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Isotopic analysis of dissolved TC, TOC, TIC and TNb



Uniquely single-manufacturer system for simultaneous isotope ratio analysis of 

dissolved C and N (TC / TOC / TIC / TNb ) in aqueous samples

Elementar: iso TOC cube
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Low Concentration 

Module (LCM) 

iso TOC cube

isoprime precisION IRMS
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Algal Contributions to DOC  
in lakes

TOC & TNb Stable Isotope Applications

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

Dissolved carbon and nitrogen are critical conduits 

for the global C & N cycles and constraining their 
transport and transformation process is essential 

Dissolved organic carbon controls the bioavailability 

of nutrients in soils and influences productivity in 
aquatic and terrestrial ecosystems.

Leaf leaching is a major 
input of DOC in rivers

Identifying sources dissolved organic matter
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Peatlands are large 
reservoirs for DOC 



Introducing the iso TOC cube

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

Uses high temperature (up to 850ºC – furnace rated for 1200ºC) 

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 δ13C and Total bound nitrogen δ15N 

Using ramped GC chromatography allows lower detection limits and 
exceptional peak shapes
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Large liquid injection volume of up to 5 ml (n.b. 3 ml more routine for 

maximum operating volume)



iso TOC cube - components
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32 position 

autosampler 
(40mL vials)

Sample probe (sample injection and purging gas)

Automated sampler arm

Sample syringe (0.1 - 5 mL)

Oxidation and Reduction furnaces (10 yr warranty)

Condenser & chemical drying traps

NDIR detector 

(standalone C/N 
concentration 
measurements)



Low Concentration Module (LCM) - components
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H2O chemical traps

N2 peltier-cooled 

TPD column

CO2 Temperature 

Programmable 
Desorption (TPD) 
column

“Optional” module to enable measurement of TNb and improve sensitivity for low 

carbon abundances/saline samples

6



Improved sensitivity for low carbon analysis (LCM)
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No LCM
<6 minutes per sample
Fine for relatively high [C] in clean 
water, and gives fast analysis

With LCM
<20 minutes per sample
Gives both d13C & d15N, and 
needed for lower [C] and/or 
more challenging samples (e.g. 
saline)

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

-33.25‰ VPDB

-33.18‰ VPDB

-9.78‰ AIR



Low Concentration Module (LCM) - components

N2 peltier-cooled 

TPD column
CO2 TPD column
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Total Dissolved Organic Matter – What is it?

Dissolved Organic Matter (DOM)

Total Bound Nitrogen (TNb) Total Carbon (TC)

NH4
-

NO3
-

NO2
-

N2O

Inorganic N
(DIN)

Organic N
(DON)

Amino acids

Amino Sugars

Phytols

… anything C/N

CO2

CO3
2-

HCO3
-

H2CO3

Inorganic C
(DIC/TIC)

Organic C
(DOC/TOC)

Sugars

Amino Acids

Lignin

… any organic 

molecule

Primarily produced from the decomposition of plants, bacteria and algae



iso TOC cube vs EA-IRMS lypholization

1. Collect sample

2. Filter <46 µm

3. Acidify to pH < 2 for TOC

4. Analyse liquid by iso TOC® cube
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Sample analysis method

6-12 min/sample (direct liquid phase DOM measurement)

6-12hrs/sample (freeze-dry/oven dry)

iso TOC cube

EA-IRMS 

lyophilization preparation analysis

analysis

iso TOC cube EA-IRMS lyophilization

1. Collect sample

2. Filter <46 µm

3. Acidify to pH < 2 for TOC

4. Freeze dry/oven dry overnight

5. Analyse residue by EA-IRMS



C & CN Mode for IRMS
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• The LCM includes both a CO2 TPD column and the required cryogen free Peltier 

N2 column for trapping and focusing the released nitrogen

• The CO2 TPD column is essential for low ppm C and/or saline samples

• The N2 degasser is essential for CN mode

• Measures DOC as CO2 and DON as N2



C Mode (TIC)
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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 H3PO4 acid 

Sparger is held at ambient temperature



iso TOC cube δ13C performance
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Compound ID
Known δ13C 

[‰]
Measured 
δ13C [‰]

1 S.D.

Sucrose IAEA-CH-6 -10.45 -10.40 0.09

Glutamic Acid USGS41 +37.63 +37.70 0.40

Caffeine IAEA-600 -27.77 -27.77 0.04

Citric Acid EAS 13 005 -16.42 -16.32 0.05

Glutamic Acid EAS 12 004 -26.77 -26.64 0.05

Glucose EAS 14 003 -11.57 -13.31 0.02

Urea EAS 13 003 -45.64 -48.16 0.10

Caffeine EAS 16 001 -31.44 -33.30 0.09

Caffeine EAS 16 002 -33.13 -35.01 0.08

Caffeine EAS 16 003 -32.21 -32.46 0.10

Fructose EAS 16 004 -19.93 -20.01 0.12

L leucine EAS 18 004 -28.35 -28.33 0.14

Standards with EAS prefix are internal RMs calibrated back to internationally accepted CRMs



iso TOC cube δ15N performance 
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Compound ID
Known 

