General Response:

We thank the Referees for their time to provide comments and feedback on this manuscript. We
have edited the manuscript to address and incorporate their suggestions. In many cases, we realize
that the clarity of our writing could be improved to address comments where the Reviewers had to
make assumptions about technical details of our technique, and its validation. The Introduction has
been thoroughly streamlined, as have sections of the Results and Discussion. We think that the
manuscript contents are now clear, reflect the necessary corrections, and that the work is improved
to a state we think meets the expectations for publication in Atmospheric Measurement
Techniques. We hope the Editor and Reviewers agree. Our responses to specific comments from

the Reviewers below are highlighted in yellow, while additions and alterations to our manuscript
or in cases where we are redirectini concerns to existing discussion are ﬁ

Editor

This manuscript has been reviewed by two referees. They believe that the instrument you
developed is of great interest and that the work is well conducted. Nevertheless, they both feel that
the current manuscript contained a lot of redundant materials and should be substantially
shortened. I agree with them very much; in addition, the structure of this manuscript should be
further improved, as also pointed out by the two referees.

As a result, in addition to the revised manuscript and point-to-point reply, could you please also
provide a summary of major changes you make in the revision (in order to make it easier for
the referees and also the handling editor)? Thank you very much.

You - as the contact author - are requested to individually respond to all referee comments (RCs)
by posting final author comments (ACs) on behalf of all co-authors no later than 28 March 2024
(final response phase).

We thank the Editor for their contribution to the discussion on changes required for this manuscript.
We have collected the major points that required addressing from all parties to provide a succinct
summary of the modifications to the revised manuscript. Listed below are the five major changes
made to the manuscript:

1. The Introduction (Section 1.0) has been revised for clarity and substantially shortened to
be better focused on the topic(s) of this manuscript. *




2. A new subsection has been included within the Materials and Methods — more specifically,

to the NL-BELT field site descriptions (Section 2.3).

This is a re-working and expansion on the last paragraph in Section 2.3 of the original
manuscript This subsection details our use of mercuric chloride (HgCl>) as a sample
preservation technique and cites its established efficacy in previous studies. With the well-
established and long-studied nature of this preservation method, and its use for over a
decade within the aquatic and soil biogeochemical work at NL-BELT, the Authors felt that
additional tests were not needed to verify the temporal preservation efficacy of collected
samples.

Within the Results and Discussion section comparing collected samples volumes (3.3), the
paragraph detailing our intercomparison of ECCC and DAYMET measurements has been
moved to the Supporting Information.

. A rather minor, yet substantive, comment made regarding the paragraph in Section 3.3
discussing the presented triplicate sampler RSD values has been modified.




Reviewer 1
Overview:

This manuscript describes the development of an autonomous precipitation collector (excluding
snow) that can be deployed off-grid in remote areas and is suitable for measuring pH, conductivity,
and DOC (Dissolved Organic Carbon) in wet deposition with a monthly resolution. The collector
was deployed and tested over a period of 2 years (2015-2016 on the NL-BELT network) for open
fall and throughfall depositions.

General comments:

The subject is scientifically interesting and is well within the scope of the journal. But I think the
presenting quality and arguments for validation of this system should be substantially improved
before it can be accepted for publication in AMT:

The text is very dense, overly detailed, and often confusing, even off-topic, making it
challenging to understand and preventing a clear presentation of the study's results. Moreover,
certain parts of the text resemble a promotional brochure (e.g., in the "general design advantages"
section) or a technical manual (e.g., 3.2.1) that does not appear suitable for a scientific article. I
have the impression that this is a study report that has simply been slightly reformatted for
submission to AMT (without even sorting through the relevant or irrelevant information for the
purpose of this paper). A scientific article about a new method/system should demonstrate that the
developed tool meets the expectations and requirements set to address scientific questions, rather
than being a comparison with commercial tools or a series of technical information. For example,
in 3.2.1, it doesn't matter that commercial samplers consume 100 times more; what is relevant here
is the autonomy of your device.

We appreciate the thorough and thoughtful comments of the Reviewer. Where applicable, we have
modified the text to be less dense, more concise, and less confusing for the readership. Given that
there are no affordable commercial solutions for this type of sampling equipment, the manuscript
needs to necessarily argue the rationale for the component selection and design. These sections
aim to convey the unique features and advantages of our design, which is essential for assessment
and effective uptake by the scientific community, particularly with respect to modular components.
This is a central thrust of making instrumentation Open Access and research tools globally
accessible.

We respectfully disagree with the position of the Reviewer on this point, as there are many
manuscripts in this journal, and others related to instrument development, that are similarly
detailed where novel platforms have been developed. As such, comparison with commercially
available tools is relevant to underscore the application of our device in a broader context. When
it comes to autonomy of using these samplers off-grid, power requirements are surely a fair
comparison for stating why current commercial solutions are not viable.

The "Results" section mixes the points about the system validation and the scientific data analysis.
The results/discussion section could be divided into two parts for clarity:



- A section titled "Validation": I believe there would be a significant benefit in simplifying
the argument and presenting, point by point, the performance parameters. The article aims
to demonstrate that the developed collectors are suitable for autonomously measuring
conductive rain deposition in remote areas, so the key points of this demonstration could
be highlighted:

1.

2.

Autonomous off-grid operations: low power consumption + opening conditions for the
collection of wet deposition (time taken to open or close...)

Representativeness of the conductive rain collector for deposition measurement:
Define what constitutes conductive rain compared to "common" rain.

Validation of measured chemical parameters: Verify the preservation of chemical
species even after a month, including pH, conductivity, and DOC.

