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Introduction

» Food Safety and Trace Elemental Analysis

A hot topic in the world today! al
 Why analyse for trace elements in food? B A
234 Fa
* Trace Elemental Analysis of Food — Techniques "< ? '\( y
 AA, ICP ,ICP-MS/Triple Quad ICP-MS - Where are 8 N
we today? Lo ks
« Current examples and applications \ ,_..hn-
= SE = — =5
- Trace Elemental Analysis of Food — The Future =~ 25— — ==
» Looking forward to emerging trends
* How can laboratories prepare for the future?
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Trace Elemental Analysis of Food

Food Safety is constantly in the news, media and research literature!

FOOD Poor food hygiene
STANDARDS is bad for business
AGENCY

Find out more at: food.gov.uk/goodbusiness | Em NEWS

N You are in: Health
News Front Page Thursday, 28 November, 2002, 00:11 GMT

gug Centre for Food Safety werld Warning over fish mercury

The Government of the Hoeng Kong Special Administrative Regjor
England IEVEIS

N Ireland
Scotland

| Search our sites | @

advanced search HAEE um|w|mm mmﬁ‘mnuw‘m

Home

Tin levels in canned foods

News Centre

Press releases Tin levels in canned foods are lower

Speeches a Food Standards Agency survey.
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From Ernvaronmental Health Perspectves
Lead Contamination in Cocoa and Cocoa Products: Isotopic spectroscopy N O W com
ULvidence of Global Contamination Atomic Spectroscopy Logout | My Profile ~ Searcl
d Charley W. Rankin; Jerome 0. Nriagu; Jugdeep K. Apganwal, Toyin A Arowolo; Kola Adebayo; A Russell Flegal Featuring all spe Atomic Absorption, At Emission, Laser and Plasma Spectroscopy O sit
A d Disclasures;
IR MRI NMR
Fosted: 110772005, Envirenmantal Health Perspectives. 2005113(101:1344-1348. © 2005 Nabonal Instiute of
d: rital Ha3ih Sc
furenmAnial Hasth Sences Ezine | News | Education | Links
Fl & preims
Abstract and Introduction £ Elemental content in brown rice by ICP-AES reveals the evolution of Asian cultivated rice
N Y
H Abstract and Intreduction P —
Abstract Marerials and Methods Cert T
= P ’ — . Results and Discussion e s 2
1 i article we present lesd concentrations and rselops: terhd .
A compositions from analyses of cocoa beans, their shells, and soils Heterences v ?r Elemental content in brown rice by inductively coupled plasma atomic emission sp py reveals the ion of Asian i rice 4 tuna
from gix Migerian cocoa farms, and analyses of manufactured cocoa nimal Journal of Integrative Plant Biology 2009, 51, 466475
g and chocolate peeducts. The merage lead cancentration of cocoa LR TG I AT fing | Yawen Zeng. Luxiang Wang, Juan Du, Jiafu Liu, Shuming Yang, Xiaoying Pu and Fenghui Xiao

beans was £ 0.5 ng/g. which is one of the lowast reported values for

L—— a natural food. In contrast, lead concentrations of manufactured 'M‘”” cl_lnlcallj;‘fn;:cud product lEgIS| Abstract: The phylogenetic relationship for classification traits and eight mineral elements in brown rice (Oryza sativa L) from Yunnan Province in
cocoa and chocalate products were as high a5 230 and 70 nglg, LS ines | China was carried out using microwave assisted digestion followed by inductively coupled plasma atomic emission spectroscapy, and the analytical
. which an co el vl mank it 5 Information from Industry. . procedures were carefully controlled and validated. In general, the results show that the mean levels of K, Ca, Mg, Fe and Cu in brown rice for 789
bisel i mibtalions in " edia | accessions of rice landraces was dlstmcﬂy lower than that of improved cultivars. They further demenstrate that Ca plays an important role in the
portec far all foads. One source of differentiation of to enhance of cold stress, and that five mineral elements in brown rice enhance the

