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

- Non-quantitative recoveries

- Possible dissolution and/or artificial
formation of NPs



Sample preparation: HgSeNPs & SP-ICP-MS
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B P-ICP-MS settings
Dwell time (me) 5
Acruisitiontire (9 150
Transpart efficiency 0.095 + 0.007
|sotapes nroritared 202Hg, 8Se (TQ - H,)
Analyte mass (uma) 279.55
Density (ga) 8.3
Sanple flowrate (ml:min) 032 -0.39
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A E [u] E F G H |
dPUT [paste special; value] Sample Mezcla | Mezcla Mezcla Mass [Fg) | Mass [fg) | Diametro [nm)
dwell time event 202Hg  |Background 202Hg] NPs 202Hg | NPs 202Hg
1 EE01AE003 Eg02 0 0
2 E201537981 E202 0 0
3 BEO1.2G4681 BB 0 0
4 380057 YERE 380 0 0
5 Fe0z 43428 2672 2672 0.45E212ETE | 045621268 4719424528
[ E401.63582 B4, 0
7 EE0LT4226 BEM, 0
3 3E00.515475 360 i
] S001.0002 a001 0 0
| 1] S001.0002 a001 0 0
1 EE01BE003 E802 0 0
12 E401.63882 E402 0 0
13 5401 1BEES2 5401 0 0
7001960549 Jonz 0
203093631 3ETI 3673 0.E27ETAZ4 | DEZTETARE 52.472EEET
201637981 g2z 0
200.705713 4201 i
12 4200705719 4201 0 0
19 SE00.51347E 3601 0 0
20 A600.B4ER5E 4601 0 0
i 4400774536 4401 0 0
22 EE0185003 Eg02 0 0
3 4200921777 20 0
4 4400774538 40 0
5 S001.0002 0 0
3 4400774536 40 0
27 S001.0002 a001 0 0
28 5401 16EES2 5401 0 0
29 EO01.4 40346 E001 0 0
30 SE00.5134 75 3601 0 0
N EO01.4 40345 E001 0 0
32 E401.63882 E402 0 0
3 EE0LT4226 BEM, 0
4 E401.63582 B4, 0
5 4200921777 430 0
36 EE01AE003 Eg02 0 0
a7 EEON.7428E6 EED2 0 0
38 EE01AE003 Eg02 0 0
39 S402.523349 3273 3273 0.553463372 | 0.55346337 A0.49275419
40 TEOZ 43436 2672 2672 0456318676 | 045621868 4719424628
4 FO01.360549 o0z 0 0
T202.07437 2072 o7z 0354138908 | 035415891 43.35636335
2800313835 2800 0
5001000 5001 0
4400774538 4401 i
46 3200409652 3200 0 0
47 2800313635 2800 0 0
48 4E00.B4ER5E 4601 0 0
49 3000360043 3000 0 0
50 BEO1.2G4681 BB 0 0
5 501345912 20 0
5 S001.0002 0 0
5 E201.360103 20, 0
[ BO01.340348 0 i
55 18012 96934 12883 12883 2.202278995 2.202279 T9.72573664

Single Particle Calculation tool (SPC)

L i M
Threshold TOTE.238274
Promedio Background a130
Conteo 5033
Total Ig 2292440093
Composition HgSe
Molar mass particle 0.2825
ICP-MS sensitivity 3794 epsf{pgil]
Dwell time 5 ms
TE 0.095
Densidad [gfml]) 8.3 qimL
Sample How rate 0.23 mLimin
[ Concentration results
Farticle concentration [number-based) 1829038113 particlesiL
FParticle concentration [mass-based) #32 1016671 ngfL
Concentration pémL 1829038113 pimL
Diameter results
Promedio Diametro 5814236108 nm
Desviacion diametro 4199465323 nm
Contar background 25167
Fromedio background B130.31841
desviacion background 1097. 245056
lonic concentration 1352350662 ngfl
Particle size distribution
®
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Commercial HgSe characterization

CHEMICALS, INC.

