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Review of Cossa et al. “Mercury distribution and transport in the North Atlantic Ocean
along the GEOTRACES-G01 transect”

General comments: This manuscript presents a new set of high quality measurements
in an oceanographically important region. These data add to our understanding of vari-
ability in oceanic Hg concentrations across different water masses. In general, I find the
work to be high quality. I have a number of suggestions for improvements/corrections
that are detailed in the specific comments. Most importantly, the authors make a num-
ber of assumptions about processes and mixing in their eOMP, leading to a statistical
estimate of source water contributions, which are later used to infer anthropogenic in-
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fluences and fluxes across major regions. They contrast their approach with “modeling”
estimates throughout the manuscript but their approach is also a modeling estimate (al-
beit a statistical one) and based on a measurement snapshot and should be acknowl-
edged as such. I would like more information on the specifics of how this analysis was
performed, details of the equations and specific mixing assumptions, and implications
of any assumptions for results. For example, the authors ignore the influences of Hg
losses through evasion etc. throughout much of their discussion and analysis and I
wonder about this implications of doing this. The conclusions about anthropogenic Hg
changes seem tenuous to me and should be more clearly justified in the revised paper.

Specific comments:

Abstract, Line 18: What about the other 3 percent? Why not just present the full range
and some measure of central tendency?

Line 21: The particulate fraction in this work seems higher to me than in other ocean
regions and the authors may want to comment on this.

Line 43: Paper by Alex Poulain’s work in NGS contradicts this statement – might want
to acknowledge and caveat.

Line 46: “ocean-atmosphere exchange” is important for the global biogeochemical cy-
cle of Hg but I don’t think one can say that it “dominates”

Line 48: Neither of the papers cited is about the atmosphere.

Line 49: Seems important to mention Hg redox cycling and losses through evasion
here.

Line 53: There are a number of other estimates of anthropogenic Hg impacts on the
ocean that should be acknowledged.

Line 56: As per comment above – I don’t think doubling is an appropriate representation
of the consensus in the literature or lack thereof. This is a relatively controversial topic
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Username
Sticky Note
We made changes, see lines 20-25 in the new ms.

Username
Sticky Note
The fraction of dissolved Hg (HgTF) is of course dependent of the amount of suspended particulate matter (SPM)  present in the water column. For example, SPM is higher in the mixed surface layer where phytoplankton production is active, and in coastal areas where continental SPM is present. Thus , an overall HgTF is meaningless.  HgTF represents 78%, 84 and 91 % of the total Hg, for the whole data set, in the waters below 100m (waters unaffected by phyto production), and when Labrador Sea convection zone is excluded (because of its high PP in 2014), respectively. The last percentage is similar to the partition obtained by Bowman et al. (2015). These details results are now explained in the "Results section" (lines 269-280 of the new ms).

Username
Sticky Note
The entire "Introduction" has been rewritten (lines 45-93 new ms). We no more referred to toxicological properties of Hg. Other remarks (in particular the reference to the solubility pump) concerning lines  46, 48, 49 53, 56, 60-66, 71-72, 79-84 (former ms) have thus been taken into account or are not anymore pertinent in the new "Introduction".

dcoss
Note
The remark is sound. Any reference to anthropogenic Hg  from the eMOP modeling has been removed. Now in the new ms, the HgTAnthr estimate is only discussed based on LSW( in section 5.2.).

dcoss
Note
The eOMp technique is briefly  described in the methodological section ; a more detailed description is in Garcia-Ibanez et al (Progr. Oceanogr., 2015) and this issue , both refs cited in the ms. In addition the modl has been used (as quoted in the ms) invarious papers: for DOC by Fontela et al. Sci Rep. 2016. Also, de la Paz et al (GBC 2017) did the same using N2O tracer, and previously Reinthaler et al. (GBC,  2013) using organic and inorganic nutrients. 

dcoss
Note
Yes, we did that in the new section 5.3. See lines 482-487:"Thus, from our “snap shot” study, the net Hg exchange across the Geovide transect, which crosses the LS and the NA from Portugal and Greenland, would be an Arctic loss of 36 kmol yr-1. In comparison, Soerensen et al. (2016), based on a mass balance budget, estimated that “Arctic seawater is enriched in total Hg relative to inflowing waters from the North Atlantic and North Pacific Oceans at all depths resulting in a 26 Mg a-1 (i.e., 130 kmol a-1), net loss from the Arctic via circulation”.

dcoss
Note
Section 5.2 has been rewritten. see lines 423-460 in the new ms.

dcoss
Note
The multilinear fitting of the HgTunf versus the completed set of SWT has the ability to extract from the HgTunf measurements, all the variability of HgTunf that is due to the mixing of the SWT (water masses). 
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and not directly relevant to the work presented here so the authors may simply want
to omit these numerical statements. The review by Amos et al. (2015) cited later in
the manuscript also explicitly discusses the range in oceanic enrichment suggested by
recent work and agreement of such ranges with measured concentrations.