P INTY  eurytopicity from landrace to \mprnvad wultvar Hiorarericdl choster analysis, using average linkage from SPSS software based on eight mineral
elements in brown rice, showed that Yunnan rice could be grouped into rice landrace and improved cultivar, with the rice landrace being further
clustered into five subgroups, and that, interestingly, purple rice does not cluster with either of the groups. Our present data confirm that indica is the
closest relative of late rice and white rice, and that they constitute rice landraces together, whereas japonica is the closest relatives of non-nuda,
early-mid and glutinous rice. It is further shown that japonica, non-nuda, early-mid. glutinous, white and red rice might be mare primitive than indica,
nuda, late, non-glutinous and purple rice, respectively

t_uu!alnululmﬂ of the bmished products 13 tentalvely alinbuted lo atmosphenc emissions of leaded gaschne, which
i3 gtill baing used in Migeria. Because of the high capacity of cocoa bean shells to adsorb lead, comamination —
from leaded gasaline emissions may occur during the fermentation and sun-drying of unshelled beans at cocoa
farms. Thiz mechanism is suppamed by similasities in lead isctopic compasitions of cocoa bean shells from the
different famns (2%Pb2TPE = 1.1540-1.1501; 200PEA7TPb = 2.4344:2 4334) with those of finished cocaa
products (28PEA0PY = 1.1475-1.1977; 200062 Pb = 2.4234-2.4673). However, the much higher laad
concentrations and larger variabiity in lead isctopic composition of finished cacaa products, which Falls within the = This paper is free to view to spectroscopyNOW registered users until the end of July 2009. After this time it will be available via Wiley's
glabal range af mdy 5, v dunng shippang and/os Pay-Per-View senice for US$29.95.

g products: « Click here to access the abstract of this paper. From here you can progress to read the full paper.

s Click here for more details about Journal of Integrative Plant Biology

The need for information about exactly what is in the food we eat has never been so
high. This includes trace elements, as shown by the news clippings!
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Why Analyze for Elements in Food?

* Elements are essential for life! We need a wide variety of elements in
our diet to ensure our bodies work correctly.

* We need some elements in large amounts — such as phosphorus and
calcium. These are called macronutrients, or macrominerals

* Phosphorus is needed for muscle and tissue growth, while calcium is a major
electrolyte
* We need some elements in small amounts — such as manganese,
nickel, and zinc. These are called micronutrients.

« Manganese is an essential enzymatic cofactor, while zinc is needed for taste
sensation and hormone production.

 Some elements are toxic and offer no
nutritional benefit to the body —
* Elements such as lead, mercury and cadmium

can cause kidney damage, bone softening and
loss of cognitive function

ThermoFisher
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Food Safety and Legislation

CODEX alimentarius

 The CODEX Alimentarius was established by Food and Agriculture Organisation
of the United Nations (FAO) and World Health Organisation (WHO) to elaborate
food safety legislation

« Maximum levels are specified for contaminants and toxins in food, including
specific elements such as arsenic, cadmium, lead, tin and mercury.

Different national and international
legislation around the world sets
legal requirements for trace
elemental analysis of foodstuffs
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Global Elemental Legislation for Food

Gov. body/directive

Matrix

Elements

US FDA 21 CFR

107 Infant Formula
136 Bakery Products
137 Cereal Flours
165 Bottled water
172 Bakers yeast
573 Animal feeds

Fe, I, Na, K (chloride)

Bromate, Ca, Fe

Bromate, Ca, Fe

Fe, Mn, Zn, As, Sb, Ba, Be, Cd, Cr, Cu, Pb, Hg, Ni, Se, TIl, U
Zn, As, Cd, Se, Pb

Se (IV, VI and yeast)

US FDA:
Guidance for Industry
Guidance docs

Recommendations
Action levels

Candy

Shellfish (crustacean, molluscs)
Fish

Fish, wheat

Pottery leachate

Pb

As, Cd, Cr, Pb, Ni
Hg (MeHg)

Hg

Cd, Pb

EU 1881/2006 EC

Variety defined foodstuffs

Pb, Cd, Hg, inorganic Sn

WHO/FAO, JEFCA

Acceptable DIs Food Additives

As, Cd, Hg, Pb

FSANZ

Reporting limits

As, Sb, Cd, Cu, Pb, Hg, Se, Sn, Zn

Hong Kong Food Adulteration
Legislations

Variety defined foodstuffs

As, Sb, Cd, Cr, Pb, Hg, Sn

Japan

Potable and Drinking Waters
Plastics for milk storage

Cr(VI1), Cd, Hg, Pb, As, P, Zn, Fe, Cu, Mn, Ca, Mg, Se, B
As, heavy metals (Cd and Pb) Sb, Ge, dibuyltin
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Nutritional Content and Labelling

* Food manufacturers and suppliers have a legal responsibility to label food
with ingredients and nutritional information.

SALT

75% of salt we consume comes from processed foods — not the salt we
add!

FOOD
STANDARDS
AGENCY

* They also have the responsibility to ensure other elements and
constituents are at suitable concentrations, and regulated elements do
not exceed maximum contaminant levels, so as not to cause harm to
human health.

