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Sul nad zlato a chemicke prvky kolem nas

aneb
Stopova anorganicka analyza pomoci AAS, ICP a ICP-MS

Pavel Janderka
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Ul nad zlato trochu jinak!

Potraviny a napoje

Suroviny pro vyrobu potravin a napoju
Vyrobni procesy

Zivotni prostfedi

Zdravotnictvi

Odpady z domacnosti

Odpady z tézby a prumyslové vyroby
Doprava

Kontaminanty ve vSech fazich: g, |, s

Zname i z historie — napr. otrava olovem, arzenem, ...
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- Periodicka tabulka = spolecny jazyk chemiku
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Typicke detekcni limity




Analyza prvku v kapalnych vzorcich..

Technika Objevena | Charakteristiky Thermo
Scientific
AAS ~1955 Jednoprvkova analyza, ppb-ppm ICE 3000 Series
hladiny s plamenem nebo peci, pro As,
Se a Hg vhodné s generatorem hydridd
ICP-0ES ~1972 Rychla mnohoprvkova analyza, ppb - | iCAP 7000
% hladiny Series
ICP-OMS ~198f Rychla mnohoprvkova analyza, ppt- | iCAP-Q Series
ppm hladiny
ICP-HRMS ~1987 Rychla mnohoprvkova analyza, ppq- | ELEMENT 2, XR,
ppm hladiny, bez interferenci GD (Glow
Discharge) &




orovnani analytickeho rozsahu
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Koncentracni rozsah

iCE 3500
GFAAS
+1,
ngll
g Hg .
2008 Jednoprvkove
z analyzy, malé
O mnozstvi
Cu vzorkd Nizkd
pail - koncentrace a

slozité matrice



Jak tedy zvolit ten spravny nastroj?




erm(muen!lhc poskytuje kompletni portfolio
C zarizeni!
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Vykon

Jednoelementové analyzy
nebo nizky pocet vzorko

A

( A\

iCE 3500 AA

iCE 3300 AA

Multi-elementové analyzy
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iCAP 7000
Series ICP




Kdo, Co a Proc

Primarni Sekundarni DOvod 1 DoOvod 2
ZP - vody ICP-MS ICP/AA GF DL Rychlost
Farmacie AA Fl/GF ICP-MS Naklady Malo vzorky
Pouzité oleje ICP-OES AA Flame Rozsah prvku | Robustnost
Metalurgie ICP-0ES AA Fl/GF Rozsah prvku Naklady
Klinické lab. AA FI/GF ICP-MS Povaha Naklady
vzorku
Geologie ICP-MS AA Flame Povaha Citlivost
vzorku
Analyza potravin AA FI/GF ICP-0ES Naklady Mnozstvi
ICP-MS vzorku
Forensni LA-ICP-MS AA GF Mnozstvi Citlivost
vzorku

“




Priklady pouziti AAS

Iron and Magnesium Determination in
Meat using Flame Atomic Absorption

Spectroscopy

Dr Anasissia Gadrhieva, Ad Apglications Chemest, Thermo Fisher Scentfic, Cambridge, UK

Iron, Copper and Zinc Determination in
Wine using Flame Atomic Absorption
Spectroscopy

0m favdt Sxaane Fi ~
\

028

0

01

wa /

088

o

o8

40 05 tp A5 W B 3 3B 40 45 &
Cremgd
Figure 2: An exam ple of a callbration curve for iron /

The results indicate that these meat samples do not exceed
the recommended daily intake (RDI) of 15 mg/kg for iron /
and 350 mg'kg for magnesium. /



Ve viné je pravda, ve vodé je zdravi.

vino veritas, in aqua sanitas.

Table 1. Instrument settings for the iCE 3300 AAS. ¥ Catieation - Fe
050 Noresal Quadratic Fit
Iron Copper Zinc &
2483 nm 324.8 nm 213.9mm 0.4
0.2 nm 0.5nm 0.2 nm o
Background Correction D2 D2 D2 ! o
Lamp Current 750% 75% 75% <o
Continuous ~ Continuous  Confinuous "
Ar-Acstylene  Air-Acetylena  Alr-Acetylene =
Fuel flow rate 0.9 L/min 1.1 L/min 1.2 L/min 200 :
Measurement Time 45 4s 48 WS © = Lo 3 pl
3 3 3 o

Figure 2: Calibration curve for Iron.

*All data was calculated from 3 replicate readings for each
solution, the results are calculated with a view of 1:4 dil ution.

Sample ID Iron (mg/L) Copper (mg/L) Zinc (mg/L)
Rosé wing* 1.835 0.028 0.514
Red wing” 2.437 0.037 0.575

Q—



http://slovnik-cizich-slov.abz.cz/web.php/slovo/zdravi

Cadmium Determination in Crab Meat
using Graphite Furnace Atomic Absorption
Spectroscopy

Normal: Quageatic Fit
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Figure 3: The calibration curve for cadmium.

recovery for three separate crab samples (*all data was calculated from 3 replicate readings for each solution using transient peak

Table 3. Results show the measured concentration of cadmium as well as expected and measured concentrations with percentage spike ‘
height measurements).

