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ABSTRACT

The European Directive 86/278/EEC implemented in 1986 was a means adopted by
the European Union to improve use of the valuables in sewage sludge by applying
treated sludge on agricultural soils. To prevent an accumulation of pollutants, the
Directive provided suggestions limiting concentrations of toxic elements in sewage
sludge and agricultural soil. The Directive was implemented diversely throughout EU
member states, with current national legislations only partly reflecting the initial in-
tentions of the EU Directive from 30 years ago. This study demonstrates how the
European Directive was implemented in three countries currently at different stages
of replacing the agricultural application of sewage sludge with incineration (Nether-
lands, Germany and Sweden). Additionally, recent changes in the legislation with re-
gards to the re-use and final disposal of sewage sludge in the three chosen member
states are analysed. The aim was to investigate how each member state has solved
the conflict between improvement of nutrient recovery from sludge and limitation of
pollutants in agricultural soil. Based on this review, limit values are not necessarily
reflected in application rates of sewage sludge in agriculture. Following changes in
current legislation, phosphorus recovery will become a priority task. The recovery of
other valuables from sewage sludge is currently not regulated in the legislation of the

1. INTRODUCTION

Sewage sludge is produced in wastewater treatment
plants. The sludge acts concomitantly as a sink for pol-
lutants (toxic elements, organic contaminants, patho-
gens, residues of pharmaceuticals, micro plastic) and the
stream, which accumulates organic matter and nutrients in
the wastewater stream. In the EU-27, based on a 2005 cal-
culation, 9.8 MtDS/year of sewage sludge were produced
(Kelessidis & Stasinakis, 2012). By 2020, the amount of
sewage sludge was expected to exceed 13 MtDS/year in
the EU-27 following implementation of the Urban Waste
Water Treatment Directive in member states joining the EU
subsequent to 2004 (Kelessidis & Stasinakis, 2012). Cur-
rently, the main method applied in the treatment of sewage
sludge is anaerobic digestion, which makes use of approx.
50% of the organic matter by producing biogas and partly
addresses the issue of pollutants (Kelessidis & Stasinakis,
2012). Following anaerobic digestion, the sewage sludge
is disposed of or reused in a series of different ways. The
main re-use route in the EU is application on agricultural
soil (45% directly and 7% after composting of the produced
sludge (LeBlanc, Matthews, & Richard, 2008)). However,

three member states investigated.

although application on agricultural soil makes use of the
nutrients contained in the sludge, it also diffuses the pol-
lutants.

In addition to application on agricultural soil, the sludge
can be reused in land reclamation or landfill covers. The
most common disposal routes are incineration of dried
sludge and landfilling. Marine disposal of sewage sludge
was banned in EU in 1998 (Council of the European Com-
munities, 1991; Kelessidis & Stasinakis, 2012).

Re-use and disposal routes differ considerably across
the EU, particularly as the EU-Directive 86/278/EEC issued
in 1986 only provides guidelines relating to the re-use and
final disposal of sewage sludge. Figure 1 and Figure 2 pro-
vide an overview of the total amounts per year and capita
and the disposal routes for sewage sludge in selected EU
countries.

The Netherlands, Germany and Sweden were chosen
for this comparative study in view of their objective to
minimise or abolish the use of sludge in agriculture whilst
continuing to re-use the valuables contained in the sludge.
Accordingly, legislation in these countries is required to
identify solutions for the disposal or elimination of pollut-
ants, whilst allowing for re-use of valuables. This conflict

* Corresponding author:
—\ Torben Bauer
[l email: torben.bauer@ltu.se

QQ Detritus / Volume 10 - 2020 / pages 92-99
https://doi.org/10.31025/2611-4135/2020.13944
© 2019 Cisa Publisher. Open access article under CC BY-NC-ND license



is examined herein. While the Netherlands progressed to
an incineration-only strategy several years ago, Germany
has also recently adhered to this trend and is currently
reducing the share of land application in favour of incin-
eration. Although Figure 2 shows a different approach
in Sweden, a change from application in agriculture to
incineration is also being debated in Sweden. The large
share of “other” in Sweden indicates the usage of sewage
sludge in landfill covers, seen as a form of land reclama-
tion (Svinhufvud, 2017). For newer EU member countries
such as Poland or Czechia, re-use and disposal routes dif-
fer widely with a focus on application in agriculture and
landfilling. In the case of more recent EU-member states,
it is unclear what the share of “other disposal route” rep-
resents (European Commission, 2004, 2017; Kelessidis &
Stasinakis, 2012).

