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Elements

Hydrogene

Isotopes
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Abondance
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Précision

ppm | %o
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Spectrometrie de masse a rapport Wes
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Spectrometric de masse a.rapport isotopiques

(SMRI)
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Instrumentation

CG-C/Py-IRMS (CH (D),B3C,*

Techniques d’¢chantillonnage:
Volume d'expansion (Headspace)-CG-SMRI, MEPS-CG-SMRI, etc.

Produit d’adultération
- Vin, biere, Vodka etc.
- Saveurs (ex.. Vanilline)
- Tabac/nicotine (ex.. cigares cubain)

Tricherie athlétiques (Stéroides: Naturel vs. Synthétique; provenances)

Médicale / Kinanthropologie / kinésiologie, Pharmaceutic: (ex: Cholestérol, H. Pilorie,
dépenses d’€énergie, traceurs isotopiques, etc.)

Produit de biodégradation (ex.. acides gras, etc.)

« Isotopic fingerprinting » (ex.. Produit pétroliers, saveurs, drogue, pharmaceutiques, etc.)

Acides Aminées (13C, I°N)

ETC...




Instrumentation

CG-C/Py-IRMS (2H (D), 3C; "

STRAWBERRY AROMA®

* J_ Kadet {Cantre de Rechorche, Pernod Picard)}
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Figure 1 Identification of geographic regions in South America where is commonly grown. Left, regions producing illicit cocaine;
right, identification of cocaine-growing regions based on a combined model derived from carbon- and nitrogen-isotope ratios as
well as abundance of minor alkaloid components. Squares, Bolivia; triangles, Colombia; and circles, Peru. Regions within a country
are distinguished by black and white symbols. Trux, truxilline; TMC, frimethoxycocaine. Isotope ratios are expressed as

(Reampte/ Betangars— 1) % 1,000%0, where R is the molar ratio of heavy-to-light stable isotope; standards for carbon and nitrogen are PDB
and air, respectively. J. R. Ehleringer et al, NATURE | VOL 408 | 16 NOVEMBER 2000




Instrumentation

LC-IRMS (13C)

*Produit d’adultération
e - Sirop d’¢érable
- Miel
Source ( ex.. ASA)

Détermination du carbone isotopique de
I’ARN bactérien

Analyse du 6'3C des acides aminées non
deriveés

Analyse des acides organiques des plantes

ETC...




Instrumentation
/

LC-IRMS (13C)
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Figure 7: Linearity of '3C/'2C values of amino acids analyzed by compound Time (s)

specific isotope analysis irm-LC/MS (HPLC mode). Figure 2: irm-LC/MS chromatogram (m/z 44 trace) of an organic acid mixture.
2005; Dieter Juchelka, Michael Krummen, Thermo Fisher Scientific, Bremen, Germany

2003 Elena Hettmarn, Gerd Glsixner, Max Planck Institute for Biogeochemizoy, Jena, Germany.
Dister Juchslka, Thermo Fisher Scisntific. Bremen, Germany, dister juchslca@thermafisher. com

D. Juchelka et al, Application Note 30065, Thermo Bremen E. Hettmann et al, Application Note 30075, Thermo Bremen
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Figure 4: Comparison of 5"C values of Aspirin and tablet formulation.

A. Hilkert et al, Application Note 30025, Thermo Bremen



Instrumentation
~Volume d’expansion (Gaz) CG-SM(
(C, N, O, S, Ar)

Eau (D, '%0)
Carbonates (1°C, 120)

Analyse des gaz expirés (Breath Analysis)
- Helicobacter pylori (Ulcere et autres)
- Fibrose cystique (Malabsorption des gras)

Dépenses énergetiques
- Eau doublement marquée (D, %0)
- Leucine (1°C)




Instrumentation
Analyseur élémentaire-SMRI (D, C,/N,{,S)

e | ; e __;‘__=—_—-_-='-""—" J - | |

| Analyses en bloc (Bulk analysis)

- Combustion (C & N)

- Conversion haute température (D, O)

Ex: Analyse ¢lémentaires de cheveux
H = 5.8%
C =50.1%
N =17.0%
O =21.5%
S = 5.0%




Instrumentation
AnalyseurmID-SMI%

Analyses en bloc (Bulk analysis)
- Combustion du DOC eau saline
- Conversion par acidification (H;PO,) du CID

- Conversion par oxydation au persulfate du COD




Instrumentation
SNIF-RMN (D, C, O)

Précision approximative

oD < 2% OB3C £ 1.1%o 0 180 + 1.5%o

TMU CH,D-CH,OH

CH;-CHDOH ' |

CH,-CH,0D

R S R e

2H-NMR spectrum of ethanol




~ On-est-ce-qu’on mange.(et bois) —

Les plantes: ce qu’elles absorbent

Energie

Pousse
Tissues
Cheveux




Azote =

Le N reflétent la part protéinique de I’alimentation

- (Eufs, produits laitiers et substitut
- Viandes

- Poisson

- Légumes (Soyas, arrachide)

