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1. Project Summary

URSOILL (Innovative solutions for sustainable urban soil restoration through Living Labs) is a
Horizon Europe project aiming to restore and improve urban soil health by developing, testing and
scaling innovative solutions in real-life urban environments. Urban soils are often degraded by
human management and activities (sealing, contamination, compaction), reducing their ability
to provide such services and increasing risks to the environment and health.

The URSOILL" project addresses these challenges by creating five Living Labs in European cities
located in Sweden, Spain, Italy, Greece and Luxembourg, representing different climatic and
socio-economic conditions, where different actors collaborate to co-create, develop and test
innovative solutions for urban soil restoration. The participatory and interdisciplinary approach
aims to generate effective, replicable and sustainable solutions, improving the climate resilience
and liability of cities. Meanwhile, contributing to EU Green Deal goals and the establishment of
100 Soil Living Labs & Lighthouses by 2030.

2. Deliverable summary

Urban soils are often degraded and under considerable pressure. There is thus a need to protect
them and restore their soil health status by testing/implementing innovative solutions. The
performance of those solutions needs to be evaluated by robust, sensitive and comprehensive
soil health indicators. Therefore, the present report “D3.1 Catalogue of Soil Health Indicators”,
defines a harmonised framework of soil health indicators to successfully monitor soil condition
across the Living Labs (LL) experimental sites and assess the impact of the prototypes tested
throughout the URSOILL project.

In order to evaluate soil health across different LL and, at the same time, test the performance of
the prototypes accounting for the specificities of each site and each problematic, two set of
indicators are proposed: 1) a general set of general soil health indicators applicable across all LLs
providing a comprehensive picture of soil health status and evolution by including the most
relevant physical, chemical, biological and visual soil properties, and 2) specific indicators which
will be proposed by each LL to test the performance of soil prototypes

The proposed indicators are to be analysed at the baseline assessment and subsequent
monitoring campaigns (at least, one in the middle and one at the end of the campaign). In
addition, D3.1 establishes a common and standardised soil sampling strategy together with
aligned laboratory analysis methods. This harmonised approach ensures data consistency,
comparability and interoperability across sites, enabling robust evaluation of soil health
solutions and supporting their replicability.

The proposed framework has been co-developed in close collaboration with all URSOILL LL,
integrating their practical needs and site-specific conditions. It builds upon internationally
recognised standards and best practices, drawing from organisations such as FAO and WRB, as

"URSOILL
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well as previous EU soil-related projects. The sampling strategy has been further refined through
expert consultation, including scientific specialists and the Joint Research Centre (JRC).

URSOILL

Overall, D3.1 provides a practical, standardised and scientifically robust toolkit for assessing
and monitoring soil health in urban soils, supporting the evaluation, comparison and upscaling
of innovative soil restoration solutions.

3. Introduction

3.1. Context

Although there is no single universally agreed definition, several formal or widely cited scientific
definitions of “urban soil” exist in the literature and institutional sources. For example, according
to USDA Soil Survey (2019), “the term urban soil refers to soils in areas of high population density
in the largely built environment.” Also, a formal pedological definition is often cited: “Urban soil
is a soil material having a non-agricultural, man-made surface layer more than 50 cm thick,
produced by mixing, filling, or contamination of the land surface in urban and suburban areas”
(Bockheim, 1974). According to the UN?, with 70% of the global population expected to live in
cities by 2050, urban soils have become critical for providing essential ecosystem services (ES)
that support healthy urban ecosystems. Therefore, and in line with the Soil Monitoring Law (SML),
urban soils are vital in maintaining a good quality of life in urban areas.

Despite their importance, urban soils are often degraded by anthropogenic activities, including
sealing, contamination with heavy metals, and compaction, which hinder their ability to provide
ES. This degradation poses risks to human and environmental health and worsens the effects of
natural disasters like floods and heatwaves. It is estimated that, annually, 12 million hectares of
natural soils are affected by urbanization, leading to further soil degradation®. According to the
SML, urban soils are affected by a wide array of issues, including greater exposure to legacy
contamination from former industrial activities, increased flood vulnerability and soil sealing
pressure, intense urban heat island effects, or reduced access to green areas.

This current situation is the result of a myriad of factors, which are summarized as follows:

Absence of a clear regulatory framework. Although the SML is expected to partially
address this issue, difficulties are likely to persist, especially during the process of
national transposition. In many cases, EU legislation is not easily aligned with local
regulatory systems, which can create inconsistencies and implementation barriers.
Pressure: urban soils are subjected to intensive pressure from many angles (industry,
public infrastructure, residential...).

2 UN (2018) Internet resource at https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-
prospects.html

3 FAO (2022) Urbanization and Soil Healing. Internet resource at

https://openknowledge.fao.org/server/api/core/bitstreams/8f842¢13-0473-4ec6-b4a9-0fb7a6c89906/content
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Heterogeneity: urban soils exhibit high variability both horizontally and vertically,
which makes their classification extremely challenging. This, in turn, complicates
their management.

Related to the previous and to the fact that urban soils host different uses,
contaminants are present in different forms, including emerging contaminants.

Lack of information: in many cases, urban soils are poorly characterized, and this is
especially the case with aspects related to soil health, as there are no clear guidelines
on how to approach this. Traditionally, the approach towards urban soils has been
almost exclusively from a planner/development perspective.

URSOILL

As a result of the challenges outlined above, relatively few initiatives have explicitly focused on
urban soils from a soil health perspective. The EU Soil Mission is expected to partially address
this gap through funded projects such as Soil Health Benchmarks, which has proposed soil
sampling protocols specifically adapted to urban soils, and SPADES, which incorporates soil
health considerations into spatial planning and design. At municipal level, there are also some
initiatives tackling the issue by, for example, proposing a soil health quality index to be used for
characterization and planning (IQSB Brussels)*.

Apart from the required characterization, classification and monitoring of soil health at urban
level, and derived from the issues these soils are facing and in line with the objectives of the
Mission Soil, there is an urgent need to restore their soil health status. Restoration depends on
the deployment of tailor-made and innovative initiatives, interventions and solutions.

In summary, much more work is needed in terms of assessment, characterization and monitoring
of urban soils, starting with the definition of clear, applicable and sensitive indicators which can
provide an assessment of soil health. Such indicators are also needed to evaluate the
performance of soil interventions and prototypes to reverse their degradation status.

3.2. Content, scope and purpose of this report

The main objective of this report is to propose a set of general soil health indicators that can
effectively set the baseline status of each of the experimental sites included in the URSOILL
project and monitor the impact of innovative practices or solutions on soil health at the LL
experimental sites. Apart from these general soil health indicators, and once prototypes are
identified and implemented and baseline results get available, soil-specific indicators will be
defined. These indicators will be specific to each prototype and site and will serve to test their
performance.

Therefore, the scope of this document is the assessment of soil health on urban soils. But this
catalogue not only provides a set of tailored indicators for the assessment of urban soils, together
with the corresponding analytical methods, but it also introduces a revised approach for urban
soil sampling. For this purpose, relevant previous works from several international organisations

4 https://environnement.brussels/citoyen/services-et-demandes/conseils-et-accompagnement/teste-ton-sol-un-outil-pour-

evaluer-son-terrain
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and EU soil-related projects®, such as the Food and Agriculture Organization (FAO)®, the World
Reference Base (WRB)’, and Bruxelles Environment?®, have been taken into account. In addition,
specific meetings with scientific soil experts, including the Joint Research Centre (JRC)®, have
contributed to improving the report.

URSOILL

In Annex 1, this report proposes a common and standard soil sampling methodology. A practical
and printable field template designed to support the systematic collection of field data for a
comprehensive soil sampling and assessment can be found in Annex 2. This document also
includes a standard operating procedure (SOP) for laboratory analysis in Annex 3, leading to
analysis consistency, data harmonization and enabling data comparison and replicability.

4. Catalogue of key general soil health
indicators

A set of indicators that can effectively measure and monitor soil health within urban contexts is
proposed. For the selection, attributes such as robustness, practicality of measurement,
sensitivity to change, efficiency in soil health assessment, parameter standardisation,
comparability, and cost-effectiveness were considered. The indicators selected relate to the
intended use or purpose of the assessment, targeting the most critical aspects of urban soil
health, such as soil structure, contamination, biodiversity, chemical and biological properties. In
terms of robustness, the indicators intend to provide consistent and reliable results overtime and
across different locations, and they should be minimally affected by factors like weather
conditions, human intervention, or laboratory errors (providing those standard guidelines, such
as the one proposed in this report, are followed). Indicators have been selected to be suitable for
both large-scale monitoring programs and small-scale urban soil assessments, besides being
simple, efficient, and cost-effective. The sensitivity of the indicators to changes allows them to
capture the effects of different management practices (e.g. desealing, soil cover replacement,
tree planting, establishment of vegetation cover, biochar application, and contaminant
remediation). Their relevance for assessing soil health lies in their close connection to
fundamental processes such as water infiltration, carbon sequestration, contaminant
immobilisation or remediation, and appropriate land use.

