
Hungary 40% E
Latvia 40% E
Lithuania 40% E
Malta nd nd
Poland 40% E
Romania 30% C
Slovakia 40% E
Slovenia 40% E
Key to source:

C — provided by consultee; E- estimate by consultant

5.4.2 Step 2: Impacts on Sludge Management

This sludge will have to be treated further in order to meet the new limits on pathogens. Treatment processes
to deal with pathogens include biological (digestion), chemical (lime treatment), and physical (high
temperature drying). All these have different pathogen removal or inactivation characteristics (which vary
from the relatively modest capability of mesophilic anaerobic digestion to reduce measurable E.coli
concentrations by one hundred-fold with significant variation in effectiveness, to the substantially complete
inactivation of vegetative cells achieved by thermal drying).

On this basis, we have assumed that all failing sludge will receive further treatment and use the costs given in
Section 3, Table 28: Costs €/tDS for enhanced treatment. However, this may be an underestimate and/or
an overestimate of the costs if companies decide to dispose of failing sludge by landfill and incineration in the
former cases or use a more expensive way of treatment in the latter case.
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5.4.3 Step 3: Impacts from the component — Costs and Benefits
The following table summarises the annual costs from this component and option.

Table 62: Costs from New Limits of Pathogens: Option 2 (EAC, €2009)

MS Lower Upper bound Average
bound
Belgium 238,000 423,000 331,000
Denmark 319,000 567,000 443,000
France 1,314,000 2,336,000 1,825,000
Germany 1,917,000 3,408,000 2,663,000
Greece 275,000 489,000 382,000
Ireland 2,517,000 4,475,000 3,496,000
Italy 9,418,000 16,743,000 13,080,000
Luxembourg 300,000 533,000 417,000
Portugal 11,954,000 21,252,000 16,603,000
Spain 16,702,000 29,692,000 23,197,000
Sweden 863,000 1,535,000 1,199,000
United 3,551,000 6,314,000 4,932,000
Kingdom
EU15 49,369,000 87,768,000 68,568,000
Bulgaria 367,000 652,000 509,000
Cyprus 78,000 139,000 108,000
Czech 1,554,000 2,762,000 2,158,000
Republic
Estonia 49,000 88,000 68,000
Hungary 1,125,000 2,001,000 1,563,000
Latvia 106,000 189,000 148,000
Lithuania 288,000 511,000 400,000
Poland 2,062,000 3,666,000 2,864,000
Romania 168,000 299,000 234,000
Slovakia 416,000 739,000 577,000
Slovenia 38,000 68,000 53,000
EU-new 6,251,000 11,113,000 8,682,000
EU- 55,620,000 98,880,000 77,250,000
TOTAL

5.5 Provision of Information on Nutrients

As for the component providing information on nutrients, this is unlikely to affect MS significantly. This is
because there is currently a requirement to measure N&P in accordance with the existing directive although
the frequency is relatively low (6 months or when significant changes in quality). Although there will be costs
these are not expected to be significant against the other components.

5.6 Other changes concerning quality and aimed at prevention
Option 2 will require that sludge shall be stabilised (or pseudo-stabilised) to reduce degradability during field

side storage or after landspreading, to reduce methane emissions during storage and after landspreading, and
to reduce odours. There are a number of means of demonstrating stability from which the most appropriate

Service contract No 070307/2008/517358/ETU/G4 54 Environmental, economic and social impacts of the use
of sewage sludge on land



measurement may be agreed; for example, achieving 38% volatile solids reduction, or demonstrating that the
specific oxygen uptake rate of the sludge is less than 1.5mgO,/hour/g total solids.

Based on our estimates on sludge arising®™ from 2010-2020 the costs of quality assurance could be
significant; however, as some plants are expected to be applying them already and due to economies of scale
the following assumptions could apply:

- 50% of total sludge affected for newer MS and 20% for “older” MS (EU-15);

- lower range of cost: €3/tDS and
- upper range of costs: €18/tDS.

On this basis the following costs can be calculated.

Table 63: Costs from Quality Assurance: Option 2 (EAC, €2009)

MS Lower bound | Upper bound Average
Austria 3,000 19,000 11,000
Belgium 2,000 12,000 7,000
Denmark 11,000 64,000 37,000
Finland 1,000 6,000 4,000
France 112,000 673,000 392,000
Germany 64,000 383,000 224,000
Greece 1,000 9,000 5,000
Ireland 13,000 81,000 47,000
Italy 50,000 301,000 176,000
Luxembourg 2,000 10,000 6,000
Portugal 20,000 118,000 69,000
Spain 89,000 534,000 312,000
Sweden 5,000 28,000 16,000
United Kingdom 118,000 710,000 414,000
EU15 491,000 2,948,000 1,720,000
Bulgaria 19,000 115,000 67,000
Cyprus 4,000 24,000 14,000
Czech Republic 81,000 486,000 283,000
Estonia 3,000 15,000 9,000
Hungary 59,000 352,000 205,000
Latvia 6,000 33,000 19,000
Lithuania 15,000 90,000 52,000
Poland 107,000 644,000 376,000
Romania 16,000 93,000 55,000
Slovakia 22,000 130,000 76,000
Slovenia 2,000 12,000 7,000
EU-new 332,000 1,994,000 1,163,000
EU-TOTAL 824,000 4,943,000 2,883,000

% Total sludge recycled from 2010 to 2020 is estimated at around 56,817,200 tDS. Extrapolated quantities of
sludge from 2010-2020
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5.7

5.7.1

Change in limits on heavy metals based on soil conditions

Step 1: Identification of MS affected by changes to the Directive

Option 2 will involve changes to Annex IA, with more stringent limits of heavy metals in soil as proposed

below.

Table 64: Proposed limit values of heavy metals in soil
PTE 86/278/EEC 5<pH<6 6<pH<7 pH>7
(6<pH<7)
Cd 1-3 0.5 1 15
Cr - 50 75 100
Cu 50-140 30 50 100
Hg 1-1.5 0.1 0.5 1
Ni 30-75 30 50 70
Pb 50-300 70 70 100
Zn 150-300 100 150 200

Table 21 sets out the maximum permissible concentrations in soil across different MS. Grey highlight denotes
that the national limit is higher than proposed under Option 2. When there is no distinction based on pH, the
highest bound has been applied.

Table 65: Maximum permissible concentrations of potentially toxic elements in sludge-treated soils
(mg kg™ dry soil) in EC Member States, (SEDE and Andersen, 2002)

Cd Cr Cu Hg Ni Pb Zn
Option 2 5£pH<6 0.5 50 30 0.1 30 70 100
Option 2 6<pH<7 1 75 50 0.5 50 70 150
Option2 pH37 15 100 100 1 70 100 200
Austria
Lower Austria 1.5/1h) 100 60 1 50 100 200
Upper Austria 1 100 100 1 60 100 300/;50(9
Burgenland 2 100 100 15 60 100 300
Vorarlberg 2 100 100 1 60 100 300
Steiermark 2 100 100 1 60 100 300
Carinthia
if 5<pH<5.5 0.5 50 40 0.2 30 50 100
if 5.5<pH<6.5 1 75 50 0.5 50 70 150
if pH>6.5 1.5 100 100 1 70 100 200
Belgium-Brussels 2 50 1 30 50 150
Belgium, Flanders 0.9 46 49 1.3 18 56 170
Belgium, Wallonia 2 100 50 1 50 100 200
Bulgaria
pH=6-7.4 2 200 100 1 60 80 250
pH>7.4 3 200 140 1 75 100 300
Cyprus 1-3 50-140 1-15 30-75 50-300 150-300
Denmark 0.5 30 40 0.5 15 40 100
Finland 0.5 200 100 0.2 60 60 150
France 2 150 100 1 50 100 300
Germany (6) 1.5 100 60 1 50 100 200
Germany (7)
Clay 1.5 100 60 1 70 100 200
Loam/silt 1 60 40 0.5 50 70 150
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Cd Cr Cu Hg Ni Pb Zn
Option 2 5£pH<6 0.5 50 30 0.1 30 70 100
Option 2 6<pH<7 1 75 50 0.5 50 70 150
Option2 pH37 1.5 100 100 1 70 100 200
Sand 0.4 30 20 0.1 15 40 60
Greece 3 - 140 15 75 300 300
Ireland 1 - 50 1 30 50 150
Italy 15 - 100 1 75 100 300
Luxembourg 1-3 100-200 50-140 1-1.5 30-75 50-300 150-300
Estonia (10) 3 100 50 15 50 100 300
Hungary 1 75/1 (8) 75 0.5 40 100 200
Latvia 0.5-0.9 40-90 15-70 0.1-0.5 15-70 20-40 50-100
Lithuania 15 80 80 1 60 80 260
Malta
pH 5<6 0.5 30 20 0.1 15 70 60
pH 6-7 1 60 50 0.5 50 70 150
pH >7 15 100 100 1 70 100 200
Netherland 0.8 10 36 0.3 30 35 140
Portugal
Soil ph<5.5 1 50 50 1 30 50 150
5.5<s0il<7 3 200 100 15 75 300 300
Soil ph>7 4 300 200 2 110 450 450
Poland
Light soil 1 50 25 0.8 20 40 80
Medium soil 2 75 50 1.2 35 60 120
Heavy soil 8 100 75 15 50 80 180
Romania 3 100 100 1 50 50 300
Slovakia 1 60 50 0.5 50 70 150
Slovenia 1 100 60 0.8 50 85 200
Spain
Soil ph<7 1 100 50 1 30 50 150
Soil ph>7 3 150 210 15 112 300 450
Sweden 0.4 60 40 0.3 30 40 100
UK(1) 3 400 (5) 135 1 75 300 (3) 20
Notes:
1) For soil of pH >5.0, except Cu and Ni are for pH range 6.0 — 7.0; above pH 7.0 Zn = 300 mg kg-1 ds (DoE,

1996);
(2) Approximate values calculated from the cumulative pollutant loading rates from Final Part 503 Rule (US, EPA
1993);

3) Reduction to 200 mg kg-1 proposed as a precautionary measure;

4) EC (1990) — proposed but not adopted:;

(5) Provisional value (DoE, 1989).

(6) Regulatory limits as presented in the German 1992 Sewage Sludge Ordinance (BMU, 2002)

(7 Proposed new German limits (BMU, 2007)

(8) Chromium VI

9) For ph<6

(10) In soils where 5<ph<6 it is permitted to use lime-sterilised sludge

Source: Andersen and Sede (2002a): Disposal and Recycling Routes for Sewage Sludge Regulatory sub-component
report — Part 1, 29 January 2002 as reproduced in DSR1 p.19

Note: Unless specified otherwise, we assume that limits listed in Andersen & Sede (2002) refer to ph between 6 and 7.
Where Member State legislation includes ranges, the higher limit is taken as indicative of compliance with proposed
Option 2

The above table depicts a number of MS with less stringent limits. However, this may not relate to the actual
concentrations in soil. There is limited information on the percent of soil at different concentrations of pH.
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The previous IA estimated that the percent of soil failing the new standards would range from 10% to 100%
in some MS (the latter is relevant to the UK). However, the 100% figure is based on compounding data on
the proportion of land failing to comply with limits on individual heavy metals and as such represents a worst-
case scenario and we believe that it may be an overestimate. Indeed WRc estimated that 40% of the total
agricultural land in the UK will not be available for sludge recycling should these limits be implemented®’.
Thus, this component is expected to have impacts on the land available for spreading. The following Table
presents our estimates on the % of land failing for estimating the costs in terms of fertiliser replacement.

