
Dear Editor Frank Keutsch, 

Thank you for the review provided. We are very grateful to the reviewer for the constructive feedback, 

which helps to improve the manuscript. All points raised by the reviewer have been addressed in the 

revised manuscript and the supplementary material, as detailed in the following text.  

Review of “Investigating Carbonyl Compounds above the Amazon Rainforest using PTR-ToF-

MS with NO+ Chemical Ionization” by Akima Ringsdorf et al. The manuscript analyzes the 

characteristics of different carbonyl compounds and emphasizes the necessity of 

supplementing the NO+ CIMS method to measure carbonyl compounds. The authors 

examine the sources and sinks in the Amazon rainforest of the selected carbonyl species in 

combination with a sufficient literature review. The article is substantial, with many 

citations and argumentation work. However, the writing focus of the discussion section of 

the manuscript is not clear enough, and the data analysis method is relatively simple. I 

recommend a major revision before its publication. My concerns in the manuscript are 

mainly listed below: 

Specific comments: 

1. Line 99-100: What is the temporal variation of humidity during the observation? 

Even with NO+ ionizing chemistry, the reported C2-C9 carbonyl compounds are 

greatly affected by humidity. The author needs to specify whether the signal of 

these compounds has been calibrated for humidity. 

Indeed, all calibrations and the fragmentation tests for carbonyl compounds were performed with 

moisturized synthetic air, which corresponds to a relative humidity of about 80 %, based on laboratory tests. 

This was chosen as it is in the same range of ambient humidity levels experienced at the ATTO site (see 

figure below, showing the diel cycle of RH during the time considered in the manuscript). The sensitivity 

of the carbonyl signals towards water originates from the formation of H3O+ ions (and ionized water 

clusters) that compete with NO+ and from the formation of NO+ water clusters. We accounted for the 

humidity-dependent formation of (H2O)NO+ by normalizing the signals to NO+ and (H2O)NO+ (see line 

176). The formation of H3O+ was kept low with impurities below 5 % during all measurements and 

laboratory tests. 

 

To clarify this point, we have added the following sentence in line 160: “To identify the distribution of 

product ions and fragments of carbonyls for the type of instrument used in this study, a single-compound 

headspace analysis was performed in the laboratory under humid conditions using a PTR-ToF-MS 8000. 



This is important as the sensitivity of the carbonyl signals towards water originates from the formation of 

H3O
+ ions (and ionized water clusters) that compete with NO+ and from the formation of NO+ water 

clusters. It should be noted that we accounted for the humidity-dependent formation of (H2O)NO+ by 

normalizing the signals to NO+ and (H2O)NO+.” 

Line 188: “The calibration was performed using moisturized synthetic air mixed with the VOC gas standard 

to mimic tropical conditions with 70 to 95 % relative humidity, typical of the ATTO site.” 

2. Line 101-121: What is the delay time of measured compounds？Does the time 

resolution of 20 s for NO+ PTR-ToF-MS be able to guarantee that the measured 

signal of speciated compounds was from the actual atmosphere, not the tube 

residue? 

The experimentally derived delay time, meaning the time it takes for a concentration spike introduced at 

320 m to be detected by the instrument at the base of the tower, was 90 seconds. The ambient air is drawn 

into the instrument with a flow of 10 l/min and constantly analyzed to produce mass spectra in the PTR-

ToF-MS. A time resolution of 20 seconds only indicates the time over which those constantly recorded 

mass spectra are summed up and saved. We chose 20 seconds to achieve sufficient sensitivity and still be 

able to see sub-minute changes if needed. It is always possible to take an average over longer periods than 

the time resolution of the measurement, which we did by averaging to 4 minutes. This study does not report 

carbonyl variabilities within seconds or minutes, but rather daily variabilities. The effect of the 90-second 

delay time is a broadening of sharp concentration peaks with durations less than a few minutes, which are 

not expected and not the subject of this study. Tube residues are not measured; but any inlet effects from 

tube residues are minimized by a 5-minute flushing period before the actual sampling period starts. The 

reviewer is right, we did not report that the data was averaged to 4 minutes.  

We now add this important information to line 119: “VOC were measured by a Proton Transfer Reaction 

Time of Flight Mass Spectrometer (PTR-ToF-MS 4000, Ionicon Analytik, Innsbruck, Austria) (Jordan et 

al., 2009) with a time resolution of 20 seconds and averaged to 4 minutes.” 

