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Isotopic Water Products

L2140-i: High-precision triple oxygen isotope 
research and δD in waters

L2130-i: Our most popular water isotope analyzer 
for δ18O and δD, in the lab or in the field

L2120-i: Simultaneous and robust measurements of 
δ18O and δD

Peripherals: Designed to meet your research needs: 

• A0211: High Precision 
Vaporizer

• A0325: Autosampler for 
liquid injection

• A0212: High 
Throughput Vaporizer

• A0101: Standards 
Delivery Module

• A0214: Micro-
Combustion ModuleTM

• A0213: Induction 
Module
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Applications
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Why Choose a L2140-i Isotopic Water Analyzer?

• Simple: Streamlined and simultaneous 
measurements of δ18O, δ17O, δD and 17O-excess

• Precise: Average to better than 15 per meg on 
17O-excess for 1 hour vapor measurements

• Repeatable: Repeat measurements demonstrate 
15 per meg precision on 17O-excess for liquids

L2140-i
Analyzer
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Collaborating to Achieve High Performance Scientific Instrumentation

Picarro’s ability to deliver a high-performance isotopic water analyzer for 17O-excess measurements has arisen 
from a collaboration between:
! Prof. Eric Steig and Andrew Schauer, IsoLab / Department of Earth and Space Sciences, University of Washington

! Dr. Vasileios Gkinis, Centre for Ice and Climate, University of Copenhagen and INSTAAR, University of Colorado Boulder

! And a team of spectroscopists and engineers at Picarro.

! Additional support was also provided by: Bo Vinther (Uni. of Copenhagen), Kyle Samek and Spruce Schoenemann (Uni. of Washington), 
and Bruce Vaughn (INSTAAR)

Testing of an earlier version of the instrument at the University of Washington led to significant modifications to the 
spectroscopy that allowed for the unprecedented level of precision to be reached. Work with our partners is ongoing, 
and a paper is in progress detailing the precision and calibration of the instrument.
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L2140-i Specifications
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L2140-i: Delivering 17O-excess Measurements in Water

• Measure all three isotopes of oxygen in water: 18O, 16O and 17O

• In itself, δ17O is not very useful:

" Most natural processes that prefer 18O, do so twice as much as for 17O

" The result: δ17O ~ 0.5 δ18O

• If both δ18O and δ17O are determined to a high enough precision, small anomalies in 17O 
become apparent:

• The current technology for measuring 17O-excess is complex, expensive and time-consuming:

" < 10 labs globally measure 17O-excess using conventional techniques

17O-excess = δ’17O – 0.528δ’18O where δ’ = ln(δ + 1)
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17O-excess: A Unique Tracer for Hydrological Processes

• 17O-excess can be used to:
" Understand and quantify the balance between equilibrium and kinetic effects during 

precipitation events
" Reconstruct atmospheric trajectories
" Reconstruct past humidity
" And more…

• Different processes have different slopes:
" Liquid-vapor equilibrium (λequil) = 0.529
" Transpiration (λtrans) = 0.511 to 0.520, with 

a dependence on humidity
" Water vapor diffusion in air (λdiff) = 0.518
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Small Variations in 17O-excess of Precipitation Exist

• Regional precipitation is a balance between equilibrium and kinetic effects, e.g.,

" Evaporation from seawater

" Evapotranspiration

" Condensation of water vapor directly to ice

• 17O-excess is independent of the temperature of evaporation:

" Identify between changes in temperature and changes in humidity at the 
site of evaporation
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Understand Past Humidity

• Does the 17O-excess seen in meteoric water and ice cores originate from evaporation 
of sea water into under-saturated air?

• Is it possible to use the dependence of 17O-excess on relative humidity to determine 
past atmospheric conditions?

17O-excess in marine water vapor 
has a negative correlation with 
relative humidity

Uemura et al. (2010), GRL, 37, 
doi:10.1029/2009GL041960.
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Understand Atmospheric Trajectories

• 17O-excess records from polar ice cores provide valuable information of past 
changes in the global hydrological cycle (Landais et al., 2008; Winkler et al., 2012):

– Large scale variations in relative humidity over the ocean
– Moisture origin of precipitation sites
– Atmospheric trajectories

Winkler et al. (2012), Climates of the Past, 8, 1-16.
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Other Applications – The Potential is Large!

