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Boreas Methane Preconcentrator

5000 ml of air pumped 
through trap at -165°C

Slowly heat trap while 
flushing with nitrogen

Transfer sample to laser 
spectrometer

Record isotopologue spectrum 
calculate δ13C and δD

Oxygen and nitrogen 
not trapped

More volatile CO2 and N2O remain trapped

Methane now at ~500 ppm

Sample ambient air

Methane at ~ 2 ppm

Heat trap to 
regenerate

Cool trap
For next cycle



SPECTROMETER CALIBRATION AND MEASUREMENT PRECISION

▪ Calibration uses 2 reference standards

methane amount fraction brackets the sample.

δ13C and δD are the same.

▪ Calculate the amount of 12CH4, 
13CH4 and 12CH3D in each standard.

▪ Perform calibration and measurement for the amount of each 

isotopologue

▪ Calculate δ 13CH4 and δ 12CH3D for the sample

Boreas Methane Preconcentrator

Repeated measurements of whole-air standard

δ13CH4

δ12CH3D

CH4 Amount 𝑦 12CH4

𝑦 13CH4

𝑦 12CH3D
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Calibration

Measurement

Boreas IRMS

Quantity Mean [‰] Std. Dev. [‰] Mean [‰] Std. Dev. [‰]

δ13C -47.36 0.06 -41.41 0.04

δD -95.05 0.41



Air measurements at NPL

Boreas Methane Preconcentrator

Keeling plot analysis indicates fossil and biogenic sources

Plotting all data on a wind rose shows 

lighter isotopologues arriving from two 

southerly directions.

δ13C δD



Regional Methane Modelling

We can use isotopic measurements and source signatures to 

constrain emissions from different sources, or to study the effects 

of changing source contributions.

For example, the pollution events at Heathfield shows high 

contributions from the fossil fuel sector.

But, what if the observed isotopic ratio was lower?

Source contributions and combined signatures

Modelled observations
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Sources δ13CH4 (‰) δ12CH3D (‰)

Fossil Fuel −40 −175

Waste −55 −293

Agriculture −68 −319

Wetlands −69 −330



Clumped Methane Isotopologues

High emission, high sink

vs

Low emission, low sink

Same net flux

δ13CH4 δ12CH3D

δ13CH3D δ12CH2D2

Total CH4