We thank the Reviewer for their comments. We must note a major oversight on the part of the
Reviewer and in our emphasis of method validation before proceeding further with our responses.
Validation throughout this manuscript was conducted by controlling and observing in two ways:

i)

Microbes will transform bioavailable molecules and so we microbially sterilized
two out of three sample replicates with HgClo, which is standard practice for
biogeochemical handling of environmental water samples for chemical
characterization. This technique has been in use for over a decade within our aquatic
and soil biogeochemical work at NL-BELT (Ziegler et al., 2017; Bowering et al.,
2020; Bowering et al., 2022; Bowering et al., 2023). We then compare those
sterilized results against a replicate that was not administered HgCl, to ascertain
whether microbial issues exist for measurement metrics (e.g., conductivity, pH,
DOC). Generally, we did not find a difference between measurements that were
microbially sterilized versus those that were not for the presented measures, but this
is not a given for other molecules. Given the longstanding history of this approach,
we do not feel that extensive restructuring of the manuscript into the Reviewer’s
three sections is warranted.

We also strongly emphasize that this approach may not work for other molecules
of interest to the atmospheric deposition community (e.g., those that are volatile).
Sample preservation approaches should be conducted by users of this new platform
based on their scientific objectives and review of the literature. We are not in a
position to detail all preservation techniques. Please see our detailed response to
comment 3 below and the newly added Section 2.3.1 entitled “Sample
Preservation.”

We perform comparisons to the literature for validation of our measurements
against longstanding measurement techniques used by academics and regulatory
agencies globally. We do not see a scientific contribution that validates precipitation
pH measurements as a worthwhile activity, given that the control experiments we
have conducted to ensure our samples are preserved have been made in line with
methodologies that have been in place since the 1960s.



We have addressed the numbered points offered by the Reviewer in detail as follows:

1. The time it takes for the system to open, based on several years of qualitative observation, has
been added to the section entitled “Heated Precipitation Sensor” (2.1.2):

2. For improved clarity, we will redefine what constitutes conductive rain compared to "common"

—
o
=
=
0
=
(05
l¢)
o
=
o
=
W
=

~
Q
a
=
(¢}
=
o
=
o
(¢}
2R
aQ
=
z
<
)
a
&
(1)]
[¢)
172
=

3. Section 2.3 (Continuous Monthly Collection of Remote Samples at NL-BELT) was revised to
include a new ‘Sample Preservation’ subsection (Section 2.3.1). This subsection addresses our use
of a well-established sample preservation technique and clarifies why additional tests were not
done to verify the preservation of collected chemical species over time. We believe that this new
subsection, in addition to the small modifications made to clarify the motivations and objective of
our approach in the final paragraph of the Introduction addresses the comments made by both
Reviewers regarding their initial confusion on the mixing of system validation and the scientific
data analysis. Please see below for the modifications made to the Introduction as well as the new
additions to Section 2.3.1 specifically pertaining to sample preservation and validation:






Filtered samples were transferred to new clean HDPE containers and stored for up to two

months at 4°C in a cold room until analysis.

A section titled "Application": to demonstrate the usefulness of the collector in identifying canopy
effects, through a comparison of the obtained data with the literature and between OF and TF for
pH, conductivity, and DOC.

We thank the Reviewer for their suggestion. We believe that our existing Sections 3.3 and 3.4
demonstrate the ‘Applications’ of our collector in identifying canopy effects as well as comparing
our measurements to those reported within the relevant literature. The extent of this analysis serves
as an example of how the samplers may be used, which will be exploited in our future work to
explicitly consider canopy effects on deposited species. For brevity, as both Reviewers and the
Editor have requested reduced content, we have opted not to separate and expand the discussion
of canopy effects with respect to the observed OF and TF deposition.



In addition to presenting quality, the developed arguments do not justify the scientific quality of
the proposed measurements. The validation of the system's operation and measurement is
somewhat fragmented and, as such, not very convincing. Specifically, three points are missing in
the developed arguments:

1. This is arain collection system where the opening/closing is controlled by a resistive sensor
which is activated from the conductivity of the rain. However, the operational range of the
sensor is not specified (it triggers at | mohm.cm, it is the only information). Thus, there is
no definition of what is being truly measured.

We thank the Reviewer for highlighting this point, but it is also somewhat confusing. A threshold
for generating a response would exist in all sensors, so the one we have provided represents the
lower limit of the range. This is common practice for many instrumental techniques, where the
detection limit is reported. We will note that all standard deposition samplers in government
monitoring networks use the same sensing approach for precipitation (often without a design to
increase their sensitivity; e.g., NADP, CAPMoN, etc.; (Canadian Air and Precipitation Monitoring
Network, 1985b)). Without a specific reference to other programs’ definitions, and some sort of
example expectation from the Reviewer, is it hard to ascertain what might be most useful to address
their concern. As such, we have retained our original lower limit conductivity definition and added
the equivalent concentration in sodium chloride. We think this clarifies the work and hope the
Reviewer agrees.



2. The time it takes for the system to open is also not mentioned. We know that the first
seconds of rain contain strong concentrations, so if the opening occurs 30 seconds after the
start of the rain, a significant amount of information will be lost.

The Reviewer mentioned this point in a prior comment, which has already been addressed with a
technical addition to the paper. We thank the Reviewer for this comment, and we understand the
need to communicate that the samplers open readily when rain is sensed, for the facts they mention
here. The opening of the lid is fast (<5 seconds) and is dependent on the rotation rate of the motor
selected. We typically use 2 to 6 rpm motors, depending on their availability from our suppliers.
We hope the inclusion of this information in our revision is satisfactory.

3. The system is dedicated to measuring monthly fluxes of chemical species, but no
information is provided on the preservation of the tested parameters (pH, conductivity, and
DOC) between each sample retrieval."

We agree with the Reviewer, and we have now included a new subsection (Section 2.3.1) to address
our use of a well-established sample preservation technique for microbially labile DOC, and hence,
why additional tests were not done to verify the preservation of collected chemical species over
time. We have also now clearly acknowledged that other analytes may require other considerations,
depending on their chemical and physical properties (e.g., volatility).

