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Overview

e Basics

« Signal discrimination techniques
e Cut-off
e Qutlier analysis
« K-means
 Deconvolution

e FAST splCP-MS
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Basics

Particle signal
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Effect of dwell time

Intensity

4350 4370 4390 4410 4430 4450 4470

Datapoints (time)

spICP-MS is ICP-MS with short dwell times and some math
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The promise

» Uses existing ICP-MS equipment

 Minimal sample preparation or perturbation

* Fast

e |Is element-specific

e Sensitive: environmentally relevant concentrations

e Counts particles =» particle number concentrations
e Smoluchowski’s law: v =k xny?
* Bio-uptake ~ n,
 European definition based on n,

aggregation
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Linear range
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Size from mass

Reality \%g Single element spICP-MS gives the

@ corresponding spherical diameter
a * No shape
* No other particles
‘ * NoO organics

spICPMS _
o Solutions:

* FFF - spICP-MS
e TOF-spICPMS
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Size detection limits
Minimum size limit;

3600 —

3200 - —-&--Ag S
< 2800 —e— Blank -
£ £
£ 2400 £
5 5
S 2000 S
3 g
c 1600 o 2
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—, 1200 o g
) g
G 800 g
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,8— 400 &
(I p
60
40 \ h‘ | —
20 4 F'
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Volume equivalent diameter (nm)
Volume equivalent diameter nm

Analysis of AgNP in a pilot wastewater treatment plant (Fraunhofer Institute): Left: conventional spICP-MS analysis of a WWTP
sample ("Ag2S”) compared with a blank sample ("Blank”). SEM analysis of the same sample.
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Size detection limits

"The size calculated from signals O e o e
higher than 3 x the standard | 2 T g}
deviation of the background signal” - " RS e
Limit depends on: g0y T "Dy . .E[
«  Sensitivity 1 ] ;"tgg‘;‘"e;,é‘:: o

« lonisation potential Determine ‘ SR 1 N

* Isotopic composition L {heoretical | v
» Nanoparticle composition| | 55 b ,,. "

e.g. Ag vs. TiO, pscc - P

y Transport efficiency Lee, S.; Bi, X.; Reed, R. B.; Ranville, J. F; Herckes, P.;
* Dissolved level Determine e e S Do e o
« Background counts practical Science & Technology 2014, 48 (17), 10291-10300.
 Carry-over LOD

* Interferences size
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Signal overlap

Signal intensity (cps)

” H Ag NP without
dissolved ions

__JUI

Measurement time (ms )

Histogram:

Signal intensity (cps)

Dissolved Ag* signal

Dissolved Ag* + AgNP signal
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o
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Particle signals
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Cut-off
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Cut-off
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10

Problematic for overlapping signals




i Outlier analysis
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Tuoriniemi et al. 2012. Anal. Chem. 29. 743-752.
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30 nm Au NP (NIST)
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Signal intensity {counts)

Signal frequency

Outlier analysis
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K-means

"Divides data into k clusters, based on minimal squared
distance between data and their group centers”

1400 -+

Data of 60 nm Au NP 25 Histogram of filtered data
1200 -
2 -
1000 -
Eg 800 - g'1~5 1
é% 600 - é? 1
400 -
‘ m l 0.5
200 - l
0 1|| | il MR |J.|I o | | | | | |
0 2000 4000 6000 8000 10000 0 200 400 600 800 1000 1200 1400
time (ms) Signal (ions)

Bi et al., 2014. JAAS 29, 1630




K-means
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Polydisperse distributions: big effect of choice of k




Deconvolution

Perfect knowledge

1500
p of dissolved signal
51000
= 500 .o ®
0 ®g0¢
0 30
Dissolved :
: article signals
signals

Cornelis et al., 2014. JAAS 29, (1), 134-144.
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Noise sources of ICP-MS signals of dissolved ions
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Pmf of dissolved signals:
"Compound polya - gaussian”

