RADIOCARBON IN THE EARTH SYSTEM
Compound specific ragiocarbon analyses
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Example in age variations of organic carbon pools
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Example in age variations of organic carbon pools

in soils
—
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Large heterogeneity in oceanic DOC and POC
—
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The Anthropogenic Carbon Cycle
—
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compound-specific radiocarbon analysis

Following on the heels of compound-specific
stable isotope analysis (GC-C-IRMS) compound-
specific radiocarbon analysis (CSRA) is
envisioned as a way to couple the diversity of
carbon sources with the residence time of

carbon in the respective source pools. ...is and pearson.
Oceanography (2005))



Applications of CSRA include studies of the

fixation, transformation, transport, and
preservation of organic carbon

elucidation of microbial metabolic pathways
sources and reactivity of dissolved organic carbon
organic paleo-proxy dating

development of improved sediment chronologies.



Single-compound radiocarbon analysis help to
couple the diversity of carbon sources with the
residence time of carbon in the respective source

pools.
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What is a biomarker in environmental and climate
science

Molecular biological markers, or biomarkers, are natural
products that can be traced to a particular biological origin.

Organic compounds with specific biological sources,
whose structures can be preserved through geologic time.



Example of BIOMARKERS
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What are PLFAs
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Phospholipid fatty acids (PLFAs) are a
main component of cell bacteria.

PLFAs analysis provides direct information
on the entire microbial community.

Phospholipid

Bilayer

Qutside cell

Environmental
Conditions

* Biomass
PLFAs represent all living cells.

* Population “Fingerprint”

Some organisms produce specific or
signature types of PLFA biomarkers
allowing quantification of important
microbial functional groups

(e.g. iron reducers, sulfate reducers, or
fermenters).



PLFAs: as microbial population fingerprint

Monoenoic (Monos)  Gram-negative; e.g. Hydrocarbon utilizing
Proteobacteria (aerobes and or Nitrogen fixing bacteria
anaerobes)

Terminally branched  Firmicutes and Firmicutes: anaerobic

Saturated Bacteroides fermenting

bacteria

Branched monoenoic in sulfate reducing bacteria  Desulfobacter
and Planctomycetes

Mid-Chain Branched In sulfate reducing bacteria  Often associated with iron
Saturated and Actinomycetes reducing bacteria
Polyenoic (Polys) Found in eukaryotes Eukaryotic scavengers
Eukaryotic often prey on
(fungi, algae, protozoa, contaminant utilizing

plants and animals) bacteria



Some more specific bacteria lipids
—
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Some more specific bacteria lipids
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Summons et al., 1987




Some more specific “bacteria” lipids

pigmented
Chlorobiaceae isorenieratane

Summons et al., 1987



Some more specific bacteria lipids

Ladderanes (PLFAs) derived from anammox bacteria,
an abbreviation for ANaerobic AMMonium OXidation

Nitrogen Cycle

Denitrification

CH,OH N,

NO,

NH,*

Anammox®

NO,

(@) (0]
2 Nitrification 2

Ladderanes

They have been proposed to be
responsible of up to 70% of
oceanic N, production,
representing a major N sink.



Example of PLFAs profile (groundwater)
—
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Some more specific archaea lipids
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More specific prokaryote lipids
—
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Formation and origin of biomarkers
—

(image: After Behar and Vanderbrouck 1987)

MATURED KEROGEN

AFTER CATAGENESIS:

alluvial fan

= w——‘—_‘-'_’-’ o

(image: After Behar and Vanderbrouck 1987)

— = & % | \;’(&:’)J\

Post-Diagenesis Kerogen




General workflow

* Biological * Liquid extraction * CE (capillary * Global profiling * Identification » Detection of
* Environmental * Solid phase electrophoresis) * Targeted * Quantification  significant influences
. - extraction * LC(liquid approaches

 Filtration chromatography)

* Purification * GC(Gas

chromatography)



Mature samples

Lipid extract

Pant extract
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Extraction (DCM/MeOH 9/1)

Total lipids extract (TLE)

Typical purification of mature samples

| Liquid chromatography (activated silica or alumina)

l Hexane/DCM (9/1) l Hexane/DCM (1/1) l DCM/MeOH (1/1)
F1 F2 F3
Saturated hydrocarbon ester/ketone Alcohol
(n-alkanes) miliacin disnosterol
@ alkenones hopanols
GC-MS GC-MS GC-MS

23 Analytical Chemistry Seminar 2016 (V.F. Schwab)



TincaI Euriﬁcation of fresh samEIes

SPE silica column
/

CHCl, |C,HO  |CH,OH

NL GL PL
SPE silica colurmn WiﬂiCGHM mild-alkaline hydrolysis and methylation
v
HCs NH2 column with C6H14/CH2C|2
\'4
EL-PLFAs

\LAg-impregnated SCX column with C,H,,/CH,Cl,

sat-PLFAs

\J’Prep-H PLC purification

individual sat-PLFAs

!

