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Objective of this module

The aim of this module is to evaluate the current state of the science and available
methodologies for evaluating the impact of microplastics derived agriculture.

The module brings forward a first calculation approach based on available data.
Objectives are:

Objective 2025:

Link the methodology to
impact module

Refine the methodology
including more sources
and characteristics
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Challenges in plant agriculture.

An overview of plastic leakage |4 .8 ® 1+ % @ &
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Plastic use in agriculture has grown significantly over the past decades, driven by its s /f .
affordability, durability, and utility in enhancing productivity. However, these benefits vosolds i

come with environmental concerns, particularly plastic leakage into ecosystems, where

it can persist for decades, causing harm to soil health, water quality, and biodiversity.

Plastic leakage from agricultural soils can originate from direct sources, where plastic

is intentionally introduced but inadequately managed, or indirect sources, where

plastic enters the environment unintentionally through degradation or secondary

contamination.

Direct and obvious sources :

* Mulching films

+ Protecting nets

+ Greenhouses

« Irrigation pipes

« Bags and other packagings

These macroplastics break down into microplastics over time due to

weathering, mechanical stress, and biological activity. 6| (12
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Indirect and less obvious sources :
« Organic fertilizer products (composts, [manure and WWTP sludges)
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What are the negative effects and risks associated to plastics contamination in
agricultural soils?

Microplastics are not the only stressors acting on
agricultural ecosystems. Many global change stressors are
acting concurrently on agricultural ecosystems, including
physical (e.g., warming), chemical (e.g., pesticides), and
biological (e.g., invasive plant species or weeds) stressors.
Recent work suggests that the combined pressures and
the high number of factors acting on agricultural soils can
lead to unpredictable effects in the soil ecosystem [2,3]

Microplastics can be absorbed by organisms, disrupting
microbiome functions. Understanding the potential for
plastics and leached additives to accumulate in plants and
enter the food chain is crucial for safeguarding food safety
and human health.

Microplastics have been shown to negatively affect the
growth of crops and animals (e.g., ciliates, flagellates), and
cause soil bacterial community structure dysbiosis. [4,5]

Leaching of additives from plastics increases the chemical
burden on soils. The consequences of a long-term release
of chemicals due to the degradation of plastics in soils are
unknown [6
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System map for microplastic in agriculture

The path of microplastic leaks for producing an agricultural product
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A review of current methodologies from the scientific literature
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Fig. 2
Research in micoplastics and
agriculture
- Plasticis foundin manly types of crops and
agricultural land: arable lands, paddy lands, uplands,
irrigation, and greenhouse soils.
- Significant sources of plastic contamination in the
agricultural soils includes mulching, sludge and = Mulch asludge = Compost iiauirai
compost placement, and greenhouses ) N
abandonment. m Greenhouse = Mixture = Others w Coated Fertilizer
- Most research studies have been carried in Asia Sources of microplastics in agricultural soils (n = 120)
and Europe.
Fig.1

- The amount of microplastics released depend on:

The type of sourcs e N
The geographical region euope [N

The crop category North America [ 4
The type of site (urban area versus remote atica [ +
countryside)

Differences in land management, soil, geomorphology, South America [ff 3

- Models do often not take into account the size, type of Australia 0
polymer or shape of microplastics. The databases used
contain large uncertainties and the method only gives
estimates.
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Percentage of the total studies

Worldwide distribution of plastics studies conducted on agricultural land (n = 120) ,
Sa’adu et al., 2023



Characteristics of plastic pollution in agricultural soil

Soil contamination varies along soil profile Concentrations of microplastics in

with a clear decrease from -20cm to -90cm. agricultural soils increase over time and the
(Kedzierski et al., 2023) application of organic and inorganic fertilisers

are significant contributors of microplastics.
(Cusworth et al., 2024)

Global median stock of microplastics in soils could be of
the order of 3.6 Mt., which is one to two orders of =
magnitude higher than what has been estimated for

untry Plasticsource Soiltype  Crop() Abundance Compositon  References

microplastic stocks at the ocean surface. (Kedzierski et
al., 2023)

Upland land

E E

Methotolodies and measurement
methods vary accross the litterature
leading to different values and
conclusions. Buks et al (2020).
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impact of historical practices on soil contamination:
soils in many agricultural regions now contain
significant plastic residues accumulated over the
decades(Cusworth et al., 2024)

Sa’adu et al., 2023
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Methods by sources

These methods can be used for other regions and adapted when more knowledge and data become available.

Brandes, Elke, Martin Henseler, and Peter Kreins, 2021. Identifying Hot-Spots for Mlcroplastlc Contamination in Agrlcultural Soils-a Spatial
Modelling Approach for Germany. Environmental Research Letters 16, 104041.