Measured Expected Measured Spike
concentration sample concentration spike concentration spike recovery
(mg/kg) (mg/kg) (mg/kg) (%)
Tinned crab® 0.0005 0.5005 0.4663 93.2
Dressed crab* 0.9641 1.46 1.4594 100.0

Crab pate” 0.6143 1.06 1.0919 103.0
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Dalsi priklady

Food Safety Series — Accurate analysis of low
levels of mercury in fish by vapor generation AA §

The Analysis of Cadmium in Chocolate by
Graphite Furnace Atomic Absorption
Spectrometry



Determination of Trace Elements in Rice
Products by Flame and Graphite Furnace
Atomic Absorption Spectrometry

Method
Guide: 40184

Atomic Absorption Full Method
Sn in Canned Fruit Juice

Rebecca Price, Thermo Fisher Scentific, Cambnidge, UK.

6105y se10N wopEOjddy

g Mormal Signal Graph
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The Analysis of Trace Elements in Honey
Kev Wzdsmﬁ by Flame and Graphite Furnace Atomic %
tomic Absorption, Essel g =z
Rica Toxic Elements. Absorption Spectrometry 3 f
1
Rabecca Price, Thermo Fisher Scentfic, Cambridge, UK. g 0o+ J
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me Analysis of Zinc in Toothpaste using the ,I "\_
o Th Key Benefits & ¥ z / .
au(‘ * The robust flame sample introduction system allows Thermo Scientific iCE 3000 series AAS e e e i, ]
fu disacltved hogey saiiiples 0 be Tun withou blacksge Bhagyesh Sursker, Dr.G. W. Joti, Dr. BA. Paira and Rakesh Jbe, Thermo Fisher Scientic, Mumbsi,India e e
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Flam  Deuterium and Zeeman background correcton ofirs Koy Words Figure 3: Correction with QuadLine background correction
tool { flexible solution for the analysis of challenging matrices A, Flame, Teath, Toothpasts, Zinc
coppr such as honey.
stom Summary . ; _ Introduction
deten ‘The Thermo Scientific iCE 3500 Atomic Absorption Typically our day starts with a mixture of chemicals,
lead. Spectrometer is the 1deal solution for the analysis of toothpaste, a paste or gel dentifrice used with a toothbrush 2
" major, minor and toxic clements in boncy. The A i wecrmstay i choais anil bafabain The acthetii and Normal Signal Graph
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e A e tooth powders used abrasive ingredients such as crushed  or zinc citratc) which stop the growth of dental plaque
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of he: particularly valuable. Honey is typically advertised to the cither as a powder or paste. A dentist in the US first “This application note presents a simple d flame & I|
healtl consumer by floral source or geographical location, e e o was | tomic aarpion speczometry mehod for the anlyss 0os0 4 |
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Prefe of sources. This has resulted in a gl market wit fluoride in toothpastcs became widespread much later in international & local brands in the market were used for ~
hundreds of types of honey, each with unique taste, color 1950 this work. A
and crystallization propertics. In the EU, honey must ) ) Y
adhere to strict composition criteria, including sugar, Modem wSIpaE pe ier b el Mo
moisture and hydroxymethylfurfural (HMF) content.! Sttt i \
tensive work has been carried out to introduce an a A= PR
ingredient which can provide effective protection against [ Pl Y S W W W
various dental conditions. 2010 . N W Rl W N
Triclosan is rcported as one of the commonly used '
T e ol e 1nes  1e0 19s 1200 12050 12100 121s
 the bacteria which contribute to dental plaque.
Ficwrevor: Traciossi indiccs damagn and Ltus in the ool Time [secs)
wall of bacteria resulting in bacteriolysis (death of the cell)

and hence its use is restricted or banned in many
countries.
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Figure 4: Correction with Zeeman background correction




The Analysis of Clinical Samples by Atomic
Absorption Spectrometry

Krev a sérum

moc¢

3) Analytes:

The metallic elements measured in clinical analyses fall
into three groups according to their role in human
metabolism, and they are usually classed as essential, toxic
or therapeutic.

Essential elements
e Essential major elements:

Ca, Mg, Na, K

® Essential minor elements:

Zn, Cu, Fe

* Essential trace elements:

Cr, Mn, Mo, Co, V, Se, Ni
P
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Maly pocet vzorkg, single-element analyzy AA
Vysoky pocet vzorku na multi-element analyzy ICP ICP-MS
Nizké detekeni limity ICP-MS ICP
¢§ . o k

pinavé’ vzorky P AA
Rozklady se stredni koncentraci a vysokym pozadim

ICP ICP-MS

‘Cisté’ vzorky, nizké koncentrace ICP-MS
Velmi nizkeé koncentrace, komplikované matrice ICP-SFMS

(hebo CR
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Jak tedy zvolit ten spravny nastroj?

PARAMETRY



ﬂcﬁmcﬂé vlastnosti - AAS

Nektera klicova slova pri diskusich
,Myty a nepravdy”

 AAS: zdroj svétla - standardni lampy - kontinualni zdroj
svetla, ,superlampy”, ,boosted” lampy, ,,dusikova
plazma”,

 GF-AAS: longitudalni nebo trasverzalni usporadani,
* Korekce pozadi: D, - Zeemanova kor., - Pulzni,

e Sekvencni”vs.,Standardni “ viceprvkové mereni, u Fl-
AAS,

* Naroky na Udrzbu - provozni nakladovost.




Nektera klicova slova pri diskusich
* Technické vlastnosti - ICP-0ES

Optické rozliseni, spektralni rozsah ,Alkal. kovy->nekovy”,
Dostupnost ,spektralnich oblasti”, pohled na plazmu
Usporadani vnaseciho systému a plazmove hlavice -
rozebiratelnost ...,

RF generator (frekvence, konstrukce, Gcinnost, stabilita,
nastaveni ...,

Typ a konstrukce detektoru, moznost ,Full Frame”,
Celkova stabilita plazmového a optického systému.
Naroky na Udrzbu - nakladovost.



