


approach, and report the LOD for each element. Is there more that one LD reported? 

Version 1: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
Review 449403_1 
This manuscript explores the issue related to long-term changes in coastal seawater quality due to climate change. The
authors used a huge dataset to make predictions about the changes in water quality in the coastal area of the Guangdong
Province (China) for the period 2015-2022. The authors carried out a notable effort for modeling this dataset which may be
useful to predict long-term changes in the water quality of the investigated coastal area. The general topic of the manuscript
is undoubtedly original, interesting and useful. 

The authors adequately responded to most of my comments and updated the text of the manuscript accordingly. In the
revised version of the manuscript, the authors made a great effort to better prepare the main text and to better organise the
Supplementary Material (SM). The SM is now reorganized in 4 sections and, in my opinion, more better prepared. In
addition, the authors provided a better and more detailed explanation of the sampling strategy. 

Please, excuse me for suggesting to place Materials and Methods before the section dedicated to the Results. Actually, I
have not checked the general writing style of the Journal. This is my fault. 

I retain that the manuscript may be accepted in the Journal Nature Communications, just following some minor revisions. 

Please, consider the following minor general comments. 

Regarding terminology, the authors modified “trace elements” with “trace metals”. Between the two, I suggest the authors to
use the first, so “trace elements”. With my comment on the original version of the manuscript, I simply meant to specify which
elements were taken into account (so Cd, Cr, Cu, Fe, Hg, mn, Pb and Zn). Just name them in the text. 

I suggest the authors to avoid the use of “we” such as “we show” (line 28 in the abstract). What about: “The aim of this study
is to show the nexus of re-exposure-eutrophication-emission reduction with human activities and climate feedback, cannot
be ignored in the pursuit of effective environmental governanc”? or something like that. 

Line 95 I am not sure about “Incompatible elements”. Could you just write: “elements such as Hg, Cd and Pb also enter….?” 

Line 99 the term “uptake” usually refers to Hg bioaccumulation along the trophic chain. Please, consider the idea to write
“the influx of Hg(0) at the water-atmosphere interface is… ”. Indeed, the term “influx” referred to a flux of Hg(0) from the air to
the water and it is more appropriate with respect to “uptake”. 

Line 121 physico-chemical properties. Check also through the text 

(Remarks on code availability) 

Reviewer #2 

(Remarks to the Author) 
The authors have responded adequately to both my initial comments and the first reviewer's assessments. I thus endorse
this paper for publication as is. 

(Remarks on code availability) 

Reviewer #3 

(Remarks to the Author) 
This manuscript presents an 8-year long data set of trace metal measurements in the coastal area of the Guangdong
Province (China). Based on this data set they create a receptor model and subsequently apply this to a future simulation
made by a model in the CMIP6 archive. The data set they present is quite unique and a significant contribution in itself. The
PCA analysis and receptor model also provide novel and interesting insight into trace metal dynamics in coastal systems
under climate change. There is not much current literature on this topic so this work presents a valuable and original piece of
work. The quality of the data appear very good and the methods are described in detail. The overall analysis and analytical
approach are both robust and comprehensive. With the exception of some strange, to me at least, use of terminology and a
general lack of definitions for the abbreviations used the paper is well written. 



However, despite having now read the manuscript, and supplemental information, several times I struggle to identify what
the key result is. Nature Communications publishes work that “aim to represent important advances in all areas of the
biological, health, physical, chemical, Earth, social, mathematical, applied, and engineering sciences”. It is unfortunately not
at all clear to me what important advance this work makes. Partly this is because the authors also have not written any
conclusions, but the noteworthy results are also not apparent in the “results and discussion” section. I believe there is
noteworthy insight in the presented data and would urge the authors to restructure and revise their manuscript to focus on
the key findings and their impact. You have a story in here – you just need to tell it. 
Like the previous reviewer #1 I would really like the materials and methods to be presented before the results and
discussion. It is not easy to understand the presented results before first reading what has been done. I’ve read your
responses to the previous reviewer and I understand your argumentation, but this structure is making it challenging for the
reader to understand your work. 

Specific comments: 
Line 51: It is unclear what “carbonate atmospheres” means. 
Line 52-53: The sentence “trace metals may become sensitive factors in response to changes in marine water quality” is
unclear. What responds to what? 
Line 56: I think “butterfly effect” is a poor choice of words here. Consider revising. 
Line 65: Replace “tracers” by “influencing factors” to avoid confusion 
Line 67: Add “organic” before “C, N, P, and S elements” 
Line 74: It is unclear what “incompatible elements” are. I realize this term is in response to a previous review, but it is not
made clear what the elements are incompatible with so the sentence is unclear. 
Line 74-94: Beginning with “Incompatible elements” this should all be a separate paragraph. The paragraph also needs a
proper topic sentence and better flow between the sentences. It now reads like a list of bullet points someone have put
together but not linked. There is no introduction, no coherency. 
Line 77 and 78: why are you defining nitrogen and mercury here? The abbreviation for both have been used previously, and
you do not define the other metals and elements. 
Line 78: what is “Mercury’s(Hg) earth system model”? Please explain. 
Line 85: replace “limits” with “limitation” 
Line 88-89: I do not understand this sentence. Nitrogen removal and denitrification does happen in situ in the ocean. And
even if it did not I do not follow why that would mean that “nutrients and trace metals are affected by thermohaline
circulation”. I’m not questioning that both nutrients and trace metals are affected by the thermohaline circulation, I just do not
follow the logic of the sentence and cannot understand what you are trying to communicate. 
Line 95-96: please use “physico-chemical” throughout 
Line 114-115: Please reiterate here what these three factors are 
Line 118: It is unclear what you mean by “CMIP6 framework” here. You have, as I understand it, used output from one of the
models contributing to CMIP6. If that is what you want to communicate here please state that, otherwise explain what the
framework is. 
Lines 128-129: The warming process cannot be controlled anywhere at the moment so the meaning of this final statement is
unclear. Please revise. 
Lines 153-154: Could you provide a reference for the environmental Kuznets curve? 
Line 166: TN is not defined 
Line 171: This sentence is unclear. Please revise for clarity. 
Lines 246-247: I do not know what “energy substances” are 
Line 314: it is not clear what “compatible elements” are. See also my comment above regarding “incompatible elements” 
Line 322-323: This sentence is unclear. Please revise. 
Line 331: The terminology “concentration levers” was commented on in the previous review and I find that an explanation is
still lacking. Please add some detail. 
Line 352: Do you mean “decreases”? 
Lines 354-357: Why do you see such a dip and recovery pattern for Pb and Cr? Such a pattern is not seen in the other trace
metals. A bit of additional discussion on this would have been nice. 
Lines 366: The decrease in C/N ratio does not appear to be significant given the uncertainty range. That should be noted. 
Line 367: Please explain what the “carbon sources” are. Same for line 395. 
Line 375: add “coastal” before “ocean’s” 
Lines 394-398: This is interesting, but could use some elaboration. If properly phrased and referenced I believe this could be
an impactful conclusion. But it is unclear whether it is a true result of the work, or just supposition. 
Line 409: replace “which were” by “and” 
Line 451: “… among variables …” What variables are these? 

Section 3.2: 
Here it is apparent that the authors are not very familiar with CMIP6. That is perfectly fine. I’m suggesting some changes to
the text to make it more “standard” and thus more easily understood. 
Line 430 onwards: You could rewrite as “Here we use ScenarioMIP simulations from the Earth System model GISS-E2. The
model has a spatial resolution of 2 degrees latitude by 2.5 degrees longitude, and we use the monthly output from the
“r1i1p1f1” ensemble member.” 
I am wondering here why you have used this particular model. Many of the models in CMIP6 have a higher spatial resolution
(at least 1x1 degree) which would better resolve your study area. 
Lines 433-434: Please use here the exact name of these variables in the model output. This will help readers to identify and
the correct data. 
You should repeat here which scenario you use even though you have mentioned this before in the text. 



(Remarks on code availability) 

Version 2: 

Reviewer comments: 

Reviewer #3 

(Remarks to the Author) 
In my first review I wrote that “The data set they present is quite unique and a significant contribution in itself. The PCA
analysis and receptor model also provide novel and interesting insight into trace metal dynamics in coastal systems under
climate change. There is not much current literature on this topic so this work presents a valuable and original piece of work.
The quality of the data appear very good and the methods are described in detail. The overall analysis and analytical
approach are both robust and comprehensive.” I stand by this assessment, and the authors have responded well to most of
my concerns. However, based on the authors’ rebuttal to my first review I have identified a major issue with their
methodology. To remedy this parts of the analysis needs to be redone, and the new results analyzed. This major issue is
described below. In addition, there remains some minor issues left unanswered in the rebuttal and revised manuscript.
These are described under “minor issues” below. The manuscript will require major revisions before it can be published. 

Major issue 
In my first review I noted that it is clear from the methods that the authors are not familiar with Earth System Models (ESMs)
or CMIP6. I did not find any errors in their work, but requested the add additional detail in the methods to identify which
variables they had used as well as more detail about their choice of model. The authors have not added any of this
information in the revised manuscript, but they did provide additional detail in their rebuttal to me. Unfortunately, this
additional information shows me very clearly that the authors have not done the analysis they think they did, or at least not
the analysis they describe in the manuscript. In my original review I asked the authors to include the actual variable names
from the model so that the reader can more easily identify what has been used (since all CMIP6 models use the same
variable naming conventions). This the authors have not done, but they have included an appendix (Appendix 1) with
detailed metadata for three variables they have extracted. To better highlight the issues I’ve identified I’ve removed much of
the information from Appendix 1 of the rebuttal and only kept what is important to support this review. 
On lines 446-447 it is stated that “water temperature, rainfall, CO2 levels (pCO2), and ocean acidification rates were
extracted.” In Appendix 1 of the rebuttal the authors include detailed metadata for three variables under the headings
“Surface sea temperature”, “pCO2”, and “Wet deposition”. The information in Appendix 1 shows that the variables extracted
are “tasmin”, “co23D”, and “clwvi”. 
“tasmin” is the variable extracted under the headline “Surface sea temperature”. However, this is not water temperature.
Realm is given as “atmos” indicating that it is an atmospheric variable, and the long_name attribute states that this is “Daily
Minimum Near-Surface Air Temperature”. So rather than using water temperature in their model the authors have used air
temperature. And not even the actual air temperature, but the minimum of the near-surface (typically 2-meter) temperature.
This variable is also extracted from a different model than that stated on line 442 (see below). 
“co23D” is the variable extracted under the headline “pCO2”. This is also an atmospheric variable as indicated by the
attribute realm (“atmos”). To me it would make more sense to use surface ocean pCO2, but it is not actually stated anywhere
whether atmospheric or oceanic pCO2 is identified as one of the three drivers. Importantly though, the attribute long_name
shows that this variable is a “3D field of transported CO2”. The authors have not made clear whether they have used the
entire 3D field as input to their model, or whether they’ve used just one layer. Regardless, I believe the authors want to use
atmospheric CO2 concentration here, which is part of the model forcing (the SSP3-7.0 scenario defines the atmospheric
CO2 concentration for each timestep). 
“clwvi” is the variable extracted under the heading “Wet deposition”. This is probably what the authors believe represents
rainfall (one of the variables they claim on line 446 to have extracted). This is another atmospheric variable (realm = atmos),
but that would in this case make sense. However, the attribute long_name shows that this is “Condensed Water Path” and
the comment, as well as a quick check in the CMIP6 variable list, indicates that this variable represents the amount of liquid
water and ice in clouds. So not related to precipitation. In addition, this variable is from a different ensemble run from that
given on line 444 (see below). 
On line 442 the authors write that output from the GISS-E2 model is used. This appears to be incorrect. The variable “tasmin”
is retrieved from the Chinese FGOALS-g3 model (parent_source_id=FGOALS-g3). On line 444 it is stated that the ensemble
member “r1i1p1f1” is used. However, for variable “clwvi” parent_variable_lable=r1i1p3f1 is used. It is not advised to use two
different ensemble members for different variables, and if done it needs to be stated clearly. 
On lines 446-447 four variables are listed, but there are only three in Appendix 1. I therefore do not know what data, if any,
has been extracted as “ocean acidification rates” since no information is given. 

The information I’ve provided above clearly shows that the authors have not used the variables they say they have. I’m sorry
that this is discovered so late in the review process, but this is why the actual variable names should always be provided.
Had the authors included this information in the previous version it would have been clear to me, and probably also the other



reviewers, that something is wrong with the analysis. The authors will have to extract the correct variables (this list should be
helpful in identifying which they are: https://pcmdi.llnl.gov/mips/cmip3/variableList.html) and redo their analysis for the future.
The results and conclusions will then have to be modified based on the new results. 
Finally, I want to note that in their rebuttal to my comment about why they have chosen the model they have the authors
show their inexperience with Earth System Models and CMIP6. The ocean resolution in the models they’ve extracted data
from is 1 by 1 degree, which is clear from the attributes listed in Appendix 1. The atmospheric resolution in Earth System
models is always coarser than the ocean. I assumed in my initial review that they had extracted from the ocean, not the
atmosphere. Given this obvious inexperience I would urge the authors to reach out to the contact person given for the CMIP6
models (the attribute contact gives an e-mail address) and ask for advice on how to best use their data, and which variables
are the most appropriate. 

Minor issues: 
Line 24: “proved” is a very strong word to use here. Consider revising. 
Line 38: Typo. Separate “cruicialwater” into two words (crucial and water) 

Line 53: The change to “acidification atmosphere” does not make any more sense than the original “carbonate atmosphere”.
It is true that the nearshore environment is affected by acidification, but the term “acidification atmosphere” is not terminology
that is commonly used in the scientific literature. At the very least the authors need to add an explanation/definition to the
text, but better would be to just say that the nearshore environment is affected by acidification (which is apparently what they
are trying to communicate here). 

Line 67: The common terminology is “sea surface temperature”. Please revise. 

Line 92-93: I commented on this sentence in my first review and it makes no more sense now. Nitrogen removal and
denitrification does happen in situ in the ocean. The reference used here for the statement that these processes do not
happen (Hutchins and Capone, 2022) does not in any way support such a statement. It is factually incorrect to state that “N
removal and denitrification processes have been proven not to occur in situ”, and the authors are also incorrectly referencing
Hutchins and Capone (2022) to support the incorrect statement. This needs to be revised. 

Line 120: Here you state that “sea surface temperature, dry and wet deposition amount, and pH” are the three factors being
considered in your model. However, on lines 206, 228, and 297 as well as in Figure 1b you list the three components as
“SST, deposition, and pCO2” suggesting that pH is not one of the three components. But then on line 216 pH is mentioned
as one of the three. Please correct the information in all these places to avoid confusion. In addition, you should indicate in
all these places which type of deposition. I assume it is both wet and dry as initially stated, but this should be clear
everywhere. Also, please define pCO2 the first time it is used, not the last. Now “partial pressure of carbon dioxide” is used
on line 297, but not before. You also need to clarify whether you’ve used atmospheric or oceanic pCO2. 

Line 124: In my original review I wrote here that “It is unclear what you mean by “CMIP6 framework” here. You have, as I
understand it, used output from one of the models contributing to CMIP6. If that is what you want to communicate here
please state that, otherwise explain what the framework is.” The authors answered in their rebuttal that they would make a
modification, and link to the Materials and Methods section but this has not been done. It is clear that the authors are not
familiar with the use of Earth System Models and CMIP6 (as also explained above). They have not used the CMIP6
framework, which is a framework to allow the intercomparison of many different models, but rather output from one Earth
System model which has contributed to the CMIP6 project. There is no model comparison, or model ensemble used in this
work. So here it would be more appropriate to state “the CMIP6 version of the GISS-E2 model was used to predict …”.
However, as explained above this is also not accurate since the authors have actually used data from two models. 

Line 127-128: This paper does not simulate the SSP370 scenario. Output from Earth System Models that have simulated
this scenario is used, but that is not the same thing. This needs revision for clarity. 

Lines 134-135: The authors have revised this statement somewhat after my initial review. However, the statement is still
unclear and my original comment that “the warming process cannot be controlled anywhere at the moment” is still valid.
Adding “or reversed” does not change or clarify anything. I do not understand what the authors are trying to say so the
sentence still needs revision. 

Line 399-400: Here two sentences in a row begin with “However”. That does not make sense so please revise. 

Below is a subset of the information provided in the rebuttal (Appendix 1): 
Surface sea temperature 
Global Attributes: 
Conventions = 'CF-1.7 CMIP-6.2' 
activity_id = 'ScenarioMIP' 
contact = 'Lijuan Li (ljli@mail.iap.ac.cn)' 
experiment = 'update of RCP8.5 based on SSP5' 
experiment_id = 'ssp370' 
further_info_url = 'https://furtherinfo.es-doc.org/CMIP6.CAS.FGOALSg3.ssp370.none.r1i1p1f1' 
parent_activity_id = 'CMIP' 
parent_experiment_id = 'historical' 



parent_mip_era = 'CMIP6' 
parent_source_id = 'FGOALS-g3' 
parent_variant_label = 'r1i1p1f1' 
realm = 'atmos' 
variable_id = 'tasmin' 
tasmin 
Size: 180x80x60 
Dimensions: lon,lat,time 
Datatype: single 
Attributes: 
standard_name = 'air_temperature' 
long_name = 'Daily Minimum Near-Surface Air Temperature' 
comment = 'minimum near-surface (usually, 2 meter) air temperature (add cell_method attribute 'time: min')' 
units = 'K' 

pCO2 
Global Attributes: 
Conventions = 'CF-1.7 CMIP-6.2' 
activity_id = 'ScenarioMIP' 
contact = 'Kenneth Lo (cdkkl@giss.nasa.gov)' 
experiment = 'update of RCP7.0 based on SSP3' 
experiment_id = 'ssp370' 
further_info_url = 'https://furtherinfo.es-doc.org/CMIP6.NASA-GISS.GISSE2-1-G-CC.ssp460.none.r101i1p1f1' 
parent_activity_id = 'CMIP' 
parent_experiment_id = 'historical' 
parent_variant_label = 'r1i1p1f1' 
parent_source_id = 'GISS-E2-1-G-CC 
realm = 'atmos' 
variable_id = 'co23D' 
co23D 
Size: 144x90x40x432 
Dimensions: lon,lat,lev,time 
Datatype: single 
Attributes: 
standard_name = 'CO2_3D_tracer' 
long_name = '3D field of transported CO2' 
comment = 'report 3D field of model simulated atmospheric CO2 mass mixing ration on model levels' 
units = 'kg kg-1 

Wet deposition 
Global Attributes: 
Conventions = 'CF-1.7 CMIP-6.2' 
activity_id = 'ScenarioMIP AerChemMIP' 
contact = 'Kenneth Lo (cdkkl@giss.nasa.gov)' 
experiment = 'gap-filling scenario reaching 7.0 based on SSP3' 
experiment_id = 'ssp370' 
further_info_url = 'https://furtherinfo.es-doc.org/CMIP6.NASA-GISS.GISSE2-1-G.ssp370.none.r1i1p3f1' 
parent_experiment_id = 'historical' 
parent_experiment_rip = 'r1i1p3' 
parent_mip_era = 'CMIP6' 
parent_source_id = 'GISS-E2-1-G' 
parent_variant_label = 'r1i1p3f1' 
realm = 'atmos' 
variable_id = 'clwvi' 
clwvi 
Size: 144x90x432 
Dimensions: lon,lat,time 
Datatype: single 
Attributes: 
standard_name = 'atmosphere_cloud_condensed_water_content' 
long_name = 'Condensed Water Path' 
comment = 'Mass of condensed (liquid + ice) water in the column divided by the area of the column (not just the area of the
cloudy portion of the column). Includes precipitating hydrometeors ONLY if the precipitating hydrometeors affect the
calculation of radiative transfer in model.' 
units = 'kg m-2' 

(Remarks on code availability) 
I have not reviewed the code. 



Version 3: 

Reviewer comments: 

Reviewer #3 

(Remarks to the Author) 
The authors have revised the manuscript very well after my last review. I have no further comments. 

(Remarks on code availability) 
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Response to Reviewers’ Comment

GTahfVe\cg Hh`UXe8 H=IGGM+01+17.21

N\g_X8 Gba\gbe\aZ* `bWX_\aZ* TaW YbeXVTfg\aZ _baZ+gXe` V[TaZXf \a VbTfgT_ fXTjTgXe

dhT_\gl WhX gb V_\`TgX V[TaZX

DbheaT_8 HTgheX =b``ha\VTg\baf

>XTe LXi\XjXef*

PX f\aVXeX_l TcceXV\TgX g[X eXi\XjXefq g\`X TaW XYYbegf WXibgXW \a eXi\Xj\aZ bhe

`TahfVe\cg TaW g[X \af\Z[gYh_ TaW cXeg\aXag fhZZXfg\baf cebi\WXW Ybe hf gb Yheg[Xe

\`cebiX bhe jbe^, PX [TiX VTeXYh__l eXi\fXW g[X `TahfVe\cg TVVbeW\aZ gb g[X eXi\XjXefq

Vb``Xagf, >XgT\_XW eXfcbafXf TeX \aV_hWXW UX_bj, ;__ bhe eXfcbafXf TeX Vb_be+VbWXW \a

blue, ;__ eXi\f\baf TeX [\Z[_\Z[gXW \a red \a T `Te^XW iXef\ba bY g[X eXi\fXW `TahfVe\cg,

N[X _\aX TaW cTZX ah`UXef eXYXeeXW VbeeXfcbaW gb g[bfX \a g[X eXi\fXW iXef\ba

`TahfVe\cg, PX [bcX g[Tg g[X eXi\fXW `TahfVe\cg abj `XXgf g[X [\Z[ fgTaWTeW bY HTgheX

=b``ha\VTg\baf,

REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

This manuscript explores the issue related to long-term changes in coastal seawater quality

due to climate change. The authors used an 8-year dataset to make predictions about the

changes in water quality in the coastal area of the Guangdong Province (China) for the period

2015-2022. The authors carried out a notable effort for modeling a huge dataset which may

be useful to predict long-term changes in the water quality of the investigated coastal area.

The general topic of the manuscript is undoubtedly original, interesting and useful.

However, the manuscript itself has many shortfalls, especially regarding its structure.

Generally, too much information was provided (both in the main text and in the

Supplementary Material, often repeating the same statements in both documents) without

following a clear structure able to make the reader able to effectively understand which are

the main aims of the study and the main results.

Response: Thank you for your comments and suggestions. Following your suggestion, we have 

modified the paper in the following ways. First, the most important content, that is, the combination 

of the model, the measured data and the prediction of the future ecological risks, are retained in the 

Manuscript. At the same time, the causality of modeling, feature engineering, computational process, 

and other verifications are integrated into the Supplementary Materials (SM). We are giving the 

readers a new index in Figure 4 of the Materials and Methods. The SM is now composed of four 

parts: A. the collection and collation of measured data; B. the model dataset including source and 

output results; C. the establishment of receptor model including factor screening and construction; 

D. model verification including model comparison. The output results of source identification, meta-

analysis, and machine learning which serve as auxiliary validations to reflect the reliability and 



validity of the model are incorporated in the Materials and Methods as a necessary process. 

