
The comments of referee #1 are repeated below in black. Our replies are in blue and changed 

text in the revised manuscript is in red. 

 

Overall review: This paper presents a new instrument design, using nafion drying, denuding, 

and thermal dissociation with cavity-ringdown detection of NO2, in order to allow quantitative 

measurement of particulate nitrate (both inorganic and organic). The new instrument is 

compared to aerosol mass spectrometry (AMS) measurements of nitrate, tested with laboratory 

generated NH4NO3 and SOA from limonene + NO3 in order to benchmark performance.  The 

current instrument design overcomes previous challenges with humidity-dependent memory 

effects in the denuder. This step forward in denuder-based nitrate measurement techniques, and 

method validation by comparison to another technique, will be of interest to the scientific 

community making such measurements. The paper presentation is clear and well-written. I 

recommend publication after minor revisions. 

We thank the referee for the comments and positive assessment of our manuscript.  

 

Title: might be a good idea to add your instrument acronym to the end of the title, for 

searchability? 

We have done this. The title is now: 

Particle nitrate measurement using a thermal-dissociation, cavity-ringdown-spectrometer with 

gas-phase denuder (D-TD-CRDS) 

 

Lines 11-13: first sentence of the abstract has 3 separate ideas in it. Suggest breaking up into 2 

sentences & reword a bit: “Ambient inorganic and  organic particulate nitrate has been 

connected to cardiovascular and respiratory illness. Accurate measurement of nitrate in both 

gas- and aerosol-phases is essential for understanding its partitioning and thus its impact on 

human health.” 

We have adopted this suggestion:  

Abstract.  Ambient inorganic and organic particulate nitrate has been connected to 

cardiovascular and respiratory illness. Accurate measurement of nitrate in both gas- and 

aerosol-phases is essential for understanding its partitioning and thus its impact on human 

health. 

 

Line 14: define NOy at first instance 

We have adopted this suggestion:  

“…system that reliably measured gas-phase NOX (NO and NO2) and NOy (NOX plus other 

reactive nitrogen species, see below) but…“  

 

Line 28: define NOZ 

This is already defined. We write: “.NOZ, which includes NO3, N2O5, HNO3, HONO, alkyl-

nitrates, peroxy-nitrates, halogen containing nitrates and particulate nitrate (P-Nit).” 

 

Line 30: “both NOx and OH radicals” 

While HONO does indeed initially form OH radicals, this is rapidly transformed into others 

(HO2, peroxy radicals etc). Therefore we prefer to leave this statement more general. 

 

Line 32: add citation after “from the gas to the particle phase” 

References are given directly below. We now write:  

“a substantial amount of reactive nitrogen can be transferred from the gas to the particle phase 

(see below).“ 

 



Line 35: don’t hyphenate sodium nitrate, and mention this is due to heterogeneous reactions of 

HNO3 on sea salt (and cite something for that). Maybe also add a sentence mentioning mineral 

dust inorganic nitrates (Ca, Mg) , with citation, before moving to organic nitrate literature. 

We have adopted this suggestion:  

“sodium nitrate (formed e.g. from reaction of HNO3 with sea-salt) is often present.“ 

 

Line 44-45: remove line break, continue paragraph. 

We have adopted this suggestion:  

 

Line 46: add recent Metrohm citation for MARGA, and also mention the AIM online ion 

chromatography system for completeness 

We have added Twigg et al. (2023) as recent reference for MARGA and AIM 

“Transfer of the particle nitrate to an aqueous sample as in the Monitor for AeRosols and Gases 

in Ambient air (MARGA), Ambient Ion Monitor (AIM),  and Particle into Liquid Sampler 

(PILS) instruments (Khlystov et al., 1995; Twigg et al., 2023; Weber et al., 2001)) is 

achieved…….“ 

 

Lines 48-50: Not sure I agree that mARGA type techniques can inform about organic nitrates. 

First, the absorbance solutions are not typically alkaline as you say (usually ultrapure H2O with 

a little H2O2), and hydrolysis timescale of even small, functionalized organic nitrates is likely 

to be too long for detection as HNO3. It certainly would not be something to trust quantitatively. 

So I would revise this piece to say that organic nitrate behavior in these IC systems is not well 

known, and omit the claim that you could use ion balance to infer org / inorg nitrates. Or, if 

there is literature supporting some modifications of IC systems to do this, please describe it in 

more detail, and cite it! 

We have modified the statement in line with the comment and now write:  

These wet-chemical methods are sensitive primarily to inorganic nitrates although organic 

nitrates that hydrolyse rapidly to HNO3 may also be detected (but not quantitatively) and their 

behaviour in such systems is not well known. 