Table 66: % of failing land considered under Option 2 affected by limits in soil

Parameter % affected Source of data
Austria 10% E
Belgium 0% C
Denmark 0% E
Finland 0% C
France 2%-3% C
Germany 25-35% C
Greece 40% E
Ireland 10% E
Italy 30% E
Luxembourg 30% E
Netherlands 0% Due to ban on application
Portugal 30% C
Spain 20% E
Sweden 50% E
United Kingdom 15-65% C
Bulgaria 30% E
Cyprus 30% E
Czech Republic 0% C
Estonia 30% E
Hungary 30% E
Latvia 30% E
Lithuania 30% E
Malta nd nd
Poland 30% E
Romania 0% C
Slovakia 0% E
Slovenia 30% E
Key to source:

C — provided by consultee; E- estimate by consultant

5.7.2 Step 2: Impacts on Sludge Management

The main assumption affecting our calculation is that the land affected is equated to the % of recycled sludge
affected. There is no method available to reduce heavy metals in soil. Thus, the failing sludge will have to be
disposed of by incineration and/or landfilling (further treatment is not consider feasible in this case as the
standards concern background concentrations). The following estimates are given in order to calculate the
costs.

%" pased on the following concentrations in soil:Cd — 0.6, Cr — 84, Cu — 26, Hg — 0.1, Ni — 34, Pb — 29, Zn — 60
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Table 67: Alternative disposal (% of failing sludge going to different disposal)

Co-incineration Mono- Landfill
incineration
Austria 50 40 10
Finland 50 50 -
France 40 50 10
Germany 50 50 -
Greece 25 50 25
Ireland 25 50 25
Italy 40 40 20
Luxembourg 50 40 10
Portugal 30 50 20
Spain 40 40 20
Sweden 40 40 20
United - 100 -
Kingdom
Bulgaria 50 - 50
Cyprus 50 - 50
Czech - - -
Republic
Estonia 50 - 50
Hungary 50 - 50
Latvia 50 - 50
Lithuania 50 - 50
Poland 50 - 50
Slovakia 50 - 50
Slovenia 100 - -

5.7.3 Step 3: Impacts from the component - Costs and Benefits

The following costs are calculated on the basis of the costs of the alternative disposal options. The unit cost
presented in Section 3are used for the analysis. It is important to note that owing to the nature of the unit
costs, such costs include both environmental and human health costs in addition to financial costs. The
environmental costs on the basis of the degree of quantification possible to date however represent around
10% of the total costs (although in the case of incineration the externality are closer to the 10% value of the
total quantifiable costs). Estimates on the GHG for this component are presented at the end of the Section for
the sake of brevity.

Table 68: Costs and Benefits from Limits of PTE in soil (EAC, €2009)

MS Costs from | Costs from Costs of TOTALS
mono- co- landfill
incineration | incineration
Austria 227,000 187,000 32,000 445,000
France 2,449,000 1,283,000 274,000 4,006,000
Germany 16,915,000 11,154,000 - 28,069,000
Greece 527,000 176,000 145,000 847,000
Ireland 1,151,000 371,000 326,000 1,848,000
Italy 10,619,000 6,995,000 2,954,000 20,569,000
Luxembourg 333,000 272,000 47,000 652,000
Portugal 5,368,000 2,169,000 1,172,000 8,709,000
Spain 12,739,000 8,478,000 3,512,000 24,729,000
Sweden 1,603,000 1,046,000 449,000 3,098,000
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MS Costs from | Costs from Costs of TOTALS
mono- co- landfill

incineration | incineration
United 84,216,000 - - 84,216,000
Kingdom
EU15 136,145,000 | 32,131,000 8,911,000 177,187,000
Bulgaria - 683,000 478,000 1,160,000
Cyprus - 118,000 96,000 214,000
Estonia - 78,000 62,000 140,000
Hungary - 1,851,000 1,420,000 3,271,000
Latvia - 171,000 133,000 304,000
Lithuania - 481,000 364,000 845,000
Malta - - - -
Poland - 3,409,000 2,605,000 6,015,000
Slovenia - 118,000 - 118,000
EU-new - 6,909,000 5,159,000 12,067,000
EU- 136,145,000 | 39,040,000 | 14,069,000 | 189,255,000
TOTAL
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5.8 Sefting conditions on application

Article 7 of the Directive 86/278/EEC sets restrictions on the spreading of sludge on grassland and forage
crops, and on land on which vegetables and fruits are grown. For grassland and forage crops, it requires a
minimum period of 3 weeks between sludge application and grazing or harvest. For fruit and vegetable crops
in direct contact with soil and normally eaten raw, a period of 10 months is required.

These dispositions have been transposed by Member States with some variations. Ireland, Portugal and the
United Kingdom have transposed the exact requirements of the directive. Other countries have introduced
longer delays before spreading (Austria, Belgium, Estonia, Italy, and Luxembourg). Some countries have
introduced additional restrictions for specific crops such as a ban for grassland in Austria, Latvia, Poland and
Sweden, or on agricultural practices, such as direct ploughing (e.g. in Finland) or the use of pasteurised /
enhanced treated / hygienised sludge (e.g. in France, where delay before spreading is greater when not using
pasteurised / hygienised sludge).

Most countries have also introduced additional requirements for landspreading such as restricting the use of
sludge in agriculture near surface water, in forests, on frozen or snow-covered ground, and on sloping land in
order to reduce the impact of erosion and run-off. Requirements may also be added in order to protect
groundwater. Additional recommendations have also been introduced in codes of practice or voluntary
agreements (i.e. the UK Safe Sludge Matrix).

Although there appears to have been no evidence of risks due to landspreading when carried out according to
the existing rules, Option 2 will entail moderate changes to Article 7 as highlighted above and repeated here
for the sake of analysis:

e Setting periods for harvesting for grassland and/or forage crops;

e Make compulsory 10 month period for fruit and vegetable crops;

e Ban the application of untreated sludge - changes to Article 6 which currently allows MS to authorise
under certain conditions the use of untreated sludge if injected or worked into the soil. Outright ban
on the use of untreated sludge injected or worked into the soil — changes to Article 6; and

e Liquid sludge may only be used if injected or immediately worked into soil.

The main costs implications could be expected to arise from the ban on untreated sludge on those MS
currently using it untreated, and the requirement that liquid sludge may only be injected or immediately
worked into the soil. The other conditions are not expected to impact significantly. Untreated sludge is not
currently widely applied. In the Czech Republic, Denmark, Spain, Finland, Germany, Hungary, Italy,
Luxembourg, the Netherlands, Slovakia, Slovenia, and in the UK it is prohibited to spread any untreated
sludge on land (EC 2006). The consultation has expressed that the impacts from such ban however are not
expected to be significant. A French consultee stated that the land will be less than 5%; similarly a Finish and
German stakeholders stated that the impact was nil. Thus the impacts from this component are expected to be
negligible.

5.9 Changes to sampling and monitoring requirements
Option 2 will involve changes to sampling and monitoring requirements in line with Annex VI of CEC
(2003) and concerning the frequency of sampling and monitoring with at least the frequency shown in the

following table:

Table 69: Proposed analysis
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Quantity of
sludge produced per year Minimum number of analyses per year
and per plant
(tonnes of dry matter)
Agronomic Heavy metals Organic Dioxins Micro-
parameters compounds organisms
(except
dioxins)
<50 1 1 - - 1
50 — 250 2 2 - - 2
250 — 1 000 4 4 1 - 4
1000 -2 500 4 4 2 1 4
2500 -5 000 8 8 4 1 8
> 5000 12 12 6 2 12

The frequency of analysis of any of the parameters (heavy metals, organic compounds, micro-organisms) may be
reduced if it has been shown that in a two-year period each measured value of the parameter is consistently below
75% of the limit.

The analysis of organic compounds may be omitted if it has been shown that in a two-year period each measured
value of the parameter is consistently below 25% of the limit.

The frequency of analysis of any of the agronomic parameters may be reduced if in a two-year period it has been
shown that each measured value of the parameter deviates by less than 20% from the average.

There are some allowances for the number of samples that can fail within certain deviation, a maximum of 2 for
any substance and limit, within a maximum of 20% deviation.

Although costs have been provided for individual sampling and analysis (e.g. €500 per analysis of dioxins),
baseline data does not allow us to estimate the number of plants affected and the number of total additional
analysis. Consultees have stated that the costs implication could range from modest in comparison with other
standards to significant as the number of analysis will be much higher than those currently undertaken.
Thus, we have assumed that the costs from this component will be similar to those of quality assurance for
illustrative purposes (Table 63: Costs from Quality Assurance: Option 2 (EAC, €2009)).

5.10 Impacts from Option 2
The following Table summarises the net costs of the different components from this Option. These include:

« Costs of alternative disposal;

« Obligation of treatment;

« Loss of use of sludge as a fertiliser and fertiliser replacement costs;

« Benefits/costs from alternative routes of disposal including climate change; and
« Human health from alternative routes of disposal
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Table 70: PV costs from Different Option Components under Option 2

Component PTE in sludge ocC Pathogens QA= Increased analysis

MS Lower bound Upper bound | Lower bound | Upper bound PTE in soil
Austria - - - - 31,000 188,000 4,341,000
Belgium - 5,535,000 2,324,000 4,132,000 19,000 116,000 -
Denmark - - 3,113,000 5,534,000 104,000 623,000 -
Finland - 2,881,000 - - 10,000 61,000 -
France 15,638,000 15,638,000 12,827,000 22,803,000 1,095,000 6,567,000 39,096,000
Germany - - 18,713,000 33,267,000 624,000 3,743,000 273,967,000
Greece 2,481,000 10,338,000 2,687,000 4,776,000 14,000 86,000 8,271,000
Ireland 21,642,000 90,173,000 24,567,000 43,675,000 131,000 786,000 18,035,000
Italy 33,461,000 334,608,000 91,921,000 163,415,000 490,000 2,941,000 200,765,000
Luxembourg 2,120,000 10,601,000 2,929,000 5,207,000 16,000 94,000 6,361,000
Portugal 28,335,000 113,339,000 116,679,000 207,430,000 192,000 1,152,000 85,004,000
Spain 60,342,000 603,424,000 163,018,000 289,810,000 869,000 5,217,000 241,370,000
Sweden - 31,956,000 8,426,000 14,980,000 45,000 270,000 30,238,000
United 102,748,000 616,490,000 34,663,000 61,624,000 1,155,000 6,933,000 821,986,000
Kingdom

EU15 266,768,000 1,834,983,000 481,867,000 856,653,000 4,796,000 28,777,000 1,729,433,000
Bulgaria 38,000 18,872,000 3,579,000 6,362,000 186,000 1,118,000 11,323,000
Cyprus 837,000 3,489,000 760,000 1,352,000 40,000 238,000 2,093,000
Czech - 79,149,000 15,165,000 26,961,000 790,000 4,739,000 -
Republic