The aim of this study was to highlight the differences
manifested in implementation of the EU Directive 86/278/
EEC in the chosen member states. For this purpose, both
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EU-level and national legislation from certain member
states was analysed. The main focus was on limit values
for toxic elements, as established both in the EU Directive
and by national legislation, with a view to investigating
how these limit values rule out certain re-use and disposal
routes. In addition, the existence of limit values for organic
pollutants and changes in legislation in recent years were
analysed to clarify how the selected member states were
attempting to improve nutrient recovery without disposing
of pollutants on agricultural soil. This study was limited
to the member states listed previously: the Netherlands
served as an example of an incineration-only strategy; Ger-
many was selected in the light of a recent (2017) change in
legislation to promote a reduced application in agriculture
and increased incineration in combination with phospho-
rus recovery. Finally, Sweden was chosen due to its reli-
ance on application in agriculture, although in the presence
of an ongoing policy process aimed at prohibiting all appli-
cations in agriculture whilst continuing to undertake phos-
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FIGURE 1: Final disposal of sewage sludge in EU countries per year and capita. Countries were selected based on the amount of sludge to
be disposed of being at least 20,000 tDS/year and availability of data for either 2014 or 2015 (Eurostat, 2015).
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FIGURE 2: Share of each disposal route for sewage sludge in selected EU countries. Countries were selected based on the amount of
sludge to be disposed of being at least 20,000 tDS/year and availability of data for either 2014 or 2015 (Eurostat, 2015).
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phorus recovery (Government Offices of Sweden, 2018a).

The aims were achieved by means of a literature review
of scientific articles, reports from authorities and legisla-
tion (laws and directives). The literature covers legislation
enforced at both EU level as well as in each chosen mem-
ber state. Table 1 provides an overview of the legislation
assessed.

2. BACKGROUND AND LIMITATIONS

This study focussed on limit values and future strate-
gies for the recovery of phosphorus from sludge. Although
limit values represent a minor part of the legislation system,
they form the core of the legislation, with disposal strate-
gies being expressed in limit values in many countries. The
phosphorus recovery strategies implemented in the cho-
sen member states share the common features whereby
applications in agriculture are no longer envisaged, but
phosphorus is still recovered and reused. To achieve this,
policy-makers develop long-term strategies which can no
longer be expressed only in limit values. By analysing limit
values and future phosphorus recovery strategies, assump-
tions relating to future sewage sludge re-use and disposal
strategies in the member states can be made without the
need to assess other parts of the legislation.

This paper did not take into account comparisons be-
tween the fertilising qualities of sludge, sludge based ferti-
lizers and other commercial fertilizers. Phosphorus recov-
ery was only addressed in terms of legislation strategies
and no analysis of strategies focussing on circular phos-
phorus flows was conducted. Accordingly, no conclusions
can be drawn with regard to the importance of phosphorus
recovery strategies in, for example, a circular economy.

3. RESULTS & DISCUSSION

The legislation evaluated for the following chapter is
shown in Table 1.

3.1EU

The EU Directive 86/278/EEC dated June 1986 estab-
lishes rules and limits relating to the application of sewage
sludge on agricultural soil for the purpose of recycling nu-
trients present in the sludge, but also limits the accumula-

tion of toxic elements in the soil. The Directive suggests
that member states either set limits for concentrations of
toxic elements in the sludge or set accumulation limits for
toxic elements in the soil. Limit values for both cases can
be found in the Directive, although member states may also
opt to implement stricter regulations. In addition to limiting
toxic elements, the Directive regulates the documentation
of sludge usage as well as providing recommendations for
nutrient needs of plants, quality of soil and sludge stabili-
zation (Brown, Tsiarta, Watson, & Hudson, 2015; Council of
the European Union, 1986a).

