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1. Growth related parameters 

After exposure, 20 mg fresh frond samples were homogenized in 80% (v/v) 

acetone, refrigerated at -20°C for 24 hours to extract the photosynthetic pigments. After 

centrifugation, the absorbance of the supernatant was read at 662, 645 and 470 nm, and 

chlorophyll a/b, total chlorophyll, and total carotenoid contents were calculated. 

On day 0 and day 3, duckweed in each Petri dish was photographed and the leaf 

areas were measured using ImageJ software. The average specific growth rate (r) was 

calculated from equation 1. 

𝑟 =
ln(Areafinal)−ln(Area𝑖𝑛𝑖𝑡𝑖𝑎𝑙)

𝐷𝑎𝑦𝑠
           (1) 

Areainitial：Leaf area of each dish at the start of the test; 

Areafinal：Leaf area of each dish at the end of the test; 

Days：Number of days from the beginning to the end of the test period 

2. Cell death 

50 mg of fresh fronds were incubated in 0.025% (w/v) Eb solution for 15 h, and 

then excess and unbound dyes were thoroughly washed with deionized water. 

Thereafter, the samples were immersed in ethanol and placed in a hot water bath at 

95 °C for 15 minutes to remove the pigment, and then observed under an optical 

microscope. The excised root tips were treated in the same way as for fronds, except 

that the incubation time with Eb solution was 3 h. For quantitative assessment, the 

colored compound was extracted using a mixture of 1% (w/v) sodium dodecyl sulphate 

(SDS) and 50% (v/v) methanol (the amount of extractant was proportional to the sample 
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mass) at 50°C for 15 min, and the absorbance of the colored compound was measured 

at 600 nm. 

3. Results 

 

 

Figure S1. TEM (A) and SEM (B) images of CeO2 NPs. 

 

Figure S2. Size distribution of CeO2 NPs (10 mg/L) in deionized water and Steinberg’s 

medium at 0 day by DLS.  
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Figure S3. Size distribution of CeO2 NPs in Steinberg’s medium after exposure.  
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Figure S5. The photographs of duckweed in the control (A), CeO2 NPs (B), and Ce3+ 

ions (C) groups. 

 

 

Figure S4. Photosynthetic pigment contents of duckweed under different 

treatments. A: chlorophyll a; B: chlorophyll b; C: carotenoids; D: chlorophyll a/b. 

Different letters show significant difference (p<0.05). 
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Figure S6. The aperture width (A)and area (B) of stomata on fronds of different 

treatment groups. Different letters show significant difference (p < 0.05). 

 

Figure S7. Ce contents in duckweed under different treatments. Different letters show 

significant difference (p < 0.05).  
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Figure S8. TEM images of root sections of duckweed unexposed (A, B), exposed to 10 

mg/L CeO2 NPs (C, D), and exposed to 10 mg/L to Ce3+ ions (E, F). The white arrows 

indicate CeO2 NPs or Ce-containing deposits. The inner panel of figure E is enlarged 

from the rectangle area. 

Table S1. BAF of Ce in duckweed after exposure to CeO2 NPs and Ce3+ ions. 

Exposure concentration

（mg/L） 

Log BAF 

CeO2 NPs Ce3+ ions 

0.02 2.79 ± 0.02 3.10 ± 0.03 

0.1 2.72 ± 0.03 2.82 ± 0.05 
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0.5 2.45 ± 0.01 3.14 ± 0.03 

2 2.43 ± 0.02 2.89 ± 0.01 

10 2.54 ± 0.05 2.79 ± 0.04 

𝐵𝐴𝐹(𝐿𝑘𝑔−1) =
𝐶biotic
𝐶w

 

 


