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BIOAVAILABILITY SCIENCE
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Chemotaxis towards phenanthrene in
Pseudomonas putida 10D 

J.J. Ortega-Calvo, A.I. Marchenko, A.V. Vorobyov, R.V. Borovick, FEMS Microbiol. Ecol. 2003, 44, 373-381
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CHEMOTAXIS

COLUMN METHOD
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BREAKTHROUGH CURVES OF PSEUDOMONAS PUTIDA G7 

TRANSPORTED THROUGH SAND COLUMNS: NAPHTHALENE



C. Jimenez-Sanchez et al. Environ. Sci. Technol. , 2015, 49:4498-4505

High TOC (100 mg/L) Low TOC (10 mg/L)

BREAKTHROUGH CURVES OF PSEUDOMONAS PUTIDA G7 TRANSPORTED THROUGH 

SAND COLUMNS: EXUDATES FROM HELIANTHUS ANNUUS VS. OTHER DOM SOURCES



Fernandez-Lopez et al. Sci. Total Environ., 2021. 760, 143408



Castilla-Alcantara et al. Sci Total Environ 868 (2023) 161600
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Mycelium-enhanced 

bacterial degradation of 

polycyclic aromatic 

hydrocarbons 

Sungthong et al., 

Environ. Sci. Technol., 2017, 

51, 11935–11942
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E. Congiu & J.J. Ortega-Calvo, Environ. Sci. Technol. , 2014, 45:3019-3026

BIOSURFACTANTS INFLUENCE ON BIOAVAILABILITY OF SORBED

PYRENE: ROLE OF DESORPTION KINETICS



1. BIODEGRADATION

2. BIOAVAILABILITY

DESORPTION EXTRACTION (ISO 16751)     

KINETICS AND SINGLE-POINT EXTRACTION AT 20 H

EVOLUTION OF TOTAL PAHs CONCENTRATION              

(SOXHLET EXTRACTION & HPLC),  EFFECT OF 

PLANTING ( SUNFLOWERS) AND BIOSURFACTANTS 

ADDITION ( RHAMNOLIPIDS  AT 7 mg/g) AFTER PLANT 

ONTOGENETIC CYCLE

1.A

SEPARATE SLURRY EXPERIMENTS (EXCESS OF 

NUTRIENTS, SHAKING, RADIORESPIROMETRY AND 

ANALYSIS OF RESIDUAL CONCENTRATIONS)

SAMPLE

SUSPENSION

NaOH 

TRAP

1.B

Posada-Baquero et al. Sci. Total Environ., 2020. 720, 137608

RHIZOSPHERE-ENHANCEMENT OF BIOSURFACTANT ACTION



PLANTED

UNPLANTED

RHIZOSPHERE-ENHANCEMENT OF BIOSURFACTANT ACTION

Posada-Baquero et al. Sci. Total Environ., 2020. 720, 137608
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BIOAVAILABILITY: REGULATION
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BIOAVAILABILITY: REGULATION

PROSPECTIVE 

RISK 

ASSESSMENT



Cfree Frap

Ortega-Calvo, 2019. Environmental Toxicology. Chapter 3.6.2. Assessing available concentrations of organic chemicals. 
https://maken.wikiwijs.nl/147644/Environmental_Toxicology__an_open_online_textbook#!page-5415216



• Non-depletive, equilibrium based

• Solid polymers: polydimethylsiloxane, polyethylene, 

polyoxymethylene, polyacrylate, silicone rubber, as 

fibers or membranes

• In situ or ex situ

• Bioavailability defined as Cfree, obtained at 

equilibrium (weeks), calculated from polymer-to-

water partitioning coefficient

• Basis for bioaccumulation predictions based on 

EqP, for sediment toxicity/test exposures, and for 

sediment remediation goals (through Koc)

• No standard method available

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

– Cfree calculations

• Applications & limitations:
– rRA (sediments) and pRA (REACH)

– Hydrophobic chemicals Kow > 3
• Petroleum chemicals (PAHs, aliphatic chemicals)

• Organochlorine pesticides (DDT, dieldrin, lindane)

• PCBs, chlorobenzenes, chloroanilines

• Other PBT compounds

– Long equilibr. / biocide/ rapid decisions

– Translation of Cfree into risk

PASSIVE SAMPLING UPDATE

Jonker et al. Nature Protocols, 15, 1800-1828 (2020)



• ISO method (ISO 16751) with Tenax and cyclodextrin

available for non-polar OCs since 2020, as a full 

standard 

• Bioavailable fraction as Ffast, obtained in a single 

step (20 h)

• Expressed in mass units: mg/kg d.m.

