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Isotopic seawater analysis poses a challenge to the heated 

sample introduction system coupled to a cavity ring-down 

spectroscopy analyzer due to salt accumulation and carry-over 

contamination at the port of injection. In its current status, 

isotopic seawater analysis is drastically limited in throughput due 

to the frequent clean up procedure that is implemented in order to 

overcome the issues of clogging and sample contamination. In 

our current efforts, we have designed a metal liner that can be 

inserted in the injection port to capture any salt deposit without 

compromising the sample isotopic integrity. The new liner can be 

easily and swiftly replaced on daily basis without altering the high 

throughput feature of the isotopic water Cavity Ring-Down 

Spectroscopy (CRDS) analyzer while extending the life of the 

syringe used by the autosampler. We have tested two types of 

metal liner materials with a bottom-constricted design for easy 

insertion in the injection port. The drift, precision, accuracy and 

memory performance of SS liner approach has been thoroughly 

evaluated with de-ionized water as a control vs. seawater to 

select the liner material that adheres best to the system 

speci�cations.

• Light from a tunable semiconductor diode laser is directed 
into a small (35cc) optical resonator cavity containing the 
analyte gas 

• When the build up is complete, the laser is shut off

• Light circulates in the cavity ~100,000 times, traveling ~20km 
or more. The high precision of CRDS comes from this 
incredibly long pathlength providing part-per-trillion detection 
level for some gases

• There are three partially reflective mirrors on the cavity; a small 
amount of light leaks out from the third mirror with each pass. 
A photodetector is positioned behind this mirror, measuring 
the light intensity at each pass

• The energy decays from the cavity, through loss mechanisms 
exponentially in time. This energy decay is measured, as a 
function of time, on the photodetector and is known as a 
“ring-down”.

• In an empty cavity, the only loss mechanisms are the mirrors and 
the ring-down (the exponential decay time) is relatively long

• When gas sample species are present, the ro-vibrational 
modes provide additional loss mechanisms and the ring-down 
times get relatively shorter, proportional to gas concentration

• The ring-down time measurement is continuously repeated 
(~100 times/sec) at several different well-controlled points in 
wavelength as the laser is tuned across the molecular 
signature of the analyte gas

• The ring-down profiles are transformed into an absorption 
curve with a well-de�ned lineshape   

• The gas concentration of each isotopomer is determined by a 
multiparameter-�t to the lineshape (shown as a red curve on 
the left) and are proportional to the area under the curve

• Picarro’s patented wavelength monitor controls the laser 
position with high-accuracy, ensuring the measurement is 
independent of potentially interfering gas species

• Importantly, CRDS is a measurement of time not absorbance 
and so offers high-precision

• CRDS has complete immunity to laser noise since the laser is 
shut off during the measurement, thereby offering signi�cantly 
better sensitivity than other laser techniques       

Fig 2:   Stainless steel wire mesh are spot-welded along edges to form salt 
liners.

Fig 3:  Salt buildup on the underside of the septa from seawater injections.

Fig 4:   Salt buildup inside injector SS liners.

Fig 1:  Salt buildup inside injection port of vaporizer, as a result of direct 
seawater injection, requiring hours of down-time for clean-up.

Table 1:  Summary of variables changed per run with corresponding mean and standard deviation for δ18O and δD. Each run is comprised of 200 replicates.

Fig 5:  Seawater memory test with and without fine SS liner shown with last 10 of total 77 injections of enriched water to first 30 of total 77 injections of seawater. 
Speci�cations must meet both δ18O  >= 0.99 and δD >= 0.98 by the 4th injection.

