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1 Introduction

The present document summarises the work undertaken by the NORMAN Network’s Working Group 7
(WG7 — Contaminants of emerging concern in soil and the terrestrial environment) to develop an expert-
based shortlist of soil contaminants proposed for inclusion in the indicative list of soil contaminants
required under the EU Soil Monitoring Law (SML) (Art. 8 and Art. 24) by 17 June 2027.

The task was initiated in response to a clear need for a coherent, prioritised, and science-driven view of
which substances merit attention in soil monitoring across the EU. Soil contamination pressures are
diverse, emerging substances are continuously identified, and national monitoring practices vary widely.
To support harmonisation and ensure that monitoring efforts focus on the substances of greatest relevance
for environmental and human health, WG7 was invited to mobilise its multidisciplinary expertise.

The shortlist presented here is the result of a structured expert process combining data-driven evidence
with professional judgement. In this context, WG7 members conducted a comprehensive review of several
data sources, including the NORMAN databases, covering occurrence data, toxicity, hazard profiles and
environmental fate characteristics (persistence, bioaccumulation and mobility). This assessment also
considered substances uses and production volumes (where available), regulatory aspects, and relevance
to terrestrial ecosystems, notably through the evaluation of potential exposure pathways. Through iterative
discussion and consolidation, the group identified a set of substances and substance groups that represent
priority candidates for inclusion in future soil monitoring programmes.

It is important to emphasise that this is an expert input, not a prescriptive or exhaustive list. Rather, it
provides a scientifically informed starting point to support the JRC and EU decision-makers in developing
the indicative list foreseen in the Soil Monitoring Law. The list is expected to evolve over time as new
evidence emerges, analytical methods improve, and understanding of soil contamination patterns
deepens.
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To ensure that the assessment was both manageable and rooted in the appropriate subject-matter
expertise, WG7 divided the substances into five thematic groups:
1. Industrial chemicals;
Plant protection products;
Biocides;
Pharmaceuticals;
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Persistent Organic Pollutants (POPs).

This structure allowed each group to focus on substances for which members held the most relevant
expertise, enabling more in-depth evaluation of hazard, occurrence, regulatory context, and monitoring
feasibility. The division also ensured that the overall task remained tractable while still capturing the
breadth of contaminants relevant for EU-wide soil monitoring.

In carrying out the prioritisation, WG7 explicitly considered the criteria set out in Article 7(§4) of the EU
Soil Monitoring Law. For each substance or substance group, experts considered as far as possible (a) its
toxicity and potential impacts on human health and terrestrial ecosystems; (b) its persistence and mobility
in soil; (c) its known or expected sources and documented occurrence in soil or related environmental
compartments; (d) available quantitative information on production, use, consumption or sales volumes
within Europe; and (e) human biomonitoring data from research projects, together with evidence of the
substance’s presence in other environmental media.

2 Recommendations

2.1 Industrial chemicals

2.1.1 Procedure for selecting compounds

The prioritisation of industrial chemicals for soil monitoring was designed to address several key
challenges, including the large number of substances on the market and their diverse uses, their diffuse
emission pathways and the limited availability of harmonised soil monitoring data for many industrial
chemicals. The approach therefore combines expert knowledge, hazard-based regulatory information and
occurrence evidence, in line with the criteria set out in Article 7(§4) of the EU Soil Monitoring Law.

Initial selection of substances

WG7 experts first identified industrial chemicals with widespread use and a plausible potential for release
to soil. The pre-selection focused on following substance groups/ applications:

e Flame retardants;

e Plasticisers/phthalates;

e UV stabilisers and UV filters;
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e Lubricants and siloxanes;
e Corrosion inhibitors and other products for the rubber industry.

Approximately 130 individual substances were proposed in this initial step, based on expert judgement
regarding use patterns, emission pathways and relevance for soil contamination.

Screening criteria

As a prioritisation step, the proposed substance list was screened against hazard-based regulatory
inventories to identify substances of highest concern. The screening was based on CAS numbers matching
against:
e The REACH Candidate List of Substances of Very High Concern (SVHC), reflecting substances with
recognised hazardous properties under EU chemicals legislation [1];
e The SIN (Substitute It Now) List, used in addition to identify persistent substances not captured via
the SVHC Candidate List, in particular for certain substance groups such as corrosion inhibitors [2].

This step substantially reduced the initial selection to a subset of substances that already meet
high-concern criteria at EU or international level and are therefore particularly relevant for consideration
in soil monitoring.

Evidence base used for substance characterisation

The resulting subset of substances was then qualitatively characterised. This included:
e Information on toxicity to humans and terrestrial organisms;
e Substance properties such as persistence, mobility and bioaccumulation potential;
e Evidence of occurrence in environmental compartments related to soil (e.g. sewage sludge,
wastewater, groundwater), based on available monitoring data in the NORMAN EMPODAT
database.

This step was not intended to generate a quantitative ranking, but to support interpretation of the shortlist
and to document the relevance of the selected substances for soil contamination.

Expert judgement and consolidation

The final shortlist was established through expert consolidation. For most substance groups (flame
retardants, plasticisers/phthalates, UV filters, lubricants/siloxanes), the shortlist consists of substances
identified via the SVHC Candidate List. For corrosion inhibitors, where SVHC listing was absent, persistent
substances identified via the SIN List were retained.

The resulting shortlist therefore represents industrial chemicals that combine high regulatory concern with
properties indicating relevance for soil contamination.
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2.1.2 Shortlist

Table 1: Shortlist industrial chemicals.