δ15N [‰]
Measured 
δ15N [‰]

1 S.D.

Caffeine IAEA-600 +1.00 +0.66 0.09

Glutamic Acid USGS 41 +47.57 +48.41 0.08

Ammonium Sulfate IAEA-N-2 +20.41 +20.03 0.07

Urea EAS 13 003 -1.12 -2.46 0.10

Acetanilide EAS 12 001 +1.57 +0.60 0.15

Glutamic Acid EAS 12 004 -4.66 -4.51 0.05

Glutamic Acid EAS 12 005 -4.06 -3.96 0.17

Sodium Nitrate EAS 13 002 +16.31 +16.87 0.05

Ammonium Chloride EAS 13 001 -1.05 -2.07 0.11

Caffeine EAS 13 015 -1.78 -2.02 0.02

Requires optional Low Concentration Module (LCM)

Standards with EAS prefix are internal RMs calibrated back to internationally accepted CRMs
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Comparison with other methods
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WCO = Wet chemical oxidation, HTC = High Temperature Combustion, CRDS = Cavity Ringdown spectroscopy, 
EA = Elemental Analyzer, HPLC = High-Performance Liquid chromatography



iso TOC cube - Specifications
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Specification TC / TOC / TIC TNb

Standalone mode (abundance)

Measuring range 0-60,000 ppm 0-60,000 ppm1 

LOeD 6 ppb 500 ppb

Relative standard deviation < 2% < 2%

IRMS mode

External precision δ13CCO2 0.1‰2 δ15NN2 0.2‰2,3

LOiD 1 ppm (0.5 ppm) 15 ppm

LOiQ 5 ppm 25 ppm
1Measured as NO, bypasses reduction furnace, cannot measure δ15N at same time
2For a standard solution with > LOQ concentrations, Installation specification 
3Requires LCM and measured as N2

LOeD = Limit of Elemental Detection
LOiD = Limit of Isotopic Detection

LOiQ = Limit of Isotopic Quantification



iso TOC cube sample types
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Freshwater

Soil Leachate

Drinking waterSeawater

Wastewater



TOC in freshwaters
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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.

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

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



TOC in seawater
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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.

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

Seawater samples were pre-acidified to a pH < 2 offline to remove TIC. It is recommended to use a lower 
combustion temp of 680°C for salty waters to reduce salt corrosion. SALTTRAP technology can also be used 
to improve system lifetimes.



Comparison between δ13C values determined by TOC-IRMS and by 
conventional EA-IRMS of lyophilized DOM extracts.

Soil DOM extracts
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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



Recent Demo Lab Analysis
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• “Blind” samples sent to Elementar demo lab – mix of salinities, 

and 0.5 – 5 ppm 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!



Post-ASITA Workshops!
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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
• iso FLOW GHG for N2/N2O



www.elementar.de



Need for degassing for 15N analysis

Membrane degassing unit rapidly and efficiently removes N2 from the sample prior to combustion 

(a). Without degassing (b), the equivalent of 20 ppm N2 would contribute to the TDN signal

Degassed sample No degassing of sample

24



Influence of monsoons on DOC in a river estuarine 
environment
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Kumar et al. (2022)

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.

https://www.sciencedirect.com/science/article/abs/pii/S0272771422002621


Influence of monsoons on DOC in a river estuarine 
environment
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Kumar et al. (2022)

IRMS instrumentation

DOC/TNb concentrations and δ13CDOC 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%

δ13CDOC precision < 3‰

https://www.sciencedirect.com/science/article/abs/pii/S0272771422002621


Influence of monsoons on DOC in a river estuarine 
environment
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Kumar et al. (2022)

The relation between DOC and δ13CDOC

displayed a negative (inverse)

relationship during both wet and dry

periods suggesting the removal of DOC

during estuarine mixing.

https://www.sciencedirect.com/science/article/abs/pii/S0272771422002621
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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.

Tracing DOC across a glacio-fluvial transition in 
the Tibetan Plateau freshwaters

Paper

2022
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IRMS instrumentation

DOC concentrations measured on vario TOC cube, 

δ13CDOC measured on iso TOC cube

Samples were filtered <45µm (PES membrane) and 

acidified to a pH <2 with HCl

When the DOC concentration was below 1.6mgL−1 C, 

1 mL of caffeine standard (reference material IAEA-

600) was added. Sample δ13C was                

calculated using the common mixing             

equation.

