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An Overview of the Analytical Methods Used in Total Element

A variety of mass spectroscopy methodologies have been developed to help provide simple and robust,
analysis methods for quantifying trace elements in Samples.

- Atomic absorption spectroscopy (AAS)

- Inductively-coupled plasma — optical emission spectroscopy (ICP-OES)
- Inductively-coupled plasma — mass spectrometry (ICP-MS).
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A cross-technigue comparison

Flame AA

GFAAS

ICP-OES

ICP-MS

» Easy to use

* Very fast
Lowest capital cost

* Very compact
instrument

» Good performance

* Robust interface

* Very compact
instrument

* Very good detection
limits
« Small sample size

* Moderate price

* Very compact
instrument

» Easy to use

* Multi-element
* High productivity

* Very economical for
many samples and/or
elements

* Robust interface
 Excellent screening
abilities

* High total dissolved
solids

» Excellent detection
limits

* Multi-element

* High productivity

* Very economical for
many

samples and/or
elements

» Wide dynamic range

 Fast semi-
guantitative screening

* Hybrid techniques
LA-ICP-MS (solids)*,
IC or LC-ICP-MS
(speciation)*

» Excellent detection
limits
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Sample Requirements Criteria

Flame AA GFAA ICP-OES ICP-MS

Criteria
Measurement Range
high > 10%

1-10% X

ppm X

high ppb X X

low ppb X

ppt X
Number of samples
Few X X

> | | € |2 (X

> | x| x| x

Several X

=

Many
No Elements per Sample
Single X X
Few (2-5) X
Intermediate (5-10)

> | x| > | >
x| x [ x| X

Many
Sample Matrix
< 3% X X X X

3-10%
> 10% X X
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Inductively Coupled Plasma Mass Spectrometry (ICP-MS) Information

ICP-MS is an elemental analysis technology capable of detecting most of the periodic table of elements at
mg to ng levels per liter

* Highly sensitive and Selective

* Robust analyses

+ Easy and Rapid

* ICPMS can be used in combination with either liquid chromatography
(LC, IC-ICPMS) for speciation analysis

Sample Preparation Sample Analysis Data Analysis

The sample is prepared so

that it is in liquid form. For most

samples this is through a digestion

to produce an aqueous solution

in acidified matrix (2 % HNO./

0.5% HCI). . e

| -

Digested Solution

None (Neat

Direct Organic
Solution

Direct
Aqueocus
Solution

Closed Vessel
Digestion

Control/Processing Software

Indirect
Solution
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Applications we are going to focus on...

Environmental Analysis

Petroleum & polymer

Speciation Analysis
Laser Ablation - Imaging




Inductively Coupled Plasma Mass Spectrometry (ICP-MS) Information
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What is inductively coupled plasma?

The Inductively Coupled Plasma (ICP) is an ionization source that fully decomposes a sample into its
constituent elements and transforms those elements into ions. It is typically composed of argon gas, and
energy is "coupled" to it using an induction coil to form the plasma.

Temperature

6000 °C

6500 °C Normal analytical zone

of plasma
7000 °C

8000 °C

10,000 °C

Induction coils

Induction zone

Magnetic field

>
| '\ Coolant gas

Sample flow
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ICP-MS sample processing

« Sample is introduced as a liquid using a nebulizer

and spray chamber

* Nebulizer uses supersonic expansion of gas to turn
the liquid into a fine mist, and the spray chamber
then removes any droplets that are too large to be
processed in the plasma

lonicline

=|P+EP
- excitation EP ICP-MS
>M* o—> hy
Ip
ionization
Atom v  excitation EP
M < > M* e—— hv
atomization Ato=mEl<|::> line
Gas M‘)'(
vaporization
Solid Q (MX),,
Desolvation *
Solution ‘ M(H,0),*, X
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The sample interface

The positively charged ions that are produced in the plasma are extracted into the vacuum system, via a pair
of interface “cones” and the “extraction lens”

Sampler Cone ~

~

Skimmer Cone

Load Coil
/
/ ICP Torch
lon Beam Boundary @@@ /
Skimmer Cone [ ’
Insert J/ e
o ®®®
\\Plasma Boundary

Barrel Shockwave

Mach Disc J/ Boundary

Position
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How to maintain low background and drift ?

