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iso TOC® cube
Isotopic analysis of dissolved TC, TOC, TIC and TNb
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Elementar: iso TOC cube

Uniquely single-manufacturer system for simultaneous isotope ratio analysis of
dissolved Cand N (TC/ TOC / TIC / TN, ) in aqueous samples

iso TOC cube

Low Concentration

Module (LCM) isoprime precisION IRMS




TOC & TN, Stable Isotope Applications

Identifying sources dissolved organic matter
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Dissolved organic carbon controls the bioavailability
of nutrients in soils and influences productivity in
aquatic and terrestrial ecosystems.

Dissolved carbon and nitrogen are critical conduits
for the global C & N cycles and constraining their
transport and transformation process is essential

Precipitation and surface water leaches dissolved
organic carbon (DOC) from vegetation and plant
litter and percolates through the soil column

Aquatic systems account for the second largest
reservoir sink of carbon on Earth behind forests



Introducing the iso TOC cube
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Complete single-manufacturer solution for stable isotope analysis of
dissolved organic matter in the liquid phase

Uses high temperature (up to 850°C — furnace rated for 1200°C)
rather than wet chemical oxidation

High temperature oxidation exhibits less matrix effect (more
quantitative combustion vs chemical oxidation)

High temperature oxidation opens the possibility for analysing Total
Organic Carbon &3C and Total bound nitrogen 5!°N

Using ramped GC chromatography allows lower detection limits and
exceptional peak shapes

Large liquid injection volume of up to 5 ml (n.b. 3 ml more routine for
maximum operating volume)
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iIso TOC cube - components ~ elementar
32 position ~—— Sample probe (sample injection and purging gas)
autosampler
(40mL vials)

Automated sampler arm

Sample syringe (0.1 - 5 mL)

J

NDIR detector
(standalone C/N
concentration

measurements) Oxidation and Reduction furnaces (10 yr warranty)

Condenser & chemical drying traps
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“Optional” module to enable measurement of TN, and improve sensitivity for low
carbon abundances/saline samples

N, peltier-cooled
TPD column

H,O chemical traps

[ J

CO, Temperature
Programmable
Desorption (TPD)

column \\\
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Improved sensitivity for low carbon analysis (LCM)

An example of a caffeine #04 internal lab standard diluted in DI water

Data View

No LCM | "
@ <6 minutes per sample

Fine for relatively high [C] in clean |
water, and gives fast analysis {

000050 000140

Data View

N2

With LCM
@ <20 minutes per sample

. -9.78%0 AIR
Gives both d13C & d15N, and .
needed for lower [C] and/or )

more challenging samples (e.g. =
saline) I
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-33.18%0 VPDB
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Low Concentration Module (LCM) - components

N, peltier-cooled
TPD column

CO, TPD column




Total Dissolved Organic Matter — What is it?
Primarily produced from the decomposition of plants, bacteria and algae

Dissolved Organic Matter (DOM)

Total Bound Nitrogen (TN,)

Inorganic N Organic N
(DIN) ((>10])))

NH,4 Amino acids

NOs- Amino Sugars
Phytols

N,O ... anything C/N

Total Carbon (TC)

Inorganic C
(DIC/TIC)

CO,
CO32_
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Organic C
(DOC/TOC)

Sugars
Amino Acids

Lignin

... any organic

molecule
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iIso TOC cube vs EA-IRMS lypholization ~Z elementar
Sample analysis method
iso TOC cube EA-IRMS lyophilization

Collect sample Collect sample

Filter <46 pm

Acidify to pH < 2 for TOC
Freeze dry/oven dry overnight

Analyse residue by EA-IRMS

Filter <46 pm
Acidify to pH < 2 for TOC
Analyse liquid by iso TOC® cube

D W N =
g A W N =

iso TOC cube ? 6-12 min/sample (direct liquid phase DOM measurement)

it -12hrs/sample (freeze-d d
Iyophilization 6-12hrs/sample freeze-dry/oven o)
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. The LCM includes both a CO, TPD column and the required cryogen free Peltier
N, column for trapping and focusing the released nitrogen

. The CO, TPD column is essential for low ppm C and/or saline samples
. The N, degasser is essential for CN mode
. Measures DOC as CO, and DON as N,

s ~ / \ rﬁ . REQUIRED LCM .
D - Isoprime precislON
N, DEGASSER \ /
AUTOSAMPLER S )L (] ) cogg:Eh:;rTRIg'lr\:ON GAS SEPARATION | ISOTOPE RATIO
— ! WithCO,TPD columnand ! DETECTION
SAMPLE COMBUSTION %, cryogenfreeNytrap* ¢

