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ICP-MS: prekonavani interferenci s trojitym
kvadrupélem, teorie a aplikace
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"""!ﬂ Qb

thermoscientific




Anorganicka analyza - prvkova

Elementarni (prvkova) analyza
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Anorganicka analyza - prvkova

EA = elementarni analyza

= spalovaci metoda (combustion method)

« CHNS(O) analyzatory, celkovy obsah siry (TS), dusiku (TN), halogent (TX), uhliku
(TC), organickych halogenu (AOX, TOX, EOX), organického uhliku (TOC).

Legenda:

EA XRF = rentgenova fluorescencni analyza

 EDXRF — energiove disperzni XRF

XRF « WDXRF - vinové disperzni XRF
OES AOES = jiskrova opticka emisni spektrometrie kovovych materiald
ICP-MS ICP-MS = hmotnostni spektrometrie indukéné vazaného plazmatu

» kvadrupolovy analyzator
ICP-OES » sektorovy magneticky analyzator s vysokym rozliSenim (HR-ICP-MS)
AAS A ICP-OES = opticka emisni spektrometrie indukéné vazaného plazmatu

AAS = atomova absorpcCni spektrometrie
* plamenova (FL)
» elektromtermicka atomizace v grafitové peci (GF)
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Anorganicka analyza - prvkova

AAS ICP-OES ICP-MS

_ HR-ICP-MS
ICE 3000 ICAP PRO ICAP RQ/TQ

Element/Neptune/Triton...

EDXRF WDXRF OES OEA

Quant’X Perform’X ISpark FlashSmart




Anorganicka analyza - prvkova

Elementarni (prvkova) analyza

Rozsah meéreni

| | | | | | ICP-MS
= hmotnostni spektrometrie indukcné
¢ HR-ICP-MS ) vazaného plazmatu
¢ ICP-MS )
C ICP-OES ) -
ICP-MS — kvadrupodloveé
( AAs:ETA ) HR-ICP-MS — High Resolution - ICP-MS
( aas:rL )
| [ [ | [ |
1ppy 1ppt 1ppb 1ppm 1000ppm  100%

Detekéni limit




Zakladni princip ICP-MS
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Zakladni princip ICP-MS

zmlzovani
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Zakladni princip ICP-MS
»

ICP = indukCné vazaneé plazma
Argonové ICP P

zdroj iontu Sy desolvatace
vaporizace

Q atomizace

6500 K 7500 K 8000 K Preheating

Zone
.. pe
ionizace = L :
@D %
m/Z YO o \ I I
Initial
Normal radiation
analy‘tical 101000 K zZonhe

Zone




Zakladni princip ICP-MS

filtrace/separace

podle m/z
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Zakladni princip ICP-MS

filtrace/separace

podle m/z
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KliCove vlastnosti MS analyzatoru

RozliSovaci schopnost = resolving power (RP)
schopnost rozlisit dve blizko sousedici kvantity

« Pomoci Sirky piku RP = %
Am je Sitka v 0,5 %; 5 % nebo 50 % vysky piku
Obvykle 50 % = FWHM (full width at half maximum)
’ m
 Pomoci sedla RP =
(m,—m,)

Am je rozdil hmotnosti 2 sousednich prave rozliSenych
signall stejné velikosti

udoli mezi nimi 10 % nebo 50 % jejich vysky

Obvykle se uvadi 10 %

Abundance sensitivity
schopnost hmotnostniho spektrometru mérit signal nizke intenzity na
hmotnostech M + 1 v sousedstvi intenzivniho signalu M
pomeér velikosti signalu na hmotnosti M k signalu namérenému na
hmotnostech M = 1 za nepfitomnosti kvantit m1

50 %1

10 %

50 %

5%

50 %

5%

- 50 %

T10%
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KliCove vlastnosti MS analyzatoru

Kvadrupolové analyzatory:

rozliSeni se vétSinou definuje praveé Sifkou
piku v poloviné vysky (FWHM) nebo v 10 %
vySKy a ne pomoci rozliSovaci schopnosti

Rozliseni byva tzv. jednotkové = Sitka piku
v MS spektru je kolem 0,7 amu, obvykle pres

cely rozsah méfenych hodnot m/z —

resolving power neni konstantni v tomto
rozsahu m/z

V rozsahu m/z do 290 amu tzn. RS = 300-400

Am=1amu

13



ICP-MS — RozliSovaci shopnosti

Typ MS Typicka rozliSovaci schopnost m/Am
ICP-QMS = kvadrupdlovy 300-400 (Am cca 0,3-1 amu ~jednotkové rozliseni)
ICP-TOFMS = pruletovy az 6000

ICP-SFMS = sektorovy magneticky s dvoji fokusaci az 12000 =) HR-ICP-MS (high resolution)