HT: toxic for human, ET: ecotoxic, P: persistent, M: mobile, B: bioaccumulative, U: use likely to lead to soil contamination, D: detected, confirmed measurements
in soil or other matrices

*Substance info taken from https://commonchemistry.cas.org/; * Hazard info based on information from https://sinlist.chemsec.org/; # Detection (D) info based on findings in

sewage sludge, wastewater and/ or groundwater from https://www.norman-network.com/nds/empodat/

Substance Hazard* Exposure | Analytical method
Name CAS HT |ET (P |[M (B |U |D*

Decabromodiphenyl ethane (DBDPE); 1,1'-(ethane-1,2-diyl)bis[pentabromobenzene] 84852-53-9 X | x X |x |x GC-MS [6]
1,1'-[ethane-1,2-diylbisoxy]bis[2,4,6-tribromobenzene] (BTBPE) 37853-59-1 X X X | x GC-MS [6]
Tetrabromobisphenol A (TBBPA); 2,2',6,6'-tetrabromo-4,4'-isopropylidenediphenol 79-94-7 X X X Eurofins [8]
Bis(2-ethylhexyl) tetrabromophthalate (BEH-TEBP) 26040-51-7 X X X No info provided
Decabromodiphenyl ether (DecaBDE); Bis(pentabromophenyl) ether 1163-19-5 X X X [x |x EPA Method 1614A [3]
Benzyl butyl phthalate (BBP) 85-68-7 X X X [x |x GC-MS [4]

Bis (2-ethylhexyl)phthalate (DEHP) 117-81-7 X X [x |x GC-MS [4]
Dibutyl phthalate (DBP) 84-74-2 X X X [x |x GC-MS [4]
Dicyclohexyl phthalate (DCHP) 84-61-7 X X | x GC-MS [4]
Dihexyl phthalate (DHP) 84-75-3 X X | x No info provided
Diisobutyl phthalate (DIBP) 84-69-5 X X X GC-MS [4]
2,4-di-tert-butyl-6-(5-chlorobenzotriazol-2-yl)phenol (UV-327) 3864-99-1 X X | x LC/LC-MS/MS [5]
2-(2H-benzotriazol-2-yl)-4,6-ditertpentylphenol (UV-328) 25973-55-1 X X X | x LC/LC-MS/MS [5]
2-(2H-benzotriazol-2-yl)-4-(1,1,3,3-tetramethylbutyl)phenol (UV-329) 3147-75-9 X X | x X LC/LC-MS/MS [5]
Octamethylcyclotetrasiloxane (D4) 556-67-2 X X X [ x GC-MS/MS [7]
Decamethylcyclopentasiloxane (D5) 541-02-6 X |x X | x GC-MS/MS [7]
Dodecamethylcyclohexasiloxane (D6) 540-97-6 X |x X GC-MS/MS [7]
Benzotriazole 95-14-7 X X X X HPLC [9]
4-Methyl-1H-benzotriazole 29878-31-7 X X | x X | x No info provided
5-Methyl-1H-benzotriazole 136-85-6 X X | x X X HPLC [10]



https://commonchemistry.cas.org/
https://sinlist.chemsec.org/
https://www.norman-network.com/nds/empodat/

ge !

2.2 Plant protection products

2.2.1 Procedure for selecting compounds

The prioritisation of plant protection products (PPPs) for soil monitoring was designed to reflect
characteristics that distinguish PPPs from other chemical groups, particularly their intentional application,
the spatially widespread use, and the availability of extensive monitoring data across Europe. For this
reason, the approach combines information on use patterns relevant to soil contamination, measured
occurrence in soil, ecotoxicological concern for soil organisms, and expert judgement, while explicitly
aligning with the criteria set out in Article 7(§) of the EU Soil Monitoring Law.

Compared with several other contaminant groups, PPPs benefit from a broader and more harmonised
evidence base on environmental occurrence. This allows monitoring information to distinguish active
substances that are more frequently detected and therefore more relevant for inclusion in a soil monitoring
shortlist.

Initial selection of substances

The selection started from a comprehensive list of active substances of PPPs relevant to Europe, including
both currently authorised and legacy substances. Substances classified as persistent organic pollutants
(POPs) under the Stockholm Convention were considered separately because their regulatory status,
persistence, and legacy contamination patterns require a distinct evaluation. The main prioritisation
exercise therefore distinguished between non-POP and POP PPPs. Occurrence data were then used to
support the initial selection as further explained below.

Screening criteria

The screening step builds primarily on existing monitoring datasets collected at European and national
level, which provide direct evidence of PPP residues actually occurring in soils. This focus is appropriate
because PPPs often co-occur in soils, making occurrence data particularly relevant for identifying
substances that may contribute to combined exposures and potential mixture toxicity for both humans
and soil organisms. At the same time, the compiled monitoring datasets should be understood as the result
of an implicit preselection. In most surveys, the substances analysed were chosen in advance by the
respective coordinators based on considerations such as expected uses, sales volumes, known or suspected
hazard profiles for soil organisms and humans, analytical feasibility and regulatory relevance. As a result,
the compiled datasets represent a subset of substances already considered relevant enough to be
monitored. This implicit preselection was therefore recognized as a first screening layer and was taken into
account when interpreting detection frequency and occurrence evidence.

Evidence based used for prioritisation

To assess the actual occurrence of pesticide residues in soils, WG7 compiled and evaluated data from a
range of large-scale European and national monitoring initiatives, including:

e LUCAS soil survey [10];
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e Results from European research projects such as SPRINT, ARAGORN, and ISLANDR [11-13];

e A 2025 large-scale European evaluation of soil contamination by PPPs [14];

e National and regional soil monitoring programmes from several European countries, including
Denmark, Norway, Germany (including North-Rhein Westfalia), Italy, Portugal, Spain, Slovenia,
France, Czechia, Switzerland and others;

e All POPs listed in the Stockholm Convention [14].

Together, these datasets cover a wide range of geographical regions and climatic conditions across Europe,
including Northern, Central and Southern regions. This broad spatial coverage allows differences in
cropping systems, pesticide use patterns and climatic conditions to be taken into account. Substances were
ranked primarily based on their frequency of detection across the compiled datasets, as frequency was
considered the most robust and comparable metric across monitoring programmes with differing analytical
scopes and concentration ranges.

Expert judgement and consolidation

Based on the compiled occurrence data, WG7 experts established a top-60 list of non-POP PPPs, with the
most frequently detected substances listed first, as visualised in Figure 1.