4.1. Proposal of indicators

The set of general soil indicators which has been selected provides information about the
physical, chemical, and biological properties of soils. They also serve to identify potential risks
and evaluate the effectiveness of tested solutions. This set is provided in Table 1 and includes
indicators grouped in five categories: Physical, Chemical, Biological, Contaminants and Visuals.
Each category is thus related to specific soil functions: 1) Physical: water retention, transmission,

5 BENCHMARKS soil sampling protocol: Guidelines for urban systems
8Home | Food and Agriculture Organization of the United Nations
71USS Working Group - World Reference Base — World Reference Base for Soil Resources

8 Intégrez la notion de qualité du sol dans la conception de votre projet urbanistique avec l'indice IQSB-PRO | Professionnel - Bruxelles
Environnement

9 Joint Research Centre
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filtration of pollutants, water cycling and renewability, and gaseous exchange; 2) Chemical:
cycling of elements, elemental transformation, buffering, and leaching; and 3) Biological: waste
decomposition, denaturing of pollutants, climate regulation, carbon sequestration, habitat for
biota, and energy for soil organisms (Lal, 2016). Contaminants are provided in a different category
due to their importance and impact on soil health and functions. A set of visual and descriptive
in-situ indicators is also proposed.

URSOILL

Authors acknowledge the fact that the selected indicators do not provide a complete overview of
the soil functions and mechanisms, but the selection has to be seen as a general compromise,
taking into account the fact that there are different LL involved and there is a limited budget
allocated for this task. In addition, the general list includes indicators that are slow to react but
are needed to map the baseline status, potential or capability.

The general set of soil health indicators described below builds on the previous work within
iCOSHELLs™ project includes soil quality parameters tailored for urban context grouped in five
categories: Physical (particle size distribution, bulk density, coarse fragment content, water
holding capacity and saturated hydraulic conductivity), Chemical (pH, electrical conductivity,
total carbon and organic carbon and total nitrogen), Biological (microbial biodiversity and
respiration), Contaminants (total heavy metals and PFAS 21) and Visual (soil erosion, surface
sealing, plant cover, and soil profile description). The proposed indicators in this catalogue are
clearly linked to each aspect of soil degradation described in the SML and to their corresponding
soil descriptors (e.g., salinisation => electrical conductivity), thereby making the project's
outcomes an important contribution to EU soil health status and policy implementation.

4.1.1.Physical indicators

Particle size distribution is typically expressed as the percentage of sand, silt and clay and the
result is represented on the textural triangle. The Pipette method is the recommended
measurement methodology for the determination of particle size distribution in mineral soils
(1S011277)"". Other methods for determining particle size distribution typically include sieving,
visible imaging and infiltrometry. Soil texture, as well as the bulk density, conditions the soil
structure that decisively influences soil behaviour.

Bulk density (BD) is traditionally measured with the core method'?, providing key information to
understand soil compaction, soil porosity, available water capacity and infiltration. The results
are to be expressedin g cm™2 achieved by dry soil mass (g) divided by volume (cm?) of a standard
cylinder 5x 5.1 cm (~100 cm?; without lids). It is typically determined at different depths, but soil
compaction ate.g. 10-20 cm is more evident at subsurface soil, then determinations at this depth
are useful for future comparison (e.g., with LUCAS samples; Panagos et al., 2022) and allow to
obtain useful information on soil structure, aeration, and potential root penetration beyond the
surface. Moreover, BD can be combined with clay content to derive the Packing Density (PD), an
indicator of soil compactness (calculated as: PD =BD + 0.009 x clay content), which provides an
integrative representation of soil structure by accounting for both mass and texture effects. This
metric has been widely adopted as a proxy for soil compaction used in previous large-scale

' jCOSHELLs
" https://www.iso.org/standard/69496.html

21S0O 11272:2017 - Soil quality — Determination of dry bulk density
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assessments and European soil monitoring frameworks (Panagos et al., 2024a), supporting its
application for spatial analyses of soil physical degradation.

URSOILL

Coarse fragments are defined as the fraction of soil particles with a diameter greater than 2 mm
(e.g. gravels, stones and rock fragments). They are typically expressed as a percentage of the total
soil mass or volume. The standard procedure involves drying the soil sample, gently
disaggregating it, and sieving it through a 2 mm mesh, following ISO 11464:2006 for sample
pretreatment. The fraction retained on the sieve (>2 mm) is then weighed to determine the
proportion of coarse fragments. The recommended methodology for separating coarse
fragments is dry sieving at 2 mm, although complementary approaches may include field visual
estimation or volumetric assessment in undisturbed samples, particularly when hydrological
properties are of interest. While ISO 11464 provides the preparation framework, quantitative
determination is typically combined with procedures described in ISO 11277.

Soil water holding capacity (WHC) is usually expressed as a percentage, indicating the
maximum quantity of water (g) contained in a dry soil sample (100g). The methodology suggested
to determine WHC is ISO 11274:2019". An alternative method for estimating WHC is based on
soil texture and expressed in mm/cm (Toth et al., 2015). Soil WHC provides information on soil
water retention and infiltration. FAO has categorized WHC into 7 classes and created a dynamic
map'.

Saturated hydraulic conductivity (Ksat) is typically estimated directly in the field using the
Beerkan infiltration method (Lassabatere et al., 2006), with a single-ring infiltration, providing key
information to understand soil permeability, pore connectivity, infiltration capacity and water
movement under near-saturated conditions (Bagarello et al., 2012). Soil hydraulic parameters,
including Ksat, are then estimated using the BEST (Beerkan Estimation of Soil Transfer
parameters) algorithm, assuming near-steady-state conditions. The initial soil moisture needed
for the Beerkan-Bagarello method is obtained from the BD measurement (samples taken
contemporaneously), where the gravimetric water content can be calculated and converted into
the volumetric water content required by the Bagarello equation. The results are expressed in
units of length per time (e.g., cm s™") and represent the effective rate of water flow through the
soil. The Beerkan method involves repeated application of known water volumes into a ring
inserted in the soil surface, allowing the determination of steady-state infiltration rates and the
estimation of Ksat while preserving soil structure and microporosity. For compatibility with the
SML framework, values can be converted to cm/day using standard unit conversion factors (e.g.,
1 cm/s = 86400 cm/day).

4.1.2.Chemical indicators

Soil pHis typically measured ata 1:5 (volume fraction) in either water, 1 mol/l potassium chloride
solution, or 0.01 mol/l calcium chloride solution (ISO10390)". Other methods to assess soil pH
are: extractions, passive samplers, colorimetry and electrochemistry. Soil pH is a measure of the
amount of acidity. Optimum pH values of soil vary depending on the context. Within the EEA

31S0O 11274:2019
4 https://data.apps.fao.org/catalog/dataset/ccOebca9-0df9-4061-a338-6ffec9e9acb4

'S https://www.iso.org/standard/75243.html
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(2023)" framework, soil pH is interpreted using functional ranges where extreme values
represent “unhealthy soils” classified into acidic and alkaline ranges based on ESDAC datasets
(JRC). pH is commonly used to determine nutrient availability for plant uptake (FAO, 2020), but at
urban context, its relevance is directly linked to contaminant availability, such as heavy metals,
soil microbial activity and diversity, and other soil properties (Lebron et., al 2025).

URSOILL

Electrical Conductivity (EC) values (expressed in dS m™") will be determined in an aqueous 1:5
volume fraction of soil (ISO11265)". Other methods to assess EC use different extractions,
passive samplers, colorimetry and electrochemistry. Electrical conductivity is a measure of the
ability of a solution to carry an electric current or the concentration of soluble salts. High salinity
can result in soil degradation, so it is crucial to provide spatial EC information for soil quality
evaluation (Corwin and Lesch, 2005). Electrical conductivity has been used as a surrogate
measure of soil salinity classification. The FAO Handbook (2018)'™ on saline soil management
proposes a classification of soil salinity based on EC values > 4 dS/m (at 25 °C). Salinity classes
reported in the National Soil Survey Handbook (USDA)? are: non-saline (EC 0<2 dS m™), very
slightly saline (EC 2<4 dS/m™), slightly saline (EC 4<8 dS m~"), moderately saline (EC 8<16 dS
m'1) and strongly saline (EC 216 dS m'1).