Noteworthily, these results are briefly referred to in the SM without directly impacting the 

discussion of environmental effects in this paper. In the Manuscript, we focus more on the purpose 

and significance of the research and the value orientation of the research findings. 

The section Materials and Methods was placed before the section focused on the results. Why?

In my opinion, this is confusing as well as part of the discussion about PTE behaviour in the

Supplementary Material and not in the main text. The sampling strategy was also placed in

the Supplementary Material and it is not clear what was actually performed since the text

appears like a standard sampling protocol.

Response: N[Ta^ lbh Ybe g[X Vb``Xag TaW fhZZXfg\ba, Hbgj\g[fgTaW\aZ* jXqeX fbeel gb fTl g[Tg

hcba eXi\Xj\aZ g[X ZXaXeT_ je\g\aZ fgl_X bY Nat. Commun, jX [TiX WXV\WXW gb abg T_gXe g[X

ceXfXag\aZ cebVXff Tf bhef `XXgf g[X eXdh\eX`Xagf bY Nat. Commun. TaW \f fh\gTU_X Ybe g[X eXTWXef

TVVhfgb`XW gb eXTW\aZ g[X 2. Results and discussion Y\efg, McXV\Y\VT__l* g[X Y\efg cTeg cebi\WXf Ta

biXei\Xj bY g[X XkcXe\`XagT_ WTgTfXg, NT^\aZ \agb TVVbhag g[X _XaZg[ VbafgeT\agf cbfXW Ul g[X

GTgXe\T_f TaW GXg[bWf* Supplementary Material A YbVhfXf ba cebi\W\aZ T WXgT\_XW TVVbhag bY g[X

TVghT_ fT`c_\aZ TaW TaT_lf\f cebVXWheXf \aib_iXW \a g[X XkcXe\`XagT_ WTgTfXg, Mg\__* jX [TiX

Yb__bjXW lbhe Vb``Xagf TaW fXXa gb \g g[Tg Tal eXWhaWTaV\Xf be VbageTW\Vg\baf UXgjXXa g[X

GTahfVe\cg TaW Supplementary Material A TeX cebcXe_l TWWeXffXW TaW eXVg\Y\XW,

The manuscript is really too long and some statements are repeated in different sections of the

manuscript and/or in the Supplementary Material. This is confusing for the reader. Actually,

the Supplementary Material seems another manuscript (76 pages!!). It should be notably

shortened. Some sections in the supplementary material should be summarised and moved in

the full text avoiding repetition (sections A and B).

Response: Thank you for the comments. We have reorganized the structure of the Supporting 

Materials (please refer to the first question for details) and refined the contents. The four Supporting 

Materials mainly contain descriptive and verifiable information, corresponding to the four aspects 

of the method and materials. Non-essential content, overlappings, redundant proofs, and 

confirmatory calculations are removed to ensure concise structures for the Supporting Materials for 

enhanced readability. 

After we collated, the following is the length of each supporting material, 

Supplementary Material A* 3 cTZXf9

Supplementary Material B* /5 gTU_Xf9

Supplementary Material C* 7 cTZXf9

Supplementary Material D* 6 cTZXf,

Generally, I suggest the authors to carefully revise the text (main text and Supplementary

Material) to organise its different sections in a clearer way, avoiding repetition, selecting the

discussion about PTE behaviour strictly related to the main aims/results of their study and

better highlighting the most relevant results and take home messages. I suggest the authors to

clearly state that the dataset employed for predictions refers to a specific coastal area,



providing a brief description of the investigated area and of the sampling strategy in the main

text.

Response: Thank you for your suggestion. We have discussed the structural adjustment strategies 

for the manuscripts and the Mhcc_X`XagTel GTgXe\T_f according to your advice and optimized the 

writing structure while reducing the length. In addition, we have highlighted our research aim in the 

abstract to clarify its representativeness. In the research methods, we have improved the survey area 

and data sampling strategy. As for the sampling strategy, geographically, the dataset covers the 

monitoring sections of the main rivers entering the sea in Guangdong Province, PR China 

representing different degrees of disturbance of human activities, and temporally, samples were 

collected once a month, due to the significant seasonal differences in nutrients and trace metals. The 

land and sea location, hydrological status and economic development in the studied area have been 

described at the end of the Introduction. In addition, to ensure the random sampling of the dataset, 

the subsequent Meta-test is conducted. Through the heterogeneity test, the spatial difference and 

representativeness between the sections are determined, and the outliers and bias values are 

identified by the bias test. 

The specific modifications are as follows: 

Page 22 Line 513: The data selection process involved 2549 existing samples, which geographically 

covered the monitoring sections of the main rivers entering the sea in the province. In terms of time, 

due to the significant seasonal differences in nutrients and trace metals, the sampling frequency was 

one month. 

Terminology should be also improved through the text, especially regarding the topic related

to the phase partitioning of trace elements (or nutrients) between dissolved and solid fractions.

Response: PX [TiX gT^Xa lbhe fhZZXfg\baf \agb Vbaf\WXeTg\ba TaW `TWX g[X aXVXffTel V[TaZXf

TVVbeW\aZ gb lbhe TWi\VX, Ca g[\f fghWl* bhe `T\a YbVhf \f ba g[X \`cTVg bY V_\`TgX V[TaZX ba g[X

VbaVXageTg\ba V[TaZX bY W\ffb_iXW geTVX `XgT_f TaW ahge\Xagf, PX UX_\XiX g[Tg g[\f UX[Ti\be \f T eXfh_g

bY c[TfX geTafYXe, N[X cebVXff bY c[TfX geTafYXe \f [\Z[_l Vb`c_Xk \a Vb`c_Xk flfgX`f, Nb UXggXe

\__hfgeTgX g[\f cebVXff TaW \aVbecbeTgX g[X fT`c_\aZ cebVXff* jX TWbcg T f\`c_\Y\XW c[TfX cTeg\g\ba,

N[\f `XTaf g[Tg jX WXY\aX gjb c[TfXf* W\ffb_iXW TaW fb_\W* hf\aZ jTgXe TaW fb_\W fXcTeTgXW Ul T

0..+`Xf[ Y\_gXe, ;f T eXfh_g* Ubg[ fhfcXaWXW `TggXe TaW fXW\`Xag TeX V_Tff\Y\XW UX_bj g[X VTgXZbel

bY fb_\W c[TfX,

The authors often referred to “trace elements” through the text. I suggest to specify which are

these trace elements in the abstract and at the beginning of the introduction.

Response: PX [TiX ha\Ybe`_l `bW\Y\XW #geTVX X_X`Xagf# gb g[X `beX fgTaWTeW\mXW gXe` #geTVX

`XgT_f#, GbeXbiXe* fXiXeT_ geTVX `XgT_f fghW\XW \a g[\f cTcXe TeX WXfVe\UXW \a WXgT\_ \a g[X TUfgeTVg

TaW \agebWhVg\ba* TaW g[X\e eXceXfXagTg\iXaXff \f Xkc_T\aXW UXYbeX g[X `bWX_\aZ cebVXff, Cg `hfg UX

X`c[Tf\mXW g[Tg g[X gbgT_ W\ffb_iXW VbaVXageTg\ba bY XTV[ X_X`Xag \f UX_bj .,/ `Z F+/,

The specific modifications are as follows: 



Page 2 Line 26: trace metals, such as Cd, Cr, Cu, Fe, Hg, Mn, Pb and Zn. 

Page 3 Line 51: ;V\W\Y\VTg\ba _XTWf gb V[TaZXf \a g[X c[TfX W\fge\Uhg\ba bY geTVX `XgT_f '=W* =e* =h*

@X* BZ* Ga* JU TaW Sa( X_X`Xagf,

I am not a modelist, so I cannot provide a careful and specific revision in this sense.

I retain that this manuscript can be accepted for publication in the Journal Nature

Communications following major revision. Please, consider the previous and following general

comments as well as specific comments on the PDF version of the manuscript:

Response: PX TeX ZeTgXYh_ Ybe lbhe Vbaf\WXeTg\ba bY bhe `TahfVe\cg, Ca bhe fghWl* jX hg\_\mXW

Ubg[ T geTW\g\baT_ eXVXcgbe `bWX_ TaW T `TV[\aX _XTea\aZ `bWX_ gb VbaaXVg j\g[ T ZXaXe\V =GCJ4

`bWX_, N[X eXfh_gf \aW\VTgX g[Tg g[X TWW\g\baT_ V[TaZXf \aWhVXW Ul T_gXeTg\baf \a c[lf\VT_ VbaW\g\baf

TeX VbaVXageTgXW* \`c_l\aZ g[Tg g[X eXZeXff\ba cTggXeaf bY ahge\Xagf* geTVX X_X`Xagf* TaW XaXeZl

fhUfgTaVXf TeX f\`\_Te, N[\f fhZZXfgf g[Tg \g `Tl UX \`ceTVg\VT_ gb TWWeXff cb__hg\ba eX`XW\Tg\ba

fXcTeTgX_l* TaW V[TaZXf \a g[X\e cebcbeg\baf [TiX T f\Za\Y\VTag \`cTVg ba g[X `Te\aX U\bZXbV[X`\VT_

VlV_X, PX TcceXV\TgX lbhe YXXWUTV^ TaW jX [TiX VTeXYh__l Vbaf\WXeXW lbhe Vb``Xagf TaW `TWX

fhUfgTag\T_ eXi\f\baf gb bhe `TahfVe\cg TaW fhcc_X`XagTel `TgXe\T_f,

Lines 19-29 (Abstract). I suggest the authors to better prepare the abstract clearly stating

which are the aims of their research and briefly summarising their main results. Indeed, some

statements in the abstract are not clearly explained. For instance, the authors stated that an

8-year dataset was employed to make predictions about changes in water quality in this

offshore area… this is too general: what is this area? I think that this should be specified in

the abstract. Then, the authors stated that “trace elements will be displaced by calcium and

magnesium, leading to re-suspension in the water”. I do not understand what the authors

meant whit this sentence. They are talking about dissolved trace elements? Which elements?

About trace element associated to suspended particles? About the partitioning behaviour of

trace elements between dissolved and solid phases? Please, clarify.

Response: N[Ta^f Ybe lbhe fhZZXfg\baf, PX [TiX eXje\ggXa g[X haV_XTe fgTgX`Xagf \a g[X TUfgeTVg

TaW V_Te\Y\XW g[X fghW\XW TeXT TaW g\`X eTaZX bY g[X WTgTfXg, PX fcXV\Y\XW geTVX X_X`Xagf \aV_hW\aZ

=e* =h* @X TaW JU \a g[X TUfgeTVg, #LX+fhfcXaf\ba# jTf be\Z\aT__l eXYXeeXW gb Tf g[X cebVXff bY geTVX

X_X`Xagf geTafYXee\aZ Yeb` g[X fb_\W c[TfX gb g[X _\dh\W c[TfX \a Ta TV\W\V jTgXe Xai\eba`Xag, Nb

Tib\W `\fhaWXefgTaW\aZ* jX eXc_TVX \g j\g[ #W\ffb_hg\ba#,

N[X fcXV\Y\V `bW\Y\VTg\baf TeX Tf Yb__bjf8

Page 1 Line 19: As climate change affects the physicochemical properties of coastal water, 

the resulting element re-exposure may override the emission reductions achieved by human 

pollution control efforts. =ombined with CMIP6 future model projections, an analysis of the water 

quality-climate effect over eight consecutive years from 2015 to 2022 along the South China coast 

was conducted. A data-driven model was utilized to predict the concentrations of trace metals and 



nutrients over the next 80 years. Cg \f cebiXW g[Tg g[X TV\W\Y\VTg\ba cebVXff VTee\Xf g[X e\f^ bY

ge\ZZXe\aZ g[X bVXTaqf UhYYXe\aZ `XV[Ta\f`f, >he\aZ g[\f T_^T_\a\gl eXc_Xa\f[`Xag cebVXff* geTVX

`XgT_f* fhV[ Tf =W* =e* =h* @X* BZ* Ga* JU* TaW Sa* \a g[X fXW\`Xag TeX eX_XTfXW \agb g[X jTgXe

c[TfX* T_baZ j\g[ =T0) TaW GZ0), Here, we show that the aXkhf bY eX+XkcbfheX+Xhgebc[\VTg\ba+

X`\ff\ba eXWhVg\ba with human activities and climate feedback, cannot be ignored in the pursuit bY

XYYXVg\iX Xai\eba`XagT_ ZbiXeaTaVX,

Line 51 What do the authors meant with “concentration lever ?

Response: N[XeX \f T Vb`c_Xk XkV[TaZX bY Vb`cbhaWf Whe\aZ c[TfX geTafYXe, >hX gb iTe\bhf

_\`\gTg\baf bY `TgXe\T_ TaW XaXeZl _Tjf* fhV[ Tf V[TeZX VbafXeiTg\ba* g[X gbgT_ V[TeZX bY \ba

XkV[TaZX eX`T\af Vbaf\fgXag, Nb \__hfgeTgX g[\f* _Xg&f Vbaf\WXe g[X f\`c_\Y\XW XkV[TaZX bY `TVeb

X_X`Xag ; TaW geTVX X_X`Xag <, N[X gbgT_ T`bhag XkV[TaZXW Ul Ubg[ f\WXf \f XdhT_, BbjXiXe* f\aVX

g[X gbgT_ VbaVXageTg\ba bY X_X`Xag ; \a g[X jTgXe Vb_h`a \f ZeXTgXe g[Ta g[Tg bY X_X`Xag <* g[X eX_Tg\iX

V[TaZX \a VbaVXageTg\ba bY X_X`Xag < \f [\Z[Xe, =bafXdhXag_l* \a g[X TVghT_ V[TaZX bY g[X jTgXe UbWl*

geTVX X_X`Xagf [TiX T `hV[ ZeXTgXe \aY_hXaVX g[Ta `TVeb X_X`Xagf, PX eXYXe g[\f c[Xab`Xaba Tf T

VbaVXageTg\ba _XiXe,

BbjXiXe* jX jXeX jX__ TjTeX bY g[\f eXfh_g Yeb` g[X XkcXe\`XagT_ WTgTfXg* Uhg Vbh_W abg VTcgheX

g[\f i\Xj \a g[X f\`h_Tg\ba eXfh_gf, N[\f \f UXVThfX g[X fXaf\g\i\gl bY W\YYXeXag geTVX `XgT_f gb

TV\W\Y\VTg\ba \f W\YYXeXag* TaW \g \f TYYXVgXW Ul Ubg[ fheYTVX jTgXe gX`cXeTgheX TaW eT\aYT__,

HbaXg[X_Xff* gb TWWeXff g[X VbagXag\bhf VbaV_hf\baf* jX WXV\WXW gb TUb_\f[ g[X hfX bY

#VbaVXageTg\ba _XiXe#,

Line 68 “metal elements”. Which elements? Heavy metals or potentially toxic elements? I

suggest the authors to use “trace elements or potentially toxic elements” through the text.

Response: PX TZeXX j\g[ lbhe fhZZXfg\ba* j[\V[ \f T W\fha\gl \a bhe XkceXff\ba, BXeX* jX

W\fVhff `beX TUbhg g[X VbaVXageTg\ba XYYXVg* TaW g[X cbgXag\T_ gbk\V\gl bY `XgT_f f[bh_W UX W\fVhffXW

\a g[X CagebWhVg\ba, N[XeXYbeX* Vbaf\WXe\aZ g[X i\Xjf bY W\YYXeXag XkcXegf TaW bhe haWXefgTaW\aZ bY

g[\f Teg\V_X* jX ha\Ybe`_l hfX #geTVX `XgT_f# g[ebhZ[bhg g[X gXkg,

Lines 73-74 this affects the trace element behaviour at the sediment-water interface? Or the

trace element phase partitioning between dissolved and the suspended particulate matter

along the water column? This is not clear, please specify.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\baf, Ca YTVg* \a g[\f VTfX* W\ffb_iXW bklZXa TYYXVgf g[X

UX[Ti\be bY geTVX X_X`Xagf Tg g[X fXW\`Xag+jTgXe \agXeYTVX Ul Vbageb__\aZ g[X eXWbk cbgXag\T_, N[X

`\ZeTg\ba bY `XgT_f Yeb` fb_\W c[TfX gb TdhXbhf c[TfX \f fgebaZ_l TYYXVgXW Ul g[X eXWbk cebVXff,

MghW\Xf [TiX f[bja g[Tg haWXe g[X VbaW\g\ba bY ZbbW eXWhVg\ba* [XTil `XgT_f j\__ eX`T\a \a g[X

Ybe` bY V_bfX U\aW\aZ* TaW T iXel f`T__ ah`UXe bY [XTil `XgT_f j\__ UX eX_XTfXW Yeb` g[X fXW\`Xag,

BbjXiXe* g[X \aVeXTfX TaW WXVeXTfX bY eXWbk cbgXag\T_ _XTWf gb g[X eX_XTfX bY [XTil `XgT_f 1,



References: 

1 Wong, J. W. C. & Yang, C. L. The effect of pH and redox potential on the release of nutrients and 

heavy metals from a contaminated marine sediment. Toxicological & Environmental 

Chemistry. 62, 1-10 (1997). 

Lines 76-77 What do the authors meant with “suspended elements”? elements associated to

the suspended particulate matter?

Response: BXeX* ofhfcXaWXW X_X`Xagfp eXYXe gb X_X`Xagf g[Tg TeX `beX \aV_\aXW gb `\ZeTgX gb g[X

gas phase in their geochemical behavior. To avoid misunderstanding, we replace it with 

o\aVb`cTg\U_X X_X`Xagfp \a ZXbfV\XaVXf,

N[X fcXV\Y\V `bW\Y\VTg\baf TeX Tf Yb__bjf8

Page 4 Line 95: Incompatible elements, such as Hg, Cd, and Pb, also enter the ocean through this 

process. 

Line 80: Nitrogen (N) and S deposition has become one of the factors promoting coastal

eutrophication?

Response: As reported in literatures, the wet deposition of nitrate have brought abundant N to 

the coast. Here, you are right that the contribution of S deposition to coastal eutrophication is 

doubtful and can bring doubt to readers. Therefore, we delete the statement that S deposition has 

become one of the factors of coastal eutrophication.  

N[X fcXV\Y\V `bW\Y\VTg\baf TeX Tf Yb__bjf8

Page 4 Line 98: Nitrogen(N) deposition has become one of the factors behind the coastal 

eutrophication. 

Line 82: absorption or adsorption?

Response: As in the reference study 1, this refers to the absorption of Hg by surface water from 

the atmosphere. To better match the original meaning of the reference, we replace "absorption" with 

"uptake". 

N[X fcXV\Y\V `bW\Y\VTg\baf TeX Tf Yb__bjf8

Page 4 Line 99: GXeVhel&f'BZ( XTeg[ flfgX` `bWX_ f[bjf g[Tg* Ybe g[X `bWXea bcXa bVXTa* g[X

Wel TaW jXg WXcbf\g\ba Y_hk bY BZ'Î( \f 24.. `Z len/* g[X hcgT^X bY BZ'.( \f /5.. `Z len/* TaW g[X

VbaY_hXaVX bY e\iXef \f 0.3.x34.. `Z len/,

References: 

1 Jiskra, M. et al. Mercury stable isotopes constrain atmospheric sources to the ocean. Nature. 597, 678-

682 (2021).



Line 85: “As the invading river water is anoxic”. In general? Or in the case of a specific river?

Anoxia is quite uncommon in riverine environments. Please, clarify.

Response: Thank you for your question. It is generally believed that there is widespread 

deoxygenation in coastal waters 1. In particular, for this study area, the large area of seasonal 

hypoxia events in the Pearl River Estuary has expanded from summer to early autumn 2. However, 

it is obvious that the increase of CO2 in the atmosphere is the most important factor leading to ocean 

acidification, so here we delete the contribution of river input to ocean acidification.  

References: 

1 Zhang, W., Han, S., Zhang, D. & Shan, B. Recovery in Dissolved Oxygen Levels in Chinese Freshwater 

Ecosystems in the Past Three Decades. Acs Es&T Water. 2, 967-974 (2022). 

2 Hu, J., Zhang, Z., Wang, B. & Huang, J. Long-term spatiotemporal variations in and expansion of low-

oxygen conditions in the Pearl River estuary: a study synthesizing observations during 1976n2017. 

Biogeosciences. 18, 5247-5264 (2021).

Lines 97-99 To which elements the authors are referring to? It is not clear.

Response: N[Ta^ lbh Ybe lbhe dhXfg\ba, BXeX og[eXX X_X`Xagfp `XTaf oMheYTVX jTgXe

gX`cXeTgheX* Tg`bfc[Xe\V WXcbf\g\ba* TaW cBp, ;f g[\f XkceXff\ba `Tl VThfX misunderstanding, we 

V[TaZX \g gb og[eXX YTVgbef 'fheYTVX jTgXe gX`cXeTgheX* Tg`bfc[Xe\V ceXV\c\gTg\ba* TaW cB(p,

N[X fcXV\Y\V `bW\Y\VTg\baf TeX Tf Yb__bjf8

Page 5 Line 116: g[X TUbiX g[eXX YTVgbef 'fheYTVX jTgXe gX`cXeTgheX* Tg`bfc[Xe\V WXcbf\g\ba* TaW

cB( abg ba_l TYYXVg g[X XkV[TaZX bY X_X`Xagf Uhg T_fb eXfcbaW gb V_\`TgX V[TaZX,

Line 191 or declining trend, as predicted by the environmental Kuznets curve. Please, provide

a brief explanation.

Response: The environmental Kuznets curve may not be a very common concept, so we 

explained the meaning of the environmental Kuznets curve more clearly in the Introduction.  

The specific modifications are as follows:  

Page 7 Line 185: This means that metal consumption is undergoing a transition from a sharp 

increase to a stable trend. 

Page 9 Line 229: that is, the concentration of pollutants in the region has reached its maximum 

value. 

Lines 227-228 what the authors meant with “the initial field”? please, clarify. 

