
To avoid or not to avoid REE contaminated 
sediment? 

That is the question for Daphnia
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REE (Rare Earth Elements) are applicable in 
different technologies like:
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Fig. 1. Global rare-earth-oxide (REO) production in metric tons (1950-2020) [1] 

Introduction
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Observations of microcosms

• Vertical migration to avoid predators [2],[3]

• Indirect effects à active avoidance
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Determine if lanthanum (La) and gadolinium (Gd) leads to 
avoidance behaviour by pelagic species

Objective/Hypothesis

Different avoidance behaviour for La and Gd

Hypothesis:

1

2

Avoidance behaviour will occur both vertical and horizontal for 
Daphnia magna
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Objective:



ISO M4 Ø EDTA

Materials & Methods

3D print
Lufa 2.2

VerticalHorizontal

+

Anthropogenic 
concentrations (mg kg-1)

Environmental 
concentrations (mg kg-1)

25 0.001
50 0.01
75 0.1

100 1
10

5



10

3x Daphnia magna 15 sec. à OECD 202 5 repetitions

OECD, Test No. 202: Daphnia sp. Acute Immobilisation Test, 2004

Horizontal
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2

OECD, Test No. 202: Daphnia sp. Acute Immobilisation Test, 2004

3x Daphnia magna 15 sec. à OECD 202 5 repetitions

1

Vertical
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So….

Does REE Contaminated Sediment Cause Avoidance 
Behaviour of D. magna?

Results
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Horizontal 3x daphnids, 5 repeats

La Chi-square p > 0.05
Gd Chi-square p < 0.05 50; 1; 0.01; and 0.001 mg kg-1
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Frequency distribution:

Average scoring: Contaminated

Uncontaminated
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Chi-square p < 0.01 La not 10; 0.01; and 0.001 mg kg-1
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Frequency distribution:
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Hypothesis 1:

Avoidance behaviour will 
occur both horizontal and 

vertical for D. magna

Hypothesis 2: 

Different avoidance 
behaviour for Gd and La

Results
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Discussion 
and 

Conclusion

• Contaminated REE sediment causes avoidance in D. magna
• REE type and concentration impacts avoidance

• Variation REE speciation/partitioning à but complex and 
knowledge lacking [4]
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• Daphnia can sense natural chemical signals [6] à also the case 
for REE?

• Avoidance more sensitive endpoint than mortality [5]

• Perceived stress à behavioural changes
• Behavioural changes à More susceptible to predators [7]

• Behavioural studies could be an issue for future risk 
assessment

Discussion 
and 

Conclusion
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Take home message 
& 

Remaining questions

Behaviour changes can have an environmental significance
à consequence for risk assessment

à standardization

Behaviour should be tested in various ways 
à e.g., Mobility and avoidance

More need to consider bentho-pelagic interaction
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Email: Chantal.vandrimmelen@haw-hamburg.de 

Also many thanks to Lucas Janssen Nieto 
and Florian Stukenkemper!

THANK YOU!

15



References

1. U.S. Geological Survey (USGS), 1950-2020. Mineral Commodity Summaries 2020 (for 2018) and 2021 (for 2019 and 
2020). Accessed on 27 January 2022. https://www.usgs.gov/centers/national-minerals-information-center/rare-earths-
statistics-and-information

2. Larsson, P. and S. Dodson, Invited review chemical communication in planktonic animals. Archiv für Hydrobiologie, 
1993: p. 129-155.

3. Bownik, A., Daphnia swimming behaviour as a biomarker in toxicity assessment: A review. Science of The Total 
Environment, 2017. 601-602: p. 194-205.

4. Smrzka, D., et al., The behavior of trace elements in seawater, sedimentary pore water, and their incorporation into 
carbonate minerals: a review. Facies, 2019. 65(4): p. 41.

5. Lopes, I., D.J. Baird, and R. Ribeiro, Avoidance of copper contamination by field populations of Daphnia longispina.
Environmental Toxicology and Chemistry: An International Journal, 2004. 23(7): p. 1702-1708.

6. Dodson, S.I. and T. Hanazato, Commentary on effects of anthropogenic and natural organic chemicals on development, 
swimming behavior, and reproduction of Daphnia, a key member of aquatic ecosystems. Environmental Health 
Perspectives, 1995. 103(suppl 4): p. 7-11.

