
HAL Id: hal-02603510
https://hal.inrae.fr/hal-02603510

Submitted on 16 May 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Is herbicide toxicity on marine microalgae influenced by
the natural dissolved organic matter (DOM)?

N. Coquillé, S. Stachowski Haberkorn, Soizic Morin, E. Parlanti, D. Menard,
Julien Rouxel, L. Haugarreau, V. Dupraz, Mélissa Eon, Jacky Vedrenne, et al.

To cite this version:
N. Coquillé, S. Stachowski Haberkorn, Soizic Morin, E. Parlanti, D. Menard, et al.. Is herbicide
toxicity on marine microalgae influenced by the natural dissolved organic matter (DOM)?. 26th
SETAC Europe Annual Meeting, May 2016, Nantes, France. pp.1, 2016. �hal-02603510�

https://hal.inrae.fr/hal-02603510
https://hal.archives-ouvertes.fr


N. Coquillé1,2,3,4, S. Stachowski-Haberkorn1, S. Morin2, É. Parlanti3,4, D. Ménard1, J. Rouxel1, L. Haugarreau1, V. Dupraz1, M. Eon2, J.
Vedrenne2, S. Boutry2, J. Rosebery2, J. Ezzedine2, J.C. Grégoire2, H. Budzinski3,4, N. Tapie3,4, P. Pardon3,4, L. Chevance-Demars3,4

IS HERBICIDE TOXICITY ON MARINE MICROALGAE INFLUENCED BY THE NATURAL 
DISSOLVED ORGANIC MATTER (DOM)?

1 IFREMER, Laboratoire d’écotoxicologie, rue de l’île d’Yeu, BP 21105, 44311 Nantes cedex 03, FRANCE; ² UR EABX, IRSTEA, 50 avenue de Verdun, 33612 Cestas cedex, FRANCE; 3 Université de Bordeaux, 351 Cours de la Libération, 
33405 Talence Cedex, France; 4 UMR CNRS EPOC 5805, 351 Cours de la Libération, 33405 Talence Cedex, FRANCE

As primary producers, microalgae are the basis of aquatic food webs. Thus, they can be directly affected by herbicides [1]. In their natural environment, these organisms
evolve in complex and changing conditions, where various interactions take place. For instance, dissolved organic matter (DOM) may interact with pesticides. Indeed,
DOM was shown to interact with pollutants and to affect their transport [2], fate, bioavailability, biodegradation and toxicity on organisms [3].

As primary producers, microalgae are the basis of aquatic food webs. Thus, they can be directly affected by herbicides [1]. In their natural environment, these organisms
evolve in complex and changing conditions, where various interactions take place. For instance, dissolved organic matter (DOM) may interact with pesticides. Indeed,
DOM was shown to interact with pollutants and to affect their transport [2], fate, bioavailability, biodegradation and toxicity on organisms [3].

This study aimed to investigate whether the natural DOM (from Arcachon bay, Fig.1) influence the toxicity of three herbicides (irgarol (I),
diuron (D) and S-metolachlor (S)), singly and in mixtures (M1 and M2), to two marine phytoplankton species: Chaetoceros calcitrans (Cc)
and Tetraselmis suecica (Ts).

Six-day exposure experiments were run using triplicates: each species was exposed to 9 conditions without DOM (Fig. 2) and the same 9
conditions with natural DOM added to the cultures (twice the environmental concentration).
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Our results demonstrated the high toxicity of irgarol and herbicide mixtures for two marine phytoplankton species cultivated in absence of DOM. When DOM was added
in the culture media, this study showed, in controlled conditions, that natural DOM seems to interact with herbicides and/or microalgae, leading to increased or
decreased herbicide effects, depending on the species. Finally, this study demonstrates the importance to consider DOM as a major factor possibly involved in toxicity
modulation in the environment.
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Irgarol Diuron Herbicides mixtures

Concentration 1 Concentration 2

Control S-metolachlor

0,05 µg.L-1 0,5 µg.L-1 0,05 µg.L-1 0,5 µg.L-10,05 µg.L-1 0,5 µg.L-1

The toxic effects were measured on the doubling time (TD, hours), the
photosynthetic efficiency (Yeff), the intracellular ROS relative content using
H2DCFDA and the intracellular lipid relative content using BODIPY (both by flow
cytometry).
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Figure 2 – Treatments applied to each speciesFigure 2 – Treatments applied to each species

Figure 1 – Arcachon Bay (France)Figure 1 – Arcachon Bay (France)
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Figure 3 – Significant effects (ANOVA, p<0.05) detected in both species after exposure to S-metolachlor, irgarol and diuron, singly and in mixtures.Figure 3 – Significant effects (ANOVA, p<0.05) detected in both species after exposure to S-metolachlor, irgarol and diuron, singly and in mixtures.

Figure 4 – Significant effects (ANOVA, p<0.05) detected in both species after exposure to S-metolachlor, irgarol and diuron, singly and in mixtures with and without DOM.Figure 4 – Significant effects (ANOVA, p<0.05) detected in both species after exposure to S-metolachlor, irgarol and diuron, singly and in mixtures with and without DOM.

2. Influence of DOM on the pesticide effects regarding microalgae physiology

� After exposure to herbicides together with DOM, significant effects were observed with I0.05, I0.5, M1 and M2 in Cc and with I0.5, D0.05, D0.5, S5, M1 and M2 in Ts
(Fig. 4).
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� The exposure to DOM together with I0.5 or M2 caused quite similar effects on doubling time and photosynthesis efficiency in Cc. For Ts exposed to I0.5 and M2,
results exhibited a much stronger toxicity of M2 compared to I0.5. An effect of D0.05, D0.5, S5 and M1 was also obtained on H2DCFDA fluorescence, meaning an
increase of reactive oxygen species relative content when DOM was added.

� When these results are compared to the exposures without DOM, it appears that for Cc, the presence of DOM seems to decrease the herbicide toxicity, while it is
increased for Ts. The decrease or increase of toxicity can be explained by the complexation between DOM and herbicides. Indeed, this complexation can lead to a lower
bioavailability of herbicides (because linked to DOM). The difference in herbicide toxicity between the two species in presence of DOM remains to be explained.
Analysis of herbicide concentrations, dissolved organic carbon concentration and DOM (in progress) will provide valuable information to improve the understanding of
interactions between microalgae, herbicides and DOM in these experiments.
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� Results obtained after exposure of Cc to M2 and I0.5 exhibited similar effects: the impacts induced by the mixture 2 might be due to irgarol. In Ts, M2 induced a
greater growth and photosynthesis inhibition than I0.5 and a greater enhanced H2DCFDA fluorescence. This higher toxicity would suggest a possible synergistic effect
when herbicides are mixed at the highest concentrations. Further experiments are needed to properly investigate this assumption.
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1. Herbicide effects on microalgae

� Significant effects were observed for almost all parameters after exposure to I0.5, and M2 for both species (Fig. 3): an increase of the doubling time, corresponding
to a strong growth inhibition, a decrease of the photosynthetic yield and a decrease of the relative lipid content. In addition, Ts exhibited an increase of relative ROS
content.
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