Response: #N[X \a\g\T_ Y\X_Wp \f T `beX Vb``ba_l hfXW VbaVXcg \a g[X Y\X_W bY `bWX_ VbafgehVg\ba,

Cg eXYXef gb g[X \a\g\T_ iT_hX be fgTgX Tffh`XW Tg g[X UXZ\aa\aZ bY g[X `bWX_ VbafgehVg\ba, Ca g[X

eXVXcgbe `bWX_* XTV[ fhU+eXZ\ba [Tf T ZXb_bZ\VT_ UTV^ZebhaW iT_hX* j[\V[ \f WXgXe`\aXW Tf g[X

\a\g\T_ Y\X_W g[Tg VTa UX hfXW Ybe g[X VbafgehVg\ba bY g[X `bWX_ TaW fhUfXdhXag TaT_lf\f TaW ceXW\Vg\ba,



Ca beWXe Ybe g[X eXTWXef gb UXggXe haWXefgTaW g[\f VbaVXcg* jX eXc_TVX \g j\g[ g[X `beX Vb``ba_l

hfXW #g[X \a\g\T_ iT_hX bY g[X YbeXVTfg `bWX_ #,

The specific modifications are as follows:  

Page 10 Line 269: ?TV[ bY g[X g[eXX fhUTeXTf [Tf T ZXbV[X`\VT_ UTV^ZebhaW iT_hX* j[\V[ \f

\WXag\Y\XW Tf g[X \a\g\T_ iT_hX bY g[X YbeXVTfg `bWX_,

Line 262 in this section the authors often refers to sensitive elements. I do not completely 

understand which are these sensitive elements. Please, clarify. 

Response: Thank you for your question. Here "sensitive elements" refer to the elements 

(dependent variables) that are highly responsive to the three factors (i.e., surface water temperature, 

atmospheric deposition and pH) (they are independent variables). Sensitivity analysis is used 

between the dependent variables and independent variables, and the sensitivity coefficient higher 

than 0.25 is identified as sensitive elements. For example, dependent variables such as BOD and 

COD are sensitive elements of SST. In order to improve the readability of the passage, we add the 

judgment basis and interpretation of sensitive elements, and improve the language expression.  

The specific modifications are as follows: 

Page 11 Line 292: In the sensitivity analysis, the elements with sensitivity coefficient greater than 

0.25 are identified as sensitive elements, and they show sensitive response behavior to specific 

variables. 

Page 12 Line 311: Direct human emissions have such an impact that different emission sources 

lead to high-throughput exposure to specific elements. However, the influence of the change of 

physical conditions of the water body is different, and the sensitive response of elements to specific 

factors leads to the overall change of the group of elements with similar chemical properties.. 

Lines 335-336 Dissolved Ca and Mg? I do not understand what do the authors meant with

“will be replaced into trace elements”? In the water fraction or in the SPM? Please, clarify.

Response: N[Ta^ lbh Ybe g[X dhXfg\ba, =T_V\h` '=T( TaW `TZaXf\h` 'GZ( UX_baZ gb T Zebhc bY

X_X`Xagf ^abja Tf Vb`cTg\U_X X_X`Xagf, N[Xl cbffXff g[X V[TeTVgXe\fg\Vf bY [Ti\aZ T f`T__ eTW\hf

TaW [\Z[ V[TeZX j[Xa Vb`cTeXW gb g[X bg[Xe gjb `TVeb\baf* fbW\h` 'HT( TaW cbgTff\h` 'E(, P[Xa

`beX VTeUba W\bk\WX '=I0( \f W\ffb_iXW \a jTgXe* =T TaW GZ j\__ W\ffb_iX \a beWXe gb UhYYXe g[X

\aVeXTfX \a B) \baf eXfh_g\aZ Yeb` TV\W\Y\VTg\ba, Cg \f \`cbegTag gb abgX g[Tg g[\f W\ffb_hg\ba UhYYXe\aZ

cebVXff \f abg _\`\gXW gb =T TaW GZ T_baX* Uhg T_fb Tcc_\Xf gb bg[Xe Vb`cTg\U_X X_X`Xagf fghW\XW*

fhV[ Tf \eba '@X(* `TaZTaXfX 'Ga(* V[eb`\h` '=e(* VbccXe '=h(* m\aV 'Sa(* TaW fb ba, N[XeXYbeX*

[XeX jX eXYXe gb W\ffb_hg\ba \a g[X jTgXe UbWl* abg g[X `\ZeTg\ba Yeb` fXW\`Xag gb fhfcXaWXW `TggXe,

The specific modifications are as follows: 

Page 17 Line 393: N[X cebVXff bY bVXTa TV\W\Y\VTg\ba WXc_XgXf g[X T_^T_\a\gl bY g[X jTgXe Vb_h`a

TaW ge\ZZXef g[X UhYYXe\aZ `XV[Ta\f` bY g[X bVXTa, N[\f _XTWf gb g[X XkV[TaZX bY fXTjTgXe j\g[

`\aXeT_f ba g[X fXTY_bbe* j[\V[ eXZh_TgXf TV\W\gl TaW T_^T_\a\gl, ;V\W W\ffb_hg\ba eXfh_gf \a T

f\Za\Y\VTag eX_XTfX bY =T0) TaW GZ0) Yeb` g[X fXW\`XagTel c[TfX \agb g[X jTgXe, BbjXiXe* =T0) TaW



GZ0) TeX Vb`cTg\U_X X_X`Xagf j\g[ f`T__ eTW\\ TaW _bj jTgXe fb_hU\_\gl, N[X\e fhUfg\ghg\ba T_fb

bVVhef \a bg[Xe \baf bY X_X`Xagf j\g[ f\`\_Te V[X`\VT_ cebcXeg\Xf* fhV[ Tf @X* GZ* =e* =h* Sa* TaW

fb ba,

Lines 346-348 not clear. In which environment and under what boundary conditions? The 

interaction between trace elements and sulfides is affected by several factors. Trace element 

precipitation along with sulfides usually occurs under specific boundary conditions (sulfate 

reduction, anoxia). 

Response: N[Ta^ lbh Ybe lbhe dhXfg\ba, PX jTf c_Taa\aZ gb Xkc_T\a gb g[X eXTWXef g[Tg fh_Y\WXf

[TiX g[X TU\_\gl gb eXZh_TgX g[X L?>IQ cbgXag\T_* j[\V[ \a ghea [X_cf gb `\g\ZTgX g[X \`cTVg bY

YhgheX Xai\eba`XagT_ V[TaZXf \a jTgXe 1, N[\f* [bjXiXe* TWWf haVXegT\agl gb g[X ceXW\Vg\ba bY geTVX

`XgT_ X_X`Xag UX[Ti\be, @beghaTgX_l* TYgXe eXi\Xj\aZ g[X WTgTfXg* jX YbhaW g[Tg g[XeX jTf ab

f\Za\Y\VTag aXZTg\iX eX_Tg\baf[\c UXgjXXa fh_Y\WXf TaW geTVX `XgT_f 'p : .,.3(, N[\f fhZZXfgf g[Tg bhe

fghWl* WhX gb \gf _\`\gXW WheTg\ba* jTf haTU_X gb haVbiXe g[X cbgXag\T_ _\`\g\aZ XYYXVg bY fh_Yhe ba

`XgT_ W\ffb_hg\ba, ;f T eXfh_g* g[X _\`\gTg\baf bY g[X fghWl VTa UX V_XTe_l fgTgXW \a g[X Teg\V_X,

References: 

1 Scholz, F., Mcmanus, J., Mix, A. C., Hensen, C. & Schneider, R. R. The impact of ocean deoxygenation 

on iron release from continental margin sediments. Nat. Geosci. 7, 433-437 (2014).

Line 350 deposited where? Adsorbed on the surface of the SPM and accumulated in the

sediment? Please, clarify.

Response: We believe that predicting the specific direction of pollutants in different phases is a 

crucial issue. However, this study focuses on the exposure of pollutants in the water phase under 

the conditions of climate change. It examines the processes of dissolution and precipitation of trace 

elements and highlights the importance of understanding the trends that occur after separation from 

the water phase. This issue requires further attention in future research. 

Lines 353-375 in this section the authors referred to the seasonal cycle of trace elements mainly

from a biological point of view. However, the biogeochemical cycle of trace elements is also

affected by other factors. Moreover, it is not clear if the authors referred to dissolved trace

elements, trace elements associated with the suspended particles or both.

Response: Thank you for your question. We mainly discuss the seasonal cycle of trace elements 

in two aspects, that is, we examine the essential elements from the biological point of view, and 

supplement the non-essential elements from the rainfall process. As mentioned above, we focus on 

the trace metals dissolved in the aqueous phase, so here we discuss the dissolved trace elements and 

the behavior of trace metals on suspended particles is not involved in this paper. Cg `hfg UX

X`c[Tf\mXW g[Tg g[X VbaVXageTg\baf bY g[XfX trace X_X`Xagf TeX UX_bj .,/ `Z F+/,

Line 416 This section “Materials and Methods” should be placed before the discussion of the

results. The same for the section “the establishment and accuracy of the model”.



Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba* Uhg [baXfg_l* jX eX+XkT`\aXW g[X ZXaXeT_ fgl_X bY Nat.

Commun. je\g\aZ* TaW g[X eXfh_gf VTa UX c_TVXW UXYbeX g[X `Xg[bWf fXVg\ba* fb bhe je\g\aZ `XXgf

g[X eXdh\eX`Xagf bY Nat. Commun, ;aW g[X #N[X XfgTU_\f[`Xag TaW TVVheTVl bY g[X `bWX_# fXVg\ba

WXfVe\UXf g[X `Xg[bW bY Uh\_W\aZ g[X `bWX_* j[\V[ \f cTeg bY g[X #LXfh_gf TaW W\fVhff\ba#,

SA. 1 The sampling description in supplementary material may be notably improved. In my

opinion, it sounds like a standard sampling protocol since the authors often referred to

operations that should be done for sampling (the ship should be selected, samplers should

collect, it should be carried out). The authors should provide a description of the sampling

operations which were actually performed and not simply list the operations that should be

done for sampling. Moreover, in the section focused on special samples, the sampling strategy

for petroleum samples was described although any data about this samples was reported in

the main text. The authors also referred to “special storage containers” and “preservatives”

for different analytes. Please, specify which containers and preservatives were used. Which

analytical technique was employed for PTE determination? What about their LOD?

Response: Thanks for your suggestion. We have rewritten Supplementary Material A to 

highlight the description of the actual sampling and analysis performed instead of the sampling 

instructions. And the content of oil sample sampling was removed, because the relevant data was 

not used in this study. According to your advice, we describe in detail the agents and analytical 

instruments used in the sampling, and for the analysis methods and LD of the metal samples, we 

give a detailed description of each metal.

SB. 1 This section is focused on “Coordinates and classification of sampling sites”. However,

the behaviour of trace elements is discussed. Why the authors decided to place this text in the

Supplementary Material and not in the main text?

Response: N[Ta^ lbh Ybe lbhe dhXfg\ba, N[X `T\a checbfX bY g[X VbagXag WXfVe\UXW \a g[X

Supplementary Material B \f gb eXWhVX g[X W\`Xaf\ba bY g[X WTgT fXg g[ebhZ[ ce\aV\cT_ Vb`cbaXag

TaT_lf\f* XkgeTVg g[X ^Xl YTVgbef \a g[X cebVXff bY jTgXe dhT_\gl V[TaZX haWXe g[X \aY_hXaVX bY V_\`TgX

V[TaZX* TaW VbafgehVg g[X eXVXcgbe `bWX_ Tf \aWXcXaWXag iTe\TU_Xf, M\aVX g[\f fgXc \f g[X ceXcTeTgbel

jbe^ Ybe Uh\_W\aZ T `bWX_* ba_l \gf VbaV_hf\ba \f aXXWXW* TaW c_TV\aZ \g \a g[X `T\a gXkg j\__ gT^X hc

T _bg bY fcTVX* fb jX WXV\WXW gb geTafYXe g[X eX_XiTag VbagXag gb Supplementary Material C UTfXW

ba g[X VbeX checbfX bY g[X TggTV[`Xag TaW g[X eXdh\eX`Xag bY eXWhV\aZ g[X fcTVX, Ia_l g[X eXfh_gf

[\Z[_l eX_TgXW gb g[X W\`Xaf\baT_\gl eXWhVg\ba bY g[X WTgTfXg TeX eXgT\aXW \a g[X TggTV[`Xag,



Reviewer #2 (Remarks to the Author):

Extremely interesting manuscript, bringing valuable information to climate change metal and

metalloid dynamics alterations. Minor revisions only.

Please alter "trace element" to "metals and metalloids" according to IUPAC

recommendations throughout.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba* Uhg f\aVX g[X W\fVhff\ba bY `XgT_+_\^X UX[Ti\be \f abg

\aib_iXW \a g[\f fghWl* TaW bhe jbe^ \f YbVhfXW ba VbaVXageTg\ba V[TaZX* TaW g[X Xkc_TaTg\ba bY

VbaVXageTg\ba VbaW\g\baf \f Ta XffXag\T_ gTf^* jX [TiX V[TaZXW #geTVX X_X`Xag# gb #geTVX `XgT_f#,

Line 39 - Regarding "Acidification leads to changes in the phase distribution of trace elements,

affects the functions of electron donors involved in cell respiration, and disrupts the promotion

of enzymatic reactions (Richir, 2016)." - You must also indicate that acidification (pH) also

alters metal and metalloid toxicity and bioavailability, due to altered redox state.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba, PX [\Z[_l TZeXX hcba g[X \`cbegTag \`cTVg bY bVXTa

TV\W\Y\VTg\ba ba U\b_bZ\VT_ c[lf\b_bZ\VT_ TaW U\bV[X`\VT_ cebVXffXf Ul V[TaZ\aZ g[X iT_XaVX bY geTVX

`XgT_f, N[XeXYbeX* jX fhcc_X`Xag g[X eX_XiTag W\fVhff\ba [XeX,

N[X fcXV\Y\V T`XaW`Xagf TeX Tf Yb__bjf8

Page 3 Line 53: Ca TWW\g\ba* g[X \aVeXTfX \a B) VbaVXageTg\baf VThfXW Ul bVXTa TV\W\Y\VTg\ba T_gXef

g[X V[X`\VT_ Ybe` bY `XgT_f* g[hf TYYXVg\aZ g[X\e gbk\V\gl TaW U\bTiT\_TU\_\gl \a fXTjTgXe,

Lines 46-54 require references.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba* TaW jX [TiX fhcc_X`XagXW g[X VbeeXfcbaW\aZ

eXYXeXaVXf,

Line 81 - Remove JW from the Erisman reference.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba TaW jX [TiX eXi\fXW \g TVVbeW\aZ_l,

Line 159 - Indicate why Cr(VI) and not Cr total, due to the sampling station particularity. No

other elements are analyzed per chemical species?

Response: PX TW`\g g[Tg UXVThfX bY g[X [\Z[ gbk\V\gl bY =e'OC(* jX fX_XVgXW g[\f [\Z[_l

eXceXfXagTg\iX V[X`\VT_ Ybe` Ybe gXfg\aZ, PX [TiX WXfVe\UXW \a WXgT\_ g[X TaT_lg\VT_ Ybe`f bY XTV[

X_X`Xag \a g[X Supplementary material A,

N[X fcXV\Y\V T`XaW`Xagf TeX Tf Yb__bjf8

Supplementary Material A Page 4 Line 96: LXZTeW\aZ g[X iT_XaVX fgTgXf gXfgXW* XTV[ iT_XaVX fgTgX

jTf `XTfheXW Ybe T__ `XgT_f XkVXcg =e* ba_l Ð iT_XaVX bY j[\V[ jTf eXVbeWXW,

Line 166 - What are HMs? Heavy metals? Remove, replace by metals and metalloids.



Response: BGf eXYXef gb [XTil `XgT_f, Ca beWXe gb eXZh_TgX g[X hfX bY gXe`\ab_bZl* jX [TiX

eXi\fXW BGf gb #geTVX `XgT_f#,

Better explain the meaning of environmental Kuznets curve for metal elements.

Response: N[Ta^f Ybe lbhe fhZZXfg\ba, N[X Xai\eba`XagT_ EhmaXgf VheiX `Tl abg UX T iXel

Vb``ba VbaVXcg* fb jX [TiX Xkc_T\aXW g[X `XTa\aZ bY g[X Xai\eba`XagT_ EhmaXgf VheiX `beX

Xkc_\V\g_l \a g[X CagebWhVg\ba* TaW cebi\WXW T f[beg Xkc_TaTg\ba \a fXVg\ba 0,/,

The specific modifications are as follows:  

Page 7 Line 185: This means that metal consumption is undergoing a transition from a sharp 

increase to a stable trend. 

Page 9 Line 229: that is, the concentration of pollutants in the region has reached its maximum 

value. 

Line 169 - You cite e-waste but do not indicate Rare Earth Element contamination in your

assessment.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba, ?+jTfgX WbXf Ue\aZ eTeX XTeg[ X_X`Xag cb__hg\ba* Uhg

g[X geTVX `XgT_f jX W\fVhffXW \a g[\f Teg\V_X Wb abg \aib_iX eTeX XTeg[ X_X`Xagf* fb jX [TiX XkV_hWXW

g[X eX_XiTag VbagXag bY X+jTfgX cb__hg\ba,

Table 1- Define GB3838 - WHO, CMC.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba, N[X Ybhe jTgXe dhT_\gl fgTaWTeWf V\gXW \a g[X gTU_X TeX

Xkc_T\aXW UX_bj*

/ A<1616+0..0 _\`\g iT_hX'Ï( 'M?J;* 0..0(8 g[X HTg\baT_ ?ai\eba`XagT_ KhT_\gl MgTaWTeWf Ybe

MheYTVX PTgXe 'A<1616+0..0( bY JL =[\aT9
0 PBI '0..2( 'Pbe_W TaW PBI,* 0..2(8 g[X Pbe_W BXT_g[ IeZTa\mTg\ba 'PBI( Ah\WX_\aXf Ybe

>e\a^\aZ+jTgXe KhT_\gl9
1 =G=* TVhgX '?J;* 0..7(8 N[X Ve\gXe\T `Tk\`h` VbaVXageTg\ba 'TVhgX( \a g[X aTg\baT_

eXVb``XaWXW jTgXe dhT_\gl Ve\gXe\T n TdhTg\V _\YX Ve\gXe\T gTU_X9
2 =G=* V[eba\V '?J;* 0..7(8 N[X Ve\gXe\T `Tk\`h` VbaVXageTg\ba 'V[eba\V( \a g[X aTg\baT_

eXVb``XaWXW jTgXe dhT_\gl Ve\gXe\T + TdhTg\V _\YX Ve\gXe\T gTU_X,

BbjXiXe* Vbaf\WXe\aZ g[Tg g[X VbagXagf bY g[X gTU_X TeX abg V_bfX_l eX_TgXW gb g[X `T\a VbaV_hf\baf

bY g[\f fghWl* jX WX_XgX g[X gTU_X Yeb` g[X `TahfVe\cg gb f\`c_\Yl g[X fgehVgheX,

I missed a discussion on altering water currents due to climate change as drivers for metal

and metalloid contamination.

Response: N[Ta^ lbh Ybe lbhe Vb``Xag, PX TV^abj_XWZX g[Tg g[X V[TaZX \a jTgXe Y_bj UebhZ[g

TUbhg Ul V_\`TgX V[TaZX \f baX bY g[X We\iXef bY `XgT_ cb__hg\ba, BbjXiXe* \a g[\f fghWl* jX YbVhf

ba g[X XYYXVgf bY c[lf\VT_ TaW V[X`\VT_ cebcXeg\Xf bY jTgXe UbW\Xf TaW `\VebU\T_ TVg\i\g\Xf ba g[X



UX[Ti\be bY geTVX `XgT_f haWXe V_\`TgX V[TaZX, ;aW g[X [lWeb_bZ\VT_ YTVgbef TeX gjb TfcXVgf bY g[X

XYYXVg bY V_\`TgX V[TaZX ba geTVX `XgT_f, Cg jbh_W UX _XaZg[l gb W\fVhff g[X eb_X bY Ubg[ Tg g[X fT`X

g\`X, Ca g[\f eXZTeW* jX [TiX TV^abj_XWZXW \a g[X _Tfg cTeTZeTc[ bY g[X fXVg\ba #LXfh_gf TaW

W\fVhff\baf# g[X cbff\U_X f[begVb`\aZf VThfXW Ul \Zabe\aZ [lWeb_bZ\VT_ `biX`Xagf* TaW _bb^

YbejTeW gb g[X Yb__bj+hc eXfXTeV[,

The specific modifications are as follows:  

Page 21 Line 482: Ca cTeg\Vh_Te* g[X XYYXVg bY [lWeb_bZ\VT_ V[TaZXf VThfXW Ul V_\`TgX V[TaZX ba g[X

UX[Ti\be bY geTVX `XgT_f [Tf abg UXXa gT^Xa \agb TVVbhag \a bhe `bWX_,

Line 217 - Remove fortunately, indicative of opinion.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba, PX [TiX `bW\Y\XW \g TVVbeW\aZ_l,

Line 246 - Change 3 categories to three categories.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba, PX [TiX `bW\Y\XW \g TVVbeW\aZ_l,

Line 251 - Cd, Hg, and Pb do not originate mainly from sulfur deposition, correct.

Response: N[Ta^ lbh Ybe lbhe Vb``Xag, N[\f c_TVX f[bh_W UX jXg WXcbf\g\ba eTg[Xe g[Ta M

WXcbf\g\ba* j[\V[ \f Ta \`cbegTag fbheVX bY bYYf[beX =W* BZ TaW JU, @be XkT`c_X* g[X Tg`bfc[Xe\V

Y_hkXf bY =W* =h* JU TaW Sa \a g[X <Tl bY <\fVTl TeX bY g[X fT`X beWXe bY `TZa\ghWX Tf g[bfX bY

e\iXe \achgf 19 \a g[X Mbhg[XTfg ;g_Tag\V* g[X Vbage\Uhg\ba bY jXg WXcbf\g\ba gb gbgT_ _XTW Y_hk VTa

eXTV[ 70-77 $ 2, N[XeXYbeX* jX `bW\Yl g[\f cTeg TVVbeW\aZ_l,

The specific modifications are as follows:  

Page 12 Line 301: ;f Ybe X_X`Xagf fXaf\g\iX gb WXcbf\g\ba* aT`X_l =W* BZ* TaW JU* jXg WXcbf\g\ba

\f Ta \`cbegTag jTl Ybe g[X` gb XagXe g[X bYYf[beX TeXT,

References: 

1 Maneux, E. et al. Temporal Patterns of the Wet Deposition of Zn, Cu, Ni, Cd and Pb: The Arcachon 

Lagoon (France). Water, Air, and Soil Pollution. 114, 95-120 (1999).

2 Chance, R., Jickells, T. D. & Baker, A. R. Atmospheric trace metal concentrations, solubility and 

deposition fluxes in remote marine air over the south-east Atlantic. Mar. Chem. 177, 45-56 (2015).

Line 228-240: " Based on our estimates, the dissolved phase concentrations of Fe, Cu, Pb, and

Cr in 2099 will increase by 63.4±7.2 %, 63.1±5.7 %, 61.9±7.0 %, and 48.2±8.2 %, respectively,

compared to 2020" Why only cite these three elements? What of the rest?