7. Gerritsen, J., Adaptive responses to encounter problems, in Evolution and ecology of zooplankton communities. 1980, 
University Press of New England Hanover. p. 52-62.

16



PETG Filament

Vertical shells: 
Perimeters: 1

Horizontal shells: 
Top and Bottom = 0

Infill: 
100% Aligned Rectilinear 
2,5% infill anchor

Speed: 
Everything to 15 mm/s

Extrusion multiplier: 1,025
Temp: 
Nozzle: 230 °C
Bed: 70°C
Fan Speed: 0%
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mg kg-1 VDRAB Gd VDRAB La HDRAB Gd HDRAB La
100 <0.0001 0.0014 0.2687 0.4310
75 <0.0001 <0.0001 0.6180 0.1506
50 0.0003 0.0228 0.0116 0.0320
25 0.0008 0.0206 0.1682 0.1832
10 <0.0001 0.2300 0.1039 0.3658
1 <0.0001 0.0095 0.0158 0.6407
0.1 0.0037 0.0306 0.1199 0.0332
0.01 <0.0001 0.3069 0.0168 0.3425
0.001 0.0643 0.0791 0.0341 0.5350
All concentrations <0.0001 0.0001 0.0185 0.1241

p <0.05, Frequency distributions
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Chronic Daphnia Test

Fig.S1 Lanthanum distribution in 21-day-old Daphnia magna according XRF measurements. 
Grey: calcium, red: lanthanum. D: Dietary exposure, W: waterborne exposure and DW: Dietary 
and Waterborne exposure. (Revel et al. 2023, Submitted)

• La and Gd biodistribution 
differtly

But... 
Do the Daphnids 

notice?
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“Co-localisation of Gd with S and P 
suggests that Gd accumulates in the 
tissues, such as the gills, maxillary 
glands and possibly a part of the 
intestinal tract (ESI data S4†).(Revel et 
al., 2023)

Fig.S2 Distribution of Gd in organism of figure 2e (exposed to 15mg L-1 of Gd for 48h). Area 13 selected: a. Filtering
setae, b. intestine, c. shell gland, d. articulation of the antenna. Scale: 200 14 μm. Beamline: NANOSCOPIUM. Incident
energy of 17.02 keV, pixel size of 1 μm, 15 integration time of 20 ms. (Revel et al., 2023)

Revel, M., et al., Determination of the distribution of rare earth elements La and Gd in Daphnia magna via micro and nano-SXRF imaging. Environ Sci Process Impacts, 2023.
22



Lan
than

um 10
0 m

g kg
-1

Lan
than

um 75
 m

g kg
-1

Lan
than

um 50
 m

g kg
-1

Lan
than

um 25
 m

g kg
-1

Lan
than

um 10
 m

g kg
-1

Lan
than

um 1 
mg kg

-1

Lan
than

um 0,
1 m

g kg
-1

Lan
than

um 0,
01

 m
g kg

-1

Lan
than

um 0,
00

1 m
g kg

-1

Contro
l

3

2

1

0Ex
po

su
re

 ti
m

e 
(h

)

0

0.5

1.0

Gad
olin

ium 10
0 m

g kg
-1

Gad
olin

ium 75
 m

g kg
-1

Gad
olin

ium 50
 m

g kg
-1

Gad
olin

ium 25
 m

g kg
-1

Gad
olin

ium 10
 m

g kg
-1

Gad
olin

ium 1 
mg kg

-1

Gad
olin

ium 0.
1 m

g kg
-1

Gad
olin

ium 0.
01

 m
g kg

-1

Gad
olin

ium 0.
00

1 m
g kg

-1

Contro
l

3

2

1

0Ex
po

su
re

 ti
m

e 
(h

)

0

0.5

1.0

Horizontal 3x daphnids, 5 repeats

La Chi-square p > 0.05
Gd Chi-square p < 0.05 50; 1; 0.01; and 0.001 mg kg-1
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Frequency distribution:

Average scoring: Contaminated

Uncontaminated
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Chi-square p < 0.01 La not 10; 0.01; and 0.001 mg kg-1
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