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Abstract: Plastic pollution in soils pose a major threat to soil health and soil fertility that are directly
linked to food security and human health. In contrast to marine plastic pollution, this ubiquitous
problem is thus far scientifically poorly understood and policy approaches that tackle plastic pollution
in soils comprehensively do not exist. In this article, we apply a qualitative governance analysis
to assess the effectiveness of existing policy instruments to avoid harmful plastic pollution in
(agricultural) soils against the background of international environmental agreements. In particular,
environmental and fertiliser legislation relevant to soil protection in the European Union and in
Germany are assessed. Regulatory weaknesses and gaps of the respective legislation are identified,
and proposals for enhanced command-and-control provisions developed. However, the legal analysis
furthermore shows that plastic pollution ecologically is also a problem of quantity, which is difficult to
solve exclusively through command-and-control legislation. Instead, comprehensive quantity-control
instruments to phase out fossil fuels (worldwide and in all sectors) as required by climate protection
law can be effective approaches to tackle plastic pollution in environmental media like agricultural
soils as well.
Keywords: plastic governance; microplastics; plastic pollution in soils; agriculture; fossil fuels;
environmental law; agricultural law; economic instruments; soil health; nutrient cycles

1. Scope of the Paper
Plastic materials are used as a mass product of the economy and our daily life due to a wide
spectrum of positive characteristics [1,2]. They are light, flexible, non-rusting, and highly persistent.
However, the worldwide increase in the mass consumption of plastics, e.g., in the packaging industry,
has led to a ubiquitous distribution of plastics in sinks such as the oceans and soils [3–6]. The degradation
of larger plastic particles into smaller but still highly persistent particles in the micrometre and also
nanometre range intensify the existing sink problem. Particles and fibres smaller than five millimetres
are usually referred to as microplastics [1,4,7,8]. An additional distinction can be made between
primary, production-based microplastics and secondary microplastics that occur either during the use
of a product (e.g., tyre wear) or originate from larger plastic particles by enhanced weathering [4]. Thus,
once plastic particles have entered the environment, they potentially pose an almost uncontrollable
threat to the preservation of ecosystems and their flora and fauna and, not at least, also to human
health [9–12]. Furthermore, conventional plastics are based on fossil fuels, which are a major driver
of various ecological problems such as climate change and biodiversity loss and, therefore, have to
be cut down to zero sooner or later. On the flip side, plastics that are fully biodegradable not only
under laboratory conditions but also under current waste management and natural conditions thus
far hardly exist [2,13]. Apart from that, bio-based plastics that contain “organic carbon of renewable
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origin like agricultural, plant, animal, fungi, microorganisms, marine, or forestry materials” [2] raise
further questions regarding their producibility within planetary boundaries.
In the following, the problem of environmental plastic pollution is discussed with a special focus
on (agricultural) soils. Soils are a crucial interface in the environment. It is, therefore, likely that
pollutants such as micro- and nano-plastic particles that are introduced into the soil can accumulate
or be discharged from the soil through, e.g., erosive processes or deep displacement, and thus be
transferred to other environmental compartments like the oceans. Harmful effects of microplastics
on the soil structure and subsequently on the soil water balance, soil chemistry, soil life, and soil
microbiology as well as on root and tissue characteristics of plants are scientifically presumed [8,14,15].
Nano-plastic particles can be taken up by microorganisms or attach themselves to the root tissue or
penetrate it and thereby change the cell structure of plant roots [8,15]. As a consequence, nano-plastic
particles can enter the human food chain through the harvest of plants that have absorbed these
particles. The corresponding health consequences have not yet been fully assessed [1,16,17]. At the
same time, the plastic itself can function as a carrier substance for different chemical contaminants and
thereby create new distribution pathways in environmental compartments [18]. However, identifying
all potential risks that arise with the introduction of plastic particles into soils remains a scientific
challenge because of the high complexity of soils. Furthermore, and in contrast to research on the
environmental consequences of plastic contamination in aquatic ecosystems, respective research on
plastics in soils has thus far received comparably little attention [16,19,20].
This applies even more so to the necessary governance or policy instruments that have to be
established to protect soils and the adjacent environmental compartments. Soils provide essential
ecological functions and are the key element for food production. This article will, therefore, address
the hardly discussed issue of plastic governance with special reference to agricultural soils that are
highly important for both ecosystems and food security, which are, in turn, linked to human health.
At the same time, agricultural soils are subject to high levels of human-induced contamination.
2. Methodology
In the first step, the present paper will deliver a comprehensive review of the relevant literature
on plastic soil contamination. In a second step, building on the respective natural scientific findings,
a qualitative governance analysis (or steering analysis) will be applied. This qualitative, multi-method
governance analysis triangulates various behavioural scientific findings from a wide variety of
disciplinary and methodological backgrounds and assesses which policy instruments can respond
adequately to certain legal problems.
Knowledge of behavioural motivations of humans is the basis for assessing the effectiveness of
policy instruments. Sustainability research requires the development of instruments that have not
yet or only under different conditions been implemented in reality and, therefore, cannot be simply
observed. Apart from this, a single policy instrument interacts with so many factors, which makes it
hard to identify the impact of it [21]. Notwithstanding this, triangulated findings of human motivation
have shown that the actors’ egoistic calculations, values, emotions, path dependencies, problems of
collective goods, conceptions of normality and the interactions between actors are important drivers
for the success or failure of governance instruments [21–23]. These behavioural findings, as well
as empirical findings, are the basis for the insight that the effectiveness of policy or governance
instruments depended on to avoid some typical governance problems, namely rebound effects, sectoral
or geographical shifting effects, enforcement deficits or lack of rigour measured against the underlying
targets [21,24].