PLFAs specific AMS




ComEound Euriﬁcation —prep —-GC




Compound purification —prep — HPLC

HPLC-MS (quadrupole)
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Chemical treatment
—

Chemical pre-

Samples are frozen purification

(-80°C) until analyze

1 =

Lipid extraction

Lipids isolation Lipids identification

A4C PLFAs



Comgarison between HPLC and GC

Sample volatility Sample Polarity

GC GC
Sample must be Separates both polar and
volatile non polar compounds




Comparison between HPLC and GC




Comgarison between HPLC and GC

Sample thermal lability =~ Sample molecular weight

GC GC

Sample must be able Typically <500 amu
to survive high temp.
injection

30



Example of sterol fraction




Examgle of sterol fraction run on HPLC

taraxerol
m/z 409 2.5
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Smittenberg et al., 2007, Journal of chromatography A



Example of sterol fraction run on HPLC for “CSRA”
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CSRA of aerosol used for source appointment

f,.=1.1-1.2 fn=0 "1
Biomass _ ,
burning Fossil fuel Biogenic

Thermally refractory Volatile - refractory



Different compound stabilization in savanna soil

A Bulk soil OC ™ Soil n-Cos+n-Co; ® Soil n-Cog PTME

Mendez-Millan et al., 2014 Biogeochemistry

Years of eucalyptus

3 a A
L
Mineralisation Incorporation
f old Ik of eucalyptus
ot old n-alkanes n-alkanes
U ]
5 10 15 20 25 30 35



Stabilization of wax n-alkane in sediments
—

Age offset n-alkanes - sediment (cal yr)
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Smittenberg et al., 2006 Science



A EXAMPLE OF PLFA CSRA in groundwater

—

to help to define

* the source of carbon used by an organism

and the apparent age of the reservoir
providing this source.

* the metabolic pathways of organisms



PLFAs §'3C values have a lot of overlap
—

Anammox | oemwm Candidatus “Brocadia anammoxidans and
ST Candidatus “Scalindua sorokinii, (Black Sea)

| glo | 70' I 50' I 3'0 I 1|0 I Schouten et al., 2004

A13C PLFA-DOC or DIC
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PLFAs 14C values help to definite the C source

Mainly 3 organic pools in groundwater
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General hypothesis

e
*v( Redox potential  QOrganic Matter Micro-organisms

“ Abundant, fresh

_ANOXIA and “C-enriched”  Heterotrophy
Fe-reduction
SO, > -reduction
Poor, degraded Autotrophy

Methanogenesis  and *C-depleted”

Groundwater



Condition of the sampling sites
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Sampling
—

View borehole Filtration system

(ca. 10°000L) pre-combusted (5h 500°C)
glass fiber membrane
® 293 mm, 0.3 um



Sampling

H5.2 sulfate-rich well
(ca. 10°000L)

H4.3 Iron-rich well
(ca. 10°000L)



Chemical treatment
—

glycerol
e e w/\/w
Extraction
OW
Hydrolyse

Methyla- CH;-
tion CH3—0 Y
g ;ntroduction of a C from MeOH>

Silver CH: oi/\/\/\/\/\/\/\/

nitrate Removal of unsaturated FAME
chromatography




Semi pre-HPLC

Eluting peaks in a C;g HPLC column
(150 x 4.6 mm, 3 um) ﬂ

Facts:

- Between 5 up to 10 pg of a single
compoun — compound per injection
- Need between 15 and 10 injections for
collecting ca. 100 pg
- Can collected many different compounds _

per injection

80% 3%
0

MeOH/H,C

1/1

70%

% ACN in




TIC (GC-MS) of the different collected HPLC fractions
—

Sat.fraction
partial TIC J\N K
H4.3
iC15:0 +aC15:0 |
H4.3 B
MeC15:0 + Cy17:0
H4.3

fl
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H4.3 "
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TIC (GC-MS) of the different collected HPLC fractions

partial TIC
H4.3

C18:0
H4.3
A

f

10MeC18:0 .\ >
H4.3 / L @
C
i
C19:1 + Cy19:0 /L cC
H4.3 £
A 2
C20:0 ” E
H4.3 J‘ [
/ |l\ o

45 46 47 48 49 50 51 52 53 54 55 56 57 min




Fraction Modern

HPLC column contamination

C16:0 FAME standard: -132 * 3%o
1:?88 I’ = —[E—Dlﬂ L H}———. — - C16:0 real value
gj R

1.000

Dead-C,,, contaminations of 0.57 £ 0.3 pg and of 0.35 + 0.2 pug
for the HPLC and AMS sample preparation, respectively.

0.400 F— — —

0.001 0.01 0.1 1
Size (mg)

Phenanthrene standard: -997 * 1%o

Modern C_,, contamination was 0.40 + 0.20 pg for AMS sample
preparation only.



Fraction Modern

Solvent contamination

1.300 T

* C16:0 real value
C16:0 pure
C16:0_DCM
C16:0_Meth

1.200 +
1.100 ——f%m—-—l

1.000 +
0.900

II:III

0.800
0.700
0.600
0.500

0.400 + S
0.001 0.01 0.1 1

Size (mg)




* Each system will be distinct in term of Cext,
therefore each user needs to evaluate the Cex
and Fmex values specific for their system

* When considering CSRA applications, one
must consider the magnitude of uncertainty
required to provide useful information about
the system being studied.



Mean recoveries

Table 2: Compound recovery in uC measured after the different
purification and extraction steps

% recovery

% recover
¥ % recovery of Ag- % recovery of solvent

extraction + | ) Total
] impregnated SCX  of HPLC evaporation ota
methylation + e recovery
column purification and
NH, column ]
combustion

89+10 (2) 88+4 (9) 83+6 (9) @! 4616 (9)

Larger compound lost during solvent evaporation or/and in vacuum line



A4 (9%0)
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Results and implications
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Results and implications
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Conclusion

Redox potential  Organic Matter Micro-organisms

2
“ Abundant, fresh Heterotronh
_ANOXIA and '*C-enriched” eterotrophy
Fe-reduction
SO, > -reduction
" Poor, degraded Heterotrophy

Methanogenesis  and *C-depleted”

pundwater
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