Element 2/XR

HR-ICP-MS sektorovy magneticky Neptu n,e .
i s dvoji fokusaci HR-ICP-MS sektorovy magneticky
ICAP RQ/TQ ] ICP-TOFMS (Tofwerk) s dvoji fokusaci + multicollector
ICP-MS kvadrupélovy _ ICP-MS priiletovy
14 ThermoFisher



|ICP-MS — kvadrupolovy

ICAP RQ ICP-MS ICAP TQ ICP-MS
Jednoduchy kvadrupodl Trojity kvadrupal

-1
4
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Kvadrupol

+ DC and RF

Sestava ze 4 tyci

» presné orientovanych vuci sobé ve smérech X a 'Y

» s definovanym vnitfnim prdmérem r

» 0 dane délce Z

» pfipojeny ke zdroji stejnosmérného (DC) a stfidavého proudu (AC, RF)

» vSechny tyto faktory maiji vliv na stabilitu iontu, které prochazeji mezi tyCemi a
rozhoduji o vysledné separaci riznych m/z

+DC,AC

-DC,AC

O -DC,AC

+DC,AC | | | |

16 ThermoFisher



Stabilitni diagram — Mathieu

4CIU lonty jsou transmitovany pokud
a = o > Zavislé na stejnosmérném proudu A2, existuje reseni pro a,, a,, dy, g,
Mo I
0 [, I1alll
— q > Zavislé na stfidavém proudu
X 2.2
Mo ro
DC~ ot
_________ 0237__ _____ (3]
0.24
slope
alq = 2UNV /‘BF1
x stabil x instabil
014 y instabil y stabil
— 1 .' —_— >
0.2 0.4 0.6 9 08 1.0
AC~ 9
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Stabilitni diagram

(M/z),< (M/z),<(M/z)3<(M/z),
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Stabilitni diagram
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Stabilitni diagram
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Stabilitni diagram
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Stabilitni diagram

R
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Stabilitni diagram

a Scan line
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““““ | . i i
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ThermoFisher
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Stabilitni diagram

(m/z),

Scan line
alq

< [
<« »

~&itka piku

Scan line a/q = fixni pomer

VSechny hmoty nad skenovaci linii
budou transmitovany
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(M/z),< (M/z),<(M/z)3<(m/z),
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(m/z),

(m/z),
T (mlz),< (mlz),<(miz)s<(m/z),
(m/z),

(m/z),
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Atomové hmotnosti prvkud (1°C)

Atomic Weights and Isotopic Compositions for All Elements

https://physics.nist.gov/cqi-

Relative Isotopic Standard . .
Isotope Atomic Mass Composition Atomic Weight Notes b| nlcomDOS|t|0nS/Stand alone. DI

1 H 1 1.00782503223(9) | 0.999 885(70) [1.007 84, 1.008 11]
D 2 2014101778 12(12)} 0.000 115(70)
T 3 3.0160492779(24)
40 39.963 Y95 166(60) 0.000 L1 /(1)
2He 3 3.0160293201(25) [ 0.00000134(3) 4.002 602(2) ar 41 40.961 825 2579(41) | 0.067 302(44)
4.002 603 254 13(6) | 0.999 998 66(3)
20 Ca 40 39.962 590 863(22) 0.969 41(156)
3Li 6 6.0151228874(16) | 0.0759(4) [6.938. 6.997] m 42 41.958 617 83(16) 0.006 47(23)
7 7.016 003 4366(45) | 0.9241(4) 43 42.958 766 44(24) 0.001 35(10)
44 43.955 481 56(35) 0.020 86(110)
4Be 9  9.012 183 065(82) 1 9.012 1831(5) 4c 4= pso cooniag ey
48 47.952 522 76(13) 0.001 87(21)
5B 10 10.01293695(41) 0.199(7) [10.806, 10.821] m
11 11.009 305 36(45) 0.801(7) 21 Sc 45  44.955 908 28(77)
6 C 12 12.0000000(00) 0.9893(8) [12.0096, 12.0116]

13 13.003 354 835 07(23)) 0.0107(8)
14 14.003 241 9884(40)

22 Ti 46 45.952 627 72(35) 0.0825(3)

48  47.947 941 98(38)

7 N 14 14.003 074 004 43(20)| 0.996 36(20)  [14.006 43, 14.007 28] ST EeSOe .
15 15.000 108 $98 88(64)| 0.003 64(20) S0 49.944 786 89(39) 0.0518(2)

8§ O 16 15.99491461957(17)] 0.99757(16)  [15.999 03, 15.999 77] 23 V50 49.947 156 01(95) 0.002 50(4)
17 16.999 131 756 50(69)| 0.000 38(1) SI 50.943 957 04(94) 0.997 50(4)

18 17.999 159 612 86(76)) 0.002 05(14)

24 Cr 50 49.946 041 83(94)

0.043 45(13)

9 F 19 18.998403 16273(92)§ 1 18.998 403 163(6)
10 Ne 20 19.992 440 1762(17) || 0.9048(3) 20.1797(6) g.m & ; . ’ ’
20.993 846 685(41) 0.0027(1) Atomove hmOtnOStI Relatlvnl ZaStoupenl
ThermoFisher
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https://physics.nist.gov/cgi-bin/Compositions/stand_alone.pl