INJECTION (& REDUCTION®) DRYING Mt

11



C Mode (TIC)

The iso TOC cube also has an inbuilt acid sparger which can be used to

measure TIC from samples

The acid sparger is connected to a bottle of H;PO, acid

Sparger is held at ambient temperature

=i,

AUTOSAMPLER

N, DEGASSER

—
SAMPLE
INJECTION

N —

ACID SPARGER*
(Tic)

—

DRYING

Isoprime precisION

» (o) |»

CONCENTRATION
DETECTION

ISOTOPE RATIO
DETECTION

f\
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OPTIONAL LCM*

GAS SEPARATION
i WithCO,TPD columnand
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True 813C [%o0]

iso TOC cube 613C performance

+50
+40
+30
+20
+10

+0

y = 0.98x + 0.19
r2 = 0,998

-50

-40 -30 -20 -10 +0 +10 +20 +30 +40 +50
Measured d13C [%o]

=

Sucrose
Glutamic Acid
Caffeine
Citric Acid
Glutamic Acid
Glucose

Urea

Caffeine
Caffeine
Caffeine
Fructose

L leudne

IAEA-CH-6
USGS41
IAEA-600
EAS 13 005
EAS 12 004
EAS 14 003
EAS 13 003
EAS 16 001
EAS 16 002
EAS 16 003
EAS 16 004
EAS 18 004

)

> elementar

[%o0] 9813C [%o0]

-10.45 -10.40 0.09
+37.63 +37.70 0.40
-27.77 -27.77 0.04
-16.42 -16.32 0.05
-26.77 -26.64 0.05
-11.57 -13.31 0.02
-45.64 -48.16 0.10
-3144 -33.30 0.09
-33.13 -35.01 0.08
-32.21 -32.46 0.10
-19.93 -20.01 0.12
-28.35 -28.33 0.14

Standards with EAS prefix are internal RMs calibrated back to internationally accepted CRMs
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+40 - Caffeine IAEA-600 +1.00 +0.66
Glutamic Acid USGS 41 +47.57 +48.41 0.08
+30 1 Ammonium Sulfate  IAEA-N-2 +2041 +20.03 0.07
g Urea EAS 13 003 -1.12 -2.46 0.10
z +20 Acetanilide EAS 12 001 +1.57 +0.60 0.15
E+10 ] Glutamic Acid EAS 12 004 -4.66 -4.51 0.05
Glutamic Acid EAS 12 005 -4.06 -3.96 0.17
+0 4 Sodium Nitrate EAS 13 002 +16.31 +16.87 0.05
Ammonium Chloride ~ EAS 13 001 -1.05 -2.07 0.11
-10 ; : Caffeine EAS 13 015 -1.78 -2.02 0.02

-10

+0

+10 +20 +30 +40 +50
Measured d1°N [%oo]

Standards with EAS prefix are internal RMs calibrated back to internationally accepted CRMs
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Wet chemical oxidation, HTC

-
Elemental Analyzer, HPLC

Compar
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Cavity Ringdown spectroscopy,

High Temperature Combustion, CRDS

High-Performance Liquid chromatography
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iso TOC cube - Specifications f )elementqu

Specification TC / TOC / TIC

Standalone mode (abundance)

Measuring range 0-60,000 ppm 0-60,000 ppm!
LOeD 6 ppb 500 ppb
Relative standard deviation < 2% < 2%

IRMS mode
External precision 013Ccqy 0.1%02 O1°Ny, 0.2%0%3
LOID 1 ppm (0.5 ppm) 15 ppm
LOIQ 5 ppm 25 ppm

. . LOeD = Limit of Elemental Detection
IMeasured as NO, bypasses reduction furnace, cannot measure d1°N at same time  Loip = Limit of Isotopic Detection

2For a standard solution with > LOQ concentrations, Installation specification LGIQ = Limit of Isotopic Quantification

3Requires LCM and measured as N, y
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iIso TOC cube sample types
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Wastewater Soil Leachate
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TOC in freshwaters

In these data, water samples from the River Dart, Devon, UK were collected along an estuarine transect
with a salinity gradient from 2 g/L to 25 g/L.