All signals | have a shot noise and a flicker noise
component: | =S+ F

Shot noise: S ~ Polya(i,b)
Flicker noise: F ~ Gaussian(0,o)

|=S+F
=>» averages: A, = Ag+ Ar
=» Standard deviations: ;? = 6.2 + 6¢

=> Probability distribution:
Convolution of individual distributions

| ~ [Polya * Gaussian] with parameters (A,b,c)
| ~ Polyagaussian (PG)
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Fitting noise pmfs

e pmf: probability of measuring a certain signal

=>sum(pmf) =1

* histogram: number of times a certain signal
was measured

=»sum(histogram) = D (e.g. D = 10,000)

 Estimating pmf from histogram

= pmf ~ histogram/D

=» Fitting pmf models to histogram/D
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Calibration of dissolved model

Relations between parameters for different dissolved standards
lead to sensitivity, blank level, flicker factor and shot factor

| Limermened o acui » b gyerage (A) = sensitivity (m) * C
£ 6000 £ w0l
Eamo . é. 400 s + blank level (Ib)
< S ]
0 Sign{al inténsityg{counts) ’ | 0 .f/ o ‘.’,
gorlcerlt:awl?orl{iléll).(f;)} ’ ﬁ[sszt;lts} o GﬂiCker = ﬂICker faCtOr (g) * ﬂv)
I R - AR e O
3 s Il.;&u'lr -log(A) @ ) -J\_Si g(0.1242+24)
. Q\\ rt=0,99 c 2= 0.97 <
g, 2 3, & shot factor(f) — 1
2 . 5 °y® shape(b) =
b ) ® & A
Igg(i.){i:ount;) ’ mgl(/i.){i:nundts} )

0 100 200
Signal intensity (counts)

o = \/52/12 + fA vom,l, f,,B/ d (F;G(K,O',b)

S—
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Z
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Combined signals

D data points (e.g. D = 10,000)
*For D, datapoints | =1, + P =S +F+P
 For D4 datapoints, P =0

 Dissolved datapoints on average less
Intense than particle-containing
datapoints :
*D=Dy+D, N
e Sum(total histogram) = D

 Sum(dissolved histogram) = D,
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e Not known: D, polyagaussian of dissolved part

e Known:
oA~ PG(A,0.b)
o Dissolved histogram ~ D x PG

1500

e ASsuming:
o Lowest signal intensities come from
dissolved signals only

e Fitting D, x PG to lowest signal
Intensities .

1000

frequency

O Flttlﬂg tWO pal‘ametel‘s 7L and Dd Signal intensity (ion counts)
oUsing A ~ PG(A,0,b) to calculate the PG
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Deconvolution

* Fit polyagaussian x D, to raw data

 Subtract fit
= D - Dy = D, datapoints remain
o for each of these | =S +F+ P
=» still a dissolved component
(S+F) i
e Deconvolute S + F out of | to get P =
(reverse of convolution)

 Calculate particle size distribution from P
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o] W B
o o o
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10 nm Au, dissolved fits with increasing

number of fitpoints
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Performance

Size

frequency

normalised number

Cornelis et al., 2014.

) w S
8 8 8

=
o
o

concentration

. 10 nm

— (XD,
— Cprp

0 10 20 30 40 50 60 70
Signal intensity (counts)

15 nm

—=TEM
—5ms

—1 ms

10 20 30
Diameter (nm)

normalised number

normalised number

concentration

concentration

= NOt deconvolved

Deconvolved

10 nm

10 20
Diameter (nm)

30

30 nm

—=—=1EM
—1ms

—_—5ms

I T
10 20

30
Diameter (nm)

40

JAAS 29, (1), 134-144.
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FAST - splICPMS

Dwell time < Thanoparticle event

Dissolved Ag 2 ppb
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Effect of dwell time on dissolved
signal

500 ppt Ag+ and 50 ppt AgNP

1400 - . 1z
{ — 0.1ms dwell t|me||sa,

12004 — 3ms dwell time ;
1 — 10ms dwell time

1000 - ofurtt, o ity
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—

ICP-MS response (counts)

Montano et al., 2014. ES Nano 1, 338-346.



& Effect on size detection limit

50ppt Ag* / 50ppt Ag NP 200ppt Ag* / 50ppt Ag NP 500ppt Ag* / 50ppt Ag NP

/ Background Background

Particle

/

Particle?