This takes us to the next crucial point. The potential effectiveness of previously used and potential
alternative future policy instruments—in this case, to address plastic pollution of soils—can only be
measured against some given targets; otherwise, it would be unclear what “effectiveness” actually
means. For the sake of the present contribution, some core international binding environmental targets,
in particular, the Paris Agreement (PA) [25] and the Convention on Biological Diversity (CBD) [26],
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serve as these targets. The latter requires to preserve the biological diversity, including the biodiversity
of soils. Art. 2 Para. 1, of PA aims at limiting the rise in global temperature to well below 2 degrees
Celsius and pursuing efforts to 1.5 degrees Celsius compared to pre-industrial levels, which implies
a phasing out of fossil fuels within only a few decades in all economic sectors worldwide [27–30].
This massively opposes the mainly fossil-fuel based plastic production and requires a no less ambitious
transition to fossil-free agriculture in the future. Further normative standards such as the human right
to life, health and ecological subsistence in national, European and international law could be quoted
as targets here (see in detail [21]).
With regard to plastic pollution of soils, effective governance instruments need to minimise
the input of potentially harmful substances like plastic at its source and implement the required
gradual transition to post-fossil agriculture and society in accordance with the PA. On the one hand,
avoidance and recycling measures of plastics in the context of a circular economy and substance law are
conceivable legal approaches [31]. On the other hand, legislators at national state and European level
have chosen a command-and-control approach to address the negative consequences for environmental
compartments like water and soil, resulting from the mass use of plastics worldwide. In this article,
we will focus on the latter, in particular on the assessment of the soil protection and the specific fertiliser
legislation based on the example of the European Union (EU) and Germany. To avoid sectoral and
geographical shifting effects, policy instruments should generally have a broad sectoral geographical
coverage [32–34]. Thus, a major focus for effective policy instruments in terms of environmentalism
should be on a transnational level. At the same time, command-and-control legislation is (partly
exclusively) implemented on a national state level, especially with regard to soils. This is why this
contribution also takes German legislation into account as an example. However, some of the results on
potential legal starting points (see Section 4.3.) and the discussion on enhanced governance options to
minimise plastic pollution of soils (see Section 5.) are also transferable to other world regions, since the
above-mentioned governance problems are of a fundamental nature.
3. Major Entry Pathways for Plastics into Soils
Soils are the basis for food production and are linked to all other environmental compartments.
An essential entry path of plastics and especially of microplastics and also nano-plastics into agricultural
soils, is via organic fertilisation. It is currently estimated that between 43 and 50 percent of all
microplastics introduced into the soils enter it via organic fertilisers [35]. However, at the same
time organic fertilisation and nutrient recycling play a major role in closing disturbed nutrient cycles
worldwide [34,36,37]. This is because of the energy-intensive production of nitrogen fertilisers,
the dependence of many countries on imports of phosphate rock, the increasing contamination of
mineral phosphorus fertilisers with heavy metals like uranium and cadmium next to other potentially
negative environmental impacts of mineral fertilisation [36,38–40]. Apart from that, organic fertilisation
strategies combined with an innovative crop rotation management can enhance the soil carbon storage
potential by supplying the soil with organic carbon [41–43]. Thus, besides positive effects on the soil
conditions and its natural fertility, organic fertilisation contributes to climate protection. However,
a simultaneously increased input of plastic particles into the soil by organic fertilisation offsets these
positive synergy effects vehemently. It becomes clear that plastic contamination of organic fertilisers
is—next to the potential pollution of the soil—also a major threat to the required circular economy in
agriculture and climate protection. However, the number of plastic particles introduced into the soil
varies considerably depending on the specific type of organic fertiliser, as will be shown in detail in
the following.
In addition to organic fertilisation mulch films, plastic covers or protective roofs, water hoses or
the flooding of areas (especially grassland or floodplains) with river or lake water [16,20], are sources
of plastic pollution of agricultural soils. Furthermore, plastic is introduced into soils via atmospheric
deposition, where tyre wear plays a major role next to artificial turf surfaces for football matches or
other purposes [4,44].
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3.1. Sewage Sludge
The highest scientifically proven source of microplastic input into the soil is the direct application
of sewage sludge for agricultural fertilisation [45]. About 90 percent of the microplastic contained in
the wastewater is retained during the treatment process and accumulates in the sewage sludge [46–48].
Apart from that, synthetic polymers are regularly added during the drainage and treatment process of
the sewage sludge [49]. Depending on the frequency of sewage sludge fertilisation, it is estimated that
between 0.2 and 8 milligrams of microplastics per hectare per inhabitant are released into agricultural
soils in Europe annually [50]. It is, therefore, to be welcomed—also because of other pollutants in
sewage sludge—that in Germany, the direct soil-related spreading of sewage sludge will be largely
prohibited in the future by the respective command-and-control legislation (see Section 4.2.3.). However,
the question of soil-related sewage sludge utilisation is discussed quite controversially. This is because
of the energy-efficient and very straightforward possibility to return nutrients to the field [51,52]. Yet,
the potentially high contamination of sewage sludge with a wide variety of pollutants and microplastic
particles has already led to an increased focus on indirect, thermal sewage sludge recycling in Germany
and the EU. The direct recovery of essential nutrients such as phosphorus from sewage sludge by
specific (preferably energy-efficient) recycling processes is, therefore, seen as future-oriented [53,54].
This would also lead to reduced plastic pollution of agricultural soils.