Monitoring counts
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Figure 1: Monitoring counts of top-60 non-POP PPPs, based on compiled occurrence data.

In addition to detection frequency, experts considered for drafting the shortlist:
e Analytical feasibility, including the availability of analytical methods and achievable limits of
quantification (LOQ);
e Sampling depth, with a recommended soil depth of at least 20 cm, while avoiding deeper sampling
that could dilute concentrations of substances predominantly present in the upper soil layers;
e Substance properties, such as persistence in soil, sorption affinity, bioaccumulation potential, and
known toxicity to soil organisms and humans.

The resulting shortlist is considered most relevant for soil monitoring in agricultural land, where PPP
application pressures are highest. WG7 notes that, in future, the list could be further adapted for land uses
with lower PPP pressure, such as forests or nature conservation areas.
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2.2.2 Shortlist

2.2.2.1 Non-POP PPPs

Table 2: Shortlist non-POP PPPs. Substances are listed according to their detection frequency, with the most detected substance on top of the list.
HT: toxic for human, ET: ecotoxic, P: persistent, M: mobile, B: bioaccumulative, U: use likely to lead to soil contamination, D: detected, confirmed measurements
in soil or other matrices.

Substance Hazard Exposure Analytical Method
Name CAS HT ET P M B ] D

Aminomethyl phosphonic acid 1066-51-9 No info provided X X X LC-MS/MS
(AMPA)

Boscalid 188425-85-6 X X X X X LC-MS/MS
Azoxystrobin 131860-33-8 X X X X LC-MS/MS
Fluopyram 658066-35-4 X X X X LC-MS/MS
Glyphosate 1071-83-6 X X X LC-MS/MS
Tebuconazole 107534-96-3 X X X X No info provided
Difenoconazol 119446-68-3 X X X X X LC-MS/MS
Epoxiconazole 133855-98-8 X X X X LC-MS/MS
lambda-Cyhalothrin 91465-08-6 X X X No info provided
Bixafen 581809-46-3 X X X X X LC-MS/MS
Carbendazim 10605-21-7 X X X X X X LC-MS/MS
Cyprodinil 121552-61-2 X No info provided X X LC-MS/MS or GC-MS/MS
Fludioxonil 131341-86-1 X X LC-MS/MS or GC-MS/MS
Metrafenon 220899-03-6 X X X X X LC-MS/MS
Diflufenican 83164-33-4 X X X X LC-MS/MS
Fluopicolide 239110-15-7 X X X X LC-MS/MS
Imidacloprid 138261-41-3 X X X X X X LC-MS/MS
Mandipropamid 374726-62-2 X X X X LC-MS/MS
Pendimethalin 40487-42-1 X X X X X LC-MS/MS
Chlorantraniliprol 500008-45-7 X X X X LC-MS/MS
Dimethomorph 110488-70-5 X X No info provided | x X X LC-MS/MS
Fenpropimorph 67564-91-4 X No info provided | x X X X LC-MS/MS
Indoxacarb 173584-44-6 X No info provided | x X X X LC-MS/MS
Prochloraz 67747-09-5 X X X X X LC-MS/MS
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Substance Hazard Exposure Analytical Method
Name CAS HT ET U D

Propiconazole 60207-90-1 X X X No info provided
Prosulfocarb 52888-80-9 X X X LC-MS/MS
Terbuthylazine 5915-41-3 X X X X LC-MS/MS
Trifloxystrobin 141517-21-7 X No info provided X X LC-MS/MS
Clothianidin 210880-92-5 X X X No info provided
Diuron* 330-54-1 X X No info provided
Esfenvalerate 66230-04-4 X No info provided X X GC-MS/MS
Fluxapyroxad 907204-31-3 X X X LC-MS/MS
Linuron 330-55-2 X X X X LC-MS/MS
Metconazole 125116-23-6 X X X LC-MS/MS
Metolachlor 51218-45-2 X X X LC-MS/MS
Metribuzin 21087-64-9 X No info provided X X LC-MS/MS
Penconazole 66246-88-6 No info provided X X LC-MS/MS
Pirimicarb 23103-98-2 X X X X LC-MS/MS
Pyraclostrobin 175013-18-0 X X X LC-MS/MS
Simazine 122-34-9 X No info provided X X LC-MS/MS
Terbuthylazine-desethyl 30125-63-4 X No info provided X X LC-MS/MS
2-Hydroxysimazin 2599-11-3 X No info provided X X LC-MS/MS
Acetamiprid 135410-20-7 X X No info provided
Atrazine 1912-24-9 X X X LC-MS/MS
Chlorotoluron 15545-48-9 X X X LC-MS/MS
Cyproconazole 94361-06-5 X X X X LC-MS/MS
Dimoxystrobin 149961-52-4 X X X X LC-MS/MS
Fenpropidin 67306-00-7 X No info provided X X LC-MS/MS
Flufenacet 142459-58-3 X X X LC-MS/MS
Fluguinconazole 136426-54-5 X X X LC-MS/MS
Imazalil 35554-44-0 X No info provided X X LC-MS/MS
Metalaxyl-M 70630-17-0 X X X LC-MS/MS
Oxyfluorfen 42874-03-3 No info provided X X LC-MS/MS
Prothioconazole desthio 120983-64-4 X No info provided X X LC-MS/MS
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Substance Hazard Exposure Analytical Method
Name CAS HT ET P M U D

Spiroxamin 118134-30-8 X X X X X LC-MS/MS
Tau-Fluvalinate 102851-06-9 X No info provided | x X X GC-MS/MS
Tefluthrin 79538-32-2 X X X X GC-MS/MS
Thiacloprid 111988-49-9 X X X No info provided
Aclonifen 74070-46-5 X No info provided | x X X GC-MS/MS
Alachlor 15972-60-8 X No info provided | x X X X LC-MS/MS

2.2.2.2 POP PPPs

PPPs classified as POPs under the Stockholm Convention were excluded from the main prioritisation exercise described above. For completeness,
the most frequently detected POP PPPs within the compiled monitoring datasets are presented separately in Table 3.