Tracing DOC across a glacio-fluvial transition in 
the Tibetan Plateau freshwaters

Paper

2022



Tracing DOC across a glacio-fluvial transition in 
the Tibetan Plateau freshwaters
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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

Paper

2022
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Peatlands store one-third of the global soil carbon on 

only 3% of the land surface area.

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.

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

Paper

2021
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IRMS instrumentation

DOC concentrations measured on vario TOC cube, 

δ13CDOC 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.

Pore waters were pre acidified to a pH <2

Injection volume 0.5mL 

Combustion at 850℃

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

Paper

2021



Tracing C uptake in plants from soils through 
enriched 13C doping experiments 
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Above- to below- ground C allocation in peatlands differs between sedges

and shrubs and that this C allocation is dependent on temperature. Under

climate 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.

Paper

2021



δ13CDOC 

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 
from the Bay of Bengal

Paper

2024



δ13CDOC 

IRMS instrumentation

DOC/TNb concentrations and δ13CDOC 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

Carbon and nitrogen in seawater photic zone 
from the Bay of Bengal

Paper

2024



Carbon and nitrogen in seawater photic zone 
from the Bay of Bengal

δ13CDOC 

DON
DOC

DOP

The strong relationship of DOC with Chl-a, POC and DOC exudation rates,

DOC: DON, DON: DOP ratios and δ13CDOC 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

Paper

2024
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δ13CDOC 

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.

Mineral – soil carbon exchange experiments 
using 13C enriched DOM

Paper

2018
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δ13CDOC 

IRMS instrumentation

Goethite covered with 13C (12.3 atom %) labelled 

organic matter

Water with define DOC and known δ13C ratio pumped 

through soil at 5.5mL/hr and sampled over days-

weeks.

Soil eluate measured for DOC on vario TOC cube, and 

δ13CDOC on an iso TOC cube

Samples acidified to pH <2

Injection volumes between 0.2 and 1mL

Mineral – soil carbon exchange experiments 
using 13C enriched DOM

Paper

2018



Mineral – soil carbon exchange experiments 
using 13C enriched DOM
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δ13CDOC 

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.

Paper

2018



40

δ13CDOC 

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.

DOC cycling in modern redox stratified lakes
Paper

2023
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δ13CDOC 

IRMS instrumentation

DOC concentrations measured on vario TOC cube, 

δ13CDOC measured on iso TOC cube

Samples were filtered <0.22µm (Filtropur S filters) 

and acidified to a pH ~1–2

Injection volume of 1mL (four replicates, 1st

measurement discarded)

Combustion temperature 850℃

Six injections of DI water between                       

samples to minimise memory effect

DOC cycling in modern redox stratified lakes
Paper

2023



DOC cycling in modern redox stratified lakes
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δ13CDOC 

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.

Paper

2023
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δ13CDOC 

The majority of DOM in fresh or saline aquatic systems is 

labile and rapidly consumed by microorganisms and 

converted to CO2. 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 CO2.

Experiments were performed to test the priming effect (PE) 

of labile organic substrates on nonlabile dissolved organic 

matter degradation.

Tracing labile versus nonlabile organic matter 
degradation in aquatic systems

Paper

2023
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δ13CDOC 

IRMS instrumentation

DOC concentrations and δ13CDOC 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, 1st

measurement discarded)

Combustion temperature 850℃

DOC conc precision < 5%

δ13CDOC precision < 0.4‰

Tracing labile versus nonlabile organic matter 
degradation in aquatic systems

Paper

2023



Tracing labile versus nonlabile organic matter 
degradation in aquatic systems
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δ13CDOC 

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.

Paper

2023



Tracing dissolved nitrogen in tropical forest 
waterways
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δ13CDOC 

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 δ15N value of total dissolved nitrogen (TDN) provides 

useful information about the sources and sinks of N in 

forest ecosystems.

Paper

2024
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δ13CDOC 

IRMS instrumentation

δ15NDON measured on iso TOC cube with LCM

Samples were filtered with ashless folded filters of 4–

7 μm pore size (Type 392)

Injection volume of 1-2.5mL 

Combustion temperature 850℃ 

LCM N2 trap held at -38℃

δ15NDON precision < 0.4‰

Tracing dissolved nitrogen in tropical forest 
waterways

Paper

2024
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δ13CDOC 

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 δ15N values provides a tool to monitor

the changing nitrogen cycle in ecosystems.

Tracing dissolved nitrogen in tropical forest 
waterways

Paper

2024
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