3. Line 141-143: The author needs to specify the parameter setting for NO+ mode, 

including the ion source voltage and drift tube voltage since the difference of 

parameter setting will affect the abundance of impurity ions (H3O+, O2
+, and NO2

+). 

And the author also needs to give the abundance of impurity ions during the 

campaign, especially for the ratio of O2
+/NO+, due to O2

+ will cause interference 

when using NO+ ionization for measurement. 

We thank the reviewer for pointing this out, as so far, we only reported the E/N values, which indicate the 

degree of fragmentation. We added the relevant parameters to the manuscript, including the drift tube 

voltage Udrift and source voltage Usource. We now also report the impurities of O2
+, H3O+ and NO2

+, derived 

from m/z 31.9893, m/z 21.0221*500, and m/z 46.9906*222 respectively. 

Line 143: “Two settings with varying E/N (electrical field strength to gas number density) values were 

applied. One set had a relatively low E/N of 70 Td (Air (NO) = 9 sccm, Udrift = 500 V, pdrift = 3.4 mbar, Tdrift 

= 60 deg C, Usource = 70 V), which has been recommended in previous studies to minimize fragmentation 

(Koss et al., 2016; Romano and Hanna, 2018); the other was operated with 120 Td (Air (NO) = 9 sccm, 

Udrift = 850 V, pdrift = 3.4 mbar, Tdrift = 60 deg C, Usource = 70 V) for comparison. Low impurities of H3O
+ 

(≤ 1 %), O2
+ (< 0,1 %), and NO2

+ (< 2.5 %) were achieved using both settings. 



4. Line 187-197: It seems that the parameterized quantitative method proposed by 

Cappellin et al. is based on the proton transfer reaction between organic 

compounds and H3O+ I wonder if this method is suitable for NO+ chemistry. Because 

NO+ ions can react with organic compounds with multiple ways and occur 

simultaneously. I think the author needs to reconsider this issue. In addition, it is 

suggested that the author use a formula to explain how to obtain the sensitivity for 

those compounds not included in the gas standard based on k-rate. 

The method for quantification using the respective reaction rate of the analyte and the primary ion, as 

described by Cappellin et al. for H3O+, calculates the efficiency of the chemical ionization reaction under 

drift tube conditions. The method can be adopted for all chemical ionization reactions taking place under 

controlled conditions, and has also been used for other CIMS instruments (for example in Heinritzi et al., 

2016). Usually, the reaction rate was experimentally determined for H3O+, NO+ and O2
+ in a reaction 

chamber or flow tube (e.g. Španěl et al., 1997). As the reviewer pointed out, it has to be carefully considered 

that multiple reactions and fragmentation occur for the different analytes. This is addressed by the 

headspace analyses of single species as described in lines 159-169 and 193-208. The contributions of the 

different product ions are presented in Table S1.  

To clarify this important point, the paragraph in line 194-206 now reads as follows. 

“For those compounds not included in the gas standard, mixing ratios were obtained by calculating the 

ionization efficiency with a previously determined reaction rate of NO+ and the target compound under the 

current conditions in the drift tube (k-rate analysis) (Cappellin et al., 2012).  

[VOC] = 
1

𝑐 𝑘 𝑡

[𝑉𝑂𝐶+]𝑛𝑐𝑝𝑠

[𝑁𝑂+]𝑛𝑐𝑝𝑠

   (1) 

Here, k is the reaction rate, and t represents the reaction time in the drift tube, which can be approximated 

using the length of the drift tube, the mobility of the primary ions and the applied drift voltage. Using 

Equation 1, the mixing ratio of a VOC is calculated from the normalized measured signal (ncps = 

normalized counts per second) of the main product ion. However, the reaction rates (k-rates), also 

presented in Table 1, have been experimentally derived for the sum of all product ions. Thus, a weighting 

factor c for the relative production of the target ion needs to be applied, which was also obtained by the 

single-compound headspace analysis from the slope of the signals of the target ion vs. other product ions. 

The mixing ratios of both E/N settings, obtained by applying Equation 1 with the respective product ion 

distributions, agree well for most compounds (except for n-hexanal and ketones, which have a low 

sensitivity at 120 Td).” 

We thank the reviewer for this point as introducing the c factor has helped make the explanation more 

coherent. 