We have also noted in our responses above that our comparison to long-standing reports of a
parameter such as precipitation pH, using calibrated meters and standard
collection/storage/analysis techniques from the literature (Dossett and Bowersox, 1999; Wetherbee
et al., 2010) means that further evaluation of the preservation is not warranted, as the outcomes
(i.e., the samples will be stable) are predictable. Given that both Reviewers have also indicated
that the manuscript is too long, we do not feel that adding more results to this work are warranted.
They have taken the time and attention to identify redundant components of the original work and
we feel that it is important to emphasize where we find suggested additions to also be redundant.
Especially results that fail to make substantive contributions to this field. We hope that our efforts
to improve clarity in our justified approach, guidance for the community, and doing so concisely
for the overall improvement of the manuscript are agreeable and meaningful changes to address
the concerns of the Reviewer.

Specific comments:



Introduction

The introduction is very general and is organized into different paragraphs discussing the
importance of monitoring atmospheric deposition of various chemical species (nitrates/sulfates
(L83-91), POP (L119-129), ON (L157-165)) that are not subsequently addressed in the study, as
only pH, conductivity, and DOC are studied here. If these species need to be detailed, it should be
done in the conclusion to demonstrate that the developed system could also be used to study them.
Please refocus the introduction on aspects related to your study.

We thank the Reviewer for this comment and Reviewer 2 raised similar concerns. The Introduction
has been revised and the mention/discussion of studying the deposition of various chemical species
(POPs, ON, etc.) not specifically studied in this work has been moved and integrated into the newly
titled Section 4.0, “Conclusions and Future Directions” (see below). In the original manuscript,
the Introduction was 2,261 words total, and the revised Introduction section is now 1,783 words
total.



L148-151: The justification for developing this new collector is based on comparisons with
commercial devices, mentioning the cost and difficulty of making measurements in remote areas.
It would be interesting to mention that precipitation collectors have already been developed to
address specific questions about atmospheric fluxes. Here are a few examples:

- Laquer, F. C.: Sequential precipitation samplers: A literature review, Atmos. Environ. A.-
Gen., 24, 2289-2297, https://doi.org/10.1016/0960-1686(90)90322-E, 1990.

- Germer, S., Neill, C., Krusche, A. V., Neto, S. C. G., and Elsenbeer, H.: Seasonal and
within-event dynamics of rainfall and throughfall chemistry in an open tropical rainforest
in Rondonia, Brazil, Biogeochemistry, 86, 155—174, https://doi.org/10.1007/s10533-007-
9152-9, 2007.

- Laurent, B., Losno, R., Chevaillier, S., Vincent, J., Roullet, P., Bon Nguyen, E.,
Ouboulmane, N., Triquet, S., Fornier, M., Raimbault, P., and Bergametti, G.: An automatic
collector to monitor insoluble atmospheric deposition: application for mineral dust
deposition, Atmos. Meas. Tech., 8, 2801-2811, https://doi.org/10.5194/amt-8- 2801-2015,
2015.

- Brahney, J., Wetherbee, G., Sexstone, G. A., Youngbull, C., Strong, P., and Heindel, R. C.:
A new sampler for the collection and retrieval of dry dust deposition, Aeolian Research,
45, 100600, https://doi.org/10.1016/j.aeolia.2020.100600, 2020.

- Audoux, T., Laurent, B., Desboeufs, K., Noyalet, G., Maisonneuve, F., Lauret, O., and
Chevaillier, S.: Intra-event evolution of elemental and ionic concentrations in wet
deposition in an wurban environment, Atmos. Chem. Phys., 23, 13485-13503,
https://doi.org/10.5194/acp-23-13485-2023, 2023.

We thank the Reviewer for directing our attention to these overlooked studies. We have added
these in locations where we think they best fit in the manuscript.






2.1.2 Heated Precipitation Sensor

Could you add information about time and delay between resistivity sensor activation and opening
of the tip?

We thank the Reviewer for this suggestion, and we understand the need to include this information
within the manuscript. As the Reviewer has mentioned this point in prior comments, it has been
already addressed with a technical addition to the paper (see Section 2.1.2, “Heated Precipitation
Sensor”).

Results and Discussion
3.0 Results and Discussion

The paragraph begins with a summary of the strategies used for validation. Wouldn't it be better to
place these points at the beginning of each section to avoid redundancy?

We thank the Reviewer for their comment. Due to the detailed nature of Section 3.0, we thought
including this summary would effectively preface each of the following subsections. Additionally,
with these important details summarized at the beginning of the Results and Discussion section,
this benefits those readers who would choose only to skim through the paper to points of particular
interest to them. As such, we have opted to retain this section.

3.1 General Design Advantage

L518-543: This entire section mentions the advantages of the system without any results validating
these claims. For example, regarding sample preservation, have you conducted tests on the
preservation of reactive, volatile, or biologically transformed species (L538)? Similarly, you argue
the possibility of detecting ultra-traces through the resistivity sensor systems (collection even at
low conductivity and avoidance of dilution) and the types of materials used. I have no doubt that
low-conductivity rains are collected, but what about the quality of the samples in the container?
Could you provide information on field blanks, for example?

I believe that if you have a 'Validation' section, this part should be supported by your data.
We thank the Reviewer for their comment. This section was addressed in response to previously

made Reviewer comments via a technical addition to the paper (see Section 2.3.1., Sample
Preservation).




Il

3.3. Comparison of Sample Collection Volumes

L647: It is announced that the automatic collectors and total deposition collectors are colocated,
but if I understand correctly, the values discussed in this paragraph only concern the volumes
obtained with the total deposition collectors in OF?