Total Carbon (TC) and organic carbon (TOC) contents are assessed through the dry combustion
method (ISO 10694)21 and expressed in percentage. Loss on ignition is also used (Roper et
al.,2019). Other methods include NIR/MIR spectroscopy and ultrasound. Soil organic matter
(SOM) is a complex mixture of substances derived from plant and animal residues. It plays a
crucial role in soil health, significantly influencing its biological, chemical, and physical
properties by promoting infiltration and retention of water and enhancing soil structure. Soil
organic matter concentration is influenced by multiple factors (Weil and Magdoff, 2004). Based
on the classification proposed by Rusco et al. (2001), SOM content can be divided into four
categories: high (> 6.0%), medium (2.1-6.0%), low (1.1-2.0%), and very low (< 1.0%).

Total soil nitrogen (TN), which refers to the entire amount of nitrogen present in soil, comprising
organic and inorganic forms. The preferred analysis method is dry combustion (ISO 13878)%,
although the Kjeldahl method is also generally used (ISO 11261:1995)%, with values expressed in
percentage. Limit values are reported by ESDAC?* and represented in a map of TN distribution all
around Europe. The analysis of total N also provides valuable information on N leaching,
microbiological activity, organic matter decomposition, and it is necessary to calculate the C/N
ratio.

'8 Soil monitoring in Europe — Indicators and thresholds for soil health assessments | Publications | European Environment Agency
(EEA)

7 https://www.iso.org/standard/19243.html

'8 https://www.nrcs.usda.gov/sites/default/files/2022-10/Soil%20Electrical%20Conductivity. pdf
'® https://openknowledge.fao.org/handle/20.500.14283/i7318en

20 https://www.nrcs.usda.gov/resources/guides-and-instructions/national-soil-survey-handbook
2! https://www.iso.org/standard/18782.html

2 https://www.iso.org/standard/23117.html

2 https://www.iso.org/standard/19239.html

24https://esdac.jrc.ec.europa.eu/themes/npk-european-soils
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4.1.3.Biological indicators

Microbial biodiversity assessment will be carried out by metagenomics, using high-throughput
sequencing of DNA barcodes for measuring taxonomic and functional diversity, showing the
evolution of selected groups of organisms, as shown in the literature (Labouyrie et al.,2023). The
resulting bioinformatic analysis containing multiple information (e.g., taxonomy, phylogeny,
indexes, etc.) relies on the raw reads generally organised in operational taxonomic units (OTUs)
and then classified by taxon using a fitted classifier. For DNA extraction methodology and primer
selection, it is suggested to refer to the Earth Microbiome Project (EMP)*. Assessment should
include data from at least two groups of organisms in line with EU/JRC soil biodiversity initiatives
to ensure broad coverage of soil biodiversity. Using the DNA metabarcoding approach, the target
regions recommended are: 16S ribosomal DNA for bacteria and archaea, the internal transcribed
spacer for fungi (ITS), and ideally also 18S ribosomal DNA for eukaryotes (Orgiazzi et al., 2018).
By sequencing and analysing this DNA, it is possible to have a clear idea of the composition and
function of soil microbial communities (Hozzein, 2020; Roesch et al., 2007). Metagenomics
allows to obtain, for example, bacterial and fungal diversity indexes which are often correlated
with other soilindicators (Bahram et al., 2018). Moreover, by analysing selected functional group
DNA sequences, as already achieved with LUCAS survey samples (Labouyrie et al.,2023), it is
possible to obtain an estimation of soil biodiversity and monitor their evolution through
guantification by gPCR (ISO 17601:2016)%* across the different land-use soil types of the LLs.
Alternative methods to evaluate soil biodiversity include PLFA, abundance and diversity of
nematodes, earthworms, springtails, native ants, etc.

Microbial respiration will be assessed by the incubation method (ISO 16072:2002)%, where the
CO, production or O, consumption is measured, with results expressed in mg per time unit from
a mass unit of soil, mg of CO, (or O,) g~" of dry soil*hour (FAO, 2023)?. Other methods in which
soil respiration can be measured are lab-on-a-chip, electrochemistry and/or biosensors. Soil
respiration is the process by which carbon dioxide (CO,) is released from the soil into the
atmosphere and provides information about soil biological activity. Respiration occurs primarily
through the decomposition of SOM and plant litter by soil microorganisms, as well as through the
respiratory activities of plant roots and soil fauna. It is a highly useful indicator that can be used
to assess the effectiveness of soil management practices (Oyonarte et al., 2012; Miralles et al.,
2012; Irving et al., 2024). Finally, soil microbial respiration can be combined with SOC values to
provide information on the relative amount of organic matter being transformed (Hardy et al.,
2019).

4.1.4.Contaminants

Heavy metals results are to be reported in mg kg™' and analysed after acidic digestion by ICP-
MS/AES/SFMS (ISO 54321, 1S017586:2016)*, while other methods comprise different
extractions, passive samplers, bioassays, lab-on-a-chip, biosensors and electrochemistry. The

% https://earthmicrobiome.org/protocols-and-standards/

% https://www.iso.org/obp/ui/en/#iso:std:iso:17601:ed-1:v1:en

27 https://www.iso.org/obp/ui/en/#iso:std:iso:16072:ed-1:v1:en

2 https://openknowledge.fao.org/server/api/core/bitstreams/e9f3525e-d101-4fee-9330-ba166eafa90d/content

2 https://www.iso.org/standard/75441.html
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acidic digestion methodology aligns with the one used in LUCAS 2018% Topsoil Survey and the
one with dilute nitric acid (ISO17586:2016)*", as proposed by the EU Soil Monitoring Law®2. Both
of them include the analysis of the following heavy metals: Arsenic (As), Cadmium (Cd), Cobalt
(Co), Chromium (Cr), Copper (Cu), Mercury (Hg), Nickel (Ni), Lead (Pb), Antimony (Sb), Thallium
(TU), Vanadium (V) and Zinc (Zn).

URSOILL

Heavy metal contamination represents a significant threat to soil and living organisms. Therefore,
assessing heavy metal concentrations is crucial for evaluating soil health (Soriano-Disla et al.,
2014). The availability of these metals in soil is influenced by factors such as pH, EC, and organic
matter content. At the European level, threshold values related to the application of sewage
sludge in agricultural soils have been defined (EU Directive 86/278/EC). Other threshold and
guideline values for metals in soils based on either ecological or health risk have been reported
in the literature (T6th et al.,2016a). Derived from the LUCAS survey, maps of heavy metals in EU
topsoil are available on ESDAC (Téth et al.,2016b).

PFAS 21 compounds® results are to be reported in pg kg™ and analysed following extraction
procedures coupled with liquid chromatography-tandem mass spectrometry (LC-MS/MS),
according to EPA Method 163334, Other analytical approaches may include targeted or suspect
screening methods, high-resolution mass spectrometry, passive samplers and emerging sensor-
based techniques. PFAS contamination represents an increasing threat to soil, water resources
and living organisms due to their persistence, mobility and bioaccumulation potential. Therefore,
assessing PFAS concentrations is crucial for evaluating soil quality and potential environmental
and human health risks. The behaviour and retention of PFAS in soils are strongly influenced by
factors such as organic matter content, texture, pH and mineral composition, which control
sorption and transport processes. At the European level, regulatory thresholds for PFAS in soils
are still under development, although some Member States have proposed guideline values for
risk assessment and site management. Threshold values for PFAS are currently established only
for drinking water under the Drinking Water Directive 2020/2184 (DWD)*®, which sets parametric
values for the sum of selected PFAS (0.1 pg L™ PFAS 20) and total PFAS (0.5 pg L™"). Member
States are required to comply with these limits by 12 January 2026.

4.1.5.Visual indicators

Soil erosion description visual assessment is a qualitative field method used to evaluate the
state of soil erosion through direct observation of visual indicators. The approach is based on
analysing elements such as the presence of rills and gullies, loss of topsoil horizons, root
exposure, vegetation cover, and the presence of surface crusts. This indicator allows the
classification of erosion levels into different categories (e.g., absent, slight, moderate, severe),
providing a rapid yet effective estimate of surface soil degradation. It is practical to assess, low

30LUCAS-SOIL-2018
3T https://www.iso.org/obp/ui/en/#iso:std:is0:17586:ed-1:v1:en
32 https://eur-lex.europa.eu/eli/dir/2025/2360/0j/eng

$3FTS, PFBA, PFBS, PFDA, PFDoDA, PFDoDS, PFDS, PFHpA, PFHpS, PFHXA, PFHxS, PFNA, PFNS, PFOA, PFOS, PFPeA, PFPeS, PFTIDA,
PFTrDS, PFUnDA, PFUNDS.