Estonia 296,000 2,279,000 481,000 855,000 25,000 150,000 1,367,000
Hungary 8,514,000 53,211,000 10,984,000 19,527,000 572,000 3,433,000 31,927,000
Latvia 1,977,000 4,942,000 1,037,000 1,843,000 54,000 324,000 2,965,000
Lithuania 165,000 13,746,000 2,808,000 4,991,000 146,000 877,000 8,248,000
Poland 23,482,000 97,842,000 20,127,000 35,782,000 1,048,000 6,290,000 58,705,000
Romania - 14,577,000 1,642,000 2,919,000 152,000 912,000 -
Slovakia 7,860,000 19,651,000 4,056,000 7,211,000 211,000 1,268,000 -
Slovenia 8,000 1,924,000 371,000 660,000 19,000 116,000 1,154,000
EU-new 43,177,000 309,682,000 61,011,000 108,464,000 3,244,000 19,465,000 117,783,000
EU-TOTAL 309,945,000 2,144,665,000 542,878,000 965,117,000 8,040,000 48,242,000 1,847,216,000
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Table 71: EAC costs from Different Option Components under Option 2

Component Pathogens QA= Increased analysis -

MS PTE in sludge ocC Lower bound Upper bound Lower bound Upper bound PTE in soil
Austria - - - - 3,000 19,000 445,000
Belgium - 567,000 238,000 423,000 2,000 12,000 -
Denmark - - 319,000 567,000 11,000 64,000 -
Finland - 295,000 - - 1,000 6,000 -
France 1,602,000 1,602,000 1,314,000 2,336,000 112,000 673,000 4,006,000
Germany - - 1,917,000 3,408,000 64,000 383,000 28,069,000
Greece 254,000 1,059,000 275,000 489,000 1,000 9,000 847,000
Ireland 2,217,000 9,239,000 2,517,000 4,475,000 13,000 81,000 1,848,000
Italy 3,428,000 34,282,000 9,418,000 16,743,000 50,000 301,000 20,569,000
Luxembourg 217,000 1,086,000 300,000 533,000 2,000 10,000 652,000
Portugal 2,903,000 11,612,000 11,954,000 21,252,000 20,000 118,000 8,709,000
Spain 6,182,000 61,823,000 16,702,000 29,692,000 89,000 534,000 24,729,000
Sweden - 3,274,000 863,000 1,535,000 5,000 28,000 3,098,000
United Kingdom 10,527,000 63,162,000 3,551,000 6,314,000 118,000 710,000 84,216,000
EU15 27,331,000 188,001,000 49,369,000 87,768,000 491,000 2,948,000 177,187,000
Bulgaria 4,000 1,934,000 367,000 652,000 19,000 115,000 1,160,000
Cyprus 86,000 357,000 78,000 139,000 4,000 24,000 214,000
Czech Republic - 8,109,000 1,554,000 2,762,000 81,000 486,000 -
Estonia 30,000 233,000 49,000 88,000 3,000 15,000 140,000
Hungary 872,000 5,452,000 1,125,000 2,001,000 59,000 352,000 3,271,000
Latvia 203,000 506,000 106,000 189,000 6,000 33,000 304,000
Lithuania 17,000 1,408,000 288,000 511,000 15,000 90,000 845,000
Poland 2,406,000 10,024,000 2,062,000 3,666,000 107,000 644,000 6,015,000
Romania - 1,493,000 168,000 299,000 16,000 93,000 -
Slovakia 805,000 2,013,000 416,000 739,000 22,000 130,000 -
Slovenia 1,000 197,000 38,000 68,000 2,000 12,000 118,000
EU-new 4,424,000 31,728,000 6,251,000 11,113,000 332,000 1,994,000 12,067,000
EU-TOTAL 31,755,000 219,730,000 55,620,000 98,880,000 824,000 4,943,000 189,255,000

Service contract No 070307/2008/517358/ETU/G4

64 Environmental, economic and social impacts of the use
of sewage sludge on land




As it can be seen from the Tables, the component causing the greatest costs is the new limits of OC followed
by PTE limits in soil. The reasons for the highest costs for OC relate to the fact that no technology is known
to date that may help to address such limits, as a result failing sludge will have to be disposed of by landfill
and incineration. As for the limits in soil, this was indeed one of the main concerns of the consultation as
most MS considered that the existing backgrounds would limit the amount of sludge that could be recycled.

It is important to note that some costs are not included above, such as those related to changes the legislation
and monitoring and control. These are not estimated to be significant however in comparison.

5.10.1 Environmental and Human Health Impacts from Climate Change

Although there will be benefits (environmental and human health) from more stricter standards these cannot
be easily quantified. This is due to the lack of evidence on dose-response but it is uncertain whether this is
due to the Directive and/or existing national legislation and practices.

The external costs from alternative disposal options subject to quantification are expected to be around 10%
of the total costs of the values above. Table 46 presents the valuation of GHG emissions based on the rated of
alternative disposal applied (environmental and human health impacts due to GHG emissions).  The
valuation of GHG seems to indicate that the component bearing the greatest costs is that concerning the
organic contaminants in sludge (from increased amount of sludge failing the standards).

Table 72: EAC due to GHG from alternative disposal by Component

MS PTE in sludge OC in sludge PTE in soil
Austria - - 60,000
Belgium - 71,000 -
Denmark - - -
Finland - 35,000 -
France 200,000 200,000 499,000
Germany - - 3,899,000
Greece 33,000 138,000 110,000
Ireland 224,000 934,000 187,000
Italy 439,000 4,386,000 2,631,000
Luxembourg 27,000 136,000 82,000
Portugal 415,000 1,662,000 1,246,000
Spain 850,000 8,507,000 3,402,000
Sweden - 399,000 370,000
United 1,275,000 7,647,000 10,197,000
Kingdom
EU15 3,463,000 24,114,000 22,684,000
Bulgaria 1,000 403,000 242,000
Cyprus 12,000 48,000 29,000
Czech - 1,411,000 -
Republic
Estonia 5,000 36,000 21,000
Hungary 143,000 892,000 535,000
Latvia 31,000 79,000 47,000
Lithuania 3,000 239,000 143,000
Poland 397,000 1,654,000 992,000
Romania - 273,000 -
Slovakia 132,000 330,000 -
Slovenia - 40,000 24,000
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EU-new 763,000 5,620,000 2,142,000
EU-TOTAL 4,226,000 29,734,000 24,825,000

5.10.2 Other Impacts

One other impact that was considered in the initial assessment was the effects on agricultural production.
Consultation has revealed however that such impacts are expected to be negligible.

The costs above reflect the total costs to the economy but exclude the costs to the regulatory authorities
concerning changes to legislation and monitoring. These have not been valued but are expected to be
negligible in comparison. One other benefit from this Option to regulators is that it will help meeting some
other legislation objectives, such as WFD objectives. The contribution towards these objectives may be
limited to agricultural inputs to watercourses. As the percentage of sludge applied to agriculture is
considerably low, the benefits in this regard are not expected to be significant.

There may be some benefits in terms of amenity and public perception. These are highly uncertain however
and have not been valued.

5.10.3 Distributional Analysis

5.10.3.1 Distributional impacts among MS

The impacts from the different option components will vary according to the MS. The following Table sets
out the percentages of costs falling on the different MS according to their contribution to the total costs. As
it can be seen, the main costs will fall onto the old MS. This is mainly due to the fact that the projections
from the sludge arising are more significant, and not so much to the percentage of sludge failing. Among
those EU-15 that are likely to be the most affected are the UK, Spain and Italy for the components concerting
PTE and OC, with Spain and Italy also affected by the limits on pathogens together with Portugal. As for the
limits concerning soil, Germany will be affected significantly (based on the consultation responses). France
will be most affected by quality assurance requirements together with the UK and followed by Spain.

5.10.3.2 Distributional impacts among Stakeholders
As for distributional impacts among stakeholders, the main stakeholders affected by Option 2 are:

e sludge producers: operators of sewage treatment works would have to upgrade and replace current
treatment plant equipment in order to meet the new standards of treatment set out in the regulations
and dispose of the sludge that will not be recycled,;

o |ocal authorities/municipalities: running the incinerators and/or landfills (and/or companies on their
behalf or sub-contractors) that may need upgrading capabilities and/or setting new incinerator
facilities and

o farmers: who are the sludge users, would have to comply with revised restrictions. Farmers would
face costs for replacement of fertilisers (or treated sludge). However the consultation has revealed
that they will use other organic fertilisers and not just mineral fertilisers which may be more
expensive. The costs in terms of impacts on agricultural production are according to the stakeholders
likely to be negligible. Hence unemployment impacts are expected to be negligible in this sector
alone.

The exact distribution in costs is uncertain but sludge producers and waste disposal facilities will bear the
greatest costs. Stakeholders have expressed concerns about the possibility that water companies may pass on
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the costs of existing legislation. This is possible; however, in some MS such price increases are regulated, e.g.

the UK, and as a result such increases are not expected to be significant.

On the other hand, stakeholder have highlighted that strict limits on sludge may cause unemployment impacts
on related sectors such as recycling machinery manufacturers. These impacts need highlighting although
their quantification is surrounded by uncertainty.

Environmental and social costs will accrue from increased incineration and landfill, as these will be the
alternative routes for disposal to untreated sludge. These will accrue to all stakeholders through airborne

pollutants.

Table 73: Distributional Analysis

PTE in oC Pathogens QA= Increased analysis PTE in soil

MS sludge Lower bound | Upper bound | Lower bound | Upper bound

Austria 0% 0% 0% 0% 0% 0% 0%
Belgium 0% 0% 0% 0% 0% 0% 0%
Denmark 0% 0% 1% 1% 1% 1% 0%
Finland 0% 0% 0% 0% 0% 0% 0%
France 5% 1% 2% 2% 14% 14% 2%
Germany 0% 0% 3% 3% 8% 8% 15%
Greece 1% 0% 0% 0% 0% 0% 0%
Ireland 7% 4% 5% 5% 2% 2% 1%
Italy 11% 16% 17% 17% 6% 6% 11%
Luxembourg 1% 0% 1% 1% 0% 0% 0%
Portugal 9% 5% 21% 21% 2% 2% 5%
Spain 19% 28% 30% 30% 11% 11% 13%
Sweden 0% 1% 2% 2% 1% 1% 2%
United Kingdom 33% 29% 6% 6% 14% 14% 44%
EU15 86% 86% 89% 89% 60% 60% 94%
Bulgaria 0% 1% 1% 1% 2% 2% 1%
Cyprus 0% 0% 0% 0% 0% 0% 0%
Czech Republic 0% 4% 3% 3% 10% 10% 0%
Estonia 0% 0% 0% 0% 0% 0% 0%
Hungary 3% 2% 2% 2% 7% 7% 2%
Latvia 1% 0% 0% 0% 1% 1% 0%
Lithuania 0% 1% 1% 1% 2% 2% 0%
Poland 8% 5% 4% 4% 13% 13% 3%
Romania 0% 1% 0% 0% 2% 2% 0%
Slovakia 3% 1% 1% 1% 3% 3% 0%
Slovenia 0% 0% 0% 0% 0% 0% 0%
EU-new 14% 14% 11% 11% 40% 40% 6%
EU-TOTAL 100% 100% 100% 100% 100% 100% 100%
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6. Option 3: More stringent limits (Significant change)
6.1 Overview

Table 6 showed the different components for Option 3. Option 3 will set more stringent standards than
Option 2. The Option will consist of the following:

e Changes to the limits on heavy metals concerning the quality of the sludge (as given in the CEC
(2003)) and in soil;

Setting limits for all organic contaminants for sludge quality;

Introduce standards for treatment compatible with CEC (2003) advanced treatment;

Provision of information on nutrients;

Ban of application of sludge for fruit, vegetable crops and grassland; and

Changes to sampling and monitoring requirements.