821 277
z M/ § s ARG n°, GGM>nF
TMAH 0.829 +£0.198
H20 0.682 +0.249
105.7 nm
500 nm 200nm
z8

Highly polydisperse



Commercial HgSe
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Signal intensity (cps)

Commercial HgSe
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Tissue n Hg (mg kg?) Se (mgkg') Se:Hg molarratio
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
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Diameter (nm)
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Analytical characterization

|.b
Instrurental LODsize (nm) 36.6
Instrurental LODconcentration (partidesg™) | 4.9E+07
Procedural LODsize (nm) 43.8
Procedural LOD concentration (partidesg™) 8.4E+07
Sze% RDintraday (=) 5.7
Concertration % RiDintraday () 40

LODsize Se (nm) 35.4
LOD concentration Se (partidesg™) 1.8E+07
Rrocedural LODsize (nm) 50.8
Rrocedural LOD concentration (partidesg™) 5.1E+07
Sze% RDintraday (V) 5.7
Concertration % RDintraday () 26
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Application to reference materials

I * I National Research
Council Canada

ICP . 1 4y Se:Hg molar
analysis Tissue n Hg(mgkg?) Se (mg kg) ratio
Lobster
3 .32 0. 1.16+0.4 :
TORT-3 i 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
AT

DORM-2 Dogfish muscle 3 4.77 £ 0.19 1.41+0.14 0.8
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Particle/g
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Application to reference materials

i+l

National Research
Council Canada

Hg W Se
Se:Hg
-1 -1
n Hg(mgke™) Se(mgke) molar ratio
TORT-3 3 0.32+0.17 11.16x0.43 88.6
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Application to real samples

Tissue n Hg (mg kg1) Se (mg kg1) Se:Hg molar ratio
Swordfish }'ﬁ‘ Muscle 3 2.66+0.22 3.34+0.13 3.1
Tuna )=Em.  Muscle 3 2.39£0.11 3.38£0.14 3.6
100 Hg m Se 1,00E+09
30 8,00E+08
£ 60 [ } £ 6,00E+08 [
g S
£ 40 S 4,00E+08 [
g
20 2,00E+08
0 0,00E+00
Swordfish Tuna Swordfish Tuna



/ speciation in biological matrices

Conclusions
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< " Reagent for classical Hg < \/ More energy in less time ‘ \/ ) Particle number & Mass-

No pre-treatment or cleaning

Low cost reagent Size (core)
Total extraction time: 20 min

High purity (low blanks) Dicsolved ef
High productivity Issolved element

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



Sample preparation: HgSeNPs & SP-ICP-MS

Reagents Energy Steps
e Enzymes e Sonication e Defatting
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Sample preparation: HgSeNPs & SP-ICP-MS

Reagents Energy
e Enzymes e Sonication
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Lack of NP
standards/
reference materials/

certified reference
materials

HET, ,n, I
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HET, ,n, I

Complementary technigues/methods

Hyphenated technigues and/or ICP-
time of flight (TOF)-MS detection

Stablish a common comparison
framework

Study of current available reference
materials for classical mercury species
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Comparison with other NP studies in fish muscle

ICP analysis Tissue n Hg (mg kg1) Se (mg kg1) Se:Hg molar ratio
Swordfish J—t Muscle 3 2.66 +0.22 3.34+0.13 3.1
Tuna r<e Muscle 3 2.39+0.11 3.38+0.14 3.6
Tuna (1) H‘“ Muscle 9 25+15 3.6+2.9 3.7
Swordfish-tuna group (2) )“‘v‘ik), . Muscle 44 0.656 - -
1,00E+09 -
1,00E+08 1 :
00
T 1,00E+07 Hg
O
€ 1,00E+06
&
1,00E+05
1,00E+04
Swordfish Tuna Tuna (1) Tuna-swordfish
}A_ )—* )—* group (2)
/ v v }-——&ﬁ " ;

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



Application to real samples

ICP analysis Tissue n Hg (mg kg?) Se (mg kg1) Se:Hg molar ratio
Muscle 3 7.2+1.2 6.581 £ 0.083 2.3
Tambaqui )’ <
Liver 3 9.86 £ 0.57 16.8 + 3.2 4.3
Hg M Se
100 1,00E+09
. 80 8,00E+08
=
< 60 > 6,00E+08
g { | =
£ 40 5 4,00E+08
= L
2
20 2,00E+08 [
0 0,00E+00
Muscle Liver Muscle Liver
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