Interference v ICP-MS

Spektralni interference v MS:

vyskyt Castic s stejném m/z (nerozliSitelnymi rozliSovaci O Interferent 1
schopnosti daného ICP-MS)
O Interferent 2
() Analyt
A

sl

30



Spektralni interference v ICP-MS

Izobaricke interference
atomovymi ionty izobarU

Nejvice hmoty 36-204
48Ca+ 48Ti+
Pozadovana RS: 10*- 6.107
58Fe+ 58Fe+ 58Ni+
/\ BANj*+ 647"
87Rb+ 87Sr+
22 NMD 22 4938 U43 Y11438) I 1 ] 1148 + 114 +
n Cd
26 Fe 54 53.939 608 99(53) 0.058 45(35)
56 55.934 936 33(49) 0.917 54(36) 115gn* 115In+
58 57.933 274 43(53) 0.002 82(4) 113Cd 113|n
27 Co 359 58.933 194 29(56) 58Ni+ 204Hg+ 204pb+
28 Ni 58  57.935 342 41(52) 0.680 77(19)
61 60.931 055 57(:52) 0.011 399(13)
62 61.928 345 37(55) 0.036 346(40)
64 63.927 966 82(58) 0.009 255(19) :
58
ThermoFisher
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Spektralni interference v ICP-MS

Interference dvojnasobné nabitymi ionty X2+
s vyjimkou Ca, V, Sr, Y, Zr, Sn, Ba, Pb a lanthanoidu jsou E;,>16 eV;

Hmotnostni analyzatory separuji dle m/z 7650+
Tedy dana hmota M bude ovlivhéna dvojnasobné nabitym iontem o hmote 2xM /\

Pozadovana RS: 2000 — 10 000 65er | 152Gg2t

77Se+ 154Gd2+
788e+ 1566d2+
798e+ 158Gd2+

1SZG 12+

80Ga+ | 1602+
Vyrobci obvykle uvadséji urover tvorby dvojnasobné nabitych 44Cat 88Gr2+ [\ \
iontd jako % Ce?*/Ce* nebo Ba?*/Ba* 1355 53+ .
|

45 +
Napf. < 2 % Ce?*/Ce* S¢

32 SCIEMTIFTC



Spektralni interference v ICP-MS

31P 15N16O
14N16OH
Polyatomicke interference uCa | 2957160
12(:16()2
Vytvareji se v plazmatu — zalezi na pravdépodobnosti srazek jednotlivych iont( N,*°0
56Fe 40Ar160
40Ca16o
0 0 40Arl6O+ 3231602+ 28Gj
> Pracovni plyn (Ar, He) HOArOAr* 40Ar350+ 31p160)+ _ 2
> Matrice vzorku OAreOH? 35Ar16CI 31p16Q,* NI ‘2‘4Caljo
+
> rozpoustédia “OAr4NH* CI**0 3BC[60+ "Na’Cl
32g16()+ 40 Ar14N*+ 120160+ 23Na, N
ZBSiSZS

36Ar160

Nejvétsi vliv na analyty s m/z 40-82
63Cu 40Ar23Na

PoZadovana RS: 2000 — 5000 (do m/z 70), 10000 (vy$$i m/z) TTi*0
Sly/ 35C|160

75AS 40Ar35C|

33



Spektralni interference v ICP-MS

Interference intenzivnimi sousednimi signaly

Zalezi na abundance sensitivity hmotnostniho analyzatoru

Fe*
5Mn u izotopu >*Fe a “Fe ﬂ
206pb a 205T|
55Mn+
25 Mn 55 54938 043 91(48) 1
26 Fe 354 53.939608 99(53) 0.058 45(33)
56 55.934 936 33(49) 0.917 54(36)
57  56.935 392 84(49) 0.021 19(10)
58 57.933 274 43(53) 0.002 82(4)
27 Co 59 58.933 194 29(56) 1 /I\ I : | -

34 SCIEMTIFTC



Redukce spektralnich interferenci

Volbou alternativniho izotopu analytu

Volba vhodné pripravy vzorku

» Napf. speciace - €asto se pridava napf. isopropanol, methanol atd. — pfitomnost C ve vzorku zvySuje ionizaci
analytu (alespori téch analytl, které maiji vysSi ionizacni potencial) — pfenos naboje (napf. u As, Se, Hg, Te)

> Napf. separacni metody IC-ICP-MS pfi speciaci As — odstranéni CI, ktery ma jiny reten¢ni ¢as nez °As —
eliminace 4CAr3:Cl

aQ) w10

Matematické korekce

uréeni urovné interference méfenim jiného izotopu interferujicino iontu a zpétné prepocitani interference

na zakladé znalosti pfirozeného vyskytu izotopu

> Napf. °As a 40Ar35Cl Ize matematicky prepocitat pomoci méreni hmoty “°Ar3’Cl na hmoté m/z 77 a pro
vypocet pouzit znamy pomeér izotopt 3°CI/3"Cl = 75.8%/24.2%

@

Optimalizace pristroje
RF power (cold/cool plasma), pratok zmlZzovaciho plynu, pozice torche vzhledem k sample kénu

@

Pouziti HR-ICP-MS
napf. magneticky sektorovy analyzator s dvoji fokusaci, multikolektor

