
HAL Id: hal-03793173
https://hal.inrae.fr/hal-03793173

Submitted on 30 Sep 2022

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.

Combined effects of clogging and copper-contaminated
water on microbial communities in the hyporheic zone

Laura Kergoat, Aymeric Dabrin, Thibault Datry, Abdelkader Azougui,
Bernadette Volat, Bernard Motte, Christophe Rosy, Chloé Bonnineau

To cite this version:
Laura Kergoat, Aymeric Dabrin, Thibault Datry, Abdelkader Azougui, Bernadette Volat, et al.. Com-
bined effects of clogging and copper-contaminated water on microbial communities in the hyporheic
zone. Ecotoxicomic YR 2021 - First international webinar of young microbial ecotoxicology researchers,
2021, Lyon, France. �hal-03793173�

https://hal.inrae.fr/hal-03793173
https://hal.archives-ouvertes.fr


EcotoxicomicYR 2021
December 6th 2021

Combined effects of clogging and 
copper-contaminated water on 
microbial communities in the 
hyporheic zone

Laura Kergoat1, Aymeric Dabrin1, Thibault Datry1, 
Abdelkader Azougui1, Bernadette Volat1, Bernard 
Motte1, Christophe Rosy1, Chloé Bonnineau1

1 INRAE, UR Riverly, Lyon-Villeurbanne, France



Hyporheic zone : “the saturated interstitial 
areas beneath the stream bed and into the 
stream banks that contain some proportion of 
channel water” 1

2
1 White, D. S. (1993). Journal of the North American Benthological Society 12, 61–69. 

Context Experimental design Results Conclusion
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Mineralization of organic matter 2

Retention and degradation of pollutants 3,4

Microbial communities

2 Piscart, C. (2011). Science of The Total Environment 409, 4373–4380. 
3 Gandy, C. J. (2007). Science of The Total Environment 373, 435–446. 
4 Peralta-Maraver, I. (2018). Science of The Total Environment 610–611, 267–275. 

Filter for the river ! 

Context Experimental design Results Conclusion
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Anthropogenic
stressors
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 Fine sediment deposition 5

 Infiltration into the hypoheic zone 5

 In part due to soil erosion

5 Wood, P. J. (1997). Environmental Management 21, 203–217. 
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 Fungicide used in agriculture 
 Transferred to aquatic systems by leaching
 [Cu] = 22 mg/kg in sediment (France) 6

Maximum > 4000 mg/kg
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5 Wood, P. J. (1997). Environmental Management 21, 203–217. - 6 INERIS 2010, Rapport d’étude

Ex : Stimulation of denitrification 7

Ex : inhibition of exoenzymatic activities 8

7 Navel, S. (2011). Microb Ecol 61, 968–979. - 8 Mahamoud Ahmed, A. (2018). Front. Microbiol. 9, 1852.
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 Fine sediment deposition
 Infiltration into the hypoheic zone 5

 In part due to soil erosion

What are the combined effects of 
clogging and copper contaminated water 

on hyporheic microbial communities ?
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Sandy sediment
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Sandy sediment

2 cm of fine sediment

Context Experimental design Results Conclusion
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Copper Sulfate
[CuSO4.5H2O] = 750 µg/L

[Cu] = 191 µg/LNo contamination

Sandy sediment

2 cm of fine sediment

Top-down 
water flow

Context Experimental design Results Conclusion
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Clogged + 
Copper

Reference Clogged Copper

Copper Sulfate
[CuSO4.5H2O] = 750 µg/L

[Cu] = 191 µg/LNo contamination

Top-down 
water flow

Sandy sediment

2 cm of fine sediment

Context Experimental design Results Conclusion



4 weeks

0-3 cm

4-7 cm

10-13 cm

25-28 cm

Sediment sampling

Physical and chemical parameters

Microbial communities
14
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 Copper distribution in sediment
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0-3 cm

25-28 cm
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 Copper distribution in sediment
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0-3 cm

25-28 cm

Sediment used for clogging was
copper contaminated

(30.19 mg Cu/kg in dry sediment)

Context Experimental design Results Conclusion



 Copper distribution in sediment
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0-3 cm

25-28 cm

similar copper distribution profiles

 Copper gets trapped in the first few centimeters regardless of clogging addition
 No diffusion of copper in depth in the presence or not of clogging sediment

Filter role of hyporheic zone for copper !