34 Method 1633A Analysis of Per- and Polyfluoroalkyl Substances (PFAS) in Aqueous, Solid, Biosolids, and Tissue Samples by LC-
MS/MS

35 http://data.europa.eu/eli/dir/2020/2184/0j
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cost, and has the possibility of integrating observations with other physical and biological soil
indicators. In Europe, erosion is monitored using large-scale modelling approaches such as
those based on RUSLE (e.g., Panagos et al., 2020).

URSOILL

Surface sealing (natural and anthropogenic) refers to a compacted, dense layer at the soil
surface that reduces water infiltration, gas exchange, and seedling emergence. It can originate
from both natural (e.g., raindrop impact, clay dispersion, and subsequent crust formation) and
anthropogenic pressures (e.g., sealing, machinery traffic, trampling, or land use changes). The
assessment is based on the visual identification and expressed as percentage of the total area
affected. This indicator allows classification of the degree of surface sealing (e.g., absent, slight,
moderate, severe), providing a rapid qualitative estimate of soil physical degradation.

Plant cover and plant health status are key indicators of soil condition and ecosystem
functioning, typically assessed through direct field observation. These indicators are expressed
as estimates of plant cover (%) combined with qualitative or semi-quantitative descriptions of
overall plant health and vegetation characteristics. Observations include the percentage of
ground covered by vegetation and canopy tree cover, the general plant status (e.g. good, normal,
bad), and the vegetation classification (e.g. trees, bushes, herbaceous vegetation, grass-type
species).

Soil profile description is preferentially achieved by opening a pit 21x1x1m (1 m® approximately)
in a representative location where the different horizons can be assessed in depth but also in
width. However, depending on feasibility and budget, the soil profile can be alternatively
described with the help of a soil auger by in-depth 1 m description of undisturbed soil. This
alternative is not ideal/feasible in some cases since urban soils are notoriously heterogeneous,
frequently containing construction debris (concrete, brick), rubble, and fill materials. If both
options are unfeasible and previous soil profile information is already available, the LL may use it
as pedological description. Important here is the fact that such a profile description will be
needed only once at the beginning of the project.

4.2. Soilindicator thresholds

In our project, the main objective of proposing indicators is to help determine the soil health
status (baseline) and monitor how this evolves over time following the application of the different
interventions. For the definition of the status, there is a need to establish thresholds for the
different indicators and combine the information obtained. This is indeed challenging since the
status depends on local conditions and intended use. In an urban context, one very important
driver is the intended land use (e.g. an industrial soil is very different to one devoted to green
areas). Such use, together with the surrounding conditions, conditions the risk, which is also a
very important factor. There is another complication which is related to the fact that thresholds
for some indicators have not been set yet. Therefore, at the moment, only thresholds and limit
values at EU and international levels are provided for the selected indicators (see Table 1).
Information on indicators considering these thresholds can contribute to degradation monitoring
programs such as Soil Health Dashboard, which provides the first comprehensive pan-EU
assessment of soil degradation (Panagos et al., 2024b). With the advance of the project and once
site and prototypes are defined, specific thresholds for the different indicators will be defined,
which will allow the definition of the soil health status.
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5. Excellence in soil analysis and monitoring

This Section includes guidelines and recommendations to ensure excellence in monitoring
results and to decrease sampling and analysis variability. In particular, in this section, key
considerations for soil monitoring, a soil sampling protocol (Annex 1, Figure 2), a field template
(Annex 2) and a standard operating procedure (SOP) for soil sample handling, storage and
analysis (Annex 3) are proposed. For the preparation of these recommendations and protocols,
the methodology described in the LUCAS EU Survey®, the SML¥ and WRB®*® have been
considered, among others.

In the URSOILL project, the following key considerations will be followed and taken into account
in order to standardise and harmonise soil sampling and analysis to decrease variability and
uncertainty.

A standardised sampling protocol has to be followed to collect soil samples from
defined locations (Annex 1), avoiding sampling immediately after significant weather
events to ensure accurate data collection. Aminimum of three sampling periods are
required across the project timeline: at the beginning (baseline), in the middle (mid-
season or mid-time), and at the end of the testing of the experimental innovative
practices/solutions. It is up to each LL, depending on the results from the baseline
analysis and prototype testing objectives, to decide whether to exclude some general
indicators during mid-time sampling.

Number of samples. Treatment variability will be accounted by taking a minimum of
three composite samples per treatment. If large (i.e. >3-4 Ha) and highly variable
experimental sites are considered, more samples might be required. These sites will
be revisited on different occasions of sampling as described above. As for where to
take the sample (sample location), given the expected diversity of experimental
designs, the general recommendation comes from the SML, ensuring that the
selection is representative of the expected variability and avoids non-representative
areas. Ideally, samples are to be chosen after following a block design to minimize the
effect of the expected variability.

The three minimum samples representing each treatment or solution proposed are to
be used for the performance of robust statistical analysis (e.g., ANOVA).
Allocation of controls. Irrespective of the experimental area and prototype chosen,
the selection of an appropriate control/reference is crucial to make comparisons
and extract meaningful conclusions.

Sampling methodology: as indicated, for each of the designated samples,
composite samples (defined as samples comprised of a mixture of at least five
subsamples according to LUCAS soil sampling methodology) will be taken. In unique
cases where previous sampling was carried out using a different methodology,
exceptions may apply by following the previous approach to maintain consistency in
data analysis. Also, a higher number of subsamples might be taken (up to 15

3 | UCAS2022 Soil Module Overview
%7 Soil Monitoring Law

38 Documents | WRB
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according to BENCHMARKS proposed methodology for bulk samples, page 7)* if high
variability is expected.

Sampling depth. In line with the last LUCAS surveys, the reference sampling depth
chosen for physical-chemical and biological analysis is 0-30 cm, providing an
overview of the soil layer most directly affected by, and in contact with, several natural
and human activities. The recommendation of taking the top centimeters does not
necessarily apply to all the experimental sites, and this is because the diversity of
experimental sites in an urban context is wide, and not always the intended soil for
testing is present at the top 30 centimeters. Therefore, in those cases (e.g. a parking
lot), the recommendation is to sample the first 30 centimeters of the wanted soil
where the prototype is expected to be tested. This might imply the removal of
superficial material before sampling. As the main focus of this project is the study of
the topsoil, additional depths or replicates are only recommended when resources
allow and are aligned with the specific prototype objectives.

At each LL, apart from the LL leader, a sampling coordinator will be nominated by
each LL to ensure coherence and consistency across sampling, which, whenever
possible, will always be done by the same person.

Follow standard operating procedures (SOP) for soil sample handling, storage and
analysis (Annex 1 and 3).

Ideally, samples from all experimental sites within a given LL will be analysed by the
same laboratory for a particular analysis to eliminate inter-laboratory bias within a LL
and using certified analytical methods. Otherwise, each LL would take all the
necessary steps to eliminate or reduce all the potential sources of inter-laboratory
bias.

URSOILL

Round Robin Tests are to be followed to ensure there are no significant differences
between the results from the different laboratories used by the LLs. Therefore,
interlaboratory comparisons will be conducted using two standard soil samples
sent anonymously to all LL laboratories. At least two tests will be done, one at the
beginning and one during the course of the project.

Cleanliness: Ensure alltools, containers, bags... used to manipulate soil samples are
clean and sterilized (ethanol 70%) to avoid cross-contamination.

Shipping: Physical-chemical-biological composite samples need to be stored at 4
°C until shipping, while a specific colder condition (-20°C) is required if metagenomic
analysis is included among the soil health indicators.

39 https://jukuri.luke.fi/server/api/core/bitstreams/5361b5b2-f6b2-446e-b0b6-0c84592ea995/content
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Figure 1. Graphical abstract of sampling protocol strategy.