Nektera klicova slova pri diskusich
* Technicke vlastnosti - ICP-MS-Q (TOF)

Citlivost (cps/ppb) a jak je to s pozadim ,S/N*, (<Icps)

Konstrukce iontove optiky (kony - odstranéni nezadoucich
castic - kolizni-reakcni optika a prvkové interference,

Analyzator (Kvadrupol, frekvence) - detektor (analogovy i
digitalni) - rozsah linearity - rychlost skenovani.

Tzv. triple-Q vs. Single-0,

RF generator (frekvence), konstrukce, Ucinnost, stabilita,
nastaveni ...,

Naroky na Udrzbu - nakladovost, pracnoskspeériodicita.
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Vybér nastroje od NAS je na VAS...
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ICP-OES (iCAP7000)
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ICP-QMS spektrometr iCAP Q - Novinka 2012
2013 oceneno cenou za inovativnost

Inductively Coupled plasma Mass Spectrometry ICP-MS)

5 @J

Magnetic Sectar
lasma or madmpnh
Analyzer




ICAP Q bez , kapoty”

RF Generator
plazmy, 27 MHz

“ i Odtah plazmy
: ‘ Deska elektroniky

Mass Flow Controller

USB, Digi
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Co je nového na novém ICP-MS?

A

Pouze ,sample cone” je pouzit z XSeries
Vse ,ostatni” je NOVE




Produktova linie ICP-MS od Thermo Scientific

Geochem
Isotope

1 Ratios

~_Nuclear

Proteomics

Clinical

Geochem
Nuclear == Industrial

Speciation

Environmental

Routine
speciation

Semicon

. Routine analysis

Cena (k€)




p— Koncepce ICAP ()

* Robustni, dokonaly analyticky vykon v kategorii Q-MS,

* Nizké provozni naklady,

* Minimalni instalacni naroky

 Minimalni provozni Udrzba

 Maximalnijednoduchost tech Udrzbovych Ukonu, které jsou
doporucene,

e Intuitivni, ale vykonna SW platforma Qtegra

* Flexibilita - pro rutinni analyticky provoz 24/7 i pro vyzkum a
metody (Laserova ablace, speciace LC/GC/IC) s plnou.integraci vsech

zarizeni v prostredi SW Qtegra



ICAP Q ICP-MS: Simplified installation

4 N

Nizko udrzbovée
provedeni

Pristroj lze nainstalovat
zcela ke zdi, neni nutny
zadny zadni servisni
pristup

VSechna servisni
pripojeni jsou na
boku pristroje

Veskery servis jen
zepredu a z boku

S

/




Systém zavadeni vzorku iCAP ()
i

« Ctyrkanalova peristalticka pumpa s
minivalecky s nizkym pulzovanim
vzorku

« Peltierovsky chlazena zmlzovaci
komora, t,., -10°C

- Cyclonicka zmlZzovaci komora umisténa
tesne k plazmové hlavici

- Snadny pristup k MFC
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Intuitive Quick-Connect Sample Introduction Components

Self aligning
O—I’ing free injector l Gas addition port

demountable (ionization

- enhancement,

forch \ ‘ | / aerosol dilution)
| | l’i‘

Built-in gas fittings (no P ‘

manual connections) ‘

0-ring free spray
er




Jednoduse demontovatelna plazmova hlavice

\Qriék

Kremenny ,Torch”

Snadné sestaveni
ripojeni plynu

Samonastavovaci, volitelny injektor ~ Snadna z2
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ICAP Q - Overview + Novy SW Qtegra

Novy A+D detektor

Nova elektronika a
SW

Nova kolizne-reakcni
cela (QCell) vylepseny
prenos iontu a
rychlejsi prepinani
mericich modu
RAPID Lens -

90° deflekce

neutralnich ¢astic a
molekul plynu

\

Novy interface vc. nového
skimmer konu - zvysena odolnost
vUCi matrici a snadna Udrzba

ICAP RF generator
nevyzaduje stineni
plazmy

Nové provedeni

| _— snadna manij

/

plazmoveé hlavice -
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Plasma TV: ,Live" pohled a sledovani plazmy integrovanou video kamerou
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ICAP Q) - Modely

Product iCAP Qa iCAP Qc iCAP Qs

Sensitivity [keps/ppb] ’Li 80
STD Mode 15| 150 220 400
2381y 200 300 500
Sensitivity [kcps/ppb] >9Co - 30 50
KED Mode I
Oxides [%] CeO/Ce <2 <2 <2
Doubly Charged [%] Ba**/Ba* <3 <3 <3
Background m/z 4.5 [cps] STD <1 <1 <1
KED - <0.5 <0.5

/



— ICAP Q) - Modely

Product iCAP Qa iCAP Qc

Short Term Stability (10 min) [%] <2 <2 <2
Long Term Stability (2 h) [%] <3 <3 <3
Detection Limits [ppt] Be <0.5 <0.5 <0.5
15| <0.1 <0.1 <0.1
209B;j <0.1 <0.1 <0.1 I
Isotope Ratio Precision [%RSD] <0.1 <0.1 <0.1

1O7Ag/109Ag
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matically Different lon Focusing:
\

