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Definition
Isotopes

'’Atoms of the same element but with a different mass number (...)
are called isotopes. For most practical purposes the isotopes of a
given element behave the same chemically’

Alonso and Finn, Physics, 1970

Key carbon-12 carbon-13 " carbon-14
electron | (stable) \ / (stable) | (radioactive)

@ proton AN Q6 N\ Q6 g Q6

@ neutron i Q6 S Q7 Q8
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Terminology
12C 13C 14C
12.00000 13.00335 14.00324
98.89% 1.11% ppt
t, 5730y
ISC B 13C
12 12
C C 13
13 ~__ sample std
0" C=—"00 1000 /%o £ =0.0112372
12
PDB

12
C std

The standard for carbon isotope
ratios 1s a fossil lime rock of
Belemnitella americana from the
Pee-Dee-Formation in South

Carolina, USA (PDB)
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Why do we measure isotopes?

Small differences in nuclear masses do not change general
behavior

BUT

o physical and chemical effects cause slight differences in the
isotope distribution in the nature

o small variations in isotope distribution are fingerprints for those
effects which are often preserved
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Discrimination of '3C during carbon fixation

Point Barrow

CO,

At*a’g 1°CO,

330 1991 1992 1993

Year
Boutton, 1991
C3 plants CAM plants
-27 %o -10 to
Cq plants -28 %o

=13 %e
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Science-Based Forensic Applications of Stable Isotopes
(Chesson et al., 2014)

Monspatial Applications of Stable Isotope Analysis
Synthetic Drugs
Amphetamine-type stimulants
Performance-enhancing steroids
Manufactured Explosives
Pernxide-besed explosives
An industrial explosive: ammonium nitrate
A military-grade explosive: pentasrythritol tefraniirate
Packaging Materials
Crude Oils and Petroleum Products
Spatial Applications of Stable Isotope Analysis
Water Isotopes and the Isoscapes Foundational Approach
Waters, Beverages, and the Isoscapes Potential
Plani-Related Forensic Applications of Stable Isolope Analysis
Economic Adulteration of Foods
Food Origin Authentication
Controlled Substances Produced from Planis
Cocaine and heroin
Marijuana
Wood and other Plant Product Isotope Records
Arson - isgiopic comparisons
Flavor compounds — adulteration defection
Pant and wood products — geographical region of origin
Human-Related Farensic Applications of Stable Isotope Analysis
Digtary Patierns
Spatial Patterns
Body wate, geagraphy, and metabolism
Carbonales and phosphales in leeth and bones
Proteins in bone and hair
Provenancing Unidentified Homicide Victims
Human Diseases
Animal-Related (Nonhuman) Forensic Applications of Stable Isotope Analysis
Animal Migration and Movement
Provenance of Trade Goods
Archaeological and Gem Origin Investigations Utilizing Stable Isotope Analysis
Sculpture Source: Monuments, Statues, and Artifacts
Gem Origing
Rubies and sapphires
Emeralds
Diamonds:
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Science-Based Forensic Applications of Stable Isotopes
(Chesson et al., 2014)

Nonspatial Applications of Stable Isotope Analysis
Synthetic Drugs
Amphetamine-ype stimulants

Aacrestersne [ERC] 0-77)

-
lanufactured Explosives
Peroxide-tased explosives
An industrial explosive: ammonium nitrate
A military-grade explosive: pentagrythritol tetranitrate
Packaging Materials
Grude Oils and Petroleum Products
Spatial Applications of Stable Isotope Analysis
Water Isotopes and the Isoscapes Foundational Approach
Waters, Beverages, and the Isoscapes Potential
Plant-Related Forensic Applicalions of Stable Isatope Analysis S5 values (%)
Economic Adulteration of Foods
Confrolled Substances Produced from Plants__
(Cocaine and hesoin -
Marijuana
Wood and other Plant Product Isotope Records
Arson - isgiopic comparisons
Flavor compounds — adulteration de
Pant and wood products — geographical region of origin
Human-Related Farensic Applications of Stable Isolope Analysis
Digtary Patierns
Spatial Patterns 150 o
Body wate, geagraphy, and metabolism
Carbonales and phosphales in leeth and banes
Proteins in bone and hair
Provenancing Unidentified Homicide Victims & 7
Human Diseases ol ‘mﬂJ
Animal-Related (Nonhuman) Forensic Applications of Stable Isotope Analysis
Animal Migration and Movement
Provenance of Trade Goods
Archaeological and Gem Origin Investigations Utilizing Stable Isotope Analysis
Sculpture Source: Monuments, Statues, and Artifacts
Gem Origins
Rubies and sapphires
Emeralds
Diamands Carbon isalops ratic, S
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Science-Based Forensic Applications of Stable Isotopes
(Chesson et al., 2014)