• Large-scale spatial maps of 17O-excess

• Biogeochemical cycling and productivity:
" Links between the H2O cycle and O2

" Links between terrestrial photosynthesis, local climate and the hydrological cycle

• Metabolic studies and total energy expenditure:
" Provide additional flexibility in tracer studies

• The rock record – reconstructing past climate and productivity:
" 17O anomalies recorded in sedimentary rocks – how and why?
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Expanding The Field of Triple Oxygen Isotope Research in H2O

• Reduction of water to O2 by fluorination 
(CoF3 at >300°C)

• Analysis of O2 for 1-3 hours
• Correlated errors in δ18O and δ17O
• Best precision in 17O-excess is 0.005‰ 

(external reproducibility)

• No front-end chemistry
• Direct introduction of liquid or vapor
• Analyze H2O for 1 hour (or less!)
• 3 prototypes demonstrate internal precision 

of ~ 0.008‰
• Work is on-going (with Uni. of Washington 

and Uni. of Copenhagen) to study low-
frequency drift

• Early indicators suggest reproducibility is 
between 10 and 15 per meg

The old way…
IRMS (Thermo MAT 253)

The new way…
CRDS (Picarro L2140-i)
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What About “Traditional” Water Analysis?

The Picarro Advantage :
– Dual modes for δ18O and δD or δ17O, δ18O, δD and 17O-excess
– Two analyzers in one: the L2130-i and the L2140-i
– Same short-term precision for δ18O and δD
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L2140-i: Allan Variance for Vapor Measurements
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L2140-i: Drift Test Over 24 Hours (~ 160 Injections)

Precision for 17O-excess is guaranteed to be better than 0.015‰ (15 per meg)
– Precision is defined as the standard deviation of the mean of groups of 6 injections over 

8 hours.  Each instrument is tested 3 times prior to shipping, and the average is 
guaranteed on the Certificate of Compliance.

Injection Number
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Liquids Performance Over 48 Hours

Two samples run back-to-back on an L2140-i with High Precision Vaporizer (no calibration)
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Working Towards Ultra High-Precision by Monitoring Low-frequency Drift

• Long-term drift can result in decreasing precision. 
Therefore, we recommend using standards to quantify 
and correct for drift when targeting <0.01‰.

• Collaborative research is on-going to study this low-
frequency drift.

[1] For recommended calibration methods for 17O-excess, see Schoenemann
et al. (2013), Rapid Commun. Mass Spectrom., 2013, 27, 582–590.

For ultra high-precision (17O-excess ± 10 per meg, or better)
⁃ Monitor drift and correct using standards[1]

Mean of groups of injections ± 0.016‰
Ignore last 4 groups of injections ± 0.006‰
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Welcome to the Picarro Community

The Picarro Advantage – you’re not just buying an instrument, but also joining a Community:
ü Join 1000+ Community members from over 53 countries
ü Share, post and comment on experiences, challenges and solutions
ü Learn from and collaborate with Picarro’s employees, including more than 35 PhDs and a dedicated 

Applications lab for proof-of-concept research
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As a Member of the Picarro Community you will have...

*Requires internet connectivity for the analyzer

Access to our service and support engineers who can:
– Remotely diagnose your analyzer and peripherals by using LogMeIn*
– Monitor instrument performance from Picarro’s HQ, and proactively identify problems should 

they, or before they, happen using Instrument Performance Verification™
Access to installation videos hosted on our Community
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The Proof is in the Publications

– Picarro customers are the most published laser spectrometer scientists.
– Our isotopic water analyzers have been featured in 30+ peer-reviewed publications, from all 7 continents.
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Picarro at-a-glance
• Leading provider of solutions to measure greenhouse gas 

concentrations, trace gases and stable isotopes across many
scientific applications, along with the energy and utilities
markets.

• Over 45 patents owned by Picarro or exclusively licensed from 
Stanford University

• Global HQ, including R&D and manufacturing in Santa Clara, CA

• 170+ employees including 35+ STEM PhDs 

• Thousands of Picarro instruments in 60+ countries world-wide
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*selected Picarro customers

For more information, please visit www.picarro.com

or email info@picarro.com

Used by Leading Organizations Across the Globe

http://www.picarro.com/
mailto:info@picarro.com
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www.picarro.com