Right
Angle
Positive
lon
Deflection

90° totalni iontova
fokusace s deflexi ve 3D

a
Eliminace neutralnich ¢astic
pro

dosazeni nejvyssiho pomeéru
S/N ve tride Q-ICP-MS

AU

bl

RAPIDLens




i Eens - Simplicity and ion optics done right

« “Jednoduché” provedeni ze 3 casti: 0OCell
— Vstupni a vystupni cocky
— Deflekeni cocky mezi nimi

e Jednoduché ovladani pomoci
vlozeni napéti

Optimalni deflexe iontu a
fokusovaci vlastnosti




Kvadrupolova separace iontt (m/z=4-290 amu)

Eliminace interferenci pomoci kolizni/reakcni cely

(CRC)
Rozsah linearity vice nez 9 radu
Background < 1(0.5 cps)

Vysoky pomér Signal/Sum (S/N)
Nejrychlejsi skenovani hm. skaly (90 000 amu/s)

Minimalni udrzba

ICPs

175Lu FQ Block 1 |

10000000000
100000000
1000000
10000
100
1

0,00001 00001 0,00 om 0l 1 10 100 1000

Concertration

Intercept CP5=0,000000 Intercept Conc=0,000000
Sensitivity=120159 462387 Comelation Cosff=0, 333356

10000




p— Hagapél = priblizné kvadrupdl

» Pole Flatapolu je priblizne ekvivalentni poli kvadrupolu s
prvky vyssich multipolu.
— Vysoka transmise
— Potlaceni (Cut-off) nizkych hmot

Flatapole
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Funkce potlaceni nizkych hmot

Low Mass Cut Off Quadrupole mass
m/z 47 m/z 75

Low masses Higher masses
cannot pass can pass

Mass [u]




Effect of Low Mass Cut-0ff on in-cell Interference
ANALYTE | CUT-OFF MASS | POTENTIAL INTERFERENT PRECURSORS
4550 29 1301!302. 1EC1EOEH. 44CaH. 32S12CH. 2s1BC 33812C HC 05 Ca
T 32 STP18Q, “8CaH, #°CI'2C, 28"*NH, *#*8™N HCNOUPSCILCa
49T 33 P80 48CaH. 3BCI14N . FTC|12C. 328160H . 33§ 160) H C N O P S ClCa
50T 34 GO 25180 BCIUNH. TCI'2CH HCNOSC
51\/ 35 IBEIBO. ITCEN. 348 160H H, O. N, S, Cl
520r 36 A0 4IAF12C BCNEOH. ITCIMUNH. 348180 H.C,O. N, S, Cl Ar
55Mn 39 ITCIBO. 23Nag32S. 22Nad'PH H O MNa. P. S Cl Ar
56Fg 39 YA 160 40081680 Q. Ar. Ca
57Fe 40 Y0A1BOH. 40Ca0OH H, O, Ar, Ca
58Nj 41 A F1B0). 40C 180 22Na3eC] O. Na.Cl. Ar, Ca
59Co 42 SAFBOH. 43Ca™t0 23NahCIH H, O, Na, CI, Ar, Ca
BONj 43 1408160 23NaC) O, Na,Cl, Ca
5N 44 “Ca’®0OH, *®Ar¥Na, *Na*CIH H, O, Na, Cl Ca
830U 45 4Ar23Na, 12C18Q35C], 12CHN3TCI, 31PRS, 31P1EQ, C.N,O,Na, P, S Cl
5471 46 3281602 325, IAr12CI1E0, BAF2CHN, $Ca’t0 C.N, O, S Ar,Ca
65Cy 47 3281802H, 38,H, 1N1603CI, 48Ca’®0OH H N, O S ClCa
5671 47 MGI6() 326G 313G 48C 180 0O.C. S
59Ga 47 32818Q,H, #4S,H, TTCI160, H, O, S, Cl
7070 47 348180, BC, Q, S8, Cl
5As 47 4OAr34SH, “0Ar¥Cl, “°Ca 35Cl, *7CI,H H. S, Cl Ca, Ae
77%e 47 10Ar 3TC| 40Ca ) Cl, Ca, Ar
78Se 47 ‘0ArPEAr Ar
80Se 47 Y0AT,, 40Ca,, IAr'iCa, 325,160, 25160, 0O, S, Ar, Ca




Effeetmoflfow Mass Cut-0ff on in-cell Interference Formation

ANALYTE | CUT-OFF-MASS POTENTIAL INTERFERENT PRECURSORS

4550 29 S, Ca

sl 32 .3, Cl, Ca
49T 33 Cl, Ca
50Tj 34 Cl

51\ 35 Cl

520r 36 Cl Ar
55MN 39 Ar
56Fg 39 Ar, Ca

57Fa 40

58Nj 41

39Ca 42

BON 43

BTN 44

E3Cu 45

847n 46

B5Cu 47

56Z7n 47

577n 47

6871 47

889G 47

0Zn 47

5As 47

77Se 47

785e 47

80Se 47




Prakticke vyhody potlaceni nizkych m/zs QCell

» Potlaceni nizkych hmot eliminuje potencialni
interference species vstupujicich do kolizni cely.

* Tim je vyznamne redukovan vliv moznych
interferenci vlivem tvorby novych interferentu.

* Diskriminace kinetickou energii je tak mnohem
efektivngjsi.