Samples were filtered (<45um) and acidified on collection to a pH < 2 to remove TIC.

These data show good isotopic precision for challenging low concentration 1-3ppm C samples
across a freshwater gradient

I ] I e
e [ [ meee
e [ we | e
I TN I T
o

®©OO

1

1

1.77 £ 0.06 1.21+ 0.01 -27.26 £ 0.17

2
5
15
25
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TOC in seawater

Whilst inorganic carbon in the form of bicarbonate is dominant in seawaters, an ability to undertake a range
of direct measurements of Total Carbon (TC), Total Inorganic Carbon (TIC) and Total Organic Carbon (TOC)
is vital for achieving a better understanding of the ocean carbon cycle.

combustion temp of 680° C for salty waters to reduce salt corrosion. SALTTRAP technology can also be used
to improve system lifetimes.

Analysis of seawater samples on the iso TOC cube shows excellent isotopic precision for replicate

@ Seawater samples were pre-acidified to a pH < 2 offline to remove TIC. It is recommended to use a lower
@ analyses of seawater TOC.

Analysis Volume (ml) NPOC (mg/L)* (0, Peak Height (nA) 65Cpp; (%00)
I ITPONN IO
0.1

(roatian Seawater 1

i
Croatian Seawater 2
L

(roatian Seawater 3

Croatian Seawater i

(roatian Seawater 5 34.56 *+ 4.53 -21.62 + 0.06

19



Soil DOM extracts

® ®© O ©

Dissolved Organic Matter (DOM) in soil affects
fundamental biogeochemical processes, including
carbon and nutrient circulation.

DOM is a mixture of soluble organic compounds
derived from terrestrial and autochthonous sources,
including decaying root and leaf, root exudates, and
microbial metabolism

Traditional lyophilization EA-IRMS methods are
complex and time consuming.

The iso TOC cube offers a much more rapid
and direct analysis of the extracted DOM,
without sacrificing accuracy or precision

SAMPLE* (DOM EXTRACT)

BLACK HUMUS LAYER
(H, FIMICANTHROSOL)

SUBSOIL (HAPLIC (AMBISOL)

ERODED SEDIMENT
(PETRIC CALCISOL)

BURIED ILLUVIAL HORIZON
(2BC, HAPLIC PODZOL)

ASH LEAVES
PINE NEEDLES
SPRUCE NEEDLES
RICE STRAW
MOSS

HUMICACID

*0.5 ml liquid injection

TOC-IRMS 6®C
(%o VPDB)

-26.29 £ 0.03
-26.50 + 0.08
-25.28 + 0.07
-26.61 + 0.03
-29.37 £ 0.07
-30.77 + 0.08
-31.72 £ 0.07
-20.43 + 0.11
-27.56 + 0.01

-32.66 + 0.03

EA-IRMS 6%C
(%o VPDB)

-26.39 £ 0.03
-26.54 * 0.01
-25.30 + 0.01
-26.69 * 0.12
-29.36 % 0.02
-30.87 + 0.04
-31.78 £ 0.02
-29.41 * 0.05
-27.60 * 0.07

-32.69 + 0.02

ﬁ
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Comparison between 613C values determined by TOC-IRMS and by
conventional EA-IRMS of lyophilized DOM extracts.
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Recent Demo Lab Analysis

Table 1: TOC and 8YC results of second batch of analyzed water samples.

Uncorrected §™C | Fry Corrected §™C

ppm C ppm C (by IR) (VPDB) (VPDB)

Known
Sample ppm C %RSD ¢ SD 53¢ SD
NOM 2.8 2.7 0.6% -27.69 0.05 -28.12 0.06
GCO05 465.5 5.5 4.6 1.5% -20.42 0.17 -20.15 0.19
WHLA 24 4.2 4.5 0.3% -28.45 0.05 -28.80 0.06
WHLA 05 2.8 2.7 0.8% -23.37 0.08 -23.34 0.10
Hansell_DSR_12_08 0.5 0.5 1.4% -21.40 0.66 -19.88 1.11

“Blind” samples sent to Elementar demo lab — mix of salinities,
and 0.5-5ppm TOC

Compared to OI-IRMS results from origin lab

Very good agreement — and on uncorrected, rather than “Fry
Corrected”

Excellent precisions for the most part too — horizontal is origin
lab precisions, most iso TOC precision error bars end up
almost invisible!

d13C-Elementar

-15

-20

P
=30 -25 =20
d13C-USGS

-15

\
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o Uncorrected
A Fry Corrected
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Post-ASITA Workshops!