300 400
ICP-MS Respon

300 400 500
ICP-MS Response (counts)

600 70D EOD £00 BDO 110060 1200

ICP-MS Response (counts)

ICP-MS Response (counts) ICP-MS Response (counts)

Montano et al., 2014. ES Nano 1, 338-346.
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Cut-off

Outlier analysis

K-means

Deconvolution

FAST spICP-MS

Simple, possible in
spreadsheets

Simple

Discriminate different
populations of particle
peaks

Discriminate overlapping

signals

Reduction in overlap

Impossible for
overlapping signals

Risk for false
negatives for
overlapping signals
Subjective setting of n

Impossible for
overlapping signals
Difficult for
polydisperse samples
Subjective setting of k

Not possible in
Spreadsheers
Subjective settings of
number of fitpoints

Only ICP-MS with
short dwell times
Big datasets
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versus particulate?

100 1 100
1 1

90 -

5 x o line

80 -
70 4

£ 60
8 501
§ 404
30
20
: /\
0+ T

100 -
90
80 -
70

E 60
50 -

40 -
30 4
20 4

[ 1 1 15
: | | 1 I =
T 1 1 1 -
I
A EHAN T B
1
b IJ \Ly \: U kL
0ﬁ"‘-."&lrr-|.|r.v!-Tr‘.!-fT\',r-”‘;
5 10 15 25 30

0 20 0 5 10 15 20 25 30
Dwell number Dwell number

Tuoriniemi et al. JAAS 2015, 30, (8), 1723-1729.
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Cornelis and Rauch, 2016. Anal. Bioanal. Chem. In press

4 Data treatment 4 Nebulisation efficiency o ol |
Element: Au -5 ms Current element . £ —
Element: Au - 5 ms 2 \_/u Exit
Edt data Z 70 Select Nanoparticle | au - Deconvalved histagram
Intensity anchors s —
=1 Result
Hone - g e ey g : 0.2031
= Select method - ] -
Z5 Particle stan g |
Hone - a Input flow (il min-1) 037 31 |
2 Certfied size (nm) w2 g ! Set bin size
7] Drift correction |7 Remove outiiers | = = w I
[ I
4 | » 4 » g‘ 1
p=15e-07 n=103 @ i Add row Delete row
Add cut Delete cut " " " "
« 1000 2000 3000 4000 70l 00 9000 10000 | Rebin Reset bins
Drift correction = - u
Select dataobject |1 -
80 i
Components :,_? Corrected data ;I\ 2 E
T 70}
£ 70 2 :
8w @ Data Create a new nebulsiation efficiency check =, r
< eo}f =
= e Nevrnebeff S 3
@ Histogram w -
@ 5
=4 Create neb eff. H Delete neb. eff. = L3
2 =
= g 7
@ Nebulisation efficiencies 5 8
| g g 5
& AuGOnm107 - 5 0
3
. . € "
0 2000 4000 6000 8000 E 20 40 & & 2
Time (s) - Diameter (nm) !
|Il a R
e SEanalyse splCP-Ms data in style
Seinct model Actons
- 2 2= 0.89852 + |l.€
| Save e a8 optimal ¢ Remgve e daschvnd sgral o ]
P o O{mean) vs. log10{shape) | i
oce m P ¢ IO A i) nt - Geert Cornelis - 5 Movember 2014
| ] Resetal =2 = et
Show oo og10(mean) vs. by 1Dishage. s |81 oy, 1 ---
= 4} Save and Cose 4 =
2 M P
8. 5 Decorrvoidics = L}
2 Comcaismdcoen s ' =
stngara | Concertraton ng/L|_Incudes | meanz, — ' ' '
it Ae o = ET— - e '
! s . : :
- 3 e = - [F— el ]
5 — ers Foll i
5 ]
6 |aute & 1 : o o '
7 Jaut 1 s n) (ion: R = i
8 A + Il e o -
I : - models .
10 |Autoopst 2 aes -
11 |Aut000ppt 0 62913 ) Fit
| -
800 An r
5 w
I 1
F =]
| o 2 ;
°
5
200
w5
I Py .
7 5 . 0 10 0 )
I Signal intensity (Counts) B 200 400 moa mon 0 -




S

SLU Free Nanocount download (including manual) after filling out survey at:

https://www.surveymonkey.com/r/Y76JOMFE

Contact: geert.cornelis@slu.se
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