[ d

* Reaktivni,chemie” funguji rovnéz mnohem
efektivnegji.
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Cell ,\Vykon™ - ,Interference-free” analyza P, Si,
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Vysledky:
— Si: He KED
— P:He KED

" Competitor — S:325160 ot m/z 48
" iCAPO N
— BEC nizsi nez konkurence
31P | 345 |

BEC = Background Equivalent Concentration
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— v{/bér ICP-MS ,,dle parametru”

Vysoka citlivost

Vysoka tolerance vuci matrici

« UNIQUE Cone Inserts

 Allows variation of central channel length
* Interchangeable on iICAP Qc to vary

instrument properties High High
Matrix Sensitivity ‘
Insert Channel Properties
length
High Matrix 3.5mm  High matrix

tolerance
High Sensitivity 2.8 mm  High sensitivity

P



e PEPEVNan| produktovych specifikaci —

technické parametry

Lets look at the sensitivity specification and mass response for the iCAP
Qc with High Matrix insert:

500 W iCAP Qc Spec (High Matrix)

B iCAP Qc Spec (High Sensitivity)

450 |  CEE— iCAP Qc Guaranteed |
Product Specifications

400 -

350

300 -

250

200

150 -

100 -

L
0.

7Li 59Co 89Y 115In 205TI 238U

"
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s Sensitivity Sensitivity
Performance = 415X Performance
High Sensitivity High Matrix

- Now add the sensitivity performance and mass response for the ICAP Qc
with High Sensitivity insert:

500 W iCAP Qc Spec (High Matrix)
W iCAP Qc Spec (High Sensitivity)
450
400 -
350 Garantované
parametry
300
250 /
200
150 -
100 -
50
O |
7Li 59Co 39Y 115In 205TI 238U

el



500

450

350

W iCAP Qc Spec (High Matrix)
W iCAP Qc Spec (High Sensitivity)

400 -

orovnani Garantovanych parametru

300

250

200

150 -

100 -

50 -

7L

59Co

89Y

115In

205TI1

238U




M- ’ plcEe parametry“ konkurence

600

WiCAP Qc Spec

500

400

300

200

100

JLi 59Co 89Y 115In 205TI 238U




g The ICAP Qc typical performance with the High Sensitivity interface

800

=

W iCAP Qc Typical High Matrix
700 - micaP Qe Typical High Sensitivity

600 -

500 -

400
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—140Ce

===205TI
209Bi

238U

Podminky testu:

— Kontinualni aspirace 10xzredéné
,obohacené” morské vody (~0.35 %
rozpustenych pevnych latek)

Vysledky:
— Presahujici obecné pozadavky
— Bez ztraty citlivosti
— Celkovyl drift <10%

— Vzorkoveé kony zUstavaji fun
prichodné
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Recovery (%
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tegra: ,Nova multi-instrumentalni platforma uzivatelského rozhrani”
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Speciacni analyza

Definice - ‘Analyticka aktivita smérujici k identifikaci a kvantifikaci jedné nebo vice
individualnich chemickych ,species” ve vzorku” IUPAC

To znamena - spise nezZ celkovy obsah, je cilem snazeni kvantifikace jednotlivych
chemickych forem

Priklad - ,formy-stavy” sloucenin rtuti separované pomoci vysocedcinné separacni
techniky a detekované pomoci ICP-MS
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Proc potrebujeme speciaci...?

Biodostupnost Vysoka citlivost
@@ Vysoka selektivita

' on Al %
| ix nemath e ].LH - ﬂr - KA\I ——
Multi-Element/ Is@

Kontrola procesu a vyroby Tekavé prvkové slouceniny




Wpeuacnl produktoveé baliky

« GC

« HPLC N
* |C (lon Chromatography]

=l eLoenilie o
|
!

/celainertni IC / LC navrzené
na speciaci kovu
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LC spojeni (Accela)

Trace(s) of Analysis No 4 : "Level 4" .
e e Plasma stable in reverse -

1000 T phase LC appllca tions with
' ACN gradients as mobile
phase with 0, additional
plasma gas

900 I

800 -
700 £ . _ .
00 £ R
50

e Software:

— Qtegra plug-inin place for
control and triggerin

Intensity [cps]

300 £

200 1. |
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LC spojeni (Dionex]

Alkylciny

ensity [cps] (10

Int

200
200 1

190 +

100 +

Trace(s) of Analysis No 6 : "5 pph"
| 11650 11750 1185 |

......................................................

50--::::51::':'3.5'.':

Dionex ICS-5000+ analytical
quaternary pump

— Reverse phase LC: 10% acetic acid
with 10-90% ACN gradient mobile
phase @ 200 pl.min-"
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Merici mody pro speciace

e STD mod
Pro nejvyssi citlivost neinterferujicich analytu, napr. Hg, Pb

« KED mod
Odstranéni interferenci pomoci QCell s pouzitim He a Diskriminaci
kinetickou energii, analyty napr. Cr, V, As

« CCT mod
OCell naplnéna bud' He nebo jinym plynem, napr. smeés He/H., 0, atd.
v reakcnim modu pro zvyseni citlivosti (Pb, Hg, Sn atd.) nebo pr
odstraneni interferenci v plynné fazi reakcemi - As, Se,




MOME prikladu realnych speciacnich analyz




Key Words

Total and speciation analysis of Mercury in
contact lens solutions by ICP-MS

‘Deriol Kutscher, e Wk, Lot Rotmarn, Tharmo Fisher Sckentic, Garmany

ICAP Q, ICP-MS, ICS-5000, ion chromatography, Thiomersal, Hg, speciation

Goal

and Hg spacies in contact lens sokutions.