Post-ASITA Elementar
Workshop:

Registration

ﬁ
C} elementar
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Wed PM: 1:30 PM - 5:30 PM
2 parallel sessions

» Source Maintenance
+ LyticOS Data Processing

Thu AM: 08:30 AM - 1:00 PM (workshops start at 9:00)
Possibly 2 parallel sessions (depending on final
numbers for source workshop)

» Source Maintenance
 EA & EA-IRMS

Thu PM: 1:30 PM - 5:30 PM
2 parallel sessions

« Source Maintenance
e iso FLOW GHG for N2/N20

22
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Need for degassing for 15N analysis

\
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Membrane degassing unit rapidly and efficiently removes N, from the sample prior to combustion
(a). Without degassing (b), the equivalent of 20 ppm N, would contribute to the TDN signal

Peak Area (nA)

[ TR < S o T = |

Time (seconds)

Peak Area (nA)

3% o o Lo ]
Ll I T N

® " Ton

e

N / \. 40 ppm

V/ \\ 20 ppm
A 10 ppm

80 ppm

:____//‘_'\wqi_,,—.

700 750 800
Time (seconds)
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Influence of monsoons on DOC in a river estuarine

environment
Kumar et al. (2022)
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Contents lists available at ScienceDirect

Estuarine, Coastal and Shelf Science

ELSEVIER journal www.elsevier.

cator

Tracing terrestrial versus marine sources of dissolved organic carbon in the &85
largest monsoonal Godavari estuary in India using stable carbon isotopes

)
e

B.S.K. Kumar®, V.V.S.S. Sarma ™", D. Cardinal ‘

* CSIR-National Institute of Oceanogr Lawsons Bay Colony, Visakhapatnam, India

Place Juzsieu - Boite 100, F-75252 Paris, France

Monsoonal rains occur for 3-4 months (July-Sept)
every year across the Indian subcontinent

The Godavari river is the largest monsoonal river in
the Indian subcontinent.

The terrestrial organic carbon flux from the continent
to the ocean is an important component of the global
organic carbon cycle.

This study performs a time series analysis monthly to
evaluate the impact of monsoonal rains on C fluxes.

25
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Influence of monsoons on DOC in a river estuarine

environment
Kumar et al. (2022)

IRMS instrumentation

® DOC/TNb concentrations and 33Cpoc Were measured
on an iso TOC cube with LCM

® Samples were acidified to a pH <2 to remove DIC

® Samples were purged with He to remove purgeable
organic carbon

©® DON was estimated by subtracting dissolved inorganic
nitrogen (DIN) from TNb.

® DOC conc precision < 3%
. © 813Cpoc precision < 3%o
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Influence of monsoons on DOC in a river estuarine
environment

£2J Dowleiswaram dam
Kumar et al. (2022)
16.75|
Rett ® The relation between DOC and 3'3Cpoc
= Z %355 . . .
f £ - displayed a negative  (inverse)
g g relationship during both wet and dry
y © . .
"“ periods suggesting the removal of DOC
1623 ot during estuarine mixing.
iy Bay of Bengal
16.0
81.5 81.75 82.0 8225 825
Longitude (°E)
100 — 12 o P
Wet period Jan i | ~
] Feb | S:!msandsoil Jan
fe= Mar B Marine . Cganc ot Feb
5 Apr Mar
S 60 Jun el
= A Jul Jun
z - Aug Jul
8 40 —] [Dry period Sep o)
. Oct Sep
® 2% Nov Oct
20 — %
%o Nov
1 DON=0.27xDOC-62.1: r2=0.54 (Wet)
0 - DON=0.15xDOC-1.31: r2=0.71 ‘D?)
0 10 20 30
0 100 200 300 400 500 600 DOC/DON

DOC (M)

Fig. 6. 6. Relationship between DOC and DON in the Godavari estuary during
the dry and wet periods.