- Protéine de soya

- (Lactosérum "Whey ")

- Levure




Niveau Trophique
Augmente

O°N
(~ 3%0 / Niveau)

Catabolisme
Résultat du recyclage des protéine corporel.
(ex.. anorexie, boulimie, vomir de femme enceinte)

I
Effet de niveau trophique

ex.. Stress nutritionnel

Consommateurs
Quaternaires

Consommateurs

Tertiaires

~_ Consommateurs

Primaires

Producteur

Phytoplankton




(Fractionnement bio géW

— .

Le 013C reflétent tous les composantes diététique, y compris les glucides et les
graisses (c'est-a-dire la partie énergétique de I’aliment). Les valeurs proviennent de
plantes appartenant a I’un des trois cycles photosynthétiques

C4 CAM
Cycle Hatch & Slack ""Crassulacean Acid Metabolism"*
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Allemagne - Omnivores

Canadiens Omnivore

UK - Omnivore

Allemagne - OLV

Allemagne - Vegans

613CVPDB (700)




— 4S—Piet-and Geo=locati
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3 Marine protein — more positive 6°*S
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Nourriture
ct

boissons




Nourriture ——

Origine et authenticite

Viandes (ex. poulet, agneau, beeuf, porc, sanglier, cerf, etc.)

Po1sson (ex. saumon d’¢levage vs sauvage, ¢levage mediterranéen
de bars et de daurades , etc.)

Huiles (ex. veégetal, olive, palm, etc.)

Saveurs (ex. Vanille)

Miel

Sirop d’¢erable

Jus de fruit (ex: orange, canneberge, pomme)
Alcool et derive (ex. Vin, vodka, whiskey, etc.)
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Figure 1: jrm-LC/MS chromatogram of a sugar mixture.

A. Hilkert et al, Application Note 30024, Thermo Bremen

FRUCTOSE
Yoa

HONEY SUCROSE

Yo

GLUCOSE
Yoo

FRU/GLU
RATIO OF AREAS

d13C (%o)

Mean S.D. (10)

-10.75
-10.20
-24.48
-11.50
-11.59
-09.70

0.15
0.12
0.16
0.05
0.32
0.24

Sucrose
Glucose
Galactose
Fructose
Mannitol
Sorbitol

Table 1: 8'C values and reproducibilities of a sugar mixture
measured by /rm-LC/MS.

A. Hilkert et al, Application Note 30024, Thermo Bremen

EA HONEY(4)
Yoo

EA PROT.(4}
Yoo

ADULT.(4)

%

-22.9
-13.9
-249
-264
-26.0
-25.3
-25.1
-26.4

1.07
0.65
1.42
097
453
1.62
1.16
2.17

-23.3
-11.3
-25.3
-26.4
n.d.
-26.1
-25.0
n.d.

-23.2
-11.2
-24.9
-26.5
-26.1
250
-25.2
-25.1

[=n B R = 1 R N S B

adulterated
adulterated

-24.2
n.a.
-24.8
216
-26.1
-24.3
-24.7
-25.1

16.7
n.a.
0.0
0.0
19
0.0
3.4
1.5

-21.8
-11.9
-24.8
-254
-256.8
-24.3
-24.2
-24.8

adulterated

adulterated

Table 3: §C values of eight honey samples analyzed by irm-LC/MS and by EA.

A. Hilkert et al, Application Note 30024, Thermo Bremen



~——Sirop d’érable




Authenticite des boissons alcoolisee -

Composantes qui peuvent €tre analysés

Ethanol: C,H.OH ('3C/2C, D/H, 80/'60)

Congeneres: Sous-produits toxiques de distillation et de fermentation
qui donne a chaque boisson son gott, couleur et arome.

Isotopes des acétaldehyde, éthyle acétate, n-propanol, 1sobutanol, alcool
amylique

Eau: D/H, 80/!60 , 170/160

CO, (si pétillant): '3C/12C , 180/160




Analyses isotopiques multielements d’unW

Ethanol

CG - combustion

CH,H—CH,—OH+20,  T=1050° 2CO, + 3H,0

CG - pyrolyse

Ech . du vol. d’ expansion
100 pL

Benzaldéhyde Vanilline

O H CHO




___—tsotopicAnalysis of Commercial Vg:ika/

Histogram of 813C of ethanol

d+/EA, U Ottawa
G. St. Jeans

Moy = -26.2%o Moy = -10.7%o

| |

\

-20 -18 -16
Ethanol 83C (%)