Table 3: Shortlist POP PPPs. Substances are listed according to their detection frequency, with the most detected substance on top of the list.
HT: toxic for human, ET: ecotoxic, P: persistent, M: mobile, B: bioaccumulative, U: use likely to lead to soil contamination, D: detected, confirmed measurements
in soil or other matrices.

Substance Hazard Exposure Analytical Method
Name CAS HT ET P M B U D

DDE p,p'- 72559 X X X X X GC-MS/MS
Chlorpyrifos 2921-88-2 X X X X X X GC-MS/MS
DDD p,p'- (TDE) 72548 X X X X X GC-MS/MS
DDT p,p'- 50293 X X X X X X GC-MS/MS
Dieldrin 60-57-1 X X X X X X GC-MS/MS
DDT o,p'- 50293 X X X X X GC-MS/MS
HCB hexachlorobenzene (HCB) 118741 X X X X X X GC-MS/MS
DDD o,p'- (TDE) 72548 X X X X X GC-MS/MS
DDE o,p'- 72559 X X No info X X GC-MS/MS

provided
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2.3 Biocides

2.3.1 Procedure for selecting compounds

Biocides can enter the environment - and thus the soil - via various pathways, e.g. via application of sewage
sludge or manure containing biocides on agricultural land or via runoff of rainwater containing substances
from buildings or surfaces. As a result, environmental occurrence and concentrations may vary
considerably between substances and environmental compartments. The prioritisation of biocidal active
substances for soil monitoring therefore was designed to account for the diverse use patterns of biocides
and the multiple entry pathways through which these substances can reach soil. As a starting point, an
established prioritisation scheme (see below) was used (for more details, please see below). The outcome
was then complemented and validated through expert judgement and available occurrence evidence.

Initial selection of substances

The initial selection of substances focused on organic biocidal active substances and relevant
transformation products with a potential for release to the environment and subsequently reach soil.
Substances from a range of biocidal product types were considered, to reflect the wide range of
applications and possible emission pathways.

The following categories were not considered in the prioritisation scheme:
e  Micro-organisms;
e Fumigants;
e  Fast-reacting substances (e.g. ozone);
e Simple and naturally occurring acids (e.g. lactic acid);
e Inorganic substances (e.g. silver).

In contrast, metallo-organic compounds and metal complexes with organic content were considered
relevant for the selection.

Screening criteria

As a first screening step, substances were prioritised using the biocide prioritisation scheme developed by
the German Environment Agency (UBA) [16 - 18]. This established framework provided a robust basis for
prioritisation, while recognising that the proposed biocides might be most relevant for Germany due to the
national context in which the scheme was developed.

This prioritisation concept evaluates substances based on:
e Estimated emitted quantities (based on German product data [19]);
e Ecotoxicological effects;
e Entry pathways into environmental compartments;
e Environmental behaviour, including persistence and distribution.

10
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Thus, the established prioritisation scheme provided a structured and transparent approach for identifying
biocidal substances of highest relevance for environmental monitoring, including soil monitoring.

Evidence base used for prioritisation

To support and complement the results of the first screening step, additional evidence was considered,
including:
e Occurrence data from monitoring studies in sewage sludge, manure, slurry and soil;
e Information on entry pathways relevant for soil contamination, such as application of sludge or
manure to agricultural land, runoff from treated surfaces, or direct application and leaching to soil;
e Regulatory context, including listing of substances as priority substances under the Water
Framework Directive (where applicable).

This evidence base was used to characterise the relevance of prioritised substances for soil monitoring and
to support expert judgement, rather than to generate a quantitative ranking.

Expert judgement and consolidation

In addition to substances prioritised via the UBA scheme, expert judgement was applied to identify
additional relevant substances. Substances were considered for inclusion when all of the following criteria
were met:

e The substance belongs to the same chemical group as a prioritised substance;

e The substance is listed under the Water Framework Directive;

e The substance has been detected in monitoring studies in sludge, manure or soil [19].

The final shortlist therefore represents a consolidated expert-based selection of biocidal substances that
combine high environmental relevance with plausible exposure pathways to soil. The prioritisation focused
primarily on environmental relevant input data, while recognising that further refinement could
incorporate additional considerations related to human health hazards.

11
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2.3.2 Shortlist

Table 4: Shortlist biocides.
HT: toxic for human, ET: ecotoxic, P: persistent, M: mobile, B: bioaccumulative, U: use likely to lead to soil contamination, D: detected, confirmed measurements
in soil or other matrices.
* no final assessment report available, # non-approval or approval expired according to BPR (EU) 528/2012, d: direct via e.g. direct exposure or leaching, i: indirect
via e.g. sewage sludge, manure

Substance Hazard Exposure Analytical Biocides - entrypath
method
Name CAS HT ET P M B U D Sewage Manure Direct applica-
Sludge - Soil | /Slurry - tion / leaching
Soil on soil
1,2,4-triazole 288-88-0 No info X No info X (d;i) No info pro- | x X
provided provi- vided
3-phenoxybenzoic 3739-38-6 No info X X ded X (d;i) X X
acid provided
Acetamiprid 135410-20-7 Repr. 2 X X
ADBAC (C12-C14)* | 85409-22-9 No info No info | No info Noinfo | x(d;i) | x (human X X X
provided | provi- | provided provi- & soil)
ded ded
ADBAC (C12-C18)* | 68391-01-5 No info No info | No info Noinfo | x(d;i) |x (human X X X
provided | provi- | provided provi- & soil)
ded ded
ADBAC/BKC (C12- 68424-85-1 Not CMR | x X (d;i) X (human X X X
C16) & soil)
ATMAC 61789-18-2 Not CMR | x x (i) x (human X
& soil)
Bardap 26 (DMPAP) | 94667-33-1 No info x (i) X (human X
provided & soil)
Bifenthrin# 82657-04-3 No info X X X
provided
Brodifacoum 56073-10-0 Repr. 1A | x X X x (i) X
Bromadiolone 28772-56-7 Repr. 1B | x X X x (i) X
Chloro-2-(n- 64395-81-5 No info X No info No info | x (d) X
carbamoyl)-1- provided provided provi-
ethene sulfonic acid ded
(TP DCOIT)
Chlorocresol 59-50-7 No info x (i) X
provided