The Reviewer understands correctly that this paragraph deals with the fraction of total deposition
collected in the automated samplers. This paragraph demonstrates the extent to which atmospheric
washout can potentially dilute bulk samples, making the determination of trace analytes
challenging and often then subject to complex and error-prone sample concentration methods. We
refer the Reviewer to the existing introdcutory text in the Methods (Section 2.3) describing the
colocation of the samplers:

One array of six automated collection units (3 OF, 3 TF) were deployed within one forested
experimental field site located in each of the four watershed regions of the NL-BELT (24 samplers

in total) between 2015 and 2016. Additionally, between one to three total deposition samplers were
located at each of the four field sites (Table 1, Figure S10).



L653 - 705: I don't understand your strategy. Why validate total deposition and then wet deposition,



In my opinion, the comparison between total deposition and collector values (and their differences)
is the best argument to show that the automatic collectors effectively capture all rainfall. The
question is what is the representativity of the “conductive” rains collected here compared to the
conventional rainfall collection?

We thank the Reviewer for this comment. We assume that the conventional rainfall referred to by
the Reviewer is bucket-based bulk deposition, collected on an event basis, rather than integrated
sampling. If this is the case, our conductive rain is the fraction containing solutes above the sensor
detection threshold stated in the main manuscript (addressed previously, see above).

The representativeness is exactly that defined by the sensor threshold, excluding ultrapure water
from precipitation during washout events, which serves to dilute analytes in a sample. In more
polluted regions, for example, we would expect the total and open fall fractions to be much closer
to unity (see response and manuscript additions made to the comment immediately before this
one). At the remote locations of the NL-BELT experimental forests - knowing that the region is
subject to intense rainfall - it is not surprising that the collected fractions are smaller than found in
the total deposition samplers. The fact that we do not see any comparisons where open fall volume
exceeds that of the total also satisfies the basic premise of our comparison.

L733-753: The RSD obtained on the triplicates of the rain collectors of 10 samples out of 33, or
1/3 of the samples, have an RSD greater than 40%. This indicates a very high variability in the
collected volumes. It would be interesting to discuss the reasons for this variability, which is crucial
to estimate the performance/artifacts of your device (it's unfortunate that the data are in
supplementary material). No analysis is done on these high RSD values. Is it for the same period
of the year, e.g., when the winds are strongest? Is it at a specific site? Did the replicates use the
same sensor, or is each system independent of the other? Could the observed variability in the
replicates be due to different closing or opening times? Has simultaneity been tested?

We thank the Reviewer for their comment, and we agree that the high RSD values should be
addressed better. To do so, we will answer your questions posed individually as follows:

i.  Is it for the same period of the year, e.g., when the winds are strongest?
Winds are highly variable throughout the year. Storms can be accompanied by winds up to

140 km/hr in any month. Siting of samplers was conducted according to standard requirements of
government sampling statements, so subject to the same potential artifacts. Government agencies



tend to only collect a single sample, so potential uncertainty in volume and analyte deposited
quantities likely goes unreported (see addition to Section 3.3. below).

it.  Is it at a specific site?
No; it occurs at many of the sites and varies over the sampling periods.

iii.  Did the replicates use the same sensor, or is each system independent of the other? Could
the observed variability in the replicates be due to different closing or opening times? Has
simultaneity been tested?

As described in Sections 2.1.2 and 2.3, each array of 6 samplers (3 OF, 3 TF) are controlled
by the same sensor and the sampler lids all open within 5 seconds of detected conductive rainfall.
Thus, after several years of qualitative observations, the observed variability is not a result of
different sampler lid opening and closing times (i.e., a lack of simultaneity).



The comparison between total volumes and precipitation volumes shows a clear difference. The
explanations given for these differences are not quantified, while they could provide information
on the quality of the collection and, therefore, on the definition of conductive rains (and provide
information on the dilution parameter). For example, is there a link between the total collected
volume and the difference between total/conductive deposition? Is it related to the site? This type
of analysis could be done with scatterplots between total volume and rain, with different colors for
each site to highlight if biases are site-related, then with colors by season.

Similar to our response to a comment above, the difference between open fall and total volume is
not simple (e.g., pollutant loading, rainfall quantity/rate, scavenging processes). It is generally true
that in more polluted regions, we would expect the total and open fall fractions to be much closer
to unity. However, at the remote locations of the NL-BELT experimental forests, we expect the
differences (as shown in Figure 4) to be driven by complex, non-linear processes that cannot be
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closing/opening of the collector lids is conditioned by the conductivity of the rainwater, assuming
that concentrations in the rains decrease as the rain progresses. However, it has already been
demonstrated that this is not necessarily the case (e.g. Audoux et al., 2023 see before). There can
be refeeding of the lower layers with aerosols or mixtures of air masses that induce increases in
conductivity during rain. The question is, what will be the behavior of the collector in this case? Is
there a risk that the lid closes and reopens, or not? Are these phenomena that you observe from the
datalogging?

We thank the Reviewer for this question. We acknowledge that the lower layers of the atmosphere
can be supplied with aerosols, or that the arrival of contaminated air masses can increase the
conductivity during a washout event. In that case, the lid of our samplers would re-open and sample
the conductive precipitation, as the sensor is always active and the discriminating factor between
sample collection (or not). We have witnessed this phenomenon firsthand in the field during
deployment. To better address this topic, we have modified Section 3.1 to include the following
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It is known that the conductivity of a solution depends on temperature, and here the temperatures
can vary greatly between seasons. The sensor is one of the key elements in the autonomy of your
system. Have you tested how temperature affects the sensor's response? Could this have an
influence on the differences observed between sites or with total depositions?