* These days consumers are more aware about the food they eat and
demand detailed information!
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Food Labelling Regulations

* In the EU, if nutritional information is
provided on a label, it must be either in the

— form Of:

« Group 1: Displaying energy value; the
amounts of protein, carbohydrate, fat

« Group 2: Displaying energy value; the
amounts of protein, carbohydrate, fat, sugars,
saturates, fibre and SODIUM

Fortified foods and product claims regarding vitamins
and minerals must also be displayed on packing:

* Fortified products include:
» Cereals fortified with lron
» Yogurt drinks fortified with calcium
 Salt fortified with iodine
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Process Control and Manufacturing Instrumentation

Trace elemental analysis may be carried out in the food
industry to monitor process control.

A Raney-Nickel Catalyst made from Nickel and Aluminium
Is used in the hydrogenation of cooking oils

Metal content in the oil can be used to check the process
Is working and the catalyst is not degrading

Metal must be removed before oil is sold to the customer!

SPECIAL EDITION: DECONTAMINATION
Poor equipment design
compromising food safety,

* Processing equipment must be
designed with hygiene in mind.

« Equipment must also be

EHEDG AP-F d maintained to ensure degrading
By Jane Byrne , 12-Mar-2010 00 .
technology.com i3 parts do not contaminate food.

Related topics: Processing
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Where are we today?

* The requirements of a lab performing trace elemental analysis can vary

greatly!

» Selection of a technique for an application depends on...

Sensitivity requirements — percent / parts per million / parts per billion
Number of samples

Number of elements for analysis

Legislation may specify a particular technique
Investment capabilities

Future needs...

Can be a difficult choice!

11
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AA, ICP and ICP-MS - Speed, Cost and Detection Limit

All new electronics
— maximize uptime
and stability

QCell CRC -
Proprietary
flatapole

Os for ]

I | 3

Increased capacity
interface pumping
for higher
sensitivity

Simplified power
connections to
facilitate
Installation further

single €
echniq

Qtegra ISDS
software v2.7

New robust
interface for reliable
long-term analysis
of dirty samples

New robust RF
generator —
maximum uptime

Quick connect
sample introduction |
system/drop down ‘

door

LImit

>
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Inorganic
As

[As (111),

)

Organic
Arsenic
[AsBetaine
DMA etc.]

Arsenosugars
and -lipds

>

Biological Function [%)]

Deficient

Optimum Range

Concentration in diet
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Analytical Tasks and Challenges

 Total element quantification

» Simultaneous determination of
concentration of up to 60 elements
in a sample after digestion (e.g.
microwave assisted)

Interference removal: Sample throughput:
Use of QCell Sampling devices
( ICP-MS
#
Robustness: Ease of use:
Analysis of very High throughput
different sample types routine application

- ~

* TEQ with ICP-MS is a established
routine method designed for high
sample throughput

» Speciation analysis

« Some elements may be present in
different chemical forms that may
exhibit different toxicity,
bioavailability etc. Example As:

Methylated As
[MMA, DMA]

e

——

Inorganic As

Organic As
[Arsenobetaine]
-~ 2

Other forms

 Information on species is relevant
for correct risk assessment!

14 Proprietary & Confidential

ThermoFisher
SCIENTIFIC



Why Use ICP-MS for Analysis?

¢ [t can measure almost the whole periodic

table in just about everything

H He
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== = o Correl O Eoeded i Eloeet O3 el £ H HEH o = o B
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~ R
a -]
Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm ¥b L
= o ikl O3 bl 3 o |2====l= et T3
* Analysis of

« Elemental concentrations
» High precision isotope ratio determinations

* Species information when coupled to
separation devices

———
—

Thermo Scientific iICAP RQ
* QCell technology

» sub ppt detection limits

« >0 orders dynamic range
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Speciation with IC-ICP-MS

* Thermo Scientific Dionex lo
Chromatography Systems (
are entirely metal-free (PEE

* Fully integrated hardware a
software system:
* Thermo Scientific™ Qtegra™ Intellige

Scientific Data Solution (ISDS) drive
whole system and includes:

* Thermo Scientific™ Dionex™ Chrom
Chromatography Data System (CDS
drivers to control IC or HPLC syste

* Simple hardware connection

[l

* Powerful separation chemis
* Wide selection of columns
® Specialized applications
* Reagent-Free lon Chromatography

IC-ICP-MS is the ideal choice for trace elemental speciation
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Arsenic Speciation using Gradient Elution

Column Dionex lonPac A = ( m
(2 x 250 i &

Mobile Phase Gradient elution: 20 to 200 mM
ammonium carbonate

| 75As (KED) |

9000

8000 T M Ao

7000 f

6000 |

4000 ,:, ........