The main issues with this Option are similar to those for Option 2, i.e. setting limitations on sludge use from
higher standards in areas where there is no added value in terms of human health and the environment.
However, as the limits are more stringent, the main risks relate to those environmental and human health risks
stemming from the increased alternative disposal options to the sludge that will not be suitable for use
(landfilling and incineration routes). Other issues relate to the ability to replace all sludge with fertiliser,
although this is not expected to be significant as reflected by the consultation responses and impacts on
productivity.

6.2 Heavy metal content in sludge
6.2.1 Step 1: Identification of MS affected by changes to the Directive

The limits proposed under Option 3 are given in the following Table.

Table 74: Proposed limit values on the content of heavy metals in sewage sludge — Option 3

PTE mg/kg
Cd 5
Cr 150
Cu 400
Hg 5
Ni 50
Pb 250
Zn 600

Under these new limits more MS national legislation will be affected than under Option 2. Table 74 depicts,
in grey colour, the countries that will be affected based on the regulatory limits. All MS, with the exception of
Denmark (which would only have to amend the limit for zinc) would have to amend their legislative limits in
respect to all heavy metals.

Table 75: Countries potentially affected by Option 3 i. setting limits on Maximum level of heavy

metals (mg per kg of dry substance) in sewage sludge used for agricultural purposes - in grey
PTE Cd Cr Cu Hg Ni Pb Zn
New limits 5 150 400 5 50 250 600
Bulgaria 30 500 1600 16 350 800 3000
Cyprus 2500-
20-40 - 1000-1750 16-25 300-400 750-1200 4000
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Denmark 0.8 100 1000 0.8 30 120 4000
Estonia 15 1200 800 16 400 900 2900
France (4) 10 1000 1000 10 200 800 3000
Germany (1)
10 900 800 8 200 900 2500
Greece 2500-
20-40 500 1000-1750 16-25 300-400 | 750-1200 4000
Hungary 10 1000/1(3) 1000 10 200 750 2500
Ireland 20 1000 16 300 750 2500
Italy 20 1000 10 300 750 2500
Lithuania - - - - - - _
Luxembourg 1000- 2500-
20-40 1750 1000-1750 16-25 300-400 | 750-1200 4000
Portugal 20 1000 1000 16 300 750 2500
Spain 1000- 2500-
20-40 1750 1000-1750 16-25 300-400 | 750-1200 4000

As noted earlier however, the fact that national limits are higher than the proposed standards does not entail
that the sewage sludge being produced is of the same quality. Table 76 depicts the MS affected, in grey,
against current information on average sludge quality. As noted under Option 2 however, these are national
(weighted) averages so they do not show the effect of different distributions. Indeed, we believe that Option
3 limits may rule out 50% of UK medium size works on Cu and Zn. The Andersen & Sede (2002) report
estimated that the percentages of sludge affected by the new limits on heavy metals would range from 50% to
80% of total sludge production®,

Table 76: Quality of sewage sludge (on dry solids) recycled to agriculture (2006) compared with new
Option 3 limits

Parameter Cadmium | Chromiu | Copper | Mercur | Nickel Lead zZinc
m y

New limits

Option 3 5 150 400 5 50 250 600
BE —Flanders 1 20 72 0.2 11 93 337
BE-Walloon 15 54 167 1 25 79 688
Bulgaria 1.6 20 136 1.2 13 55 465
Cyprus 6.9 37 180 3.1 21 23 1188
Czech republic 15 53 173 1.7 29 40 809
Germany 1 37 300 0.4 25 37 713
Spain 2.1 72 252 0.8 30 68 744
Finland 0.6 18 244 0.4 30 8.9 332
France 1.3 43 272 1.1 21 50 598
Italy 1.3 86 283 14 66 101 879
Portugal <0.4 20 12 <1 15 27 341

% This was estimated for the long term scenario, whose limits are more similar to, but less stringent than, those
proposed under this Option.

Service contract No 070307/2008/517358/ETU/G4 70 Environmental, economic and social impacts of the use
of sewage sludge on land



Parameter Cadmium | Chromiu | Copper | Mercur | Nickel Lead Zinc
m y
Sweden 0.9 26 349 0.6 15 24 481
UK 1.3 61 295 1.2 30 112 574
Estonia 2.8 14 127 0.6 19 41 783
Hungary 1.4 57 185 1.7 26 36 824
Lithuania 1.3 34 204 0.5 25 21 534
Latvia 3.6 105 356 4.2 47 114 1232
Portugal 4 127 153 4.6 32 51 996
Slovenia 0.7 37 190 0.8 29 29 410
Slovakia 2.5 73 221 2.7 26 57 1235

The following Table sets out our assumptions in terms of sludge failing new limits on heavy metals under
Option 3 based on the consultation responses and standard deviation from percentile distributions for the MS
where such information is available.

Table 77: % recycled sludge failing new limits on heavy metals in sludge under Option 3

MS % failure Source
Austria 20% E
Belgium 20% E
Denmark 20% E
Finland 10% C
France 50% E
Germany 80% C
Greece 50% E
Ireland 50% E
Italy 50% E
Luxembourg 10% E
Netherlands 0% E
Portugal 60% C
Spain 50% E
Sweden 20% E
United Kingdom 55% C
EU15 E
Bulgaria 60% E
Cyprus 60% E
Czech Republic 60% E
Estonia 60% E
Hungary 60% E
Latvia 60% E
Lithuania 60% E
Poland 60% E
Romania 60% E
Slovakia 60% E
Slovenia 60% E
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6.2.2 Step 2: Impacts on Sludge Management
For the sludge failing, there will be two scenarios:

e landfill;
e incineration.

Both of the scenarios will have costs implications for water and sludge management operators. Depending on
the specific scenarios, the environmental and social impacts from alternative disposal routes will vary in
magnitude. In absence of any information on the different disposal routes, the following estimates will be
used based on information available in the literature and consultation (these are based on the same trends as
for Option 2).

Table 78: Impacts from Option 3 — disposal options and treatment

MS Co-incineration Mono- Landfill
incineration
Austria 50 40 10
Belgium 50 40 10
Denmark 40 50 10
Finland 50 50 -
France 40 50 10
Germany 50 50 -
Greece 25 50 25
Ireland 25 50 25
Italy 40 40 20
Luxembourg 50 40 10
Netherlands - - -
Portugal 30 50 20
Spain 40 40 20
Sweden 40 40 20
United - 100 -
Kingdom
Bulgaria 50 - 50
Cyprus 50 - 50
Czech Republic 40 50 10
Estonia 50 - 50
Hungary 50 - 50
Latvia 50 - 50
Lithuania 50 - 50
Poland 50 - 50
Romania 50 - 50
Slovakia 50 - 50
Slovenia 100 - -

6.2.3 Step 3: Impacts from the component — Costs and Benefits

The following costs are calculated on the basis of the costs of the alternative disposal options. The unit cost
presented in Section 3 are used for the analysis. It is important to note that owing to the nature of the unit
costs, such costs include both environmental and human health costs in addition to financial costs. The
environmental costs, on the basis of the degree of quantification possible to date however, represent around
10% of the total costs (although in the case of incineration, the externality are closer to the 10% value of the
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total quantifiable costs). Estimates on the GHG for this component are presented at the end of the Section

separately.

Table 79: Costs and Benefits from Limits of PTE (EAC, €2009)

MS Costs from | Costs from Costs of TOTALS
mono- co- landfill
incineration | incineration
Austria 453,000 373,000 63,000 890,000
Belgium 277,000 227,000 39,000 543,000
Denmark 1,798,000 920,000 205,000 2,923,000
Finland 90,000 58,000 - 148,000
France 48,978,000 | 25,654,000 | 5,479,000 80,111,000
Germany 45,106,000 | 29,745,000 - 74,851,000
Greece 658,000 220,000 181,000 1,059,000
Ireland 5,753,000 1,857,000 1,628,000 9,239,000
Italy 17,699,000 | 11,659,000 | 4,924,000 34,282,000
Luxembourg 111,000 91,000 16,000 217,000
Portugal 10,736,000 4,338,000 2,343,000 17,418,000
Spain 31,847,000 | 21,195,000 | 8,781,000 61,823,000
Sweden 641,000 418,000 180,000 1,239,000
United 115,797,000 - - 115,797,000
Kingdom
EU15 279,945,000 | 96,755,000 | 23,839,00 | 400,539,000
0
Bulgaria - 1,365,000 955,000 2,320,000
Cyprus - 236,000 193,000 429,000
Czech 7,333,000 4,049,000 782,000 12,164,000
Republic
Estonia - 157,000 123,000 280,000
Hungary - 3,702,000 2,840,000 6,542,000
Latvia - 341,000 266,000 608,000
Lithuania - 961,000 729,000 1,690,000
Poland - 6,818,000 5,211,000 12,029,000
Romania - 1,029,000 763,000 1,792,000
Slovakia - 1,367,000 1,049,000 2,416,000
Slovenia - 237,000 - 237,000
EU-new 7,333,000 20,262,000 | 12,912,00 40,506,000
0
EU- 287,278,000 | 117,017,000 | 36,751,00 | 441,046,000
TOTAL 0
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6.3

6.3.1

Set limits on organics

Step 1: Identification of MS affected by changes to the Directive

Under Option 3, new standards will be introduced for all organics. The proposed standards for PCBs and
PAHSs will be the same as those suggested under Option 2. However, additional limits will be introduced for
PCDD/F, LAS and NPE. These are set out in Table 79.

Table 80: New limits on organics proposed under Option 3

oC Limit value

PAH® 6 mg/kg dry matter
PCB® 0.8 mg/kg dry matter
PCDD/F* 100 ng ITEQ/Kkg dry matter
LAS* 5 g/kg dry matter
NPE* 450 mg/kg dry matter

As concerning the regulatory limits, this will impact all MS with the exception of Denmark. From surveys
carried out in different countries/regions* (Norway, North Rhine Westphalia, UK) the range of
concentrations of different contaminants is wide. Individual components are not necessarily linked with
others. The median concentrations in these surveys are within the limit values for Option 3 (apart from UK
LAS median concentration of 5.5g/kg DS), with values from 10% to 80% of the limit values, but the
maximum values are all greater than the limit values shown. Hence it is expected that the new limits will
affect a significant percentage of the total sludge recycled. It is not clear if the amount of sludge affected
would be as high as the 50% estimated in the Andersen & Sede (2002) report. Estimates of sludge failing to
meet these new OC limits are shown in Table 34; we have undertaken a conservative scenario for those MS
from which information was not provided on the basis of other consultees responses.

Table 81: % recycled sludge which may fail the new limits on OCs under Option 3

MS % affected Source of data
Austria 50% E
Belgium 30% E
Denmark 0% C
Finland 50% C
France 30% E
Germany 50% C
Greece 50% E
Ireland 50% E

39

40

41

42

43

44

Sum of the following polycyclic aromatic hydrocarbons: acenapthene, phenanthrene, fluorene, flouranthene,
pyrene, benzo(b+j+k)fluoranthene, benzo(a)pyrene, benzo(ghi)perylene, indeno(1, 2, 3-c, d)pyrene.

Sum of the polychlorinated byphenls components number 28, 52, 101, 118, 138, 153, 180.
Polychlorinated dibenzodioxins/ dibenzofuranes.
Linear alkylbenzene sulphonates.

It comprises the substances nonylphenol and nonylphenolethoxylates with 1 or 2 ethoxy groups.