According to Brown (2015) the Directive has been im-
plemented by all EU member states, with many setting
stricter limits for concentrations of toxic elements in soil
than the values suggested in the EU Directive (e.g. 20 mem-
ber states have stricter values for Cd). An even higher num-
ber of member states have set more restrictive values for
concentrations of toxic elements present in sludge used in
agriculture (Kelessidis & Stasinakis, 2012). In contrast, the
frequencies for soil testing vary considerably and have not
been fully implemented in several member states (Brown
etal., 2015).

3.2 Netherlands

In the Netherlands, the application of sewage sludge
to agricultural soils had already been regulated prior to the
introduction of the EU-Directive. In 1995, the EU-Directive
was implemented into national legislation (Ruijter, 2018),
and the limit values for toxic elements in soil were lower
than values suggested in the EU-Directive. Even stricter
values were implemented for concentrations of toxic ele-
ments in sludge (Zn, Cr, and Hg more than 10 times lower
than in EU-Directive) (Brown et al., 2015). Since the values
were much more restrictive than limit values established
for other organic-based fertilizers, application in agricul-
ture of sewage sludge became virtually impossible. Moreo-
ver, landfilling was also ruled out by setting the limit for to-
tal organic carbon in landfillable sludges below 5% (Ehlert
et al., 2013). Limit values for organic contaminants were
not implemented (Ehlert et al., 2013). As changes in local
legislation were foreseeable, two mono-incinerators for
sewage sludge were put into operation in 1993 and 1995
(Ruijter, 2018).

TABLE 1: Overview of the legislative documents examined and specification of the literature it was accessed through.

Country Legal documents Accessed via Content
EU EU-directive 86/278/EEC Council of the European Union (1986) Suggestions for limit values (soil, sludge,
and secondary literature: Brown (2015); dosage), application rates, re-use and
Kelessidis & Stasinakis (2012); European disposal routes
Commission (2004, 2017)
NL BOOM Decree and Fertiliser Decree incl. Secondary literature: Brown (2015); Ehlert Limit values (soil, sludge), application rates
Implementation et al. (2013); de Boer et al. (2018); Ruijter
(2018)
DE Sewage sludge ordinance (AbfKI&rV) 2015 Bundesministerium fiir Umwelt (2015); Limit values (soil, sludge), application rates,
and 2017, Fertilizer and Soil ordinance Bundesregierung (2017c, 2017a, 2017b) phosphorus recovery strategy, sludge han-
(DUMV and BBodSchV) and secondary literature: Brown (2015); van : dling and transport
Aaken (2017)
SE Directives of Swedish environmental pro- Government Offices of Sweden (2018); Limit values (soil, sludge dosage), applica-
tection agency: SNFS 1994:2; SNFS 1998:4; : Naturvardsverket (1994, 1998, 2001) and tion rates (by sludge dosage)
SNFS 2001:5 secondary literature: Brown (2015); Oberg &
Committee directive Dir. 2018:67 Mason-Renton (2018)
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Today the two mono-incinerators treat 50% of the sew-
age sludge produced in the Netherlands. The rest is co-in-
cinerated in bio-energy plants, cement production, munic-
ipal solid waste incinerators and in a German coal power
plant. Phosphorus removal from wastewater has been
mandatory in the Netherlands since 1995 (Ruijter, 2018).
Phosphorus recovery from ash is tested in the mono-in-
cinerators. In addition, phosphorus recovery by formation
of struvite in the wastewater treatment process is tested.
The regulations for fertilizers in the Netherlands have a
category for recovered phosphorus, making it easier for
recovered phosphorus to enter the market. Since 2015,
the Netherlands have legislated on phosphorus recovery,
although this has proved difficult to implement (de Boer,
Romeo-Hall, Rooimans, & Slootweg, 2018).

3.3 Germany

In Germany, the EU-Directive was implemented through
the sewage sludge ordinance in 1992. The limits in the or-
dinance for concentrations of toxic elements in soil and
sludge were stricter in some parts than the limit values
suggested by the EU-Directive. In addition, limit values for
organic contaminants (polychlorinated biphenyls (PCB))
and maximum amounts for application of sludge on ag-
ricultural soil were implemented (Brown et al., 2015; Bun-
desministerium fiir Umwelt, 2015; Council of the European
Union, 1986a).