@

a5 ThermoFisher



Redukce spektralnich interferenci

Kolizni/reakcéni cela
- Kolizni plyn (He-KED)
D
D
\ 4

- ReakcEni plyny

36



Kolizni/reakCni cela

Collision Reaction Cell (CRC) « kvadrupdl, hexapdl nebo oktopdl predfazeny
kvadrupolovému analyzatoru

* pouze stridavy proud

fokusuje ionty v cele, kde podléhaiji kolizim nebo reaguiji s
\{_/! KvadrupSlovy pfivedenym koliznim/reakénim plynem
I ~analyzator
aom £

Kolizni/reakéni cela

37



Kolizni/reakCni cela

Kolizni/reakCni cela je tlakovana koliznim/rekénim plynem

Y4
Dochazi diskriminaci iontt kinetickou energii Dochazi k chemickym reakcim
He-KED (kinetic energy discrimination) H,, O,, NH,..... —
| Quadrupole Pre-Cell
|
‘r, 160%, 40Ar, NH,*
I.IE) [ ® l.l:.l He [ ]
G ' 40Ar160* + NH; — 150 + 4%Ar + NH,*
o . & T5Ac+
; S As . %Fe + NH; — °Fe + NH,
o (@]
E
g2 I 4
75[Ca(OH)2H]+ 56Fe,40Ar160+
- J
a8 ThermoFisher
SCIENTIFIC




LMCO (Low Mass Cut Off)

« kvadrupdl ma jasné definované stabilitni hranice

Target
Analyte

mimo KED a chemické reakce Ize navic dynamicky T
s+

aplikovat odstranéni nizkych hmot
odfiltrovani prekurzoru, které by mohly dale v cele -
vytvaret polyatomické interferenty rekombinaci

= Low Mass Cut OFF (LMCO)

35C|16Q, 37CI14N, H, N, O, S,
34G160H Cl

Fe 39 40Ar16Q, 4Cal®0 O, Ar, Ca

63Cy 45 40Ar23Na, C,N, O,
12C16Q35C|, Na, P, S,
31p32g Cl, Ar

5As 47 40Ar35Cl, H, S, Cl,
40Ca35(C|, Ca, Ar

40Ar34SH, 37C|,H Complex

Matrix

o

40 A+ 40Ca+
' 35CI+. 160+ 1H*

Comprehensive

Interference
Removal

Quadrupole set to
filter out exact mass
of target analyte
e.g. As*t

Quadrupole
isolates ions
wanted for
measuremen

Low mass cut off
filters out unwanted
precursor ions; ions are
then unable to
recombine later in the
QCell and backgrounds
are reduced further
than KED alone

39
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LMCO (Low Mass Cut Off)

« kvadrupdl ma jasné definované stabilitni hranice

» Comprehensive
Interference
Removal

Target
Analyte

mimo KED a chemické reakce Ize navic dynamicky T
s+

aplikovat odstranéni nizkych hmot

odfiltrovani prekurzoru, které by mohly dale v cele -
vytvaret polyatomicke interferenty rekombinaci | r’r < Quadrupole
‘ isolates ions
‘ ted for
- Low M FE (LM Quadrupole set to L
0 ass Cut O (LMCO) filter out exact mass measuremern
I of target analyte
--—— S0 A

Low mass cut off

35|16 37|14
CIt6Q, 3’CI“N, filters out unwanted

4S1°0H ‘ precursor ions; ions are
56 40 A v16 40 16 : 40Ar+ 40Ca+ then unable to
Te A0, =Ca™0 Ar, Ca 35C|+’ 160+ iH* recombine later in the
63Cu 45 40Ar23Na ’ ' QCell and backgrounds
12C16O35,CI are reduced further
’ than KED alone
31p32g
SAs 47 40Ar35Cl,
40Ca35C|’

40Ar34SH, 37C|2H Complex

Matrix

40 ThermoFisher
SCIENTIFIC



ICP-MS s jednoduchym

Target

kvadrupolem

Comprehensive

Analyte
SAs*

Interference
Removal

Quadrupole isolate

Complex

Matrix

ArCI*, Ca(OH),H* unwanted polyatomi

4071+, 40Ca*, 35CI+, 150*, TH*

ions wanted for
measurement

He KED filters out

interferences

T Low mass cut off

filters out unwanted —|———
precursor ions

41
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ICP-MS s trojitym kvadrupolem

ICAP RQ ICP-MS ICAP TQ ICP-MS
tzv. single quadrupole tzv. triple quadrupole
kvadrupolovy Q3 - kvadrupodlovy
analyzator analyzator

kolizni/reak¢ni cela Q2 - kolizni/reak¢ni cela

Q1 - kvadrupolovy
analyzator

42 ThermoFisher



ICP-MS s trojitym kvadrupolem

ICAP RQ ICP-MS ICAP TQ ICP-MS
tzv. single quadrupole tzv. triple quadrupole

car e Thowrrine

kvadrupolovy
| analyzator

kolizni/reakéni cela

do kolizni/reakcni cely vstupuji do kolizni reakcni cely vstupuje
vSechny primarni ionty pouze m/z vyfiltrované v Q1