6. Conclusion

This report proposes a catalogue of general soil health indicators for the assessment of
prototypes in an urban context. As summarized in Table 1, the following general indicators will be
analysed across all the LLs: Biological (microbial biodiversity and respiration), Chemical (pH, EC,
TN, TC and OC), Contaminants (total heavy metals and PFAS-21), Physical (PSD, BD, coarse
fragment content, WHC and Ksat), and Visual (soil erosion, soil anthropogenic and natural
surface sealing, plant cover and health status observation and soil profile description). The
information generated will provide a general picture of soil health condition across the LLs and
allow for the selection of the best-performing solutions. In addition to this general set of
indicators, specific indicators tailored to each case to evaluate prototype performance will be
proposed and analysed in each of the LLs.
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Table 1. Selected general soil health indicators, including typology, site assessment, analytical methods, references
and available threshold values.

Type Indicator Reference Threshold?
name

D 3.1. Catalogue of soil health indicators
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Biological Microorganism Metagenomic Orgiazzi et No threshold
S (bacteria, analysis al. 2016. identified
fungi) through
barcoding
Biological Ex Microbial 0, ISO No threshold
respiration consumption, 16072:2002 identified
CO;release
Chemical Ex Electrical Aqueous ISO 11265: FAO (2018) and
conductivity extract of soilin 2025 SML: <4 dSm™’
alb

Chemical Ex pH Aqueous ISO EEA (2023): 5.5-
extractof soilin  10390:2021 8.5
alb

Chemical Ex Total nitrogen Dry ISO *N surplus >50 kg
combustion 13878:1998 ha™

Chemical Ex Total carbon Dry ISO ***<1%

and organic = combustion 10694:1995
carbon

Contaminant  Ex Total heavy Metal ISO 54321 mg kg™ of:

s metals determination *Cu>100
following acidic *Hg>0.5
digestion *Zn>100

*Cd>1
*As>45
**Cr>380
**Ni>210
**Pp>530
**Sb>15
**C0>240
**T|1>15
**\>250

Contamintant Ex PFAS-21 Method 1633 Method No threshold

S 1633 identified

Physical Ex Particle size Sieving and I1SO No threshold

distribution sedimentation  11277:2020 identified

Physical Ex Bulk density Core method ISO Based on soil

11272:2017  texture in SML:
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Visual
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Water holding
capacity

Conductivity at
saturation

Soil erosion
description

Soil
anthropogenic
and natural
sealing

Plant cover
observation
(and plant
health status)

Soil profile
description

Weighting

Drying

Beerkan
infiltration run

Guidelines for
soil description

Guidelines for
soil description

Visual
observation

Guidelines for
soil description

'Refers to the location of the determination (in situ/ex situ).

2Thresholds derived from: FAO (2018), SML, EEA (2023), *Panagos et al. (2024a), **VORM (2020), and ***Rusco et al.

(2001).
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ISO
11464:2006

NF/EN/ISO
11274

Bagarello et
al., 2012.

FAO
Guidelines

FAO
Guidelines,
WRB 2022

FAO
Guidelines,
WRB 2022

FAO
Guidelines,
WRB 2022

L
S

Sandy clay loam,
loam, clay loam,

silt, silt loam <
1.75

Silt loam, silty clay
loam <1.65
Sandy clay, silty
clay, clay loam

with 35-45 % clay
<1.58

Clay: < 1.47 or
*Packing density
>1.75gcm™

No threshold
identified

No threshold
applies

SML: Ksat <10 cm
day™’

No
applies

threshold

No
applies

threshold

No
applies

threshold

No
applies

threshold
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8. Annex section

8.1. Annex 1 Sampling protocol

Before Sampling

e Check the list of material before going to the field: equipment for collecting the samples (spade,
auge/corer, shovels, field template, Munsell soil colour book), equipment for bulk density sampling
(metallic ring, rubber mallet, block of wood, knife, Vaseline) and Ksat assessment (graduated bottle of
water, stopwatch and infiltration ring with known volume), protective equipment (nitrile gloves,
glasses...), bucket for mixing subsamples, plastic bags, rubber bands, labels, pens, permanent
marker, GPS device and camera (or mobile phone), wood or metal sticks, paper tape, plastic jar, scale,
tape measure. Additionally, the use of a dedicated PFAS sampling kit is recommended. The kit should
include a wide-mouth high-density polyethylene (HDPE) container (500 mL) with no liner HDPE, or
certified PFAS-free polypropylene caps. Stainless steel, HDPE, or certified PFAS-free polypropylene
tools (e.g. shovel, spade, spoon) are to be used.

e Check weather conditions as sampling should be avoided in too dry or wet conditions:

o Toodry~> Soil hard to penetrate, can cause uneven sampling depth, and inaccurate
nutrient readings.

o Too wet - Risk of contamination, changes in chemical properties, and difficulty handling
samples.

e Previous/background information to be recorded

o Revise and record previous site information (if available) on land use history,
management, soil type/classification, genetic soil horizons, etc.

o Generalvisual soil observation of the site: slope, presence of visual assessment
erosion...

o Information about sampling date, weather conditions and specific details of the area.
o In addition, future use prospects are also important to understand the health level in

connection with the envisioned function.
e Record the soil visual indicators proposed based on the FAO Guidelines for Soil Descriptions“.

o Regardingthe pedological description of the soil, depending on feasibility and budget, the
soil profile will be preferentially described by opening a pit 21x1x1m (1 m?® approximately)
in a representative location where the different horizons can be assessed in depth but also
in width. Alternatively, the in-depth 1 m description could be done with the help of a soil
augerthat does notdisturb the soil. However, thisis notideal/feasible in some cases since
urban soils are notoriously heterogeneous, frequently containing construction debris
(concrete, brick), rubble, and filling materials that can immediately stop an auger. If both
options are unfeasible and previous soil profile information is already available, the LL
may use it as pedological description.

o Important here is the fact that such profile description will be needed only once at the
beginning of the project.

e Design the sampling strategy and mark the sampling points: each treatment needs to be
characterised by at least three representative random samples (here called as “sampling points”)
representing the variability of the soil descriptors. For selecting the sampling points, a site-

40 Guidelines for soil description
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representative pattern, such as the ones shown in Figure 1, will be established. It is recommended to
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signpost each sampling point with a wooden stick (or similar).

e Carryoutthe Ksat assessment (at least one for each sampling point). For the assessment, the Beerkan
infiltration method (BEST)*' is to be applied, using a single ring with a known radius of 7.5 cm (5, 10, or
15 cm are also acceptable)*?. Ideally, the test is to be carried out under intermediate soil moisture
conditions (approximately 25% of soil saturation). Insert the ring about 1 cm into the soil, then pour a
fixed volume of water (generally 140 ml) to establish a ponded depth of ~0-1 cm. Measure the time
required for the water to fully infiltrate. Once infiltration is completed, pour the same volume of water
and keep recording the infiltration time for each water addition cycle. Repeat the procedure until
infiltration time becomes stable (typically 8-15 repetitions or for about 20 minutes).

o Take pictures showing the area of sampling and the surroundings.

o Georeferencing sampling points with precise geographical information system coordinates, altitude
and exposure.

During sampling

This Section describes the process for each sampling point, which is to be repeated for the remaining

sampling points.

e Following established site-representative pattern, go to the first sampling point. As it has been
discussed, each sample will comprise a minimum of 5 subsamples taken as follows: one in the
center and the other four at 2 m of distance (it can be reduced to a minimum of 1 m in small areas),
oriented to each cardinal point (N, S, E, W).

o Before starting to dig, remove residues, organic debris, vegetation and stones (> 6 cm) from the
surface. In fully sealed areas, the removal of the artificial layers (i.e., concrete, asphalt, gravel,
backfill material, etc.) will be required.

e For each sampling point, three sets of samples are to be taken for the determination of 1) BD, 2) the
biological/physico-chemical properties and 3) for PFAS.

o The first set, to be called “bulk”, is to be taken within 10-20 cm depth, following these steps:

e Digahole 12.5 cm in depth, insert the standard metallic ring 5 x 5.1 cm (~100 cm?; without lids)
reaching 17.5 cm depth maximum, bevel edge down into the soil using the mallet and the block of
wood to protect the ring and prevent soil compaction, if using a different cylinder volume, please
adapt the hole depth to provide the average value of the selected bulk density depth (10-20cm). In
case of additional bulk sample depths, please follow the same strategy described to capture the
average value of the depth selected (e.g., for 20-40 cm, dig a hole of 27.5 cm depth).

e Digahole 2-3 centimeters away from the metallic ring. Make four cuts with the spade to create the
hole. Be careful not to step on or near the ring while digging.

e Recollect the soil core (i.e., all the soil contained inside the metallic ring) by removing the clump
of soil with the ring intact.

e Remove the excess of soil from the bottom of the ring and around the outside edge of the ring with
the knife.

e Place the soil core into a single plastic bag.