The German sewage sludge ordinance was updated in
2017. The limits for toxic elements in the soil were aligned
with the federal soil protection ordinance and toxic element
limits for sludge were matched with those of the fertilizer
ordinance. Sludge limits remained as in the previous sew-
age sludge ordinance. Additionally, the mixing of sludges
or ashes from sludge incineration was limited and docu-
mentation requirements for sludge production, transport,
incineration and disposal were intensified. The average
sewage sludge in Germany continues to meet the new toxic
element limits for agricultural use. In addition to the adap-
tion of limits, a strategy for phosphorus recovery was intro-
duced: from 2029 onwards, wastewater treatment plants
with a capacity of more than 100.000 inhabitant equiva-
lents phosphorus recovery will be mandatory if the sludge
contains more than 20 g phosphorus per kg of sludge dry
matter. For these treatment plants, application in agricul-
ture of sludge will be forbidden from 2029 onwards. From
2032, these regulations will also apply for plants with a
capacity of more than 50.000 inhabitant equivalent units.
Smaller plants will not be required to recover phosphorus
from sludge. Furthermore, the ordinance does not specify
use of any particular technology or method for phosphorus
recovery (Bundesministerium fir Umwelt, 2017; Bundesre-
gierung, 2017a, 2017b; van Aaken, 2017a).

3.4 Sweden

In Sweden, the EU-Directive was implemented in 1994
(Naturvardsverket, 1994), and subsequent amendments
made in 1998 and 2001 (Naturvardsverket, 1998, 2001a).
These amendments also addressed changes to the limit
values of toxic elements relating to use of sewage sludge
in agriculture. The Swedish legislation includes toxic ele-

ment limits for both soil and applied sludge. In contrast to
the legislation enforced in the Netherlands and Germany,
the toxic element content of the sludge is not regulated, but
rather the quantity of toxic elements to be applied to agri-
cultural soil is limited; this implies that highly contaminated
sludges may be applied in low dosages.

It should also be highlighted how following recommen-
dation by the Swedish farmers’ association that members
cease all agricultural application in 1999 (Bengtsson &
Tillman, 2004), a voluntary certification, REVAQ, was estab-
lished, which included stricter limit values (Malmqvist, Kar-
rman, & Rydhagen, 2006). This form of limitation beyond
state regulation represents the expression of a more delib-
erative mode of governing sewage sludge management, as
seen in Sweden (Oberg & Mason-Renton, 2018).

The Swedish government and environmental protection
agency has been working to develop phosphorus recovery
strategies, stricter limit values for toxic elements and new
limits for organic contaminants since 2012 (Bergqvist et
al., 2013; Svinhufvud, 2017). Currently, the aim is to set up
a new regulation for sewage sludge disposal banning the
usage of sewage sludge on land, including agriculture, al-
though allowing for phosphorus recovery (Government Of-
fices of Sweden, 2018b). These goals are similar to those
of the new German ordinance, which will likely serve as a
template for the future Swedish ordinance.

3.5 Comparisons

In the Netherlands, the average sewage sludge in 2012
was characterised by lower concentrations of toxic el-
ements for all seven toxic elements tested than average
sludges in Germany or Sweden (Brown et al., 2015). Swed-
ish and German sludges are comparable in their average
concentrations of toxic elements (Brown et al., 2015),
whilst sludges in the Netherlands do not meet the limits for
application in agriculture.

Table 2 shows a comparison of limit values for toxic
elements present in sludge. In the Netherlands, the limit
values for toxic elements were approx. 5-10 times stricter
than values established in Germany (1992 ordinance), as
shown in Figure 3. Even following introduction of the new
German ordinance in 2017, limit values in the Netherlands
remain considerably stricter for the majority of toxic ele-
ments compared to German values. When comparing the
dose of toxic elements on agricultural soil (given as mass
flows of toxic elements per area), Sweden and the Nether-
lands have comparable values, with Swedish values being
more restrictive in part. The German values for dosage of
toxic elements are approx. 15 times higher. Although Swe-
den and the Netherlands adhere to similar dosage limits,
sewage sludge may still be applied to agricultural soil in
Sweden since limit values only relate to the dosage of toxic
elements (mass flow of toxic elements to the soil), and not
to the total concentrations of toxic elements in the sludge.