Q3 - kvadrupodlovy
analyzator

Q2 - kolizni/reak¢ni cela

Q1 - kvadrupolovy
analyzator

43



ICP-MS s trojitym kvadrupdlem — MASS SHIFT

1AsO]* MASS SHIFT
4 s reakénim plynem preferencné reaguje analyt
J’ 59C016O+, 1505m++
/d 59C0ol60O+*
75 +
@ Izoluje ionty, které maiji byt m&reny AS 15052+
‘ (napf na reakéni produkt As* na m/z 91)
SAs* > O[AsO]* @ CRC je tlakovan reak&nim plynem —
selektivni reakce — vznik reakénich produktu
napi O, + PAs* — %[AsO]*
59CO+, ler+
/ @ Nastaven na urcitou hmotu
(napk >As*m/z 75), odfiltruji se
nechténé ionty
75As+
ThermoFisher
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ICP-MS s trojitym kvadrupdlem — ON MASS

ON MASS o 947160 1H*
111(id+ s reak&nim plynem preferenéné reaguije interferent
J'/ ZrO,, ZrO,H, etc
@@ Izoluje ionty, které maji byt méreny
(napk 1*1Cd* na m/z 111)
9Zr%0H* forms
higher oxide @ CRC je tlakovan reak¢énim plynem —
grgdugté S:Ch as selektivni reakce — vznik reakénich produktu
Oz 21021 etc. napt O, + %4Zr1601H* — 7r0,,ZrO,H, etc.
NZr*
/ @ Nastaven na urcitou hmotu
(napi 11Cd*m/z 111), odfiltruji se
nechténé ionty
111Cd+
ThermoFisher
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Reaction Finder v SW Qtegra ISDS

Analyte

4

[
=
l

Result
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Reaction Finder v SW Qtegra ISDS

Analyte

J
f
f@ Product SW Qtegra ISDS
B Reaction Finder

4

Result
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Reaction Finder v SW Qtegra ISDS

Reaction Finder

Asistent vyvoje metod

Analyte

4

|dentifier
T85e | 785160

33 Analyte

185e.160 (33.31

2 -

CR Gas

Drwell time (s)

Channels

Spacing (u)

805e | 805e.160

805e.160

f Acquisition Parameters, runtime estimation 19 seconds
|dentifier Q3 Analyte 2Q1/TQ CR Gas Dwell ime (s) Channels  Spacing (u)
7L (5-50-KED) 50 KED 01 1 0.1
55Mn (5-SQ-KED sQ KED 01 1 0.1
Product 65Cu | 65Cu 14N | 65Cu. 14N2 THE TQ MHa 01 1 0.1
ion BV I 5IVI60 (S |51V.160 TQ O 01 1 0.1
b ARTi 1 48T 14M4 | 43T 14M4 1HIO T3 MHa 0.1 1 01
[E_qf', Fit cells to content 50 KED 01 1 0.1
353 Export to Excel sQ KED 0.1 1 01
=}=  Duplicate analyte 50 KED 0.1 1 0.1
Result o= Add internal standard analyte  » 5090
115In
209Bi

48
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Reaction Finder v SW Qtegra ISDS

Reaction Finder

Asistent vyvoje metod

Obsahuje databazi prednastavenych optimalnich podminek pro kazdy izotop pro kazdy dostupny mod

Napt 31P — Reaction Finder databaze definuje nasledujici mozné parametry:

P #_*H.—_—.J F T Y Y B s P pa e S e -~

Is default isotope Reaction gas Q1 mass (u) Q3 analyte Is default Q3 Analyte Is default reaction

Isotope 31p v 0: (Oxygen) 30.9737634 31p = & 4
R 31p v O: (Oxygen) 309737634 | 31P.160 ] < ¢
lsotope 31P O: (Oxygen) 30.9737634 31P.170 O O 4
Isotope 31pP . O: (Oxygen) 308737634 31P.180 N = ¢
Isotope 31P . v 0 (Oxygen) 30.9737634 | 31P.1602 ' 'm i
Isotope | 31P L. 0: (Oxygen) 30.9737634  31P.170.160 J
Isotope 31P v 0: (Oxygen) 30.9737634 31180160 | o

Isotope 31pP O: (Oxygen) 309737634 31P.1702 I = {
Isotope 31p . | O: (Oxygen) 3089737634 131p180170 | = }
Isotope | 31P . v 0: (Oxygen) 30.9737634  31P.1802 | 9
Isotope | 31P T | Hz (Hydrogen) 309737634 31P | ;
Isotope 31p | H: (Hydrogen) 30.9737634 31P.144 v = 3
Isotope 31p None (No reaction gas) | 30.9737634 31P v = 4
lsotope 31p v He (Helium) 30.9737634 31p v O }

49
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Aplikace

Biologické a klinické vzorky
Potraviny
Environmentalni vzorky

Metalurgie

Farmaceuticky pramysl

Geologie

ThermoFisher
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Biologické a klinické vzorky — moc, krev, sérum

¥ o

Analyza Ti v séru:

Degradace ortopedickych Ci zubnich
implantatu

<1 ng.ml?

