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Isotope Fingerprints

Chemically similar but physically different

> Materials have a fingerprint, a unique chemical signature

that allows the sample to be identified.
> To visualize this fingerprint, Isotope Ratio Mass Spectrometry (IRMS)
IS used to measure stable isotopes and identify the isotope fingerprint
of a material or product.
> IRMS traces carbon, nitrogen, sulfur, oxygen, and hydrogen isotopes

by detecting their natural variations, which can reveal to the origin

and history of samples.
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Topics E

Things that we will cover on today

> What an Isotope Fingerprint is
> How |sotope Fingerprints from
> How Isotope Fingerprints are measured
> Where Isotope Fingerprints are useful
O Origin
O Authenticity

O Adulteration
O Mislabeling
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Isotope Fingerprints Spec

History can’t hide from the Isotope Hunter. Geography, geology and growth conditions of foods, fibers, liquids or
stone are embedded in their unique isotope fingerprints. Trace your sample history with the Thermo Scientific
Isotope Ratio Mass Spectrometry portfolio.

Interprets: Local soil conditions, proximity to shoreline
Identifies: Product origin
Foods Affected: Fruits, vegetables, animal meat and honey

Soil

Interprets: Botanical origin C3, C4 and CAM photosynthesis
Identifies: Adulteration (e.g. sweetening with cheap sugar)
Foods Affected: Honey, liquor, wine, olive oil, butter and flavors

Photosynthesis

Interprets: Local-regional rainfall geographical area
Identifies: Dilution of beverages, product origin
Foods Affected: Coffee; wine, liquor, water, sugar, animal

meat and flavors
Water

Interprets: Local-regional rainfall geographical area

Identifies: Dilution of beverages, and place of product origin

Foods Affected: Coffee, wine, liquor, water, sugar, animal
meat and flavors

Minor Isotope | Natural Abundance [%]
Water Hydrogen ’H (D) 0.01557
S Carbon e 1.11140

Nitrogen N 0.36630

N

\ \‘\‘ g 18
: > ®, Oxygen O 0.20004
Interprets: Soil processes, plant fertilizer processes oy .
Identifies: Mislabeling (organic vs. non-organic) k| Sulfur 348 4.21500

Foods Affected: Fruits, vegetables and animal meat

Soil / Fertilizer

P
That's where the information is.




Measuring the Isotope fingerprints
Isotope Ratio Mass Spectrometry (IRMS)

> Isotope ratio mass spectrometry (IRMS) is a specialization of mass spectrometry, in which
mass spectrometric methods are used to measure the relative abundance of isotopes in
each sample.!

> The isotope ratio mass spectrometer (IRMS) allows the precise measurement of mixtures of
stable isotopes.'? The analysis of 'stable isotopes' is normally concerned with measuring

Isotopic variations arising from mass-dependent isotopic fractionation in natural systems.

T Element | Minor Isotope | Natural Abundance [%]

|sotropic Fractionation: any process

o - Hydrogen °H (D) 0.01557
@ P. Carbon e 1.11140 that changes the relative abundances
o - " ' Nitrogen "N 0.36630 .
FAERY Oxygen 185 SR of stable isotopes of an element.
Hydrogen, // \\ Deuterium, »
1 amu ’ 2 amu Sulfur S 4.21500

M paul D, Skrzypek G, Forizs | (2007). "Normalization of measured stable isotopic compositions to isotope reference scales - a review". Rapid Commun. Mass Spectrom. 21 (18): 3006-14.
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Isotope ratio mass spectrometer (IRMS

designed to measure the relative abundances of isotopes with very high precision
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Isotope ratio mass spectrometer (IRMS)

designed to measure the relative abundances of isotopes with very high precision

The mass spectrometers used for isotopic analysis generally comprise three

basic sections; an ion source, a mass analyzer and an ion collection assembly.