All values throughout the three countries were at least
10-fold, at times up to 100-fold, lower than values sug-
gested in the EU-Directive. In the Netherlands this was
due to the fact that both accumulation of toxic elements
in the soil and pollution of water bodies must be prevented
(Ehlert et al., 2013). All toxic elements applied to the soil
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should be taken up by crops, resulting in no accumulation
in the soil (Ehlert et al., 2013). Even for toxic elements that
are not taken up by crops, accumulation should not exceed
1 % over a 100-year time frame (Ehlert et al., 2013).

Table 3 shows the maximum allowable concentrations
of toxic elements in soil for application of sewage sludge in
agriculture. Conversely to sludge dosage values, limits for
soil are in the same range for all three countries and in line
with recommendations of the EU-Directive.

Since Germany is the only country of the three to have
implemented limit values for organic contaminants (PCB),
no comparison is possible. Although the EU included lim-
it values for organic contaminants in their draft for a new
sewage sludge directive in the year 2000, and the Swed-
ish environmental protection agency provided suggestions
for limit values on organic contaminants in 2012, neither
Sweden nor the Netherlands have implemented these
(Bergqvist et al., 2013; European Union, 2000). One reason
for this might be that the detection of organic contami-
nants is more complicated than for toxic elements (Apa-
ricio, Santos, & Alonso, 2009). Moreover, an investigation
conducted by the European Commission reported that
organic contaminants (dioxins, PCBs, PAHs, TBT) should
not be included in routine sewage sludge monitoring. The
reason for this is that only very low quantities of organic
contaminants are present in sewage sludge and have a low
water solubility, thus making health problems due to leach-
ing or plant uptake unlikely, particularly when compared to
toxic elements (Langenkamp, Part, Erhardt, & Priiel3, 2001).
On the contrary, the report indeed suggests limit values for
detergents (linear alkylbenzene sulphonates) for environ-
mental reasons, ensuring the use of only aerobically and
anaerobically degradable detergents (Langenkamp et al.,
2001).

In all three countries, landfilling has been banned as
an option for sewage sludge disposal. In the Netherlands
and Germany, this has been achieved by allowing solely
disposal of sludges with a TOC of less than 5 %. In Swe-
den, landfilling of organic waste is forbidden in general. In
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TABLE 2: Maximum allowed amounts of toxic elements in sewage
sludge which are to be applied to agricultural soil. Values for NL
and DE are calculated by multiplication of limit concentrations for
toxic elements in sewage sludge with maximum yearly dosage.
All values are given in grams per hectare and year (g/(ha*year)).
(Brown et al.,, 2015; Bundesministerium fir Umwelt, 2015, 2017
Bundesregierung, 2017a, 2017b; Council of the European Union,
19864a; Ehlert et al., 2013; Naturvardsverket, 2001a).

EU NL DE(2017)  SE(2001)

cd 150 25 2.5 0.75
cr 150 40

Cu 12,000 150 1503 300
Hg 100 15 17 15

Ni 3,000 60 134 25

Pb 15,000 200 251 25

Zn 30,000 600 6,680 600
As 30 67

cr (V) 33

TABLE 3: Maximum allowed concentrations of toxic elements
in agricultural soil to which sewage sludge is to be applied. Val-
ues for Germany are dependent on physical soil properties (min:
sand; max: clayey soil). Values given in mg/kg dry matter. (Brown
et al., 2015; Bundesministerium fiir Umwelt, 2015, 2017; Bundes-
regierung, 2017a, 2017b; Council of the European Union, 19864;
Ehlert et al., 2013; Naturvardsverket, 2001a).

nf.l; ' r:;( NL (231E7) (2357) SE
min. max.

cd 1 3 0.8 0.4 15 0.4
Cr 100 30 100 60
Cu 50 140 36 20 60 60
Hg 1 1.5 0.3 0.1 1 0.3
Ni 30 75 35 15 70 30
Pb 50 300 85 40 100 40
Zn 150 300 140 60 200 100

W Suggestion EU
NL (calculated)
DE (calculated) (2017)

K SE (2001)
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contrast to Germany and the Netherlands however, Sweden
allows the usage of sewage sludge in landfill covers. Ap-
proximately a quarter of all Swedish sludge is disposed of
in this way (Svinhufvud, 2017). The issue however is raised
as to whether this disposal route should be viewed as a
form of landfilling.