Slozita matrice

14 Ti(NH,);NH]*
A

i
\

48Ca+1 962r++, 328160+,
31P1601H+, 24|V|92+

48Tj+ 2 14[Ti(NH,),NH]*

51

48Ca
|zobarické interference hlavniho izotopu #8Ti —
PO*, POH*, CaH* na ostatnich izotopech 48Tj* 31pl6QiH*
114Cd+, 98Mo160+ 32G16Q+
/ 24Mg2+
!
48Ti+ 7
| T AWMl T o B
ThermoFisher




Measured Ti Concentration in Ca-rich Blood
Serum Samples

Ti TQ-NH3 .
Ti SQ-KED -

3
.
‘ Reference Value .

1 10 100 1000 10000
Ti Concentration (ug-L)

WAREEE @ rwmal e

wo N

52

ThermoFisher
SCIENTIFIC




Measured Ti Concentration in Ca-rich Blood
Serum Samples

Ti TQ-NH3 .
Ti SQ-KED -

'.. Reference Value .

1 10 100 1000 10000
Ti Concentration (ug-L)

p . . TV LA

et FeV

SQ maod dava falesné
pozitivni vysledek kvuli
nerozliSené interferenci 48Ca

53
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Measured Ti Concentration in Ca-rich Blood
Serum Samples

TQ maod interference 48Ca
TTONHA . odsjcranena ’aje zarucena
spravnost vysledku

Ti SQ-KED -

'.. Reference Value .

1 10 100 1000 10000
Ti Concentration (ug-L)

VWA mEEsme e sl B

ThermoFisher
SCIENTIFIC
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Potraviny

Sledovani kontaminace toxickymi
latkami z prostredi

O,

AS, Se —interference s prvky
vzacnych zemin (REE - rare

earth elements) — dovjnasobné
nabité ionty jako Nd?*, Gd?*

55

91[AS]+
pr J’/

';i
% 3
,
|

?

150N d++, 150§ m++

SAST = 91[ASO]+

150N+, 150Sm+, 917r+

94[Se0]+
4

ol e

?

156D ++’ 156 Dy++

74922

g¢8¢4¢ 8| 8

8Gpt = 94[Seo]+

1SOGd+’ 156Dy+, 94MO+




MDL NIST 1515 apple leaves N=3 NIST 1573A tomato leaves N=3
(ng-L7)

Analvie (ng-kg™)
g 0.4 52.4 25.2+0.6 27+2 30.0+0.2 33.3+0.7
BNa 4 524 29.3+0.8 24 4412 123+1.5 136+4
Mg 1 131 2686+84 271080 10556+210 12000*
TA| 0.1 134 258+8.4 286+9 532413 508+12
Hp gs PO at m/z 47 0.05 6.0 1530+10 1590 2040+33 2160+40
325 as 3§10 at mfz 48 0.02 26 1819+15 1800* Q779+0.2 9600*
K 5 393 16106+75 16100+200 27200+198 27000+500
4Ca 1 131 152182300 152601500 49339+235 50500+900
By 0.001 013 0.24+0.01 0.26+0.03 0.80+0.01 0.835+0.010 . " 4 é .
B2Cr 0.005 0.66 0.29+0.01 0.3* 1.97+0.02 1.99+0.06 4
e NIST 1515 apple leaves N=3 NIST 1573A tomato leaves N=3
nalyte : :
Measured (mg-kg) Certified (mg-kg™) Measured (mg-kg) Certified (mg-kg)
BAs as "As'®0 at m/z 91 0.036+0.003 TQ-02 0.038+0.007 0117+0.03 0.112+0.004
?5A5| 0.469+0.012 SQ-KED 0.038+0.007 0143+0.01 0.112+0.004
8Se as ™Se'®0 at m/fz 94 0.052+0.006 TQ-02 0.050+0.009 0.053+0.01 0.054+0.003
BSe 12724187 SQ-KED 0.050+0.000 0.11+0.01 0.054+0.003
%Mo 0.003 0.39 0.004+0.01 0.094+0.013 0.47+0.086 0.467
mcd 0.001 013 0.013+0.001 0.014* 1.45+0.03 1.52+0.04
1215p 0.001 013 0.012+0.005 0.013* 0.057+0.003 0.063+0.006
1388 0.002 0.262 48.8+0.1 4042 60.2+0.7 63"
208pp 0.001 0131 0.422+0.002 0.470+0.024 - N.D.
BITh 0.001 0131 0.03+0.002 0.03 0.107+0.002 D12
238 0.001 0131 0.008+0.002 0.006" 0.033+£0.001

/03 AN

56 ThermoFisher
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Environmentalni vzorky

C—
"°As 74.922 100

As, Se

— interference s prvky vzacnych zemin (REE - rare earth
elements) — dovjnasobné nabité ionty jako Nd?*, Gd?*

— polyatomice interference ArCl*, Ar,* (Ize odstranit He-KED)

As Se
velmi nizka koncentrace esencialni prvek
cCA ()
©° I o 1
- Inorganic Organic i I C
As Arsenic c "
[As (IIl), [AsBetaine E [, K
V)l DMA etc.] —_ =1 £
‘ © D =
| Q = | :
- | 1
'~ Arsenosugars © 8 l OQ' |
l\ and lipds " r ; :