41 https://doi.org/10.2136/sssaj2005.0026
42 Using the single-ring infiltrometer method to detect temporal changes in surface soil field-saturated hydraulic conductivity -

ScienceDirect
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e Repeat the above-described operation for all the subsamples (labelled as center, N, E, S and W)
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and place them into a bigger plastic bag labelled as “Bulk 10-20” and including the sample’s name
together with the experimental site/treatment identification. In specific cases when BD sampling
is challenging and time-consuming, the number of subsamples to be analysed per sampling point
can be reduced to 3 in accordance with LUCAS 2022.

e The second set of samples will be used for the rest of physical, chemical and biological
determinations, yielding two subsets of samples as explained as follows:

e Foreachsampling point, take the 5 subsamples (500 g or a soil slice 3 cm thick) reaching to a depth
of 30 cm (see explanation above provided for the “bulk” samples for the identification of depth)
using an auger (3-5 cm diameter) if possible. Try to respect the depth of sampling and avoid
recollecting rocks or any extraneous material.

e Place the 5 subsamples (2.5 kg in total) in a bucket and mix thoroughly.

e Take a representative sample of 1 kg, labelled as “Bio”, and store it in cold conditions while
shipping for biological analysis. Taking into account the sensitivity of microbial communities, it is
recommended to use sterile equipment, gloves and masks, treat the equipment for sampling with
alcohol in between samples, and sample by trained personnel. In addition, and as biological
communities are strongly time-, temperature- and water-content-dependent, it is recommended
to always choose the same period for sampling (spring is recommended).

e The rest (1.5 kg) will be placed in another bag or glasses labelled as “PC” (which stands for
physico-chemical) together with the experimental site/treatment identification.

o The third set for PFAS: by following the previously described protocol, for each sampling point, a
representative sample resulting from the mixing of the 5 subsamples is to be taken. The sample is to
be collected using the PFAS toolkit, where disposable nitrile gloves are worn at all times and changed
between sampling points in accordance with U.S. Environmental Protection Agency (EPA) Method
1633A*% to minimize the risk of PFAS contamination.

After sampling

e Cleanallthe material which has been used and provide for backfilling the pit following the original
sequence of soil horizons. The condition of the backfilled area should be checked again after a
couple of days to ensure proper settling.

e In general, soil analyses should be performed within 24-48 hours after sampling to avoid changes in
soil properties; soil samples should be stored at approximately 4°C before and during shipment.
However, samples intended for DNA-based analyses (e.g. metabarcoding) must be stored at -20°C.

e Sample management:

o  “Bulk” samples will be used for the determination of bulk.

e Samples for physico-chemical analysis (“PC?”) will be divided into two subclasses: one kept fresh
and the other air-dried for at least 72 hours prior to analysis. Both subsets must be stored under
appropriate conditions, preferably at 4°C for fresh samples, until analysis. For WHC determination,
bulk density samples may be used while kept fresh and stored at 4°C to preserve soil structure and
hydraulic properties.

43 Method 1633A Analysis of Per- and Polyfluoroalkyl Substances (PFAS) in Aqueous, Solid, Biosolids, and Tissue Samples by LC-
MS/MS
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e Samples for biological analysis (“Bio”) will be analysed fresh without further pre-treatment
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immediately upon reception. If storage is required before analysis or shipment, 100 g should be kept at
-20°C for DNA extraction, while the remaining portion should be stored at 4°C for microbial respiration.
For microbialrespiration, allthree composite samples must be analysed. However, in the specific case
of metabarcoding, due to budget restrictions, the three composite Bio samples collected in the field
are further pooled in the laboratory by mixing 100 g of each, resulting in a single representative sample.

e Samples for PFAS analysis (“PFAS”) will be analysed on one composite sample per experimental site
due to budget constraints as per metabarcoding. This composite sample is obtained in the laboratory
by mixing 100 g of each of the three PFAS samples, resulting in a single representative sample. Care
must be taken to avoid contamination (e.g. use of PFAS-free materials).

o After completing the analysis, it is recommended to store a backup sample under appropriate
conditions (PC at 4°C; OP at -4°C; Bio, at least, at -20°C and -80°C for longer backup needs).
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Figure 2. Sampling protocol summary

Table 2. General information

1. General information

-20°C
-4°C

Date/sampling period (e.g., initial, mid, final):

Experimental site:

Prototype (s) tested:
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Living Lab:

Location:

Sampling coordinator:
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Table 3. Sampling and site description

2. Sampling and site description

Sampling protocol

Weather conditions and
soil conditions

Table 8.5,8.6; WRB 2022

Table15; FAO 2006

Georeferencing (choose a
central location; in
addition, each sample is
also to be georeferenced)

Site description
Table 8, 10; FAO 2006

Number and code/name of composite samples:

Number of composite samples (at least 3):

Number of subsamples per composite sample (at least 5):
Transect strategy:

Sampling depth (at least 0-30 cm):

Present weather conditions: J Sunny/clear SU O Partly cloudy PC 0 Overcast OV [
Rain RA [0 Sleet SL [0 Snow SN

Past weather conditions: O No rain in the last month OO No rain in the last week (0 No
rain in the last 24 hours [ Rain but no heavy rain in the last 24 hours 0 Heavy rain for
some days or excessive rain in the last 24 hours O Extremely rainy or snow melting
Sample humidity: 0 Wet O Dry O Moist

Coarse surface fragments (%): ONOVOFOCOMOAOD

SizeclassesOFOMOCOSOBOL

Longitude (Degree Decimal Minute, DMS /Decimal degrees DD):

Latitude (DMS/DD):

Altitude (m):

Landscape/Topography (brief description):

Slope (%): O Flat 0-0.2 [ Level 0.2-0.5 (I Flat 0-0.2 [ Nearly level 0.5-1.0 O Very
gently sloping 1.0-2.0 O Gently sloping 2-5 [0 Sloping 5-10 [ Strongly sloping 10-15
[0 Moderately steep 15-30 [ Steep 30-60 [ Very steep > 60

Exposure (N, S, E, W):

Land use:

Human influence:
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Table 4. Soil visual indicators and soil profile.

3. Soil visual indicators

Category: ONOWOWAOMONKOA

Soil erosion Area affected (%): 0 0 0-5[5-1010-25 [0 25-50 (0 > 50
Table 16,18,19; FAO 2006
Degree: O Slight C] Moderate [J Severe [J Extreme

Activity: DAOROHONOX

Surface sealing (% of total surface site):

Soil anthropogenic and natural Typology (e.g., concrete, asphalt, etc.):

surface sealing
Thickness (mm): 0 None O Thin <2 [ Medium 2-5 OO0 Thick 5-20 [0 Very thick
>20

Consistency: (I Slightly hard O Hard [0 Very hard OJ Extremely hard

Plant cover (% of total surface site):

Plant observation (and plant health |
status) |

Table 11; FAO 2006 Overall plant status: [ Good [ Normal [ Bad

Canopy tree cover (% of total surface site):

Vegetation classification:

4. Soil profile

Select a representative location of the experimental site, geolocate and dig a
hole (=1m depth x1x1m). Place a measuring tape vertically along the profile
and take pictures. If the auger approach is selected, ensure to reach the same
1m depth. Then provide a description of the profile as a whole (Profile
description, see below) and the horizons identified (Table 1).

Overall profile description I

Nearby infrastructure (pipes, cables, sidewalks, buildings):

- e o = ew

{

Interference from construction or previous excavation (Y/N and brief
description):

Illustrative soil profile

Visible soil compaction, see FAO Table 72:
Urban morphology (modified slopes, impermeable surfaces):

Presence of anthropogenic fill (Y/N and brief description):
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Table 5. Horizon description

Denomination

Depth (0-20, 20-40...)

Boundaries
(Table 24; FAO 2006)

Colour (according to Munsell soil
colour charts)

Proportion of coarse fragments
(%, figure 5 FAO)

Structure |

Texture (Table 8.38; WRB 2022. |
Ribbon Test)

Consistency (Table72; FAO)

Abundance of roots (WRB 2022
TABLE 8.86)

Moisture conditions (Table 57;
FAO 2006)

Special components

Organic matter (Table 46, FAO
2006)

Artefacts main typology* and % |
(Figure 5; FAO2006) |

* Bitumen (asphalt) continuous or fragments, Black carbon (e.g. charcoal, partly charred particles, soot), Boiler slag,
Bottom ash, Bricks, adobes, Ceramics, Cloth carpet, Coal combustion byproducts, Concrete (continuous or
fragments), Crude oil, Debitage (stone tool flakes), Dressed or crushed stones, Fly ash, Geomembrane (continuous or
fragments), Glass, Gold coins, Household waste (undifferentiated), Industrial waste, Lumps of applied lime, Metal,
Mine spoil, Organic waste, Paper cardboard, Plasterboard, Plastic, Processed oil products, Rubber (tires etc.), Treated
wood, Other, None. Extracted from Table 8.36 (WRB 2022).