Irrespective of this, the supply of plastic into the sewage systems as a whole should be reduced at
the source in order to prevent possible environmental pollution already at this point. This is important
because also in Germany only sewage sludge from large sewage treatment plants (larger than 50,000 or
100,000 inhabitants) will be excluded from direct agricultural utilisation in the future (see Section 4.2.3.).
3.2. Bio-Waste
The usage of bio-waste and, in particular, composted organic material as fertiliser can also be
a relevant entry path for plastics into soils. At the same time, compost fertilisation supplies the soil
with organic carbon and has positive effects on soil fertility, soil structure and the potential sink
capacity of the soil as a carbon pool and should, therefore, be increasingly used for fertilisation [55,56].
However, bio-waste of private households is often not carefully separated or not properly disposed
of in plastic bags made of high-density polyethylene [16,57,58]. In addition, commercial bio-waste
can also be contaminated with plastic, although less frequently on average [16]. In the latter case,
plastic packaging of overlaid or spoiled food, which was not unpacked before composting, is an
essential input path [57]. Once plastic particles have entered the bio-waste they can hardly, if at
all, be removed technically [45,57]. This applies in particular to the smallest plastic particles and
also to the so-called biodegradable plastic because of the comparatively short process time in the
composting plants [16,35,59]. Most plastics labelled as biodegradable only decompose at consistently
high temperatures above 50 ◦ C for a longer period of time than provided for in composting plants
(or constant UV radiation) [10]. This regularly also applies to bio-based plastics, where organic carbon
serves as raw material for plastics production, e.g., from maize or sugar cane [2,60]. The required
land and resource use for biomass production additionally limits the possibility to produce bio-based
plastics [22,61]. Thus, plastics labelled as biodegradable are thus far not an alternative for household
waste disposal or food packaging. It becomes rather clear that reducing the amount of plastic at the
source is inevitable. This is also true for oxo-degradable plastics that combine conventional plastics
with bio-based plastics [48,62]. Oxo-degradable plastics fragment easily into microplastics and are,
therefore, considered as a major source of the latter [48,62]. This is why in the EU, single-use plastic
products from oxo-degradable plastics are prohibited Art. 5 Directive EU 2019/904 [63].
3.3. Digestates
Digestates, which result from the fermentation process of biomass (e.g., liquid manure or energy
crops from maize), usually contain very little or no plastic particles [45]. Nonetheless, as with sewage
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sludge, synthetic polymers can also be intentionally added for the treatment of liquid digestates.
However, biomass production for energy use is ambivalent in terms of climate, biodiversity and
resource protection [22,64]. At the same time, achieving the climate target of the Paris Agreement
requires a significant reduction in livestock farming [33]. Thus, manure surpluses that can be fermented
will not or only be available to a limited extent in the future.
3.4. Mineral Fertilisers
Mineral fertilisers can contain intentionally added microplastics. Microplastics as soil additives
promise to loosen the soil substance and enhance water retention with positive effects on plant
growth [65]. Apart from that, microplastics build coatings around mineral fertiliser particles to avoid
lump or dust formation (anti-caking) under the influence of moisture or heat [65,66]. Furthermore,
“controlled released fertilisers”—to which microplastics have been added—promise perfect timing of
the nutrient release to the plant and thus a high nutrient use efficiency [35]. However, at the same time,
the European Chemicals Agency (ECHA) estimates that a ban on additionally added microplastics
to fertiliser additives and controlled released fertilisers could reduce emissions of microplastics by
approximately 262,500 tonnes in average within 20 years in Europe (range of 67,500 to 442,500 tonnes),
which is high compared to the significantly lower emissions savings potential, e.g., from added
microplastics in cosmetics [35].
4. Status Quo and Assessment of the Governance Effect of the Existing Legislation
4.1. Soil Protection Legislation
As there is no comprehensive EU regulation on soil protection, the German soil protection
legislation, consisting of the Federal Soil Conservation Act (BBodSchG) [67] and the associated Federal
Soil Protection Ordinance (BBodSchV) [68], will be examined below. The BBodSchG aims to sustainably
secure or restore soil functions and prevent harmful soil changes in accordance with the precautionary
principle (§§ 1, 7 BBodSchG). According to § 2 BBodSchV, pollutants are defined as “substances and
preparations which, due to their harmfulness to health, their longevity or bioavailability in the soil or
due to other properties and their concentration, are capable of damaging the soil in its functions or
causing other hazards” (translated by the authors). Thus, the scope of protection of the BBodSchG
according to legal text interpretation also includes potentially harmful soil changes caused by the
introduction of plastics. Plastics can be subsumed under the pollutant definition of the BBodSchV
because of their potentially harmful effects and their high persistence (see Section 1). According to the
systematic of the BBodSchV there is a harmful change in the soil if the defined precautionary values are
exceeded (§ 8 Para. 2 No 1 in conjunction with § 9 Para. 1 No 1 BBodSchV). However, precautionary
values as well as specific test and measurement values are thus far only laid down for heavy metals
and certain organic substances but not for plastics (Annex 2 No 4 BBodSchV). Thus, despite the
described identification of plastics as a pollutant according to the BBodSchV, soil pollution by plastics
is not integrated into the systematic of the German soil protection legislation. An amendment of
the respective legislation would, therefore, be a necessary next step to secure soil health. However,
this demands a comprehensive risk assessment of the ecotoxicological effects of plastics in soils
first, which in turn requires the development of suitable analytical methods that thus far are highly
controversially discussed [69–73]. The need for further research in this respect can be highlighted.