Response: N[Ta^ lbh Ybe eX`\aW\aZ hf bY g[Tg, PX [TiX TWWXW g[X ceXW\VgXW eXfh_gf Ybe bg[Xe

geTVX X_X`Xagf '\,X,* =W* BZ* Ga* TaW Sa( \a g[X `TahfVe\cg TaW [TiX hcWTgXW @\ZheX 1 gb XafheX g[Tg

g[X ceXW\VgXW eXfh_gf Ybe T__ geTVX X_X`Xagf W\fVhffXW \a g[\f cTcXe TeX ceXfXagXW,



The specific modifications are as follows:  

Page 17 Line 408: <TfXW ba bhe Xfg\`TgXf* g[X W\ffb_iXW c[TfX VbaVXageTg\baf bY =W* =e* =h* @X*

BZ* Ga* JU* TaW Sa \a 0.77 j\__ \aVeXTfX Ul 57,5$* 26,2$* 41,.$* 41,1$* 46,2$* /.2,3$* 4/,6$*

TaW 61,0$* eXfcXVg\iX_l* Vb`cTeXW gb 0.0.,

Line 345 - Define ORP.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba, ILJ eXYXef gb Ik\WTg\ba+LXWhVg\ba JbgXag\T_* TaW jX

[TiX Z\iXa g[X Yh__ fcX__\aZ bY g[X TUUeXi\Tg\ba j[XeX ILJ Y\efg TccXTef,

The specific modifications are as follows:  

Page 17 Line 416: JeXi\bhf fghW\Xf [TiX fhZZXfgXW g[Tg fh_Y\WXf `Tl \agXeYXeX j\g[ g[X eXW\ffb_hg\ba

bY geTVX `XgT_f \a _bj Ik\WTg\ba+LXWhVg\ba JbgXag\T_ 'ILJ( jTgXe \a g[X YhgheX,

Line - 364 - explain the term "non-biophilic". Not very uptake by living organisms? This is

not very true for Cr. Not very bioavailable? Not true for both elements.

Response: N[Ta^ lbh Ybe lbhe dhXfg\ba, Hba+U\bc[\_\V X_X`Xagf eXYXe gb X_X`Xagf g[Tg `Tl [TiX

gbk\V be cbgXag\T_ TWiXefX XYYXVgf \a beZTa\f`f, ;f g[X jbeW \f XTfl gb UX `\fhaWXefgbbW Ul eXTWXef*

jX eXc_TVX #U\bc[\_\V X_X`Xag# TaW #aba+U\bc[\_\V X_X`Xag# j\g[ #XffXag\T_ X_X`Xag# TaW #aba+

XffXag\T_ X_X`Xag# eXfcXVg\iX_l,

The specific modifications are as follows:  

Page 14 Line 437: N[X XffXag\T_ X_X`Xagf* fhV[ Tf @X TaW =h* TeX ce\`Te\_l Vb`c_XkXW j\g[ T [\Z[Xe

_XiX_ bY =I> Whe\aZ j\agXe,

Page 14 Line 442: aba+XffXag\T_ X_X`Xagf _\^X =e TaW JU TeX \aY_hXaVXW Ul WXcbf\g\ba YTVgbef,

Line 411 - remove the capital from Marine organisms.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba, PX [TiX `bW\Y\XW \g TVVbeW\aZ_l,

Line 411-415 - you neglected to indicate that marine organisms will also be exposed to higher

metal and metalloid concentrations in come cases, leading to altered metabolism and

physiology.

Response: N[Ta^ lbh Ybe lbhe fhZZXfg\ba, PX [TiX `TWX VbeeXfcbaW\aZ V[TaZXf,

The specific modifications are as follows:  

Page 17 Line 493: Cg \f XkcXVgXW g[Tg `Te\aX beZTa\f`f j\__ [TiX gb jbe^ \a Ta Xai\eba`Xag j\g[

[\Z[ X_XVgeba Wbabef* _bj VTeUba fbheVXf* TaW [\Z[ ahge\Xag _bTW* j\g[ g[X\e Zebjg[ gb UX \`cTVgXW

Ul biXe[XTgXW fXT gX`cXeTgheX* TaW g[X XVb_bZ\VT_ iT_hX TaW f\a^ YhaVg\ba bY g[X bVXTa j\__ UX

\eeXiXef\U_l jXT^XaXW* j[\_X g[X e\f\aZ VbaVXageTg\ba bY geTVX `XgT_f \aVeXTfXf g[X haVXegT\agl bY

g[\f cebVXff,



Line 426 - You state you used Cr(VI), this becomes a problem as you have no speciation for

other elements you analyzed. I recognize this limitation due to the samplings of the monitoring

stations. However, you must at least acknowledge this and discuss speciation in your

manuscript with regard to the other analyzed elements, as this directly affects metal and

metalloid bioavailability. You have done so in lines 81-85 for Hg, although you neglected to

indicate methylation processes as one of the drivers for Hg cycling.

Response: PX UX_\XiX g[Tg lbhe g\cf WXfXeiX [\Z[ TggXag\baf Yeb` hf* TaW T__ g[X \aW\VTgbef

\aV_hWXW \a g[X W\fVhff\ba TeX XdhT__l \`cbegTag TaW \agXeXfg\aZ, PX f[bh_W W\fVhff g[X XYYXVgf bY

XTV[ \aW\VTgbe \a g[X VbagXkg bY gX`cXeTgheX* eT\aYT__* TaW cB ba cb__hg\ba \aW\VTgbef, N[\f VbaY\e`f

g[Tg g[X fVbcX bY bhe fghWl \f _\`\gXW TaW g[Tg g[XfX YTVgbef TYYXVg `beX cb__hgTagf, Ca g[X Yb__bj\aZ

XkT`c_Xf* jX f[bh_W V[bbfX X_X`Xagf g[Tg TeX fXaf\g\iX gb cB eXfcbafX Tf eXceXfXagTg\iXf Ybe

ceXW\Vg\ba, ;_g[bhZ[ V[eb`\h` \f T Vb`cTg\U_X X_X`Xag* \g VTa Xk\fg \a iTe\bhf iT_XaVX fgTgXf \a

aTgheT_ jTgXe UbWl, N[XeXYbeX* jX UX_\XiX g[Tg g[X eXfh_gf `Tl abg UX eXceXfXagTg\iX bY bg[Xe jTgXe

UbWl, GXeVhel \ba [Tf T _TeZX eTW\hf* T _bj `X_g\aZ -Ub\_\aZ cb\ag* TaW \f XTf\_l eX_XTfXW \agb g[X

Tg`bfc[XeX, GXg[l_ `XeVhel T_fb [Tf g[X V[TeTVgXe\fg\V bY fXW\`XagTg\ba, N[XeXYbeX* g[X cebVXff bY

jTgXe TV\W\Y\VTg\ba WbXf abg f\Za\Y\VTag_l \aY_hXaVX \g,

Line 441 - Data points lower than the limit of detection (LOD) were replaced with half of the

LOD - insert reference on this approach, and report the LOD for each element. Is there more

that one LD reported?

Response: N[Ta^f Ybe lbhe TWi\VX, PX [TiX V\gXW eXYXeXaVXf Ybe g[\f WTgT cebVXff\aZ `Xg[bW TaW

TWWXW Ta F> Ybe XTV[ X_X`Xag \a g[X Supplementary Material A* j\g[ ba_l baX F> Ybe XTV[

X_X`Xag,

The specific modifications are as follows:  

Supplementary Material A Page 4 Line 99: N[X WXgXVg\ba _\`\g jTf .,.4 yZ-F Ybe =W* .,5 yZ-F Ybe

=e* .,6 yZ-F Ybe =h* .,.3 yZ-F Ybe BZ* .,./ `Z-F Ybe Ga* .,.1 `Z-F Ybe @X* .,.7 yZ-F Ybe JU* TaW

.,3 yZ-F Ybe Sa,



Review Comments

Reviewer #1 (Remarks to the Author):

This manuscript explores the issue related to long-term changes in coastal seawater quality due to

climate change. The authors used a huge dataset to make predictions about the changes in water

quality in the coastal area of the Guangdong Province (China) for the period 2015-2022. The authors

carried out a notable effort for modeling this dataset which may be useful to predict long-term

changes in the water quality of the investigated coastal area. The general topic of the manuscript is

undoubtedly original, interesting and useful.

The authors adequately responded to most of my comments and updated the text of the manuscript

accordingly. In the revised version of the manuscript, the authors made a great effort to better

prepare the main text and to better organise the Supplementary Material (SM). The SM is now

reorganized in 4 sections and, in my opinion, more better prepared. In addition, the authors provided

a better and more detailed explanation of the sampling strategy.

Thank the reviewers for affirming our first round of revision work.

Please, excuse me for suggesting to place Materials and Methods before the section dedicated to the

Results. Actually, I have not checked the general writing style of the Journal. This is my fault.

I retain that the manuscript may be accepted in the Journal Nature Communications, just following

some minor revisions.

Please, consider the following minor general comments.

Regarding terminology, the authors modified “trace elements” with “trace metals”. Between the two,

I suggest the authors to use the first, so “trace elements”. With my comment on the original version

of the manuscript, I simply meant to specify which elements were taken into account (so Cd, Cr, Cu,

Fe, Hg, Mn, Pb and Zn). Just name them in the text.

We still believe that the opinions you raised in the first round have the necessity of modification.

Although earlier published articles have been reviewed, the term "trace metals" is not commonly

used. However, since the research subjects of this article encompass both metals and metalloids,

with a focus on changes in their water solubility, it may be more appropriate to use the term "metal"

in our descriptions. We plan to introduce a specific abbreviation in the article: "TMs (trace metals

and metalloid elements) " to enhance the clarity of our expression.

I suggest the authors to avoid the use of “we” such as “we show” (line 28 in the abstract). What

about: “The aim of this study is to show the nexus of re-exposure-eutrophication-emission reduction

with human activities and climate feedback, cannot be ignored in the pursuit of effective

environmental governanc”? or something like that.

We will review the terms in the article and modify the unreasonable use of the word "we", including

the following parts.

Line 95 I am not sure about “Incompatible elements”. Could you just write: “elements such as Hg,

Cd and Pb also enter….?”

Incompatible elements are geological term. It describes the partitioning characteristics of trace

elements between the solid phase and the melt phase during magma formation (partial melting) or



crystallization. Therefore, according to the tendency of elements to preferentially enter the solid or

melt phase under phase equilibrium conditions, that is, the magnitude of the D value, trace elements

are classified as compatible elements and incompatible elements. The D value of incompatible

elements is < 1, and they tend to be enriched in silicate melts during the mineral crystallization

process. Due to their low concentration, they cannot form independent mineral phases. Due to their

ionic radius, charge and chemical bond limitations, it is difficult for them to enter the crystal

structure of rock-forming minerals, and they are relatively enriched in residual magma or

hydrothermal fluids. Their solid-liquid phase distribution coefficient is close to zero.

If the sentence you pointed out needs to be re-clarified, a concise and commonly used classification

term is required to describe metals like Hg and Cd. Based on your suggestion, we add "elements

with larger radii" to describe the characteristics of these elements.

Line 99 the term “uptake” usually refers to Hg bioaccumulation along the trophic chain. Please,

consider the idea to write “the influx of Hg(0) at the water-atmosphere interface is… ”. Indeed, the

term “influx” referred to a flux of Hg(0) from the air to the water and it is more appropriate with

respect to “uptake”.

Thank you for your suggestion. We will correct it.

Line 121 physico-chemical properties. Check also through the text

We have checked the above expression errors throughout the full text. There are a total of four such

errors and they have been changed to "physico-chemical properties". Respectively on line 96, 122,

189 and 192.

Reviewer #2 (Remarks to the Author):

The authors have responded adequately to both my initial comments and the first reviewer's

assessments. I thus endorse this paper for publication as is.

Thank the reviewers for giving affirmative opinions on the first round of manuscript revision.

Reviewer #3 (Remarks to the Author):

This manuscript presents an 8-year long data set of trace metal measurements in the coastal area of

the Guangdong Province (China). Based on this data set they create a receptor model and

subsequently apply this to a future simulation made by a model in the CMIP6 archive. The data set

they present is quite unique and a significant contribution in itself. The PCA analysis and receptor

model also provide novel and interesting insight into trace metal dynamics in coastal systems under

climate change. There is not much current literature on this topic so this work presents a valuable

and original piece of work. The quality of the data appear very good and the methods are described

in detail. The overall analysis and analytical approach are both robust and comprehensive. With the

exception of some strange, to me at least, use of terminology and a general lack of definitions for

the abbreviations used the paper is well written.

Thank you for your recognition and support of this study.

However, despite having now read the manuscript, and supplemental information, several times I

struggle to identify what the key result is. Nature Communications publishes work that “aim to

represent important advances in all areas of the biological, health, physical, chemical, Earth, social,



mathematical, applied, and engineering sciences”. It is unfortunately not at all clear to me what

important advance this work makes. Partly this is because the authors also have not written any

conclusions, but the noteworthy results are also not apparent in the “results and discussion” section.

I believe there is noteworthy insight in the presented data and would urge the authors to restructure

and revise their manuscript to focus on the key findings and their impact. You have a story in here

– you just need to tell it.

This article aims to describe the pollution exposure caused by acidification of the coastal

environment through measured data and model data, which belongs to the progress in the field of

geochemistry. The core finding of our research work is that it reveals that the enhanced exposure of

heavy metal elements in coastal areas caused by climate change will affect the ecological health of

the water environment on the earth's surface.

At the end of the article, we restate the conclusion and significance of this paper.

However, we are able to analyze and foresee the significant changes in element cycles brought about

by physical environmental changes within a regional dataset. In the context of hypoxia and

acidification, the changes in the valence bonds and ion binding modes of trace metals (TMs) will

lead to irreversible changes in their phase partition coefficients. The nitrification reaction caused by

eutrophication consumes the alkalinity of the water body and enhances the above effect. The

increase in the exposure of metal elements in the nearshore aqueous phase is collective and

irreversible. Marine organisms may have to survive in an environment with high electron donors,

low carbon sources, and high nutrient loads. Their growth will be affected by overheated sea

temperatures, and the ecological value and sink capacity of the ocean will be irreversibly weakened.

Like the previous reviewer #1 I would really like the materials and methods to be presented before

the results and discussion. It is not easy to understand the presented results before first reading what

has been done. I’ve read your responses to the previous reviewer and I understand your

argumentation, but this structure is making it challenging for the reader to understand your work.

Placing the Materials and Methods section at the end is a common format for Nature

Communications. This study further optimizes the logical structure of the article based on this

framework.

Specific comments:

Line 51: It is unclear what “carbonate atmospheres” means.

The nearshore environment is affected by acidification. The term "acidification atmosphere" should

be used.

Line 52-53: The sentence “trace metals may become sensitive factors in response to changes in

marine water quality” is unclear. What responds to what?

Trace metal exposure is one of the manifestations of water quality changes. Therefore, it should be

changed to potential risk here.

Line 56: I think “butterfly effect” is a poor choice of words here. Consider revising.

Here, we intend to describe the environmental effects of climate change on the offshore area from

the perspective of systems science. Therefore, we consider using "critical" or "irreversible" to

elaborate the intention of this research.



Line 65: Replace “tracers” by “influencing factors” to avoid confusion.

The modification has been made. Thank you for your correction.

Line 67: Add “organic” before “C, N, P, and S elements”

The participation of the processes of bio-utilization, release, circulation, and remineralization

involves the transformation between organic matter and inorganic matter. Pointing out the organic

part alone may lack evidence.

Line 74: It is unclear what “incompatible elements” are. I realize this term is in response to a

previous review, but it is not made clear what the elements are incompatible with so the sentence is

unclear.

Incompatible elements are a classification of elements in geoscience. Without any explanation, it

might cause confusion for readers from other academic backgrounds. We will further explain this

in the following sentences.

Incompatible elements are geological term. It describes the partitioning characteristics of trace

elements between the solid phase and the melt phase during magma formation (partial melting) or

crystallization. Therefore, according to the tendency of elements to preferentially enter the solid or

melt phase under phase equilibrium conditions, that is, the magnitude of the D value, trace elements

are classified as compatible elements and incompatible elements. The D value of incompatible

elements is < 1, and they tend to be enriched in silicate melts during the mineral crystallization

process. Due to their low concentration, they cannot form independent mineral phases. Due to their

ionic radius, charge and chemical bond limitations, it is difficult for them to enter the crystal

structure of rock-forming minerals, and they are relatively enriched in residual magma or

hydrothermal fluids. Their solid-liquid phase distribution coefficient is close to zero.

Line 74-94: Beginning with “Incompatible elements” this should all be a separate paragraph. The

paragraph also needs a proper topic sentence and better flow between the sentences. It now reads

like a list of bullet points someone have put together but not linked. There is no introduction, no

coherency.

We have reorganized the paragraphs. The discussion ideas are the three major factors affecting

element distribution: SST, sedimentation, and pH. Each is summarized into a separate paragraph.

Line 77 and 78: why are you defining nitrogen and mercury here? The abbreviation for both have

been used previously, and you do not define the other metals and elements.

Thank you for your reminder. We have deleted the explanatory information in this sentence.

Line 78: what is “Mercury’s(Hg) earth system model”? Please explain.

The expression here is incorrect. It should be "Accounting of mercury's cross-media flux."

Line 85: replace “limits” with “limitation”

We have made the revisions at the corresponding places of the manuscript. There are two

modifications in this paper.

Line 88-89: I do not understand this sentence. Nitrogen removal and denitrification does happen in



situ in the ocean. And even if it did not I do not follow why that would mean that “nutrients and

trace metals are affected by thermohaline circulation”. I’m not questioning that both nutrients and

trace metals are affected by the thermohaline circulation, I just do not follow the logic of the

sentence and cannot understand what you are trying to communicate.

There is an error in the expression here. It should be changed to “meaning that nutrients and TMs

will further affect the open sea through ocean currents.”

Line 114-115: Please reiterate here what these three factors are.

We have listed it clearly here. Rewritten as: To accurately model these fluctuations, we intend to

establish a ternary receptor model with background values. This model will consider the influence

of three factors, including sea surface temperature, dry and wet deposition amount and pH, on the

migration tendencies of different elements.

Line 118: It is unclear what you mean by “CMIP6 framework” here. You have, as I understand it,

used output from one of the models contributing to CMIP6. If that is what you want to communicate

here please state that, otherwise explain what the framework is.

This paper is inaccurate in this aspect. This paper uses the model data set of three variables in CMIP6

and the prediction data set of the climate change model SSP3-7.0. We will make the modification

and provide guidance, with a link to the relevant introduction in the Materials and Methods section.

Lines 128-129: The warming process cannot be controlled anywhere at the moment so the meaning

of this final statement is unclear. Please revise.

In order to avoid ambiguity, the sentence is changed to the following:

This is particularly relevant to the cases in which the warming process cannot be effectively

controlled or reversed at present.

Lines 153-154: Could you provide a reference for the environmental Kuznets curve?

We have added the citation in the next sentence. Both sentences are from the 11th cited literature.

Therefore, citations should be made once after each of these two sentences.

Line 166: TN is not defined

The full names and abbreviations are added in the text.

Line 171: This sentence is unclear. Please revise for clarity.

It has been modified to: Rivers play a notable role in transporting nutrients, with freshwater culture

contributing a staggering 20% (N) and 53% (P) of compounds.

Lines 246-247: I do not know what “energy substances” are

Carbon-containing organic compounds show an energy-supplying role in the environment and are

usually called Energy substances.

Line 314: it is not clear what “compatible elements” are. See also my comment above regarding

“incompatible elements”

Compatible elements belong to the geological concept and are corresponding to incompatible



elements.

The same metal group will have a more similar fate pattern, which is necessary in discussing the

metal fate process. Since no more commonly used alternative conceptual description has been found,

we tend to add corresponding explanations later.

Line 314: it is not clear what “compatible elements” are. See also my comment above regarding

“incompatible elements”

Compatible elements belong to the geological concept and are corresponding to incompatible

elements. Corresponding to the sentence with "incompatible" that appeared in the previous text,

delete "Compatible" in this sentence.

Line 322-323: This sentence is unclear. Please revise.

“The outcome depends on elements sensitive to pH (Figure 1-b)” This sentence refers to calculating

the sensitivity of the concentration of metal elements to the pH variable based on the sensitivity

calculation (3.4.2).

The original text is revised as follows: The outcome depends on the sensitivity of component

concentration to pH (Figure 1-b). The sensitivity calculation adopts the calculation method in 3.4.2

of Materials and Methods.

Line 331: The terminology “concentration levers” was commented on in the previous review and I

find that an explanation is still lacking. Please add some detail.

The previous review was like this:

There is a complex exchange of compounds during the phase transfer process. Due to various

limitings of material and energy laws, such as charge conservation, the total charge of ion exchange

remains consistent. To illustrate this, let's consider the simplified exchange of macro element A and

trace element B. The total amount exchanged by both sides is equal. However, since the total

concentration of element A in the water column is greater than that of element B, the relative change

in concentration of element B is higher. Consequently, in the actual change of the water body, trace

elements have a much greater influence than macro elements. We refer to this phenomenon as a

concentration lever.

We saw this result from the experimental data set. The reason is that different trace metals have

different sensitivities to acidification. We added a brief supplement at the end of the sentence: That

is, when alkalinity is released from sediments to the aqueous phase, TMs with a lower

water/sediment partition coefficient have a higher migration probability.

Line 352: Do you mean “decreases”?

There are two "decrease" in this paragraph. According to the meaning, it would be more reasonable

to use "amplitude reduction".

Lines 354-357: Why do you see such a dip and recovery pattern for Pb and Cr? Such a pattern is

not seen in the other trace metals. A bit of additional discussion on this would have been nice.

The downward trend of Pb and Cr may be caused by changes in emissions in Guangdong Province

(the study area). The total concentration of Cr reached its peak from 2018 to 2019. The combustion

of coal and oil is one of the main sources. In recent years, due to the increase or upgrade of air



pollution control devices for combustion sources, the capture of HMs is more effective [1]. In

addition, the removal rate of Pb in the coal industry has been improved, resulting in a relatively

decreased atmospheric exposure of Pb. With China's increasingly strict supervision of e-waste

treatment activities, the urban agglomeration in the eastern wing of the coastal economic belt, as the

region with the most intensive e-waste recycling activities in China, shows a year-on-year

downward trend in the pollution degree of various heavy metals [2,3]. Therefore, the industrial

structure is one of the important factors affecting the migration of heavy metal elements.

Lines 366: The decrease in C/N ratio does not appear to be significant given the uncertainty range.

That should be noted.

In Figure 3b, each node of C/N is divided by year, the data size is represented by the annual average

value, and the error bars are represented by the standard deviation of each month within the year.

The large range of error bars is caused by the different nitrogen leaching effects in the rainy and dry

seasons. The large seasonal difference may mask the long-term change. We conducted a paired

sample t-test for the data set every 10 years respectively, and the results are shown in Table 1. The

annual variations of each month are as shown in Figure 1.