5. Table 1 and Table S1: According to previous studies for the reaction pathway of 

NO+ to organic compounds, the multiple reactions of NO+ to organic compounds 

(Charge transfer (M+), hydride abstraction (M+- H), association reaction (MNO+) or 

hydroxide ion transfer (M+- OH)) should occur simultaneously. However, the 

differences in ionization energy (IE) and the chemical bond can cause species to 

react more easily with NO+ in one particularly pathway, associated with the 

formation of fragments. Therefore, we need to identify the characteristic product 



ions (which refers to the ion formula the author shown in the table) according to the 

contribution of each product ion after reaction. The author should show this 

contribution here, which also be better explain the influence of different E/N 

conditions to measurements. 

If we have understood correctly, the reviewer asks for the inclusion of the product ions and their relative 

contribution for each carbonyl species resulting from the single headspace lab experiment (which is 

currently given in Table S1) in Table 1. We believe this would be too much information to summarize into 

one table, making it unwieldy. Nevertheless, to show the influence of the E/N on the product ions, as the 

reviewer requested, the weighting factor c is included in this table. c represents the contribution of the main 

product (or parent) ion to the sum of all product ions and was introduced in Equation 1.  

6. Line 268-285: What is the contribution of local emissions and long-range transport 

during the measurement in dry season? As mentioned above that region is affected 

by long-range transport from African biomass burning pollution. And I prefer to see 

an overall picture of carbonyl emissions with concentrations and contributions. 

We fully agree with the reviewer that given the relatively long atmospheric lifetimes of some of the carbonyl 

compounds (e.g. weeks) a remote biomass burning contribution to the signals from elsewhere in the 

hemisphere is possible. Indeed, long-range transport of aged biomass-burning plumes has been reported 

from ATTO site measurements (mainly from South America as shown in Holanda et al., 2023). However, 

observing diurnal cycles of all carbonyl compounds (see Figure 1 and 2) suggests the dominance of light 

and temperature-based biogenic emission and formation from the rainforest. We did not find a biomass 

burning tracer in the VOC data; acetonitrile is detected with a low sensitivity by NO+ (Koss et al., 2016), 

with most values below the detection limit. Black carbon is simultaneously measured at ATTO and can 

indicate the pollution level from burning emissions, which was higher in the dry season, as expected. By 

correlating with BC, we found that some masses had correlations with Pearson coefficients > 0.55 (line 

319), which suggests a possible contribution from fire plumes on top of the primary and secondary 

rainforest sources. To disentangle emissions, chemistry, and transport, we would need a known ratio of 

primarily emitted tracers that is also sensitive to fire plumes to quantify the contribution of fire emissions 

in the air mixture, or we would need to know the emission fluxes. These flux measurements are planned 

for the coming years. The current study focuses on the observed concentration profiles followed by a 

detailed discussion of their sources, including long-range transport of biomass burning plumes based on 

correlations (black carbon) and previous literature. We think that a further model analysis of global or 

intercontinental biomass burning transport is beyond the scope of this paper. 

7. Line 298-309: Just a suggestion, maybe the author could further quantify the 

influence of biomass burning from Africa and South America based on PAN, which is 

basically present in aging plumes.1 

Following the reviewer's suggestion, we looked for PAN ionized by NO+ via association reaction, hydride 

ion abstraction, charge transfer, and proton transfer but found no signals. Nevertheless, we thank the 

reviewer for the idea. After careful consideration, we concluded that, unfortunately PAN is a rather 

unspecific tracer. In addition to forming in biomass burning plumes, it can be formed in cities like ozone 

as a secondary product of the photochemical processing of anthropogenic VOC and NOx. Additionally, 

where NOx and BVOC are co-present, PAN can be formed from the photochemical processing of the 

BVOC and NOx (see for example Williams et al., 1997). Moreover, whether PAN is detectable in a biomass 



burning plume will depend on the altitude the plume is transported. Being thermally unstable, PAN will 

decompose if transport occurs in the boundary layer where the measurements take place. 

8. Line 334: Short-lived aldehydes do not include isoprene. 

Agreed, to avoid confusion we now changed the sentence to: “…while levels of short-lived aldehydes will 

tend to be zero at higher altitudes, analogous to isoprene.” 

9. Line 440-443: The authors believe that ethanol was formed by anaerobic reactions 

on the surface, but why does the ethanol concentration decrease with increasing 

altitude during the transition season? 