Introduction
While there is continual awarencss regarding cxposure to
mescury (Hg) sources in general and McHg in particular
due to s presence in food samples such s fish, less
interest i paid o the potential risk from cthylmercury
(EtHg or EtHgX). One of the main reasons for this is the
faster degradation and consequently excretion of ExH in
the human body that results in considerably lower chronic
toxicity. There remain howeser potential sources where
acute intake of EtHg® can oceus,for example as a
conscquence of exposure to thiomersal. Thiomersal s
used 35 3 bactericide in mul

Sample and Calibration Solution Preparation
Three diffcrent commercially available contact lens.

solutions were prepared for total Hg and Hg speciation
‘analysis. For total mercury analysis, the contact lens

0.001 10 0.01%)" and i other health

solutions

2%

such s cye drops or contact lens solutions. The
‘compound hydrolyzes in aqucous solution to form EiHg-

HNO, /0.5% HCL H
‘mercury was found, a lower dilution factor (20-fold) was
employed. For H speciation analysis, calibrat

Although no direct correlation between thiomersal usage
ks b use of

0.5% NaCl and 0.01% EDTA to minsic the matrix of the
e 3k i %

thiomersal has been reduced in both Germany and the
USA. Is usc s still permitted in mult dose vaccines and
" 10100 and

the same mercury complexcs as i the sample matrix
(such as [HiCLF ). The standards and the contact lens

70 mgk respectively.

000-fold with ulra high
purity water prior t injection.

For total Hg deermination, gold was added to the samples
‘and the rinse solution to minimize memory cffects from the
sample introduction syster,

IC-ICP-MS speciation analysis of As in
Organic Brown Rice Syrup (OBRS) using
the Thermo Scientific iCAP Q ICP-MS

Themo Fisher Scientic, Switzeriand

Key Words
ICAP Q, ICP-MS, ICS-5000, ion chromatography, As, speciation, food

Goal
The

‘contant by ICP-MS and their species concentrations by IC-ICP-MS.

Introduction
Media reports and scientific publications on the
determination of arsenic (As) in foodstuffs have sparked
e interest from consumer groups and politicians
leading to responses from national regulatory bodies.
Following the publication' of a report on high As levels in
organic brown risc syrup (OBRS, an ingredient in a
variety of organic foods) the United State Food and Drug.

Sample Preparation
Theee different OBRS samples were sourced and
for analysis. For the total As analysis, the closed
wave digestion method described by Jackson et ;
used. Preparation of the OBRS samples for As sp
analysis was achieved by taking 1.5 g of OBRS,
mL of 0.28 M HNO, and refluxing for 90 minu

study on As in rice and rice products that is due to report
later in 20122,

Based on previous work’, OBRS samples were analyzed
for their total arsenic content by ICP-MS and then
subsequently by IC-ICP-MS to determine the
concentration of six arsenic specics: the two toxic
inorganic species (As(Ill) and A(V), and four organic
species that are considered to be harmless.

Total Arsenic Results
A calibration curve for the He KED analysis of t
shown in Figure 1.

Instrument configuration

All measurements — both total As and As speciation —

were carried out using the Thermo Scientific

CAP Qe ICP-MS. All As analyses were performed in

He KED (Kinctic Energy Discrimination) mode *

effciently reduce polyatomic interference-

of (monoisotopic) arsenic at m/z 7% 2\©
separations were carried ov

Dionex 1CS-5000 ior
with the iCAP™ =

sensitive.

IC-ICP-MS speciation analysis
of As in apple juice using the
Thermo Scientific iCAP Q ICP-MS

. Juian Wi,

Germany,

Key Words
iCAP Q. Apple juice, As speciation, lon chromatography, ICS-5000
Goal
 IC-ICP-MS
i it ;
(1) and As (V)) and four
(AsC), [y ic acid (DMA).

Introduction

Interest in the determination of arsenic (As) species in fruit
fuices has been triggered by media reports in the US
claiming that some apple juices may contain high amounts
of arsenic!. Since fruit juices are frequently consumed,
especially by young children, the reported valucs have led
to serious concerns about the safety of such products.
However, in ly the total

Instrument et

system. Due toit
this system is pes
studics. A Therm
column (2mm I
this studs, as it s

sensitive and selc
‘proprictary 90° i
‘provides both hi
backgrounds wh
use of a He pres:
Discrimination)
e =4

arsenic concentration was assessed, but no detailed
investigation of the chemical form of the clement was
carried out. This s an important distinction since the
inorganic forms of arsenic (As (IIT) and As (V) are highly
toxic, while the organic forms (c. g. arseaobetaine) are not
considered to be toxic. Typical levels of total arsenic
found in apple juice are lower than the US EPA drinking

aximum contaminant level (MCL) of 10 ng/g so apple
juice i generally considered safe and is currently not
regulated?. However, as a consequence, the FDA is
currently reviewing data, and may eventually tighten its
curent guidelines.

KED mode also |
lowest backgrou
applications at I
analysis of (mon
possibility to use
therefore the fiex
reduction QCell
‘minimize polyan
would otherwise
General analy
The iCAP Qe IC
eyclonic PFA spr

with L fittings
analyses. A deme

supplicd autotun

Key Words

acni listy iCAP Q + IC Dionex
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Speciation analysis of Cr (lll) and Cr (VI)
in drinking waters using anion exchange
chromatography coupled to the
Thermo Scientific iCAP Q ICP-MS

T Fisher Sciantse, Suitzorarct

ICAP Q, Cr spaciation, lon chromatography, Drinking water, ICS-5000

Goal

To develop a sensitive, robust and high throughput method for the

trace level analysis of r () and Cr (VI)

IC-ICP-MS.

8607 910N uOLIEI]

Sample and calibration solution preparation

Daily working standsrds repared by diluting th

appropriate quantity of commercially available stock

solutions {1000 pgfmL) of cach chromium standard in a
mollL ammonium nitrate solution adjusted to a pH of

waters using

Introduction

4. Diinking water was collected in a PEA bottle previously
rinsed with high purity nitric acid. The water was
analyzed dircetly without dilution or pH adjustment in
order to koep the specics unchanged before analysis.