Irrespective of this, with regard to agricultural soils, it is decisive that soil protection law is
subsidiary to the specific legal acts (lex specialis) listed in § 3 Para. 1 No 1–11 BBodSchG. This applies
inter alia to German and EU fertiliser, waste and circular economy legislation. Thus, the extent to which
precautionary soil protection against potentially harmful inputs of plastics can be established depends
on the design of the specific legislation considered in the following and the coherence achieved with
the soil protection legislation.
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4.2. Fertiliser Legislation
4.2.1. EU Level
Regulation (EC) No 2003/2003 [74] establishes the provisions for the marketing of mineral fertilisers
in the EU thus far. According to Art. 3 Regulation (EC) No 2003/2003, only mineral fertilisers listed
in Annex 1 can be distributed in the EU. Intentionally added microplastics to mineral fertilisers are
permitted without further restrictions.
The new EU Fertilising Products Regulation [75] will enter fully into force on 16 July 2022.
In accordance with the EU circular economy package, the regulation covers for the first time organic
and recycled fertilisers from secondary raw materials and other fertilising products. Different product
function categories (PFCs) (organic, organo-mineral and mineral fertiliser) are established. Respective
quality criteria and material requirements to be met by the PFCs are defined in Annex 1. Additionally,
Annex II introduces 11 component material categories (CMCs), including composts and digestates
(CMC 3 and CMC 5) as well as polymers other than nutrient polymers (CMC 9). Annex II is a conclusive
list that covers the characteristics and qualitative requirements of all possible input materials. The list
does not contain sewage sludge. Instead, phosphorus recyclates, such as, e.g., struvite obtained from
sewage sludge ashes, should be fostered and benefit from easier EU wide market access. However,
the regulations of the EU Sewage Sludge Directive [76] that still allows the direct application of sewage
sludge on agricultural soils remains unchanged in this respect (see Section 4.2.3.).
With regard to composts and digestates (CMC 3 and CMC 5), macroscopic impurities above two
millimetres (including plastic, glass or metal) shall not exceed a limit of three grams per kilogram of
dry matter (g/kg dry matter). From 16 July 2026, this limit-value is lowered to 2.5 g/kg dry matter
and is going to be reassessed on 16 July 2029 in order to evaluate the progress of separate bio-waste
collection. The sum of all the macroscopic impurities shall not exceed 5 g/kg dry matter (Annex II
CMC 3, No 4 b, c and Annex II CMC 5, No 5 b, c EU Fertilising Products Regulation). Training of
employees is also required to ensure the control of the raw materials (Annex IV module D1 5.1.3.1. d
EU Fertilising Products Regulation). However, plastic particles smaller than two millimetres are not
covered by the regulation at all and a reinforcement of the law is not foreseen. Thus, a considerable
regulatory gap exists on the EU level.
CMC 9 concerns polymers other than nutrient polymers. According to CMC 9 No 1 fertilising
products may contain synthetic polymers (a) to control the release of nutrients, (b) to increase the
water retention capacity or wettability of them or (c) to bind material in them. Only from 16 July 2026
polymers have to pass an earthworm acute toxicity test to prove their harmlessness for animal and
plant health and the environment, and have to comply with the biodegradability criteria according to
delegated acts referred to in Art. 42 Abs. 6 Fertilising Products Regulation (CMC 9 No 2). Art. 42 No 6 a
establishes that the polymer has to be “capable of undergoing physical and biological decomposition in
natural soil conditions and aquatic environments across the Union, thus that it ultimately decomposes
only into carbon dioxide, biomass and water.” In addition, according to Art. 42 No 6 c polymers should
not lead to an accumulation of plastics in the environment. Apart from that, Art. 42 No 6 requires
the Commission to reassess the biodegradability criteria for polymers until 16 July 2024. Up to now,
the biodegradability of synthetic polymers as required by Art. 42 No 6 a is regularly not given. Thus,
synthetic polymers will probably be excluded from the list under CMC 9 after July 2024. However,
given the comparatively high emissions and certain negative environmental effects of plastics in soil
and the danger of their accumulation, it is incomprehensible why a ban on microplastics as additives
for fertilisers is not considered earlier. ECHA assumes that—like other persistent, bioaccumulative
and toxic (PBT), and very persistent and very bioaccumulative (vPvB) substances—any release of
microplastics into the environment is a risk. Therefore, ECHA calls for a ban on additionally added
microplastics—including in fertilisers—in the future [35]. Yet, to ensure that manufactures can adapt
their products, i.e., controlled-released fertilisers “a relatively long (5–10 years) transitional period” [35]
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is proposed, while, e.g., for anti-caking agents in fertilisers (regulated under REACH [77]) a shorter
time period is assumed to be sufficient [35].
In this context it is again important to note that, in light of Art. 2 Para. 1 PA and the objectives
of the CBD, the usage of mineral fertilisers have to be significantly reduced to a minimum in the
future. However, the amended EU fertiliser regulation does not consistently reflect this necessity
either and instead continues to promote the use of mineral fertilisers in parallel markets to a large
extent [78]. In any case, also with regard to recycled P fertilisers and liquid digestates, it will be
important to produce/process fertilisers without intentionally adding microplastics in the future.
Therefore, clear guidelines—and a potential ban—remain necessary. This applies in particular as far as
an improved soil structure and nutrient uptake by plants can also be achieved by other measures of
good agricultural practice (e.g., conservation tillage, lower tyre pressure of agricultural machinery,
locally adapted diversified cultivation, smart crop rotation, enhanced organic and green fertilisation
strategies) (with further references [36,79] making the intentional adding of microplastics to controlled
released fertilisers unnecessary.