Fig. 7. 7. The relationship between DOC/DON ratio and §'*Cpoc in the God-
avari estuary during 2019. The ranges of C/N and §'°Cpoc of different end-
members are shown. The mean §'°Cpoc during wet (August) and dry (March)
periods on the bank of the river is also given.
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https://www.sciencedirect.com/science/article/abs/pii/S0272771422002621

2 Tracing DOC across a glacio-fluvial transition in 7 .ot
the Tibetan Plateau freshwaters “ elementar

Contents lists available at ScienceDirect

* 2022

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitoteny

The glacial-terrestrial-fluvial pathway: A multiparametrical analysis of 1))
spatiotemporal dissolved organic matter variation in three catchments of k=
Lake Nam Co, Tibetan Plateau

Philipp Maurischat **, Lukas Lehnert ", Vinzenz H.D. Zerres ”, Tuong Vi Tran ¢, Karsten Kalbitz ¢, Asmund Rinnan ¢,
Xiao Gang Li ', Tsechoe Dorji ¥, Georg Guggenberger *

® The Tibetan Plateau (TP) is a sensitive alpine
environment of global importance, being Asia's water
tower, featuring vast ice masses and comprising the
world's largest alpine grasslands.

® Sensitive high-altitude ecosystems such as the TP are
under pressure by several threats such as intensified
land-use and pronounced global warming

® Gaining knowledge on biogeochemistry processes
within the TP is an essential component for
understanding current challenges.

28
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IRMS instrumentation

® DOC concentrations measured on vario TOC cube,
013Cpoc measured on iso TOC cube

® Samples were filtered <45um (PES membrane) and
acidified to a pH <2 with HCI

® When the DOC concentration was below 1.6mgL-1C,
1 mL of caffeine standard (reference material IAEA-
600) was added. Sample d13C was
calculated using the common mixing
equation.




= Tracing DOC across a glacio-fluvial transition in @elementar

. the Tibetan Plateau freshwaters

2022

3 13C (%eo)

-12

-16|

-20
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Dissolved organic matter source type
. terrestrial-derived
@ microbial-derived

Land degradation &

13¢ signature

-24| .
-28
Plant - Ni i zh Zh
ctaciar o Soater vw3lle BRSNS X sep 2019
Ni Ni i 2|
Sediment  Soil NETE sepadle  SS0N My MM

Si

Stream samples were strongly influenced by terrestrial signatures, inherited
from glaciers, alpine wetlands, and groundwater sources. Lakewaters are
however dominantly influenced by microbial DOM. Study measured a wide
range of fresh waters (lake, brackish, wetland, glacial, stream and spring
waters) and DOC concentrations from 0.63 to 12.46 mg/L-1
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Tracing C uptake in plants from soils through D rermnentar
enriched 13C doping experiments e

2021

DOI: 10.1002/;pIn.202 100206

b4

RESEARCH ARTICLE

Above- to belowground carbon allocation in peatlands shifts
with plant functional type and temperatur

LilliZeh®® | ClaudiaSchmidt-Cotta® | JuulLimpens?® | LucaBragazza® |
Karsten Kalbitz!

® Peatlands store one-third of the global soil carbon on
only 3% of the land surface area.

~w% © Vascular plants with root systems expanding coverage

and dominating sphagnum moss. Concern that this
will impact the ability to sink C in peatlands.

® Experimental setup using 13C labelled water to
quantify how vascular plants assimilate and store
carbon in the field.
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Tracing C uptake in plants from soils through D rermnentar

enriched 13C doping experiments B
* 2021

IRMS instrumentation

® DOC concentrations measured on vario TOC cube,
013Cpoc measured on iso TOC cube

® Pore waters were collected in syringes connected to
mini-rhizons protected from UV light with foil. Water
was extracted by vacuum extraction the day after
sampling.

® Injection volume 0.5mL
® Combustion at 850°C

32



Tracing C uptake in plants from soils through
enriched 13C doping experiments

Low T High T
80+
Sedges no-label
Sedges label
607 [ shrubs no-label
1 shrubs label l ] l

il 3 8 1 3 8
Days after labelling

Figure $2 DOC concentrations for the label and no-label plots of shrubs (C. vulgaris) and
sedges (E. vaginatum) at two peatland sites (high and low temperature site, high T and low T,
respectively) on the first day after labelling, day 3 and day 7 after labelling. Bars give means
with SE.
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LowT High T |

1.0
- Sedges I

05
§ B shrubs [
% .
8 0o -I- I ==
¢
: y !
% 05
© I 1

1.0

1 3 3 8

8 1
Days after labelling

Figure S3 3'°C in DOC of the label plots of shrubs (C. vulgaris) and sedges (E. vaginatum) at
two peatland sites (high and low temperature site, high T and low T, respectively) on the first
day after labelling, day 3 and day 7 after labelling. The numbers represent 5'°G of label plots
after subtraction of no-label plot values. Positive values indicate an enrichment of *C in the
respeclive treatment sample relative to the no-label plot. Negative values mean that no
enrichment in '3C was found. Bars give means with SE.