12
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Substance Hazard Exposure Analytical Biocides - entrypath
method
Name CAS HT ET P B U D Sewage Manure Direct applica-
Sludge - Soil | /Slurry - tion / leaching
Soil on soil
Chlorophacinone 3691-35-8 Repr. 1B | x X
Clothianidin 210880-92-5 Repr. 2 X X x (i) X
Cyfluthrin 68359-37-5 R X x (i) X
Cypermethrin 52315-07-8 Not CMR | x X (d;i) X X X
Cyromazin 66215-27-8 Not CMR | x X x (i) X
DDAC 7173-51-5 Not CMR x(d;i) | x (human X X X
& soil)
DDAC (C8-C10)* 68424-95-3 No info No info | No info No info | x (d;i) X (human X X X
provided | provi- | provided provi- & soil)
ded ded
Deltamethrin 52918-63-5 Not CMR | x X x (i) X X
Desethyl-terbutryn* | 30125-65-6 No info No info | No info No info | x (d;i) X X
provided | provi- | provided provi-
ded ded
Diclosan (DCPP) 3380-30-1 Not CMR | x X x (i) X
Difenacoum 56073-07-5 Repr. 1B | x X X x (i) X
Difethialone 104653-34-1 Repr. 1B |x X X x (i) X
Diflubezuron# 35367-38-5 No info X
provided
Diuron* 330-54-1 No info No info | No info No info | x (d;i) X X
provided | provi- | provided provi-
ded ded
Etofenprox# 80844-07-1 No info X X x (i) X
provided
Fipronil 120068-37-3 No info X X X (d) X
provided
Flocoumafen 90035-08-8 Repr. 1B |x X X x (d;i) X X
Imidacloprid 138261-41-3 Not CMR | x X x (i) X
Isoproturon* 34123-59-6 No info No info | No info No info | x (d;i) X X
provided | provi- | provided provi-
ded ded

13
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Substance Hazard Exposure Analytical Biocides - entrypath
method
Name CAS HT ET P B U Sewage Manure Direct applica-
Sludge - Soil | /Slurry - tion / leaching
Soil on soil
lambda-Cyhalothrin | 91465-08-6 Not CMR | x X x (i) X
Melamin 108-78-1 No info X X (d;i) X X
provided
N-(3-aminopropyl)- | 2372-82-9 No info X
N-dodecylpropan- provided
1,3-diamine (Dia-
mine)
Na-Pyrithion* 3811-73-2 No info No info | No info No info | x (d;i) X X
provided | provi- | provided provi-
ded ded
Octhilinon 26530-20-1 Not CMR | x X (d;i) X X
Permethrin 52645-53-1 Not CMR | x X X (d;i) X X
PHMB 1802181-67-4 Carc. 2 X X x (i) X X
Piperoylbutoxid 51-03-6 Not CMR X x (i) X
(PBO)
Prallethrin 23031-36-9 Not CMR | x X x (i) X X
Propiconazole 60207-90-1 Repr. 1B | x X X (d;i) X X
Spinosad 168316-95-8 Not CMR | x X
Tebuconazole 107534-96-3 Repr. 1B |x X x (d;i) X X
Terbutryn* 886-50-0 No info No info | No info No info | x (d;i) X X
provided | provi- | provided provi-
ded ded
Terbutryn-sul- 82985-33-9 No info No info | No info No info | x (d;i) X X
foxide* provided | provi- | provided provi-
ded ded
Tetramethrin* 7696-12-0 No info No info | No info No info | x (i) X
provided | provi- | provided provi-
ded ded
Thiabendazole 148-79-8 No info X X (d;i) X X
provided
Thiacloprid 111988-49-9 No info X
provided
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x (i)

Thiamethoxam 153719-23-4 No info X
provided

Transfluthrin 118712-89-3 Carc. 2 X X

Triclosan# 3380-34-5 No info X X
provided

Zn-Pyrithion* 13463-41-7 No info No info | No info
provided | provi- | provided

ded

x (i)

X (sail)

No info
provi-
ded

X (d;i)
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2.4 Pharmaceuticals

2.4.1 Procedure for selecting compounds

Pharmaceuticals enter terrestrial systems primarily through the application of sewage sludge and manure,
the use of irrigation water influenced by wastewater treatment effluents, and broader water-reuse
practices. Because these inputs occur across agricultural and urban environments, exposure is not limited
to isolated hotspots but reflects widespread emission patterns across European soils.

Pharmaceuticals are designed to exert biological effects at low concentrations and to interact specifically
with biological receptors; therefore, even small soil inputs may lead to ecological risks or contribute to the
development and spread of antimicrobial resistance.

The prioritisation of pharmaceuticals for soil monitoring is justified by the unique characteristics of this
substance group, including their continuous and diffuse emission pathways, their intrinsic biological
potency, and the increasing evidence of their occurrence in terrestrial environments. Following the general
WG7 prioritisation framework, the approach combines occurrence, hazard, regulatory and use-related
information, thereby ensuring alignment with the criteria set out in Article 7(4) of the EU Soil Monitoring

Law.

Initial selection of substances

The selection process started from an initial list of 42 pharmaceuticals, including both veterinary and
human medicine products and representing a wide range of therapeutic classes (e.g. antibiotics, analgesics,
hormones, antidepressant, anti-inflammatories, antiepileptics, antifungals). These substances were
selected based on their extensive documentation in scientific publication, monitoring studies, and
technical reports, as well as their well-recognised environmental relevance in aquatic and terrestrial
compartments. This comprehensive starting list ensured the inclusion of compounds with diverse
physicochemical properties, modes of action, and emission profiles, thereby providing a solid foundation
for the prioritisation of relevant substances for soil monitoring.