4.2.2. Germany
In Germany, the German Fertiliser Ordinance (DüMV) [80] establishes the rules for the marketing
of fertilisers. The addition of synthetic polymers to fertilisers is allowed in accordance with Annex 2
No 7.4.7, No 8.1.3 and 8.2.9 DüMV.
Synthetic polymers that are used to increase the water retention capacity of soils shall not exceed
the application rate of 150 kilograms per hectare (kg/ha) in 3 consecutive years and have to be labelled
accordingly (Annex 2 No 7.4.7 DüMV). Synthetic polymers that are used to regulate the water balance
or wettability of fertilisers, or are used for anti-caking purposes during the processing of fertilisers and
do not degrade by at least 20 percent in 2 years have to be labelled as well (Annex 2 No 8.1.3 DüMV).
In that case, only a maximum of 45 kg/ha of the active substance is allowed to be applied in other
than closed systems in 3 consecutive years. However, according to § 9a of the DüMV, by 31 December
2019, the requirements for synthetic polymers were to be reassessed—“taking into account the latest
scientific findings”—and in accordance with the scope of § 1 of the German Fertiliser Act (DüngG) [81].
According to § 1 No 3 DüngG, this includes “to prevent or avert risks to human and animal health and
to the natural environment”. Therefore, the required total ban of highly persistent synthetic polymers
such as microplastic as additives to fertilisers could be integrated into the DüMV soon. Due to the
corona crisis, the reassessment has not been published until now.
The DüMV also establishes limit-values for macroscopic impurities such as plastics. Since the
amendment of the DüMV in October 2019, all particles larger than one millimetre—rather than
previously two millimetres—are covered. A distinction between non-deformable plastic components
(hard plastic) and other (deformable, foil-like) plastic components is drawn (§ 3 Para. 1 No 4 DüMV).
In a previous reform of the DüMV in 2017, the limit-value for the very light, deformable foil-like
plastics was already reduced from more than 0.5 percent by weight of dry matter to 0.1 percent by
weight of dry matter (§ 3 Para. 1 No 4 c DüMV). For all other macroscopic impurities and hard plastics,
the limit-value is 0.4 percent by weight of the dry matter (§ 3 Para. 1 No 4 b DüMV). The reduction of
the weight proportion for foil-like plastic particles on the one hand and the extension of the scope of
application, i.e., the particle size, on the other hand, are positive steps to reduce the input of plastics into
the soil. However, micro- and nano-plastic particles with a size of less than one millimetre still remain
unregulated. Besides that, from 2022 onwards, all composts and digestates labelled as “EC fertilisers”
will be subject to the comparatively weaker limit-value provisions of EU Fertilising Products Regulation
(§ 2 Para. 1 DüMV), which again only covers particles larger than two millimetres (see Section 4.2.1.).
Thus, in this respect, the aforementioned achievements of DüMV regarding limit-values for plastics as
well as potentially further restriction of the usage of synthetic polymers remain toothless.
Irrespective of this, the question of the best possible analytical detectability of micro- and
nano-plastic particles in organic fertilisers remains unanswered [45]. However, next to the testing
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on ecotoxicological effects of microplastics in soils [71–73] this is an essential prerequisite for the
definition of stricter limit-values in command-and-control legislation. With regard to the methodology
for determining the weight proportion of plastics, i.e., larger than one millimetre, reference is currently
made to the provisions of the Federal Compost Association [82]. In a first step, sieving determines the
total gravimetric content of macroscopic impurities larger than one millimetre. The identified plastic
particles are then manually separated into deformable (foil-like) and non-deformable (hard plastic)
parts and weighed [82]. However, this process is combined with a very high cost and control effort,
which would rise even further as a result of a stricter limit-value setting if no new methodologies
are found. In addition, there are no analytical methods to determine nano-plastic particles in the
environment [83,84]. Thus, two different aspects can be derived: On the one hand there is an importance
to develop innovative analytical methods for identifying micro- and nano-plastic particles in organic
fertilisers (and soils) and on the other hand, there is a need to effectively minimise the input of plastic
at the source by overarching government instruments.
4.2.3. Specific Regulations for the Agricultural Use of Sewage Sludge
At EU level, the Sewage Sludge Directive [76] sets the regulatory framework for the (ambivalent)
agricultural use of sewage sludge, sewage sludge mixtures and sewage sludge compost. Harmful
effects on soils, vegetation, animals and humans should be prevented, and the correct use of sewage
sludge encouraged (Art. 1 Sewage Sludge Directive). Annex I of the Directive determines limit-values
for heavy metals on the basis of which maximum application rates depending on the quality of the
sewage sludge and the soil are laid down. In contrast, contamination with solid particles such as
microplastics is again not covered by the directive. Also, EU-wide restrictions of the direct application
of sewage sludge as fertiliser are not established.
In Germany, the Sewage Sludge Ordinance (AbfKlärV) [85] applies next to the DüMV. The AbfKlärV
was amended in 2017 as part of the Federal Government’s Resource Efficiency Programme II [86].
