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Fate and behaviour
of organic contaminants in soil
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P. Velasco-Casal et al., Environ. Sci. Technol. 2008, 42:1131-1137
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BREAKTHROUGH CURVES OF PSEUDOMONAS PUTIDA G7 TRANSPORTED THROUGH
SAND COLUMNS: EXUDATES FROM HELIANTHUS ANNUUS VS. OTHER DOM SOURCES
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BIOAVAILABILITY: REGULATION

Soil quality — Environmental INTERNATIONAL ISO
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Figure 2 — Measurement of bioavailability of organic chemicals: a simplified scheme for use in
regulation [Source: Ortega-Calvo et al. (2015)]
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BIOAVAILABILITY: REGULATION

Integrated Environmental Assessment and Management — Yolume 00, Number 00—pp. 1-24
Receivect 11 February 2021 | Revised: 29 September 2021 | Accepted: 6 December 2021 1

al Review

Scientific concepts and methods for moving persistence
assessments into the 21st century
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FIGURE 2 Proposal for integrating bioavailability science into OECD simulation tests, by incorporating desorption ISO methods and passive sampling
determinations into the standard simulation tests for soils (OECD TG 307) and sediments (OECD TG 308). Cie, freely dissolved concentration at equilibrium. ,\

Figure reproduced with permission from Ortega-Calvo et al. (2020) = C s l c
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« No standard method available
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~Jonker et al. Nature Protocols, 15, 1800-1828 (2020)
‘ ’ - . - .

nature
protocols

PROTOCOL

https://doi.org /10.1038/541596-020-0311-y

M) Check for updates ‘

Ex situ determination of freely dissolved
concentrations of hydrophobic organic
chemicals in sediments and soils: basis for
interpreting toxicity and assessing
bioavailability, risks and remediation necessity

Michiel T. O. Jonker ®'™, Robert M. Burgess®, Upal Ghosh?, Philip M. Gschwend?, Sarah E. Hale®,
Rainer Lohmann®, Michael J. Lydy’, Keith A. Maruya®, Danny Reible® and Foppe Smedes®'®

Fig. 1 | Photograph of different passive samplers. From left to right: (1) 10-um PDMS-coated SPME fiber (core
thickness, 200 pm), (2) 30-pum PDMS-coated SPME fiber (core thickness, 100 pm), (3) 30-um PDMS-coated SPME
fiber (core thickness, 500 um), (4) 100-um PDMS-coated SPME fiber (core thickness, 200 pm), (5) 30-um
polyacrylate-coated SPME fiber (core thickness, 100 pm), (6) 25-pm-thick PE, (7) 50-um-thick PE, (8) 77-pm-thick
POM, (9) 100-pm-thick PDMS. All samplers are 4 cm long. The four sheet samplers are approximately 5 mm wide;
their weights are approximately 5 mg (6), 8 mg (7), 20 mg (8), and 20 mg (9).

PASSIVE SAMPLING UPDATE

 Consensus protocol, ring-tested by
leading scientists in the field

« Key protocol considerations:

Polymer selection & preconditioning
Incubation conditions (e.g., equilibration)
Extraction & analytical procedures

Csee Calculations

« Applications & limitations:

rRA (sediments) and pRA (REACH)

Hydrophobic chemicals K, > 3
+ Petroleum chemicals (PAHSs, aliphatic chemicals)
* Organochlorine pesticides (DDT, dieldrin, lindane)
* PCBs, chlorobenzenes, chloroanilines
+ Other PBT compounds

Long equilibr. / biocide/ rapid decisions
Translation of Cfree into risk



\%,. . DESORPTION EXTRACTION UPDATE

-

ISO method (ISO 16751) with Tenax and cyclodextrin
available for non-polar OCs since 2020, as a full
standard

000 mg/L
Validated with PAHs and polychlorinated aromatics
(PCBs, HCB, etc.)