Table 1 The paired factor t-test results of two sets of data from 2020 to 2029 and 2090 to 2099 in

the C/N ratio (predicted data set).

Paired sample statistics 

avg data volume std Mean of standard error 

Pairing 2020-2029 5.16 120 0.12 0.04 

2090-2099 5.08 120 0.09 0.03 

Correlation of paired samples 

data volume Correlation significance 

Pairing 2020-2029 & 2090-2099 120 0.600 0.039 

Paired samples test 

Pairing difference 

avg std mean 

95% confidence interval 
t 

Sig. (2-

tailed) lower limit upper limit 

Pairing 2020-2029 & 2090-2099 0.08 0.10 0.03 0.01 0.14 2.72 0.02 



Figure 1 The paired factor t-test results of two sets of data from 2020 to 2029 and 2090 to 2099 in

the C/N ratio (predicted data set).

From the results in Table 1, although there is a seasonal error, we use the paired factor t-test to

perform paired comparisons at various time nodes within the year. The statistical results show (sig

< 0.05), proving that the conclusion of the decline is significant. In addition, the results in Figure 1

show the change pattern of 1020 time nodes and are compared according to the division of year and

month. For the C/N ratio of the data set (including measured and predicted parts), the horizontal

coordinate represents the change of years, and the vertical coordinate represents the change of

seasons. On the one hand, there is a higher C/N ratio in the rainy season. On the other hand, after

considering the seasonal changes, the proportion of the dark color gradation of the C/N ratio is

reduced.

Line 367: Please explain what the “carbon sources” are. Same for line 395.

Carbon source is used to form carbon in microbial cells and metabolites. It is an important substance

in water treatment engineering and also a necessary substance for the natural purification of rivers.

In this paper, the carbon source appears three times, at lines 256, 377 and 405 respectively. In order

to enable readers to clearly understand its meaning, we add an explanation at the first place.

Line 375: add “coastal” before “ocean’s”

As mentioned in the text. Thank you for your reminder.

Lines 394-398: This is interesting, but could use some elaboration. If properly phrased and

referenced I believe this could be an impactful conclusion. But it is unclear whether it is a true result

of the work, or just supposition.

This is a supposition. The expression here is not appropriate enough. It should be rewritten in the

form of a supposition. Change "expected" to "possible".



Line 409: replace “which were” by “and”

We have made modifications.

Line 451: “… among variables …” What variables are these?

What is introduced here is a general method. Before performing PCA, the attributes of the

components are undetermined and a posteriori. After extracting the principal components, one or

two variables are used as tracer variables according to the load presented by all variables

participating in the analysis to identify the label of the component. In order to express this clearly

here, we have decided to expand this paragraph.

Section 3.2:

Here it is apparent that the authors are not very familiar with CMIP6. That is perfectly fine. I’m

suggesting some changes to the text to make it more “standard” and thus more easily understood.

Line 430 onwards: You could rewrite as “Here we use ScenarioMIP simulations from the Earth

System model GISS-E2. The model has a spatial resolution of 2 degrees latitude by 2.5 degrees

longitude, and we use the monthly output from the “r1i1p1f1” ensemble member.”

Thank you for your suggestion. We will revise according to the above opinion.

I am wondering here why you have used this particular model. Many of the models in CMIP6 have

a higher spatial resolution (at least 1x1 degree) which would better resolve your study area.

Lines 433-434: Please use here the exact name of these variables in the model output. This will help

readers to identify and the correct data.

The advantage of CMIP6 is that it can not only provide the values of different sections of each

month that match our measured data set, but also provide the prediction results up to 2099, which

is highly consistent with the methods and goals of this study.

Low resolution is indeed an aspect that needs improvement in this research model. When looking

for variables with the help of CMIP6, screening is first carried out according to labels such as ssp370

and r1i1p1f1. At this time, the search results show multiple resolutions. To ensure the consistency

of the resolutions of the three variables, we decided to uniformly adopt a resolution of 250 km ×

200 km. The output results of the data source are exported through the ncdisp instruction of Matlab.

For specific content, please refer to Appendix 1.

You should repeat here which scenario you use even though you have mentioned this before in the

text.

We will supplement the corresponding information.

Reference
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Appendix 1

Surface sea temperature

Global Attributes:

Conventions = 'CF-1.7 CMIP-6.2'

activity_id = 'ScenarioMIP'

branch_method = 'standard'

branch_time_in_child = 0

branch_time_in_parent = 60225

contact = 'Lijuan Li (ljli@mail.iap.ac.cn)'

creation_date = '2019-08-18T13:08:18Z'

data_specs_version = '01.00.31'

experiment = 'update of RCP8.5 based on SSP5'

experiment_id = 'ssp370'

external_variables = 'areacella'

forcing_index = 1

frequency = 'mon'

further_info_url = 'https://furtherinfo.es-doc.org/CMIP6.CAS.FGOALS-

g3.ssp370.none.r1i1p1f1'

grid = 'native atmosphere area-weighted latxlon grid (80x180

latxlon)'

grid_label = 'gn'

history = '2019-08-18T13:04:31Z ;rewrote data to be consistent

with ScenarioMIP for variable cl found in table Amon.'

initialization_index = 1

institution = 'Chinese Academy of Sciences, Beijing 100029, China'

institution_id = 'CAS'

mip_era = 'CMIP6'

nominal_resolution = '250 km'

parent_activity_id = 'CMIP'

parent_experiment_id = 'historical'

parent_mip_era = 'CMIP6'

parent_source_id = 'FGOALS-g3'

parent_time_units = 'days since 1850-01-01'

parent_variant_label = 'r1i1p1f1'

physics_index = 1

product = 'model-output'

realization_index = 1

realm = 'atmos'

run_variant = '3rd realization'

source = 'FGOALS-g3 (2017):

aerosol: none

atmos: GAMIL2 (180 x 90 longitude/latitude; 26 levels;

top level 2.19hPa)

atmosChem: none



land: CLM4.0

landIce: none

ocean: LICOM3.0 (LICOM3.0, tripolar primarily 1deg;

360 x 218 longitude/latitude; 30 levels; top grid cell 0-10 m)

ocnBgchem: none

seaIce: CICE4.0'

source_id = 'FGOALS-g3'

source_type = 'AOGCM'

sub_experiment = 'none'

sub_experiment_id = 'none'

table_id = 'Amon'

table_info = 'Creation Date:(24 July 2019)

MD5:3039b0071259358b3c55557c5f3d21bf'

title = 'FGOALS-g3 output prepared for CMIP6'

tracking_id = 'hdl:21.14100/d24fc1ce-8066-43ac-a858-b095d1fc82be'

variable_id = 'tasmin'

variant_label = 'r1i1p1f1'

license = 'CMIP6 model data produced by Lawrence Livermore

PCMDI is licensed under a Creative Commons Attribution ShareAlike 4.0 International License

(https://creativecommons.org/licenses). Consult https://pcmdi.llnl.gov/CMIP6/TermsOfUse for

terms of use governing CMIP6 output, including citation requirements and proper acknowledgment.

Further information about this data, including some limitations, can be found via the

further_info_url (recorded as a global attribute in this file) and at https:///pcmdi.llnl.gov/. The data

producers and data providers make no warranty, either express or implied, including, but not limited

to, warranties of merchantability and fitness for a particular purpose. All liabilities arising from the

supply of the information (including any liability arising in negligence) are excluded to the fullest

extent permitted by law.'

cmor_version = '3.5.0'

Dimensions:

time = 60 (UNLIMITED)

lat = 80

lon = 180

bnds = 2

Variables:

time

Size: 60x1

Dimensions: time

Datatype: double

Attributes:

bounds = 'time_bnds'

units = 'days since 2015-01-01 00:00:00'

calendar = '365_day'

axis = 'T'

long_name = 'time'



standard_name = 'time'

time_bnds

Size: 2x60

Dimensions: bnds,time

Datatype: double

lat

Size: 80x1

Dimensions: lat

Datatype: double

Attributes:

bounds = 'lat_bnds'

units = 'degrees_north'

axis = 'Y'

long_name = 'Latitude'

standard_name = 'latitude'

lat_bnds

Size: 2x80

Dimensions: bnds,lat

Datatype: double

lon

Size: 180x1

Dimensions: lon

Datatype: double

Attributes:

bounds = 'lon_bnds'

units = 'degrees_east'

axis = 'X'

long_name = 'Longitude'

standard_name = 'longitude'

lon_bnds

Size: 2x180

Dimensions: bnds,lon

Datatype: double

height

Size: 1x1

Dimensions:

Datatype: double

Attributes:

units = 'm'

axis = 'Z'

positive = 'up'

long_name = 'height'

standard_name = 'height'

tasmin



Size: 180x80x60

Dimensions: lon,lat,time

Datatype: single

Attributes:

standard_name = 'air_temperature'

long_name = 'Daily Minimum Near-Surface Air Temperature'

comment = 'minimum near-surface (usually, 2 meter) air

temperature (add cell_method attribute 'time: min')'

units = 'K'

cell_methods = 'area: mean time: minimum (interval: 10 minutes)

within days time: mean over days'

cell_measures = 'area: areacella'

history = '2019-08-18T13:04:31Z altered by CMOR: Treated

scalar dimension: 'height'. 2019-08-18T13:08:18Z altered by CMOR: Converted type from 'd' to 'f'.'

coordinates = 'height'

missing_value = 1.000000020040877e+20

_FillValue = 1.000000020040877e+20

[Note] The above data set consists of 9 files, which describe the data of each time period from 2015

- 2020, 2020 - 2030..., 2090 - 2099 respectively. The difference between these file sets lies only in

the change of time, and the rest remains unchanged. Due to space limitations, only the first file is

shown here.

pCO2

Global Attributes:

Conventions = 'CF-1.7 CMIP-6.2'

activity_id = 'ScenarioMIP'

branch_method = 'standard'

branch_time_in_child = 0

branch_time_in_parent = 0

contact = 'Kenneth Lo (cdkkl@giss.nasa.gov)'

creation_date = '2022-01-28T17:58:03Z'

data_specs_version = '01.00.23'

experiment = 'update of RCP7.0 based on SSP3'

experiment_id = 'ssp370'

external_variables = 'areacella'

forcing_index = 1

frequency = 'mon'

further_info_url = 'https://furtherinfo.es-doc.org/CMIP6.NASA-GISS.GISS-

E2-1-G-CC.ssp460.none.r101i1p1f1'

grid = 'atmospheric grid: 144x90, ocean grid: 288x180'

grid_label = 'gn'

history = '2022-01-28T17:58:03Z ; CMOR rewrote data to be

consistent with CMIP6, CF-1.7 CMIP-6.2 and CF standards.'

initialization_index = 1



institution = 'Goddard Institute for Space Studies, New York, NY 10025,

USA'

institution_id = 'NASA-GISS'

mip_era = 'CMIP6'

model_id = 'Eargcc_460emis'

nominal_resolution = '250 km'

parent_activity_id = 'CMIP'

parent_experiment_id = 'historical'

parent_experiment_rip = 'r1i1p1f1'

parent_mip_era = 'CMIP6'

parent_source_id = 'GISS-E2-1-G-CC'

parent_time_units = 'days since 2015-1-1'

parent_variant_label = 'r1i1p1f1'

physics_index = 1

product = 'model-output'

realization_index = 101

realm = 'atmos'

references = 'https://data.giss.nasa.gov/modelE/cmip6'

source = 'GISS-E2-1-G-CC (2019):

aerosol: varies with physics-version (p==1 none, p==3

OMA, p==4 TOMAS, p==5 MATRIX)

atmos: GISS-E2.1 (2 x 2.5 degrees; 144 x 90

longitude/latitude; 40 levels; top level 0.1 hPa)

atmosChem: varies with physics-version (p==1 Non-

interactive, p>1 GPUCCINI)

land: GISS LSM

landIce: Fixed

ocean: GISS Ocean (1 deg; 360 x 180 longitude/latitude;

40 levels; top grid cell 0-10m)

ocnBgchem: NOBM (NASA Ocean Biogeochemistry

Model; same grid as ocean)

seaIce: GISS SI (same grid as ocean)'

source_id = 'GISS-E2-1-G-CC'

source_type = 'AOGCM'

sub_experiment = 'none'

sub_experiment_id = 'none'

table_id = 'Emon'

table_info = 'Creation Date:(21 March 2018)

MD5:3087ac46757d524f149af7ac233b0a95'

title = 'GISS-E2-1-G-CC output prepared for CMIP6'

tracking_id = 'hdl:21.14100/45890a11-f13c-4860-bebb-3a63f2eb43bf'

variable_id = 'co23D'

variant_label = 'r101i1p1f1'

license = 'CMIP6 model data produced by NASA Goddard Institute



for Space Studies is released with a Creative Commons Zero Universal (CC0 1.0,

https://creativecommons.org/publicdomain/zero/1.0/) and has no restrictions on its use. Consult

https://pcmdi.llnl.gov/CMIP6/TermsOfUse for more general terms of use governing CMIP6 output,

including citation requirements and proper acknowledgment. Further information about this data

can be found via the further_info_url (recorded as a global attribute in this file) and at

https:///pcmdi.llnl.gov/. The data producers and data providers make no warranty, either express or

implied, including, but not limited to, warranties of merchantability and fitness for a particular

purpose. All liabilities arising from the supply of the information (including any liability arising in

negligence) are excluded to the fullest extent permitted by law.'

cmor_version = '3.3.2'

Dimensions:

lev = 40

bnds = 2

time = 432 (UNLIMITED)

lat = 90

lon = 144

Variables:

a

Size: 40x1

Dimensions: lev

Datatype: double

Attributes:

long_name = 'vertical coordinate formula term: a(k)'

a_bnds

Size: 2x40

Dimensions: bnds,lev

Datatype: double

Attributes:

long_name = 'vertical coordinate formula term: a(k+1/2)'

b

Size: 40x1

Dimensions: lev

Datatype: double

Attributes:

long_name = 'vertical coordinate formula term: b(k)'

b_bnds

Size: 2x40

Dimensions: bnds,lev

Datatype: double

Attributes:

long_name = 'vertical coordinate formula term: b(k+1/2)'

co23D

Size: 144x90x40x432

Dimensions: lon,lat,lev,time



Datatype: single

Attributes:

standard_name = 'CO2_3D_tracer'

long_name = '3D field of transported CO2'

comment = 'report 3D field of model simulated atmospheric

CO2 mass mixing ration on model levels'

units = 'kg kg-1'

cell_methods = 'area: time: mean'

cell_measures = 'area: areacella'

history = '2022-01-28T17:58:03Z altered by CMOR: replaced

missing value flag (-1e+30) with standard missing value (1e+20).'

missing_value = 1.000000020040877e+20

_FillValue = 1.000000020040877e+20

lat

Size: 90x1

Dimensions: lat

Datatype: double

Attributes:

bounds = 'lat_bnds'

units = 'degrees_north'

axis = 'Y'

long_name = 'latitude'

standard_name = 'latitude'

lat_bnds

Size: 2x90

Dimensions: bnds,lat

Datatype: double

lev

Size: 40x1

Dimensions: lev

Datatype: double

Attributes:

bounds = 'lev_bnds'

units = '1'

axis = 'Z'

positive = 'down'

long_name = 'hybrid sigma pressure coordinate'

standard_name = 'atmosphere_hybrid_sigma_pressure_coordinate'

formula = 'p = a*p0 + b*ps'

formula_terms = 'p0: p0 a: a b: b ps: ps'

lev_bnds

Size: 2x40

Dimensions: bnds,lev

Datatype: double



Attributes:

formula = 'p = a*p0 + b*ps'

standard_name = 'atmosphere_hybrid_sigma_pressure_coordinate'

units = '1'

formula_terms = 'p0: p0 a: a_bnds b: b_bnds ps: ps'

lon

Size: 144x1

Dimensions: lon

Datatype: double

Attributes:

bounds = 'lon_bnds'

units = 'degrees_east'

axis = 'X'

long_name = 'longitude'

standard_name = 'longitude'

lon_bnds

Size: 2x144

Dimensions: bnds,lon

Datatype: double

p0

Size: 1x1

Dimensions:

Datatype: double

Attributes:

long_name = 'vertical coordinate formula term: reference pressure'

units = 'Pa'

ps

Size: 144x90x432

Dimensions: lon,lat,time

Datatype: single

Attributes:

long_name = 'Surface Air Pressure'

units = 'Pa'

time

Size: 432x1

Dimensions: time

Datatype: double

Attributes:

bounds = 'time_bnds'

units = 'days since 2015-1-1'

calendar = '365_day'

axis = 'T'

long_name = 'time'

standard_name = 'time'



time_bnds

Size: 2x432

Dimensions: bnds,time

Datatype: double

Wet deposition

Global Attributes:

Conventions = 'CF-1.7 CMIP-6.2'

activity_id = 'ScenarioMIP AerChemMIP'

branch_method = 'standard'

branch_time_in_child = 0

branch_time_in_parent = 0

contact = 'Kenneth Lo (cdkkl@giss.nasa.gov)'

creation_date = '2020-01-29T20:00:30Z'

data_specs_version = '01.00.23'

experiment = 'gap-filling scenario reaching 7.0 based on SSP3'

experiment_id = 'ssp370'

external_variables = 'areacella'

forcing_index = 1

frequency = 'mon'

further_info_url = 'https://furtherinfo.es-doc.org/CMIP6.NASA-GISS.GISS-

E2-1-G.ssp370.none.r1i1p3f1'

grid = 'atmospheric grid: 144x90, ocean grid: 288x180'

grid_label = 'gn'

history = '2020-01-29T20:00:30Z ; CMOR rewrote data to be

consistent with CMIP6, CF-1.7 CMIP-6.2 and CF standards.'

initialization_index = 1

institution = 'Goddard Institute for Space Studies, New York, NY 10025,

USA'

institution_id = 'NASA-GISS'

mip_era = 'CMIP6'

model_id = 'E212TomaSSP370aF40oQ40'

nominal_resolution = '250 km'

parent_activity_id = 'CMIP'

parent_experiment_id = 'historical'

parent_experiment_rip = 'r1i1p3'

parent_mip_era = 'CMIP6'

parent_source_id = 'GISS-E2-1-G'

parent_time_units = 'days since 2015-1-1'

parent_variant_label = 'r1i1p3f1'

physics_index = 3

product = 'model-output'

realization_index = 1

realm = 'atmos'



references = 'https://data.giss.nasa.gov/modelE/cmip6'

source = 'GISS-E2.1G (2019):

aerosol: Varies with physics-version (p==1 none, p==3

OMA, p==4 TOMAS, p==5 MATRIX)

atmos: GISS-E2.1 (2.5x2 degree; 144 x 90

longitude/latitude; 40 levels; top level 0.1 hPa)

atmosChem: Varies with physics-version (p==1 Non-

interactive, p>1 GPUCCINI)

land: GISS LSM

landIce: none

ocean: GISS Ocean (GO1, 1 degree; 360 x 180

longitude/latitude; 40 levels; top grid cell 0-10 m)

ocnBgchem: none

seaIce: GISS SI'

source_id = 'GISS-E2-1-G'

source_type = 'AOGCM'

sub_experiment = 'none'

sub_experiment_id = 'none'

table_id = 'Amon'

table_info = 'Creation Date:(21 March 2018)

MD5:c93735846d66458966fc81f390b2d714'

title = 'GISS-E2-1-G output prepared for CMIP6'

tracking_id = 'hdl:21.14100/45371886-0135-4055-acf5-fea017b21574'

variable_id = 'clwvi'

variant_label = 'r1i1p3f1'

license = 'CMIP6 model data produced by NASA Goddard Institute

for Space Studies is licensed under a Creative Commons Attribution ShareAlike 4.0 International

License (https://creativecommons.org/licenses). Consult

https://pcmdi.llnl.gov/CMIP6/TermsOfUse for terms of use governing CMIP6 output, including

citation requirements and proper acknowledgment. Further information about this data, including

some limitations, can be found via the further_info_url (recorded as a global attribute in this file)

and at https:///pcmdi.llnl.gov/. The data producers and data providers make no warranty, either

express or implied, including, but not limited to, warranties of merchantability and fitness for a

particular purpose. All liabilities arising from the supply of the information (including any liability

arising in negligence) are excluded to the fullest extent permitted by law.'

cmor_version = '3.3.2'

Dimensions:

time = 432 (UNLIMITED)

lat = 90

lon = 144

bnds = 2

Variables:

time

Size: 432x1



Dimensions: time

Datatype: double

Attributes:

bounds = 'time_bnds'

units = 'days since 2015-1-1'

calendar = '365_day'

axis = 'T'

long_name = 'time'

standard_name = 'time'

time_bnds

Size: 2x432

Dimensions: bnds,time

Datatype: double

lat

Size: 90x1

Dimensions: lat

Datatype: double

Attributes:

bounds = 'lat_bnds'

units = 'degrees_north'

axis = 'Y'

long_name = 'latitude'

standard_name = 'latitude'

lat_bnds

Size: 2x90

Dimensions: bnds,lat

Datatype: double

lon

Size: 144x1

Dimensions: lon

Datatype: double

Attributes:

bounds = 'lon_bnds'

units = 'degrees_east'

axis = 'X'

long_name = 'longitude'

standard_name = 'longitude'

lon_bnds

Size: 2x144

Dimensions: bnds,lon

Datatype: double

clwvi

Size: 144x90x432

Dimensions: lon,lat,time



Datatype: single

Attributes:

standard_name = 'atmosphere_cloud_condensed_water_content'

long_name = 'Condensed Water Path'

comment = 'Mass of condensed (liquid + ice) water in the

column divided by the area of the column (not just the area of the cloudy portion of the column).