® Above- to below- ground C allocation in peatlands differs between sedges
and shrubs and that this C allocation is dependent on temperature. Under
dimate change, root-driven C-cycling in peatlands might become less
important compared to the direct effects associated, for example, to an

increase of peat aeration.
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® Carbon and nitrogen in seawater photic zone @elementar

from the Bay of Bengal cxceLcence 1w Euewenr
By Contents lists available at ScienceDirect = h

marine
Marine Chemistry

ELSEVIER journal homepage: www.elsevier.com/locate/marchem

m

Accumulation of dissolved organic carbon and nitrogen in the photic zone |°"’-5-""|
in the nitrogen-depleted waters of the Bay of Bengal

D.N. Rao, V.V.S.S. Sarma

CSIR-National Instrute of Oceancgraphy, Regional Genere, 176 Lawsons Bay Colany, Visakhapamam 530 017, india

® 90% of marine life lives in the photic zone and

Oceanic DOC is equivalent to the total amount of
atmospheric carbon.

® The Bay of Bengal is a tropical basin and receives a
significant amount of freshwater through major rivers,
such as Ganges, Brahmaputra, Irrawady and Salween
riverine systems, leading to strong salinity
stratification

©® DOM source can be identified using stable isotopes
(C&N)



., Carbon and nitrogen in seawater photic zone Celementar

from the Bay Of Bengal EXCELLENCE IN ELEMENTS

* 2024

IRMS instrumentation

® DOC/TNb concentrations and 33Cpoc Were measured
on an iso TOC cube with LCM

©® Seawater samples collected from top 20-40m of
seawater across a cruise transect of over 2500km
across Bay of Bengal

® Seawaters were pre acidified to a pH <2 and purged
with high purity helium to remove
inorganic carbon

® DON is estimated by subtracting
dissolved inorganic nitrogen (DIN)
from TNb




E’ Carbon and nitrogen in seawater photic zone @elementar
from the Bay of Bengal EXCELLENCE IN ELEMENTS

2024

CE ACE

—Nen Mo~ oo
07z :

Depth (m)

Distance (km)

® The strong relationship of DOC with Chl-a, POC and DOC exudation rates,
DOC: DON, DON: DOP ratios and 0'3Cpoc suggested in situ production is
the major source of DOC and DON in the Bay of Bengal. DOM acts as an
energy source to the plankton and contributes to the food web dynamics
and C-cycling in the Bay of Bengal




Mineral — soil carbon exchange experiments )
using 13C enriched DOM

2018
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‘Contents lists available at ScienceDirect

Soil Biology and Biochemistry

ELSEVIER journal h www.elsevier. locate/soilbio

Multiple exchange processes on mineral surfaces control the transport of m

dissolved organic matter through soil profiles e

T. Leinemann®", S. Preusser”, R. Mikutta®, K. Kalbitz, C. Cerli®, C. Hoschen’, C.W. Mueller',
E. Kandeler®, G. Guggenberger®

= instinite of Soil Science, Leibniz Universitit Hannover, Herrenhduser Strafe 2, 30451 Hamover, Gemnan;
*® Insditute of Soil Science and Land Evaluation, Soil Biology Department, Universicy of Hohenheim, Emil-Wolff Str. 27, 70599 Stuttgart, Germany

® Dissolved organic matter (DOM) mobilized in topsoil and

transported to subsoil horizons is an important source of
carbon (C) throughout the soil profile.

| ® Adsorption of carbon by reactive minerals such as clays
reduces the concentration of dissolved organic carbon in
soil pore water.

® The objective of this study was to experimentally test
whether changes in amounts and composition of DOM
within soil profiles are due to sorption processes alone or to
additional stepwise exchange of OM on mineral surfaces.
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2018
IRMS instrumentation

® Goethite covered with 13C (12.3 atom %) labelled
organic matter

® Water with define DOC and known &13C ratio pumped
through soil at 5.5mL/hr and sampled over days-
weeks.