Better support from two-site model and perfect-sink
assumption for Tenax, than for cyclodextrin



Desorption of PAHs from polluted soil- Tenax extraction

SINGLE-POINT EXTRACTION:
EXTRACTING F;_, as T, (ISO 16751)

DESORPTION KINETICS

Benzo(a)pyrene

Phenanthrene
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DESORPTION EXTRACTION UPDATE

Science of the Total Environment 803 (2022) 150025

Contents lists available at ScienceDirect
Science o«
Total Environment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

1S0 16751
180 16751 TenaxHPCD
TenaxHPCO draction

EIOAVAILABLE BIOAVAILABLE
BaP BaP

55 Determining the bioavailability of benzo(a)pyrene through standardized )

‘Check for
updates

- desorption extraction in a certified reference contaminated soil

Rosa Posada-Baquero ?, Kirk T. Semple °, Miguel Ternero ¢, José-Julio Ortega-Calvo **
? Instituto de Recursos Naturales y Agrobiologia de Sevilla (IRNAS), C. S. I. C, Seville, Spain

Y Lancaster Environment Centre, Lancaster University, Lancaster LAT 4YQ, United Kingdom
© Departamento de Quimica Analitica, Facultad de Quimica, Universidad de Sevilla, Seville, Spain

»

Table 3
Comparison of total and bioavailable concentrations of benzo(a)pyrene (BaP) in a certified reference material (BCR-524) and in field-contaminated soil and sediment.

Sample/study description TOC BaP concentration Method Thio No. Reference
()" (mg kg~ ") (h)* samples

Total

Bioavailable

Certified reference soil, BCR-524 12.3 8.82 1.84,153 Tenax & HPCD, single 20 1 This study

point
Industrial soils from the Netherlands; validation of ISO 16751  1.8-3.8 0.67-4.63  0.02-0.17 Tenax, single point 20 4 ISO Technical Committee
(2020)
> ? | Industrial soils from Spain, Italy and France; biological treat- 09-7.1 0.57-56.50 0.017-569 Tenax, single point 20 11 Posada-Baquero et al.
- - ments (2019b)
. ‘. \ Soil and sediment from The Netherlands; landfarming for 23-69 0.7-170 0.011-639 Tenax, single point 20 8 Harmsen and Rietra (2018)
» ® 25 years
- - Estuary sediments from New York, USA; basic research on 44-57 1.03-3.06 037-0.30 Tenax, single point 24 2 Shor et al. (2003)
i \ ® L 9 desorption
N 1Y N - Canal sediment from Indiana, USA; basic research on desorp- 10.2 26.7 1.76 XAD, desorption curve® 20 1 Birdwell and Thibodeaux
h ' . tion (2009)
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* 1,5 gr. of Tenax® (60-80 mesh) by Buchem BV

Time (h)
40 60 80 100120 140 160 180

2 | Frg=70+0.03%
| K =0.11£0.001 ht

Fro =80+ 6 %
Ky = 0.24 + 0.03 ht

% '4C mineralized carbamazepine

S
%
wh

@
o

=
=

CBZ concentration (mg L1)
=) =)
=] —
b i

0
0 20 40 60 80 100 120 140 160 180

Time (h)

B L



DESORPTION EXTRACTION UPDATE

Biodegradation O N O e

(OECD 307)

O}\NHZ

Soil
Total # Total

Bioavailable Bioavailable

Dissolved Dissolved
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Risk assessment

Tiered Risk Assessment-Management Framework

Is it likely that the soil/sediment is polluted? Exit? wel)

Tier 1: Total extractable concentrations

. o Equilibrium partitioning (Koc) pS
SIS Lower-tier biological effects tests Exit? welp>
risk assessment

Soil/sediment quality standards

Ortega-Calvo et al. ES&T, 2015. 49, 10255-1026
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Summary for
policy makers

1

" FAO and UNEP, 2021, https
Main&r‘eport at: https://doi.