Nonsp: 24
Synt
;2 22
vt 20 Androsterone (ERC) (n=77)
't
§oos , :
B s 16 Pharmaceutical preparartions
ruc -
spats O and/or STDS leading to the
v @ MT formation of 19-NA (n=20)
Mtz 12+ (Data from refs. 2 and 3)
o 2 4g
BDE:E
M 8
Wao g
A 6
F;Z
h
Humar 4
Diet:
Syat 2
Be 0 -
Ce
i3 Pr -33 -32 -31 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20
@ Prov
g Hur
5 mma  de la Torre et al., 2015
in 513C values (%o)
s Proveiance ui 1aus wouus 5w ot
E M:I:::ulouical and Gem Origin Investigations Utilizing Stable Isolope Analysis § s
2 Sculpture Source: Monuments, Statues, and Artifacts E ol |
Gem Origins w
Rubies and sapphires ol 1
Emeralds 4 = ) [
Diamonds Carbon isalopa ratic, S
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Science-Based Forensic Applications of Stable Isotopes
(Chesson et al., 2014)

Monspatial Applications of Stable Isotope Analysis — = )
Synthetic Drugs e e ey
Amphetamine-type stimulants
lanufactured Explosives
Pernxide-besed explosives L A
An industrial explosive: ammonium nitrate 150 C4
A military-grade explosive: pentagrythritol tetranitrate
Packaging Materials
Grude Oils and Petroleum Products
Spatial Applications of Stable Isotope Analysis
Water Isotopes and the Isoscapes Foundational Approach
Waters, Beverages, and the Isoscapes Potential
Plani-Related Forensic Applications of Stable Isatope Analysi
Economic Adulteration of Foods
Controlled Substances Produced from Plants
Cocaine and heroin
Marijuara o
Wood and other Plant Product Isotope Records
Arson - isolopic comparisons
Flavor compounds — adulteriion de
Pant and wood products — geographical region of origin
Human-Related Farensic Applications of Stable Isolope Analy
Digtary Patierns
Spatial Patterns
Body watar, geography, and metabolism
Carbonales and phosphales in leeth and banes
Proteins in bone and hair
Provenancing Unidentified Homicide Victims
Human Diseases
Animal-Related (Nonhuman) Forensic Applications of Stable
Animal Migration and Movement
Provenance of Trade Goods
Archaeological and Gem Origin Investigations Utilizing Stable
Sculpture Source: Monuments, Statues, and Artifacts
Gem Origins
Rubies and sapphires
Ermile Carbon isotope ratio, %o

Diamands
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Atmospheric 'Forensic’

Atmospheric CO,

@ CO, concentration increased globally by about 100ppm over
the last 250 years — human activities

@ how can we be sure this increase comes from anthropogenic
activities?

One piece of evidence:
13C/12C isotope measurements
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Long Term Observations: The Keeling Curve

CO;, concentration at Mauna Loa Observatory

IPCC 2013

i.gensch@fz-juelich.de

Atmospheric CO,
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Stable Isotopes
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Superimposed Isotopic Fractionation
O Continuous Decrease in § Value due to Fossil Fuels Combustion
-0.025 %o

23] Source: Widory et al., 2004,

L
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Fuel or combustable
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Addition of a Stable Isotope Fingerprint to the Collection of Evidence

£ 370
o
Q
§ 360
g
g 100
Qo - - . .
g Conclusion:
o, 30 200 E
$ o
8 L 300 observed trends are in line
& with understanding of total
70 Rt emissions from fossil fuel
T sources and their §'3C
> 65
o . o ere
8 6o — anthropogenic activities
e 8.0 . .
S £ increase atmospheric CO»
2 4 79 & o
- E o
£ 2 5.0 .78 ‘U’
3 a
£ S a5 77
2 2 -0.02%, /year
£ 40 18