Screening criteria

To establish a manageable shortlist from the initial pool, a multi-criteria prioritisation approach was
applied, combining:
e Intrinsic properties: persistence, mobility and potential for bioaccumulation; where persistence
data were limited, occurrence in groundwater or drinking water was used as supporting evidence;
e Hazard: toxicity to terrestrial organisms (when available) or aquatic organisms; potential human
health implications, including contribution to antimicrobial resistance;
e Exposure likelihood: entry pathways into soil;
e Occurrence evidence: detection in soil, sludge, manure, wastewater, surface water, groundwater,
crops and other matrices;
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e Regulatory relevance: inclusion in the provisional political agreement for updating contaminant
lists under the water directives (COM(2022) 540 final 2022/0344 (COD)).

Evidence base used for prioritisation

The prioritisation relied on a broad evidence base. WG7 consulted published studies documenting the
occurrence of pharmaceuticals in terrestrial and aquatic systems, as well as occurrence data from sludge,
manure, and soil sampling campaigns. Information from the NORMAN EMPODAT database, complemented
by national monitoring efforts, helped characterise exposure across European regions. Substance
properties, including degradation behaviour, sorption, leaching potential, and transformation pathways,
were critically reviewed to assess the likelihood of accumulation in soils.

Rather than generating a rigid ranking, the available evidence was synthesised and complemented by
expert judgement to develop an overall understanding of the environmental relevance of each substance.
The objective was to derive a scientifically defensible yet operational shortlist that reflects real-world
exposure and monitoring feasibility.

Expert judgement and consolidation

Through iterative discussion, WG7 consolidated the information into two final shortlists of
pharmaceuticals, considered most relevant for soil monitoring under distinct exposure scenarios.

e The first list comprises 17 pharmaceuticals that are most relevant to scenarios involving water
reuse, the agricultural application of sewage sludge, and irrigation with water influenced by
wastewater effluents, representing the substances most likely to reach soils under circular water
management practices (Table 5).

e The second list comprises 6 veterinary pharmaceuticals mainly associated with the agricultural
application of manure, reflecting substances widely used in livestock production and recognised as
relevant for terrestrial exposure pathways (Table 6).

Together, these substances cover major therapeutic categories: antibiotics, psychiatric medications,
antifungal and antibacterial agents, an anti-inflammatory drug, and several natural and synthetic
hormones. Each shortlisted substance combines plausible or confirmed soil exposure, significant hazard
potential, environmental persistence or mobility, along with the availability of validated analytical methods
capable of quantifying them at environmentally relevant concentrations.

By integrating information on intrinsic properties, hazard profiles, exposure pathways and occurrence
evidence, the final shortlists provide a coherent and practical foundation for soil monitoring. It also
supports alignment with broader European water policy, promotes cross-media consistency and
contributes to a better understanding of pharmaceutical contamination in terrestrial environments.
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2.4.2 Shortlist

Table 5: Shortlist of pharmaceuticals relevant for water reuse and sludge application.

HT: toxic for human, ET: ecotoxic, P: persistent, M: mobile, B: bioaccumulative, U: use likely to lead to soil contamination, D: detected, confirmed measurements
in soil or other matrices.

* Found in groundwater and drinking water and therefore considered potentially persistent. ** PBT and ED under assessment. However, occurrence in humans and
biota, as well as ED effects, have been reported. ° A recent study (Cheng et al., 2026, https://doi.org/10.1016/j.ecoenv.2026.119763) points to toxicity to human
ovarian cells at low concentrations.

Substance Hazard Exposure Analytical method
Name CAS HT ET P M B U D
Azithromycin 83905-01-5 X X X X No info X X QUEChERS—>LC-MS/MS
provided
Erythromycin 114-07-8 X X X X X USE+SPE->LC-MS/MS
Sulfamethoxazole* 723-46-6 X X X X No info X X SLE+SPE->LC-MS/MS; QUEChERS-> LC-MS/MS
provided
Carbamazepine 298-46-4 X X X X X SLE+SPE->LC-MS/MS; QUEChERS—> LC-MS/MS
Venlafaxine 93413-69-5 X X X No info X X USE+SPE->LC-MS/MS
provided
O-desmethylvenlafaxine 93413-62-8 X X No info SLE+SPE->LC-MS/MS
provided
Fluconazole 86386-73-4 X X X X X X SLE+SPE->LC-MS/MS; QUEChERS-> LC-MS/MS
Triclosan** 3380-34-5 X X X X X X X SLE+SPE->LC-MS/MS; QUEChERS-> LC-MS/MS
Methyl triclosan 4640-01-1 x2 X X X X X SLE+SPE—>LC-MS/MS; QUEChERS—> LC-MS/MS
lbuprofen 15687-27-1 X X X No info X X SLE+SPE—>LC-MS/MS; QUEChERS—> LC-MS/MS
provided
Diclofenac 15307-86-5 X X X X X SLE+SPE—>LC-MS/MS; QUEChERS—> LC-MS/MS
SLE(US)+SPE->LC-MS/MS
17a-Ethinyl estradiol (EE2) 57-63-6 X X X X X X SLE+SPE->LC-MS/MS; QUEChERS—> LC-MS/MS
17B- estradiol (E2)* 50-28-2 X X X X X SLE+SPE->LC-MS/MS; QUEChERS-> LC-MS/MS
Estrone (E1) 53-16-7 X X X No info X X SLE+SPE—>LC-MS/MS; QUEChERS-> LC-MS/MS
provided
Clotrimazole 23593-75-1 X X X X X X XSLE+SPE->LC-MS/MS
Fenbendazole 43210-67-9 X X X X SLE(US)+SPE->LC-MS/MS
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Table 6: Shortlist of veterinary pharmaceuticals.

HT: toxic for human, ET: ecotoxic, P: persistent, M: mobile, B: bioaccumulative, U: use likely to lead to soil contamination, D: detected, confirmed measurements

in soil or other matrices.