The Right Angular Positive lon Deflection (RAPID) lens

 unique 90° cylindrical ion lens providing high ion transmission across the entire
mass range.

* The open lens stack eliminates lens cleaning maintenance and a completely off-axis
design together with QCell technology delivers a class leading background noise.

lon+
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The Advantages & Limitations of ICPMS

* Advantages:

 High detection sensitivity, less th
level detection limits for most ele

* Wide element cover range, more
elements.

 High productivity

* Linear dynamic range of more th
orders of magnitude

« High Matrix tolerance

Limitations:

« Spectral interferences
- ArO*, ArCI*, ArAr*
->CIlO*, NOH" etc.

« Unable to differentiate between d
chemical forms of one element

« Sample is completely destroyed i
plasma
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Polyatomics

Ar, Air
(O, N, C)

Ca* Na*, Pb*...

H,0, HNO,

ArAr+, ArO*, ArN*, ArC*, ArH < HCI, Ca, Na,
*, ArCa*, ArNa*, Ark *, AtMg | q— (1 BNz K, Mg, Pb,
*, ArCl*, CIO*, NO*, CO™, ¢ etc

CaO* NaO*t, etc

Products 4+— Reaction
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Polyatomics

Ar, Air
(O, N, C)

AsS...

ArAr*, ArO* ArN* ArC*, ArH
,CIO*, NO*, CO,
CaO*, NaO*, etc

H,O, HNO,,
HCI, As, etc

Products 4+— Reaction

17



Polyatomics

ANALYTE| POTENTIAL INTERFERENT PRECURSORS

455 1301502. 1201502H: ““CaH, 3281ECH: 328130: 33512 |—|: C: 0:8: Ca

T FTR18Q, *CaH, *>CI'2C, *2S1*NH, #S™N H C,N O P S Cl Ca
49T IPIEO 48CaH. 350|14N: 3TC|1EC, 328150H, 3BG160) H.C.N, O P, S Cl Ca
50T 348150; 328180': EECW“NH, IICI2CH H,C, N, O & Cl

51/ IBCI160. 3TC|”|\|, 4G 150H H O N, S, Cl

52Cr 35Ar150l. 40A F12C IBCEOH. 3TC|14|\|H, 3451800 H, C.,O.N, S Cl Ar
55\ TG0, 23|\|a328', 22Na’'PH H. O, Na, P.S, Cl, Ar
56Fa 4':'Ar1EOI. 40C 8160 O, Ar, Ca

5TFe 4”Ar1EOH. 0Ca60H H, O, Ar, Ca

58| 40A 180 incawO: 23Ng2:eC| O: Na: C|: Ar: Ca
59Co 4DA|-1BO|I_|I 4303150: 23N a?*CIH H, O. Na, Cl, Ar, Ca
BONj 44ca150: IESNaSTC| O, Na,Cl, Ca

SN *Ca'®0H, **Ar¥Na, #Na*’CIH H, O, Na, Cl, Ca
63CY 4”Ar23Na, 120150350|= 12014|\|3TC|, 31P328, 31p1502 C.N, O Na, P, S, Cl
547n 3281502, 3282, EEAI'WCWO, SBAﬂEcMN: $BCg160 C.N, O, S Ar,Ca
B5CUY 3281602H, 328,H, “NT18Q35C| 48Ca™80OH H N, O, S, ClCa

56 7n g6 328345 33G 48C 180D O,C, S

69Ga 328180I2H: 3482i-|, BTIC|1E(I32 H, O, 5, Cl

07n 3481802: 35(_';|2 O: 8 Cl

As YOArSH, *Ar2Cl, °Ca *°Cl, *"Cl,H H, S, Cl, Ca, Ae
77Se 10Ar 37C. 40Ca ¢ Cl, Ca, Ar

78Se AOAEAT Ar

80Se 40Ar,, 40Cay, 4Ar*iCa, 325,160, 2§10, O, S, Ar, Ca
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Collision Reaction Cell (CRC)