1970 1975 1980 1985 1990 1995 2000 2005
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Haze Dome over South-East Asia

e

1997
Juli-October
stable haze
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Biomass Burning (BB) Impact on Troposphere

BB: largest source of primary fine carbonaceous particles

100 - -
- biogenic
0 80
)
=
~ 60
8 BB
S 40 Levoglucosan
0
@ SOA .
= anthropogenic the specific molecular marker used
2 20 aged POA in CMB receptor models
o o O BB unique source
4 Q@ high emission factors
best Q stable???
low limit estimate high limit

60TgCa®’ 150 TgC a? 240 Tg C a™
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Hallquist et al., ACP, 2009
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Isotopic 'Hydrocarbon clock’

5;°C

Levoglucosan in
primary organic aerosol
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Isotopic 'Hydrocarbon clock’

. . b:
Chemically stable? og: ‘..?‘ 3= ch As¥c
+OH? 12
. KiE=_K §°C, ¢
Levoglucosan in N 3y

primary organic aerosol

dBC, o F— — TEO®Cy.,
KIE

-

3¥c

t>0

Precursors
Products

gas / particle
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Isotopic 'Hydrocarbon clock’

Chemically stable?
+OH?

Levoglucosan in
primary organic aerosol

Rudolph & Czuba, 2000

e=(KIE —1)-1000 %o
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Objectives

o compound specific isotopic measurements of
levoglucosan for

» laboratory samples — kinetic isotope effect (KIE)
of the oxidation reaction

» source/ambient aerosol

o information on origin and pathways of the probed air
masses for the ambient samples

o can this analysis give insight into aerosol

» sources?

» processing?

i.gensch@fz-juelich.de Stable Isotopes 14/25
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Compound Specific Measurements of Stable Isotopic Composition

A M
Compound B M
mixture a5 ppg MM M
A+E A B ' M
N 9
hoH AB Ref. M
Chromato graphic High Temperature Isotope Ratio
Separation Conversion Mass Spectrometry
(Gas/Liquid Chromatography) (M=C02,H2,N2,C0,...)
Sample
Injector
I org:Q b, iz
B 2 a6
45
J 2
5 T. 02 Ref. CO,
£
ot Gas Chromatograph Combustion Isotope Ratio
£ (GC) Oven Mass Spectrometer
E () (IRMS)
Stable Isotopes 15/25
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Setup for compound specific isotopic analyses of levoglucosan
Liquid Extraction / Thermal Desorption 2 Dimension Gas Chromatography
Isotope Ratio Mass Spectrometry LE/TD-2DGC-IRMS

Sample

| FID

Cold Trap 1
(TDU)
CO,+H,0

Cold Trap 2
(CIS) Cold Trap
3(CTS
[[ ( ) oDGC IRMS
Thermo Desorption
Cryo-focussing GC-Separation Detection

Sang et al., EST, 2012
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Levoglucosan isotopic fractionation at different extent of processing

4 FET T " 1 1 11 T T LRI . LB
o £ # Particle phase ," ]
8 3_ # Aqueous phase ," —
I 1 z
QO xR E E
- J*;{'H |
2 =) /,* * Q for both samples
% 1E ‘H e 3 513C increases
o 3 : + ) :+ ] with processing
= _‘_.-0—— 4 -+ = .
2 ] @ — chemical
E 3 degradation
E —1 E 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 3
: 0.0 0.2 0.4 0.6 0.8 1.0
% Reactant conversion
Sang et al., GRL, 2016 J
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Deriving KIE from experimental data

| "c,\  KiE (a” C,+1000
n 12 :1 KIE n 13
- + 9
C, 87 Cy+1000 (613C:+1000)
n(> ST
e=(KIE —1)-1000 %o 8" C,+1000
0.000 0.001 0.002 0.003 0.004
00 —45 oo
i B il €=22970.18%] | similar KIE for
-0.5- S —— —-1-05 levoglucosan oxidation
— T T TE— ] —— by OH radicals
Sle| F ALY . ‘ ° | particl
=18 ol e Jaol5] S aerosol particles
= r me— ey ] EIE ;
= [ [e=1.87¥0.27 %0 ] @ inaqueous
- —_— AN solution
-15- N B B
5 20l et S J-20
z 0.000 0.001 0.002 0.003 0.004
s 8" C,+1000
i In(—m—~——o
i 8" C,+1000
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Levoglucosan ¢'3C in ambient vs. source aerosol