We thank the Reviewer for highlighting this point. The sensor surface is heated during detected
precipitation events, which would mitigate the majority of ambient temperature effects. The
operational temperature range provided by the manufacturer, based on a personal communication



with their support team, is -10 °C to +55 °C. Based on many years of qualitative observations, we
have not noticed seasonal temperatures influencing the response of the sensor and know that
similar considerations are not made by commercial systems on the market, or by government
agency samplers. Lastly, the automated deposition samplers were decommissioned during the
winter at the NL-BELT so we felt that this information was not relevant to include in the main text.
It is noteworthy to mention that we have deployed these automated samplers year-round, since this
initial study, in temperatures below —10 °C in Toronto and they continue to detect snow and ice
deposition without issue. To do so, we have heated our chute to melt any deposited snow or ice,
which again prevents any temperature-dependent conductivity detection issues. This will be
featured in future studies reporting on winter deposition of pollutants of interest.

In addition, we have included the operating temperature range provided by the manufacturer of (-
10°C to +55°C) in Table S2 within the Supporting Information.

L718: The authors rely on acquired data that are not collected simultaneously with their samples
and justify the discrepancies due to the heterogeneity of precipitation. However, this heterogeneity
is known. Why choose to use ECCC measurement sites that are not collocated with NL-BELT sites
to do this validation work for the collectors since it is certain that there will be a discrepancy
between the two?

We thank the Reviewer for highlighting this. We agree with their assessment and, as described
above, have moved this comparison to the Supporting Information.

L733-776: This part pertains to the application of the collectors and no longer their validation; I
think it should appear in a different section.

We thank the Reviewer for their comment. As there is now a separate “Sample Preservation”
subsection (2.3.1), we believe that this particular analysis can remain where it is within the main
text.

3.4. Characterizing Chemical Parameters from NL-BELT

I think the validation part of the chemical measurement should be in a separate section and
thoroughly discuss:

Could you present sample preservation tests for pH, conductivity, and DOC? How can you ensure
that concentrations are maintained over time despite all precautions taken? For example, have you
taken a sample after rain and observed it after a month outdoors, considering temperature and
sunlight variations (the choice of black color may lead to high temperatures inside the units during
summer)? Could this have an impact on chemical parameters, such as the desorption of organic
species from the surface of particles in the rain? The system is designed to limit evaporation, but
is this really the case? Have you tested volumes pre- and post-sampling?

The Reviewer mentioned this point in a prior comment, which has already been addressed with a
technical addition to the paper (Section 2.3.1, Sample Preservation). This subsection addresses our



use of a well-established sample preservation technique and hence, why additional tests were not
done to verify the preservation of collected chemical species over time. We believe that this new
subsection addresses all further comments made by either Reviewer regarding system validation,
as do the references we have provided, should they have further interest in this topic.

L.995: This paragraph should be positioned earlier (in the validation section) to show the agreement
between the values measured here with this new system and the values expected from the literature.

We respectfully disagree with the Reviewer in this case. After the thorough restructuring of the
manuscript, we believe this paragraph is most effective in its current position.

A significant portion of these (Section 3.4) results is applicable and pertains to the study of canopy
effects on deposition fluxes and should be placed in a separate section and discussed accordingly.

We thank the Reviewer for this suggestion. For brevity, as previously mentioned, we have opted
not to separate the discussion of canopy effects with respect to the observed OF and TF deposition.
The measurements are meant to demonstrate the extended application of these samplers, not to
study canopy-precipitation interactions in detail. This is the subject of a future manuscript and
beyond the scope of this work, as we have noted in the revised Conclusions and Future Directions
(Section 4.0) in a prior response above.

Reviewer 2
Overview:

The paper outlines the design of an automatic precipitation sampler for off-grid use. It is suitable
for measuring pH, conductivity, and dissolved organic carbon. The new sampler was tested in the
Newfoundland and Labrador Boreal Ecosystem Latitudinal Transect over a two-year period for
open-fall and throughfall precipitation. A notable disadvantage to this sampler is the inability to
collect snowfall, limiting year-round monitoring of precipitation.

We understand the Reviewer’s concern regarding the inability to sample snowfall. We share the
same opinion. In fact, since the first iteration, we have modified the funnels and rain sensor chute
by installing heating cables to detect, melt, and therefore sample snowfall. This requires a constant
power demand in excess of 4 A and, therefore, access to grid power. Since this alteration of the
system is still in the testing/development phase, and is not applicable to off-grid sampling, we have
decided to exclude the modifications from the current manuscript. This is a substantial engineering
challenge and would also undermine our desire to communicate on how to obtain a widely
accessible automated deposition sampling method (i.e., cheap).

General comments

This work is of great interest to atmospheric scientists and is within the scope of the journal.
Overall, this work is appropriate for acceptance in AMT following the revisions outlined below.



The revisions mostly focus on reformatting, reducing lengthy descriptions, and improving clarity
(particularly in the introduction and results/discussion sections).

We thank the Reviewer for the positive feedback and appreciate the time they have taken to provide
these comments. Please see below where we address these points in our responses and manuscript
alterations. Where appropriate, to retain concision, we refer the Reviewer to prior responses above
where overlapping concerns with the other Reviewer occur.

Specific comments
Introduction:

Overall, the introduction is very lengthy. Finding ways to pare down this material would allow for
clarity of the important topics related to this work.

We agree with the Reviewer. It is challenging to speak to a broad audience while also retaining a
focused Introduction. We appreciate the thoughtfulness of the Reviewer in their suggestions that
follow and have done our best to reduce the content of the Introduction. The other Reviewer made
a similar suggestion and we have managed to reduce the word count of the Introduction from 2,261
words to 1,783 words in the revision. We hope that this is satisfactory.

Line 74-91: It seems like this paragraph is trying to introduce pH, conductivity, and DOC, however
it is hard to separate the information of these three topics from each other. The discussion of pH,
conductivity, and DOC are mixed together, making it hard for the reader to parse out the relevant
information for each topic. This paragraph needs to be revised and simplified.