Operators regularly employ our coupled vaporizer and CRDS 
analyzer for seawater analysis applications

Current issues with seawater analysis  using CRDS:

• Salt clogging of injection port

• Cross-contamination between samples through syringe

• 7-hr down-time for vaporizer clean-up procedure

Goals:

• Devise a consumable inlet liner to allow high-throughput 
isotopic analysis of seawater as compared to the current no 
liner method

• Evaluate the precision of SS mesh liner method vs. no-liner 
approach

• Evaluate precision of ultrafine vs. fine SS mesh liner

• Evaluate the use of N-methyl-2-pyrrolidone (NMP) as a syringe 
lubricant

Stainless Steel 304 Liners:

• Ultrafine (200 x 600 mesh 0.0024”)

• Fine (250 x 250 mesh 0.0016”) 

Deionized (DI) water as standard:

• δ18O = -13.24 ± 0.06‰

• δD = -109.73 ± 0.18‰

• 3.0% saltwater (Instant Ocean dissolved in DI water standard)

• NMP to lubricate the syringe between injections

• Septum changed every 100-300 injections, depending on length of sample sequence

• Syringe changed every 1000 DI injections

• Syringe changed every 100-300 saltwater injections, depending on length of sample 
sequence

• Liner changed every 100-300 injections, depending on length of sample sequence

Cavity Ring-Down Spectroscopy (CRDS)-How it works?

• The use of an SS liner has shown the great advantage of 
preserving the accuracy and precision of the seawater δ18O 
and δD analyses as compared to direct injections into the 
vaporizer. 

• We have not observed any significant difference in memory 
effect of seawater δ18O and δD analyses with or without the 
use of SS liner.

• Using NMP rinse between injections prolongs the life of the 
syringe and does not signi�cantly affect the accuracy, 
precision or drift of the vaporizer performance.

• Using either ultrafine or fine SS liner does not impact the 
accuracy, precision of the vaporizer performance.

• The advantage of the SS ultrafine liner vs. the fine liner was 
not discernable at this point  

Conclusion:

Results:

We plan to experiment with the following parameters to improve precision, accuracy and memory:

• Daily septum replacement every 170 injections

• Daily syringe change every 170 injections

• Daily liner replacement every 170 injections

• Further evaluate the two SS liner materials used to tease out 
performance advantage

Suggested Future Work:

• Using NMP rinse in between injections did not induce 
contamination of the vaporizer (Runs 1 & 2) and had no 
signi�cant implications on accuracy or precision.

• Using either ultrafine or fine SS mesh liner with DI water did 
not show any detrimental effects on accuracy or precision.

• Using either the ultrafine or fine SS mesh liner with seawater 
does not signi�cantly affect the drift performance of the 
vaporizer.

• The ultrafine SS liner performed slightly better than the SS 
�ne liner for δ18O in terms of accuracy and precision but 
yielded worse accuracy for δD analyses (Table1: Runs 4 & 5).

• Using a syringe to inject seawater without an NMP rinse in 
between injections caused the syringe to malfunction within 
60 injections due to salt buildup in the needle.

• Using a syringe with an NMP rinse in between injections 
prolonged the life of the syringe from 60 injections up to 300 
injections.

Accuracy:
• Injecting seawater with SS liner compared to DI water 

showed a worsening accuracy of 0.1‰ for δ18O and 
0.1-0.5‰ for δD (Table1: Runs 1,4, & 5)

• Injecting seawater without SS liner compared to the use of 
liner degraded the accuracy by 0.5‰ for δ18O and 1.7‰ 
for δD (Table1: Runs 5 & 6)

Memory:
• Memory effect between analyzing seawater with and 

without SS �ne liner is insigni�cant with regards to δ18O 
and δD (Fig. 5).

• Both seawater with and without SS fine liner did not pass 
our manufacturer specs, which requires the injections to 
be 99% between injections by the 4th injection for δ18O 
and 98% between injections by the 4th injection for δD. 
Both δ18O and δD passed by the 6th injection (Fig. 5).

Materials and Methods:

Introduction:

Discussion:
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Ultra�ne SS Liner
• stainless steel 304
• 200 x 600 mesh 0.0024”
• USD 30 for 12”x12” sheet

Fine SS Liner
• stainless steel 304
• 250x250 mesh 0.0016”
• USD 17 for 12”x12” sheet

100 Injections