 

Line 52: MARGA resolution is 1 hr. 

We now state 1 hr 

“…and the instrumental time resolution is generally close to 1 hour per sample.“ 

 

After line 53: Suggest to insert a line or two mentioning previous TD-based methods developed 

for nitrate aerosol determination: Garner et al Environ Sci Technol. 2020, Keehan et al AMT 

2020. Then you can later also mention how your modifications improve on these previous 

methods. 

We have added the citations to Garner et al. 2020 and Keehan et al. 2020 in the section where 

we list TD-CRDS instruments for particle-nitrate detection: 

“….or cavity-ring-down spectroscopy to detect NO2 rather than LIF (Brownwood et al., 2021; 

Friedrich et al., 2020; Garner et al., 2020; Keehan et al., 2020).” 

 

Line 62: after citing Farmer 2010, also cite Day et al AMT 2022 (systematic re-evaluation of  

bulk org nitrate methods). Suggest to omit the parenthetical that follows. 

We have adopted this suggestion and now write:  

“The AMS can distinguish between organic nitrates and inorganic nitrates (Day et al., 2022; 

Farmer et al., 2010).” 

 

 



Line 103: “nitrates, dissociating” 

Comma added 

“….especially organic nitrates, dissociating at temperatures of 200-400 °C.” 

 

Line 105: “, 2020), a reduction in temperature is beneficial in avoiding” 

Text modified as suggested.  

“…..a reduction in temperature is beneficial in avoiding a positive bias to NOY 

measurements…” 

 

Lin 138: Can you show this effect of detecting NH3 at higher temperature also on Fig. 1, by 

showing higher temperatures (and indicating in the figure that it is due to NH3 conversion and 

thus a reason to keep the TD oven at lower temperature)? 

We did not perform experiments at higher temperatures than already shown in the Figure. The 

statement is based on the Friedrich et al. (2020) work from this laboratory and the other two 

publications that are cited in support.  

 

Line 145: Clarify that this means as opposed to introducing ZA downstream of the oven. Or 

would it be introduced even later? 

We have clarified this by writing:  

“In addition, we found that, when working with long inlet lines, overflowing zero-air close to 

the front-end of the inlet tubing (as opposed to close to the CRDS) avoided creating pressure 

differences when sampling ambient air or when zeroing.” 

 

Line 159: Explain the equation for competitive absorption in a bit more detail. What are the 

Klang’s for relevant NOy species? 

The values of KLang for H2O and NO (or the other NOy that are denuded) are not known for the 

active-carbon denuder. The statement intends only to highlight the fact that the relative degree 

of binding to the surface depends on both a partition coefficient and the gas-phase 

concentration. We now write: 

“…the relative strength of interaction of H2O or the trace gas with the active carbon surface as 

defined by a gas-surface partition coefficient such as the Langmuir equilibrium coefficient 

(KLang).” 

 

Line 181: replacing every 45 hours is still pretty frequent … How low does the RH actually 

need to be? Earlier you mentioned effects above 20% RH. Good if you can make a 

recommendation for how often to regenerate in field applications 

We have modified the text and now mention how much molecular sieve was used and indicate 

a replacement interval and how this can be extended:  

This is a conservative approach to avoid even low levels of denuder breakthrough and implied 

that, for ambient measurements in the mid-latitude boundary layer (with 30% < RH < 90%), 

the molecular sieve was replaced every 4-5 days. In principal this interval could be lengthened 

by using a larger molecular sieve drier.  

“….which was loaded with circa 0.9 kg of either dry silica-gel (AppliChem A7220, 1000 

grained orange) or molecular sieve (Roth, type 564, 0.3 nm).” 

 

Line 190: End of section 2.3: One question that came up for me reading this: can you show the 

(lack of) effect on HNO3 measured of these inlet components?  Could pulling off HNO3 in the 

denuder / drying affect the partitioning of NH4NO3 in the instrument? 



The thermal decomposition of ammonium nitrate is too slow (at room temperature) for this to 

occur significantly in our drying system. We have added this statement (in section 2.4) to the 

paper: 

“At a flow of 2.1 SLM, the residence time in the drying system and denuder is ~3 s and thus 

comparable to that found between the differential mobility analyser (DMA) and AMS-inlet in 

AMS calibration systems for which loss of ammonium nitrate through thermal decomposition 

to HNO3 and NH3 is known to be insignificant.” 

 

Line 193: “2020), which however” 

The “who” refers to Friedrich et al. and should not be replaced by a “which” 

 

Line 214: “loss is negligible.” 

“Inefficient” has been replaced by “negligible”  

“…for which electrostatic loss is negligible.”  

