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Isotope Ratio Infrared Spectroscopy (IRIS)
Thermo Scientific™ Delta Ray™ IRIS with URI Connect (Figure 1) uses isotope ratio infrared spectroscopy (IRIS) for
CO2 analyses. The laser light is generated by a difference frequency generation (DFG) mid-infrared laser which
operates at 4.3 μm. Calculation of different carbon dioxide isotopologues and determination of stable isotope
ratios from spectrum is possible due to absorption lines which are shifted relative to each other (Figure 2). This
technology provides possibility of having 1 Hz data record.

Figure 1. Thermo Scientific™ Delta Ray™
IRIS with URI Connect and Teledyne CETAC™
ASX-7100 Autosampler.

Coral Reef ecosystem
Complex ecosystem of coral reefs is formed through interaction of biological, physical and chemical processes.
These coastal areas are sites of intense primary production and specific processes which can induce strong
variations of dissolved inorganic carbon and associated high air-ocean CO2 fluxes (Figure 3). Air-ocean CO2
exchange is a fundamental process in a global carbon cycle [2, 3].
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HCO3IRIS technology offers the possibility for in situ measurements of CO2 fluxes. The carbon isotope ratio and oxygen
isotope ratio of carbon dioxide (δ13C; δ18O) can be used to partition the gross fluxes of CO2 in individual
ecosystems. The characteristic δ13C value is modified by metabolism and photosynthesis, while the δ18O is
affected by the oxygen exchange between the molecules of CO2 and H2O stemming from different water pools
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Figure 3. Simplified view of CO2 air-ocean flux

METHODS / RESULTS  method development using international and laboratory standards

Table 1: Expected and measured Isotope Ratios of NBS 18 and NBS 19, as well as
derived Calibration functions.
13C/12C

NBS-18
NBS-19
18O/16O

NBS-18
NBS-19

Rexpected
Rmeasured
Calibration function
0.0111241
0.0111998
Rexpected = 0.998347 × Rmeasured + 2.07438×10-5
0.0112020
0.0111218
Rexpected
Rmeasured
Calibration function
0.00201920
0.0020334
Rexpected = 1.02488 × Rmeasured - 6.47652×10-5
0.00206261
0.0020757

Table 2: Resulting δ13C and δ18O values for ten IAEA-CO-1 standard samples.
IAEA-CO-1
δ13C(‰ VPDB)
δ18O (‰ VPDB-CO2)

Measured 1 SD Certified*
2.46 0.03 2.49 ± 0.03
-2.42 0.06
-2.4 ± 0.1

* Recommendation only for δ18O

Continuous measurements

Test measurements and conformation of precision and accuracy of the
modified OIV-MA-AS2-12 method, were done with three lab standards,
namely ANST, OCEAN 2 and HBW. All laboratory standards were previously
calibrated with international reference material VSMOW2 and SLAP2 to
assure accuracy of the isotopic values. The method is based on
determination of the 18O/16O isotope ratio of water after equilibration with
CO2.

Measurements of pressurized air were conducted to show repeatability of
data during one day of measurement. Sample gas is directly fed to the
Analyzer cell without any sample preparation. Figure 6 is showing analyzed
data with standard deviation of 0.06 for δ13C values and 0.08 for δ18O.
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Table 3: Expected and measured Isotope Ratios of ANST and OCEAN 2, as well as
derived Calibration functions.
18O/16O

Rexpected
Rmeasured
Calibration function
ANST
0.0020286593 0.0020126724 Rexpected = 0.9558353 × Rmeasured +
OCEAN 2 0.0020859941 0.0020726563 1.048760×10-4

δ13C VPDB (‰)

-6.55
-6.60
-6.65
-6.70
-6.75
-6.80
-6.85

Table 4: Resulting δ18O values for nineteen HBW standard samples.
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HBW water standard Measured 1 SD
δ18O (‰ VPDB-CO2)
-8.81 0.12
δ18O (‰ VSMOW)
-8.54 0.12
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Three international standards of carbonate materials (NBS-18, NBS-19 and
IAEA-CO-1) were analyzed. NBS-18 and NBS-19 were used as standards for
calibration, and IAEA-CO-1 was treated as unknown. The Principle of
Identical Treatment was applied in sample and standard preparation, in
measurement procedure, as well as in the evaluation of the results.
Samples are placed into the vials and phosphoric acid is added. The
resulting sample-acid chemical reaction releases CO2 gas, which is then
introduced into the Delta Ray IRIS via the Variable Volume.
The obtained isotope ratios for NBS-18 and NBS-19 were averaged and
used to generate two-point calibration curves for the 13C/12C and 18O/16O
ratios. The calibration functions were then applied to the measured isotope
ratios of the samples (Figure 4).
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Figure 6. Continuous measurement of pressurized air.

Figure 5. δ18O values of HBW water sample. Red line and shaded area represents mean
value and 1 standard deviation for 19 measured samples.

ONGOING RESEARCH
For better insight in short and long term changes in complex coral reef ecosystem, laboratory controlled culturing experiments are performed in GEOMAR
Helmholtz Centre for Ocean Research, Kiel. Along with monitoring of physical and chemical parameters of water, such as temperature, pH, salinity,
alkalinity and oxygen saturation, all above described measurement methods of stable carbon and stable oxygen isotopes (δ13C and δ18O) are performed.
Measurements of international and laboratory standards show that Delta Ray (IRIS) is a reliable tool for monitoring and sample to sample analysis and it
can be used for monitoring of changes in stable carbon and oxygen isotopes in natural systems.
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Figure 4. δ13C and δ18O values of ten IAEA-CO-1 standard samples. The green and pink
vertical lines indicate the position of NBS 18 and NBS 19 standards used for scale
calibration. The blue line and shading refers to the value and uncertainty certified (δ13C)
or recommended (δ18O) by the IAEA [4].
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