DELTA Q Analyzer — *C, N, 80, *s, %H

Mass analyzer

lon collection assembly

/z 2 (H
lon source iz 2) m/z 3 (HD)

Dedicated T

Gas lon Source

Universal Triple Collector
forN,, CO, CO,, SO,
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Isotope ratio mass spectrometry

sample need to be converted to simple gases before enter the ion source

Optimized aperture ‘
positioning

Enhanced collector
design

VISIT US www.scispec.co.th § scispec (N 02-454-8533



Continuous flow IRMS (CF-IRMS)

automated sample introduction and conversion

The CF-IRMS sample introduction technique consists of a helium carrier
gas that carries the analyte gases into the ion source of the IRMS. This technique

is used to connect an IRMS to a range of automated sample preparation devices.

> Bulk Stable Isotope Analysis
Whole sample (all components) provide isotopic values : k-

> Compound Specific Isotope Analysis

Each components provide individual isotopic values




Bulk Stable Isotope Analysis

based on the use of an elemental analyzer (EA-IRMS)

N,, NO,, CO,, SO,, O,and H,0
Combustion tube

oxidation catalyst,

~1000-1700 °C

) Reduction tube —

Reduce NO, to N,

and remove excess O,

EEEr

~600 °C

C (COz), m/z 44, 45, 46
o N, O B so, N,, CO,and SO,
: N(NZ)’ m/z 28, 29 iiiiiiiiiiiiiiiiiiiiiiiiiiiiii) < oy é
i: A H ﬁl S(S0), miz64 66 Packed GC column H,0 trap
- A

il g L
= === He
H, and CO H(H,), m/z23
Pyro|ysis tube > | SRR RN

Packed GC column O (CO), m/z 28,29, 30

oxidation catalyst,
>1400 °C
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Compound Specific Isotope Analysis
based on the use of gas chromatography system (GC-IRMS)

Organic compounds eluting from a GC column are converted into simple gases when traversing

a capillary micro-reactor. Accordingly, all compound specific isotope ratios can be analyzed in the IRMS.

\
,
| - L

Schematic of the GC-IRMS system with the Thermo Scientific GC IsoLink Il conversion unit

Complex organic mixtures are separated on the capillary GC column. Baseline separated peaks are the basis

for high precision CSIA.
A splitter at the end of the GC column sends >95% of the sample to a combustion or pyrolysis tube. The

remainder is sent to an optional FID, MS, or is vented to the atmosphere.
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Compound Specific Isotope Analysis
based on the use of liquid chromatography system (LC-IRMS)

Quantitative oxidation of all individual organic compounds eluting from the HPLC column,

followed by fractionation-free separation of the resulting CO» gas from the liquid phase.

m/z 44 (mV)
20000 - @
idati He 18000 s &
(Oxidation Reactar
HELC Column C:H0, »C0; C0; Separation Unit m 16000 3
[ )} i - > Waste =
Autosampler [ U | {mobile phase) 14000 )
for liquids T=999°C Hes CO. 12000 g
Two-Head - 10000 5;
Injector Pumps He+Ho0 <= - £
Water 00 %% a0 e so 100 120 14
Removal Reference Gas Time (s)
1 Chromatographic separation of honey carbohydrates by LC-IRMS.
Pump He Isotope Ratio MS
= R
HPLC Oxidation Acid/ .. [ N
Reagent Catalyst R
Open Split \.‘\ -
\ He+CO:
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Applications

Detecting organic grown vegetables

As organic fruit and vegetables attract a higher
price on the market, this can lead to economically
motivated fraud through mislabelling produce as “organic”

when they have been grown using synthetic fertilizer.

12, > Nitrogen Isotope Fingerprint
:; rganie ferizer > Organic vs Synthetic fertilization
% 9 > Differentiation of nitrogen isotopes in plants
:?2 : Synthetic fertilizer and soils due to ammonia volatilization,
6 @ denitrification, nitrification, etc.
5 1 > 3 4 > Organic fertilization fingerprint: +8%o to +20%o
Samele > Synthetic fertilization fingerprint: +3%o to +6%o

Nitrogen isotope fingerprints detect organic grown tomatoes.
13




Applications

Tracing the geographical origin of Coffee

—

Green coffee beans have a fingerprint, a unique
chemical signature that allows them to be identified:
isotope fingerprints have been reliably used for origin,

authenticity and product label claim verification.