Context Experimental design Results Conclusion



(Stars indicate significant differences from Reference for a given depth after a Tukey post hoc test) 

Carbon
cycle

Phosphate 
cycle

Nitrogen
cycle
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 Microbial functions

0-3 cm

Context Results ConclusionExperimental design



(Stars indicate significant differences from Reference for a given depth after a Tukey post hoc test) 
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 Microbial functions

0-3 cm

Context Experimental design Results Conclusion

No effect of copper except for 
leucine aminopeptidase

Copper 
concentration ? 

Adaptation of 
microbial 

communities ?



(Stars indicate significant differences from Reference for a given depth after a Tukey post hoc test) 
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(Stars indicate significant differences from Reference for a given depth after a Tukey post hoc test) 
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 Microbial functions

0-3 cm

Context Experimental design Results Conclusion

No effect of copper except for 
leucine aminopeptidase

Copper 
concentration ? 

Adaptation of 
microbial 

communities ?

Stimulation of microbial activities in the 
presence of clogging

High organic matter 
content (16.8%)?



Separation in two groups : exposed or not exposed to clogging
Small effect of copper at the tested concentration
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 Microbial structure (ARISA) 

+ Clogging - Clogging

Stress value : 0.08657793

0-3 cm

Context Experimental design Results Conclusion
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 Microbial structure (ARISA) 

Context Experimental design Results Conclusion
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25-28 cm

10-13 cm
4-7 cm



Distinction of the first centimeters (0-3cm) from the other depths
-> Particularity of the interface
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 Microbial structure (ARISA) 

Context Experimental design Results Conclusion
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 Acquisition of copper tolerance in microbial communities

EC50 = Concentration causing 50% reduction in microbial activity (β-glucosidase) measured in an acute 
toxicity test (PICT method)
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25-28 cm
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 Acquisition of copper tolerance in microbial communities

EC50 = Concentration causing 50% reduction in microbial activity (β-glucosidase) measured in an acute 
toxicity test (PICT method)

29

0-3 cm

25-28 cm

Context Experimental design Results Conclusion

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0-3 cm 25-28 cm 0-3 cm 25-28 cm 0-3 cm 25-28 cm 0-3 cm 25-28 cm

Reference Copper Clogged Clogged + Copper

EC
5

0
(m

g 
C

u
.k

g-1
o

f 
d

ry
 s

ed
im

en
t)

a a
a a a

b

c
c

(Different letters indicate significant differences between two treatments) 

Already copper
tolerant? 

Sediment used for clogging was
copper contaminated

(30.19 mg Cu/kg in dry sediment)



 Acquisition of copper tolerance in microbial communities

EC50 = Concentration causing 50% reduction in microbial activity (β-glucosidase) measured in an acute 
toxicity test (PICT method)

30

0-3 cm

25-28 cm

Context Experimental design Results Conclusion

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0-3 cm 25-28 cm 0-3 cm 25-28 cm 0-3 cm 25-28 cm 0-3 cm 25-28 cm

Reference Copper Clogged Clogged + Copper

EC
5

0
(m

g 
C

u
.k

g-1
o

f 
d

ry
 s

ed
im

en
t)

a a
a a a

b

c
c

(Different letters indicate significant differences between two treatments) 

No diffusion of copper
tolerance in deep zone
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Context Experimental design Results Conclusion

Copper Copper fixation in the first centimeters 
with or without clogging

Filter role of hyporheic zone

Remobilization of copper !
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Context Experimental design Results Conclusion

Copper

+

Clogging

 Clogging strongly affects microbial functions 
(stimulation) and microbial structure

 Copper had little effects on microbial function 
and structure

 Copper tolerance acquisition in relation with 
copper exposure

Subsurface = active microbial interface 
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Context Experimental design Results Conclusion

Copper

+

Clogging

 Clogging strongly affects microbial functions 
(stimulation) and microbial structure

 Copper had little effects on microbial function 
and structure

 Copper tolerance acquisition in relation with 
copper exposure

Subsurface = active microbial interface 

X

X
 No transfer of copper tolerance acquisition 
→ Sensitive species reservoir -> recolonization 
after a major surface stressors (e.g. drying)

Deeper layers = protection of microbial
communities

www.futura-sciences.com



> Thank you for your attention !

laura.kergoat@inrae.fr
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Tlili, A. (2013) – Rapport de thèse : Ecological significance of the induced tolerance of microbial communities in fluvial biofilms to anthropogenic contaminations

PICT method