Includes precipitating hydrometeors ONLY if the precipitating hydrometeors affect the calculation

of radiative transfer in model.'

units = 'kg m-2'

cell_methods = 'area: time: mean'

cell_measures = 'area: areacella'

history = '2020-01-29T20:00:30Z altered by CMOR: replaced

missing value flag (-1e+30) with standard missing value (1e+20).'

missing_value = 1.000000020040877e+20

_FillValue = 1.000000020040877e+20



60920:06 /5330487

LZk^ZlZg $2 (LZbVg`h id i]Z =ji]dg)9

Ec bn [^ghi gZk^Zl E lgdiZ i]Vi qN]Z YViV hZi i]Zn egZhZci ^h fj^iZ jc^fjZ VcY V h^\c^[^XVci

Xdcig^Wji^dc ^c ^ihZa[- N]Z K?= VcVanh^h VcY gZXZeidg bdYZa Vahd egdk^YZ cdkZa VcY ^ciZgZhi^c\

^ch^\]i ^cid igVXZ bZiVa YncVb^Xh ^c XdVhiVa hnhiZbh jcYZg Xa^bViZ X]Vc\Z- N]ZgZ ^h cdi bjX] XjggZci

a^iZgVijgZ dc i]^h ide^X hd i]^h ldg` egZhZcih V kVajVWaZ VcY dg^\^cVa e^ZXZ d[ ldg`- N]Z fjVa^in d[

i]Z YViV VeeZVg kZgn \ddY VcY i]Z bZi]dYh VgZ YZhXg^WZY ^c YZiV^a- N]Z dkZgVaa VcVanh^h VcY

VcVani^XVa VeegdVX] VgZ Wdi] gdWjhi VcY XdbegZ]Zch^kZ-r E hiVcY Wn i]^h VhhZhhbZci+ VcY i]Z Vji]dgh

]VkZ gZhedcYZY lZaa id bdhi d[ bn XdcXZgch- DdlZkZg+ WVhZY dc i]Z Vji]dghs gZWjiiVa id bn [^ghi

gZk^Zl E ]VkZ ^YZci^[^ZY V bV_dg ^hhjZ l^i] i]Z^g bZi]dYdad\n- Nd gZbZYn i]^h eVgih d[ i]Z VcVanh^h

cZZYh id WZ gZYdcZ+ VcY i]Z cZl gZhjaih VcVanoZY- N]^h bV_dg ^hhjZ ^h YZhXg^WZY WZadl- Ec VYY^i^dc+

i]ZgZ gZbV^ch hdbZ b^cdg ^hhjZh aZ[i jcVchlZgZY ^c i]Z gZWjiiVa VcY gZk^hZY bVcjhXg^ei- N]ZhZ VgZ

YZhXg^WZY jcYZg qb^cdg ^hhjZhr WZadl- N]Z bVcjhXg^ei l^aa gZfj^gZ bV_dg gZk^h^dch WZ[dgZ ^i XVc WZ

ejWa^h]ZY-

QZ ldjaY a^`Z id ZmegZhh djg \gVi^ijYZ id i]Z gZk^ZlZg [dg i]Z edh^i^kZ XdbbZcih dc djg Vgi^XaZ-

Bdaadl^c\ ndjg XdbbZcih VcY hj\\Zhi^dch+ lZ ]VkZ jeYViZY i]Z bdYZa kVg^VWaZh Vh gZfj^gZY+ gZWj^ai

i]Z bdYZa+ VcY bVYZ XdggZhedcY^c\ X]Vc\Zh id i]Z gZhjaih+ YZhXg^ei^dch+ Y^hXjhh^dch VcY [^\jgZh ^c

i]Z Vgi^XaZ-

HV_dg ^hhjZ

Ec bn [^ghi gZk^Zl E cdiZY i]Vi ^i ^h XaZVg [gdb i]Z bZi]dYh i]Vi i]Z Vji]dgh VgZ cdi [Vb^a^Vg l^i]

AVgi] MnhiZb HdYZah (AMHh) dg ?HEK5- E Y^Y cdi [^cY Vcn Zggdgh ^c i]Z^g ldg`+ Wji gZfjZhiZY i]Z

VYY VYY^i^dcVa YZiV^a ^c i]Z bZi]dYh id ^YZci^[n l]^X] kVg^VWaZh i]Zn ]VY jhZY Vh lZaa Vh bdgZ YZiV^a

VWdji i]Z^g X]d^XZ d[ bdYZa- N]Z Vji]dgh ]VkZ cdi VYYZY Vcn d[ i]^h ^c[dgbVi^dc ^c i]Z gZk^hZY

bVcjhXg^ei+ Wji i]Zn Y^Y egdk^YZ VYY^i^dcVa YZiV^a ^c i]Z^g gZWjiiVa id bZ- Oc[dgijcViZan+ i]^h

VYY^i^dcVa ^c[dgbVi^dc h]dlh bZ kZgn XaZVgan i]Vi i]Z Vji]dgh ]VkZ cdi YdcZ i]Z VcVanh^h i]Zn i]^c`

i]Zn Y^Y+ dg Vi aZVhi cdi i]Z VcVanh^h i]Zn YZhXg^WZ ^c i]Z bVcjhXg^ei- Ec bn dg^\^cVa gZk^Zl E Vh`ZY

i]Z Vji]dgh id ^cXajYZ i]Z VXijVa kVg^VWaZ cVbZh [gdb i]Z bdYZa hd i]Vi i]Z gZVYZg XVc bdgZ ZVh^an

^YZci^[n l]Vi ]Vh WZZc jhZY (h^cXZ Vaa ?HEK5 bdYZah jhZ i]Z hVbZ kVg^VWaZ cVb^c\ XdckZci^dch)-

N]^h i]Z Vji]dgh ]VkZ cdi YdcZ+ Wji i]Zn ]VkZ ^cXajYZY Vc VeeZcY^m (=eeZcY^m 0) l^i] YZiV^aZY

bZiVYViV [dg i]gZZ kVg^VWaZh i]Zn ]VkZ ZmigVXiZY- Nd WZiiZg ]^\]a^\]i i]Z ^hhjZh+ EskZ ^YZci^[^ZY EskZ

gZbdkZY bjX] d[ i]Z ^c[dgbVi^dc [gdb =eeZcY^m 0 d[ i]Z gZWjiiVa VcY dcan `Zei l]Vi ^h ^bedgiVci

id hjeedgi i]^h gZk^Zl-

QZ gZVa^oZ i]Vi Veegdeg^ViZ LZVabh VcY kVg^VWaZh [gdb i]Z hVbZ ^chi^iji^dc h]djaY WZ VYdeiZY- Ec

iZgbh d[ kVg^VWaZ hZaZXi^dc+ i]^h hijYn Zci^gZan jhZY i]Z YViV hdjgXZ d[ ?VcAMH4+ VcY i]Z Idb^cVa

LZhdaji^dc lVh jc^[dgban hZi id 0{0 YZ\gZZ- Bdg i]Z hZV hjg[VXZ iZbeZgVijgZ+ lZ VYdeiZY i]Z

#JXZVc# LZVab+ VcY i]Z ?B MiVcYVgY IVbZ lVh #hZV hjg[VXZ iZbeZgVijgZ#: [dg i]Z gV^c[Vaa+ lZ

VYdeiZY i]Z #Vibdhe]ZgZ# LZVab+ VcY i]Z ?B MiVcYVgY IVbZ lVh #gV^c[Vaa [ajm#+ l^i] i]Z adc\ cVbZ

WZ^c\ #LV^c[Vaa Bajm l]ZgZ EXZ BgZZ JXZVc dkZg MZV#- Bdg i]Z eVgi^Va egZhhjgZ d[ XVgWdc Y^dm^YZ+ lZ

VYdeiZY i]Z #dXc>\X]Zb# LZVab+ VcY i]Z ?B MiVcYVgY IVbZ lVh #VW^di^X hjg[VXZ VfjZdjh eVgi^Va

egZhhjgZ d[ ?J1#+ l^i] i]Z adc\ cVbZ WZ^c\ #=W^di^X Mjg[VXZ =fjZdjh KVgi^Va KgZhhjgZ d[ ?J1#- Bdg

i]Z YViVhZi jhZY ^c i]^h gZk^h^dc+ eaZVhZ gZ[Zg id =eeZcY^m E ^c i]^h [^aZ-

N]Z bdY^[^XVi^dch d[ YViV VcY iZmi gZhjai^c\ [gdb i]Z X]Vc\Zh ^c i]Z bdYZa^c\ kVg^VWaZh VgZ

egZhZciZY ^c i]Z bVcjhXg^ei VcY i]Z MjeeaZbZciVgn HViZg^Va- N]^h ^cXajYZh i]Z [^\jgZh ^c i]Z

bVcjhXg^ei i]Vi h]dl i]Z egZY^Xi^dc gZhjaih+ l]^X] ]VkZ heVi^Va Y^[[ZgZcXZh YjZ id i]Z ^begdkZbZci



^c gZhdaji^dc- N]Z YZhXg^ei^dch ^c i]Z gZhjaih VgZ bdY^[^ZY VXXdgY^c\an [dg i]Z XVaXjaVi^dc gZhjaih ^c

i]Z XdggZhedcY^c\ [^\jgZh- Ec VYY^i^dc+ lZ ]VkZ egdk^YZ V WgVcY,cZl MjeeaZbZciVgn HViZg^Va > id

Y^heaVn i]Z XVaXjaVi^dc gZhjaih+ VcY XdggZhedcY^c\ bdY^[^XVi^dch l^aa Vahd WZ bVYZ ^c i]Z XgZVi^dc d[

i]Z gZXZeidg bdYZa (MjeeaZbZciVgn HViZg^Va ?) VcY HdYZa kZg^[^XVi^dc (MjeeaZbZciVgn HViZg^Va

@)-

Jc a^cZh 335,336 ^i ^h hiViZY i]Vi qlViZg iZbeZgVijgZ+ gV^c[Vaa+ ?J1 aZkZah (p?J1)+ VcY dXZVc

VX^Y^[^XVi^dc gViZh lZgZ ZmigVXiZY-r Ec =eeZcY^m 0 d[ i]Z gZWjiiVa i]Z Vji]dgh ^cXajYZ YZiV^aZY

bZiVYViV [dg i]gZZ kVg^VWaZh jcYZg i]Z ]ZVY^c\h qMjg[VXZ hZV iZbeZgVijgZr+ qp?J1r+ VcY qQZi

YZedh^i^dcr- N]Z ^c[dgbVi^dc ^c =eeZcY^m 0 h]dlh i]Vi i]Z kVg^VWaZh ZmigVXiZY VgZ qiVhb^cr+

qXd12@r+ VcY qXalk^r-

qiVhb^cr ^h i]Z kVg^VWaZ ZmigVXiZY jcYZg i]Z ]ZVYa^cZ qMjg[VXZ hZV iZbeZgVijgZr- DdlZkZg+ i]^h ^h

cdi lViZg iZbeZgVijgZ- LZVab ^h \^kZc Vh qVibdhr ^cY^XVi^c\ i]Vi ^i ^h Vc Vibdhe]Zg^X kVg^VWaZ+ VcY

i]Z adc\UcVbZ Viig^WjiZ hiViZh i]Vi i]^h ^h q@V^an H^c^bjb IZVg,Mjg[VXZ =^g NZbeZgVijgZr- Md

gVi]Zg i]Vc jh^c\ lViZg iZbeZgVijgZ ^c i]Z^g bdYZa i]Z Vji]dgh ]VkZ jhZY V^g iZbeZgVijgZ- =cY cdi

ZkZc i]Z VXijVa V^g iZbeZgVijgZ+ Wji i]Z b^c^bjb d[ i]Z cZVg,hjg[VXZ (ine^XVaan 1,bZiZg) iZbeZgVijgZ-

N]^h kVg^VWaZ ^h Vahd ZmigVXiZY [gdb V Y^[[ZgZci bdYZa i]Vc i]Vi hiViZY dc a^cZ 331 (hZZ WZadl)-

qXd12@r ^h i]Z kVg^VWaZ ZmigVXiZY jcYZg i]Z ]ZVYa^cZ qp?J1r- N]^h ^h Vahd Vc Vibdhe]Zg^X kVg^VWaZ

Vh ^cY^XViZY Wn i]Z Viig^WjiZ gZVab (qVibdhr)- Nd bZ ^i ldjaY bV`Z bdgZ hZchZ id jhZ hjg[VXZ dXZVc

p?J1+ Wji ^i ^h cdi VXijVaan hiViZY Vcnl]ZgZ l]Zi]Zg Vibdhe]Zg^X dg dXZVc^X p?J1 ^h ^YZci^[^ZY Vh

dcZ d[ i]Z i]gZZ Yg^kZgh- EbedgiVcian i]dj\]+ i]Z Viig^WjiZ adc\UcVbZ h]dlh i]Vi i]^h kVg^VWaZ ^h V

q2@ [^ZaY d[ igVchedgiZY ?J1r- N]Z Vji]dgh ]VkZ cdi bVYZ XaZVg l]Zi]Zg i]Zn ]VkZ jhZY i]Z Zci^gZ

2@ [^ZaY Vh ^ceji id i]Z^g bdYZa+ dg l]Zi]Zg i]ZnskZ jhZY _jhi dcZ aVnZg- LZ\VgYaZhh+ E WZa^ZkZ i]Z

Vji]dgh lVci id jhZ Vibdhe]Zg^X ?J1 XdcXZcigVi^dc ]ZgZ+ l]^X] ^h eVgi d[ i]Z bdYZa [dgX^c\ (i]Z

MMK2,6-/ hXZcVg^d YZ[^cZh i]Z Vibdhe]Zg^X ?J1 XdcXZcigVi^dc [dg ZVX] i^bZhiZe)-

qXalk^r ^h i]Z kVg^VWaZ ZmigVXiZY jcYZg i]Z ]ZVY^c\ qQZi YZedh^i^dcr- N]^h ^h egdWVWan l]Vi i]Z

Vji]dgh WZa^ZkZ gZegZhZcih gV^c[Vaa (dcZ d[ i]Z kVg^VWaZh i]Zn XaV^b dc a^cZ 335 id ]VkZ ZmigVXiZY)-

N]^h ^h Vcdi]Zg Vibdhe]Zg^X kVg^VWaZ (gZVab ; Vibdh)+ Wji i]Vi ldjaY ^c i]^h XVhZ bV`Z hZchZ-

DdlZkZg+ i]Z Viig^WjiZ adc\UcVbZ h]dlh i]Vi i]^h ^h q?dcYZchZY QViZg KVi]r VcY i]Z XdbbZci+ Vh

lZaa Vh V fj^X` X]ZX` ^c i]Z ?HEK5 kVg^VWaZ a^hi+ ^cY^XViZh i]Vi i]^h kVg^VWaZ gZegZhZcih i]Z Vbdjci

d[ a^fj^Y lViZg VcY ^XZ ^c XadjYh- Md cdi gZaViZY id egZX^e^iVi^dc- Ec VYY^i^dc+ i]^h kVg^VWaZ ^h [gdb V

Y^[[ZgZci ZchZbWaZ gjc [gdb i]Vi \^kZc dc a^cZ 333 (hZZ WZadl)-

N]Vc` i]Z gZk^ZlZgh [dg i]Z^g YZiV^aZY XdbbZcih- N]Z XdggZhedcY^c\ eVgV\gVe] [dg i]Z YZhXg^ei^dc

d[ i]Z bZi]dYh ]Vh WZZc gZk^hZY- N]Z [daadl^c\ ^h i]Z gZlg^iiZc kZgh^dc9

?HEK5 ^h V egd_ZXi ^c^i^ViZY jcYZg i]Z QdgaY ?a^bViZ LZhZVgX] Kgd\gVb id XdbeVgZ XdjeaZY bdYZah

VcY Zc]VcXZ djg jcYZghiVcY^c\ d[ i]Z AVgi]'h Xa^bViZ hnhiZb- Eih \dVa ^h id egdbdiZ bdYZa

YZkZadebZci VcY [VX^a^iViZ hX^Zci^[^X gZhZVgX] Wn deZcan egdk^Y^c\ bjai^,bdYZa djieji ^c V

hiVcYVgY^oZY [dgbVi- DZgZ lZ jhZ MXZcVg^dHEK h^bjaVi^dch [gdb i]Z AVgi] MnhiZb bdYZa ?VcAMH4-

N]Z bdYZa ]Vh V heVi^Va gZhdaji^dc d[ 0 YZ\gZZh aVi^ijYZ Wn 0 YZ\gZZh adc\^ijYZ+ VcY lZ jhZ i]Z

bdci]an djieji [gdb i]Z &g0^0e0[0- N]Z Xa^bViZ X]Vc\Z bdYZa ^h hZi Vh hhe2,6-/- Nd ZmigVXi YViV

[gdb i]Z bdYZa [gdb 1/04(1/88+ L,WVhZY cXY[3 VcY gVhiZg idda`^ih lZgZ jhZY- PVg^VWaZh hjX] Vh

hjg[VXZ hZV iZbeZgVijgZ+ gV^c[Vaa [ajm+ VcY VW^di^X hjg[VXZ VfjZdjh eVgi^Va egZhhjgZ d[ ?J1 (p?J1)-

Oh^c\ V gZXZeidg bdYZa VcY bVX]^cZ aZVgc^c\ iZX]c^fjZh+ i]Z X]Vc\Zh ^c cjig^Zcih VcY NHh aZkZah

^c i]Z lViZg VgZV dkZg i]Z cZmi 7/ nZVgh lZgZ h^bjaViZY VcY egZY^XiZY- >n VcVano^c\ i]Z ZmigVXiZY

kVg^VWaZh+ i]Z bdci]an X]Vc\Z igZcY d[ i]Z XdcXZcigVi^dc d[ cjig^Zcih VcY NHh Wn i]Z ZcY d[ i]^h



XZcijgn XdjaY WZ egd_ZXiZY-

Jc a^cZ 331 i]Z Vji]dgh lg^iZ i]Vi djieji [gdb i]Z CEMM,A1 bdYZa ^h jhZY- N]^h VeeZVgh id WZ

^cXdggZXi- N]Z kVg^VWaZ qiVhb^cr ^h gZig^ZkZY [gdb i]Z ?]^cZhZ BCJ=GM,\2 bdYZa

(eVgZciUhdjgXZU^Y;BCJ=GM,\2)-

N]Z ZmegZhh^dc Zggdg ]Vh WZZc XdggZXiZY id #VW^di^X hjg[VXZ VfjZdjh eVgi^Va egZhhjgZ d[ ?J1#-

N]Z XdggZXiZY iZmi d[ a^cZ 331 ^h9 N]Z kVg^VWaZh ^cXajYZ hjg[VXZ hZV iZbeZgVijgZ+ gV^c[Vaa [ajm+ VcY

VW^di^X hjg[VXZ VfjZdjh eVgi^Va egZhhjgZ d[ ?J1 (p?J1)- Ei VeeZVgh dc eV\Z 07+ a^cZ 323 d[ i]Z gZk^hZY

Vgi^XaZ-

Jc a^cZ 333 ^i ^h hiViZY i]Vi i]Z ZchZbWaZ bZbWZg qg0^0e0[0r ^h jhZY- DdlZkZg+ [dg kVg^VWaZ qXalk^r

eVgZciUkVg^VWaZUaVWaZ;g0^0e2[0 ^h jhZY- Ei ^h cdi VYk^hZY id jhZ ild Y^[[ZgZci ZchZbWaZ bZbWZgh [dg

Y^[[ZgZci kVg^VWaZh+ VcY ^[ YdcZ ^i cZZYh id WZ hiViZY XaZVgan-

N]Z ZchZbWaZ bZbWZg [dg i]Z cZlan VYdeiZY kVg^VWaZh ^c i]^h hijYn ^h jc^[dgban #g0^0e0[0#- Sdj

XVc gZ[Zg id =eeZcY^m E- N]Z gZaZkVci XdciZci XVc WZ [djcY dc eV\Zh 0/+ 03 VcY 08 d[ i]^h YdXjbZci-

Jc a^cZh 335,336 [djg kVg^VWaZh VgZ a^hiZY+ Wji i]ZgZ VgZ dcan i]gZZ ^c =eeZcY^m 0- E i]ZgZ[dgZ Yd cdi

`cdl l]Vi YViV+ ^[ Vcn+ ]Vh WZZc ZmigVXiZY Vh qdXZVc VX^Y^[^XVi^dc gViZhr h^cXZ cd ^c[dgbVi^dc ^h

\^kZc-

N]gdj\]dji i]Z iZmi+ lZ ]VkZ jc^[^ZY i]Z cVbZh d[ i]Z i]gZZ kVg^VWaZh Vh9 hjg[VXZ hZV iZbeZgVijgZ+

gV^c[Vaa [ajm+ VcY eVgi^Va egZhhjgZ d[ XVgWdc Y^dm^YZ (p?J1)-

N]Z ^c[dgbVi^dc EskZ egdk^YZY VWdkZ XaZVgan h]dlh i]Vi i]Z Vji]dgh ]VkZ cdi jhZY i]Z kVg^VWaZh i]Zn

hVn i]Zn ]VkZ- Esb hdggn i]Vi i]^h ^h Y^hXdkZgZY hd aViZ ^c i]Z gZk^Zl egdXZhh+ Wji i]^h ^h l]n i]Z

VXijVa kVg^VWaZ cVbZh h]djaY ValVnh WZ egdk^YZY- DVY i]Z Vji]dgh ^cXajYZY i]^h ^c[dgbVi^dc ^c i]Z

egZk^djh kZgh^dc ^i ldjaY ]VkZ WZZc XaZVg id bZ+ VcY egdWVWan Vahd i]Z di]Zg gZk^ZlZgh+ i]Vi

hdbZi]^c\ ^h lgdc\ l^i] i]Z VcVanh^h- N]Z Vji]dgh l^aa ]VkZ id ZmigVXi i]Z XdggZXi kVg^VWaZh (i]^h a^hi

h]djaY WZ ]Zae[ja ^c ^YZci^[n^c\ l]^X] i]Zn VgZ9 ]iieh9..eXbY^-aaca-\dk.b^eh.Xb^e2.kVg^VWaZG^hi-]iba)

VcY gZYd i]Z^g VcVanh^h [dg i]Z [jijgZ- N]Z gZhjaih VcY XdcXajh^dch l^aa i]Zc ]VkZ id WZ bdY^[^ZY

WVhZY dc i]Z cZl gZhjaih-

QZ VgZ ZmigZbZan \gViZ[ja id i]Z gZk^ZlZg [dg egdk^Y^c\ hjX] YZiV^aZY VcY kVajVWaZ hj\\Zhi^dch- QZ

jhZY i]Z kVg^VWaZ #idh# [dg i]Z hZV hjg[VXZ iZbeZgVijgZ- N]Z eVgi^Va egZhhjgZ d[ XVgWdc Y^dm^YZ

WZadc\h id i]Z XViZ\dgn d[ dXc>\X]Zb- Ec iZgbh d[ gV^c[Vaa+ ^c i]Z VccdiVi^dc+ i]Z #hiVcYVgYUcVbZ#

^h 'gV^c[VaaU[ajm'+ VcY i]Z #adc\UcVbZ# ^h 'LV^c[Vaa Bajm l]ZgZ EXZ BgZZ JXZVc dkZg MZV'-

B^cVaan+ E lVci id cdiZ i]Vi ^c i]Z^g gZWjiiVa id bn XdbbZci VWdji l]n i]Zn ]VkZ X]dhZc i]Z bdYZa

i]Zn ]VkZ i]Z Vji]dgh h]dl i]Z^g ^cZmeZg^ZcXZ l^i] AVgi] MnhiZb HdYZah VcY ?HEK5- N]Z dXZVc

gZhdaji^dc ^c i]Z bdYZah i]ZnskZ ZmigVXiZY YViV [gdb ^h 0 Wn 0 YZ\gZZ+ l]^X] ^h XaZVg [gdb i]Z

