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General comments:

This study presents an impressive set of high resolution THg measurements in the
North Atlantic Ocean (NA), along a transect from Lisbon (Portugal) to the Labrador
Coast (Canada) as part of the GEOTRACES programme. The NA, where water
masses mixing and deep water formation occur, is a location of interest to assess
inputs of Hg to ocean water. This study also uses an interesting approach, extended
Optimum Multiparamater (eOMP) analysis, to characterize THgUNF. concentrations
relative to source water masses and to assess the anthropogenic Hg contribution to
water masses.

C1

While there is a fully detailed oceanography context on the formation of the water
masses, a more complete description of the biogeochemistry of Hg in oceans, es-
pecially Hg evasion and deposition at the air-water interface which is identified as
an important mechanism driving oceans THg concentrations, might be useful to the
reader.

Description of the Hg vertical patterns in the different oceanographic regions could be
condensed focusing on stations of interest where influence of water masses or specific
oceanographic conditions are observed.

Are the mean THgUNF concentrations statistically different in LS, IrS and IcB??

Since SWTs are characterized by potential temp, salinity and nutrients, it might be
interesting to see the plot of these parameters in SI. Please specify the nutrients used
for the characterization of the SWTs.

Adding a salinity distribution plot with the water masses or SWTs superimposed on
figure 2 might help the reader through the results and discussion sections.

The authors conclude atmospheric deposition is driving THg concentrations but they
do not provide strong arguments (e.g. deposition rates, GEM concentrations etc.) to
support this statement.

Specific comments:

Line186: How was the Hg-free seawater sample used as blank solutions prepared?
Did you use the same blank solution during the cruise?

Line 221: specify which macro-nutrients were used for SWT characterization

Line 267: suggest “in addition, lowest and highest . . .”

Line 268: Rather speculative statement. Do you have additional data, e.g., wind forc-
ing, other gases such as CO2, flux, GEM in atmosphere or THg in particulate matter
or high OM content at stations where elevated THg concentrations were recorded to

C2

dcoss
Note
We have changed the "Introduction" to provide a more detailled description of the Hg cycle in the Ocean within the "Introduction" section (lines 45-93 in the new ms).

dcoss
Note
We consider that the "Results" section condense the description of the HgT profiles. The section 5.1 of the new Discussion tries to make the HgT in perspective with the oceanographic context, in paticular by using the eOMP approach. see lines 364-422 in the newms.

dcoss
Note
Of course not with 0.44, 0.45 and 0.46 pM means they are not different. We have stressed this point in the new version, lines 27-29 (abstract) and lines 351-354 (results) of the new ms.

dcoss
Note
The Temp, salinity and silicate are shown on figure 2 by Garcia-Ibanez et al, this issue. We have included these graphs in the Suppl Info (as a new fig. S2).

dcoss
Note
We already superimposed the oxygen distribution on the graph. Adding Salinty results in a "diffucult to read" graph. We prefer addition the salinity transect in figure S2.

dcoss
Note
Yes, our argument is not strong. Thus, the sentance has been rewritten to include the recent work by Mason et al (2017) concerning the Hg evasion-deposition upon the Geotraces G03 transect across the Atlanic :"The low HgTUNF value in the IrSPMW, the youngest SPMW formed in the IrS as a result of air-sea interaction of the waters transported northwards by the NAC (e.g., McCartney and Talley, 1984), is consistent with the conclusion that Western and Central NA are a net source of Hg for the atmosphere (Mason et al., 2017). On the contrary, on the Western NA side, where Hg deposition and evasion are rather similar (Mason et al., 2017), the ENACW shows higher “corrected” HgT concentration (0.41 pmol L-1, Table 1). " see: lines 395-415 in the new ms.

dcoss
Note
The blank is calculated as the sum of the Hg brought by chemical reagents.

dcoss
Note
see Garcia-Ibanez et al (Biogeosciences, this issue)

dcoss
Note
OK, lines 266 new ms



support this statement?

Line 292: Typo error “0.63” instead of “63”

Line 298: Is Hg evasion and/or PM content in this basin of greater importance than in
the other areas so that they can explain the variations in surface THg concentrations
(observed at Stn 38 only)?

Line 393: typo error? “SPMW7” instead “SPMW8”?

Lines 401-404: The authors explain the departure of estimated THg concentrations
from the THgUNF vs AOU line, thus Hg enrichment, in SAIW6 and ENACW12 by at-
mospheric deposition. They state further that atmospheric deposition is a significant
source of Hg to NA. However, THgUNF in these SWTs are relatively low (see Table
1). Hard to reach such a conclusion based on THgUNF concentrations in SAIW6 and
ENACW12. While these results suggest that a process other than AOU, most probably
atmospheric deposition is the main source of THgUNF in surface water (Upper limb
of AMOC), it is of minor contribution compared to ocean circulation in NA water col-
umn. As mentioned in lines 406 – 408, OM regeneration and hydrological processes
are the main factors controlling THg in NA waters. When OM regeneration not occur-
ring THg concentrations are low stressing the lesser importance of other sources i.e.,
atmospheric deposition. I suggest to replace the term “significant”by “dominant”.

Figure 4: is the relationship linear or should a non-linear relationship be investigated?