~____Isotepic-Analysis of Commercial Vodka_

d13C of ethanol vs. 6180 of water

dC analysis by 3C-BSIA
380 by equilibration

delta+, U Ottawa
G. St. Jeans
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20 -15
d13C, ethanol




— BC-CSIA of ethanol-by-headspace samp}i-ng/

using 6'3C of ethanol in whiskey to calculate mixing

—_
S

Canadian, -11.4%o Scotch, single malt
Scotch whiskey, blended

Bourbon, -12.7%o = Irish whiskey

0 Japanese whiskey
Scotch, blended, -16.8%0  gB,urbon whiskey

Canadian whiskey

—
N

—
=~

—_
o)

the % of Scotch in blended Scotch whiskey ranges from
30-60% with the remainder derived from cane sugar

|
ek
o0

~
=)
X
—~
O
)
—
%)

Scotch, single malt: -24.2 £+ 0.6 %o

delta S/GC, analyst A. Hilkert




0'%0_of dilution water: Whiskey, a case study

Gilles St-Jean, U Ottawa
Daniel Perreault, Douane et Assise Canada

Bootleg operation
backwoods

Legal operation
in town

Groundwater = local value




Vin de glace : Données par année, 3C vs D//

— —— —|
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Medico-legale




“Adam” Sept. 21, 2001 ﬂ

Torso of child found in
Thames River

No head, arms, legs,
exsanguination

Evidence of ritualistic killing

Standard forensics not useful
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— Torsofoundhere

Sr data indicates from Africa




B ‘Adam’ bone
B Migeria bone

Adam

Likely from ~ 100 km

Lead Isotope Values - ‘Adam’ Bone Samples Compared to Bone from Benin City, Nigeria Oxygen Isotope Values -'Adam’ Bone Samples Compared to Bone from Benin City, Nigeria
- Samples ashed at 1050°C

B Adam mHAdam
||m Benin City 1 || ®Benin City 1
H Benin City 2 HE Benin City 2

206Pbf204Pb 207Pb/204Pb 208Pb/204Pb Mean d180 v SMOW




_—— “Adam™-Outcomes —

Multivariate isotope analysis provided signature of
the location where the child grew up

Identity of child was identified“
[ \ -




~_ Preparation foranalysis

First hair cutter: 1 cm resolution = 1 month
Current hair cutter: 0.5 cm resolution = 0.5 months




~_Exchange Experiment =

sample tray Sealable
— water reservoir = container

LIGHT WATER HEAVY WATER
4 days to equilibrate in water

/ days under vacuum




~—Case: Hair Analysis

Need between 50 and 200 hair for 8!°C, 8!°N and
0’H analysis
Depends on thickness of hair

MUCH EASIER if hair is oriented AND cleah

Know which end is the root and which end is the tip

Otherwise, spend $$ to clean hair and determine
orientation




Since hair grows ~ 1. cm each month...-

Chronological “map”

1 cm per month 1s AVERAGE
MUST treat the time scale as “elastic”




-~ _————Haw Orientation...

“Shingles” point towards direction of growth

EHT = 10.00 kv Signal A=VPSERdg = 550X Date :27 Apr2010
WD = 7.0mm Photo No. = 1125 Time :12:53:26




EHT = 10.00 kW Signal A=VPSEfsdg = 550X Date :27 Apr 2010 EHT = 10.00 kV Signal A=VPSEf&dg = 650X Date :27 Apr2010
WD = 7.0 mm Photo No. = 1125 Time :12:53:28 WD = 9.0mm Photo No. = 1155 Time :14:51:04

Signal A=VPSEREg = 529X Date :28 Apr 2010 v Lo = s =
Phato No. = 1161 Time :9:46:40 SEM HV: 5.00 kV WD: 18.0540 mm ] VEGAW TESCAN
View field: 209.03 um Det: BSE




- _Hair Reference:Material

Inter-laboratory Comparison (oD)

3°H (%%60) 6°H (%60) 6%H (260)
Ottawa U UK USGS

AND -71.6 = 1.3

COL -88.2 £ 0.6

CAL-CAN -107.4 = 2.1

CAL-SAL -101.7 1.0




1an Forensic Project
2009 - 2013

Soils & Quartz Grains ¥ - ¥ T a Cﬂl‘lﬂfﬂﬂ

Trace Elements

Modern Pollen _
Population Distribution _ Water & Hair
AT F ‘ Isotopes & Trace Elements
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Where Hair | Tap | Other | Soil | Pollen
water | water