® Soil eluate measured for DOC on vario TOC cube, and
013Cppc0n an iso TOC cube

® Samples acidified to pH <2
® Injection volumes between 0.2 and 1mL
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® Exchange processes at mineral surfaces due to simultaneous adsorption
and desorption of OM thus play a crucial role in DOM transport, as well as
in the fate and properties of mineral-associated OM. Adsorbed OM can be
mobilized and replaced by DOC over an entire soil profile even at depth,
thus confirming the importance of mineral — soil carbon exchange.
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® This study characterizes the DOC reservoir of four modern
redox-stratified alkaline crater lakes from the Trans-
Mexican Volcanic Belt.

® Although many studies have explored C cyling in modern
redox-stratified environments, very few have measured the
stable isotope signature.

® The production and fate of the DOC reservoir in these
modern analogues is used to discuss the potential role of
DOC in past perturbations of the sedimentary C isotope
record from the Neoproterozoic and Phanerozoic.
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IRMS instrumentation

® DOC concentrations measured on vario TOC cube,
013Cpoc measured on iso TOC cube

® Samples were filtered <0.22um (Filtropur S filters)
and acidified to a pH ~1-2

® Injection volume of 1mL (four replicates, 15t
measurement discarded)

® Combustion temperature 850°C

® Six injections of DI water between
samples to minimise memory effect
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Figure 3. Vertical profiles of concentration and isotopic composition of dissolved organic carbon (DOC) throughout the water columns of the

studied lakes: Alberca de los Espinos, La Preciosa, Atexcac, and Alchichica. Concentration is in mmol L1 (mM), and isotopic composition

is in %o vs. VPDB. The white, gray, and dark-gray shading are as in Fig. 2. The brown shading symbolizes the presence of sediment at the

bottom of the water columns (showing the greater water depth in Lake Alchichica).

® In each of the four lakes, diverse photosynthetic planktonic communities
release greater or smaller amounts of DOC, depending strongly on
environmental factors such as nutrient and DIC availability, and transfer

most of the inorganic C to DOC rather than POC.
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® The majority of DOM in fresh or saline aquatic systems is
labile and rapidly consumed by microorganisms and
converted to CO,. Yet, a small fraction of it is less reactive
and persists for months and years, contributing to a huge
reservoir of nonlabile dissolved organic carbon, similar in
size to atmospheric CO,.

® Experiments were performed to test the priming effect (PE)
of labile organic substrates on nonlabile dissolved organic
matter degradation.
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IRMS instrumentation
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e ® DOC concentrations and d13Cpo- measured on iso TOC
cube with LCM

® Samples were filtered (precombusted GFF) and
acidified to a pH <2

® Samples purged of purgeable organics with He gas

® Injection volume of 1mL (four replicates, 15t
measurement discarded)

® Combustion temperature 850°C
® DOC conc precision < 5%
® O13Cpoc precision < 0.4%o
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Figure 1. Experimental setup for the three priming effect (PE) experiments (Exp. 1, 2, 3). Control and treatment bottles were prepared in replicates. MCP, microbial
carbon pump; LDOM, labile dissolved organic matter; NLDOM, nonlabile dissolved organic matter: Glc, glucose: L-Ala, L-alanine; D-Ala, D-alanine; Tre, trehalose;
CWS, control without sediments; CWR, control with river water replaced by ultrapure water; CWRWI, control with river water replaced by ultrapure water and no
inoculum.

@ The main goal of this study is to evaluate the occurrence of PE in aquatic
environments using different experimental conditions and stable isotope
analysis of DOC. Microbial DOM was always produced from the added labile
substrate. This contribution is often overlooked but must be discriminated for
accurate estimates of the PE.
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® Tropical forests are biodiverse ecosystems

® Tracking N input from atmospheric deposition, through
surface runoff and leaf litter leaching to the record in soil
profiles is important to understand the processing of N in N
limited ecosystems.

® The 6N value of total dissolved nitrogen (TDN) provides
useful information about the sources and sinks of N in
forest ecosystems.
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IRMS instrumentation

® &°Npgy measured on iso TOC cube with LCM

® Samples were filtered with ashless folded filters of 4—
7 um pore size (Type 392)

® Injection volume of 1-2.5mL

® Combustion temperature 850°C

® LCM N, trap held at -38°C

® O13Npgy precision < 0.4%o0
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Isotopically heavy nitrogen input via rainfall is enriched by isotopically lighter
nitrogen from plants and nitrogen turnover during the water passage through
the canopy. The direct measurement of 15N values provides a tool to monitor

the changing nitrogen cycle in ecosystems.
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