We agree with the Reviewer. Given the established measurements of pH and conductivity, we feel
that removing the majority of this paragraph to better focus on the deposition collectors themselves
would address this comment accordingly as well as the other comments pertaining to the dense and
general nature of the Introduction.

Line 119-132: This paragraph discusses persistent organic pollutants (POPs), which the authors do
not monitor during the testing period presented in this work. This paragraph could be removed
from the introduction and incorporated later as a future use for the sampler.

Line 152-165: This paragraph discusses monitoring reactive nitrogen in atmospheric deposition,
however this was not a focus of the precipitation characteristics (pH, conductivity, and DOC) that
was highlighted in the results. If this does in fact connect with those three characteristics, those
connections need to be made clearer, or this paragraph can be removed.

Response to comments pertaining to L119-132 and L152-165:
We thank the Reviewer for these comments and Reviewer 1 raised similar concerns. The

Introduction has been refocused and the mention/discussion of studying the deposition of various
chemical species (POPs, ON, etc.) not specifically studied in this work has been either removed



completely or integrated into a succinct addition in the revised Conclusions and Future Directions
(Section 4.0).

Line 305-306: Is the conductivity that triggers the sensor typically for that of precipitation (both
in your geographic region and others)? I wonder about the variability of precipitation globally and
if this would cause differences in sampling. In addition, what is the time delay for the lid opening
once triggered?

We thank the Reviewer for this comment and Reviewer 1 raised similar concerns. While we
acknowledge that conductivity in precipitation could vary depending on sampling locations, the
threshold that we report represents the lower limit of the range and this excludes our modification
to its design to increase the sensitivity of the sensor by adding the chute. We do not expect
precipitation conductance to fall below our threshold unless there is a washout event in the
atmosphere the effectively consists of ultrapure water. We note that established sensors on
deposition samplers used by government monitoring programs that rely on conductivity would be
similarly impacted. As such, we have retained our original lower limit conductivity definition and
added the equivalent concentration in sodium chloride. We think this clarifies the operation of the
samplers, their detection limits, and hope the Reviewer agrees.



Additionally, Reviewer 1 raised the point regarding the opening and closing times of the lid. We
thank the Reviewer for this comment, and we understand the need to communicate that the
samplers open rapidly when rain is sensed, for the facts they mention here. The opening of the lid
is fast (<5 seconds) and is dependent on the rotation rate of the motor selected. We typically use 2
to 6 rpm motors, depending on their availability from our suppliers. We hope the inclusion of this
information in our revision is satisfactory.

Results and Discussion
3.1. General design advantage

Overall, I think the results and discussion could be reformatted. It was confusing to read and keep
track of the sampler’s validation results and how you were actually applying the sampler to gain
new information (like TF and OF comparisons). I appreciate the “General Design Advantages”
section to highlight the ability to use this sampler in remote locations and to collect replicates.

We thank the Reviewer for recognizing our rationale for including the “General Design
Advantage” section in the manuscript. This is contrary to the comments made by Reviewer 1, as
they felt that this section resembles a promotional brochure or technical document. Given the
conflicting opinions of the Reviewers, we have elected to retain our preference of having this
section in the manuscript.

Below, we have attempted to address the Reviewer’s detailed comments on improving the Results
and Discussion section of the manuscript. We hope they find these to be acceptable.

3.3. Comparison of Sample Collection Volumes

Line 681: If there is a lot of data missing from the ECCC monitoring site, why would you choose
this dataset for your comparisons?

We thank the Reviewer for their comment. The Authors initially believed that although a lot of
data was missing from the monitoring site in question, it was still better to include any available
data for collocated sampling sites. Upon reflection, we now agree that this is not a suitable
comparison to include within the main text but is instructive information to include in the



Supporting Information. In also addressing comments made by Reviewer 1, suggesting that our
comparison of total deposition with ECCC and DAYMET data is tangential to the central topics
of this paper, Section 3.3 was greatly simplified by moving the ECCC/DAYMET comparison to
the Supporting Information (Section S2). We agree with both Reviewers that while this was
instructive for our biogeochemistry and hydrology work at the NL-BELT, that it is not instructive
for the wider scientific community.

Line 689-690: The R2 values are presented in a confusing manner, especially the ones found in
parentheses. Please make it more clear which value corresponds to which site.

We thank the Reviewer for their comment. As mentioned above, to address comments made by
both Reviewers, Section 3.3. was greatly simplified by moving the ECCC/DAYMET comparison
to the Supporting Information. Regarding the R? values, the way in which they are presented in
the  Supporting Information has been revised for simplicity as  follows:




Overall, Section 3.3 Comparison of Sample Collection Volumes is very long and feels repetitive.
This section should be made more concise.

We thank the Reviewer for their comment and appreciate their suggestions. We have moved the
ECCC/DAYMET comparison to the Supporting Information, resulting in a more succinct Section
3.3 (1,893 words now reduced to 1,675).

3.4. Characterizing Chemical Parameters from NL-BELT
Line 815-819: Mentioning and comparing the pH of the TF samples to the pH of the soil in that

area seems like extraneous information. Why are you making this comparison? If it’s truly needed,
provide some justification or explanation as to why this is important.

We thank the Reviewer for their comment, and we agree that this is extraneous information to
include here, as was the comparison in the prior section. Again, while there is value in this for our
ongoing work at the NL-BELT, we agree that it was a misplaced idea on our part to include it in
the main text of manuscript.

Section 3.4.2 — Most other sections have a comparison of OF and TF samples, but this one does
not. Was that intentional? A brief statement comparing these two would be great.

|
|



Line 893-894: p-values to support your statements that the conductivity of HgCI2 in water is
comparable to field blanks and less than your samples would strengthen this argument.

