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Nanomaterials (NMs) should consist for 50 % or 
more particles having a size in the range 

1 – 100 nm* 
*European Commission, 2022/C 229/01
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Metallic nanoparticles
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Gubala et al., Pure Appl. Chem. 2018



Inhalation

Ingestion

Dermal

Asthma
Bronchitis

Auto-immune diseases
Dermatitis

Crohn’s disease
Colon cancer

Cell internalization
Nucleus
Membrane

Toxicological risks on human health induced by NP



http://www1.chem.umn.edu/groups/haynes/research.html

http://www1.chem.umn.edu/groups/haynes/research.html
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Valid and comparable analytical methods are required to
support risk assessment for regulation



Transformations

Ion release

Aggregation/
Agglomeration

Dissolution

Adsorption
(protein corona)



Characterization

Labuda et al., Pure and Applied Chemistry, 2023



Characterization

Labuda et al., Pure and Applied Chemistry, 2023

Physical information



Ultraviolet–visible spectroscopy (UV-vis) Dynamic light scattering (DLS)

Electron microscopy techniques (EM)

Classical techniques 



Characterization

Labuda et al., Pure and Applied Chemistry, 2023

Chemical informationPyhsical information



Ultraviolet–visible spectroscopy (UV-vis) Dynamic light scattering (DLS)

Electron microscopy techniques (EM)

Classical techniques 

Limited sensitivity 
and selectivity 

Risk of important 
alterations due to 

sample preparation

Difficulties for 
quantitative 
information
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Characterization

Labuda et al., Pure and Applied Chemistry, 2023



Characterization

Labuda et al., Pure and Applied Chemistry, 2023

ICP-MS based 
techniques 



Elemental 
detection

Conventional

ICP-MS

Continuous signal

Analytical information

Elemental identification

Total mass concentration

ICP-MS: Inductively Coupled Plasma Mass Spectrometry



SP/SCHPLC

AF4
Elemental 
detection

Conventional

Single Particle / CellHigh performance 
liquid chromatography

Asymmetric flow
field-flow
fractionation

ICP-MS



ICP-MS based 
techniques 

NP



Au

Pt
Ag

5 – 70 nm







ICP-MS based 
techniques 

Single particle (SP-ICP-MS)

Hyphenated techniques (AF4/HPLC-ICP-MS)



Sizing and counting

NP

Pulsed signal (Time Resolved Analysis mode, TRA)

Single Particle-ICP-MS



Sizing and counting

NP

Pulsed signal (Time Resolved Analysis mode, TRA)

Analytical information

NP identification

NP core size

Size distribution

Particle number concentration

Particle mass-based concentration

Mass concentration of ionic forms

Single Particle-ICP-MS



• Concentration
• Nebulization efficiency
• Dwell time
• Acquisition time
• …

Data acquisition

• Mathematical tools

Data treatment



Transport efficiency (ηn)
Sample flow rate (qliq)
Dwell time (tdt)
ICP-MS response factor

NP

Single Particle-ICP-MS



npQuant*

n-sigma (n=5)**

Deconvolution***

K-means (K=2)****

*Thermo Electron Corp. **F. Laborda et al., Spectrochim. Acta Part B, 2020 ***Cornelis & Hasselhov, JAAS, 2014, ****Bi et al., JAAS, 2014

Signal 
discrimination

SP-ICP-MS: Data treatment

Not standardized



ICP-MS based 
techniques 

Single particle (SP-ICP-MS)

Hyphenated techniques (AF4/HPLC-ICP-MS)

Pt



Dilution

and
Vortex agitation
(1,200 rpm 30 s)

30 & 50 nm PtNPs

Initial data points: 
30,000

SP-ICP-MS analysis

Dwell time: 
5 ms

PtNP concentration:
1.1x104 – 3.1x105 p mL-1
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Sánchez-Cachero et al., JAAS, Submitted (2023)
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ICP-MS settings
RF-power 1,500 W
Nebulizer Meinhard
Spray chamber Cyclonic
Gas flows (L min-1)

Plasma gas 14 
Nebulizer gas 1.0 
Auxiliary gas 0.8 

Data acquisition Time Resolved Analysis
Mode SQ-KED
He flow rate (mL min-1) 4.9
Ion monitoring 195Pt,197Au
Analyte mass (uma) 194.96
Density (g cm-1) 21.45
Transport efficiency (%) 9 -12
Sample flow rate (mL min-1) 0.32 - 0.40
Dwell time (ms) 5
Data points 40,000

iCAP-TQ-ICP-MS ThermoFisher Scientific

Optimum conditions

Data processing: Deconvolution
Sánchez-Cachero et al., JAAS, Submitted (2023)



*Determined using the calculation tool developed by Laborda et al., Spectrochim. Acta Part B, 2020

Particle 
concentration

Size

Trueness (%) 94 ± 8 100 ± 7

RSDintra (%)  1.8 0.7

RSDinter (%) 1.9 0.9

LOD* 0.029 ng L-1 13.78 nm

Analytical performance

Sánchez-Cachero et al., JAAS, Submitted (2023)



0 20 40 60 80 100
0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

0.0035

Pa
rti

cl
e 

m
as

s 
(p

 m
L-1

)

Diameter (nm)

Discrimination capabilities

50 nm30 nm 50 nm

0 10000 20000 30000 40000
0

100

200

300

400

500

600

700

Si
gn

al
 in

te
ns

ity
 (i

on
 c

ou
nt

s)

Data points

30 nm

5.28 x104 p mL-1

Sánchez-Cachero et al., JAAS, Submitted (2023)



0

500

1000

1500

2000

2500

Fr
eq

ue
nc

y

Signal intensity (cps)

Discrimination capabilities

30 nm
50 nm

Pt

30 nm 50 nm

Pt

Sánchez-Cachero et al., JAAS, Submitted (2023)