Norwegian Scientific Committee for Food Safety (VKM) 2009; Risk assessment of contaminants in
sewage sludge applied on Norwegian soils. www.vkm.no.; Ministry of the Environment,
Conservation,Agriculture and Consumer Protection of theState of North Rhine-Westfalia (2005)
Characterization and assessment of organic pollutants in Sewage Sludge; Smith S & Riddell-Black (2007)
Sources and Impacts of past Current and Future contamination of soil: Appendix 2. Organic contaminants.
Final report to Defra.
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MS % affected Source of data
Italy 50% E
Luxembourg 50% E
Netherlands 0% E
Portugal 60% C
Spain 50% E
Sweden 50% E
United Kingdom 95% C
Bulgaria 50% E
Cyprus 50% E
Czech Republic 50% E
Estonia 50% E
Hungary 50% E
Latvia 50% E
Lithuania 50% E
Poland 50% E
Romania 50% E
Slovakia 50% E
Slovenia 50% E

6.3.2 Step 2: Impacts on Sludge Management

It is not clear what conventional treatment methods could be reasonably used to deal with a failed sludge. It
might be possible to dilute the sludge by mixing it with another sludge. High temperature treatments may be
capable of improving degradation. The same trends as for heavy metals will be applied for considering the
impacts on alternative disposal options.

Table 82: Alternative Disposal for sludge failing OC

MS Co-incineration Mono- Landfill
incineration
Austria 50 40 10
Belgium 50 40 10
Denmark 40 50 10
Finland 50 50 -
France 40 50 10
Germany 50 50 -
Greece 25 50 25
Ireland 25 50 25
Italy 40 40 20
Luxembourg 50 40 10
Netherlands - - -
Portugal 30 50 20
Spain 40 40 20
Sweden 40 40 20
United Kingdom - 100 -
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MS Co-incineration Mono- Landfill
incineration

Bulgaria 50 - 50
Cyprus 50 - 50
Czech Republic 40 50 10
Estonia 50 - 50
Hungary 50 - 50
Latvia 50 - 50
Lithuania 50 - 50
Malta - - -
Poland 50 - 50
Romania 50 - 50
Slovakia 50 - 50
Slovenia 100 - -

6.3.3 Step 3: Impacts from the component — Costs and Benefits

The following table summarises the annual costs from this component and option. These include the internal
and external costs from the alternative disposal options.

Table 83: Costs from New Limits of OC: Option 3 (EAC, €2009)

MS Mono- Co- Costs of TOTALS
incineration incineration landfill
Austria 1,133,000 933,000 158,000 2,224,000
Belgium 416,000 341,000 58,000 815,000
Finland 448,000 290,000 - 738,000
France 29,387,000 15,392,000 | 3,287,000 | 48,067,000
Germany 28,191,000 18,591,000 - 46,782,000
Greece 658,000 220,000 181,000 1,059,000
Ireland 5,753,000 1,857,000 1,628,000 9,239,000
Italy 17,699,000 11,659,000 | 4,924,000 | 34,282,000
Luxembourg 556,000 453,000 78,000 1,086,000
Portugal 10,736,000 4,338,000 2,343,000 | 17,418,000
Spain 31,847,000 21,195,000 | 8,781,000 | 61,823,000
Sweden 1,603,000 1,046,000 449,000 3,098,000
UK 200,013,000 - - 200,013,00
0
EU15 328,440,000 76,315,000 | 21,888,000 | 426,642,00
0

Bulgaria - 1,138,000 796,000 1,934,000
Cyprus - 197,000 161,000 357,000
Czech R 6,110,000 3,374,000 652,000 10,136,000
Estonia - 131,000 103,000 233,000
Hungary - 3,085,000 2,367,000 5,452,000
Latvia - 284,000 222,000 506,000
Lithuania - 801,000 607,000 1,408,000
Poland - 5,682,000 | 4,342,000 | 10,024,000
Romania - 857,000 636,000 1,493,000
Slovakia - 1,139,000 874,000 2,013,000
Slovenia - 197,000 - 197,000
EU-new 6,110,000 16,885,000 | 10,760,000 | 33,755,000
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6.4

6.4.1

Option 3 will entail advanced treatment as envisaged in the 2003 communication to deal with pathogens. In
other words, ‘advanced treatment’ means any sludge treatment listed in Section 3 or any other process that

Set standards for pathogens

sanitises sludge and achieves:

Table 83 shows the percentage of sludge which is expected to require advanced treatment so that it meets the
proposed standards for pathogens. These percentages will be used in the cost-benefit analysis unless other
estimates are suggested.

Table 84: % sludge affected under new treatment

MS % Source
Austria 50% E
Belgium 50% E
Denmark 20% E
Finland 50% E
France 80% C
Germany 70% C
Greece 50% E
Ireland 50% E
Italy 50% E
Luxembourg 50% E
Netherlands 0% E
Portugal 90% E
Spain 50% E
Sweden 50% E
United Kingdom 70% C
Bulgaria 50% E
Cyprus 50% E
Czech Republic 50% E
Estonia 50% E
Hungary 50% E
Latvia 50% E
Lithuania 50% E
Poland 50% E

Step 1: Identification of MS affected by changes to the Directive

a99.99% reduction (in the indicator micro-organism mentioned in Annex I) of Escherichia coli to
less than 1-10° colony forming unit per gram (dry weight) of treated sludge;
no Ascaris ova;

a sample of 1 gram (dry weight) of the treated sludge does not contain more than 3-10° spores of
Clostridium perfringens;
and a sample of 50 grams (wet weight) of the treated sludge does not contain Salmonella spp; and
a 99.99% reduction in Salmonella senftenberg W775 for sludge spiked with this micro-organism.
This is a process validation and not used on a regular basis; it is used to demonstrate a treatment
process is capable of removing Salmonella.
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MS % Source
Romania 50% E
Slovakia 50% E
Slovenia 50% E

6.4.2 Step 2: Impacts on Sludge Management

The consultation responses highlighted enhanced digestion, i.e. thermal treatment as the main process to deal
with sludge. Owing to the stricter limits for pathogens under this Option than those under Option 2, the
upper bound of unitary costs has been used for our estimates. This may, on the other hand, offset the
conservative assumptions concerning the percentage of sludge failure, so a more realistic estimate can be
produced.

6.4.3 Step 3: Impacts from the component — Costs and Benefits

The following table summarises the annual costs from this component and option.

Table 85: Costs from New Limits of Pathogens: Option 3 (EAC, €2009)

MS Costs
Austria 1,072,000
Belgium 662,000
Denmark 567,000
Finland 348,000
France 95,693,000
Germany 41,752,000
Greece 489,000
Ireland 4,475,000
Italy 16,743,000
Luxembourg 533,000
Portugal 21,252,000
Spain 29,692,000
Sweden 1,535,000
United Kingdom 77,341,000
EU15 292,154,000
Bulgaria 1,018,000
Cyprus 216,000
Czech Republic 4,316,000
Estonia 137,000
Hungary 3,126,000
Latvia 295,000
Lithuania 799,000
Poland 5,728,000
Romania 831,000
Slovakia 1,154,000
Slovenia 106,000
EU-new 17,727,000
EU-TOTAL 309,880,000

6.4.4 Provision of Information on Nutrients

As for the component providing information on nutrients, this is unlikely to affect MS significantly. As noted
under Option 2, there is currently a requirement to measure N&P in accordance with the existing Directive.
This component may increase the costs but such increase is not expected to be significant.
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6.4.5 Other changes concerning quality and aimed at prevention

Option 3 will require Hazard Analysis and Critical Control Point (HACCP), as for Option 2. Under this
component, we have assumed that the percentages of sludge affected will be the same; only in this case, the
upper bound costs will apply (as companies will have to observe more substances). The costs estimates from
this are summarised below.

Table 86: Costs from Quality Assurance: Option 3(EAC, €2009)

MS Costs
Austria 19,000
Belgium 12,000
Denmark 64,000
Finland 6,000
France 673,000
Germany 383,000
Greece 9,000
Ireland 81,000
Italy 301,000
Luxembourg 10,000
Portugal 118,000
Spain 534,000
Sweden 28,000
United Kingdom 710,000
EU15 2,948,000
Bulgaria 115,000
Cyprus 24,000
Czech Republic 486,000
Estonia 15,000
Hungary 352,000
Latvia 33,000
Lithuania 90,000
Poland 644,000
Romania 93,000
Slovakia 130,000
Slovenia 12,000
EU-new 1,994,000
EU-TOTAL 4,943,000
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6.5 Change in limits based on soil conditions

6.5.1 Step 1: Identification of MS affected by changes to the Directive

Under Option 3, the limit for zinc in soil with be decreased to 20mg/kg DS for all soils with a pH below 7,
where as the proposed limits for Cd, Cr, Cu, Hg, NI and Pb are the same as those specified under Option 2.
The proposed values are replicated in the following Table.

Table 87: Limits for PTE in soil — Option 3

PTE | 5<pH<6 | 6<pH<7 | pH>7
Cd 0.5 1 15
Cr 50 75 100
Cu 30 50 100
Hg 0.1 05 1
Ni 30 50 70
Pb 70 70 100
Zn 20 20 200

Based on current permissible concentrations of PTEs in sludge treated soils, all member states will be
affected to some extent by these revised new limits, in particular those relating to Zn. For example, we
estimate that 40% of the total agricultural land in the UK will not be available for sludge recycling should
these limits be implemented. This component is expected to have significant impacts on the land which is
available for sewage spreading. Table 87 presents our estimates of the percentages of land failing.

Table 88: % of failing land (due to heavy metals) considered under Option 3
MS % Source
Austria 20% E
Belgium 40% E
Denmark 0% E
Finland 20% E
France 50% C
Germany 40% C
Greece 40% E
Ireland 20% E
Italy 40% E
Luxembourg 40% E
Netherlands 0% E
Portugal 40% C
Spain 40% E
Sweden 40% E
United 80% C
Kingdom
EU15
Bulgaria 40% E
Cyprus 40% E
Czech 40% E
Republic
Estonia 40% E
Hungary 40% E
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MS % Source
Latvia 40% E
Lithuania 40% E
Malta 0% E
Poland 40% E
Romania 40% E
Slovakia 40% E
Slovenia 40% E

6.5.2 Step 2: Impacts on Sludge Management

The main assumption affecting our calculation is that the land affected is equated to the % of recycled sludge
affected. Thus, the failing sludge will have to be disposed of by incineration and/or landfilling (further
treatment is not consider feasible in this case as the standards concern background concentrations). The
following estimates are given in order to calculate the costs.

Table 89: Alternative disposal (% of failing sludge going to different disposal)

MS Co-incineration Mono- Landfill
incineration
Austria 50 40 10
Belgium 50 40 10
Finland 50 50 -
France 40 50 10
Germany 50 50 -
Greece 25 50 25
Ireland 25 50 25
Italy 40 40 20
Luxembourg 50 40 10
Portugal 30 50 20
Spain 40 40 20
Sweden 40 40 20
United - 100 -
Kingdom
Bulgaria 50 - 50
Cyprus 50 - 50
Czech 40 50 10
Republic
Estonia 50 - 50
Hungary 50 - 50
Latvia 50 - 50
Lithuania 50 - 50
Poland 50 - 50
Romania 50 - 50
Slovakia 50 - 50
Slovenia 100 - -

6.5.3 Step 3: Impacts from the component - Costs and Benefits

The following costs are calculated on the basis of the costs of the alternative disposal options. The unit cost
presented in Section 2 are used for the analysis. It is important to note that owing to the nature of the unit
costs, such costs include both environmental and human health costs in addition to financial costs. The
environmental costs on the basis of the degree of quantification possible to date however represent around
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10% of the total costs (although in the case of incineration the externality are closer to the 10% value of the
total quantifiable costs). Estimates on the GHG for this component are presented at the end of the Section for
the sake of brevity.

