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Risk reduction of chemical residues in soils and crops:
impact due to wastewater used for irrigation

BIOAVAILABILITY OF ORGANIC CHEMICA
IN SOILS AND SEDIMENTS:
POTENTIAL REGULATORY ASPECTS?
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BIOAVAILABILITY OF ORGANIC CHEMICALS IN SOIL AND
SEDIMENT
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BIOAVAILABILITY SCIENCE
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Soil quality — Environmental INTERNATIONAL ISO

availability of non-polar organic STANDARD 16751
compounds — Determination of the
potentially bioavailable fraction and Pist eton

the non-bioavailable fraction using a
strong adsorbent or complexing agent
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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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PASSIVE SAMPLING UPDATE

Non-depletive, equilibrium based

Solid polymers: polydimethylsiloxane, polyethylene,
polyoxymethylene, polyacrylate, silicone rubber, as
fibers or membranes

In situ or ex situ

Bioavailability defined as C;,.., obtained at
equilibrium (weeks), calculated from polymer-to-
water partitioning coefficient

Basis for bioaccumulation predictions based on
EqgP, for sediment toxicity/test exposures, and for

sediment remediation goals (through K,.)

No standard method available
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DESORPTION EXTRACTION
UPDATE

ISO method (ISO/TS 16751) with Tenax and
cyclodextrin available for non-polar OCs since
2018, soon as a full standard

Bioavailable fraction as F,,, obtained in a single
step (20 h)

Expressed in mass units: mg/kg d.m.

Applicable to compounds with aqueous solubility
<100 mg/L (K, > 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
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Ortega-Calvo, 2019. Environmental Toxicology, an open online textbook. Chapter 3.6.2. Assessing available concentrations of organic chemicals.
https://maken.wikiwijs.nl/147644/Environmental_Toxicology__an_open_online_textbook#!page-5496229
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ARE C;,.. AND F,,, METHODS COMPLEMENTARY?
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BIOAVAILABILITY: REGULATION
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DEVELOPING REMEDIATION
TARGETS

Developing Sediment
Remediation Goals at
Superfund Sites Based on Pore
Water for the Protection of
Benthic Organisms from Direct
Toxicity to Non-ionic Organic
Contaminants

Burkhard et al. EPA/600/R 15/289
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BIOAVAILABILITY: REGULATION
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BIOAVAILABILITY-BASED IMPROVEMENTS ON pRA - PERSISTENCE
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1. Approach to study mineralization and biodegradation by OECD 307 method

Agricultural soil spiked with
radiolabelled and non-radiolabelled
compound

i Inoculation with a specific strain or use
’ of autoctonous microorganisms

Incubation during 2 or 3 weeks

2. Bioavailability assessments at different stages of this incubation using a standardized method (ISO 16751:2020) or a adaptation of it

depending on compound used in every case

ISO METHOD 16751

COMPOUNDS WITH LOG KOW > 3 (pyrene)

* 2 g spiked soll
* 35 mL. of Mili-Q water “
* Biocide (sodium azide) "

* 0,7 gr. of Tenax® (60-80 mesh) by Buchem BV

1° step: extraction at 20 h

ADAPTED I1SO METHOD 16751

CARBAMAZEPINE LOG Kqy, = 2,7

NI

O)\NHZ

¢ 1 g spiked soil
* 35 mL. of Mili-Q water

* Biocide (sodium azide)

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

Acetone/ hexane (shaking during 24 h) <—— 2° step: Extraction from receiver phase — methanol (several sonnication and centrifugation)

(tenax)
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3° step: after the extraction with tenax the residual soil is analysed by combustion in an oxidizer



PYRENE
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Figure 1: (A) Mineralization by P. putida G7 of 4C-pyrene added to a sterelized agricultural soil.
Mineralization was less than 0,2 %, indicating a cometabolic transformation. (B) Initial and final
concentrations of pyrene and the pyrene equivalents (transformation products). The biodegradation in
this experiment was 47,3 %. With the analysis of soil at final time by combustién in a oxidazer, we can
asume that pyrene has been transformed to metabolites in a 52,65 %.
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Figure 2: (A) Determination of the phase distribution in our system of the 14C-labelled parent compound
and metabolites among soil, water and Tenax. In the case of pyrene, only 3 % were present as hydrophilic
transformation products that were not trapped by Tenax but partitioned into the water. The rest
remained as non-bioavailable residues. The bioavailable pyrene fraction in soil decreased as long as
cometabolism proceeded, which can be also corroborated with the combined use of liquid scintillation
and HPLC fractionation and we can assumed that only the pyrene is present in the tenax and not the
metabolites formed in the process of cometabolism (B).

These results indicate that cometabolism decreased efficiently the risks from pyrene in the soil.
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Figure 3: (A) Mineralization of 1*C-carbamazepine added to a non-sterelized and non inoculated

agricultural soil.

(B) Determination of the phase distribution in this system of the 14C-labelled compound among
soil, water and Tenax. In the case of carbamazepine the bioavailable fraction will be the sum of

water fraction and tenax fraction

Figure 4: Bioavailability assessments
of carbamazepine in differente soil
samples using the adapted method
(ISO 16751:2020)
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CONCLUSIONS

Total pollutant concentrations lead to overestimation of risk,

but more realistic assessments can be done by incorporating
bioavailability

Bioavailability science is ready for use in regulation of
organic chemicals

Bioavailability can be measured through C; .. or F

rap» €aCh
with pros and cons

Proposal for integrating in pRA (OECD 307 and 308)
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