Instrument
e ied out using the

of
wood and leather materials, chromium concentrations in
environmental sumples are monitored on a routine basis.
Both the Urited States EPA and the European Unian have
ble chromium concentrations

specified maximum admi
i their respective drinking water direstives. As with many
other trace clemeats, shromium (Cr) s typically found in
‘more than one chemical form, each of which with
different chemical properties and behavior such as
biosvailability and toxicity. For chromium, Ce (I is
essential to human beings and invalved in different
‘processes in the body while Cr (VI) is highly toxic. Total
Cr content therefore in, for cxample, a drinking water

par. carri
Thermo Scientific Dionex ICS-5000 ion chromatography
system. Due to its completely metal-free solvent pathway,
this system is non-contaminating and is therefore perfectly
suited for clemental speciation studics at the trace levels
required by this application. For the separation of the two,
Ce specics, a Thermo Scientific Dionex AG-7 anion
exchange column (2 x S0mm) was used throughout this
study. Althoush this coluran is designed to be used as 2.
guard column, is highly effective separation medium
contains capacitics for the scparation of both cationic and
anioni spevics” and it is thercfore able to completely
separate both Cr species in less than three minutes. A

ICAP Qc ICP-MS was used as a high

sample does toevaluste
potential hazards o populations exposed to i. In arder to
provide this crtical information 3 supporting speciation
analysisis required to decermine the amounts of the
ifferent Cr species in the sample. The speciation analysie
of Cr horwerer is a challenging tak, snce the stabilty of
diffczent Cr specics s casily affected by conditions during
sampl callection and trcatment’. For example, low pH
values may lead to the degradation of Cr (VI) to Cr (I}
due 1o the ncreased redan potential, while high pH values
may lead to the precipitation of Cr (1) as CriOH),’. An
additional difficulty in the accurate speciation analysis of
e by ICP-MS are the numerous spectral intrfercnces

o (eg "GHO'H" oc “Ar"C') on the most

= abundant chromium isotope, “Cr.

%

performing clemental detector of the Cr species cluted
from the 1C5-5000. Duc to the use of fatapole technology
in the Thermo Scientific QCell collision cell, the ICAP Q
series of ICP-MS instruments offer the selectivicy to suppress
spectral interferences while maincaining the high sensitivity
for trace metal detestion in coupled applications such as
ICICP-MS

SCIENTIFIC
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|IC-ICP-MS for the Speciation of Cr (lll) and Cr (VI)

Dionex AG-7 (2x50mm)

Mobile Phase 0.35 mol L' HNO,
Flow rate 0.4 mL min”

Injection volume 20 uL

[ 52Cr (KED) 53Cr (KED) |
|l

w
o

n
o
1

Intensity [cps] (10°3)
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|IC-ICP-MS for the Speciation of Cr (lll) and Cr (VI)
.‘_

» Both chromium isotopes, %2 °3Cr,
can be monitored

* Crlll and CrVI are completely

baseline separated |
J

* Limits of detection: T e v mem—— »
* 0.20 ng L' [Cr (V)] .' £l
EJCE
*0.38 ng L1 [Cr (111)] I+ G
* Isocratic chromatography L3 P s We— T T
performed in less than 3 minutes ° T i
;‘{ |
gs: - e (i)
: :e:stil::: 217 keps ppb*
] LoD 0.33.955’.




- Speciation of Cr in Drinking Water

Intensity [eps]

8 MO NN A IO O TN T O

| 52Cr (KED) 53Cr (KED) |
I T T T T T T I

ﬁ e SRR R L e S L L e R

0 20 40 60 80 100 120

Time [s]

Analysis of locally sourced tap water (Bremen):
Only Cr (VI) was detected, Concentration 42.5 ng L'
Injection without further sample treatment

P




Chromium Speciation Analysis of Drinking Water

- A sensitive and fast method based on ion chromatography
for the speciation of Cr has been developed

* No need for the addition of EDTA or other charge pairing agents
necessary, no additional sample preparation, no additional spectral
iInterferences in the mass spectra

* The IC eluent, dilute HNO,, is relatively cheap, easily sourced and
allows detection of Cr species in the single digit ppt range

* Reduced column dimensions allow reduction of the mobile phase flow
rate to 0.4 mL min-’




ﬂoup‘mg (Dionex) — As Species in Apple Juice

|C-ICP-MS for As Speciation
Dionex AS-7 (2x250mm) = ™

Mobile Phase Gradient elution: 20 to 200 mM
ammonium carbonate
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IC-ICP-MS for As Speciation

[ 7385 (kED) |
o e AP P P VI RO LT UV U JUR SOF DU YU PSP P e
: DMA
As(il LA
AsC Az(V) k]
AsB i
L |
0 100 200 300 400 SﬁO 600 T00 800 900 100C

— T_'Ine_ Is1 S—

Single species calibration — As (Ill)~ 5

» 6 species detected % o |
- ~7000 cps / ppb o
» ~15 minute analysis ewst
* Narrow peak shape improves S/N '
ratio (10 to 20s)
' Reproducibility < 4%
* Reduced solvent consumption
without comprising separation =
efficiency °

Irkemsiby [epa] (10°3)

[k
Concentration [ppk]




' Arsenic Speciation Analysis of Apple Juice

* Low concentration of the individual species after dilution

800 o D PR T ST E TN T CE T FEE LN CTT T EERCEEL EEE LR FEEYETTTTY, YT PNy ST TR I E D XD RN F T T TRy ET RIS P TN T eI P R T T
N B S e s

a

8 .