3000 ol

Intensity [cps]

2000 éé - f

1000 £ o fb g SUREORE | R SO RUSTS | I TS T OO U SRS SOG SR HP Ut SRR

0] 100 300 400 500 600 700 9200 100C
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Accurate Analysis of Arsenic and Selenium in REE Matrix

Single Quad ICP-MS: KED

Typically enhances M?* Interferences

150Nd+ 1508m+

75As+

150N d 2+
lSOSm 2+

75 150
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Accurate Analysis of Arsenic and Selenium in REE Matrix

()

5AS* 1ASO*

150Nd2+’
1508m2+

/-

Single Quad ICP-MS: KED

Typically enhances M?* Interferences

Solution:
Mass shift As and Se using O,

75

150

20  Proprietary & Confidential
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Accurate Analysis of Arsenic and Selenium in REE Matrix

Single Quad ICP-MS: KED

Typically enhances M?* Interferences

Solution:
Mass shift As and Se using O,

Other interferences: °1Zr+, %%Mo*, if present in

the sample
75AS+ 91ASO+
150N 2+, N7r+
150G m 2+
75 150

21 Proprietary & Confidential
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Thermo Scientific ICAP TQ ICP-MS Configuration

Spray
chamber

Nebulizer
Injector

Interface

TQ-0O,
Mass shift
mode

Dwell time

Parameter Value

PFA cyclonic spray
chamber cooled at
3°C

100uL PFA nebulizer
2.0 mm Sapphire
injector

Ni sampler and Ni
skimmer with 2.8mm
insert

Pure Oxygen
0.3mL/min

0.3 sec, 5 sweeps

22 Proprietary & Confidential
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Solution — use the ICAP TQ

« Control ions entering the cell using Q1

» Use O, to efficiently convert As and Se
to AsO and SeO in Q2 — the REE** don't
react

Q3 set to

» Selectively detect AsO and SeO free .ot ion mass
from REE** interference, using Q3

Q2 filled with
Type SAs Method 78G@ Method reactive gas (O,)
to to
remove remove
Polyatomic ~ 40Ar35Cl KED 40Ar38Ar KED, H,
40C335C] Q1 setto
analyte mass
Isobaric 150N g2+ 0, 156G d2* 0,
150G )2+ 156Dy2+

S1[AsO]*

150Nd++ 1503m++
’

/

75AS+ —p 91 [Aso]+

I‘ 150N+, 159§ m*, 91Zr*

75As+

%[SeO]*

\

156Gd++, 156Dy++
r

7BSe+ —_ 94[Seol+

[ 156G d*, 155Dy, %Mo*

TSSe+

ICP-MS using triple quadrupole technology — Thermo Scientific iCAP TQ ICP-MS
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Proving the accuracy of the sample analysis

Sample analysis results

Content in original Certified content
sample (ug-g”) (ng-g)

SAs 0.892 0.88
8Se < LOQ -
SAs 1.303 -
8Se 0.109
Spike recovery in REE matrix solution Spike recovery results in
(1 ppb As and Se) samples (1 ppb As and Se)
80 His Arsenic 94.6 % 97.6 %
. = RIS
§ 60 - e Selenium 93.4 % 97.6 %
§ w0 = 5o
20—
0
BSe 828
ThermoFisher
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Complete auto-tune method

Autotune Report =l Autotune Report =

s “*“,QTEGRA s 1 QTEGRA

Graphical Results System
Stage name Coarse signal enhancement Time 202472017 2:26:21 PM
Control CR2 Flow Instrumentid  iCAP TG
Analyte 58Co0.160 User ADMINIS-3EINFFO\Administrator
Template AdvancedTune 02
= Senalnumber TQ28199
- Solution iICAP TG Tune Solution
- End time 202472017 2:33.53 PM
. Result Timeout occured. Readbacdk value of CCT2 Flow Readbackis notin tolerance.
- Timeout occured. Readbadivalue of CCT2 Flow Readbadkis notin tolemnce.
- The sutotuning was succassful
Intensity Changes
Stage name  Coarse CR Bias tuning Analyie Onginalresult  Tuned result
Control CR Bias iLi 234 308
Analyte 115In 58Co 85252 88985
115in 149365 190823
238U 1 4
- . 209Bi 2854H 252234
59Co0. 160 T432 11788
- Control Changes
Control Onginalvalue Tuned value
CR Bias ™ 5.5 -8
FocusLens ™ 0.63 a
D2 Lens M -180.88 -164
Quad Entry Lens N -35 -32.67
- - CR2 Flow [ml‘min] 04 0.34
All an aly’ucal setting S mi
.
-
ThermoFisher

25  Proprietary & Confidential

SCIENTIFIC



Taking the Complexity out of Triple Quad Technology

* TQ-ICP-MS offers multiple interference modes for
accurate analysis of your sample

* Problematic : when faced with measurement of a
sample where interferences expected, which is the
best measurement mode???