The portion of the total quantity of
a chemical/substance that is “freely available” w cross

an organism’s cellular membrane from the medium the
organism inha ata gi i semple ez al, 2004),
and which can be metabolically active in a living organism
(Klaassen, Casarett and Doull, 2013). *Freely available”
is defined operationally by different methods. Bioassay

on plants or animals ( ire often time and

resource-consuming and may comprise ethical issues.
Indirect single-step or sequential chemical extractions
using reagent(s) simulating the interaction of plant
or human fluids/exudates with the contaminant(s) of
interest are also employed (Cipullo ezal, 2018). Some of
these extractions have been standardized and taken into
consideration in the legislation of some countries. Other
extractions arc undergoing standardization, a proces:
ne y 1o make bioavailability a concept that can be
included in legislation and policies for soil pr ion,
and as a tool for risk assessment (Harmsen, 2007; Kim
et al., 2015). In soil, contaminant bioavailability can be
affected by soil prop s {e.g., pH., redox potential,
cl: ganic matter content, etc.) (Gupta ez al,
)18), contaminant chemical
properties (e.g., polarity, oxidation states, acidity, etc.),
and/or environmental factors (e.g.. moisture content,
are no static
¢, thus itis important to understand the limitations
of operationally-defined determinations of bioavailability
when evaluating actual bioavailability at a given site
temporally and spatially.
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Figure 12. Hierarchical chart showing the main sources of soil pollution in Europe

8 The boxes represent an estimate of the relative importance of each source as perceived by regional experts, and their size is related to their relative importance. The
larger the size, the greater the relative importance
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https://doi.org/10.1016/j.scitotenv.2022.157007

Military activities Nature-based solutions

Science of the Total Environment 843 (2022} 157007

Contents lists available at ScienceDirect

Defend the natioh; Zero pollution;
Maintain sovereignty. Bioavailability

e TR
Science of the Total Environment

rUuctures

I journal homepage: www.elsevier.com/locate/scitotenv :
' Organic contaminants
Review 3 ;

Nature-based approaches to reducing the environmental risk of organic g / Explosives
contaminants resulting from military activities

.Chemical warfare
Carmen Fernandez-Lopez °, Rosa Posada-Baquero °, Jose-Julio Ortega-Calvo ™* ‘ \ ~% @w PAHs, PFASs

" University Cenire of Defense at the Spanish Air #orce Academy (CUD-AGA), Sariiago de la fibera, Spain
Y mstituto de Recursos Nalirales v Agrobiologla de Sevilla (IRNAS-CSIC), Seville, Spair

-

=

Control by the Environmental Regulatory Frameworks (NATO, Green Deal...)
y

Table 2
Examples of nature-based technologies for military activity contamination.

Nature-based Description Organic contamination site Example
technology

Natural attenuation ~ Spontaneous pollutant removal, continuous monitoring Hydrocarbon-contaminated soils Siles and Margesin, 2018
Land farming In situ periodical fertilization with inorganic nitrogen phosphorous and  Hydrocarbon-contaminated and Siles and Margesin, 2018; Clark and Boopathy,
potassium (NPK) explosive-contaminated soils 2007; Raschman and Vanek, 2008
Composting Amendment with biodegradable organic materials, fertilization, and pile Explosive-contaminated soils Kalderis et al., 2011; Payne et al., 2013
maintenance under controlled humidity and aeration
Composting + In situ amendment with biodegradable organic materials following Explosives-contaminated soils, Michalsen et al., 2016; Jugnia et al., 2017;
bioaugmentation bioaugmentation sediments, and groundwater Jugnia et al., 2018
Prepared-bed Ex situ treatment with recirculation of irrigated water and nutrients Hydrocarbon-contaminated soils Kotwzan et al., 2008
bioreactor
Soil slurry reactor Mechanical mixing with liquid phase, controlled aeration Explosives-contaminated soils Clark and Boopathy, 2007
Phytoremediation Use of plants to mobilize the contaminant into plant biomass Explosives and PFAS-contaminated Lee et al., 2007; Rylott et al., 2011; Hannink
soils and groundwater et al., 2001; Hannink et al., 2002
Phytoremediation Use of plants and soil bacterial diversity Explosive and vomiting Cary et al., 2021; Lamichhane et al., 2012;
and bioremediation agents-contaminated soils and Thijs et al., 2018; Teng et al., 2017
waters
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RESTORING DEGRADED SOILS

and remediating contaminated sites - Actions

Legal provisions
— ldentify contaminates sites
— Inventory and register of sites
— Remediate sites by 2050