We are grateful for the reviewer's careful examination of the manuscript; this is an excellent point and 

something we have puzzled over. It is counterintuitive that ethanol shows the highest median mixing ratios 

at 325 m although the main contribution to the ethanol budget was found to be from plants (Kirstine and 

Galbally, 2012). Below we show the time series of ethanol in the transition season. On several days, we 

observed similar mixing ratios throughout the sampling heights (28.06, 02.07, 06.07.2019). On the other 

days, we saw and reported increasing mixing ratios with height. Our analysis proceeded as follows: we 

excluded biomass burning as a major contribution to ethanol since the mixing ratios in the dry season were 

low and showed less variability with altitude. The vertical ethanol distribution in the transition season could 

be related to transport from the more flood-impacted riverside. At night, such emissions would remain in 

the residual layer (150 and 325 m) whereas ethanol is deposited to the canopy in the stable nocturnal 

boundary layer (80 m). The daily evolution shown in Figure S16 supports this hypothesis. The median 

mixing ratio of ethanol at night at 80 m decreased throughout the night, while the mixing ratios at 150 and 

325 m were not. Of course, other yet unknown sources may exist as well. Ethanolic fermentation does not 

only occur in anerobic soils and roots but generally depends on the oxygen availability within tissues and 

organisms. Within this context the ethanolic fermentation with lichens during period of high Thallus water 

content may demonstrate our gaps in understanding (Wilske et al., 2001). The exact mechanisms 

determining the ethanol vertical profile remain unclear, and we agree that we cannot attribute the seasonal 

change of ethanol to ethanolic fermentation during root flooding only.  

The text was thus amended: 

Line 461:” In this study, a strong correlation was found for ethanol and acetaldehyde in the nighttime 
during the transition season (p = 0.92). The high correlation coefficient at 80 m could originate from similar 
sinks, such as deposition to the canopy or related sources, such as the ethanolic fermentation pathway. 
Ethanol mixing ratios were ten times higher in the transition season and showed a diel maximum at 
nighttime. Since river levels were at their maximum levels in the transition season, root flooding may be 
partially responsible for the seasonal variability of ethanol (Kirstine and Galbally, 2012). However, 
acetaldehyde showed a different seasonal variability, indicating that other sources than those of ethanol 
were dominant.” 



 

10. Line 498-545: During the daytime, acetone and C5-ketones have stronger vertical 

gradients than the more reactive isoprene and monoterpenes. This phenomenon is 

very important for analyzing the sources and sinks of ketones. On a well-mixed 

daytime, it is difficult to understand the strong vertical gradient of ketones, even 

though the ketones have a strong source at the surface, as the authors believe. 

  

Again, we are grateful for the reviewer’s insightful comment. Indeed, acetone and C5-ketones' vertical 

profiles show different vertical distributions throughout the three sampling heights than isoprene and 

monoterpenes. The measurements indicate that at 150 and 325 m the less reactive ketones tend to be well 

mixed as expected. However, the roughness sublayer (layer most influenced by the canopy) sampled at 

80 m showed distinctly higher mixing ratios. In contrast, the more reactive isoprene and monoterpenes are 

decreasing above 150 m. As the reviewer correctly points out, the total observed relative decrease between 

80 and 325 m is larger for acetone and C5-ketones compared to isoprene and monoterpenes, due to their 

large gradient between 80 and 150 m. This is indeed puzzling, so we analyzed the data as follows: first, we 

went through possible measurement biases, which could have led to the observed large concentration 

gradients of ketones, to rule them out. 

1. Contamination of the ketone signals at 80 m from short-lived substances (e.g sesquiterpenes)  

2. Line loss of ketones 

Contamination of the ketone signals means the detection of fragments of other molecules on the same mass 

as the respective ketone (see section 2.4). The fragmentation of other molecules takes place primarily in the 

drift tube. Especially at the low E/N of 70 Td, which is applied for detecting ketones, fragmentation is 

expected to be minimal. We found no hints of acetone contamination in reaction studies of different 

molecules with NO+, and the acetone detected in Boulder, CO, showed no interference from other molecules 

(supplementary of Koss et al., 2016). We also compared the vertical distribution of acetone to 

measurements using H3O+ as a primary ion. This is possible since its isomer, butanal, was not present in 

the Amazon. The distribution agrees well with the acetone presented in this study, indicating no 

contamination of both product ions. 

For C5-ketones we found molecules that could potentially interfere with their signal, but none of them was 

reported to be abundant in tropical forests, especially in the first 100 m of the boundary layer.  



The formation of acetone and C5-ketones from ozonolysis in the inlet line was considered to be of minor 

importance as a possible bias as discussed in line 115. Other line effects to artificially produce ketones (e.g 

from the tubing surfaces) can also be ruled out as it would occur in all three inlet lines, and be even stronger 

in the longer lines. 

