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Figure modified from F. Laborda et al., Spectrochimica Acta Part B, 2020

Data acquisition Data treatment

SP-ICP-MS

Samples must be liquid and properly diluted!



SP-ICP-MS

Sample preparation

- Non-quantitative recoveries

- Possible dissolution and/or artificial 
formation of NPs
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• Defatting
• Incubation with
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• Application of a 

source of energy
• Ultracentrifugation
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Sample preparation: HgSeNPs & SP-ICP-MS
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Objective
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Critical evaluation
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SP-ICP-MS settings 
Dwell time (ms) 5
Acquisition time (s) 150
Transport efficiency 0.095 ± 0.007
Isotopes monitored 202Hg, 80Se (TQ – H2)
Analyte mass (u.m.a) 279.55
Density (g·cm3) 8.3
Sample flow rate (mL·min-1) 0.32 – 0.39

AuNP
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Single Particle Calculation tool (SPC)
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Optimization
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*Berzas-Nevado et al., Analytical letters (2006)
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*Berzas-Nevado et al., Analytical letters (2006)
**Berzas-Nevado et al., Analytica Chimica Acta (2008)
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Commercial HgSe* 
spike on real fish 

samples

Optimization
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Commercial HgSe characterization

ёє ֵ ђ � ± эֵю� ‍
Hg

Se
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Highly polydisperse

105.7 nm
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TMAH 0.829 ± 0.198

H2O 0.682 ± 0.249
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Commercial HgSe

SP-ICP-MS raw data

MW180

MW150

MW80

Dissolved ion 
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Tissue n Hg (mg kg-1) Se (mg kg-1) Se:Hg molar ratio

Salmon Muscle 3 0.2270 ± 0.0040 1.42 ± 0.14 15.9  

Blue whiting Muscle 3 0.431 ± 0.047 1.472 ± 0.061 8.7

Low naturally 
occurring NPs 
were observed

SP-ICP-MS analysis



5 mg

Freeze-dried fish 
muscle

Commercial HgSe

0.2 g
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Microwave Dilution

8 mL H2O

2 mL
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SP-ICP-MS analysis
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Hg
Instrumental LODsize(nm) 36.6

Instrumental LODconcentration(particles·g-1) 4.9E+07

Procedural LODsize(nm) 43.8

Procedural LODconcentration(particles·g-1) 8.4E+07

Size%RSDintraday(n=4) 5.7

Concentration%RSDintraday(n=4) 4.0

Analytical characterization

Se
LODsizeSe(nm) 35.4

LODconcentrationSe(particles·g-1) 1.8E+07

Procedural LODsize(nm) 50.8

Procedural LODconcentration(particles·g-1) 5.1E+07

Size%RSDintraday(n=4) 5.7

Concentration%RSDintraday(n=4) 2.6
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Reference
materials

Real 
samples



Application to reference materials

ICP 
analysis Tissue n Hg (mg kg-1) Se (mg kg-1) Se:Hg molar 

ratio

TORT-3 Lobster 
hepatopancreas 3 0.32 ± 0.17 11.16 ± 0.43 88.6

DOLT-3 Dogfish liver 3 3.38 ± 0.22 7.17 ± 0.25 5.4

DORM-2 Dogfish muscle 3 4.77 ± 0.19 1.41 ± 0.14 0.8



TORT-3 DOLT-3

Application to reference materials
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Application to reference materials

n Hg (mg kg-1) Se (mg kg-1) Se:Hg
molar ratio

TORT-3 3 0.32 ± 0.17 11.16 ± 0.43 88.6
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Tissue n Hg (mg kg-1) Se (mg kg-1) Se:Hg molar ratio

Swordfish Muscle 3 2.66 ± 0.22 3.34 ± 0.13 3.1

Tuna Muscle 3 2.39 ± 0.11 3.38 ± 0.14 3.6

Application to real samples
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Conclusions

Reagent for classical Hg 
speciation in biological matrices

More energy in less time

No pre-treatment or cleaning

High purity (low blanks)

Low cost reagent
Total extraction time: 20 min

Particle number & Mass-
based concentration

Size (core)

Dissolved elementHigh productivity

Simple, cost-effective and green procedure for the characterization and quantification of 
HgSeNPs in biological samples



Reagents

• Enzymes
• Formic acid
• …

Energy

• Sonication 
(bath/probe)

• Heating-block
• Heat-shaking
• …

Steps

• Defatting
• Incubation with

reagents
• Application a 

source of energy
• Ultracentrifugation
• …

Sample preparation: HgSeNPs & SP-ICP-MS
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Lack of NP 
standards/
reference materials/
certified reference 
materials
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 Hyphenated techniques and/or ICP-
time of flight (TOF)-MS detection

 Complementary techniques/methods

 Study of current available reference 
materials for classical mercury species

 Stablish a common comparison 
framework 

Lack of NP 
standards/
reference materials/
certified reference 
materials



2023-INVGO-11947

PID2022-138761NB-I00

SBPLY/23/180225/000153

2022-GRIN-34415

Acknowledgements

E-mail: rosacarmen.rodriguez@uclm.es

mailto:rosacarmen.rodriguez@uclm.es


M. Hernández-Postigo, M. Jiménez-Moreno, 
R.C. Rodríguez Martín-Doimeadios

Critical assessment of sample preparation methods for the 
study of HgSe nanoparticles in fish tissues by SP-ICP-MS

Department of Analytical Chemistry and Food Technology
University of Castilla-La Mancha

E-mail: rosacarmen.rodriguez@uclm.es

mailto:rosacarmen.rodriguez@uclm.es




1,00E+04

1,00E+05

1,00E+06

1,00E+07

1,00E+08

1,00E+09

Swordfish Tuna Tuna (1) Tuna-swordfish
group (2)

Pa
rt

ic
le

/g

(1) Wiech et al., Journal of Hazardous Materials (2024)
(2) Suzuki et al., Environmental pollution (2022)

ICP analysis Tissue n Hg (mg kg-1) Se (mg kg-1) Se:Hg molar ratio

Swordfish Muscle 3 2.66 ± 0.22 3.34 ± 0.13 3.1

Tuna Muscle 3 2.39 ± 0.11 3.38 ± 0.14 3.6

Tuna (1) Muscle 9 2.5 ± 1.5 3.6 ± 2.9 3.7

Swordfish-tuna group (2) Muscle 44 0.656 - -

Comparison with other NP studies in fish muscle



ICP analysis Tissue n Hg (mg kg-1) Se (mg kg-1) Se:Hg molar ratio

Tambaqui
Muscle 3 7.2 ± 1.2 6.581 ± 0.083 2.3

Liver 3 9.86 ± 0.57 16.8 ± 3.2 4.3

Application to real samples
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