The Reviewer is making a request that may not be as informative as they wish it to be, but we have
decided to incorporate the results of a statistical comparison in line with their request. Our
measurements of HgClL in water at the saturation limit is an upper boundary. This is the measured
value of 13.6 = 0.4 pS/cm is expected to be much higher than its impact on any sample where the
small volume of such solutions (1 to 5 mL) is diluted by the total volume of collected precipitation.
Thus, the comparison and resulting statistics are expected to be skewed towards similarity as they
do not account for this physical reality.

In addition, our field blanks show less conductive contamination compared to this upper limit of
saturated HgCl, statistically, and the samples are significantly higher (p = 7.65 x 107¥; unpaired t-
test). Therefore, the results hold up in line with expectations of high-quality analytical
performance, despite the above stated caveat. We have added brief statistical outcomes from
unpaired t tests to the main manuscript:

Line 958-963: You mention wildfire plumes being a potential cause of increased DOC levels in
precipitation. Was there a wildfire event near your sites during your sampling period to warrant
mentioning this possibility? Or would the possibility of increased DOC still be observed some
amount of time after a wildfire event? In order to justify including this argument, I would like to
see if you could make a potential correlation to an actual event that may explain this.

We thank the Reviewer for highlighting the very important link between wildfire plumes and
increased DOC deposition. The province of Newfoundland and Labrador does experience
wildfires, forest fire season is in effect from May to September each year. Based on 20 years of



wildfire data, there are on average 118 wildfires burning 22,993 hectares in Newfoundland and
Labrador each year (Government of Newfoundland and Labrador, 2023). We strongly believe this
argument is warranted since (1) there has been an increase in wildfire activity across North America
and (ii) several studies have now linked increased organic and inorganic carbon deposition to
wildfire events. (Wagner et al., 2021; Coward et al., 2022; Barton et al., 2024). Given the
variability in atmospheric transport from these fire locations (typically in Labrador, but also
reaching Quebec and further west), it is challenging to provide deep insight regarding the
magnitude of impact in monthly integrated samples without detailed back trajectory analysis
driven by known precipitation intercepting these airmasses. So, although we did not make a
quantitative determination of wildfire plumes during the campaign, it would be unusual not to
include wildfires as a possible reason for increased DOC deposition.

The discussion on DOC seems less than a validation of instrument performance, but rather a
capability of the sampler. Unless you have DOC data from your sampling locations to compare to,
this seems like new information for remote sampling sites.

We thank the Reviewer for this comment. We may have miscommunicated our approach and would
now like to clarify it. In Section 3.4, we aimed to highlight the sampler’s capability to accurately
quantify precipitation pH, conductivity, and DOC fluxes, with a special interest in demonstrating
the capacity to discern and investigate canopy effects. To validate our new DOC measurements,
we compared our observed fluxes to other studies in forested regions. We strongly feel that this
section is a validation of the instrument performance and re-emphasize that future applications for
these samplers are stated in the Conclusions and Future Directions (Section 4.0), as further
scientific inquiry is beyond the scope of this work.

Line 1014: what evidence do you have that supports the same that the automated system better
maintains the integrity of DOC in samples?

We thank the Reviewer for highlighting this and we welcome the opportunity to clarify our
approach. Our rationale in stating that the automated system maintains the integrity of DOC in the
collected samples is because we have followed the standard approach used by biogeochemists to
study DOC in soil and freshwater samples, by microbially fixing them through the addition of



HgCl,. In addition, we have outlined apparatus cleaning procedures to minimize contamination.
Finally, the sampler design also prevents the intrusion of forest litter and other materials that could
potentially influence the levels of DOC in forested regions if these were to be submerged in the
collected aqueous precipitation sample, leading to bias due to leaching of organic compounds from
these solid organic materials. This is particularly important if the objective is to selectively quantify
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Additionally, we’ve added a new subsection “Sample Perseveration” (2.3.1) to address comments
regarding topics such as sample preservation and our approach to method validation.

Technical Corrections Starting with section 3.4.3 — it is mentioned that flux (with the units: mg C
m-2 d -1 ) is used. However, at several points in this discussion flux is given as mg C m-2 a -1 .
I’'m providing a list locations I’ve found this mistake, but please check throughout the manuscript
for places I may have missed:

Lines 50, 921, 925, 944, 955, 966, 997, 998, 100

We thank the Reviewer for this comment; however, we think there was some miscommunication
with our approach and we would like the opportunity to clarify. The deposition fluxes were
calculated daily; however, this was summed for each sampling period and reported as an equivalent
annual flux with units of (mg m™ a'). We have checked the values and units throughout the
manuscript and Supporting Information to confirm that they are correct in all locations.



References

Argentino, C., Kalenitchenko, D., Lindgren, M. and Panieri, G.: HgCl2 addition to pore water
samples from cold seeps can affect the geochemistry of dissolved inorganic carbon ([DIC],
013CDIC). Marine Chemistry, 251, p.104236, 2023.

Audoux, T., Laurent, B., Desboeufs, K., Noyalet, G., Maisonneuve, F., Lauret, O., and Chevaillier,
S.: Intra-event evolution of elemental and ionic concentrations in wet deposition in an urban
environment, Atmospheric Chem. Phys., 23, 13485-13503, https://doi.org/10.5194/acp-23-13485-
2023, 2023.

Barton, R., Richardson, C.M., Pae, E., Montalvo, M.S., Redmond, M., Zimmer, M.A. and Wagner,
S.: Hydrology, rather than wildfire burn extent, determines post-fire organic and black carbon
export from mountain rivers in central coastal California. Limnology and Oceanography Letters,
2024.

Bowering, K., Edwards, K., Prestegaard, K., Zhu, X. and S.E. Ziegler.: Dissolved organic carbon
mobilized from organic horizons of mature and harvested black spruce plots in a mesic boreal
region. Biogeosciences 17:581-595. https://doi.org/10.5194/bg-17-581-2020, 2020.

Bowyer, Peter J. (Ed.): Where the Wind Blows: A Guide to Marine Weather in Atlantic Canada,
Breakwater Books Ltd., St John’s, Newfoundland, 53 pp., 1995.

