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Method

Mono-cultured algae (Raphidocelis
subcapitata) was used as test 
organism. R. subcapitata was exposed 
to nominal size 40 nm Au NPs and 10-
20 nm CeO2 NPs in a ratio of 1:10 
(algae:NPs) and 60 nm 
nanoformulated Cu  pigments (nCuPc)
at 100 ug/L for 72h and 48h 
respectively, with an initial cell density 
of 106 cells/mL. After exposure, the 
algae were centrifuged at 10000g for 
30 min and the pellet was 
resuspended and centrifuged three 
times to avoid transfer of unattached 
NPs to the SC-ICP-MS. 

Measuring the naturally occurring Zn 
content in the algal cells allowed to 
estimate the number of cells analyzed 
by SC-ICP-MS. The total number of 
intact algal cells were confirmed by 
coulter counting (recovery 59±13%). 

To estimate the size of nanoparticles 
associated with the algae the following 
assumptions were made:

1) Spherical shape

2) No dissolution

Furthermore, a control sample 
containing only NPs at similar 
concentrations were analysed to 
determine possible aggregation.
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Introduction

Multiple studies have assessed the bioaccumulation of engineered metal 
nanoparticles (NPs) to various organisms. However, reoccurring obstacles include 
assessing the state of the NPs taken up by the organisms, including determining 
parameters such as particle number and size distribution and presence of 
dissolved metal. Using methods such as total acid digestion gives an indication of 
the total mass of metal associated with the organism, but no information on NPs 
size distribution nor presence of ions. Additionally, pooling of multiple organisms 
is often required to obtain sufficient metal content to raise above the limit of 
detection of the analysis method. Using single cell inductively coupled mass 
spectrometry (SC-ICP-MS) it is possible to gain information regarding number 
size distribution and presence of ions on a single cell level in, for instance, algal 
cells.

Results

Gold NPs showed the highest
interaction with the algal cells having
multiple NPs adsorbed/taken up (Figure
1, A). Aggregation of both the CeO2

NPs and nCuPc made direct
nanoparticle number calculations
impossible (Figure 1, B) & C). However, 
signal different from that of the control 
was observed for both exposures. After
exposure 62% and 10% of the algae
population were associated with Au NPs
and nCuPc respectively.

Conclusion

• Direct information on size of 
nanoparticles associated with intact
single algal cells.

• Limited sample preparation thus
avoiding artefacts

• Possible correlation between number
of particles and observed responses
on single cell level which could be
masked at population level

Figure 1: Schematic overview of the experimental setup. 

Figure 1:Single cell ICP-MS measurements of the metal content in attograms per individual

algal cell exposed to A) 40 nm PEG coated gold nanoparticles, B)  10-20 nm CeO2

nanoparticles (JRC Repository NM-211) and C) 60 nm nano copper pigment for 72h for A) 

and B) and 48h for C). For C) the ionic control was algae exposed to CuCl2 at 10 ug/L.
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