10 -

> Hydrogen and oxygen Isotope Fingerprints

) The Coffea spp plants, cultivated as the source
gA - of the coffee beans, carry an isotopic fingerprint
: ﬂ“ B enios associated with local-regional rainfall.

B g R bl

RS v ——— > Differentiation of American, Asian and African
+:- Coffee beans (Green and Roasted)

o B B ® B B ® & & > |dentification of mislabeled coffee beans.

5'80ysmow-stap (%o0)

Figure 1. Hydrogen and oxygen isotope fingerprints of roasted coffee beans from Africa (blue), Asia (brown) 14

and central and South America (purple).
VISIT US WwWw.scispec.co.th f scispec (\§ 02-454-8533




Isotopes in Nature
'®0 and “H in the Water Cycle

Initial Later
Precipitation Precipitation
90 =- 12%e. 5'%0 = - 15%. 70 = - 17%
FH=-87% T 8TH=-112%0 1 ¥ 5"H=- 128%o
£ Vapor

Continent

The isotopic composition of water samples can be IAEA water standard 6%H
affected by several environmental parameters : SLAP2 (Standard Light Antarctic Precipitation 2) ~ -55.50%s  -427.5 %o
- Seasonality All these GISP (Greenland Ice Sheet Precipitation) -24.76 %o -189.5 %o
- Amount of precipitation
_ parameters can VSMOW?2 (Vienna Standard Mean Ocean Water 2) 0 %o 0 %o
- Altitude —  be characterizing
_ Continentally the source region https://nucleus.iaea.org/rpst/ReferenceProducts/ReferenceMaterials/Stable_lsotopes/2H180-water-samples/index.htm
- Temperature of a water sample. "

VISIT US WwWw.scispec.co.th f scispec \§ 02-454-8533



Applications

Tracking wine adulteration using isotope fingerprints

The most common type of wine adulteration is the addition of cheaper products to the
original wine, such as fruit juices, water and sweeteners, which are not related to the grapes or

fermentation process that the wine was originally produced from.

25i
20 . . .
Oxygen isotope change
5 15 o Oxygen solope ch > Oxygen Isotope Fingerprint
g " > Geographical origin and adulteration
2
e . ) Grapes have local-regional rainfall
m -
. . .
10 ® > If adulterated by water or juices, oxygen
-15 T T T T
0 10 20 30 40 50 60 70 80 90 100 . . .
Water added (%) isotope fingerprint changes
Oxygen isotope fingerprintgdetect watering of wine. > Official method OIV-MS-AS2-12
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Applications

Testing sugar package label Iis using carbon isotope fingerprints
—

B ®"Curos £ 18D | | pel claim Idetﬂlﬂed by
[%0, N=3] 59C as

Australia -12.59+0.15 Not Stated Cane sugar
Brazil -12.21£0147 Not Stated Cane sugar
China (Shanghai) -12.49+0.17 Not Stated Cane sugar
China (Nan Jing) -12.63+0.11 Not Stated Cane sugar
Cuba -12.46+0.06 Not Stated Cane sugar =
Denmark -26.69+0.05 Beet sugar Beet sugar & i
Egypt -13.11+£0.02 Not Stated Cane sugar & :
Estonia -13.19+0.08 Not Stated Cane sugar a«
France -12.14+0412 Cane sugar Cane sugar A
France -12.02+0.35 Cane sugar Cane sugar '
Germany -26.69+0.08 Beet sugar Beet sugar
Italy -12.22+0.05 Cane sugar Cane sugar > Ca rbon |Sotope Flngerprlnt
lvory Coast -12.24+0.19 Cane sugar Cane sugar
Lebanon -27.08+0.02 Not Stated Beet sugar . . . .
Malaysia I > The carbon isotope fingerprint of plants differ
Morocco -12.68+0.03 Not Stated Cane sugar
New Zealand -12.33+£0.10 Cane sugar Cane sugar because Of photosynthe“c processes
Philippines -12.95+0.09 Cane sugar Cane sugar
. + . . .
rones! B I I ) C3 plants have a carbon isotope fingerprint between
Senegal -12.42+0.25 Cane sugar Cane sugar
Taiwan 1308:001  NotStated  Cane sugar -33%o0 t0 -22%0 and C4 plants between -16%o to -8%eo.
Thailand -12.24+0.02 Not Stated Cane sugar
Turkey -13.29+0.12 Not Stated Cane sugar H H H
— B > Can identify beet and cane sugar and verify product label
United Kingdom -12.75+0.04 Cane sugar Cane sugar
USA (Hawaii) -12.41+£0.13 Cane sugar Cane sugar