Viig^WjiZh a^hiZY ^c =eeZcY^m 0- N]Z Vibdhe]Zg^X gZhdaji^dc ^c AVgi] MnhiZb bdYZah ^h ValVnh XdVghZg

i]Vc i]Z dXZVc- E VhhjbZY ^c bn ^c^i^Va gZk^Zl i]Vi i]Zn ]VY ZmigVXiZY [gdb i]Z dXZVc+ cdi i]Z

Vibdhe]ZgZ- C^kZc i]^h dWk^djh ^cZmeZg^ZcXZ E ldjaY jg\Z i]Z Vji]dgh id gZVX] dji id i]Z XdciVXi

eZghdc \^kZc [dg i]Z ?HEK5 bdYZah (i]Z Viig^WjiZ XdciVXi \^kZh Vc Z,bV^a VYYgZhh) VcY Vh` [dg VYk^XZ

dc ]dl id WZhi jhZ i]Z^g YViV+ VcY l]^X] kVg^VWaZh VgZ i]Z bdhi Veegdeg^ViZ-

N]Vc` i]Z gZk^ZlZg [dg i]Z \j^YVcXZ egdk^YZY ^c kVg^VWaZ hXgZZc^c\- Ec i]^h hijYn+ kVg^VWaZh ]VkZ

WZZc gZhZaZXiZY+ VcY i]Z XdciVXi eZghdc ]Vh WZZc XdchjaiZY k^V ZbV^a gZ\VgY^c\ i]Z heZX^[^X YZiV^ah

d[ i]Z kVg^VWaZ YZhXg^ei^dch id ZchjgZ i]Vi i]Z hZaZXiZY kVg^VWaZh VgZ Xdch^hiZci l^i] l]Vi ^h YZhXg^WZY

^c i]Z Vgi^XaZ-

H^cdg ^hhjZh9

G^cZ 139 qegdkZYr ^h V kZgn higdc\ ldgY id jhZ ]ZgZ- ?dch^YZg gZk^h^c\-



N]Z ldgY #hj\\ZhiZY# lVh jhZY ^c i]Z dg^\^cVa hZciZcXZ ^chiZVY d[ #egdkZY#- N]Z hZciZcXZ lVh

bdY^[^ZY Vh9 Ei ^h hj\\ZhiZY i]Vi i]Z VX^Y^[^XVi^dc egdXZhh bVn XVggn i]Z g^h` d[ ig^\\Zg^c\ i]Z dXZVcsh

Wj[[Zg^c\ bZX]Vc^hbh-

G^cZ 279 Nned- MZeVgViZ qXgj^X^ValViZgr ^cid ild ldgYh (XgjX^Va VcY lViZg)

N]Z dg^\^cVa hZciZcXZ lVh bdY^[^ZY Vh &DdlZkZg+ i]^h XgjX^Va lViZg hZXidg ^h hj[[Zg^c\ [gdb

ediZci^Va ^beVXih [gdb Xa^bViZ X]Vc\Z-'

G^cZ 429 N]Z X]Vc\Z id qVX^Y^[^XVi^dc Vibdhe]ZgZr YdZh cdi bV`Z Vcn bdgZ hZchZ i]Vc i]Z dg^\^cVa

qXVgWdcViZ Vibdhe]ZgZr- Ei ^h igjZ i]Vi i]Z cZVgh]dgZ Zck^gdcbZci ^h V[[ZXiZY Wn VX^Y^[^XVi^dc+ Wji

i]Z iZgb qVX^Y^[^XVi^dc Vibdhe]ZgZr ^h cdi iZgb^cdad\n i]Vi ^h Xdbbdcan jhZY ^c i]Z hX^Zci^[^X

a^iZgVijgZ- =i i]Z kZgn aZVhi i]Z Vji]dgh cZZY id VYY Vc ZmeaVcVi^dc.YZ[^c^i^dc id i]Z iZmi+ Wji WZiiZg

ldjaY WZ id _jhi hVn i]Vi i]Z cZVgh]dgZ Zck^gdcbZci ^h V[[ZXiZY Wn VX^Y^[^XVi^dc (l]^X] ^h VeeVgZcian

l]Vi i]Zn VgZ ign^c\ id Xdbbjc^XViZ ]ZgZ)-

QZ VYYZY cdiZh id i]Z dg^\^cVa eVgi id hjeeaZbZci i]Z bZVc^c\ d[ #VX^Y^[^XVi^dc Vibdhe]ZgZh#- N]Z

hZciZcXZ lVh X]Vc\ZY id9 QZ ZmeZXi [jijgZ bVg^cZ ZXdad\n id WZ ZmedhZY id dXZVch l^i] ]^\] lViZg

iZbeZgVijgZh+ adl eD+ VcY VX^Y^X Vibdhe]ZgZh (V gZhjai d[ i]Z ZaZkVi^dc ^c i]Z eVgi^Va egZhhjgZ d[

?J1)-

G^cZ 569 N]Z Xdbbdc iZgb^cdad\n ^h qhZV hjg[VXZ iZbeZgVijgZr- KaZVhZ gZk^hZ-

N]Z hZciZcXZ ]VkZ WZZc gZk^hZY Vh [daadlh9 MZV hjg[VXZ iZbeZgVijgZ+ Vibdhe]Zg^X YZedh^i^dc VcY

eD VgZ Xdch^YZgZY id WZ i]Z ^c[ajZcX^c\ [VXidgh d[ i]ZhZ igVchb^hh^dc gdjiZh- N]Z XdggZhedcY^c\

gZ[ZgZcXZ ^h Vahd iVg\ZiZY Vi hjg[VXZ hZV iZbeZgVijgZ- =XXdgY^c\ id i]Z hZVgX]+ i]ZgZ VgZ Vahd [^kZ

di]Zg eaVXZh ^c i]Z hjWhZfjZci eVgi d[ i]^h Vgi^XaZ l]ZgZ i]Z hVbZ ldgYh VeeZVg+ VcY lZ ]VkZ bVYZ

i]Z gZk^h^dch VXXdgY^c\an-

G^cZ 81,829 E XdbbZciZY dc i]^h hZciZcXZ ^c bn [^ghi gZk^Zl VcY ^i bV`Zh cd bdgZ hZchZ cdl-

I^igd\Zc gZbdkVa VcY YZc^ig^[^XVi^dc YdZh ]VeeZc ^c h^ij ^c i]Z dXZVc- N]Z gZ[ZgZcXZ jhZY ]ZgZ [dg

i]Z hiViZbZci i]Vi i]ZhZ egdXZhhZh Yd cdi ]VeeZc (DjiX]^ch VcY ?VedcZ+ 1/11) YdZh cdi ^c Vcn lVn

hjeedgi hjX] V hiViZbZci- Ei ^h [VXijVaan ^cXdggZXi id hiViZ i]Vi qI gZbdkVa VcY YZc^ig^[^XVi^dc

egdXZhhZh ]VkZ WZZc egdkZc cdi id dXXjg ^c h^ijr+ VcY i]Z Vji]dgh VgZ Vahd ^cXdggZXian gZ[ZgZcX^c\

DjiX]^ch VcY ?VedcZ (1/11) id hjeedgi i]Z ^cXdggZXi hiViZbZci- N]^h cZZYh id WZ gZk^hZY-

QZ ]VkZ gZlg^iiZc i]Z hZciZcXZ VcY gZbdkZY i]Z dg^\^cVa gZ[ZgZcXZ+ gZeaVX^c\ ^i l^i] ild cZl

gZ[ZgZcXZh- N]Z hZciZcXZh VgZ gZk^hZY Vh [daadlh9 N]Z bZiVah ^c i]Z VX^Y,hdajWaZ VcY gZYjX^WaZ

[gVXi^dch b^\gViZ ^c gZhedchZ id i]Z kVg^Vi^dc d[ bVg^cZ lViZg fjVa^in 14- N]Z higVi^[^XVi^dc d[ dXZVc

iZbeZgVijgZ VcY YZch^in bdY^[^Zh i]Z cjig^Zci igVchedgi 15- ?dchZfjZcian+ Wdi] cjig^Zcih VcY igVXZ

bZiVah (NHh) XVc [jgi]Zg ^c[ajZcXZ i]Z deZc hZV k^V dXZVc XjggZcih-

LZ[ZgZcXZ

14- G^j+ H-+ ?]Zc+ F- >-+ Mjc+ R- M-+ Dj+ T- T- & BVc+ @- F- =XXjbjaVi^dc VcY igVch[dgbVi^dc d[

]ZVkn bZiVah ^c hjg[VXZ hZY^bZcih [gdb i]Z SVc\ioZ L^kZg ZhijVgn id i]Z AVhi ?]^cV MZV h]Za[-

Ack^gdcbZciVa Kdaaji^dc 134+ 000,010+ Yd^90/-0/05._-Zckeda-1/07-0/-017 (1/08)-

15- @V^+ S- D- Zi Va- ?dVhiVa e]nideaVc`idc Waddbh ZmeVcY VcY ^ciZch^[n ^c i]Z 10hi XZcijgn- IVijgZ

504+ 17/,*+ Yd^90/-0/27.h30475,/12,/465/,n (1/12)-

G^cZ 01/9 DZgZ ndj hiViZ i]Vi qhZV hjg[VXZ iZbeZgVijgZ+ Ygn VcY lZi YZedh^i^dc Vbdjci+ VcY eDr VgZ

i]Z i]gZZ [VXidgh WZ^c\ Xdch^YZgZY ^c ndjg bdYZa- DdlZkZg+ dc a^cZh 1/5+ 117+ VcY 186 Vh lZaa Vh ^c

B^\jgZ 0W ndj a^hi i]Z i]gZZ XdbedcZcih Vh qMMN+ YZedh^i^dc+ VcY e?J1r hj\\Zhi^c\ i]Vi eD ^h cdi

dcZ d[ i]Z i]gZZ XdbedcZcih- >ji i]Zc dc a^cZ 105 eD ^h bZci^dcZY Vh dcZ d[ i]Z i]gZZ- KaZVhZ XdggZXi

i]Z ^c[dgbVi^dc ^c Vaa i]ZhZ eaVXZh id Vkd^Y Xdc[jh^dc- Ec VYY^i^dc+ ndj h]djaY ^cY^XViZ ^c Vaa i]ZhZ



eaVXZh l]^X] ineZ d[ YZedh^i^dc- E VhhjbZ ^i ^h Wdi] lZi VcY Ygn Vh ^c^i^Vaan hiViZY+ Wji i]^h h]djaY

WZ XaZVg ZkZgnl]ZgZ- =ahd+ eaZVhZ YZ[^cZ e?J1 i]Z [^ghi i^bZ ^i ^h jhZY+ cdi i]Z aVhi- Idl qeVgi^Va

egZhhjgZ d[ XVgWdc Y^dm^YZr ^h jhZY dc a^cZ 186+ Wji cdi WZ[dgZ- Sdj Vahd cZZY id XaVg^[n l]Zi]Zg

ndjskZ jhZY Vibdhe]Zg^X dg dXZVc^X e?J1-

Nd Vkd^Y Y^hejiZh dkZg ldgY^c\+ i]^h eVeZg YZiZgb^cZh i]Vi i]Z i]gZZ ^c[ajZcX^c\ kVg^VWaZh d[ i]Z

bdYZa VgZ hZV hjg[VXZ iZbeZgVijgZ+ egZX^e^iVi^dc VcY eVgi^Va egZhhjgZ d[ XVgWdc Y^dm^YZ- @jg^c\ i]Z

gZk^h^dc+ i]Z X^iZY gZ[ZgZcXZh 03+ 04 VcY 05 ]VkZ WZZc X]Vc\ZY- =aa i]Z [^\jgZh ^c i]Z bV^c iZmi ]VkZ

WZZc gZYgVlc YjZ id i]Z X]Vc\Z d[ YViV- N]Zn VgZ ^c =eeZcY^m EE-

LZ[ZgZcXZ

03- T]Vc\+ G- et al. MeVi^Va VcY hZVhdcVa X]VgVXiZg^hi^Xh d[ Y^hhdakZY ]ZVkn bZiVah ^c i]Z ZVhi VcY

lZhi CjVc\Ydc\ XdVhiVa lViZgh+ Mdji] ?]^cV- Marine Pollution Bulletin -*+ 308,315+

Yd^90/-0/05._-bVgedaWja-1/04-/2-/24 (1/04)-

04- T]V^+ B- C- et al. MViZaa^iZ,JWhZgkZY EciZgVccjVa PVg^Vi^dch ^c MZV Mjg[VXZ ?]adgde]naa,V

?dcXZcigVi^dc ^c i]Z SZaadl MZV JkZg i]Z KVhi Nld @ZXVYZh- Journal of Geophysical Research-

Oceans &',+ Yd^90/-0/18.1/11_X/08417 (1/12)-

05- =gYZaVc+ H- P-+ MiZ^ccZh+ A-+ G^Zg]V\Zc+ M- & G^cYZ+ M- J- A[[ZXih d[ ZmeZg^bZciVa ?J1 aZV`V\Z

dc hdajW^a^in VcY igVchedgi d[ hZkZc igVXZ bZiVah ^c hZVlViZg VcY hZY^bZci- Science of the Total

Environment )%++ 5144,5155+ Yd^90/-0/05._-hX^idiZck-1//8-/8-//3 (1//8)-

G^cZ 0139 Ec bn dg^\^cVa gZk^Zl E lgdiZ ]ZgZ i]Vi qEi ^h jcXaZVg l]Vi ndj bZVc Wn q?HEK5

[gVbZldg`r ]ZgZ- Sdj ]VkZ+ Vh E jcYZghiVcY ^i+ jhZY djieji [gdb dcZ d[ i]Z bdYZah Xdcig^Wji^c\ id

?HEK5- E[ i]Vi ^h l]Vi ndj lVci id Xdbbjc^XViZ ]ZgZ eaZVhZ hiViZ i]Vi+ di]Zgl^hZ ZmeaV^c l]Vi i]Z

[gVbZldg` ^h-r N]Z Vji]dgh VchlZgZY ^c i]Z^g gZWjiiVa i]Vi i]Zn ldjaY bV`Z V bdY^[^XVi^dc+ VcY a^c`

id i]Z HViZg^Vah VcY HZi]dYh hZXi^dc Wji i]^h ]Vh cdi WZZc YdcZ- Ei ^h XaZVg i]Vi i]Z Vji]dgh VgZ cdi

[Vb^a^Vg l^i] i]Z jhZ d[ AVgi] MnhiZb HdYZah VcY ?HEK5 (Vh Vahd ZmeaV^cZY VWdkZ)- N]Zn ]VkZ cdi

jhZY i]Z ?HEK5 [gVbZldg`+ l]^X] ^h V [gVbZldg` id Vaadl i]Z ^ciZgXdbeVg^hdc d[ bVcn Y^[[ZgZci

bdYZah+ Wji gVi]Zg djieji [gdb dcZ AVgi] MnhiZb bdYZa l]^X] ]Vh Xdcig^WjiZY id i]Z ?HEK5 egd_ZXi-

N]ZgZ ^h cd bdYZa XdbeVg^hdc+ dg bdYZa ZchZbWaZ jhZY ^c i]^h ldg`- Md ]ZgZ ^i ldjaY WZ bdgZ

Veegdeg^ViZ id hiViZ qi]Z ?HEK5 kZgh^dc d[ i]Z CEMM,A1 bdYZa lVh jhZY id egZY^Xi pr- DdlZkZg+

Vh ZmeaV^cZY VWdkZ i]^h ^h Vahd cdi VXXjgViZ h^cXZ i]Z Vji]dgh ]VkZ VXijVaan jhZY YViV [gdb ild

bdYZah-

Bdaadl^c\ i]Z gZk^ZlZg'h hj\\Zhi^dch+ i]Z gZeaVXZY YViV hdjgXZ (?VcAMH4)+ VcY i]Z [VXi i]Vi i]Z

YViV hdjgXZ cdl XdbZh [gdb V jc^[^ZY dg^\^c+ i]^h hZciZcXZ VgZ X]Vc\ZY ^cid #N]Z ?HEK5 kZgh^dc

d[ i]Z ?VcAMH4 bdYZa#-

N]Z hZciZcXZ lVh X]Vc\ZY id9 JcXZ V gZa^VWaZ gZXZeidg bdYZa ]VY WZZc ZhiVWa^h]ZY+ i]Z ?HEK5

kZgh^dc d[ i]Z ?VcAMH4 bdYZa lVh ZbeadnZY id egZY^Xi i]Z [jijgZ lViZg fjVa^in-

G^cZ 016,0179 N]^h eVeZg YdZh cdi h^bjaViZ i]Z MMK26/ hXZcVg^d- Jjieji [gdb AVgi] MnhiZb HdYZah

i]Vi ]VkZ h^bjaViZY i]^h hXZcVg^d ^h jhZY+ Wji i]Vi ^h cdi i]Z hVbZ i]^c\- N]^h cZZYh gZk^h^dc [dg

XaVg^in-

N]^h hZciZcXZ YdZh cdi XaVg^[n i]Z heZX^[^X lVn i]Z bdYZa ^h jhZY VcY ]VkZ WZZc X]Vc\ZY ^cid9

N]Z YViV d[ i]gZZ kVg^VWaZh djieji Wn i]Z ZmeZg^bZci E@ d[ MMK2,6-/ lZgZ jhZY id [^i i]Z bZVhjgZY

YViV+ VcY V gZXZeidg bdYZa lVh XdchigjXiZY id egZY^Xi cjig^Zcih VcY NHh-

G^cZh 023,0249 N]Z Vji]dgh ]VkZ gZk^hZY i]^h hiViZbZci hdbZl]Vi V[iZg bn ^c^i^Va gZk^Zl- DdlZkZg+

i]Z hiViZbZci ^h hi^aa jcXaZVg VcY bn dg^\^cVa XdbbZci i]Vi qi]Z lVgb^c\ egdXZhh XVccdi WZ

XdcigdaaZY Vcnl]ZgZ Vi i]Z bdbZcir ^h hi^aa kVa^Y- =YY^c\ qdg gZkZghZYr YdZh cdi X]Vc\Z dg XaVg^[n



Vcni]^c\- E Yd cdi jcYZghiVcY l]Vi i]Z Vji]dgh VgZ ign^c\ id hVn hd i]Z hZciZcXZ hi^aa cZZYh gZk^h^dc-

N]Z lVgb^c\ egdXZhh XVccdi WZ XdcigdaaZY Vcnl]ZgZ Vi i]Z bdbZci hd i]Z bZVc^c\ d[ i]^h [^cVa

hiViZbZci ^h jcXaZVg- KaZVhZ gZk^hZ-

QZ Vedad\^oZ [dg i]Z Xdc[jh^dc XVjhZY+ lZ ]VkZ gZlg^iiZc i]Z hZciZcXZ Vh [daadlh9

Ei gZkZVah i]Z edaaji^dc ZmedhjgZ g^h`h d[ i]Z ^cXgZVh^c\an VX^Y^[^ZY dXZVch+ ZheZX^Vaan ^c i]Z ZhijVg^cZ

Zck^gdcbZci l^i] ]^\] cjig^Zcih VcY ]^\] XVgWdc Y^dm^YZ-

G^cZ 288,3//9 DZgZ ild hZciZcXZh ^c V gdl WZ\^c l^i] qDdlZkZgr- N]Vi YdZh cdi bV`Z hZchZ hd

eaZVhZ gZk^hZ-

QZ VgZ hdggn [dg i]Z cVggVi^kZ Zggdgh ]ZgZ- N]Z hZciZcXZ ^h X]Vc\ZY ^cid9

DdlZkZg+ lZ VgZ VWaZ id \Zi V \a^behZ d[ i]Z YgVbVi^X X]Vc\Zh ^c i]Z XnXaZ d[ ZaZbZcih Wgdj\]i

VWdji Wn X]Vc\Zh ^c i]Z e]nh^XVa Zck^gdcbZci- QZ VgZ VWaZ id [jgi]Zg VcVanoZ VcY [dgZhZZ i]Z

h^\c^[^XVci X]Vc\Zh ^c ZaZbZci XnXaZh Wgdj\]i VWdji Wn e]nh^XVa Zck^gdcbZciVa X]Vc\Zh l^i]^c V

gZ\^dcVa YViVhZi-

LZk^ZlZg $2 (LZbVg`h dc XdYZ VkV^aVW^a^in)9

E ]VkZ cdi gZk^ZlZY i]Z XdYZ-

Id X]Vc\Zh lZgZ bVYZ id i]Z XdYZ ^c i]Z aVhi bdY^[^XVi^dc+ hd ^i lVhc'i jeadVYZY- QZ ]VkZ gZ,

jeadVYZY i]Z XdYZ [^aZh i]^h i^bZ- KaZVhZ gZ[Zg id i]Z &LZVYbZ'-

Ec VYY^i^dc+ lZ ]VkZ egdk^YZY i]Z igV^c^c\ hZi+ l]^X] ^h eaVXZY ^c i]Z eVX`V\Z d[ #XdYZ VcY igV^c^c\

YViV#-



.@@<?;>B � @ZiV^ah d[ PVg^VWaZh OhZY [dg HdYZa^c\

(0) PVg^VWaZh jhZY [dg hZV hjg[VXZ iZbeZgVijgZ

CadWVa =iig^WjiZh9

?dckZci^dch ; '?B,0-6 ?HEK,5-1'

VXi^k^inU^Y ; 'MXZcVg^dHEK =Zg?]ZbHEK'

WgVcX]UbZi]dY ; 'MiVcYVgY'

WgVcX]Ui^bZU^cUX]^aY ; /

WgVcX]Ui^bZU^cUeVgZci ; 1/04

XdciVXi ; '@g- R^cnVd Ldc\ (gdc\mn<XbV-\dk-Xc)'

XgZVi^dcUYViZ ; '1/08,/5,00N/49479/0T'

YViVUheZXhUkZgh^dc ; '/0-//-2/'

YZhXg^ei^dc ; 'MMK2,6-/'

ZmeZg^bZci ; '\Ve,[^aa^c\ hXZcVg^d gZVX]^c\ 6-/ WVhZY dc MMK2'

ZmeZg^bZciU^Y ; 'hhe26/'

ZmiZgcVaUkVg^VWaZh ; 'VgZVXZaad'

[dgX^c\U^cYZm ; 0

[gZfjZcXn ; 'bdc'

[jgi]ZgU^c[dUjga ; ']iieh9..[jgi]Zg^c[d-Zh,YdX-dg\.?HEK5-?=HM-?=HM,

?MH0,/-hhe26/-cdcZ-g0^0e0[0'

\g^Y ; 'cVi^kZ dXZVc ig^,edaVg \g^Y'

\g^YUaVWZa ; '\c'

]^hidgn ; '1/08,/5,00N/49479/0T :gZlgdiZ YViV id WZ Xdch^hiZci

l^i] MXZcVg^dHEK [dg kVg^VWaZ idh [djcY ^c iVWaZ Jbdc-:

Jjieji [gdb ?=HM,?MH0,/'

