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Talk Outline

 Introduction to Single Cell (SC)-ICP-MS Analysis

 Concept of Single Cell (SC)-ICP-MS 

 Considerations to proper analysis in Single Cell

 SyngistixTM Single Cell Application Module

 Algae Cells Experiment 

 Uptake of NPs into algae cells

 Uptake of ionic metals into algae cells

 Conclusion 
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• Element Specific 

• Intensity of pulse relates to mass content

• Number of pulses relates to cell concentration

• Baseline = ionic concentration in the Media

Concept of Single Cell ICP-MS Analysis
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Exposure and Single cell ICP-MS Analysis
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Ionic – amount of ionic contaminant in cell will vary 

I ≠ II ≠ III. 

NP – will be an integer of a single NP depending on number 

of NPs/cell 

II = 3I, III = 2I
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Hardware needed for Single Cell – ICP-MS

• Nebulizer – Should ensure the nebulization of cell 
suspensions while maintaining integrity of the cell.

• Spray Chamber – Should ensure the delivery of 
cells to the plasma while maintaining accurate 
transport efficiency. 

• Auto Sampler – Should ensure sample mixing as 
cells tend to settle in vials and offer temperature 
control to maintain cell viability 

Sample

Neb Gas 

Nebulization Area 

Syringe driven 

autosampler
Low pressure 
nebulizer
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Algae experiment: Exposure Conditions

• Cell line: Cryptomonas Ovata

• NPs: 60 nm Au NIST 

◦ ~ 57 nm diameter 
◦ ~ 1770 attograms / NP 

• 200,000 cells / mL 

◦ 12:12 light dark cycle 
◦ Temperature 20 0C
◦ 77 hour exposure 
◦ Samples taken at 2, 29, 53 and 77 hours 

• Initial exposure concentrations 

◦ NPs: 200,000 part. / mL and 600,000 part / mL
◦ Ionic: 1, 2, and 3 ppb
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Au ionic uptake into cells 

• For ionic exposures, there is not
direct correlation between exposure
and amount of Au per cell

• Over time, mass of Au per cell
drops

• Amount of cells containing Au
metal increases
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Au ionic uptake into cells 

• Increase in number of algal cells

• Increase in number of cells containing metal 

• Equilibration and dilution and through population over time cell population

Time
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Au nanoparticle uptake over time  

• There is an increase of the % of cells
containing one NP with increased
concentration

• Increases are also seen for all
exposures over time

• Decrease in the number of NP
particles per cell over time

% of algal cells containing one NP
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NP uptake over time 

• The main peak at around 1700 ag is due to
single NPs per cell (labelled 1P/1C)

• The number of cells containing 1P increases
with time

• Over time, the presence of two (around 3400
ag) and three (around 5100 ag) particles per
cell increases (Marked as 2p/1c and 3p/1c)

• Dashed black line marks the initial mass of
NPs in cells

• There is a decrease in the amount of Au/cell
over time suggesting possible dissolution of
Au in the cell followed by depuration.

2 hours 

29 hours 

53 hours 

77 hours 
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Au NP uptake into cells 

• Increase in number of algal cells

• Increase in number of cells containing NP, decrease in % of cells containing NPs

• Dissolution of NP within cells. Dilution by division

• Increase in number of cells containing more than one NP
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What happens if the cells are removed from the exposure media after 24 
hours? 

• The % of cells containing NPs decreases over 
time  increase in total number of cells

• The absolute number of cells containing NPs 
does not alter much 

• Measuring the supernatant  shows that there 
are no NPs returning to the water column from 
the cells. 

Exposure: 

600,000 Au 60 nmRemoved from medium
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Conclusions

• Single cell ICP-MS is an emerging technology allowing users to Monitor metal content within individual cells for:

◦ Intrinsic metal content

◦ Uptake of ionic contaminants

◦ Uptake of nanoparticulate contaminants

• SC-ICP-MS handles lower cell numbers compared to conventional methods and uses minimal to no sample
preparation

• Single Cell ICP-MS was used to measure the uptake of ionic and nanoparticulate gold into fresh water algae
(Cryptomonas ovata) focusing on:

◦ Uptake of ionic metal vs. time

◦ Uptake of metal nanoparticles vs. time

◦ Quantification of uptake as number of particles / cell (or biological entity)

◦ Correlation of nanoparticle concentration with cell uptake rate

◦ Insight into algae uptake during life cycle
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RIKILT Wageningen University & Research

The Netherlands 

www.nanodefine.euempir.npl.co.uk/innanopartwww.nanofase.eu

10th – 12th January 2017

spICP-MS: DATA ANALYSIS WORKSHOP

Day1 (10th Jan): Lectures

Day2 (11th Jan): Computer exercises

Day3 (12th Jan): Hands-on-training (optional)

Please register until 09.12.2016 under 

http://www.wur.nl/

en/activity/spICP-MS-data-analysis-workshop.htm

http://www.wur.nl/en/activity/spICP-MS-data-analysis-workshop.htm
http://www.wur.nl/en/activity/spICP-MS-data-analysis-workshop.htm
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Cells containing multiple NPs

• Multiples of NPs per cell can be measured 
easily over time.

• Multiple particles per cell are seen only at 
higher concentration due to the amount of 
available NPs per cell
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Single Cell Application Module 
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Single Cell Application Module 
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Thank you 
chady.stephan@perkinelmer.com

merrifir@mailbox.sc.edu

mailto:chady.stephan@perkinelmer.com
mailto:merrifir@mailbox.sc.edu
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Thank you 
For questions please contact Chady Stephan or Ruth Merrifield: 
chady.stephan@perkinelmer.com
merrifir@mailbox.sc.edu

mailto:chady.stephan@perkinelmer.com
mailto:merrifir@mailbox.sc.edu
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Single Cell ICP-MS

• A lateral application to Single Particle ICP-MS allowing the measurement of  metal content in individual cells

• A technique that allows the differentiation between ionic concentration (M+) present in the culture media 

and ionic concentration present in individual cells without any prior separation  

• It is element specific and could potentially provide us with precise cell counting if the transport efficiency is 

well established  

• Capable of quantifying the metal content or particles by individual cell 

• Capable of tracking the uptake of metals or particles by individual cells  

• Allows the analysis of cell suspension at low cell concentrations
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What data can be acquired with SC-ICP-MS

• Measurable within cells

• Intrinsic metals

• Uptake of NPs 

• Uptake of ionic metal

• Exposure

• Amount of metal in culture/suspension media

• Amount of NPs in culture/suspension media 

• Dose

• Number of cells containing a metal of interest

• % of cells containing metal

• Amount of metal per cell

• Number of NPs/Cell
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Conditions 1

B: Ionic control - 1 ppb Au A: Cell control

C: Cells + ionic (1 ppb Au) D: Cells + Au NPs (60 nm NIST) 