Substance Hazard Exposure Analytical method

Name CAS HT ET U D

Enrofloxacin 93106-60-6 X X X PLE+SPE->LC-MS/MS

Doxycycline 564-25-0 X X X X SLE+SPE->LC-MS/MS

Sulfamethoxazole 723-46-6 X X X X SLE+SPE->LC-MS/MS; QUEChERS-> LC-MS/MS
Toltrazuril 69004-03-1 X X X X SLE(US)+SPE->LC-MS/MS

Fenbendazole 43210-67-9 X X | x | SLE(USHSPESLC-MS/MS

Deltamethrin 52918-63-5 X X X QUEChERS—> GC-MS/MS
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2.5 POPs

2.5.1 Procedure for selecting compounds

The prioritisation of Persistent Organic Pollutants (POPs) for soil monitoring differs fundamentally from
that applied to other substance groups, as POPs are already identified as substances of global concern
under the Stockholm Convention due to their persistence, bioaccumulation, toxicity and long-range
transport potential.

Initial selection of substances

The initial selection comprised all substances currently listed as POPs under the Stockholm Convention,
including substances listed under Annexes A, B and C [16], as well as relevant substance groups (e.g. PCBs,
PAHs, PFAS). As inclusion under the Stockholm Convention already reflects a high level of concern for
human health and the environment, no additional expert-based pre-selection was applied at this stage.

Screening criteria

For POPs, their regulatory status is itself the primary justification for prioritisation and inclusion in the
candidate list. All substances listed under the Stockholm Convention were therefore retained, as they
already fulfil the highest hazard-based criteria recognised at international level.

Consequently, no further hazard-based filtering (e.g. against SVHC, SIN lists) was applied, as this would be
redundant for substances that have already been formally identified and regulated as POPs.

Evidence base used for prioritisation

While POP status provides a strong hazard-based justification for prioritisation, it does not in itself indicate
the relevance of a substance for soil monitoring. Therefore, WG7 compiled and assessed available
occurrence evidence to characterise the presence of POPs in soil and related environmental
compartments. This included:

- Searches in the NORMAN EMPODAT database;

- Data from the German Environmental Specimen Bank;

- Targeted searches in the scientific literature;

- Findings from relevant research projects.

Based on this evidence, substances were qualitatively characterised according to their observed
occurrence, distinguishing between substances detected in soil, detected only in sediment, and those for
which no occurrence evidence was identified in either compartment. Analytical methods were provided
for the shortlisted substances; The cited references should be regarded as illustrative examples of suitable
analytical approaches rather than exhaustive or prescriptive recommendations.
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Expert judgement and consolidation

Expert judgement was applied to consolidate the POPs shortlist, distinguishing between substances with
confirmed detection in soil and those for which evidence is currently available only from other
environmental compartments.

All POPs were retained in the shortlist, reflecting their intrinsic relevance for soil monitoring due to their
persistence and long-term behaviour. Substances with confirmed detection in soil were highlighted as
having higher immediate relevance for soil monitoring programmes. However, POPs lacking documented
soil occurrence were also included to ensure completeness and to support future monitoring as analytical
capabilities and data availability improve.

Ultimately, brominated dioxins were also included in the list. Although they are not currently regulated as
POPs under the Stockholm Convention, they were considered potentially relevant for environmental
monitoring due to their persistence, toxicological concerns, and potential occurrence in the environment.
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2.5.2 Shortlist

Table 7: Shortlist POPs.

HT: toxic for human, ET: ecotoxic, P: persistent, M: mobile, B: bioaccumulative, U: use likely to lead to soil contamination, D: detected, confirmed measurements

in soil or other matrices.

Substance Hazard Exposure | POP - detected Analytical method

Name CAS HT | ET U D

Tetrabromodiphenyl ether 40088-47-9 X X X Found in sediments, found in soil GC-MS/MS [24]
Pentabromodiphenyl ether 32534-81-9 X X X Found in sediments, found in soil GC-MS/MS [24]
g;?;:;i;?)?:::zz:zlnj;]Z;rfeDrecaBDE); 1163-19-5 X X X Found in sediments, found in soil GC-MS/MS [24]

Chlordane 57-74-9 X |x X Found in sediments, found in soil GC-HRMS [25]
(P;é‘gg;ori”ated dibenzo-p-dioxins 40321-76-4  |x |x x | Found in soil GC-HRMS or GC-MS/MS [21]
Polychlorinated naphthalenes 58718-67-5 X |x X Found in soil GC-MS/MS or GC-MS [22,23]
HCB hexachlorobenzene (HCB) 118-74-1 X |x X Found in soil GC-HRMS [25]
Polychlorinated biphenyls (PCB) 1336-36-3 X |x X Found in soil GC-MS or GC-ECD [26]
Hexabromocyclododecan (HBCDD) 25637-99-4 X |x X Found in soil LC-MS/MS [24]

Chlorpyrifos 2921-88-2 X |x X Found in soil LC-MS/MS [25]

DDT p,p'- 50-29-3 X |x X Found in soil GC-HRMS [25]

Lindane (alpha and beta, gamma HCH) 58-89-9 X |x X Found in soil GC-HRMS [25]

Dieldrin 60-57-1 X |x X Found in soil GC-HRMS [25]
Heptabromodiphenylethter (Octa BDE) | 68928-80-3 X |x X Found in soil GC-MS/MS [24]
Hexabromodiphenylether 36483-60-0 X |x X Found in soil GC-MS/MS [24]

Endrin 72-20-8 X |x X Found in soil GC-HRMS [25]
Methoxychlor 72-43-5 X |x X Found in soil GC-HRMS [28]

Heptachlor 76-44-8 X X X Found in soil GC-HRMS [25]