Brahney, J., Wetherbee, G., Sexstone, G. A., Youngbull, C., Strong, P., and Heindel, R. C.: A new
sampler for the collection and retrieval of dry dust deposition, Aeolian Res., 45, 100600,
https://doi.org/10.1016/j.aeo0lia.2020.100600, 2020.

Canadian Air and Precipitation Monitoring Network: Precipitation Sampling Instruments
Operation and  Maintenance = Manual —  Operators  Edition.  Available  at:
https://publications.gc.ca/collections/collection_2020/eccc/en56/En56-264-1985-eng.pdf
(Accessed: 22 February 2024), 1985b.

Coward, E. K., Seech, K., Carter, M. L., Flick, R. E., and Grassian, V. H.: Of Sea and Smoke:
Evidence of Marine Dissolved Organic Matter Deposition from 2020 Western United States
Wildfires, Environ. Sci. Technol. Lett., 9, 869-876, https://doi.org/10.1021/acs.estlett.2c00383,
2022.

Dossett, S.R. and Bowersox, V.C.: National Trends Network Site Operation Manual. Available at:
https://www.arlis.org/docs/vol1/123915417/opman.pdf (Accessed: 12 March 2024). 1999.

Galloway, J.N. and Likens, G.E.: The collection of precipitation for chemical analysis. Tellus,
30(1), pp.71-82, 1978.

Gatz, D. F., Selman, R. F., Langs, R. K., and Holtzman, R. B.: An Automatic Sequential Rain
Sampler, J. Appl. Meteorol. 1962-1982, 10, 341-344, 1971.



Germer, S., Neill, C., Krusche, A. V., Neto, S. C. G., and Elsenbeer, H.: Seasonal and within-event
dynamics of rainfall and throughfall chemistry in an open tropical rainforest in Rondonia, Brazil,
Biogeochemistry, 86, 155—174, https://doi.org/10.1007/s10533-007-9152-9, 2007.

Government of Newfoundland and Labrador: Forest Fire Season, Fisheries, Forestry and
Agriculture.  Available at:  https://www.gov.nl.ca/ffa/public-education/forestry/forest-fires/
(Accessed: 02 February 2024). 2023

Jacob, Daniel J.: Introduction to Atmospheric Chemistry, Princeton University Press, Princeton,
New Jersey, 49 pp., 1999.

Kattner, G.: Storage of dissolved inorganic nutrients in seawater: poisoning with mercuric chloride,
Mar. Chem., 67, 61-66, https://doi.org/10.1016/S0304-4203(99)00049-3, 1999.

Kirkwood, D. S.: Stability of solutions of nutrient salts during storage, Mar. Chem., 38, 151-164,
https://doi.org/10.1016/0304-4203(92)90032-6, 1992.

Laquer, F. C.: Sequential precipitation samplers: A literature review, Atmospheric Environ. Part
Gen. Top., 24, 2289-2297, https://doi.org/10.1016/0960-1686(90)90322-E, 1990

Laurent, B., Losno, R., Chevaillier, S., Vincent, J., Roullet, P., Bon Nguyen, E., Ouboulmane, N.,
Triquet, S., Fornier, M., Raimbault, P., and Bergametti, G.: An automatic collector to monitor
insoluble atmospheric deposition: application for mineral dust deposition, Atmospheric Meas.
Tech., 8, 2801-2811, https://doi.org/10.5194/amt-8-2801-2015, 2015.

Peden, M.E., Bachman, S.R., Brennan, C.J., Demir, B., James, K.O., Kaiser, B.W., Lockard, J.M.,
Rothery, J.E., Sauer, J., Skowron, L.M. and Slater, M.J.: Methods for collection and analysis of
precipitation. ISWS Contract Report CR 381, 1986.

Randall, David: An Introduction to the Global Circulation of the Atmosphere, Princeton University
Press, Princeton, New Jersey, 43 pp., 2015.

Reddy, M. M., Liebermann, T. D., Jelinski, J. C., and Caine, N.: Variation in pH During Summer
Storms Near the Continental Divide in Central Colorado, U.S.A.*, Arct. Alp. Res., 17, 79-88,
https://doi.org/10.1080/00040851.1985.12004450, 1985.

Sanei, H., Outridge, P. M., Goodarzi, F., Wang, F., Armstrong, D., Warren, K., and Fishback, L.:
Wet deposition mercury fluxes in the Canadian sub-Arctic and southern Alberta, measured using

an automated precipitation collector adapted to cold regions, Atmos. Environ., 44, 1672-1681,
https://doi.org/10.1016/j.atmosenv.2010.01.030, 2010.

Siksna, R.: The electrolytical conductivity of precipitation water as an aid to the chemical analysis.
Geofisica Pura e Applicata, 42, 32—41 https://doi.org/10.1007/BF02113385, 1959.

Vermette, S. J. and Drake, J. J.: Simplified wet-only and sequential fraction rain collector,
Atmospheric Environ. 1967, 21, 715-716, https://doi.org/10.1016/0004-6981(87)90053-9, 1987.



Wagner, S., Harvey, E., Baetge, N., McNair, H., Arrington, E. and Stubbins, A.: Investigating
atmospheric inputs of dissolved black carbon to the Santa Barbara Channel during the Thomas
Fire (California, USA). Journal of Geophysical Research: Biogeosciences, 126(8),

p.€2021JG006442, 2021.

Wetherbee, G.A., Shaw, M.J., Latysh, N.E., Lehmann, C.M. and Rothert, J.E.: Comparison of
precipitation chemistry measurements obtained by the Canadian Air and Precipitation Monitoring
Network and National Atmospheric Deposition Program for the period 1995-2004. Environmental

monitoring and assessment, 164(1), pp.111-132, 2010.