A comparison of the Dutch and German legislation
clearly reveals how the focus of German authorities is on
nutrient recycling, with application in agriculture as a major
disposal route for sewage sludge, whereas the Netherlands
have concentrated mainly on the protection of surface wa-
ters from pollutants and uncontrolled nutrient flows. Al-
though the limits in the new German ordinance are more
restrictive, application in agriculture is only partly ruled out,
and most sewage sludges can still be used in agriculture.
The main focus of the new ordinance is on aligning a se-
ries of German ordinances, placing more focus on docu-
mentation and testing and setting up a long term strategy
for phosphorus recovery. As soon as the new phosphorus
recovery strategy is in place (2029 resp. 2032) application
in agriculture will be forbidden for plants to which the strat-
egy applies.

In Sweden, the focus is directed towards keeping con-
tamination low by implementing limits as strict as the Neth-
erlands, although not ruling out land application of sewage
sludge. Due to the strict limitations for application in ag-
riculture of sludge in Sweden, illegal or accidental over-
dosage of sewage sludge on agricultural soils may occur
(zachrisson, 2019). Since the possibility of sewage sludge
application has been completely precluded in the Nether-
lands, overdosage is impossible and illegal applications
are likely to be discovered. Germany may also be prone to
illegal application or overdosage, however, due to the less
strict limits for application on the one hand and limit values
for sludge content rather than dosage on the other, illegal
application or excessive dosage are less likely. In the ab-
sence of any official data, these considerations are main-
ly based on assumptions; they could however represent a
field of interest for further research or policymaking.

A phosphorus recovery strategy is currently being de-
veloped in Sweden, with the German strategy acting, at
least in part, as a guideline for the Swedish strategy. In
Sweden, a total of 416 wastewater treatment plants are
currently operational (André et al., 2016), most of which are
relatively small in comparison to German plants, thus high-
lighting how collaborations in phosphorus recovery will be
crucial. Since the new German ordinance establishes limi-
tations regulating collaborations, particularly when mixing
different sludges or ashes, difficulties may be encountered
in setting up these collaborations or regional networks.
However, in the case of smaller wastewater treatment
plants (<50.000 inhabitant equivalent units) collaboration
in implementing complex phosphorus recovery methods
will be crucial. The latter is clearly evident in the incinera-
tion strategy of the Netherlands: although the Netherlands
have 330 wastewater treatment plants, two mono-inciner-
ators alone treat 50% of the produced sewage sludge. The
implementation of phosphorus recovery strategies on the
sites equipped with mono-incinerators is the most feasi-
ble means of nutrient recovery in the Netherlands (Ruijter,

2018). In Germany, a total of 9500 wastewater treatment
plants are currently in operation, 9000 of which treat less
than 50.000 inhabitant equivalents each. The treatment ca-
pacity of these plants corresponds to 40% of Germany’s
total wastewater treatment capacity (Durth, Kolvenbach,
& Statistisches Bundesamt und DWA-Arbeitsgruppe KEK-
1.2 “Statistik,” 2014). The new phosphorus recovery strat-
egy does not affect these plants, although it does makes
collaborations between plants more difficult. To promote
phosphorus recovery by means other than in large plants
and through application in agriculture, a series of techni-
cal and legal strategies should soon be introduced. These
strategies should also consider the need for a combined or
regional phosphorus recovery for the smaller plants. These
innovations will of course imply a need for major adaptions
to the German ordinance to ensure its suitability for use as
a potential guideline for future legislation in Sweden.

Data present in literature has underlined the difficulties
encountered in the Netherlands in implementing a policy
strategy for phosphorus recovery. However, several pilot
scale tests for phosphorus recovery are currently being
conducted at wastewater treatment plants and mono-in-
cinerators (Ruijter, 2018).