18 | -
= 4 =
@ higher variability for
e levoglucosan < TC
O 2 hypotheses???
$ Levoglucosan
E S0 glllllj
S 18 TC Ambient Source
° @rural mu C4
¥ suburban m soft
22 m urban = hard
- TC
26
30
3Nov2009 21Nov2009 1Dec2009 20Dec2009
Date
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Mixing or Aging?

o Mixing?
» 50%

C4 plant
contribution

o Aging?

.
g
a8
£
s

i.gensch@fz-juelich.de Stable Isotopes 20/25



Basics Applications Biomass Burning Method Laboratory Ambient aerosol Summary

00 0000000 0000 00 00 000000 o ’J J[]L'CH

FORSCHUNGSZENTRUM

FLEXPART 6.2

o Lagrangian particle dispersion model
o backwards simulations, 3 days < lifetime

» source region

» pathawys of sampled air parcels

o ECMWEF data

» 1° horizontal resolution
» 91 vertical levels

» 1 hour time resolution
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Selected 3-days back trajectories

Latitude
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Height
I'm
9 5000
> 3000 */
2000
7 1000 i,
8
7 500 75
L a0 Ngh ;
300 60
200 :
100 E}
. -
o
50 80 30110, 140

Height /m

5000

Summary
o

4000

3000

2000

1000

5000

4000

3000

2000

1000

T
5Nov2009

613C = .22.58%,

trajectory

o

Qo
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NO mixing

BUT aging

tav =

hours above PBL
during day

tav is reduced’
by passing PBL
‘two-endpoint’
mixing

¢ < CpaL

V> Vpg,

14Nov2009
613C = -24.60%0

Longitu de

Stable Isotopes
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Levoglucosan §'3C in ambient aerosol vs. t,, and source regions

8,~-23.02+0.20%

21 m=0.073+0.021

22

23

24

813C / %o

25

6,=-24.83=0.27%0 }
m=0.074=0.021

26
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What can we learn...?

d=9,+t, *[OH]* k,, "€

o g
m = 3600. * [OH] * ko, * £ - e
Source 13C | §,13C [OH] ¢ (KIE)
Yo Yoo molec cm? Yao
(€req = 2.77-5.77
Softwoods | -22.8+0.99 | - 23.02 Rudolph, 2007)
(Sangetal., ~3*10° e = 2.43-7.31
EST, 2012) T T
€= 2.22%
OH] = 1 - 3*106
Hardwoods | -24.8+ 145 | -24.83 | k_ = 2.66*1042 molec cm st [ mlolec gt
& grasses (Sang et al., GRL, 2016)
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Conclusions

compound specific isotopic measurements of levoglucosan
for laboratory samples and source/ambient aerosol

information on origin and pathways of the probed air
masses

can this analysis give insight into aerosol sources and
processing?
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Conclusions

compound specific isotopic measurements of levoglucosan
for laboratory samples and source/ambient aerosol

LE/TD-2DGC-IRMS

information on origin and pathways of the probed air
masses

can this analysis give insight into aerosol sources and
processing?
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Conclusions

compound specific isotopic measurements of levoglucosan
for laboratory samples and source/ambient aerosol

LE/TD-2DGC-IRMS

information on origin and pathways of the probed air
masses

3-days back-trajectories with FLEXPART

can this analysis give insight into aerosol sources and
processing?
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Conclusions

compound specific isotopic measurements of levoglucosan
for laboratory samples and source/ambient aerosol

LE/TD-2DGC-IRMS

information on origin and pathways of the probed air
masses

3-days back-trajectories with FLEXPART

can this analysis give insight into aerosol sources and
processing?

derive kinetic information on levoglucosan chemical degradation
@
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Conclusions

compound specific isotopic measurements of levoglucosan
for laboratory samples and source/ambient aerosol

LE/TD-2DGC-IRMS

information on origin and pathways of the probed air
masses

3-days back-trajectories with FLEXPART

can this analysis give insight into aerosol sources and
processing?

30 h free tropospere < up to 70% degradation
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