?)500- T
400§

200 et

TR SRRRENRRREENRRAEINN RN RN NIRRT R SEERR R RTINS  SIEIIER SUU RTINS

DMA As (Il MMA As(V) Sum Total As
[ng g'] [ng g1] [ng g'] [ng g'] [ng g1] [ng g]
Juice 3 - 0.5+ 0.01 - 0.8 +0.01 13 1.7 +0.05

Juice 4 04+£005 03x0.01 01+0.05 0.7+0.01 1.5 1.8+ 0.05

+ Method detection limits (MDL): 0.001 ng g’ As(V) to 0.011 ng g' (MMA)
- Notdetected
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ICP-OES (iCAP7000)




The Concept going forward

Fastest/Best

Productivity, and
flexibility through S/W
lug-ins

Faster/More Productive
for Routine QA/QC and
easier to use

Entry level ICP —
easier to use

Software
Platform
Easier to
use and
more plug-
ins for
advanced
flexibility




Thermo Scientific™ iCAP™ 7000 Series ICP-OES

A g

- Nejuspornejsi ICP-0ES na trhu, pri zachovani nejvyssi kvality dat

* iCAP 7200 ICP-0ES - zakladni Groven, cenove efektivni investicné i provozné, vhodny do laboratori s
nizsim poctem vzorkd.

* iCAP 7400 ICP-0ES - Vhodny pro rutinni laboratore, univerzalni analytické aplikace, stredni pocet vzorkd.

* iCAP 7600 ICP-OES - Nejvyssi produktivita, maximalni prichod vzorkd, flexibilni podpora prislusenstvi jak
napr. LA..

Thermo

CCCCCCCCCC

JERERERE

iCAP 7000 SERIES



ICAP 7200 (Dual)
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ICAP 7000 Series - tri modely
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. iCAP 7400
Radial nebo Dual



W' m — ﬁow does it work?




W' m — ﬁow does it work?




W' les ‘!P-OES Core Technologies

Optical
design

§l EMT torch &
Duo viewing

| Clip-in
|sample
4| intro
systems

CID
detector

| ,
. iCAR.2000 SERIES ’ 4
: o= ‘ -

Sensor




mc !or Ease of Use for Routine Maintenance

TORCH ORIENTATION LOCK

* Auto alignment of the torch in the torch
box

* Automatically establishes robust plasma
gas connections

SCREW-THREADED CENTRE TUBE
HOLDER

*Simple routine maintenance operations

with the plasma on! ‘

Still the best torch design and
common ICP-OES/ICP-MS

L ———




‘Ceramic D-Torch Accessories — Key Features

* Fully demountable design for cost effective
replacement of parts

* |[dentical geometry to EMT (parallel tube
design for optimized gas flows and sample
channel stability)

* Interchangeable with EMT design in any iCAP
7000 Series ICP

* Silicon nitride (Sialon) ceramic outer tube —
highly durable material

* Alumina intermediate (auxiliary) tube —
excellent chemical and temperature
resistance

* Compatible with EMT centre tubes to enable
maximum application flexibility

Ceramic
Torch




Dlouhodoba stabilita iCAP 7400

- Offers flexibility with the ability to have greater control of gas flows for
method development of complex samples

* |deal for high salt samples
» |deal for organic samples

» Offers the benefits of MFC in terms of better long term stability
+ |deal for long analytical runs

=30 -8-CQN —o-Mg7
e CINE - m-PRAD 0 N2
v P NG

12
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Heike Brandt, HPLC- ICP-AES-Kopplungen

Rox

PAO

|

600 800 1000 1200 1400
tin sec é

PAS 0-AAS p-AAS Rox PAO
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.Qtegra ISDS - a software platform

o

Elementy a




ndividualnich SW baliku ...

Quad-ICP-

Noble gas

Isotopes

ﬁ_.mﬂéf——/le v zasadé dglaji totéz.




Accela LC Autosampler

Accela LC Pump

Cetac ASX-260 Cetac ASX-520

.::gi;;:,i 25 (B
ESI SC-4DX ES| SC-4S

tegra v 1.5 Plug-Ins

s
e B

iICAPQ

Chromeleon

PMI Anzlyte Laser Syst..

Cetac ASX-100

ESI SC-14DX

Cetac Laser

Cetac ASX-112FR

'

ESI SC-2DX

NWR Laser




[aver
- Speciace je v soucasnosti rutinni metodologie poskytujici dodatecne informace -
nad ramec normalni prvkové stopové analyzy

« Spojeni ICP-MS s HPLC, IC nebo GC je vyznamneé zjednodusené a snadno pouzitelné

- Thermo Scientific je jedinym vyrobcem a poskytovatelem kompletniho
chromatografického reseni pokryvajiciho vétsinu vsech speciacnich oblasti:

Kapalinova chromatografie
lontova chromatografie
Plynova chromatografie

Ve spojeni s:
Kvadrupolovym ICP-MS
Sektorovym HR-ICP-MS
Multikolektorovym HR-ICP-MS

Produktova linie TFS neponechava ,,mnoho“volného
prostoru pro detektory typuF0F, Qq0 apod.



i Ma Robustness Test
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Thermo Scientific iCAP family

Thermo Scientific iCAP Q ICP-MS a Thermo Scientific iCAP 6000/7000 Series ICP-OES
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