Table 90: Costs and Benefits from Limits of PTE in soil (EAC, €2009)

MS Costs from | Costs from Costs of TOTALS
mono- co- landfill

incineration | incineration
Austria 453,000 373,000 63,000 890,000
Belgium 555,000 454,000 78,000 1,086,000
Finland 179,000 116,000 - 295,000
France 48,978,000 | 25,654,000 5,479,000 80,111,000
Germany 22,553,000 14,872,000 - 37,425,000
Greece 527,000 176,000 145,000 847,000
Ireland 2,301,000 743,000 651,000 3,695,000
Italy 14,159,000 9,327,000 3,939,000 27,426,000
Luxembourg 444,000 362,000 62,000 869,000
Portugal 7,158,000 2,892,000 1,562,000 11,612,000
Spain 25,477,000 16,956,000 7,025,000 49,459,000
Sweden 1,282,000 837,000 359,000 2,478,000
United 168,432,000 - - 168,432,000
Kingdom
EU15 292,498,000 | 72,763,000 | 19,364,000 | 384,625,000
Bulgaria - 910,000 637,000 1,547,000
Cyprus - 157,000 129,000 286,000
Czech 4,888,000 2,699,000 522,000 8,109,000
Republic
Estonia - 105,000 82,000 187,000
Hungary - 2,468,000 1,893,000 4,361,000
Latvia - 227,000 178,000 405,000
Lithuania - 641,000 486,000 1,127,000
Poland - 4,546,000 3,474,000 8,019,000
Romania - 686,000 509,000 1,195,000
Slovakia - 911,000 699,000 1,611,000
Slovenia - 158,000 - 158,000
EU-new 4,888,000 13,508,000 8,608,000 27,004,000
EU- 297,387,000 | 86,271,000 | 27,972,000 | 411,629,000
TOTAL

6.5.4 Setting conditions on application

Option 3 proposes a ban on application of sludge for fruit and vegetable crops and a ban for grassland. This
component will thus have the following costs implications:

e Costs to sludge producers: quantities of sludge currently used on fruit and vegetable will have to be
disposed differently, though incineration and/or landfill; and
e Costs to farmers: fertiliser replacement and, potentially, loss of agricultural production.

Some countries already have considerable restrictions relating to the types of land or timing of application of
sewage sludge. The implications of banning the use of sludge on fruit and vegetable crops and grassland are
therefore expected to vary significantly by country. Currently, we have limited information on the amount of
sludge applied on fruit, vegetable crops and grassland.
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Some consultess have stated that this component will have limited impacts (based on national legislation and
practices). Others however such as Portugal and the Uk have highlighted that there will be costs implications.
As information on the application of sludge on these particular crops alone is not available, it is not feasible
at the time of writing to put a monetary value on such impacts. If these crops represented a significant
amount of sludge, the costs for this countries will be similar to those calculated under Option 4.

6.5.5 Changes to sampling and monitoring requirements

Under Option 3, sampling and monitoring requirements will be as for Option 2 but Option 3 could have more
substances to be tested, including organics.

Table 39: Proposed Analyses

Quantity of
sludge produced per year Minimum number of analyses per year
and per plant
(tonnes of dry matter)
Agronomic Heavy metals Organic Dioxins Micro-
parameters compounds organisms
(except
dioxins)
<50 1 1 - - 1
50 — 250 2 2 - - 2
250 — 1 000 4 4 1 - 4
1000 -2 500 4 4 2 1 4
2 500 —5 000 8 8 4 1 8
> 5 000 12 12 6 2 12
Note that the number of analyses per substance is likely to be the same as under Option 2. However, for Option 3,
organics such as PAH, PCB, PCDD/F, LAS and NPE will require testing.

Similarly as for Option 2, the costs of Option 3 in this regard are similar to those calculated under quality
assurance.

6.6 Impacts from Option 3

The impacts from Option 3 are expected to be more significant than for Option 2, due to the more stringent
limits and the conditions on application. The following Table summarises the net costs of the different
components from this Option. These include:

« Costs of alternative disposal;

« Obligation of treatment;

« Loss of use of sludge as a fertiliser and fertiliser replacement costs;

« Benefits/costs from alternative routes of disposal including climate change; and
« Human health from alternative routes of disposal.

Table 91: PV costs from Different Option Components under Option 3

MS PTE in sludge oC Pathogens QA= PTE in soil
Increased
analysis
Austria 8,682,000 21,706,000 10,463,000 188,000 8,682,000
Belgium 5,302,000 7,952,000 6,457,000 116,000 10,603,000
Denmark 28,533,000 - 5,534,000 623,000 -
Finland 1,440,000 7,202,000 3,395,000 61,000 2,881,000
France 781,921,000 469,153,000 934,005,000 6,567,000 781,921,000
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MS PTE in sludge ocC Pathogens QA= PTE in soil
Increased
analysis
Germany 730,578,000 456,611,000 407,524,000 3,743,000 365,289,000
Greece 10,338,000 10,338,000 4,776,000 86,000 8,271,000
Ireland 90,173,000 90,173,000 43,675,000 786,000 36,069,000
Italy 334,608,000 334,608,000 163,415,000 2,941,000 267,686,000
Luxembourg 2,120,000 10,601,000 5,207,000 94,000 8,481,000
Portugal 170,008,000 170,008,000 207,430,000 1,152,000 113,339,000
Spain 603,424,000 603,424,000 289,810,000 5,217,000 482,739,000
Sweden 12,095,000 30,238,000 14,980,000 270,000 24,190,000
United 1,130,231,000 1,952,218,000 754,888,000 6,933,000 1,643,973,000
Kingdom
EU15 3,909,455,000 4,164,233,000 2,851,559,000 28,777,000 3,754,125,000
Bulgaria 22,647,000 18,872,000 9,941,000 1,118,000 15,098,000
Cyprus 4,187,000 3,489,000 2,112,000 238,000 2,791,000
Czech 118,723,000 98,936,000 42,126,000 4,739,000 79,149,000
Republic
Estonia 2,735,000 2,279,000 1,336,000 150,000 1,823,000
Hungary 63,853,000 53,211,000 30,511,000 3,433,000 42,569,000
Latvia 5,931,000 4,942,000 2,880,000 324,000 3,954,000
Lithuania 16,495,000 13,746,000 7,799,000 877,000 10,997,000
Poland 117,410,000 97,842,000 55,910,000 6,290,000 78,273,000
Romania 17,492,000 14,577,000 8,109,000 912,000 11,661,000
Slovakia 23,581,000 19,651,000 11,268,000 1,268,000 15,721,000
Slovenia 2,308,000 1,924,000 1,032,000 116,000 1,539,000
EU-new 395,363,000 329,469,000 173,024,000 19,465,000 263,575,000
EU-TOTAL 4,304,818,000 4,493,702,000 3,024,583,000 48,242,000 4,017,700,000
Table 92: EAC costs from Different Option Components under Option 3
MS PTE in sludge oC Pathogens QA= Increased PTE in soil
analysis
Austria 890,000 2,224,000 1,072,000 19,000 890,000
Belgium 543,000 815,000 662,000 12,000 1,086,000
Denmark 2,923,000 - 567,000 64,000 -
Finland 148,000 738,000 348,000 6,000 295,000
France 80,111,000 48,067,000 95,693,000 673,000 80,111,000
Germany 74,851,000 46,782,000 41,752,000 383,000 37,425,000
Greece 1,059,000 1,059,000 489,000 9,000 847,000
Ireland 9,239,000 9,239,000 4,475,000 81,000 3,695,000
Italy 34,282,000 34,282,000 16,743,000 301,000 27,426,000
Luxembourg 217,000 1,086,000 533,000 10,000 869,000
Portugal 17,418,000 17,418,000 21,252,000 118,000 11,612,000
Spain 61,823,000 61,823,000 29,692,000 535,000 49,459,000
Sweden 1,239,000 3,098,000 1,535,000 28,000 2,478,000
United 115,797,000 200,013,000 77,341,000 710,000 168,432,000
Kingdom
EU15 400,539,000 426,642,000 | 292,154,000 2,948,000 384,625,000
Bulgaria 2,320,000 1,934,000 1,018,000 115,000 1,547,000
Cyprus 429,000 357,000 216,000 24,000 286,000
Czech 12,164,000 10,136,000 4,316,000 486,000 8,109,000
Republic
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MS PTE in sludge ocC Pathogens QA= Increased PTE in soil
analysis

Estonia 280,000 233,000 137,000 15,000 187,000
Hungary 6,542,000 5,452,000 3,126,000 352,000 4,361,000
Latvia 608,000 506,000 295,000 33,000 405,000
Lithuania 1,690,000 1,408,000 799,000 90,000 1,127,000
Poland 12,029,000 10,024,000 5,728,000 644,000 8,019,000
Romania 1,792,000 1,493,000 831,000 93,000 1,195,000
Slovakia 2,416,000 2,013,000 1,154,000 130,000 1,611,000
Slovenia 237,000 197,000 106,000 12,000 158,000
EU-new 40,506,000 33,755,000 17,727,000 1,994,000 27,004,000
EU-TOTAL 441,046,000 460,398,000 | 309,881,000 4,943,000 411,629,000

As it can be seen from the Table, the component causing the greatest costs is the new limits of OC followed
by PTE limits in sludge.

6.6.1

Environmental and Human Health Impacts

Although there will be benefits (environmental and human health) from more stricter standards these cannot
be easily quantified. This is due to the lack of evidence on dose-response but it is uncertain whether this is
due to the Directive and/or existing national legislation and practices.

The external costs from alternative disposal options subject to quantification are expected to be around 10%
of the total costs of the values above. Table 92 presents the valuation of GHG emissions based on the
emissions from alternative disposal applied (environmental and human health impacts due to GHG

emissions).

Table 93: EAC due to GHG from alternative disposal by Component

MS PTE in sludge OC in sludge PTE in soil
Austria 121,000 302,000 121,000
Belgium 71,000 106,000 141,000
Denmark 298,000 - -
Finland 18,000 88,000 35,000
France 9,981,000 5,989,000 9,981,000
Germany 10,396,000 6,498,000 5,198,000
Greece 138,000 138,000 110,000
Ireland 934,000 934,000 374,000
Italy 4,386,000 4,386,000 3,508,000
Luxembourg 27,000 136,000 109,000
Portugal 2,493,000 2,493,000 1,662,000
Spain 8,507,000 8,507,000 6,805,000
Sweden 148,000 370,000 296,000
United 14,020,000 24,217,000 20,393,000
Kingdom

EU15 51,537,000 54,164,000 48,734,000
Bulgaria 484,000 403,000 322,000
Cyprus 58,000 48,000 39,000
Czech 2,116,000 1,763,000 1,411,000
Republic

Estonia 42,000 36,000 28,000
Hungary 1,070,000 892,000 713,000
Latvia 94,000 79,000 63,000
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MS PTE in sludge OC in sludge PTE in soil
Lithuania 286,000 239,000 191,000
Malta - - -
Poland 1,985,000 1,654,000 1,323,000
Romania 327,000 273,000 218,000
Slovakia 397,000 330,000 264,000
Slovenia 48,000 40,000 32,000
EU-new 7,169,000 5,975,000 4,781,000
EU-TOTAL 58,706,000 60,139,000 53,514,000

6.6.2 Other Impacts

One other impact that was considered in the initial assessment was the effects on agricultural production.
Consultation has revealed however that such impacts are expected to be negligible.