* Which analyte isotope?

* Which gas? None, He, reactive gas?

&

* Which product jon?
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Solution is ‘Reaction Finder’ - method development assistant

Analyte

J
[

1. Select Element/Isotope of interest

2. Reaction Finder proposes most
appropriate gas/scan setting combination

|dentifier Q3 Analyte 5Q/1Q CR Gas Dwell time () Channelz  Spacing (u)
785e | 7852160 | 785160 (83512 .

805¢ | 805e.160 | 805Se.160

Product
ion

econds

3. Choose from li

ters, runtime estimation 19 s

Identifier Q3 Analyte SQ/TQ  CRGas Dwelltime(s) Channels Spacing (u)
5Q KED
sQ KED . .
TQ HHa 01 1 01
TQ [5]
TaQ HF: ) )
SQ KED 0.1 1 01
ntent sq KED
= sQ KED X ;
nalyte SQ KED 01 1 01
ReS u | t al standard analyte  » | 59Co
115In

Redefining triple quadrupole ICP-MS with unique ease of use
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Reaction Finder within Qtegra ISDS

The Reaction Finder is a supplied applet that leverages Thermo Scientific’s
ICAP TQ ICP-MS experience

For example for 31P, the Reaction Finder database defines the following
method parameters:

—

Is default reaction

Analyte type Analyte

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

Isotope 31p 0: (Oxygen) 30.9737634 1p ] [ I
Isotope 31p 0: (Oxygen) 30.9737634 31P.160 ¢
Isotope 31p O: (Oxygen) 309737634 31P.170 [ | [ | f
Isotope 31p O (Oxygen) 30.9737634 31P.180 [ | [ {
Isotope 31p O (Oxygen) 30.9737634 31P.1602 [ | [ ¢
Isotope 31p Oz (Oxygen) 309737634 3pi7o160 | [ | ]
Isotope 31p O (Oxygen) 30.9737634 31P.180.160 [ | [ y
Isotope 31p O (Oxygen) 30.9737634 31P.1702 [ | [ t
Isotope 31p O (Oxygen) 30.9737634 31P.180.170 [ | [ }
Isotope 31p O (Oxygen) 30.9737634 31p.1802 [ | [ ;
Isotope 31p H: (Hydragen) 309737634 31p [ | [ ]
Isotope 31p H: (Hydrogen) 30.9737634 31P.1H4 [ 1 i
Isotope 31p Mone (Mo reaction gas) | 30.9737634 31p [ | 4
Isotope 31p He (Helium) 30.89737634 31P [ | j
—

P T R T T e T T
None of the complexity, all of the flexibility:
« Default reactions for all modes of iICAP TQ ICP-MS operation including

collision/ reaction gases such as O,, H,, NH; and He
 Dedicated Mass Flow Controller for each pure gas

ThermoFisher
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Thermo Scientific ICAP TQ ICP-MS

» Powerful triple quadrupole « With unique ease of use
technology « 4 gases as standard for flexibility
 Effectively eliminates interferences - Reaction Finder method development
for best LODs assistant

» Ensures no interferences form « Simplifies method set-up
adjacent masses « Faster method set-up
* No interference from AsO on SeO * Intuitive hardware and software

. . features for consistent results
» Ensures isobaric interference

removal * Fully integrated automation options for
optimized productivity and minimal
* Rbon Sr user intervention

« Full flexibility and usability of both single and triple quadrupole modes

 Full multielemental analysis with dedicated interference removal for difficult
analytes and comprehensive He KED in one run
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Redefining TQ-ICP-MS with Unique Ease of Use

Fully integrated autosampler and autodilution solutions
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Redefining TQ-ICP-MS with Unique Ease of Use

31 Proprietary & Confidential
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Redefining Trace Element Analysis -Triple Quadrupole ICPMS

All the Power,

None of the Complexity

‘/ Advanced interference removal
‘/ Robust design for routine analysis
‘/ Integrated automation options
‘/ Flexible for advanced applications

‘/ Unique ease of use

Triple quadrupole accuracy with
single quadrupole ease of use
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Questions and Answers...

thermoscientific

Thermo Scientific™
ICAP TQ ICP-MS

Redefining triple quadrupole ICP-MS
with unique ease of use
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