Since May 2014, the European commission has includ-
ed phosphorus on the list of critical raw materials, leading
to an increased focus on phosphorus recovery in some of
the EU member states. In addition to phosphorus, sewage
sludge also contains other valuables including potassium,
nitrogen or metals. Since phosphorus recovery is not an in-
dicator for the recovery of other valuables, none of the leg-
islations examined is aimed at recovery of these valuables
from sludge, thus implying that market demand will lead
the potential extraction of other resources from sewage
sludge. It is debatable whether a market demand for prod-
ucts obtained from sewage sludge may develop in the near
future without a promoting legislation (Hukari, Hermann,
& Nattorp, 2016). The potential recovery, not only of phos-
phorus, but also of other nutrients and energy from sludge
could be achieved by combining thermal and biological
treatments with the goal of separating different fractions
from sewage sludge. This could simplify the subsequent
extraction of nutrients and better address the issue of pol-
lutants. Due to the need however for a more concentrated
technical effort, regional collaborations will prove crucial
in setting up this type of extraction, together with other ad-
vanced sludge treatments.

4. CONCLUSIONS

All three countries investigated adhered to different
strategies when setting limits for sewage sludge applica-
tion on agricultural soils. Major differences are present in
limit values for sewage sludge applied in agriculture — how-
ever, limit values for the presence of toxic elements in soils
to which sewage sludge may be applied are comparable.
The authors therefore question the utility of limit values
in relation to health issues, particularly in view of other
sources highlighting the minor role played by toxicology
in the defining of limit values for sewage sludge (Ehlert et
al., 2013; Langenkamp et al., 2001). Overall, all three coun-
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tries applied limit values as a tool to assist in steering the
means of re-use and disposal of sewage sludge.

Although the Netherlands prohibited the application of
sludge in agriculture more than 20 years ago, the average
sludge in the Netherlands is still today less contaminated
than average sludges in Sweden or Germany (Brown et al.,
2015). Future research should be aimed at investigating
why and how the Netherlands have succeeded in achiev-
ing a lower pollutant load in sewage sludge, and the knowl-
edge exploited by other countries to reduce contamination
of their sewage sludge.

In contrast to the Netherlands, Swedish ordinances
permit the use of sewage sludge in low doses, providing
for a system of voluntary deliberative certification; for this
reason, application in agriculture is widely used. In con-
trast to the Netherlands and Germany, Sweden also uses
large amounts (each approx. 25%) of the produced sewage
sludge in landfill covers and soil production (Svinhufvud,
2017). It is debatable however whether this process con-
stitutes re-use, as reported by the European Commission
(2017), particularly with regard to nutrient recovery.

While the new German ordinance places particular
emphasis on new methods of phosphorus recovery, it still
leaves options open for the continued operations of small
plants and use of lower grade sludges in the absence of
phosphorus recovery after 2032. Indeed, application in ag-
riculture will continue to be permitted. In this case, the in-
tention of the policy makers is clear, although it may result
in a loophole through which to bypass the new regulations
(e.g. downgrading of sludges or downsizing of plants). It
should be evaluated whether new rules for mixing of sludg-
es and products from sludges, as well as transportation of
sludges, might limit collaborations focused on the treat-
ment of sewage sludge.

Despite the successful application of a series of tech-
nologies for use in phosphorus recovery, the legislative
focus across the EU member states varies considerably
(Abis, Calmano, & Kuchta, 2018; Tsybina & Wuensch, 2018;
van Dijk, 2017). The performing of additional research
in the field of nutrient recovery from sewage sludge and
evaluation of potential related legislation will contribute
towards setting clear goals and indicating a pathway to-
wards the establishing of an EU-wide Directive. To date, the
EU has issued a series of working documents on which to
base a new Directive to replace the acknowledged outdat-
ed 1986 Directive (European Commission, 2010; European
Union, 2000). The working documents focus on the agri-
cultural usage of sewage sludge and new limit values, but
not on phosphorus recovery (European Commission, 2010)

Lastly, it remains to be ascertained whether phospho-
rus should represent the sole resource to undergo recov-
ery from sewage sludge, particularly as the issue of other
resources present in sewage sludge are not considered in
any legislation implemented throughout the three coun-
tries examined.
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