* A multipole enclosed in a cylinder
» Controlled flow of gas into the cell
* Interaction of ions with the gas

« If reactive gas used, reactions occur

® Requires zero-maintenance and is a non-consumable item
® 50% smaller volume for faster mode switching (<10s)

® Single mode interference removal with He for routine
applications (KED)

® High ion transmission for improved sensitivity when using kinetic
energy discrimination

* Proprietary Design

® Can also be used in reactive mode with O,, H, or NH5; mixtures
* 4 flatapoles

 Automatic low-mass cut-off

Flatapole Quadrupole

19 ThermoFisher
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KED - Kinetic Energy Discrimination

Any polyatomic species will have larger-
cross section than single ions

The larger poly-atomics will collide with the
cell gas a greater number of times than the
smaller analyte ions and lose energy

Low energy ions cannot enter the mass
analyzer

Low mass cut off filters out unwanted
precursor ions

lonic Radii (pm)

300

250

200+

150+

100

50 -
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Interference Removal Collision Cell = "As & »ArCl, 3°Ar, 40C|

He KED
w/o LOW MASS CUT-OFF Flatapole

Flatapole

4 e ™

KED /

Flatapole

SAs
40Ar35C|
40Ar
35C|

Flatapole
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Interference Removal Collision Cell

— >As & ArCl, >Ar, 49Cl

He KED &

Low mass CUT-OFF Flatapole
Flatapole
<m=47 \
He
\ KED /
Flatapole
"As Flatapole
40Ar35C]|
35C|
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Interference Removal Collision Cell — Superior Interference Suppression

400 4 BD A
m ..................................................................
300 1 : _
= : e
:3_ g T
s : N
i : g
= : : £
.'E' 200 4 - E o
a0 1 .......... ......... .......... .......... ......... .......... \ ;
100 __ ............................
BT P
: 0
0 t
o 2 4 8 8 10 12 Concentration [ppb]
Concentration [ppb]
fix)=b"x+a
Parameter Value Confidence Deltaat 9 StdErr Rel. StdErr [%
21z DIEETEEIEE : b| 5681827
b 20,773.840 +-2,525.246 1788634 2610 a 66.600) +-0.000 0.000
al 158389964 +-0.000 0.000 0. 2 1.000
R72 0.964 BEC|  0.01Zppb
BEC 7.649 ppb IDL{LOD)|  0.0049 ppb

IDL(LOD) 02010 ppb '

STD mode: Polyatomic interference leads to poor IDL KED mode: Polyatomic interference removed
and elevated BEC IDL below 5 ppt
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Quadrupole mass analyzer

Quadrupole mass analyzer works by combining a radio frequency (RF) alternating current (AC) potential
with a direct current (DC) potential over four electrodes, or poles, to create the electric field that sample
ions pass through. As the ions pass through this electric field, they gain energy and accelerate

+ve RF & DC V0|tage \ Horizontal-plane

stability region

Quadrupole
stability region

AC Voltage

\ Vertical-plane

stability region

DC Voltage
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Accessories

SDXHPLD

High Performance Liquid Dilution System

=% Elemental Scientific

prepFAST

The Next Step in Automation
= Autodilution = Autocalibration « Intelligent QC Dilution

ASX-560
Autosampler

ThermoFisher

26 SCIENTIFIC



Overcoming Challenges in Food Safety Analysis

« Determining trace level contaminants and

macro level nutrients

« Contaminates : As, Cd, Pb, etc.
* Nutrients: Na, Mg, K, P, etc.