0

20

40

60

80

100

120

Triton TMAH Triton  + TMAH

Re
co

ve
ry

 (%
)

0 h

0

20

40

60

80

100

120

Triton TMAH Triton  + TMAH

Re
co

ve
ry

 (%
)

0 h

Pt
50

(A) (B)

Particle mass concentration

TMAH: Tetramethylammonium hydroxide Fernández-Trujillo et al., Talanta, 2021



TMAH 
CONCENTRATION

Pt
50

Pt
70

0 h 24 h 0 h 24 h 0 h 24 h

95.7 ± 0.6 99.3 ± 0.4 77 ± 1 72.9 ± 0.6 94 ± 1 100 ± 6

101 ± 2 103 ± 2 105 ± 1 94 ± 1 87.3 ± 0.1 99 ± 2

93.3 ± 0.3 101 ± 2 76 ± 2 78 ± 9 82.4 ± 0.3 107 ± 1

99 ± 4 100 ± 2 68 ± 4 97 ± 4 92 ± 2 86.9 ± 0.3

1 % 2.5 % 5 %

Pt
50

Pt
70

Particle mass concentrationRecoveries (%) at 0 and 24 h incubation time

Fernández-Trujillo et al., Talanta, 2021
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ICP-MS based 
techniques 

Single particle (SP-ICP-MS)

Hyphenated techniques (AF4/HPLC-ICP-MS)



Reverse-phase liquid chromatography (RP-HPLC)

C18 
column

HPLC-ICP-MS



Reverse-phase liquid chromatography (RP-HPLC)

C18 
column ICP-TQ-MS

Analytical information

Characterization Size (hydrodynamic diameter)

Size distribution

Quantification

Speciation

Mass concentration

NP + Dissolved species

HPLC-ICP-MS



RP-LC
Mobile 
phase

10 mM SDS, 1 mM NaH2PO4, 1 mM 
Na2HPO4, pH = 7.3

Column Nucleosil 7 μm particle size, C18, 
1000 Å pore size, 250x4.6 mm

Injection
volumen 
(µL)

200

Flow rate
(mL min-1)

0.5

Optimized separation conditions

HPLC-ICP-MS

Fernández-Trujillo et al., Anal. Chim. Acta, 2021



10 nm (0.034 nM) and 30 nm (0.003 nM) AuNPs, and  
dissolved Au3+ (0.25 μM)

Au

HPLC-ICP-MS

López-Sanz et al., Talanta, 2017



Her et al., Advanced Drug Delivery Reviews (modified), 2017

NP



DMEM (Dulbecco's Modified Eagle Medium) 

Supplements:
- Fetal bovine serum 

(FBS) (10 %)
- Penicillin
- Streptomycin



Pt

5 nm PtNP + DMEM-high glucose
5 nm PtNP (without cell culture media)

Fernández-Trujillo et al., Anal. Chim. Acta, 2021



Pt

Why do the retention time and relative signal decrease?

5 nm PtNP + DMEM-high glucose
5 nm PtNP (without cell culture media)

Fernández-Trujillo et al., Anal. Chim. Acta, 2021



Pt

PtWhy does a second additional peak appear?

5 nm PtNP + DMEM-high glucose
5 nm PtNP (without cell culture media)

Fernández-Trujillo et al., Anal. Chim. Acta, 2021



Type

Size

Shape

Concentration

[… … …]

Cell Cell culture 
media NPs Incubation

conditions

In vitro
Cells

 Collaboration with the research group of biochemistry-UCLM (Dr. Rosario Serrano)

Toxicological studies



AuNPs TOXICOLOGICAL STUDY

FA
CT

O
RS

AuNPs characteristics

- Size (10 nm vs 30 or 40 nm)
- Concentration (250 vs 500 ng mL-1)
- Stabilizing medium (PBS vs Citrate)

In vitro cell culture conditions

- Incubation time (24 h vs 72 h)
- Percentage of FBS (10% vs 0.1%)

Toxicological effects

- Cell viability

- Cellular oxidative stress

Uptake and transformation

- ICP-MS

- HPLC-ICP-MS
- AF4-ICP-MS
- TEM
- Confocal microscopy

TO
O

LS

Supernatants

HeLa Cells
AuNP



Supernatants

(1) 10 nm AuNPs in DMEM; (2) Au3+ in DMEM; (3) Au3+ in mobile phase

Cells

AuNP
10 nm

AuNP
10 nm

HPLC-ICP-MS

López-Sanz et al., Talanta, 2017



Nuclei: blue
Cytoskeletons: green
AuNPs: red

Conventional
ICP-MS

Confocal
microscopy



24 h 72 h

(1) 10 nm AuNPs in DMEM; (2) Au3+ in DMEM; (3) Au3+ in mobile phase

Supernatants

AuNP
10 nm

AuNP
10 nm

HPLC-ICP-MS

López-Sanz et al., Talanta, 2017



a)

b)

c)

24 h

72 h

96 h

(1) (2) (3)

(1) (2) (3)

(1) (2) (3)

(1) 10 nm AuNPs in DMEM; (2) Au3+ in DMEM; (3) Au3+ in mobile phase

Supernatants AuNP
10 nm

HPLC-ICP-MS

López-Sanz et al., Talanta, 2017



ICP-MS based 
techniques 

NP



Cellular uptake

Aggregation
/Agglom

eration
Single

particle

HPLC

AF4

Elemental 
detection

ICP-MS



Characterization

ICP-MS based 
techniques 

Labuda et al., Pure and Applied Chemistry, 2023
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(chemical/physical parameters)

Need for appropriate/validated analytical
methods/techniques



63https://www.nanosupermarket.org/products
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http://saman.uclm.es/
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