From 1 January 2029, sewage sludge from wastewater treatment plants, which comprises waste streams
of more than 100,000 inhabitants, will no longer be permitted for direct use as fertiliser. From 1 January
2032, this also applies to wastewater treatment plants of more than 50,000 inhabitants (Art. 5, 6
Ordinance on the reorganisation of sewage sludge recycling [87]). Simultaneously, from 2029 and 2032
onwards, an obligation to recover phosphorus from sewage sludge that contains at least 20 grams per
kilogram (g/kg) dry matter of phosphorus is established. However, direct utilisation of sewage sludge
for fertilisation remains permitted until 2029 and for smaller municipalities also in the long-term future
(§ 3 Para. 2 AbfKlärV). Nevertheless, the restriction of the direct use of sewage sludge as fertiliser and
the promotion of nutrient recycling encourage the establishment of a circular economy and, at the same
time, minimise microplastic inputs into the soil. However, long transition periods until 2029 and 2032
respectively prevent rapid change and thus do not limit the largest input path of microplastics into
agricultural soils in the near future. At the EU level, it is questionable to what extent the Committee
for Adaptation to Technical and Scientific Progress under § 14 Para. 1 Sewage Sludge Directive might
consider a similar withdrawal from the direct use of sewage sludge as fertiliser throughout Europe in
the future. Yet, against the background of the comparably high contamination of sewage sludge with a
variety of other pollutants in addition to microplastics, this would be a desirable step.
4.2.4. Specific Regulations for the Agricultural Use of Bio-Waste
Art. 10 Para. 2 in conjunction with Art. 11 Para. 2 Directive 2008/98/EC [88] determines that waste
shall be collected separately. By 31 December 2023, Member States have to ensure that “bio-waste is
either separated and recycled at source, or is collected separately and is not mixed with other types of
waste”, what enables their use as fertiliser (Article 22 No 1 Directive (EU) 2018/851 [89]). The recycling
rate of municipal waste shall be increased stepwise from a minimum of 55% by weight by 2025 to 60%
by weight by 2030 to 65% by weight by 2035 (Art. 11 Para (2) No c-e Directive (EU) 2018/851).
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In Germany, § 9 of the circular economy law (KrWG) [90] requires the separation of waste and
prohibits the mixture of waste. At the same time, the obligation to handover waste for disposal applies
(§§ 17, 20 KrWG). With regard to commercial, municipal waste, § 3 Para. 1 No 7 of the Commercial
Waste Ordinance (GewAbfV) [91] establishes the separate collection of bio-waste in accordance with
§ 3 Para. 7 KrWG.
As lex specialis, the Bio-waste Ordinance (BioAbfV) [92] next to the DüMV provides the
requirements under which bio-waste such as compost and digestates may be used as fertilisers.
According to § 4 Para. 4 BioAbfV, the proportion of macroscopic impurities, including plastic particles
of more than two millimetres, shall not exceed 0.5 percent by weight of the dry mass. This limit-value
has not yet been adjusted to the revised DüMV, thus that the stricter limit-value of the DüMV applies.
Yet, the (legally non-binding) limit-value for deformable plastics for certified quality composts in
accordance with the Federal Compost Association amounts only to 0.01 percent of dry matter [57].
Thus, the voluntary use of certified composts would lead to a minimised load of microplastics into
the soils.
Moreover, the BioAbfV does not limit the total amount of microplastics that may be applied with
the use of bio-waste as fertiliser. This has thus far only been regulated for heavy metals: According
to § 6 Para. 1 BioAbfV, depending on the heavy metal content, either a maximum of 30 tonnes per
hectare (t/ha) or only 20 t/ha shall be applied to the soil over a period of 3 years. At the same time,
it is prohibited to apply bio-waste to the soil if the precautionary values for heavy metals, according
to the BBodSchG, are exceeded (§ 9 Para. 2 BioAbfV). However, a corresponding reference cannot
be established for plastics, as respective precautionary values according to the BBodSchG yet do not
exist (see Section 4.1.). Hence, it is questionable whether the BioAbfV should at least integrate a
categorisation for the maximal applicable amount based on the plastic pollution of the bio-waste or
if it is sufficient to completely exclude bio-waste with particularly high plastic contamination from
agricultural use as fertiliser. From the perspective of nutrient cycling, it would be desirable if a potential
maximum of the generated bio-wastes could be used for fertilisation. Yet, this firstly requires again a
stringent reduction of plastic inputs into bio-waste at the source and secondly, a re-examination of the
limit-values for plastics in fertilisers based on bio-waste.
Annex 2 No 8.3.9 DüMV determines that “avoidable” packaging or packaging components are
not permitted in compost or digestates. Instead, these have to be separated from the bio-waste before
the first biological treatment process. However, the term “avoidable” has not been further specified.
Therefore, it is refutably assumed that the unpacking of the packaging, which has direct contact with the
foodstuffs is technically impossible or economically unreasonable, while a case by case decision shall
always be made for sales packaging that has no direct contact with foodstuffs. Only in the case of other
packaging, in particular transport or outer packaging, it is presumed that removal is technically possible
and economically reasonable [93]. However, this interpretation is opposed to the desired recycling
of bio-waste and its maximum utilisation as fertiliser. Thus far, in Germany alone, the members of
the Federal Compost Association collect more than 730,000 tonnes of mostly plastic-packaged food
waste from retail every year, which is separately registered via the commercial waste collection and
usually processed in biogas plants [57]. It becomes clear that, besides the necessity to minimise food
waste [94,95], a reduction of plastic packaging of foodstuffs needs to take place at the source in order to
reduce the overall plastic burden on composts [96]. With regard to the latter, the revised EU Packaging
Directive [97] is of particular relevance. The directive establishes provisions for reusable packaging
and higher recycling quotes and, among others, an “extended producer responsibility scheme” in
accordance with Art. 8 and 8a of Directive 2008/98/EC. However, the Packaging Directive lacks precise
requirements and binding obligations to avoid plastic packaging in the future. Furthermore, there is
considerable scope for national implementation [31]. At the same time, phasing out fossil fuels could
contribute significantly to reducing the overall share of mineral oil-based packaging (see Section 5.).