5. Comments/deviation from sampling protocol
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Table 6. Checklist.

6. Checklist
Sampling steps Done Observations

Material for sampling

Take pictures (area of sampling)
Sample and site description

Visual indicators

Ksat assessment I
Mark sampling points
Bulk density samples
“PC” c¢. sample (Physical-
chemical)

“BlO” c. sample

“PFAS” c. sample

Backfilling of the sampled area

FAO (2006). Guidelines for Soil Description, 4th edition. Food and Agriculture Organization of
the United Nations, Rome. Guidelines for soil description

IUSS Working Group WRB (2022). World Reference Base for Soil Resources, 4th edition.
International Union of Soil Sciences, Vienna. Documents — World Reference Base for Soil
Resources
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8. Tables and figures from FAO and WRB

FAO Tables
TABLE 8
Land-use classification
A = Crop agriculture (cropping)
AA = Annual field cropping
AAT = Shifting cultivation
AA2 = Fallow system cultivation
AA3 = Ley system cuitivation
AAL = Rainfed arable cultivation
AAS = Wet rice cultivation
AAB = Irrigated cultivation
AP = Perennial field cropping
AP1 = Non-Irrigated cultivation
AP2 = Irrigated cultivation
AT = Tree and shrub cropping
AT1 = Non-irrigated tree crop cultivation
AT2 = Irrigated tree crop cultivation
AT3 = Non-irrigated shrub crop cultivation
AT4 = Irrigated shrub crop cultivation
Additional codes may be used to further specify the land-use type. For example:
AAL = Rainfed arable cultivation
AALT = Traditional
AA4l = Improved traditional
AALM = Mechanized traditional
AAALC = Commercial
AALU = Unspecifled
M = Mixed farming y A<
MF = Agroforestry
MP = Agropastoralism
H = Animal husbandry \ A /
HE = Extensive grazing
HE1 = Nomadism
HE2 = Seml-nomadism
HE3 = Ranching
HI = Intensive grazing
HI = Animal! production
HI2 = Dalrying
F = Forestry [ & BN
FN = Natural forest and woodland
FN1 = Selective felling
FN2 = Clear felling
FP = Plantation forestry
P = Nature protection
PN = Nature and game preservation
PN1 = Reserves
PN2 = Parks
PN3 = Wildlife management
PD = Degradation control
PD1 = Without Interference
PD2 = With Interference
S = Settlement, Industry
SR = Resldential use
Sl = Industrial use
ST = Transport
SC = Recreational use
SX = Excavations
SD = Disposal sites
Y = Mllitary area
0 = Other land uses
U = Not used and not managed
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TABLE 10
Recommended codes for human influence

N = No influence BU =Bunding

NK = Not known BR =Burning

VS = Vegetation slightly disturbed TE = Terracing

VM = Vegetation moderately disturbed PL = Ploughing

VE = Vegetation strongly disturbed MP = Plaggen

VU = Vegetation disturbed (not specified) MR = Raised beds (agricultural purposes)
IS = Sprinkler irrigation ME = Raised beds (engineering purposes)
IF = Furrow irrigation MS = Sand additions

ID = Drip irrigation MU = Mineral additions (not specified)
IP = Flood irrigation MO = Organic additions (not specified)
IB = Border irrigation PO = Pollution

IU = Irrigation (not specified) CL = Clearing

AD = Artificial drainage SC = Surface compaction

FE = Application of fertilizers SA  =Scalped area

LF = Landfill (also sanitary) BP = Borrow pit

LV = Levelling DU = Dump (not specified)

AC = Archaeological (burial mound, midden) Ml = Mine (surface, including openpit, gravel and
CR = Impact crater quaries)

TABLE 11

Vegetation classification

F = Closed forest '

FE = Evergreen broad-leaved forest
FC = Coniferous forest

FS = Semi-deciduous forest

FD = Deciduous forest

FX = Xeromorphic forest

W = Woodland 2

WE = Evergreen woodland
WS = Semi-deciduous woodland
WD = Deciduous woodland
WX = Xeromorphic woodland
S = Shrub
SE = Evergreen shrub
SS = Semi-deciduous shrub
SD = Deciduous shrub
SX = Xeromorphic shrub

D = Dwarf shrub

DE = Evergreen dwarf shrub

DS = Semi-deciduous dwarf shrub
DD = Deciduous dwarf shrub

DX = Xermomorphic dwarf shrub
DT  =Tundra

H = Herbaceous

HT =Tall grassland

HM = Medium grassland
HS = Short grassland
HF  =Forb

M = Rainwater-fed moor peat
B = Groundwater-fed bog peat

T Continuous tree layer, crowns overlapping, large number of tree and shrub species in distinct layers.
2 Continuous tree layer, crowns usually not touching, understorey may be present.

TABLE 16
TABLE 15 Classification of erosion, by category
Classification of coarse surface fragments N No evidence of erosion
Size classes (indicating the W Water erosion or A Wind (aeolian) erosion or
Shrfacelcover (%) greatest dimension) deposition deposition
(cm) WS Sheet erosion AD Wind deposition
- WR Rill erosion AM Wind erosion and

N None 0 F Fine gravel 0.2-0.6 deposition

\% Very few 0-2 M Medium gravel 0.6-2.0 WG Gully erosion AS Shifting sands

F Few 2-5 (@ Coarse gravel 2-6 WT Tunnel erosion AZ Salt deposition

C  Common 5-15 |S  Stones 6-20 WD Deposition by water

M Many 15-40 |B  Boulders 20-60 WA Waterand wind erosion

M Mass movement (landslides
A Abundant 40-80 | L Large boulders 60-200 and similar phenomena)
D Dominant > 80 NK Not known
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TABLE 18
Classification of erosion, by degree
S Slight Some evidence of damage to surface horizons.
Original biotic functions largely intact.
M Moderate  Clear evidence of removal of surface horizons. TABLF _19 i i .
Original biotic functions partly destroyed. Classification of erosion, by activity
V Severe Surface horizons completely removed and A Active at present
subsurface horizons exposed. Original biotic R Active in recent past (previous 50-100 years)
functions largely destroyed. g .
: H  Active in historical times
E Extreme Substantial removal of deeper subsurface X .
horizons (badlands). Original biotic functions N Period of activity not known
fully destroyed. X  Accelerated and natural erosion not distinguished
TABLE 24
Classification of horizon| boundaries, by distinctness and
topography
Distinctness Topography
(cm)
A Abrupt 0-2 |S Smooth Nearly plane surface
€ Clear 2-5 |W Wavy Pockets less deep than
wide
G Gradual 5-15 |1 Irregular  Pockets more deep than
wide
D  Diffuse >15 |B  Broken  Discontinuous

TABLE 46
Estimation of organic matter content based on Munsell soil colour
Colour Munsell ‘Moist soil Dry soil
value s ‘ LS, SL, L ‘ SiL, Si, SiCL, CL, s ‘ Ls,SL L SiL, Si, SicL, CL,
SCL, 5, SiC, € | SCL, SC, SiC, €
(%)
Light grey 7 | <03 <05 <06
Light grey 6.5 0:3-0.6 0.5-0.8 0.6-1.2
Grey 6 0.6-1 0.8-1.2 1.2-2
Grey 5.5 <03 ‘ 1-1.5 1.2-2 2-3
Grey 5 <03 <04 0.3-0.6 1.5-2 2-4 3-4
Dark grey 45 0.3-0.6 0.4-0.6 0.6-0.9 2-3 46 46
Dark grey 4 0.6-0.9 0.6-1 0.9-1.5 3-5 6-9 6-9
Black grey 35 0.9-15 12 1.5-3 5-8 9-15 | 9-15
Black grey 3 1.5-3 2-4 3-5 8-12 >15 >15
Black 25 3-6 >4 >5 >12 |
Black 2 >6
Note: If chroma is 3.5-6, add 0.5 to value; if chroma is > 6, add 1.0 to value.
Source: Adapted from Schlichting, Blume and Stahr, 1995.
TABLE 57
Classification of moisture status of soil
Crushing Forming (to a ball) Moistening g:btt}:'engan d) Moisture pF*
dusty or hard  not possible, seems to be warm going very dark not lighter very dry )
makes no dust not possible, seems to be warm going dark hardly lighter dry 4
makes no dust possible (not sand) going slightly dark obviously lighter slightly moist 3
is sticky :Ihnlgjr moist and cool, weakly no change of colour  obviously lighter moist 2
free water drops of water no change of colour wet 1
free water drops of water without crushing  no change of colour very wet 0

" pF (p = potential, F = free energy of water) is log hPa.