Soil health certificate —land transaction
(EU/Member States)

Knowledge exchange on RA
EU priority list of contaminants 2024

Definition of land damage, financial
security



Farm to Fork
Strategy

For a fair, healthy and
environmentally-friendly
food system

REINFORCEMENT OF PESTICIDE RISK
ASSESSMENT

« Sustainable food production through

competitiveness of farmers



ZERO-POLLUTION ACTION PLAN

EUROPEAN
COMMISSION

Union policy on the environment shall be based on the precautionary principle and on the principles that preventive action
should be taken, that environmental damage should as a priority be rectified at source and on the polluter pays principle.

Frevent

Eliminate &
remediate

PROTECT HEALTH AND
THE ENVIRONMENT

Prevent pollution in all stages of a clean
and circular economy from extraction of
natural resources, to production, service
provision

Minimise releases and exposure of
humans and the environment to
pollution through management, J
technological measures and informatign

Eliminate and remediate, as far as
possible, existing pollution of water an
soils and apply measures to return to a
‘ ,

good status’.

ENCOURAGE INNOVATION

Promote clean, ‘zero pollution’
production processes, safe and
sustainable products and services by
design as well as innovative tools,
technologies, and behavioral change.

Promote modern and smart production
safe and sustainable product
services and business models, and
digital solutions for tracking and
reducing pollution

Promote zero pollution recycling, waste
management, decontamination and
remediation
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Protect health and Encourage innovation
the environment

Minimise and
control

CHEMICAL POLLUTION
In natural environment

New hazard classes to address
— Environmental toxicity

— Persistency

(el e1111aY;

— bioaccumulation

PMT / vP & vM as very high
concern

Comprehensive ERA

Decontamination solutions in
terrestrial & aquatic environments

Pharma, food, PFASs
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potentially related with bioavailability

Real Decreto 9/2005, de 14 de enero, por el que se establece la
relacion de actividades potencialmente contaminantes del suelo y los
criterios y estandares para la declaracion de suelos contaminados.

Ministerio de la Presidencia

i o s ™ * Annex IV = conditions for risk
assessment (environmental):
Listado de contaminantes y nivf;c;segizf;tis;zge referencia para proteccién de refe re n Ce Val u eS O r tOXI C I ty I n b I Oassays

'0"- )

Proteccion de los ecosistemas F . ‘=
e |wwos) wh |t | e « Annex llI- Contaminated soil: toxicity

1,1-Dicloroetano 75-34-3 0,06 4,18
1,2-Dicloroetano 107-06-2 0,16 0,24

1‘l1‘Tnclcrue|arlu . ?-90-5 ‘6 03 b i o as S ays o r :

J9

Antrageno 120-12-7

| EEE%%EZ"E%ntammants (2%6/54?}

1.2-Diclorobenceno 95-50-1

2 jn-RD2005 with K., >

Clordane 57-74-9 0,04 0,01* 0 01

Etilbenceno 100-41-4
Decabromofenil éter 1163-19-5
| Pentabromo difenil éter 32534-81-9
Octabromo difenil éter 32536-52-0
Fenol 108-95-2
2-Clorofenol 95-57-8
2,4-Diclorofenol 120-83-2 B ,06 , @
2,4 5-Triclorofenol 95-95-4
2,4 6-Triclorofenal 88-06-2
Pentaclorofenol 87-86-5
Fluoranteno 206-44-0
Fluoreno 86-73-7

https:j/ww.w.boe.es/ buscar/pdf/2005/BOE-A-2005-895-consolidado.pdf



BIOAVAILABILITY UPDATE

sons (eds.). Bioavailabi rganic
em, DOI 10.1007/698

Concluding Remarks and Research Needs

J. J. Ortega-Calvo and John R. Parsons

Bioavailability

ofOrganic ~ « |s Bioavailability Science Ready for Use in
Chemicals in Soil s e o T o .

and Sediment

 Research Needs in Bioavailability
— Methodologies for measuring bioavailability
— Environmental risks of non-bioavailable compounds

— Bioavailability in the remediation of waters, sediments, and
soils
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