In contrast, keeping bio-wastes free of plastic through information campaigns and education alone is
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probably not sufficient, especially since such campaigns would show no effect on the plastic-packaged
food that is thrown away at the trade level, e.g., by supermarkets.
4.3. Assessment of Governance Effects
It has been shown that, in addition to soil protection law, the examined lex specialis does not yet
ensure adequate protection of agricultural soils against pollution with microplastics. In soil protection
legislation, precautionary, test or measurement values that legally classify the level of contamination
of the soil with plastics do not exist on the national state level in Germany. Additionally, due to the
subsidiarity of soil protection law in Germany, a sufficient governance effect could only be achieved if
a harmonisation of lex specialis would take place, or if subsidiarity of the soil protection legislation
could be overcome. Furthermore, because there is no EU Soil Framework Directive, no EU-wide targets
are established to achieve good status of soils—without plastic contamination. Thus, a framework for
the assessment of plastic pollution in soils is missing in current regulatory provisions. This is why a
corresponding amendment of soil protection legislation has to be discussed and needs to be pursued
further in the near future. However, because amongst others, the respective scientific research is still
in its early phases and thus firstly needs to be promoted further, such a change in the German soil
protection legislation is not to be expected soon. The same applies to a renewed adoption of an EU
Soil Framework Directive, which is highly unlikely after its rejection in 2014 [98]. EU-wide standards
that address plastic pollution of soils thus seem to be a long way off. However, at the same time,
these amendments would not stimulate the necessary absolute reduction of the plastic input at the
source thus that further legal instruments are required (see Section 5.).
Regarding the plastic pollution of organic fertilisers, the German fertiliser legislation sets (even
stricter) limit values for easily deformable plastics and hard plastics, including particles up to one
millimetre. Nonetheless, from 16 July 2022 onwards, the weaker regulations of the EU Fertilising
Products Regulation, which cover only particles up to two millimetres, will apply to composts and
digestates. As a result, a large proportion of micro- and especially nano-plastic particles have not yet
been legally considered, and it seems likely that they will continue to be insufficiently regulated in the
future in the EU. Consequently, these particles will presumably continue to be increasingly introduced
into the soil leading to negative environmental consequences. Besides that, negative impacts for plants
and humans are to be expected.
A total ban on the intentional addition of synthetic polymers to mineral fertilisers or as part of
the processing of sewage sludge and digestates does not exist as well and should thus be promoted.
Indeed, in Germany, such a ban seems likely within the framework of the DüMV in the near future.
However, even if the addition of synthetic polymers to fertilisers would be prohibited in Germany,
this regulation would not apply to fertilisers that are approved in accordance with the fertilising
regulations at EU level and would, therefore, be largely ineffective. In this respect, the marketing of
mineral fertilisers serves as an example: It is a common practice to market them in accordance with
European regulations [99] in order to circumvent stricter national limit values for heavy metals such as
cadmium. Yet, according to the new EU Fertilising Products Regulation, a ban on intentionally added
synthetic polymers cannot be expected within the next four years.
Finally, improved regulations are required to address the issue of (thus far under natural conditions
virtually non-existent) biodegradability of plastics. The existing requirements have to be tightened and
adapted to the conditions in the natural environment.
All of these aspects remain relevant even if the necessary phase-out of fossil fuels required by Art.
2 Para. 1 PA would be effectively implemented.
5. Discussion—Enhanced Governance Options
Until now, the status quo of the policy instruments to protect in particular agricultural used
soils from harmful plastic inputs has been assessed, including some alternative regulatory options in
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detail. In addition, in favour of a circular economy in agriculture and the phasing out of fossil fuels,
some important further and more overarching points can be made:
1.

2.

3.

4.

5.

6.

Environmental and fertiliser legislation aims to minimise inputs of plastics into the environment
through command-and-control approaches at certain points, mainly by imposing legal
limit-values for macroscopic impurities like plastic. However, the hazard prevention and
precautionary measures aimed for in this context are designed in a comparatively punctual and
non-comprehensive manner. Above all, limit values do not cover plastic particles of less than one
or two millimetres.
Nonetheless, it has been shown that extending and sharpening the existing legal instruments
in various details is possible without major regulatory efforts. For example, the requirements
for organic fertilisers contaminated with plastic could be tightened. Besides that, the intentional
addition of microplastics, both during the processing of organic fertilisers and to improve mineral
fertilisers, could easily be prohibited by command-and-control legislation in the near future.
However, to only focus on this, which the current political, social and scientific debate on plastics
regularly does, is most probably insufficient. Instead, it has been shown repeatedly that a key
aspect of the future plastic governance is to consistently minimise plastic inputs effectively at
the source. At the same time, there is an obligation under Art. 2 Para. 1 PA and human rights,
which are based on an understanding of precaution, to phase out fossil fuels in not more than
two decades, worldwide and in all sectors. Thus, when merging these two arguments, it becomes
clear that no matter how incomplete the regulatory approach on plastics appears to be to date,
the mere improvement of details is insufficient. Instead, a governance approach preferable at the
EU level (and ultimately worldwide), that achieves the phasing out of fossil fuels is required.
Elsewhere it has been shown that such a governance approach could be designed most effectively
as quantity control instrument: Within the EU as an upstream emissions trading system that
integrates all fossil fuels, takes old certificates out of the market and incorporates a cap that
is aligned with Art. 2 Para. 1 PA. In addition, border adjustments for countries that do not
choose to adopt a similar approach will be necessary [21,22,33,40,100]. It has furthermore been
shown that the transnational character of fossil fuels, as well as typical governance problems of
command-and-control law to limit quantities (such as rebound effects, sectoral and geographical
shifting effects, problems of depicting and enforcement), could be addressed most effectively this
way. Therefore, because of the diffuse load of plastic discharges, the excessive use of plastics,
the difficulties in recycling and the combination of various environmental problems, effective
plastic governance could be achieved in a joint approach that implements a quantity control on
fossil fuels.