Short-chain chlorinated paraffins (SCCPs) | 85535-84-8 X |x X Found in soil APCI-HRMS [31,32]
Endosulfan 115-29-7 X X X Found in soil GC-HRMS [25]
?,/'wegé‘;’s’;{hai” chlorinated paraffins 85535-85-0  |x |x x | Found in soil APCI-HRMS [31,32]
Dioxine-like PCB X |x X Found in soil GC-HRMS or GC-MS/MS [21]
Polychlorinated dibenzofuranes (PCDF) X |x X Found in soil GC-HRMS or GC-MS/MS [21]
PFOA 335-67-1 X X X Found in soil LC-MS/MS [33, 34]
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Substance Hazard Exposure POP - detected Analytical method
Name CAS HT | ET U D

PFOS 1763-23-1 X X X Found in soil LC-MS/MS [33, 34]
PFHxS 355-46-4 X X X Found in soil LC-MS/MS [33, 34]
PFNA 375-95-1 X X X Found in soil LC-MS/MS [33, 34]
Long chain PFCAs X X X Found in soil LC-MS/MS [33, 34]
Brominated dioxins X |x X Found in soil GC-MS/MS [35]
Long-chain chlorinated paraffins (LCCPs) X |x X Found in soil APCI-HRMS [31, 32]
Dicofol 115-32-2 X X X Found in sediments GC-MS/MS [36]
Dechlorane Plus 135821-03-3 X |x X Found in sediments GC-MS [27]
f\;fs:é:zr(zgt/rjg;gl)'z'y')'4'6'ditert'°e“' 25973-55-1  |x |«x x | Found in sediments LC-MS/MS [29]
Aldrin 309-00-2 X |x X Found in sediments GC-HRMS [25]
Alpha Hexachlorocyclohexane 319-84-6 X |x X Found in sediments GC-HRMS [25]
Pentachlorobenzene 608-93-5 X |x X Found in sediments GC-HRMS [25]
Hexachlorobutadiene 87-68-3 X |x Found in sediments GC-MS [28]
Chlordecone 143-50-0 X |x Not found so far in soils or sediments | GC-HRMS [25]
Mirex 2385-85-5 X |x Not found so far in soils or sediments | GC-MS [28]

Beta- Hexachlorocyclohexane 319-85-7 X |x Not found so far in soils or sediments | GC-HRMS [25]
Hexabromobiphenyl (PBB153) 36355-01-8 X |x Not found so far in soils or sediments

Toxaphene 8001-35-2 X X Not found so far in soils or sediments | GC-ECD [30]
Pentachlorophenols and esters 87-86-5 X |x Not found so far in soils or sediments | GC-MS [37]
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3 Concluding remarks

This note presents an expert-based shortlist of substances proposed for inclusion in the indicative list to
be established under the forthcoming EU Soil Monitoring Law (Art. 8) by 17 June 2027. The shortlist was
developed by Working Group 7 (WG7, Contaminants of emerging concern in soil and the terrestrial
environment) of the NORMAN network, through a pragmatic evaluation process combining expert
judgement, available evidence of occurrence, hazard, regulatory relevance, persistence, bioaccumulation,
mobility (PBM) properties, use patterns, and analytical feasibility.

To keep the exercise manageable while covering a broad range of contaminants, the assessment was
organised by substance groups, namely industrial chemicals, plant protection products (PPPs), biocides,
pharmaceuticals, and persistent organic pollutants (POPs).

The resulting shortlists comprise 20 industrial chemicals, 69 PPPs, 53 biocides, 21 pharmaceuticals and 41
POPs. Fifteen substances were identified in more than one substance group (Table 8), reflecting overlaps
in use patterns, regulatory frameworks or environmental relevance.

Table 8: Substances shortlisted on multiple lists.

Name Lists CAS
Tebuconazole Biocides, PPP 107534-96-3
Thiacloprid Biocides, PPP 111988-49-9
Decabromodiphenyl ether (DecaBDE); Bis(pentabromophenyl) ether | Industrial, POP 1163-19-5
HCB hexachlorobenzene (HCB) PPP, POP 118-74-1
Acetamiprid Biocides, PPP 135410-20-7
Imidacloprid Biocides, PPP 138261-41-3
Clothianidin Biocides, PPP 210880-92-5
2-(2H-benzotriazol-2-yl)-4,6-ditertpentylphenol (UV-328) Industrial, POP 25973-55-1
Chlorpyrifos PPP, POP 2921-88-2
Diuron Biocides, PPP 330-54-1
Triclosan Biocides, Pharmaceuticals 3380-34-5
DDT p,p'- PPP, POP 50-29-3
Propiconazole Biocides, PPP 60207-90-1
Dieldrin PPP, POP 60-57-1
lambda-Cyhalothrin Biocides, PPP 91465-08-6

After accounting for these overlaps, the proposed shortlist contains 187 unique substances (see Excel file
as Annex).

The proposed shortlist should be regarded as a scientifically informed starting point rather than a definitive
or exhaustive inventory of substances relevant for soil monitoring. The evidence base differs considerably
among substance groups with respect to data availability, quality. Some substances are supported by
extensive monitoring information, while for others the evidence is more indirect and relies on expert
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judgement, known use patterns, regulatory status, intrinsic hazardous properties, or evidence from related
environmental compartments rather than soil itself.

It should also be noted that no systematic assessment of analytical capabilities, including LOQs, or
consultation with commercial laboratories was undertaken in this exercise. Such information would be
valuable to further refine the shortlist, particularly with respect to practical monitoring feasibility and the
interpretation of non-detects. The information compiled in the factsheets should therefore not be
interpreted as complete, and the absence of monitoring data or analytical methods should not be taken as
evidence of absence or lack of relevance. As new scientific knowledge, monitoring data, and analytical
techniques become available, the shortlist should be periodically reviewed and updated.

Overall, the shortlist offers a transparent and scientifically informed basis for identifying substances that
emerge as priorities based on current knowledge. It provides a common basis for future expert dialogue,
methodological development, and monitoring design. Furthermore, it facilitates further discussions among
experts, Member States and European Commission on priorities for monitoring soil contamination in
Europe.
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