TABLE 72
Classification of the degree of cementation/compaction

N Non-cemented and non-compacted Neither cementation nor compaction observed (slakes in water).

Y  Compacted but non-cemented Compacted mass is appreciably harder or more brittle than other
comparable soil mass (slakes in water).

W Weakly cemented Cemented mass is brittle and hard, but can be broken in the hands.

M Moderately cemented Cemented mass cannot be broken in the hands but is discontinuous (less

than 90 percent of soil mass).

c Cemented Cemented mass cannot be broken in the hands and is continuous (more
than 90 percent of soil mass).

1 Indurated Cemented mass cannot be broken by body weight (75-kg standard soil
scientist) (more than 90 percent of soil mass).
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FIGURE 5
Charts for estimating proportions of coarse fragments
and mottles

WRB Tables

Table 8.30: Distinctness of layer boundaries, Schoeneberger et al. (2012), 2-6, modified
Mineral layers, organotechnic layers Terrestrial organic layers: Distinctness Code
and hydromorphic organic layers: transition within (cm)
transition within (cm)
<0.5 <0.1 Very Abrupt A%
>05-2 >0.1-0.2 Abrupt A
>2-5 >02-0.5 Clear e
>5-15 >05-1 Gradual G
>15 >1 Diftuse D

Table 8.38: Particle-size classes, ISO 11277:2009

Particle-size class Diameter of particles
Fine earth all particles <2 mm
Sand >63 pm - <2 mm
Very coarse sand > 1250 pm - £ 2 mm
Coarse sand > 630 pm - = 1250 pm
Medium sand >200 pm - < 630 pm
Fine sand > 125 pm - = 200 pm
Very fine sand >63 pm - < 125 pm
Silt =2 um - < 63 pm
Clay <2 pum
Table 8.5: Current weather conditions, Schoeneberger et al. (2012), 1-1
Current weather conditions Code
Sunny/clear SU
Partly cloudy PC
Overcast ov
Rain RA
Sleet SE
Snow SN
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Table 8.6: Past weather conditions, FAO (2006), Table 2

Past weather conditions Code

No rain in the last month NM

No rain in the last week NW

No rain in the last 24 hours ND

Rain but no heavy rain in the last 24 hours RD

Heavy rain for some days or excessive rain in the last 24 hours RH

Extremely rainy or snow melting RE

Table 8.86: Abundance of roots, FAO (2006), Table 80

Number <2 mm Number > 2 mm Abundance class Code
0 0 None N
1-5 1-2 Very few v
6-10 3-5 Few F
11-20 6-10 Common €
21-50 11-20 Many M
=50 > 20 Abundant A

Funded by
- the European Union 37




D 3.1. Catalogue of soil health indicators ,,.llll

< URSOILL

8.3. Annex 3. Standard operating procedure for soil
analysis

Purpose

This SOP outlines a standardised framework for laboratory personnel across the URSOILL LL to
ensure harmonised analysis of soil health indicators, reduce inter-laboratory bias, and enable
high-quality, comparable data. It provides a clear, consistent, and documented set of
instructions for laboratory analysis (in a checklist format), complementing the procedures for
sample collection, handling, and storage already outlined in this Deliverable. In addition, it is
intended as a common framework for all LL, but it should be adapted as required to the specific
context and capabilities of each laboratory. To support this, a dedicated section is included in the
checklist below for reporting any adaptation, deviation, challenge, or proposed modification to
the outlined requirements.

Applicability

Applies to all the laboratories involved in the analysis of soil samples within the URSOILL project.

Summary of the method

This SOP is designed to support standardised implementation of the methodologies and ISO
standards described in this Deliverable. It provides clear, simplified, and specific laboratory
instructions to be followed before and during soil sample analysis. The procedures described are
intended to align with Good Laboratory Practices and are based on foundational laboratory
specifications detailed in the literature (Van Reeuwijk, L. P., 1998). The structure and content of
this SOP were developed through desk research (Hollmann et al., 2020), tailored to meet the
specific purpose of the document, and refined through internal laboratory consultations.

SOP Code: [LL short name-Lab in charge of the analysis-progression number]
Revision Date:
Responsible: [Name of Laboratory Manager]

1. Laboratory personnel:
1.1 Adherence to SOP by the laboratory technicians
1.2 Designation of a soil sample expert laboratory technician
1.3 Ensure that each defined soil analysis is performed consistently by the same technician. If more
than one technician is involved, specify their roles clearly.
1.4 Maintaining confidentiality of sensitive data information and avoiding conflicts of interest.
1.5 ltis essential that all laboratory personnel are adequately trained and qualified.

2. Reagents
2.1 Use specific and indicated reagents and materials (ISO compliance).
2.2 Perform necessary quality controls (deadline, container integrity, etc.).
2.3 Storage conditions must be verified to ensure compliance with the manufacturer’s specifications
for each reagent, including parameters such as temperature, light exposure, and humidity.
2.4 Record reagent lot numbers and expiry dates for traceability.

3. Equipment:
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3.1 Allow instruments to warm up with sufficient time before use.

3.2 Review instrument calibration and follow manufacturer recommendations or ISO standards.
3.3 Verify instrument cleanliness and maintenance.

3.4 Record calibration and maintenance data in the instrument loghook.

4. Safety & security precautions:
4.1 Wear necessary personal protective equipment (PPE) (gloves, lab coat, safety glasses etc.)
4.2 Laboratory safety must always be the priority.

5. Code of conduct
5.1 The Code of Conduct refers to the internal behavior rules of each laboratory, which match
common professional behavior rules widely shared and also reported in literature.

6. Soil sample preparation:
6.1 Verify sample identity and analysis request.
6.2 Prepare the sample according to specific instructions (ISO11464)%
6.3 Record sample preparation details in the laboratory logbook.
6.4 For microbial analyses, ensure that soil is not oven-dried. Use fresh or air-dried soil stored at <=
4°C, or frozen if required.

7. Quality Control:
7.1 Perform periodic checks on the precision and accuracy of the analysis method.
7.2 Participate in intra-laboratory comparison programs (e.g. round robin test) with soil standard
samples.
7.3 Record the results of quality controls and the round robin test.
7.4 Implement corrective actions in case of out-of-specification results.

8. Analysis Performance:
8.1 Follow the specific instructions of the analysis method for each soil indicator as reported in D3.1
Catalogue of soil health indicators.
8.2 Transcript raw data analysis and reference to relevant ISO standard numbers (where possible) in
the laboratory logbook.
8.3 Document and justify any methodological deviations.
8.4 Accomplish with Good Laboratory Practices (GLP).

9. Data management:
9.1Upload analysis results using raw data in the Excel provided in the SharePoint by the WP3 Leader.
9.2 Apply necessary correction factors and conversions.
9.3 Compare results with acceptance limits.
9.4 Evaluate the precision and accuracy of the results.
9.5 Record results in the laboratory logbook and the Laboratory Information Management System
(LIMS)

44 https://www.mcgill.ca/bioengineering/files/bioengineering/20191230_code_of_conduct_1.7_web_0.pdf

451S0 11464:2006 - Soil quality — Pretreatment of samples for physio-chemical analysis

Funded by
the European Union 39



https://www.iso.org/standard/37718.html

—

D 3.1. Catalogue of soil health indicators ..Ill' \
1555 URSOILL

\'

10. Waste Management and Cleanup:
10.1 Dispose of laboratory waste according to national or EU lab waste handling regulations.
10.2 Decontaminate and clean instruments and work surfaces.
10.3 Report any malfunctions or anomalies during the entire process.
10.4 Record cleaning and maintenance operations in the laboratory logbook.

11. Documentation and Archiving:
11.1 Validate the completeness and accuracy of laboratory records.
11.2 Generate the analysis report and send it to the requester.
11.3 Store samples according to specific instructions in D3.1.

12. Observations

Use as many pages as needed for any required observation.
NB
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