The opposite, line loss of ketones is not feasible, since the C* of acetone and C5- ketones are in the same 

range as the other carbonyl species (supplementary of Li et al., 2023). We did also not observe any loss of 

acetone when injecting the VOC gas standard into the 325 m inlet line. 

After ruling out possible measurement biases, we can speculate on the possible mechanisms that result in 

the observed vertical distribution. In the case of isoprene and monoterpenes, the situation appears 

straightforward: emission occurs from the canopy, and concentrations decrease with height due to chemical 

oxidation and dilution caused by mixing from above.  The picture for carbonyls is much more complicated. 

Direct emission can occur from the canopy but secondary formation can also take place, either through gas 

phase oxidation by OH or O3 (e.g. through the oxidation of pinene), or via ozone reacting on leaf surfaces. 

Importantly, the canopy can also uptake carbonyl compounds, as was shown by (Edtbauer et al., 2021; 

Kesselmeier, 2001; Rottenberger et al., 2004). The multiple sweeps and ejections of air in and out of the 

canopy in the roughness sublayer can therefore make the carbonyl uptake very efficient. Therefore, the 

roughness layer measurements at 80 m represent the net effect of several competing processes. One 

possibility is that secondary formation of the carbonyls competes with uptake to generate a maximum above 

the canopy somewhere between 35m-100m. The strong uptake would then inhibit upward mixing to 150 

and 320 m and thus generate the sharp profile measured. This means that the 50 m region directly above 

the canopy will be an extremely interesting region for future studies. 

In fact we have already planned to examine VOC at ATTO with a similar but lighter PTR-ToF-MS that can 

be integrated into an elevator fixed to the side of the tower. This will allow continuous observations as a 

function of altitude and particularly near the surface.  

We also considered possible atmospheric sinks other than chemistry, which could be condensation to liquid 

droplets, but this is unlikely to happen to an extent that can explain the gradient observed between 80 and 

150 m. 

To reflect this discussion in the manuscript, we add the following text: 

 Line 520: “The vertical distribution of acetone showed clearly enhanced mixing ratios at 80 m during 

daytime compared to well-mixed conditions at the higher sampling points. The gradient in the first 150 m 

above the canopy is strong despite the low reactivity of acetone, which raised the question of how acetone 

is distributed vertically in the rough surface layer.” 

Line 539: “Based on the information obtained in 2013 and the observations from this study, secondary 

production in the dry and transition season appears to peak above the canopy, adding up to varying 

contributions of direct emissions and uptake by vegetation. It is thus possible that strong secondary 

formation competes with uptake by vegetation to generate a local maximum in the rough surface layer, 

which is observed in this study by the enhanced mixing ratios observed at 80 m. Sweeps and ejections in 

and out of the canopy in the roughness sublayer could make the uptake of acetone by different vegetation 

species and soils very efficient. The strong gradient between 80 and 150 m likely reflects an acetone peak 

in the vertical.” 

Line 697:” As suspected for acetone, the vertical distribution of C5-ketones might have been peaking around 

80 m as a result of the bidirectional exchange in the canopy and secondary formation.” 



Line 818:” Interestingly, elevated ketone mixing ratios in the roughness sublayer observed at 80 m by day 

suggest a large source above or at canopy level, balanced with a surface uptake process. To examine these 

strong vertical gradients observed for some ketones, continuous measurements with altitude are planned 

using a PTR-ToF-MS installed on an elevator attached to the tower. This system will allow investigation of 

the exchange of VOC between canopy and atmosphere and reveal whether mixing ratios of acetone, MEK 

and C5-ketones are peaking around 80 m as suggested by the observed elevated mixing ratios at 80 m.” 

Technical Corrections: 

1. Table 1: The references involved in the table may be annotated separately. 

To improve the readability of table 1, we now added space between the k-rate and its reference. Adding 

another column and reporting the reference there would consume too much space and require a smaller 

font. 

2. The picture can be named (for example, Fig. 1(a)), which can avoid the description of 

upper, lower, etc. 

We thank the reviewer for this suggestion, but titles already name the subplots of all figures, so we do not 

reference them by upper, lower, etc. 

3. S6 and S7: The naming format used for each species in the figures should be 

unified, now there are both species names, molecular formulas and ionic formulas 

We now changed all titles to include the molecular formula and the species name. 

4. S7: Why is the first picture empty? 

The first subplot is empty as C5-alkenes were not detected in the dry season of 2019. We now completely 

removed the subplot to not confuse the reader. 
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