1) Estimations of the amounts of MP entering agricultural soils through sewage sludge in Germany
Method:  MP% = Ciiis % Mo m

MP masses in mg = national mean MP concentration in sewage sludge in wt% (0,56 wt% for Germany) * sewage sludge masses produced for

agricultural per region

Could be used as follows :

- Establish secondary data by geographical region on the MP concentration in sewage sludges

- Establish secondary data by geographical region on the mass of sewage production

- Establish secondary data by geographical region on the proportion of sewage sludge discharged into agricultural soil (the PFN already has
secondary data?)

2) Estimations of the amounts of MP entering agricultural soils through compost in Germany

Method : MPS,, = M9, x C°°. (9)

MP masses in mg = compost amounts produced for agricultural use per region * national mean MP concentration in compost wt% (0,037 wt% for
Germany)

Could be used as follows :

- Establish secondary data by geographical region on the MP concentration in compost

- Establish secondary data by geographical region on the mass of compost production


https://doi.org/10.1088/1748-9326/ac21e6

Mulch films and cover tarps

Brandes, Elke, Martin Henseler, and Peter Kreins, 2021. Identifying Hot-Spots for Microplastic Contamination in Agricultural Soils-a Spatial
Modelllng Approach for Germany. Environmental Research Letters 16, 104041. https://doi.org/10.1088/1748-9326/ac21e6.

3) Estimations of the amounts of MP entering agricultural soils through mulch films and cover tarps in Germany

Method : MBS, — 4SS, x AP, x L€ x FMSC,  (13) Crop category AP, 5 TH (m) D (kg m?) FM* (kgha™")
ASP L0 0.0010 0.000 100 917.5 917.500
STR 0.5 0.0027 0.000 040 917.5 367.000
cuc L0 0.0094 0.000 030 917.5 275.250
LET 0.5 0.0100 0.000 025 917.5 229.375
EPO 1.0 0.0100 0.000 025 917.5 229.375
MP masses in mg = area of the speciality crop categorg %_row - . d*
loss factor * mass of foil per ha (= thickness * 10 00f DPE)

Crop categories are: asparagus, strawberries, cucurbits (including cucumbers, summer squash, and winter squash), lettuce, and early
potatoes.

Could be used as follows :
- Establish secondary data by geographical region on the area of agricultural soils
- Establish secondary data by geographical region on the distribution of crop categories

- Establish secondary data on the fraction of the area where mulch film or cover tarp is used per crop category
- Establish secondary data on loss factors
- Establish secondary data on thickness of foil per crop category


https://doi.org/10.1088/1748-9326/ac21e6
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System map for microplastic in agriculture

The path of microplastic leaks for producing an agricultural product - state of the art. The greyed areas indicate what the studies reviewed by PFN cover.
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Limits :

+ Results from [7] and [10] differs with one order
of magnitude (from 45kt of MP leakage due to
sewage sludges in Germany to 3,8kt in the

latest publication)

The model does not consider the size, type of
polymer or shape of microplastics.

There is no estimation of MP leakage from
agricultural soil to ocean




Attempt of] Meta analysis on plastic contamination in soils

Article

Type de quantific:

n (mesure, estimation)

Estimation en combinant des données de Ia littérature et des

Culture

Zone géographique Représentativité

Boues de STEP, composts MOYeNe: extrapolation &
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Fertisant ique, i
OUI (sur une période 1850 Mesure (méthode d'extraction chimique H202 et comptage Sols agricoles ertlisant inorganique, - expérimentau avec
© ' i uk fumier organique, pas  pratique unique, seul
par microscople 4 fluorescence) expérimentaux b
damendements objectf diérencier les
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Calculation route and secondary dataset

Reference flux : 1 kg of
agricultural commaodity

[

X ha of land with the
corresponding land use

X kg of macro

microplastics

X kg of macroplastics
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Leakage
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STEP1:
Inventories to be
established at
commodity/landu
se type scale
and/or at country
scale

STEP 2 : Release
rates

Reduction of plastic release allowed by practice changes (quality of agricultural inputs, macro plastics management) may be addressed in a second phase
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Conclusions and perspectives

1. Sewage sludges, compost and plastic covers appear
to be the main 3 source of MP leakage to soils [8]

2. There is one publication presenting models to
estimation MP leakage to soil from sewage sludges,
compost and plastic covers, but this model do not
include size, type of polymer or shape of
microplastics [T]

3. Estimation of soil PM contamination based on these
models remains uncertain [10]

4. MP behavior in soil remains relatively unknown in term
of temporal [9] and spatial [10] dynamics

5. No data was found to estimate MP leakage from
agricultural to ocean

6. There is more and more measure of PM soil
contamination but the diversity of measure
techniques, level of detail and the
representativeness of measurements sites limit the
ability to perform meta-analysis [11]

Proposal for 2025 objectives

1. Investigating publications using MFA to relate MP
leakage sources to MP contamination in crop
soils [11,12]

2. Applying existing models to a case study, see
methodology developed in [13]. Include macro-
plastic leakage?

3. Investigating soil MP contamination data
availability at country / world scale by targeted
interviews

4. Discussing (again) with the impact working group
on how to deal with the impact of plastic leakage
from agriculture to soils and oceans
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