ON, QC 140 243%  243%

NB, NS, PE, NL 131 136 39 246 253

MB, SK 100 114 27 150 150
AB, BC 216 188 41 234 234
TOTAL 587 578 122 873 880




nadian Tap-Water

Groundwater

TS (squares, solid line)
y=7.75x-1.03
R2=0.95
n=307




nadian Tap.Water

Surface water

TG (diamonds, dash line)
y =8.77x + 16.66
R2=0.97
n=270




Canadian Tap 0*H from'Ground-Seurce

0 H Value

B 53001718
I 1717101582

-198.110-144.7
-144.610-131.1
13110-117.5
1174 10-104.0
-103.9t0-90.4




Canadian-Tap 6°H from=Surface Seurce

135.210-122.5
-122.410-100.7
-109.6to 970
06910 -84.2
B4.1t0-71.5




~__Case - Madame Vaectori

Found near Royal Victoria
Hospital in 2001

Estimate died 2 years
previous

Received ~ 80 hair
Not-oriented

Mont.Royal

43 cm long BN e e S
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_Latitude-Range Probability—

Zone 1 - 41 to 43 months PTD Zone 2 - 37 to 40 months PTD
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Custem-Soft or Analysis

Signature™ database engine software developed by CSDi

Used for all types of samples and analyses
Water and hair— 1sotope and trace element profile
Soil trace element profile

Pollen speciation profile
Searches database and visually displays data

Database mining to predict locations of unknown samples
based on analysis profiles




Variable Ranges Display

Values infoc

Min: -120914
Max: -68

Set Ranges Automatically

@I Clear All Current Ranges

Set Ranges for GPS:
fo

fo
to
to

to

" lgnore Out of Range Values

‘ O Generate @ Close
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~——Madame¢ Vancouver..

Location 3 [Location 2 )
Location 1

u

20
Months PTD




~Ms.Vancouver:Location 1 ==

34 to 28 months PTD




- Ms.Vancouver: Location2

26 to 23 months PTD




- Ms. Vancouver: Location 3

8 to 6.5 months PTD




- Ms. Vancouver: Location4

2.5 to 0.5 months PTD |




~——Madame Vancouver

)
AN,
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~—Overall Symmary...

Techniques have been developed that can aid in the
geo-location of forensically-relevant samples (e.g.
hair, soil, pollen)

Hair, water, soil and pollen databases have been
populated in a Canadian database

[sotopic analysis of hair can be used to track
movements in unidentified persons




"~ Case2:Mr Halifax

Decomposing body found Oct 8, 2004
near Halifax airport

'ﬁ'i!-ri.iHHH

Hair was partially in dreadlocks, ~ 13 cm %‘-ﬁ
e

i

g

/
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~— Hairfor Mr Halifax

When choosing hair for analysis, tried to pick hair that
was ~ 0.5 cm

NOT SO EASY!!
Time axis is ELASTIC
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~———TLocation-l —

(10-11 months PTD)

-68.9 =2 %0




(5.5-6.5 months PTD)

“71.2 £ 2 %o




~Summary — MroHalifax

0BC and 0N values were consistent with a North
American omnivore

Between 8 and 10 months PTD he likely travelled south
for a short period of time

Two locations where he may have resided for 1.5 to 2
months was the East Coast of Canada, or the North/Central
east coast of US

(IDENTIFIED... actually travelled to Florida)




~ Ms. Napanee

Skeletal remains found Dec 30, 1984
near Napanee, ON

Blond hair ~ 8 cm long, non-oriented

Collected what looked hke locks of halr from the
evidence bag : E——




~Ms. Napanee- Average CN
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Ms. Napanee — Trace element result-—

Math Sub-Module

Compare

3 unknown bulk napanee Compare Results Canada

YOUR COMPARE RESULTS i

~ Canada
Sample Name: Killaloe+Kingston
SumDiff: 574650
obability: §48%

Sample Name: Calgary
SumDiff: 621233
Probability;

Sample Name: AREF08H0000121 - Kingston - ON - Canada
SumDiff: 661780
robability: 7.36%

Sample Name:
SumDiff: 857217
Probability: 5.68%

Sample Name: Edmonton
SumDiff: 898707
Probability: 5.42%

Sample Name: Gracefield
SumDiff: 911794
Probability: 5.34%

&7 view Excel &Y View GIS

R

& ralnane




Ms. Napanee — Trace element result

Database | GIS

Most probabie T




~ Summary —Ms.Napanee

More positive than average 63C - possibly have resided in
US or had a higher intake of C4 based foods

Fluctuating 6*H values suggest she frequently changed
locations

ON and in general 63C values changed with movement

From months 7.5 to 7 PTD, 82H value of her hair was most
consistent with her having resided in either southern
Ontario, southern Quebec, the southern parts of New

Brunswick and Nova Scotia or the north eastern states of
the US.




Limitations ‘ i

UrmiL YWiow SerREsD Your WikaGs.
You'L, Have MNo IoEa How Far You Carm Waix.

Specificity - broad (and possibly) multiple regions
with similar isotope values

Supermarket diet
Non-existent databases

Inter- and intra-individual attribution of data
variations

Not a “stand alone” technique
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