- 4 Concentration in diet

- ThermoFisher
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[ASO]* “[SeO]*
4 4

ﬁ 150Nd++’ 150G m++ . ﬁ 156Dd++’ 156Dy++

SAs* = 9[AsO]* f

150G+ 150Sm+, 917p+ Y 150G+, 156Dy*, %Mo" Interference REE++

8Se* > %[SeO]*

/4

ThermoFisher
SCIENTIFIC
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B°As B®Se B¥Se m*Se

1000

100

o 10 -
9 T,
0. (L T
I Interference REE++
. D

TQ-0O, SQ-KED SQ-STD

-

Background Equivalent Concentration (ug-L™)

—

BEC arsenu a selenu v roztoku s 5 mg-L.each of the REEs Dy, Gd, Nd, Sma Tb




B°As B®Se B¥Se ®m*Se

1000
4

(®)]

=

§ 100

(]

|5

S D10 REE++
O = interference
I5

g 1

-0

O

L

®]

é 0.1

3 Bl

D 0.01 []

TQ-0O, SQ-KED SQ-STD

BEC arsenu a selenu v roztoku s 5 mg-L.each of the REEs Dy, Gd, Nd, Sma Tb

50 ThermoFisher
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AGV-1 Andezit +1 ug/l As + 1 g/l Se

TQ-0O,
Morsky sediment + 1 ug/l As + 1 pg/l Se
93 -98%
Measured Measured concentration . 0
AGV= concentration (ug-L-) in spiked sample (ug-L) el ks,
“As 0.446 1.392 94.6
8Se < LOQ 0.939 93.4
L
80Se < LOQ 0.935 93.1 a
8250 <L0Q 0.944 03.6 lotes
. Measured Measured concentration . 0
Deep Sea Sediment concentration (pg-L-) I spiked sampie (gL Spike recovery (%)
"As 0.454 1.429 97.6
S0 0.038 1.014 97.6
80Se 0.037 1.016 97.9
82Se 0.037 1.001 96.4 :
61 ThermoFisher
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Metalurgie

Zr zirconium
907r 89.905 51.45
zr 90.906 1.22
%27r 91.905 1715
7r 93.906 17.38
967r

Jaderny prumysil
Vysoka teplotni odolnost a odolnost vU i
korozim v agresivnim prostredi

Letecky pramysi

Vysoka teplotni a mechanicka odolnost

B Turbiny Pouzdra pgliv’ovych tyCi — maly praret pro
neutronovy zachyt

Necistoty (napf. Se) mohou zpusobit

oroblémy — prasknuti apod. Obsahuje také Sn, Nb, Cr, Ni

Necistota Cd je znama pro velka neutronovy
zachyt

62



Metalurgie

76920 763
DaA ) [
9917 o 4961
argi7 B9 373

Isotupe Abundance | Normal Matrix m Bromine

E-EN|1EO

?8 Q. [}[]I CArEAr
Se rr 7.60 CArETCl
/8 23.60 WArs=Ar, =Kr

80 49.70 CArPAr, "Kr

- 82 9.20 *2Kr

$

He-KED, H,

63

EﬂNﬂE—O
®Ni'60'H
EENi1E—O
*Ni'®0O “Br'H
54['\“1-5{:‘}1 EﬂNi1TO1H 81Br1H
O, konverze na  KED ani H,
SeO nepomuze




Metalurgie

Taseson

Intensity [cps] (1073)
- w

:::::::

\‘
0
n
¢
0p)
Q
L
N

Concentration [ng/l]

64

SQ

'—

-

Do reakcni cely vstupuji vSechny primarni ionty,
vznikaji dalsi interferenty, jako jsou adukty s vodou apod.

93
94
96
98

?689160+
galé()+
?BSE1BO+
80gpl6()+
82891BO+

N;'6O(H,0)*

ENi160(H,0)*
BONi16O(H, O)*, 58Ni'8O(H
62Nji16O(H, O)*, 8Ni'8O(H
B4Ni'6O(H,O)*, 82Ni'8O(H

Oy
o)
o)

P 2

%]
%]

2 2

Al A N '\ “
T



Metalurgie

N e 78%e (SQ 02)

wol o T T S S 1

300 Lo T T e S SR _

00 e 7 ..8.8e.SQO2 ________ B

Intensity [cps] (1073)

100 1. _________________________________ Neuplne_odstranen| |nterferenc|__________________________‘

0 | I : : | I : | : I : : : I : : : } : : : I : : :
0 200 400 600 800 1000 1200

Concentration [ng/l]
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Metalurgie

66

M PE

T85e (5Q_H2)

4 A

Intensity [cps] (1076)
N

______  msesgM,

1 __NeuplnéOdstranénilnterferenci ______________________________ _

0 200 400 600 800 1000 1200
Concentration [ng/l]




Metalurgie

Vzorek: Se ve 100 ppm Ni

Pl 8052 | B0Se (TQ_H2)

12 £

10 1

[oe]

(o))
I

N
I

Intensity [cps] (10"3)

Sensitivity

MODE/isotope
P€| (cps-L-pg)