17

USA (San Francisco) -12.89+0.04 Cane sugar Cane sugar .
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Applications

Tracing the origin of beef based on diet using carbon isotope fingerprints

® England (BBOP)
. [N=100] . .
o] I . > Carbon Isotope Fingerprint
#..' ) .. ) Oﬁglgr;? GEOBEEF
00 1 £ | > Pasture determines the diet of cattle
® .'o.. 3. [N=100]
2501 Lahdys L L S — Pasture varies between C3 and C4 plant groups, which
z ":s‘ ﬂ'. . . - IN=17]
‘0_07_0_ A I‘. A4 o . - d"o. . . . . . . .
= g : . :I' * ke B50P) result in difference in animal (i.e. dietary differences)
6.0 1 o 3% ° . _
o LA | Takes 167 days for “meat” to change from C3 to C4
5.0 { B : °
S ® olleusa N=25) . .
B . | | . signature, and vice versa
-30.00 -25.00 -20.00 15.00 -10.00

513C%o

> UK cattle reared on C3 diet, whilst Brazilian cattle

Carbon and nitrogen isotope fingerprints of beef muscle.

Table 1: Features of C3 and C4 grasses

Department of

¥ | Primary Industries

Initial molecule formed during
photosynthesis

3 carbon 4 carbon

Growth period Cool season or yearlong Warm season
Light requirements Lower Higher AR oY

. |
Temperature requirements Lower Higher



Applications

AOAC Official Method 998.12

Dete Cti O n Of h O n ey ad u Ite rati O n C-4 Plant Sugars in Honey Internal Standard Stable Carbon Isotope Ratio

> Carbon isotope fingerprints of three honeys and their extracted

Carbon Isotope Fingerprint proteins.
Calculate apparent C-4 sugar content as follows:

> Honey adulteration by addition of | [Honey-1 Protoin-1| Honey-2 |Protain-2| Honey=3 |Protein-3 C-4 sugars, % - -0 =8 Cu 19

8°C, —(-9.7)

f;/‘“;rage 2358 -2405 -2382 -2391 -2410 -24.28
eXO g e N O u S S u g a rS where 513CP and 613CH are 8"°C values, %o, for protein and honey, re-
1sd 0.06 0.05 0.05 0.07 0.05 0.20 spectively, and - 9.7 is the average 8"3C value for corn syrup, %o. Re-
L (%o) port negative values from this calculation as 0%. Product is
> | f a d u |te rate by Su g ar a d d | tl on considered to contain significant C-4 sugars (primarily corn or cane)
! g « : only at or above a value of 7%.

carbon isotope fingerprint changes
) Official method AOAC 998.12

LC-IRMS and EA_IRMS analysis of eight honey samples.

m/z 44 (mV)
20000

Glucose
Fructose

18000

16000

SR s e e
%o %o %o ratio of areas %o %o %o 14000 &
1 233 -23.2 -22.9 1.07 -21.8 242 16.7 12000 g
2 11.3 1.2 -13.9 0.65 1.9 na. na. < o
3 253 24.9 24.9 142 248 248 0.0 10000 <
4 26.4 6.5 -26.4 0.97 5.4 21.6 0.0 g
5 n.d. 261 26.0 4.53 258 261 19 80007 L -
6 261 250 5.3 162 243 243 0.0 -
7 250 ) 951 116 242 247 3.4 0 200 400 600 800 1000 1200 1400
8 n.d. -25.1 -26.4 217 24,8 251 15 1rsie

Chromatographic separation of honey carbohydrates by LC-IRMS.
19
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