Lines 60-63: This seems like an odd rationalization for this work since most policy
makers probably don’t even know what “ocean water mass” means and certainly this is
not at the forefront of discussions. I would prefer to see scientific objectives and goals
since this is not intended as a policy friendly paper.

Lines 65-66: Grammatical problems. I don’t think “solubility pump” is appropriate here
since Hg solubility is not inversely proportional to temperature in the same way as
CO2 – why not just make a direct statement about thermohaline circulation/advective
transport since this is what they mean.

Lines 71-72: I don’t think it is only GEOTRACES that has produced these results.
Please rephrase.

Lines 79-84: Would be helpful to have an overarching objective for the work, i.e., how
biogeochemical variability in the oceans affects total Hg concentrations. These reads
like a list of unrelated tasks.

Line 131: I think this should be “. . .long time since ventilation” rather than “negligible
atmospheric exchange”

Lines 132-133: I think the authors are simply trying to say some Hg is transported
advectively with ocean circulation rather than it “follows CFCs” – CFCs are simply un-
reactive tracers for circulation so it is misleading to imply they interact with Hg at all
and that could be interpreted from the current phrasing.

Line 137: I think the phrasing here is also problematic because CFC concentrations are
not fixed and depend on water mass mixing, time since ventilation and concentration
of CFCs in the atmosphere at the last ventilation period. I would therefore recommend
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Username
Sticky Note
Due to the following remark, reference to CFCs has been remove. The remark is no longer relevent for the new ms. This concerns also former lines 132, 133, 137 and 139.

Username
Sticky Note
In the similar way as for the "solubility pump", we removed all the references to CFC distribution, which were not useful for the discussion.
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that this refer to a “past” condition/measurement from a given region.

Line 138: Again – be specific and refer directly to advective transport with seawater
and particles. All of this is unnecessarily confusing.

Lines 177-182 – Some of this seems unnecessary – these are standard methods.

Line 212-218: I would like more information on the eOMP, the residual term from the
analysis, and the implications of assumptions/details like omitting water masses above
75 m depth. Equation one seems to imply the eOMP is solved simply as a mixing model
– which makes sense for DOC given its long lifetime but this is not capturing some
major characteristics of Hg cycling such as evasion, diffusion in the water column,
uptake by food webs and particle settling. It seems like this might work well under
specific conditions where these other processes have a limited influence on total Hg
distribution but do think this can be assumed to be always the case.

Line 256: If it is a skewed lognormal distribution shouldn’t the data be lognormally
transformed?

Line 270: Also variability in biogeochemistry such as DOM affecting pool of Hg avail-
able for reduction.

Line 272: Why exclude the upper 100 m?

Line 351: Need to mention Hg evasion again.

Line 353: Also diffusion and eckman pumping.

Line 362: Not that AOU is also affected by lateral transport processes.

Line 369: AOU not from in situ measurements of oxygen and temperature or AOU for
source waters estimated? Please clarify.

Line 372-374 – Almost no English in these sentences – I can’t remember all the
acronyms used so it would improve readability to get rid of some of them.
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Username
Sticky Note
see previous answer to the previous comment.

Username
Sticky Note
idem

Username
Sticky Note
I think it is better to precise the methodology, in the Geotraces context.

Username
Sticky Note
Normality assumption is particularly important for t-tests, but correlation are more robust. See: http://thestatsgeek.com/2013/09/28/the-t-test-and-robustness-to-non-normality/The absence of Normality in the frequency distribution of the whole data set, does not imply that the distributions of HgT conc in each particular basin is also not Normaly distributed.Anyway the t-tests were removed in the new ms. Statistical signiicances are only given for correlation coefficient.

Username
Sticky Note
We do not discussion the condition of Hg reduction; We just suggest the reason for the presence of high and low Hg conc in the upper waters.

Username
Sticky Note
We developed quite a bit the significance of the HgTF/HgTUNF ratios depending the water layers and the oceanic regions; see the answer below and the new text line 269-280.

Username
Sticky Note
yes, we did it in the new version (lines 365-368).

Username
Sticky Note
yes, see change lines 365-369: "Main paths of the Hg cycle in the open ocean can be briefly summarized as follows. Direct atmospheric deposition is the dominant source of Hg for the oceans, most of the deposited Hg is re-emitted in the atmosphere, and a minor Hg fraction is drawn down to the ocean interior with downwards convecting waters or associated with sinking particles. "Note that this paper is not an oceanography text-book.

Username
Sticky Note
Yes, you are right. However, in young waters as those of the NA, the lateral transport is less affecting the AOU as it in the Pacific waters.

Username
Sticky Note
We specified that AOU is obtained from O2 and T measurements. See line 377 of the new ms.