+ ICAP RQ ICP-MS was operated in a single

He KED

Parameter VELT)

Forward Power 1500 W
Nebulizer Gas 0.9 L'min
Auxiliary Gas 0.8 L'min’"
Cool Gas Flow 14.0 L'min”'

CRC Conditions
Sample Uptake/Wash Time
Dwell Times

Total Acquisition Time

4.5 mL:-min" at He, 3V KED
45 s each
Optimized per analyte

3 min

thermoscientific

v e
2 i Cordil ey
e \

. N ot
4 -
e

Total elemental analysis of food samples for
routine and research laboratories using the
Thermo Scientific ICAP RQ ICP-MS

Authors

Keywords

Arsenic, Automation, Food safety,
He KED, High matrix,
High-throughput, ICAP RQ
ICP-MS, Multielarnaent,

Qualty control, Rice, Speclation

Goal
To demonstrate how simultane

Introduction
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Sample Preparation

Add mixture of
HNO; and HCI

0.5 g of each sample w

Calibration curve :

Major elements (Na, Mg, P, S, Kand Ca : 0 - 100 mg/L
Minor elements : 0 - 100 ug/L

Internal standard correction was applied with
Ga, Rh, and Ir at 20, 10 and 10 p-gL-1 respectively

28

Microwave

w digestion system

After digestion, made up to
50 mL with ultrapure water

|
e




Results

: Total elemental analysis of food samples using the Thermo Scientific ICAP RQ ICP-MS

Intensity [cps] (10%3)

o4

20 40 60 80 100 120
Concentration [ppb]

Figure 1. Calibration curve for ’Li in He KED mode.
IRMM-804 Rice

Method detection

Isotope

limit (MDL)
L 28+ 1 34+7

! 10 . - 730+ 23 760 + 130 19

=Na 0.3 (mg-L) - - 1310 + 25 1440 + 90 1.3

Mg 0.01 (mg-L") - - —_— — -

"p 0.6 (mgL) _ i 200 71Ga(KED) O 103Rh (KEI?) 191Ir (KED) |

“s 9 (mg-L") - -

K 0.5 (mg-L) - -

“Ca 0.2 (mg-L) - - 150 i
s2Cr 02 - -

“Mn 1 35800 + 470 34200 + 2300 = , d
- : i i 100 [ MO o P e P B
“Cu 08 2650 + 30 2740 + 240 é

%Zn 2 23100 + 270 23100 + 1900 g 1

As 0.2 523+08 49+ 4

sSe 1 351 1.0 38 (Reference value)

Sy 0.1 - - 0

e L : . 0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144
MCd 0.3 1620 + 9 1610 = 70 Sample Number

1B 03 : -

wpy 0.02 ) ) Figure 3. Variation of the internal standard intensities throughout
208ph 0.1 460+ 8 420 + 70 the 8 hours analysis.

g

g

Intensity [cps] (10*6)
g

0 20 40 60 80 100 120
Concentration [ppm]

Figure 2. Calibration curve for 2Na in He KED mode.

NCS ZC73016 Chicken

- - - 1.9
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|IC-ICP-MS speciation analysis in organic brown rice syrup with the iCAP RQ ICP-MS

Pure arsenic exist in three allotropes: gray, yellow, and black
Does not melt but sublimes directly into vapor

Gray metal expelling an odor like garlic when heated

Arsenic combines with oxygen, chlorine, and sulfur to form inorganic compounds

Use as poison. Arsenic damages multiple organs, including skin, the
gastrointe '
and excre

Arsenic’s 1
preservatic S
produce h
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Arsenic Speciation

( )

 Less toxic Organic Arsenic
* AsB, AsC, MMA, DMA

* Found mainly in fish and shellfish.

ThermoFisher
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|C-ICP-MS speciation analysis in organic brown rice syrup with the iCAP RQ ICP-MS

« Determination of six As species often encountered in food analysis
« Two toxic inorganic As species
» Four organic species which are considered harmless

1.5 g of organic brown rice syrup sample T

8000 +
Q) OvA
STD
6000 d
5000 o
oy

;
Adding 15 mL of 0.28 M HNO; ||~ A A
| A |

0 ;
1000 +
100 200 300 400
Time |8}
»

Refluxing for 90 minutes

Figure 7. IC-ICP-MS chromatogram of (top) arsenic standards and
(bottom) Arsenic species found in a OBRS sample. As(lll) was the
most abundant species detected.
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Thank You For Your Attention

Check out our resources on www.thermoscientific.com

Social media: Facebook, Line@, YouTube

Our website: www.scispec.co.th
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Knowledge base

Subscribe to our blog and community pages to receive information updates that are
relevant to your application!
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