 

Line 236: Suggest expanding section header title, something like “Gas-phase breakthrough and 

reactivation of the denuder” 

Section 2.3 already refers to “breakthrough” We prefer to keep the original section header.  

 

Lines 256-260: I think this error propagation could be better conveyed using a few inline 

equations, rather than just embedding in the paragraph text. 

We prefer to keep the explanatory text, which we think is useful. 

 

Line 264-272: same. Also nice to briefly show / mention the conversion factor for the ppb  <-> 

ug m-3 conversion. For particulate nitrate, do you assume the MW of NO3 group only? Or 

NO2? 

This is now mentioned: 

Taking 2 to define the LOD, this corresponds to 0.12 g m-3 of particulate nitrate (conversion 

factor of pptv NO2 to g m-3 nitrate is 2.50 x 10-3 for 298 K and 1 bar and using a molecular 

weight of 62 g mol-1 for nitrate). 

 

Line 268: What does “Under laboratory conditions” mean in this context? 

This is now defined:  

“Under ideal, laboratory conditions (i.e. in a stable temperature, draft and vibration-free 

location)..” 

 

Line 305: explain what d(v) = 38.5 means. Diameter in nm? 

The volume weighted mode maximum diameter d(v) is defined two lines above. The unit (nm) 

was however missing. We now write: 

“Smaller particles with e.g.  d(v) = 38.5 nm were associated..” 

 

Lines 325-326: Can you demonstrate this by including a timeseries panel of SMPS / RH? 

The emphasis here is not on the relative humidity but on the particle size. As the deviation from 

the slope is at very low particle mass and is close to the LOD of the D-TD-CRDS this would 

be difficult to prove experimentally and we prefer to refer to this as being a “potential” 

explanation. We have removed the reference to “dry” as this was perhaps confusing. We now 

write: 

The change in slope at the lowest nitrate mass could thus potentially be associated with a lower 

AMS inlet transmission and detection efficiency for the smallest particles, compared to the D-



TD-CRDS collection and detection efficiency, which is less affected by very small particle 

sizes. 

 

Lines 330-332: how do you interpret this >1 slope? If there is an interpretation for it, could 

include the above small-particle hypothesis, if not, maybe omit both? 

We state that the deviation of the slope from unity is within the combined uncertainty of the 

two instruments. It makes little sense to speculate on the origin of something that is not 

statistically significant.  

 

Related to figure 6: why is the D-TD-CRDS trace intermittent? 

The D-TD-CRDS is frequently zeroed to correct for baseline drifts in the ring-down-constant. 

These are the gaps in the trace, which are now mentioned in the caption. 

“The data-gaps in the D-TD-CRDS dataset are periods when the instrument was zeroed.” 

 

Line 347: Can reiterate that MARGA time resolution is 1 hr 

This is now mentioned again:   

(~ 1 hr, which may limit deployment to non-mobile platforms) 

 

Line 347: non-detection of organic nitrates 

Modified as follows  

“…non-quantitative detection of organic nitrates, high instrument costs and large 

weight/size…” 

 

Data availability: cite public database and remove parenthetical 

I did not find a link to the supplement. 

The data will be made accessible and the link to the SI will be available when the article is 

published 

 

Figure 1: “NOx and NOy” (not or). Also explain the filters (mention with symbol in caption, 

material); state temperature the TD inlets are heated to in caption. 

“or” replaced by “and”. The TD temperature and filters are now mentioned in the caption.   

“TD1 and TD2 are the thermal dissociation inlets consisting of 70 cm long quartz tubes with a 

~40 cm long section heated by resistive wire to 700 °C. The filters are PTFE membrane filters 

(Pall Corporation, R2PJ047).” 

 

Figure 2: Make left axis match right, “NO2 from HNO3” 

Figure modified as suggested  

 



 
 

Figure 4: all occurrences of “poly / mono dispersed” should be “polydisperse” 

All occurrences of “dispersed” have been replaced by “disperse” 

Transmission of polydisperse (mainly multiply charged) ammonium sulphate particles (red 

lines) and charge neutralized (mainly single charged), monodisperse particles (red data points) 

through the Nafion drier. The transmission of the monodisperse particles through the complete 

inlet system (Nafion drier, molecular sieve drier and denuder) is given as black data points. The 

dotted line is the average transmission (96.9  6.6 %) for mono-disperse particles of diameter 

~ 50 nm. For the experiments using polydisperse aerosol, the transmission is indistinguishable 

from 100 % at the larger diameters 

 

Figure 6: “1:1 line” not agreement 

Modified as suggested  

The dashed black line is the 1:1 line. 

 