N
}

i i f i TQ- H2
200 * Concentrazz(; [ng/l] > 7886+ 4500 465 1 2 g

o
o

80Se+ 9700 38.9 10.5
8Se+ 1000 47.8 18.8
bl 2200 13.2 5.10

67

96[Seo]+
'
150Nj160*, 79Br1H*,
r{ cr/ 40 40A [+

SOSe+ 9 8086160+

H,O*, H;0*, Ni*,
/ 962r+, %Mo+

\
805e+

4

ThermoFisher
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Metalurgie

75As SQ-KED

- % |
? Tl TmsTen,
o~ | = |
= | : 947r160tH forms
' higer oxide such as
" | S— ZrO,, ZrO,H, etc....
- A M ODE/isotope (i ?;Sll_t:’:};
!—,' e SQ-KED
- | At 5900 80.1 16.7 K
o HCdTQ-0, Mo 3600 5000 1000
S BAs* 12500 78.4 7.4
etk 4500 10.6 1.7 .
N ThermoFisher




Farmaceuticky prumysl

Vitamin B12 obsahuje Co (asi 4% (w/w))

Necistoty - As, Cd, Pb a Hg HaC
* ICH Q3D Guideline for Elemental Impurities
« USP <232> Elemental Impurities — Limits

« USP <233> Elemental Impurities — Procedures
USP <2232>Elemental Contaminants in Dietary Supplements “2“>= 0

HsC

Vzorky vitaminu B12 v HNO,
+ SQ-KED
* TQ-O, (jako ">As1%0)

69 ThermoFisher




Farmaceuticky prumysl

91[AS O]+
&

-

K It

Vitamin B12
* SQ-KED
* TQ-O, (jako ">AsttO)

59CO 160+’ 15OSm ++

O, reakcni plyn
SASt > 91[ASO]+

SAs 59C016O

Reakéni plyn O, - ™Ast60

59Co*, 917r+

70



Farmaceuticky prumysl

SAs 59C016O

Reakéni plyn O, - ™Ast60

Concentration | SPAS SRS | KEDmode  mits | Ta-0,mede | in Ta-0, mods
(SQ-KED) [CPS] (SQ-KED)[CPS]| [ng-g7] (TQ-0,) [ng-g“] [%]
BLK 73 2 0.0008 4 0.0007 N/A
0.0001 mg-mL 202,455 13 0.003 9 0.001 1001
0.001 mg-mL- 2,174,144 88 0.02 10 0.001 99.5
0.01 mg-mL' 24,003,087 852 0.21 8 0.001 101.8
01 mg-mL* 243,093,619 B744 247 18 0.002 106.4

<_5 < _5
1 As SQ-KED As TQ-O,
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Geologicke vzorky

: o Hg®
Geochron.ologle "n ﬂ“ rr/
Uran-Thorium-olovo \!

— zirkony |

Parent Daughter | Decay Constant Half Life
Nuclide Isotope (yr) (yr)
208Pp 1.55 x 10° 4.47 x 10°
‘ NH;
#B5Y 27Ph 9.85 x 100 7.04 x 108 | A
232Th 208pp, 4.95 x 10 4.95 x 101 204Hg* prenos naboje na NH,

1SGBa+ 1ssBa+ 139La+ 153Eu+

204Pp tzv. ,common lead” correction
r/ 155G d*, 156Gd*, 17°Er*

204pPp interference 2%4Hg+

204Pb+, 204Hg

On Mass

79 ThermoFisher
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Geologicke vzorky

Petrogeneze

Stanoveni petrogeneze vyvielych hornin |

176Hf/177Hf

h

O Yb

2>S[HfNH(NH,)(NH;),]*

gl

1 76Hf+, 1 76Yb+’ 176 _u*

ey o AN v

176y p* 176 y+

176Hf* > 258[HfNH(NH,)(NH;),]*

156G d*, 157Gd*, 158Gd",
159"'b+, 150Gd+, 150Dy‘|‘

ThermoFisher
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Geologicke vzorky

Petrogeneze

Stanoveni petrogeneze vyvielych hornin

0.286
0.285
0.284

176Hf/177Hf

= 0.283 0
P\ ::::::::::ﬁ::::::::-@:::::::::@:::::::::e:::::::::9:::::::::0:::::::::G:::::::::G:::::::::G:::::::::ﬂ
0282 ool G SO S A . Neptune g
= o ¢ HR-ICP-MS sektorovy magneticky
T 0.281 ° . : .
© s dvoji fokusaci + multicollector
E: 028 r——~"~~"=7===7°7=°7° R e R,
OiCAP TQ ICP-MS: 0.281939 + 0.001767 (20)
0.279 ONEPTUNE Plus MC-ICP-MS: 0.282441 = 0.000021 (20)

0.278
0.277

ThermoFisher
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Anorganicka (prvkova) analyza

AAS ICP-OES ICP-MS

_ HR-ICP-MS
ICE 3000 ICAP PRO ICAP RQ/TQ

Element/Neptune/Triton...

EDXRF WDXRF
Quant’X Perform’X

OEA
FlashSmart
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www.pragolab.cz
m linkedin.com/company/pragolab-s-r-o-
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