This could significantly reduce plastic pollution at the source and thus help to gain plastic free
organic fertilisers and thereby foster circular economy approaches in agriculture and healthy soils
in the long term. And even if the phasing-out of fossil fuels was limited to other sectors, it would
have an influence on plastics. As fossil fuels start to phase out of use for other applications, plastic
production is likely to become more expensive. Part of the reason plastic is so cheap to produce is
that it utilises otherwise mostly waste material from the fractional distillation of crude oil for
fuels etc. [101]. Nevertheless, a complete fossil phasing-out is more in line with Art. 2 Para. 1 PA
(as well as other options such as plastic taxes).
However, a phasing out for fossil fuels that would end the current, predominantly fossil-based
plastics production, would also raise important follow-up questions. Plastics are not always easy
to reduce or replace in many economic sectors due to scarcity of resources (e.g., land, fertiliser,
etc. for bio-based plastic productions) and difficulties regarding technologies. Thus, occurring
follow-up questions are not only of an economic and social nature, but also of an ecological nature.
For example, only focussing on the phase out of fossil fuels might lead to a strongly increased
demand for land for the production of bio-based plastics in very large quantities. This could,
rather than reducing pressure on the environment, increase the existing agricultural problems and
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thus inhibit circular economy approaches. Therefore, the aforementioned fossil fuel regulation
has to be combined with other quantity control elements for land use (and livestock farming to
minimise overall land-use pressure) [21,22,33]. For example, forests would probably also have
to be subject to quantity control legislation because many plastic substitutes are based on trees.
However, at the same time, intact forests function as carbon sinks and are biodiversity hotspots
and should, therefore, be preserved or managed sustainably. As a consequence, the regulation
of fossil fuels for plastics (unlike in the electricity sector, for example) would probably not only
trigger technical substitution, recycling and efficiency strategies. Moreover, it would also lead
to frugality to a very considerable extent. Therefore, the regulation of plastics serves as a good
example, which reveals that the current growth-based economic approach is facing outstanding
questions if sustainability approaches that are in line with the Paris Agreement and human rights
are pursued. This is particularly true since, in contrast to substitution and efficiency strategies,
frugality strategies question in particular the growth orientation of modern economic activity
(including all follow-up questions, for example in social security or the labour market [21]).
Even if these legal steps were taken, there would still be a considerable need for regulation
in plastics law. However, the current challenges would then be significantly reduced, not at
least because a complete or even approximate substitution of today’s fossil-fuel-based with
plant-based plastic quantities could hardly take place due to a shortage of available land.
Nonetheless, the discharge of bio-based plastics into the environment—at least as long as they are
not fully biodegradable, as is often the case today—is likely to pose similar problems as currently.
The introduction of precautionary values for plastics on the basis of their persistence should,
therefore, in any case, be continued to be discussed. Alternatively, there is the option of pricing
biobased plastics or integrating this into a land-use pricing system that is to be further developed
for various ecological reasons.
The obligation to take far-reaching measures on plastic on the basis of human rights implies at
the same time that such measures are legitimate when weighed against the fundamental rights of
companies and consumers. The same applies to the question of whether purely national measures
would be compatible with the free movement of goods in the EU. The nature of the quantity
problem, however, argues in favour of EU-wide solutions and only subsidiarity in favour of
national approaches, although the latter might be easier to implement (see in detail [21,102]).
In view of the clear framing of the Paris objective as well as the limited enforcement power and
precision of other international environmental agreements, a new separate anchoring of plastics
in international law does not appear to be absolutely necessary (in favour of an international
plastic agreement [10] as well as [103,104] regarding marine plastics). Notwithstanding this,
international standards for the biodegradability of plastics have to be established, since the
biodegradability even of non-fossil fuels plastics is doubtful. This is because, like (almost) all
current environmental problems, the problems of plastics inhere a global dimension and, therefore,
are best addressed transnationally.

6. Conclusions
We have seen in this contribution: Legal initiatives that are able to address the ubiquitous plastic
pollution in soils comprehensively do not exist thus far. Using the example of Germany and the
European Union, it could be shown that the command-and-control legislation aiming at the protection
of agricultural soils does not include sufficient mechanisms to protect the soils from the serious threat
of plastic particles. In particular, plastic particles smaller than two or one millimetres are not covered
by the current legislation, although they pose the major environmental burden. As there are no reliable
methods for the determination of both micro- and nano-plastic particles in the soil and in organic
fertilisers globally, the prerequisite for significantly strengthened command-and-control legislation in
this respect is also missing. These methodical questions, as well as the determination of equivalent
standards for the biodegradability of plastics, require intensive scientific research on a global level.
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Notwithstanding this, it could be shown that the major (global) challenge lies in the quantitative
reduction of plastic inputs at its source, which is closely linked to the necessary transformation to
a post-fossil society. Thus, economic policy instruments aiming at a phasing-out of fossil fuels will
also effectively reduce the total plastic load entering the environment. The climate crisis and the
rapidly growing plastic pollution in all environmental departments require the implementation of
economic policy instruments—preferably on a broad geographical policy level. However, due to the
potentially harmful consequences not only of fossil-fuel-based but also of bio-based plastics, additional
command-and-control regulations remain necessary.
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