There may be some benefits in terms of amenity and public perception. These are highly uncertain however
and have not been valued. One other benefit from this Option is that it will help meeting some other
legislation objectives, such as WFD objectives. On the other hand, too stringent limits may compromise
meeting some other legislation such as the Waste Directive. These impacts have been highlighted by the
consultees but are difficult to put a monetary value on.

6.6.3 Distributional Analysis

6.6.3.1 Distributional impacts among M$

The impacts from the different option components will vary according to the MS. The following Table sets
out the percentages of costs falling on the different MS according to their contribution to the total costs. As
it can be seen, the main costs will fall onto the old MS. This is, as for Option 2, due to the fact that the
projections from the sludge arising are more significant. Among those EU-15 that are likely to be the most
affected are the UK, France, Germany and Spain; although the percentages vary according to the component
considered. It is important to note here, however, that the zeros may be due to rounding and do not
necessarily entail zero costs (but the costs would be small against the totals).

Table 94: Distributional Analysis

MS PTE in sludge oC Pathogens QA= PTE in soil
Increased
analysis
Austria 0% 0% 0% 0% 0%
Belgium 0% 0% 0% 0% 0%
Denmark 1% 0% 0% 1% 0%
Finland 0% 0% 0% 0% 0%
France 18% 10% 31% 14% 19%
Germany 17% 10% 13% 8% 9%
Greece 0% 0% 0% 0% 0%
Ireland 2% 2% 1% 2% 1%
Italy 8% 7% 5% 6% 7%
Luxembourg 0% 0% 0% 0% 0%
Netherlands 0% 0% 0% 0% 0%
Portugal 4% 4% 7% 2% 3%
Spain 14% 13% 10% 11% 12%
Sweden 0% 1% 0% 1% 1%
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MS PTE in sludge ocC Pathogens QA= PTE in soil
Increased
analysis
United
Kingdom 26% 43% 25% 14% 41%
EU15 91% 93% 94% 60% 93%
Bulgaria 1% 0% 0% 2% 0%
Cyprus 0% 0% 0% 0% 0%
Czech
Republic 3% 2% 1% 10% 2%
Estonia 0% 0% 0% 0% 0%
Hungary 1% 1% 1% 7% 1%
Latvia 0% 0% 0% 1% 0%
Lithuania 0% 0% 0% 2% 0%
Malta 0% 0% 0% 0% 0%
Poland 3% 2% 2% 13% 2%
Romania 0% 0% 0% 2% 0%
Slovakia 1% 0% 0% 3% 0%
Slovenia 0% 0% 0% 0% 0%
EU-new 9% 7% 6% 40% 7%
EU-TOTAL 100% 100% 100% 100% 100%

6.6.3.2 Distributional impacts among Stakeholders

As for distributional impacts among stakeholders, the main stakeholders affected are:

sludge producers: operators of sewage treatment works would have to upgrade and replace current
treatment plant equipment in order to meet the new standards of treatment set out in the regulations
and dispose of the sludge that will not be recycled; and

local authorities/municipalities: running the incinerators and/or landfills (and/or companies on their
behalf or sub-contractors) that may need upgrading capabilities and/or setting new incinerator
facilities and

farmers: who are the sludge users, would have to comply with revised restrictions. Farmers would
face costs for replacement of fertilisers (or treated sludge). However the consultation has revealed
that they will use other organic fertilisers and not just mineral fertilisers which may be more
expensive. The costs in terms of impacts on agricultural production are according to the stakeholders
likely to be negligible. Hence unemployment impacts are expected to be negligible in this sector
alone.

The exact distribution in costs is uncertain but sludge producers and waste disposal facilities will bear the
greatest costs. Stakeholders have expressed concerns about the possibility that water companies may pass on
the costs from complying with new standards. This is possible; in some MS, however, such price increases
are regulated, e.g. the UK, and as a result such increases are not expected to be significant.

On the other hand, stakeholder have highlighted that strict limits on sludge may cause unemployment impacts
on related sectors such as manufacturers of recycling machinery. These impacts need highlighting although
their quantification is surrounded by uncertainty.

Environmental and social costs will accrue from increased incineration and landfill, as these will be the
alternative routes for disposal to untreated sludge. These will accrue to all stakeholders through airborne
pollutants.
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7. Option 4: total ban on the use of sludge on land

7.1 Overview of Option 4

Option 4 will consist of a total ban on the use of sludge on land.

The main risks from this Option relate to the impacts from the alternative means of disposal for sludge,
amenity impacts from landfill and public health risk from incineration (i.e. air emissions). Such impacts
are quantified below. The main benefits relate to reduced risk to the environment and human health from
application of sludge, but these will have to offset the costs of the alternative routes of disposal, which
seems unlikely. There will be benefit from compliance with other legislation, such as the WFD. But these
are very difficult to quantify due to uncertainty about the degree of implementation of relevant legislation
at national level.

7.2 Impacts from Option 4

7.2.1 Step 1: Identification of MS affected by changes to the Directive

This Option will have significant implications in all MS, excluding parts of Austria (specifically two of its
nine federal states) and the Netherlands (since there effectively is already a ban).

The countries most affected by the ban will be those where recycling is the greatest, i.e Luxembourg,
Ireland, France, UK, Hungary, Spain.

7.2.2 Step 2: Impacts on Sludge Management

The only alternatives for the sludge failing will be incineration and/or landfill. The following Table
summarises the assumptions in terms of disposal for sludge failing the standards.

Table 95: Disposal for sludge under Option 4

MS Co- Mono- Landfill
incineration incineration
Austria 50 40 10
Belgium 50 40 10
Denmark 40 50 10
Finland 50 50 -
France 40 50 10
Germany 50 50 -
Greece 25 50 25
Ireland 25 50 25
Italy 40 40 20
Luxembourg 50 40 10
Netherlands - - -
Portugal 30 50 20
Spain 40 40 20
Sweden 40 40 20
United Kingdom - 100 -
EU15 - - -
Bulgaria 50 - 50
Cyprus 50 - 50
Czech Republic 40 50 10
Estonia 50 - 50
Hungary 50 - 50
Latvia 50 - 50
Service contract No 070307/2008/517358/ETU/G4 89 Environmental, economic and social impacts of the use

of sewage sludge on land



MS Co- Mono- Landfill
incineration incineration

Lithuania 50 - 50

Poland 50 - 50

Romania 50 - 50

Slovakia 50 - 50

Slovenia 100 - -

7.2.3 Step 3: Impacts from the component - Costs and Benefits

The following costs are calculated on the basis of the costs of the alternative disposal options. The unit
cost presented in Section 3 are used for the analysis. It isimportant to note that owing to the nature of the
unit costs, such costs include both environmental and human health costs in addition to financial costs.
The environmental costs on the basis of the degree of quantification possible to date however represent
around 10% of the total costs (although in the case of incineration the externality are closer to the 10%
value of the total quantifiable costs). Estimates on the GHG for this component are presented at the end of
the Section.

Table 96: Costs from Option 4 (EAC, €2009)

MS Costs from Costs from Costs of TOTALS
mono- co- landfill
incineration incineration
Austria 2,266,000 1,866,000 315,000 4,448,000
Belgium 1,387,000 1,135,000 194,000 2,716,000
Denmark 8,992,000 4,598,000 1,026,000 14,617,000
Finland 896,000 580,000 - 1,476,000
France 97,956,000 51,308,000 10,958,00 | 160,222,000
0
Germany 56,382,000 37,181,000 - 93,563,000
Greece 1,317,000 439,000 362,000 2,118,000
Ireland 11,507,000 3,715,000 3,256,000 18,477,000
Italy 35,398,000 23,318,000 9,848,000 68,564,000
Luxembourg 1,111,000 905,000 156,000 2,172,000
Portugal 17,894,000 7,231,000 3,906,000 29,030,000
Spain 63,694,000 42,390,000 17,562,00 | 123,646,000
0
Sweden 3,205,000 2,092,000 899,000 6,196,000
United 210,540,000 - - 210,540,000
Kingdom
EU15 512,544,000 176,758,000 48,483,00 | 737,785,000
0
Bulgaria - 2,000 2,000 4,000
Cyprus - 394,000 321,000 715,000
Czech 12,221,000 6,748,000 1,304,000 20,273,000
Republic
Estonia - 261,000 206,000 467,000
Hungary - 6,170,000 4,734,000 10,903,000
Latvia - 569,000 444,000 1,013,000
Lithuania - 1,602,000 1,215,000 2,817,000
Poland - 11,364,000 8,685,000 20,049,000
Romania - 1,715,000 1,272,000 2,987,000
Slovakia - 2,279,000 1,748,000 4,027,000
Slovenia - 394,000 - 394,000
EU-new 12,221,000 31,497,000 19,930,00 63,648,000
0
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0

EU-
TOTAL

‘ 524,765,000 ‘ 208,255,000 ’ 68,412,00 ‘ 801,433,000 ‘

The impacts from Option 4 are expected to be more significant than for any of the other options. The above
figures include the costs, internal and external, for alternative disposal options for sludge that will not be
recycled due to the ban.

The benefits from the ban itself in terms of reduced risk to the environment and human health are not
included above. This is because, as highlighted earlier such benefits are not subject to valuation (due to the
lack of data on dose-response).

7.2.4 GHG from alternative disposal

The costs from GHG emissions are set out in the next table.

Table 97: Costs from Option 4 (EAC, €2009)

MS Landfill Mono- Co- TOTAL
Costs incineration | incineration
Austria 22,000 261,000 321,000 604,000
Belgium 13,000 152,000 188,000 353,000
Denmark 53,000 804,000 633,000 1,490,000
Finland - 89,000 87,000 176,000
France 716,000 10,769,000 8,477,000 19,962,000
Germany - 6,550,000 6,446,000 12,995,000
Greece 28,000 166,000 82,000 276,000
Ireland 187,000 1,126,000 554,000 1,868,000
Italy 678,000 4,079,000 4,014,000 8,771,000
Luxembourg 10,000 118,000 145,000 272,000
Portugal 320,000 2,411,000 1,423,000 4,155,000
Spain 1,315,000 7,912,000 7,786,000 17,013,000
Sweden 57,000 344,000 339,000 740,000
United
Kingdom - 25,492,000 - 25,492,000
EU15 3,398,000 60,274,000 30,496,000 94,167,000
Bulgaria - - 628,000 628,000
Cyprus - - 76,000 76,000
Czech
Republic - 1,917,000 1,509,000 3,426,000
Estonia - - 56,000 56,000
Hungary - - 1,405,000 1,405,000
Latvia - - 124,000 124,000
Lithuania - - 375,000 375,000
Poland - - 2,612,000 2,612,000
Romania - - 422,000 422,000
Slovakia - - 519,000 519,000
Slovenia - - 80,000 80,000
EU-new 2,227,000 1,917,000 7,807,000 11,950,000
EU-
TOTAL 5,625,000 62,190,000 38,302,000 106,117,000
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7.2.5 Distributional Analysis

7.2.5.1 Distributional impacts among M$

The table below provides the share of the total costs by MS. As it was noted earlier the countries most
affected are the UK and France due to the greatest amount of sludge being recycled. The EU-15 will bear
the greatest costs of the ban as opposed to newer MS (this also is due to the volume of sludge generated).