Technical corrections:

Line 252: Numbering error, results is section 4 instead of 5? Subsections should be
corrected accordingly

Line 324: “. . .abundance of phytoplankton, whereas the position of the lower peaks,
which is close to the maximum of Apparent Oxygen Utilization (AOU) that rose above
70 µmol L-1 (Fig. 2), suggests a dependence . . .”, report r-values for relationships
and/or show plot of Chla / fluorescence distribution in SI

C3

Line 342: add a salinity plot in SI

Interactive comment on Biogeosciences Discuss., https://doi.org/10.5194/bg-2017-467, 2017.
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dcoss
Note
We do not have ancillary data to support this hypotheses. However, they are not unreasonabe.We added the possible influence of complexing substances (lines 306-307 new ms).

dcoss
Note
Yes, we changed line 299 new ms.

dcoss
Note
we added the possible influence of complexing substances (lines 306 new ms). This statement remains speculative,...but reasonable

dcoss
Note
The section was entirely rewritten. See: lines 384-415.We tried to sort out the influences of OM regeneration and hydrological mixing. "The biological pumping/regeneration process results in a relationship between Hg concentrations and nutrient or dissolved oxygen concentration (or AOU), which are proxies of the organic matter remineralization (mainly the microbial respiration) that the sample has experienced since it was last in contact with the atmosphere. Such a biogeochemical behaviour, which is qualified of “nutrient-like” behaviour, is observed in the present study (Fig. 4). The correlation coefficient (R) between HgTF and the AOU, obtained from in situ measurements of dissolved oxygen and temperature, reached the highly statistically significant value of 0.87 (n = 141, p < 0.01). Similar behaviour was already observed in the water column near the shelf edge of the western European margin (Cossa et al., 2004), and elsewhere in the NA (Lamborg et al., 2014; Bowman et al., 2015). Thus, present results confirm that biological uptake and regenerative processes appear to control a large part of the oceanic Hg distribution in the Subpolar and Subtropical gyres of the NA. Hydrological circulation may also impact the Hg distribution in the NA. We estimated the HgTUNF (and AOU) values of each SWT using eOMP (Table 1). The correlation coefficient between observed and predicted (eOMP-based) values through Eq. (1) (Material and Methods section) for HgTUNF is 0.71. The estimated HgTUNF concentrations vary significantly between SWTs from 0.32 ± 0.03 to 1.04 ± 0.02 pmol L-1, for the IrSPM to the NEADWL, respectively. A large part of the HgTUNF between SWTs is due to the regeneration process as suggested by the correlation coefficient (R = 0.82) of the linear relationship of HgTUNF versus AOU (Fig. 5). Based on this model (HgTUNF = 0.0043*AOU+0.3547), we calculated mean “corrected” HgTUNF concentrations for each identified SWT for a zero AOU concentration. “Corrected” mean values range from 0.22 to 0.61 pmol L-1 in IrSPMW and NEADW, respectively (Table 1).  This variation should result from the origin and the route of each SWT. The “corrected” HgTUNF values of IrSPMW-PIM-SPMW-DSOW-LSW, which are formed in the Subpolar gyre and in the NS during the last winter, present very low and similar values 0.22-0.31 (Table 1). Even, the IrSPMW is the youngest SPMW formed in the IrS as a result of air-sea interaction of the waters transported northwards by the NAC (e.g., McCartney and Talley, 1984); the low HgTUNF value found in the IrSPMW may result from a net Hg evasion in this region, consistently with the conclusion that Western and Central NA are a net source of Hg for the atmosphere (Mason et al., 2017). On the contrary, on the Western NA side, where Hg deposition and evasion are rather similar (Mason et al., 2017), the ENACW shows higher “corrected” HgT concentration (0.41 pmol L-1, Table 1). The highest estimated and ‘corrected” HgTUNF concentration is calculated for NEADWL (0.61 pmol L-1, Table 1), which is the dominant water mass in the bottom IAP, with its main core below ~3500 m-depth and spreading down to the bottom (see figure 4 in García-Ibáñez et al., this issue). This water mass presents a significant component from Southern Ocean (AABW), which contain Hg-rich (HgTAABW = 1.35 ± 0.39 pmol L-1, Cossa et al., 2011). The same rationale can be drawn for the “corrected” HgTUNF concentration in MW (0.41 pmol L-1, Table 1). Indeed, recent measurements in the waters of the Western Mediterranean state HgTUNF values varying between 0.53 and 1.25 pmol L-1 within the layer that flows out of the Mediterranean Sea at the Strait of Gibraltar (Cossa and Coquery, 2005; Cossa et al., 2017a). In summary, the distribution pattern of HgTUNF along the Geotraces-GA01 transect, modeled by mixing of SWTs (Fig. S4), stresses the importance of Hg scavenging by plankton and organic matter regeneration, but also show that a part of Hg-enrichment in certain SWTs, among which MW and NEADW, is due to preformed Hg outside the NA. This type of results, characterizing the Hg concentrations in principal oceanic water masses, should contribute to the refinements in model formulation and predictability." 

dcoss
Note
The linear relationship is the best fit, except a polynomial cuve.

dcoss
Note
Yes, we have made the change.

dcoss
Note
I have no access to chlo/fluo discrete data, only fluorescence with the CTD record.

dcoss
Note
Yes, see new figure S2 in Suppl Info, which is referred on line 346 in the new ms.

dcoss
Note
no error.




