Goldschmidt 2023 Abstract
https://doi.org/10.7185/g01d2023.16202

Evaluating micropollutant
degradation and persistence in soil
with compound-specific isotope
analysis (CSIA)

GWENAEL IMFELD!, JEREMY MASBOUZ2, CHRISTOPHE
MARCICZ AND SYLVAIN PAYRAUDEAU?

1University of Stasbourg / CNRS
2University of Strasbourg, CNRS, ENGEES, ITES UMR7063,
France

Presenting Author: imfeld@unistra.fr

Knowledge on the occurrence, extent and pathways of
(bio)degradation of micropollutants in soil is crucial to improve
the monitoring of their persistence and predict ecotoxicological
risks. Compound-specific isotope analysis (CSIA), based on
natural abundance of stable isotopees, has successfully been
applied to evaluate the transformation of industrial pollutants in
groundwaters. However, the need of a sufficient mass of analyte
for CSIA combined with low micropollutant, concentrations
(sub-pg.g!) and the co-enrichment of non-volatile soil
components, currently challenge micropollutant CSIA in soil [1].
Here, we show that QuEChERS are versatile preparation
methods for precise and sensitive CSIA of micropollutants from
soil samples, allowing adaptations for specific matrix-analyte
combinations to reach more selective extraction. Micropollutants
with contrasted physico-chemical properties, including pesticides
and an antibiotic, were extracted from various types of soil from
microcosms, mesocosms and field studies. No significant isotope
fractionation for carbon (A3">C < 1%o) and nitrogen (AS'°N <
0.5%0) was observed, despite variable extraction efficiencies.
Column experiments with various soil types showed that
biodegradation of anilide herbicides and fungicides mainly
occurred in the soil solution of soil-plant systems, whereas
degradation in soil remained limited [2]. In an agricultural
catchment, we recently demonstrated the applicability of CSIA to
track the degradation and export of the pre-emergence herbicide
S-metolachlor from soil to surface water and identify the
contributing source areas. Based on maximum change in carbon
stable isotope composition (A8"C = 4.6 = 0.5%o) of S-
metolachlor, we showed that degradation mostly (>95%)
occurred in soil within two months after first application, leading
to the formation of transformation products. In an urban context,
CSIA of terbutryn [3], a biocide commonly added in facade
paints and renders, highlighted its persistence in outdoor soil
lysimeters and its potential transport into groundwater.
Altogether, these studies emphasize the variability of
micropollutant degradation in soil and proposes a framework
using CSIA to examine the transformation of persistent and
emerging micropollutant in polluted urban and agricultural soils.
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Compound-specific isotope analysis (CSIA) of pollutants
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Figure 1. A - Extraction recovery, B - Effect o 6" C {A{™C) ju v ool € - Effect on 858 (AUN) 1o o coamas) of SPE (water
sampes), and MUSE with DM Pentane (3:1) (sediment, sall. plant) for pesticides and all matrices combined. ATRA - atrazine,
TERB - Terbutryn, ACET - acetachlor, S-MET - S-metolachior, META - metalaxyl, DIME - dimethomorph, TEBU - tebuconazole,
BUTA - butachlor, ALAC - alachlor. Error bars denote standard deviation {1 &, n = &) Dashed lines represent + 1% (significance
threshald)) from reference isotope values of in-house standards measured with GC-IRMS.
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