• Applicable to compounds with aqueous solubility 

<100 mg/L (Kow > 3), theoretically applicable up to    

1 000 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 EXTRACTION UPDATE



Important in characterizing the different
desorbing fractions present in the soil

Desorption of PAHs from polluted soil- Tenax extraction

St / S0 = Ffast * exp (-Kfast * t) + Fslow * exp (-Kslow * t) 

SINGLE-POINT EXTRACTION:

EXTRACTING Ffast as T20 (ISO 16751)

DESORPTION KINETICS

-1,6

-1,4

-1,2

-1

-0,8

-0,6

-0,4

-0,2

0

0 20 40 60 80 100 120 140 160 180 200

ln
 (

S
/S

0
)

Time (h)

Benzo(a)pyrene

Phenanthrene

T20 = 99.9 % Ffast

T20 = 97.3 % Ffast

Quick bioavailability assessment through Ffast



DESORPTION EXTRACTION UPDATE



DESORPTION EXTRACTION 

UPDATE

CARBAMAZEPINE LOG KOW = 2,7

• 1 g spiked soil

• 35 mL. of Mili-Q water

• Biocide (sodium azide)

• 1,5 gr. of Tenax® (60-80 mesh) by Buchem BV

Ffast = 80 ± 6 %

Kfast = 0.24 ± 0.03 h-1

Ffast = 70 ± 0.03 %

Kfast = 0.11 ± 0.001 h-1

Posada-Baquero et al. Sci. Total Environ., in prep.
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DESORPTION EXTRACTION UPDATE

Posada-Baquero et al. Sci. Total Environ., in prep.
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Cfree Ffast

Time for performance weeks hours

Preferable scenario sediment soil (?)

Theoretical support +++ ++

Applicability in/ex-situ ex-situ

Output ng/L mg/kg

Standard method No Yes

Included in regulation Yes No

ARE Cfree AND Ffast METHODS COMPLEMENTARY?



Ortega-Calvo et al. ES&T, 2015. 49, 10255-10264



FAO GLOBAL SOIL PARTNERSHIP

FAO and UNEP, 2021, https://doi.org/10.4060/cb4827en
Main report at: https://doi.org/10.4060/cb4894en



TARGETS RELEVANT TO SOIL POLLUTION

FAO and UNEP, 2021, https://doi.org/10.4060/cb4827en



FAO and UNEP, 2021
https://doi.org/10.4060/cb4827en 

Mineral oils
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https://doi.org/10.1016/j.scitotenv.2022.157007



• Knowledge gaps
– Harmonise SOP analysis, standardization thresholds

– Soil surveys, data & info soil pollution

– Emerging contaminants (pharma, µplastics, NMs)

– Nature-based management & (bio)remediation

• Global awareness-raising and communication
– Citizen based, early warning systems for soil pollution

– Public & 4R (reduce, reuse, recycle, recover)

• Regional cooperation
– Transfer scientific & technology knowledge

– Open access pubs.

PRIORITY ACTIONS                                                  
to prevent and halt soil pollution an to remediate polluted soils

FAO and UNEP, 2021, https://doi.org/10.4060/cb4827en
Main report at: https://doi.org/10.4060/cb4894en



• Legal provisions
– Identify 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

RESTORING DEGRADED SOILS                                                  
and remediating contaminated sites - Actions

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021DC0699&from=EN



• Sustainable food production through 

realistic RA

• Ensuring food security by increasing 

competitiveness of farmers

REINFORCEMENT OF PESTICIDE RISK 

ASSESSMENT                                     



ZERO-POLLUTION ACTION PLAN



• New hazard classes to address
– Environmental toxicity

– Persistency

– Mobility

– bioaccumulation

• PMT / vP & vM as very high 

concern

• Comprehensive ERA

• Decontamination solutions in 

terrestrial & aquatic environments

• Pharma, food, PFASs

CHEMICAL POLLUTION                                                  

in natural environment

https://ec.europa.eu/environment/pdf/chemicals/2020/10/Strategy.pdf



• Annex IV – conditions for risk 

assessment (environmental):                    

> reference values or toxicity in bioassays

• Annex III- Contaminated soil: toxicity 

bioassays or “those others considered 

as equivalents”

NATIONAL REGULATORY ASPECTS 
potentially related with bioavailability

https://www.boe.es/buscar/pdf/2005/BOE-A-2005-895-consolidado.pdf

Annex VI: 70 % 

contaminants  (36/54) 

in RD2005 with Kow > 3 

(PAHs, DDT, etc.)



BIOAVAILABILITY UPDATE

• Is Bioavailability Science Ready for Use in 

Regulation of Organic Chemicals?

• How Should Bioavailability of Organic Chemicals Be

Measured?

• How Should Bioavailability Be Implemented into

Regulation of Organic Chemicals?

• Research Needs in Bioavailability
– Methodologies for measuring bioavailability

– Environmental risks of non-bioavailable compounds

– Bioavailability in the remediation of waters, sediments, and 

soils



• TOTAL POLLUTANT CONCENTRATIONS LEAD TO OVERESTIMATION 

OF RISK, BUT MORE REALISTIC ASSESSMENTS CAN BE DONE BY 

INCORPORATING BIOAVAILABILITY

• BIOAVAILABILITY SCIENCE & BIOTRANSFORMATION CAN BE 

SUCCESSFULLY INTEGRATED INTO LOW-RISK APPROACHES FULLY 

IN LINE WITH UN SDG AND EU GREEN DEAL.

• SLOW POLLUTANT PHASE EXCHANGES HAVE A STRONG IMPACT ON 

BIOAVAILABILITY & BIODEGRADATION, BUT THIS CAN BE MODIFIED 

MICROBIALLY (BIO-SURFACTANTS, CHEMOTAXIS, ATTACHMENT, ETC.)

• THESE MECHANISMS CAN BE PROSPECTED IN FUTURE INNOVATION 

PATHWAYS FOR BIOREMEDIATION

CONCLUSIONS
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Thank you for listening

and see you next year in Seville!