Username
Sticky Note
I think they are necessary. There is also an "abbreviation" list at the end of the ms (lines 514-527, p 23.

dcoss
Note
The first 75 meters is out because the fractions of the SWT cannot be take accurately because the air-sea interaction that affect to conservatives variables.

dcoss
Note
 Many of the processes cited by the referee should be not affected by the mixing, thus the residuals of HgT should be depicted some of these processes. See figure S4 in the Suppl Info. Its comparison with the Fig 2 distribution will tell about the precision of the model. In fact most of the diff between HgTUNF (fig 2) and HgTUNF model (fig. S4) is below the precision of our measurements.
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Line 382: Why would AABW be enriched in total Hg?

Line 402: We already know this. Please rephrase to acknowledge prior work.

Line 403: Reference and inference here is problematic. The DeSimone paper simply
refers to primary anthropogenic releases for a given time period not all anthropogenic
Hg contributions to deposition and there is variability across models in these estimates
and even how you define the human fraction. This seems irrelevant to me to this paper
so I suggest just deleting the problematic statement.

Line 408: Don’t you mean particle scavenging not OM regeneration? OM regeneration
is associated with export.

Line 415-416: The analytical uncertainty around the early numbers is very large. Sug-
gest acknowledging this here as well.

Line 420. I am not convinced by the proposed relationship with remineralized phos-
phate and anthropogenic Hg proposed in this paper. Suggest rephrasing to acknowl-
edge this is a proposed relationship not an established tracer for anthropogenic Hg.

Line 434: Subsurface ocean concentrations and their decreases is an assumption in
Soerensen et al. 2012 based on observations as a boundary condition in the model to
test the influence on atmospheric trends. It is misrepresented by this statement.

Line 480-481: Soerensen et al. 2016 is a synthesis of observations and calculation
from established measurements. This work considered all available measurements
and represents a specific time period. This study represents a snapshot of measure-
ments and a different time period. To imply that they should be directly compared is
incorrect and these differences in these values acknowledged. I would call the value
presented in this work a different “model” estimate. Both are derived by multiplying
concentrations by flows.

Lines 491-493: I think the paper needs to make a more compelling case for this being
reasonable.
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Username
Sticky Note
Please read the quoted reference (Cossa et al. 2011GCA).

Username
Sticky Note
This is not so evident. Indeed, Mason et al. (2017) suggest that surface waters (in Western North Atlantic) would be a source of Hg for the atmosphere. We rewrote the sentence lines 400-405 to take into account this remark.

Username
Sticky Note
Ok, we deleted reference to de Simone paper.

Username
Sticky Note
We rewrote: "However, bearing in mind the uncertainty of the accuracy of early numbers, this magnitude of the decrease cannot be taken for granted." lines 431-434, new ms.

Username
Sticky Note
You are  right, the point can be discussed even if it is coming from a "Nature" paper.Thus, we rewrote:"An approach of the anthropogenic Hg (HgAnth) concentrations in subsurface waters has been proposed by Lamborg et al. (2014). " lines 433-434 in the new ms.

Username
Sticky Note
Reference to Soerensen et al 2012 has been removed from here.

Username
Sticky Note
We agree with the comment. Our purpose is just to to put our transport results in perspective with literature data. Under no circumstance, we  pretend to present more realistic numbers.Thus, we rewrote the sentence: lines 482-487 in the ne ms:"Thus, from our “snap shot” study, the net Hg exchange across the Geovide transect, which crosses the LS and the NA from Portugal and Greenland, would be an Arctic loss of 36 kmol yr-1. In comparison, Soerensen et al. (2016), based on a mass balance budget, estimated that “Arctic seawater is enriched in total Hg relative to inflowing waters from the North Atlantic and North Pacific Oceans at all depths resulting in a 26 Mg a-1 (i.e., 130 kmol a-1), net loss from the Arctic via circulation”.

Username
Sticky Note
Owing the literature quoted in the new introduction (lines 46-59 new ms) I think is clear as it is. The nutrient like behavior of Hg is  well established using relationships between Hg and nutrients, dissolved O2 or AOU (e.g., Lamborg et al., 2014, Bowman et al 2015, Cossa et al 2004).

dcoss
Note
The sentance has been modified (with the entire section 5.1). See lines 365-383 in the new ms. 
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Technical Corrections:

Line 57: I don’t think anthropization is a word.

Line 59: I think it is preferable to use gender neutral language.

Line 147. Delete “etc.” – not helpful. L ine 281: High is very subjective term. Suggest
being more precise.

Interactive comment on Biogeosciences Discuss., https://doi.org/10.5194/bg-2017-467, 2017.
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Username
Sticky Note
Anthropisation or anthropization have  been already used in Oliva et al. (1999) GCAvol 23/24 p4029, Bouloubassi et al. (2012) Mar Chem vol 142/144 p18.

Username
Sticky Note
the offending word is not anymore in the text.

Username
Sticky Note
We deleted "etc" (line 144 new ms)and replected "high" by "highest", line 288 in the new ms.




