
Dear Authors, 

Thank you for the response to my initial comments. I appreciate that the manuscript currently under review 
is not an intercomparison manuscript and I am not asking for it to become one. As the authors point out, 
a separate, independent characterization and intercomparison of the newARMON V2 with other radon 
monitors has recently been conducted, for which the results are still being finalized for publication. In itself, 
this brings into question the timing and utility of the present manuscript – given that its content may either 
detract substantially from the novelty of the planned independent intercomparison study or be difficult to 
retrospectively correct if later found to be incomplete. 

Dear Scott, 

Thank you again for your participation into this discussion.  

First of all, in this manuscript we present the instrument, the uncertainty budget, a theoretical approach 
on the efficiency against using a theoretical model, and the calibrations at two independent radon 
Chambers using different methodologies. The aim of it is introducing the instrument and its main 
characteristics to the scientific community as well as you did with your last paper where you presented 
the new ANSTO 200 L monitor (Chambers et al., 2022, doi:10.5194/adgeo-57-63-2022). We do not thing 
the future intercomparison paper, when and if it will come out, may focus on such instrument. For this 
reason, the content of the submitted manuscript will not detract anything to the future one. On the 
contrary, we think the manuscript in preparation may use and take benefit of the results showed in this 
work. 

The main point I was trying to make is that the transparency of reported findings is important to the 
research community. Every instrument has its strengths and weaknesses, and this information needs to be 
reported in an easily interpretable, objective manner for potential users to make an informed decision as 
to whether a particular instrument is fit for the purpose they intend to use it for. 

Lines 31-32 claim the suitability of the ARMON V2 as a calibration transfer standard device, and Lines 50-
54 imply that the main target instruments for this service would be part of the European ICOS network. 
Radon measurements as part of the ICOS network are typically made at heights of 100 – 200 m above 
ground level. Furthermore, some of these sites are at remote, coastal or mountaintop locations, where 
radon concentrations are usually well below reported values typical of the terrestrial boundary layer 
globally (the value quoted by the authors was 5 Bq/m3). 

As an example, Cabauw is a key European ICOS site, located in a flat inland region. Based on 10 years of 
Cabauw radon observations at 200m agl, the 10th , 50th and 90th percentile radon concentrations for this 
site are 0.35, 1.1 and 3.6 Bq/m 3, respectively. Another relevant ICOS station is Saclay, in France. Based on 
measurements at this site in 2022 at 100m agl the 10th , 50th and 90th percentile radon concentrations 
were 1, 2.5 and 6.1 Bq/m3, respectively. If the uncertainty of the ARMON V2 is only less than 10% for radon 
concentrations above 5 Bq/m3, would the authors be able to comment on the implications for transferring 
an SI traceable calibration to an operating radon monitor at sites where the median annual radon 
concentration is around 1 or 2 Bq/m3 (as is likely to be the case for many ICOS stations)? Clearly, the 
ARMON V2 would be better suited as a calibration transfer standard for sites where median annual radon 
concentrations were above 5 Bq/m3. 

Please take in mind that the idea of this manuscript is to show ARMON monitor and its capabilities. We 
are showing the full uncertainty for a whole range, taking in consideration all variables that may affect 
the measure, and not just the Standard deviation or the short-term variability as it is usually done. We 
state that it could be used as a Transfer Standard because, as shown within the manuscript, i) its 
calibration factor does not depend on the activity calibration range; ii) the monitor can be displace to 
atmospheric stations; iii) the monitor has not background when used with a thoron delay volume; iv)it 
can allow the spectra analysis of all radon radionuclides and, among others, it accomplishes with the 
requirement of the traceRadon project objective (WP1). 



Lastly, following the “full uncertainty budget” for the ARMON V2 presented in this manuscript, the authors 
clarify in their response that the expected measurement uncertainty at the claimed detection limit of 0.13 
Bq/m 3 is 60%, and at a concentration of 0.6 Bq/m 3 the uncertainty is 28%. 

The plot below compares 30-minute output of the Saclay ICOS Station 100m radon detector with 30-minute 
AND hourly output of the ARMON V2, the subject of the current manuscript (this small data excerpt is from 
the field component of the intercomparison study currently in preparation). 

As already mentioned, the absolute calibration of the Saclay 100m radon detector is still being finalised as 
part of the laboratory component of the independent intercomparison study mentioned above (and may 
be subject to change by a few %), and a full uncertainty budget of the Saclay 100m radon monitor (part of 
the same study), has yet to be published. 

However, spectral analysis of the 30-minute concentrations of the Saclay 100m radon instrument is 
consistent with spectral behavior of meteorological and trace gas observations measured at the same 
height; lending credence to fidelity of the reported 30-minute concentration variability (driven by various 
timescales of turbulence and atmospheric mixing) and indicating that all combined measurement 
uncertainties at these concentrations are likely to be small for this instrument. The spectral behaviour of 
the ARMON V2 begins to deviate from that of meteorological quantities at periods of atmospheric motion 
below 6 hours. This implies that most of the observed bias between the ARMON V2 and Saclay 100m 
detector results evident above are likely attributable to measurement uncertainty of the ARMON V2. This 
result is not unexpected when comparing instruments with detection efficiencies of around 0.006 
cps/(Bq.m-3) (ARMON V2) and 0.2 cps/(Bq.m-3) (Saclay 100m detector). 

As evident above, at radon concentrations generally between 2 to 5 Bq/m3, the empirical measurement 
uncertainty of the ARMON V2 often exceeds 30%. From a counting perspective alone, this uncertainty will 
increase as concentrations decrease. Consequently, if the results of the “full uncertainty budget” presented 
in this study indicate an uncertainty of 28% at 0.6 Bq/m3, I can only assume that some terms have either 
been underestimated or overlooked. I would appreciate any comment by the authors on how to reconcile 
these apparent theoretical and empirical discrepancies. 

Concerning the data you are showing, we have some remarks to show them publicly because: 

• The data of the ARMON that you have shown from the intercomparison at Saclay carried out 
within the traceRadon project were flagged as “possible leak” and it should not be used for the 
analysis. This is the reason because we think that not full analyzed data may not have been used 
and mainly without previously discussing it with the other authors.  

• You are also mainly showing half-hour values (hourly values in light grey are really difficult to 
distinguish), while the uncertainty we are giving is always in hourly values which is the time 
resolution used at ICOS atmospheric stations.  

• It is already known that the deconvolution algorithms used by the ANSTO monitor could produce 
artifacts such as the smoothing the data when there are quick changes in concentrations, so we 
must take care in accept as real ones the activities given by the ANSTO although your study on 
atmospheric mixing. As you already know when an intercomparison is carried out between two 
instruments no one presents the reference value. 

Finally, in the calibrations at PTB, we have found that the empirical uncertainties at low 
concentrations (the deviations around an estimated value in the calibration chamber) are in total 
agreement with the ones estimated, so there is no discrepancy at all. Stefan Röttger is currently 
preparing another manuscript on the full calibration procedures. 

 

Best Regards 