Table 98: Distributional Analysis

MS Share of
total costs
Austria 1%
Belgium 0%
Denmark 2%
Finland 0%
France 20%
Germany 12%
Greece 0%
Ireland 2%
Italy 9%
Luxembourg 0%
Netherlands 0%
Portugal 4%
Spain 15%
Sweden 1%
United
Kingdom 26%
EU15 92%
Bulgaria 0%
Cyprus 0%
Czech
Republic 3%
Estonia 0%
Hungary 1%
Latvia 0%
Lithuania 0%
Malta 0%
Poland 3%
Romania 0%
Slovakia 1%
Slovenia 0%
EU-new 8%
EU-
TOTAL 100%
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7.2.5.2 Distributional impacts among stakeholders

As before, the main cost will fall onto sludge and waste disposal operators and farmers currently using the
sludge. The impacts on the sludge operators however are significantly greater than on the farmers.

There may be a possibility that the costs will be passed on to consumers. Price-elasticities for water
services are fairly inelastic; on the other hand, regulation in some MS could stop water companies to pass
all the costs in full. Information on price elasticities by MS is not available; hence these impacts cannot be
evaluated in detail. However, owing to the greater costs, the possibility that these costs may be passed on is
greater than for the other Options.

As before, there will be social impacts associated with the human health impacts stemming from the
alternative disposal routes will fall on all stakeholders. These have been included in the above values
however.

7.3 Summary of Costs and Benefits and Distributional Impacts from Option 4

This Option is likely to have significant impacts on the different MS. The main costs associated with this
option will be related to:

o financial costs from increased incineration and recycling;

e environmental costs from increased incineration and recycling (i.e. from transport and emissions);
and

e human health impacts derived from the above (increased incineration and landfill).

The total costs estimated in Andersen & Sede (2002), for the scenario where no sludge is able to meet the
new regulatory requirements, could be seen as a check for this Option. This scenario led to costs of
1.2bn/year for the 15 MS of the European Union.

Another study calculated the value of sewage sludge in the EU to range from 0.5% to 1% of the total
agricultural budget in the EU* (used to substitute mineral fertiliser). The agricultural budget for the EU in
2009 is €116bn. This would imply that the value of sludge is of around €0.58bn to €1.16bn per year.

Our estimates, annualised costs, are estimated to be of around €0.8bn. This is not very far off the estimate
produced above.

** Kroiss H and Zessner M (2007): Ecological and Economical Relevance of Sludge Treatment and Disposal
Options, Institute for Water Quality and Waste Management at Vienna University of Technology, Austria.
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8. Option 5: Repeal of the Directive
8.1 Overview of Option

Option 5 will involve repealing the Directive.

8.2 Impacts from this Option

The impacts of this option will depend on two main issues: first, how Member States react and in particular
whether they might change national legislation governing sewage sludge; and second, the extent to which
other EC legislation might govern the sludge disposal and in particular the spreading of sludge on land.
The future actions of the Member States in this situation in particular are difficult to predict.

8.2.1 Actions of Member States

As noted above, it is quite difficult to predict the actions of Member States were the Sewage Sludge
Directive to be repealed. On the one hand, Member States with national legislation that is currently more
stringent than the directive might keep this in place. However, Member States would also be free to remove
all restrictions on sludge disposal (within the restrictions of other EC legislation).

Under this Option, however, we could assume that the national legislation will remain in place especially
in the short term but changes may be introduced in the future. The greatest issue however is that in the
case that some Member States lift all restrictions on sludge disposal. In this case, people could just apply
sludge how and when they wanted (in line with national requirements). This may not guarantee a standard
level of protection across all MS.

8.2.2 Influence of other EC legislation
Without the Sewage Sludge Directive in place, other EC legislation might influence the spreading of

sludge on land. The following table presents an overview of other environmental protection legislation that
might influence the spreading of sludge. (Note that such drivers also apply to the baseline scenario).

Table 99: Current EC environmental legislation that might influence the spreading of sludge on
land if Directive 86/278/EEC were to be repealed

Directive Potential influence

Directive 2008/98/EC o sets the basic concepts and definitions related to waste managament and
lays down waste management principles such as the "polluter pays
principle” or the "waste hierarchy" thus recycling is a better options than
disposal,;

o could lead to further recycling provided that standards are being met (will
favour incineration versus landfilling)

Directive 91/676/EEC — Nitrates e Fertilizer application limited in nitrate vulnerable zones; also affects

Directive sludge application

¢ No influence on other pollutants
Council Regulation (EC) No e Ban on organic labelling of sewage sludge (Annex | to Regulation
889/2008 on organic production contains positive lists of fertilisers and soil improvers allowed in organic
and labelling of organic products farming. Sludge is not included)

e Asorganic production is a small share of all agriculture, any effects from
this Regulation or Member State requirements likely to be negligible
overall; perhaps some influence in restricted local areas

EC Decisions 2006/799 and e Growing media containing sludge shall not be awarded an eco-label
2007/64 on criteria for the award e Same as above: likely to have negligible or mainly local effects

of a Community eco-label to
growing media

Environmental Liability Directive | e Environmental liability requirements may encourage private operators to
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Directive Potential influence

2004/35/EC use good practice for sludge disposal — not all operators, however, may
do so

Directive 2003/87/EC on e Possible impact on ammonia production

greenhouse gas emissions

Directive 2006/118/EC — e May influence spreading of sludge in local areas where groundwater

groundwater protection against exceeds quality standards

pollution and groundwater quality

standards

Directive 2008/105/EC — EQS for | e May influence spreading of sludge in local areas where surface waters

pollutants to achieve good surface exceed quality standards

water quality

The initial analysis suggests that these pieces of legislation may have some influence on the spreading of
sewage sludge. However, they will influence only specific pollutants (the case for the Nitrates Directive) or
local areas, for example where groundwater or surface water quality does not meet standards. While the
Liability Directive might have a more broad-based influence, it may not affect all operators.

The European Commission’s proposal for a Framework Soils Directive (COM(2006) 232) may have a
more far-reaching effect. This proposal remains under discussion, however, and in the face of this
uncertainty it has not been assessed.

A further question is whether EC food safety legislation would protect human health from indirect
exposure, e.g. from fruits and vegetables grown using sewage sludge. Here, a broad and integrated
framework of legislation has been put in place to ensure food safety (the framework is provided by
Regulation (EC)178/2002 laying down the General Principles and requirements of Food Law). It is not
clear, however, if this legislation and its implementation currently addresses potential risks from the
spreading of sewage to land, as these are covered by the Sewage Sludge Directive. The repeal of this
directive might require an adjustment of food safety legislation and its implementation in order to ensure
adequate protection of human health.

8.3 Assessment of Option
8.3.1 Assessment of economic impacts
The marginal costs of this Option against the baseline are negligible.

The benefits will be in terms of costs savings from current monitoring, sampling and analysis accruing to
the regulatory authorities. However, it is not certain that MS will change their regulation and practices.
Indeed, it is unlikely that repeal of the Directive will lead to the adoption of less stringent quality standards
for sludge in national legislation, especially in the short term. This is based on the results of the first
consultation. So savings may not be large.

It is important to identify that such option may affect trade among MS depending on consumers’
perception of risk from different products. Competitiveness and competition may be affected at EU level
too; operators of wastewater treatment plants across the EU might find much greater divergences among
Member State requirements than at present. While in some Member States they might realise savings, in
others they would not. This could indicate significant distributional impacts.

8.3.2 Assessment of environmental and social impacts

In a worst-case scenario, a country could remove all restrictions on the spreading of sludge. This might
create actual health impacts from contamination of food, and while sludge is not traded among Member




States, food is, making this a risk for the EU as a whole. The question is: does EU food safety legislation
provide adequate safeguards against such an event?

In addition, as highlighted above, consumer perception and confidence are likely to play a key role on the
social impacts (and likely macro-economic impacts) from this Option. It is important to identify that such
option may affect consumer confidence as well as trade among MS depending on consumers’ perception of
risk from different products. The repeal of the directive could significantly reduce consumer confidence in
the safety of food products, either from specific Member States or in general. In the consultations for this
study, one stakeholder warned that the end result could be an end to all spreading of sewage sludge on
land.

8.4 Summary of Costs and Benefits from Option 5
This preliminary review thus suggests that other EC environmental legislation would not provide sufficient
protection of the environment in the event that Directive 86/278/EEC were to be repealed; nor would other
legislation provide sufficient protection of human health from direct impacts of sewage sludge spread on
land.
The responses from the consultation on this Option include the following:
Option 5 is not acceptable as it cannot guarantee protection of the environment. It will have an
impact on stakeholders’ confidence. This could lead to a sudden loss of the sludge to land outlet
and Option 5 will have similar impacts to Option 4.

86/278/EEC was the first soil protection directive and to a very large extent it still is. 1t would be
very regrettable if it was repealed.

Option 5 is unacceptable because there must be a legal instrument that provides protection of
public health and the Environment

In relation to option 5, any perceived savings are likely to be offset by the damage which might
result to consumer confidence and the land bank for spreading.

This tentative conclusion would appear to make this option unacceptable.
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9.  Sensitivity Analysis
9.1 Main sources of uncertainty
The main sources of uncertainty of this impact assessment relate to the following:

a. assumptions concerning the amount of sludge being affected and the different management routes
for the sludge failing to meet the new standards;
b. unitary costs and benefits related to the different management options.

Sensitivity analysis is undertaken on the three aspects below.
9.2 Sensitivity on Amount of Sludge affected and disposal

The assumptions concerning the sludge affected were revisited on the basis of the responses provided by
the consultees. Overall, it is expected that the consultees have taken into account responses on existing
pollution prevention measures in their countries when answering the relevant questions. However,
sensitivity analysis is still undertaken to account for the fact that more stringent analysis may lead MS to
undertake further pollution prevention at source thus reducing the amount of sludge affected going to
incineration and/or landfill as disposal.

Pollution prevention may be implemented through a variety of measures and can include individual
regulatory, economic and voluntary and educational instruments. These instruments are consistent with an
overall strategy of waste minimisation, polluter pays, and reduction at source. Examples of such
instruments in the past are included in the following box. The effectiveness of such instruments however
has been variable, with the waste water tax in Germany being limited but other such as the Danish eco-
labelling of washing powders containing LAS being highly effective. In cases, however, the same
instrument can have a varied impact depending on local conditions, e.g. a public campaign effectiveness
may depend on the degree of public awareness at the time the campaign is out.

Box 1: Examples of Pollution prevention programmes

o  Targeted waste collection in France;

o  Charges on Cadmium fertilisers in Sweden;

«  Provision of consumer information in France;

o Wastewater Tax in Germany;

« UK code of practice for the Dentist sector to reduce discharges of mercury to the sewerage system;

o  Eco-labelling and LAS in Scandinavia;

Source: ICON (2001): Pollutants in urban waste water and sewage sludge,a report for the European Commission
DG Environment.

Information on the costs and effectiveness of pollution prevention measures at source is limited by MS and
moreover can be expected to vary significantly. The selection of measure or technology to pollution
prevention and control will depend on the availability of resources but other aspects concerning perception.
Examples of costs from pollution reduction measures are provided below.

Box 2: Targeted Waste Collection in France

This measu