^c^i^Va^oVi^dcU^cYZm ; 0

^chi^iji^dc ; '?]^cZhZ =XVYZbn d[ HZiZdgdad\^XVa MX^ZcXZh+ >Z^_^c\

0///70+ ?]^cV'

^chi^iji^dcU^Y ; '?=HM'

b^eUZgV ; '?HEK5'

cdb^cVaUgZhdaji^dc ; '0// `b'

eVgZciUVXi^k^inU^Y ; '?HEK'

eVgZciUZmeZg^bZciU^Y ; ']^hidg^XVa'

eVgZciUb^eUZgV ; '?HEK5'

eVgZciUhdjgXZU^Y ; '?=HM,?MH0,/'

eVgZciUi^bZUjc^ih ; 'YVnh h^cXZ 1/04,/0,/0'

eVgZciUkVg^VciUaVWZa ; 'g0^0e0[0'

e]nh^XhU^cYZm ; 0

egdYjXi ; 'bdYZa,djieji'

gZVa^oVi^dcU^cYZm ; 0

gZVab ; 'dXZVc'

gZ[ZgZcXZh ; 'HdYZa YZhXg^WZY Wn Ldc\ Zi Va (F- HZiZdgd- LZh-+ 1/08+

465,480)-'

gjcUkVg^Vci ; '[dgX^c\9 \gZZc]djhZ \VhZh+VZgdhda+hdaVg

XdchiVci+kdaXVcd+dodcZ'



hdjgXZ ; '?=HMU?MH 0-/ (1/05)9

VZgdhda9 cdcZ

Vibdh9 A?D=H4U?=HM (N0/5: 21/ m 05/

adc\^ijYZ.aVi^ijYZ: 20 aZkZah: ide aZkZa 0/ bW)

Vibdh?]Zb9 cdcZ

aVcY9 ?dGH 0-/

aVcYEXZ9 cdcZ

dXZVc9 HJH3 (ig^edaVg: 25/ m 1// adc\^ijYZ.aVi^ijYZ+

eg^bVg^an 0YZ\ aVi^ijYZ.adc\^ijYZ+ Ydlc id 0.2YZ\ l^i]^c 2/YZ\ d[ i]Z ZfjVidg^Va igde^Xh: 4/ aZkZah:

ide \g^Y XZaa /,0/ b)

dXc>\X]Zb9 cdcZ

hZVEXZ9 MEM 0-/'

hdjgXZU^Y ; '?=HM,?MH0,/'

hdjgXZUineZ ; '=JC?H'

hjWUZmeZg^bZci ; 'cdcZ'

hjWUZmeZg^bZciU^Y ; 'cdcZ'

iVWaZU^Y ; 'Jbdc'

iVWaZU^c[d ; '?gZVi^dc @ViZ9(2/ =eg^a 1/08)

H@49XX1VZ40X1285/XZ016W3Y57VW2Y7VX76'

i^iaZ ; '?=HM,?MH0,/ djieji egZeVgZY [dg ?HEK5'

igVX`^c\U^Y ; ']Ya910-030//.2W22[2[X,8048,313V,84/1,2YWZ1350ZZV6'

kVg^VWaZU^Y ; 'idh'

kVg^VciUaVWZa ; 'g0^0e0[0'

a^XZchZ ; '?HEK5 bdYZa YViV egdYjXZY Wn GVlgZcXZ G^kZgbdgZ

K?H@E ^h a^XZchZY jcYZg V ?gZVi^kZ ?dbbdch =iig^Wji^dc M]VgZ=a^`Z 3-/ EciZgcVi^dcVa G^XZchZ

(]iieh9..XgZVi^kZXdbbdch-dg\.a^XZchZh)- ?dchjai ]iieh9..eXbY^-aaca-\dk.?HEK5.NZgbhJ[OhZ [dg

iZgbh d[ jhZ \dkZgc^c\ ?HEK5 djieji+ ^cXajY^c\ X^iVi^dc gZfj^gZbZcih VcY egdeZg VX`cdlaZY\bZci-

Bjgi]Zg ^c[dgbVi^dc VWdji i]^h YViV+ ^cXajY^c\ hdbZ a^b^iVi^dch+ XVc WZ [djcY k^V i]Z

[jgi]ZgU^c[dUjga (gZXdgYZY Vh V \adWVa Viig^WjiZ ^c i]^h [^aZ) VcY Vi ]iieh9...eXbY^-aaca-\dk.- N]Z YViV

egdYjXZgh VcY YViV egdk^YZgh bV`Z cd lVggVcin+ Z^i]Zg ZmegZhh dg ^bea^ZY+ ^cXajY^c\+ Wji cdi a^b^iZY

id+ lVggVci^Zh d[ bZgX]VciVW^a^in VcY [^icZhh [dg V eVgi^XjaVg ejgedhZ- =aa a^VW^a^i^Zh Vg^h^c\ [gdb i]Z

hjeean d[ i]Z ^c[dgbVi^dc (^cXajY^c\ Vcn a^VW^a^in Vg^h^c\ ^c cZ\a^\ZcXZ) VgZ ZmXajYZY id i]Z [jaaZhi

ZmiZci eZgb^iiZY Wn aVl-'

XbdgUkZgh^dc ; '2-3-/'

@^bZch^dch9

i^bZ ; 0/1/ (OIGEHENA@)

_ ; 1//

^ ; 25/

WcYh ; 1

kZgi^XZh ; 3

PVg^VWaZh9

i^bZ

M^oZ9 0/1/m0

@^bZch^dch9 i^bZ



@ViVineZ9 YdjWaZ

=iig^WjiZh9

WdjcYh ; 'i^bZUWcYh'

jc^ih ; 'YVnh h^cXZ 1/04,0,0 //9//'

XVaZcYVg ; '254UYVn'

Vm^h ; 'N'

adc\UcVbZ ; 'i^bZ'

hiVcYVgYUcVbZ ; 'i^bZ'

i^bZUWcYh

M^oZ9 1m0/1/

@^bZch^dch9 WcYh+i^bZ

@ViVineZ9 YdjWaZ

_

M^oZ9 1//m0

@^bZch^dch9 _

@ViVineZ9 ^ci21

=iig^WjiZh9

jc^ih ; '0'

adc\UcVbZ ; 'XZaa ^cYZm Vadc\ hZXdcY Y^bZch^dc'

^

M^oZ9 25/m0

@^bZch^dch9 ^

@ViVineZ9 ^ci21

=iig^WjiZh9

jc^ih ; '0'

adc\UcVbZ ; 'XZaa ^cYZm Vadc\ [^ghi Y^bZch^dc'

aVi^ijYZ

M^oZ9 25/m1//

@^bZch^dch9 ^+_

@ViVineZ9 h^c\aZ

=iig^WjiZh9

hiVcYVgYUcVbZ ; 'aVi^ijYZ'

adc\UcVbZ ; 'aVi^ijYZ'

jc^ih ; 'YZ\gZZhUcdgi]'

b^hh^c\UkVajZ ; 0-///////1//3/766Z*1/

UB^aaPVajZ ; 0-///////1//3/766Z*1/

WdjcYh ; 'kZgi^XZhUaVi^ijYZ'

adc\^ijYZ

M^oZ9 25/m1//

@^bZch^dch9 ^+_

@ViVineZ9 h^c\aZ

=iig^WjiZh9

hiVcYVgYUcVbZ ; 'adc\^ijYZ'

adc\UcVbZ ; 'adc\^ijYZ'



jc^ih ; 'YZ\gZZhUZVhi'

b^hh^c\UkVajZ ; 0-///////1//3/766Z*1/

UB^aaPVajZ ; 0-///////1//3/766Z*1/

WdjcYh ; 'kZgi^XZhUadc\^ijYZ'

kZgi^XZhUaVi^ijYZ

M^oZ9 3m25/m1//

@^bZch^dch9 kZgi^XZh+^+_

@ViVineZ9 h^c\aZ

=iig^WjiZh9

jc^ih ; 'YZ\gZZhUcdgi]'

b^hh^c\UkVajZ ; 0-///////1//3/766Z*1/

UB^aaPVajZ ; 0-///////1//3/766Z*1/

kZgi^XZhUadc\^ijYZ

M^oZ9 3m25/m1//

@^bZch^dch9 kZgi^XZh+^+_

@ViVineZ9 h^c\aZ

=iig^WjiZh9

jc^ih ; 'YZ\gZZhUZVhi'

b^hh^c\UkVajZ ; 0-///////1//3/766Z*1/

UB^aaPVajZ ; 0-///////1//3/766Z*1/

idh

M^oZ9 25/m1//m0/1/

@^bZch^dch9 ^+_+i^bZ

@ViVineZ9 h^c\aZ

=iig^WjiZh9

hiVcYVgYUcVbZ ; 'hZVUhjg[VXZUiZbeZgVijgZ'

adc\UcVbZ ; 'MZV Mjg[VXZ NZbeZgVijgZ'

XdbbZci ; 'NZbeZgVijgZ d[ jeeZg WdjcYVgn d[ i]Z a^fj^Y

dXZVc+ ^cXajY^c\ iZbeZgVijgZh WZadl hZV,^XZ VcY [adVi^c\ ^XZ h]ZakZh-'

jc^ih ; 'YZ\?'

dg^\^cVaUcVbZ ; 'iZbe'

XZaaUbZi]dYh ; 'VgZV9 bZVc l]ZgZ hZV i^bZ9 bZVc'

XZaaUbZVhjgZh ; 'VgZV9 VgZVXZaad'

]^hidgn ; '1/08,/5,00N/4946945T VaiZgZY Wn ?HJL9 gZeaVXZY

b^hh^c\ kVajZ [aV\ (,0Z*0/) l^i] hiVcYVgY b^hh^c\ kVajZ (0Z*1/)-'

b^hh^c\UkVajZ ; 0-///////1//3/766Z*1/

UB^aaPVajZ ; 0-///////1//3/766Z*1/

XddgY^cViZh ; 'aVi^ijYZ adc\^ijYZ'



(1) PVg^VWaZh jhZY [dg lZi YZedh^i^dc

CadWVa =iig^WjiZh9

???bVUbdYZaU]Vh] ;

'0[80[81XW5Y5/6280[337204/3/14Y21[X33[VV0'

???bVUeVgZciUgjc^Y ; 'gX2-0,]^h/0'

???bVUenXbdgU]Vh] ;

'22X2/400VXX208V8713/522854V/3XV88X15316Z'

???bVUgjc^Y ; 'gX2-0,h6//0'

?dckZci^dch ; '?B,0-6 ?HEK,5-1'

SH@DUWgVcX]Ui^bZU^cUX]^aY ; '1/049/09/09//'

SH@DUWgVcX]Ui^bZU^cUeVgZci ; '1/049/09/09//'

VXi^k^inU^Y ; 'MXZcVg^dHEK =Zg?]ZbHEK'

WgVcX]UbZi]dY ; 'Me^c,je YdXjbZciVi^dc'

WgVcX]Ui^bZU^cUX]^aY ; 5/114

WgVcX]Ui^bZU^cUeVgZci ; 5/114

XdciVXi ; 'ZX-XXXbV-^c[d,^c[d-XXbVX-ZX<XVcVYV-XV'

XgZVi^dcUYViZ ; '1/08,/4,/1N/2903930T'

YViVUheZXhUkZgh^dc ; '/0-//-18'

ZmeZg^bZci ; '\Ve,[^aa^c\ hXZcVg^d gZVX]^c\ 6-/ WVhZY dc MMK2'

ZmeZg^bZciU^Y ; 'hhe26/'

ZmiZgcVaUkVg^VWaZh ; 'VgZVXZaad'

[dgX^c\U^cYZm ; 0

[gZfjZcXn ; 'bdc'

[jgi]ZgU^c[dUjga ; ']iieh9..[jgi]Zg^c[d-Zh,

YdX-dg\.?HEK5-???bV-?VcAMH4-hhe26/-cdcZ-g0^0e0[0'

\g^Y ; 'JL?=0 ig^edaVg \g^Y+ 0 YZ\ l^i] gZ[^cZbZci id 0.2

YZ\ l^i]^c 1/ YZ\gZZh d[ i]Z ZfjVidg: 250 m 18/ adc\^ijYZ.aVi^ijYZ: 34 kZgi^XVa aZkZah: ide \g^Y XZaa

/,5-08 b'

\g^YUaVWZa ; '\c'

]^hidgn ; '1/08,/4,/1N/2903930T :gZlgdiZ YViV id WZ

Xdch^hiZci l^i] MXZcVg^dHEK [dg kVg^VWaZ eggV [djcY ^c iVWaZ Jbdc-:

Jjieji [gdb %gjc^Y'

^c^i^Va^oVi^dcU^cYZm ; 0

^chi^iji^dc ; '?VcVY^Vc ?ZcigZ [dg ?a^bViZ HdYZaa^c\ VcY =cVanh^h+

Ack^gdcbZci VcY ?a^bViZ ?]Vc\Z ?VcVYV+ P^Xidg^V+ >? P7K 4?1+ ?VcVYV'

^chi^iji^dcU^Y ; '???bV'

b^eUZgV ; '?HEK5'

cdb^cVaUgZhdaji^dc ; '0// `b'

eVgZciUVXi^k^inU^Y ; '?HEK'

eVgZciUZmeZg^bZciU^Y ; ']^hidg^XVa'

eVgZciUb^eUZgV ; '?HEK5'

eVgZciUhdjgXZU^Y ; '?VcAMH4'

eVgZciUi^bZUjc^ih ; 'YVnh h^cXZ 074/,/0,/0 /9/9/-/'

eVgZciUkVg^VciUaVWZa ; 'g0^0e0[0'



e]nh^XhU^cYZm ; 0

egdYjXi ; 'bdYZa,djieji'

gZVa^oVi^dcU^cYZm ; 0

gZVab ; 'Vibdh'

gZ[ZgZcXZh ; 'CZde]nh^XVa HdYZa @ZkZadebZci MeZX^Va ^hhjZ dc

?VcAMH4 (]iieh9..lll-\ZdhX^,bdYZa,YZk-cZi.heZX^VaU^hhjZh-]iba)'

hdjgXZ ; '?VcAMH4 (1/08)9

VZgdhda9 ^ciZgVXi^kZ

Vibdh9 ?Vc=H4 (N52G38 cVi^kZ Vibdhe]ZgZ+

N52 G^cZVg CVjhh^Vc Cg^Y: 017 m 53 adc\^ijYZ.aVi^ijYZ: 38 aZkZah: ide aZkZa 0 ]KV)

Vibdh?]Zb9 heZX^[^ZY dm^YVcih [dg VZgdhdah

aVcY9 ?G=MM2-5.?NAH0-1

aVcYEXZ9 heZX^[^ZY ^XZ h]ZZih

dXZVc9 IAHJ2-3-0 (JL?=0 ig^edaVg \g^Y+ 0 YZ\

l^i] gZ[^cZbZci id 0.2 YZ\ l^i]^c 1/ YZ\gZZh d[ i]Z ZfjVidg: 250 m 18/ adc\^ijYZ.aVi^ijYZ: 34 kZgi^XVa

aZkZah: ide \g^Y XZaa /,5-08 b)

dXc>\X]Zb9 ?VcVY^Vc HdYZa d[ JXZVc ?VgWdc

(?HJ?): IKT@ ZXdhnhiZb l^i] JHEK egZhXg^WZY XVgWdcViZ X]Zb^hign

hZVEXZ9 GEH1'

hdjgXZU^Y ; '?VcAMH4'

hdjgXZUineZ ; '=JC?H'

hjWUZmeZg^bZci ; 'cdcZ'

hjWUZmeZg^bZciU^Y ; 'cdcZ'

iVWaZU^Y ; 'Jbdc'

iVWaZU^c[d ; '?gZVi^dc @ViZ9(1/ BZWgjVgn 1/08)

H@49263[WZ4V1WXXV424X3/[6[12YV160Z38'

i^iaZ ; '?VcAMH4 djieji egZeVgZY [dg ?HEK5'

kVg^VWaZU^Y ; 'eggV'

kVg^VciUaVWZa ; 'g0^0e0[0'

kZgh^dc ; 'k1/08/318'

a^XZchZ ; '?HEK5 bdYZa YViV egdYjXZY Wn N]Z CdkZgcbZci

d[ ?VcVYV (?VcVY^Vc ?ZcigZ [dg ?a^bViZ HdYZaa^c\ VcY =cVanh^h+ Ack^gdcbZci VcY ?a^bViZ ?]Vc\Z

?VcVYV) ^h a^XZchZY jcYZg V ?gZVi^kZ ?dbbdch =iig^Wji^dc M]VgZ=a^`Z 3-/ EciZgcVi^dcVa G^XZchZ

(]iieh9..XgZVi^kZXdbbdch-dg\.a^XZchZh)- ?dchjai ]iieh9..eXbY^-aaca-\dk.?HEK5.NZgbhJ[OhZ [dg

iZgbh d[ jhZ \dkZgc^c\ ?HEK5 djieji+ ^cXajY^c\ X^iVi^dc gZfj^gZbZcih VcY egdeZg VX`cdlaZY\bZci-

Bjgi]Zg ^c[dgbVi^dc VWdji i]^h YViV+ ^cXajY^c\ hdbZ a^b^iVi^dch+ XVc WZ [djcY k^V i]Z

[jgi]ZgU^c[dUjga (gZXdgYZY Vh V \adWVa Viig^WjiZ ^c i]^h [^aZ) VcY Vi ]iieh9...eXbY^-aaca-\dk.- N]Z YViV

egdYjXZgh VcY YViV egdk^YZgh bV`Z cd lVggVcin+ Z^i]Zg ZmegZhh dg ^bea^ZY+ ^cXajY^c\+ Wji cdi a^b^iZY

id+ lVggVci^Zh d[ bZgX]VciVW^a^in VcY [^icZhh [dg V eVgi^XjaVg ejgedhZ- =aa a^VW^a^i^Zh Vg^h^c\ [gdb i]Z

hjeean d[ i]Z ^c[dgbVi^dc (^cXajY^c\ Vcn a^VW^a^in Vg^h^c\ ^c cZ\a^\ZcXZ) VgZ ZmXajYZY id i]Z [jaaZhi

ZmiZci eZgb^iiZY Wn aVl-'

XbdgUkZgh^dc ; '2-3-/'

igVX`^c\U^Y ; ']Ya910-030//.4V0Z87V8,VV10,3[32,8W/3,

3W7WVY6VV452'



@^bZch^dch9

i^bZ ; 0/21 (OIGEHENA@)

WcYh ; 1

_ ; 180

^ ; 25/

kZgi^XZh ; 3

PVg^VWaZh9

i^bZ

M^oZ9 0/21m0

@^bZch^dch9 i^bZ

@ViVineZ9 YdjWaZ

=iig^WjiZh9

WdjcYh ; 'i^bZUWcYh'

jc^ih ; 'YVnh h^cXZ 074/,/0,/0 /9/9/-/'

XVaZcYVg ; '254UYVn'

Vm^h ; 'N'

adc\UcVbZ ; 'i^bZ'

hiVcYVgYUcVbZ ; 'i^bZ'

i^bZUWcYh

M^oZ9 1m0/21

@^bZch^dch9 WcYh+i^bZ

@ViVineZ9 YdjWaZ

_

M^oZ9 180m0

@^bZch^dch9 _

@ViVineZ9 ^ci21

=iig^WjiZh9

jc^ih ; '0'

adc\UcVbZ ; 'XZaa ^cYZm Vadc\ hZXdcY Y^bZch^dc'

^

M^oZ9 25/m0

@^bZch^dch9 ^

@ViVineZ9 ^ci21

=iig^WjiZh9

jc^ih ; '0'

adc\UcVbZ ; 'XZaa ^cYZm Vadc\ [^ghi Y^bZch^dc'

aVi^ijYZ

M^oZ9 25/m180

@^bZch^dch9 ^+_

@ViVineZ9 YdjWaZ

=iig^WjiZh9

hiVcYVgYUcVbZ ; 'aVi^ijYZ'

adc\UcVbZ ; 'aVi^ijYZ'

jc^ih ; 'YZ\gZZhUcdgi]'



b^hh^c\UkVajZ ; 0Z*1/

UB^aaPVajZ ; 0Z*1/

WdjcYh ; 'kZgi^XZhUaVi^ijYZ'

adc\^ijYZ

M^oZ9 25/m180

@^bZch^dch9 ^+_

@ViVineZ9 YdjWaZ

=iig^WjiZh9

hiVcYVgYUcVbZ ; 'adc\^ijYZ'

adc\UcVbZ ; 'adc\^ijYZ'

jc^ih ; 'YZ\gZZhUZVhi'

b^hh^c\UkVajZ ; 0Z*1/

UB^aaPVajZ ; 0Z*1/

WdjcYh ; 'kZgi^XZhUadc\^ijYZ'

kZgi^XZhUaVi^ijYZ

M^oZ9 3m25/m180

@^bZch^dch9 kZgi^XZh+^+_

@ViVineZ9 YdjWaZ

=iig^WjiZh9

jc^ih ; 'YZ\gZZhUcdgi]'

b^hh^c\UkVajZ ; 0Z*1/

UB^aaPVajZ ; 0Z*1/

kZgi^XZhUadc\^ijYZ

M^oZ9 3m25/m180

@^bZch^dch9 kZgi^XZh+^+_

@ViVineZ9 YdjWaZ

=iig^WjiZh9

jc^ih ; 'YZ\gZZhUZVhi'

b^hh^c\UkVajZ ; 0Z*1/

UB^aaPVajZ ; 0Z*1/

eggV

M^oZ9 25/m180m0/21

@^bZch^dch9 ^+_+i^bZ

@ViVineZ9 h^c\aZ

=iig^WjiZh9

hiVcYVgYUcVbZ ; 'gV^c[VaaU[ajm'

adc\UcVbZ ; 'LV^c[Vaa Bajm l]ZgZ EXZ BgZZ JXZVc dkZg MZV'

XdbbZci ; '?VcIAHJ Zbeadnh V k^gijVa hVai [ajm+ Wji lViZg

[ajm ^h jhZY ^c i]Z [gZZ hjg[VXZ [dgbjaVi^dc+ VcY ]ZcXZ jhZ[ja id gZedgi- N]^h [^ZaY ^cXajYZh gV^c [Vaa^c\

dc hZV ^XZ Vh hZZc Wn ?VcIAHJ-+ MXZcVg^dHEKUiVWaZUXdbbZci9 Ec VXXdgYVcXZ l^i] Xdbbdc jhV\Z

^c \Zde]nh^XVa Y^hX^ea^cZh+ '[ajm' ^bea^Zh eZg jc^i VgZV+ XVaaZY '[ajm YZch^in' ^c e]nh^Xh-'

jc^ih ; '`\ b,1 h,0'

dg^\^cVaUcVbZ ; 'egaf'

XZaaUbZi]dYh ; 'VgZV9 bZVc l]ZgZ ^XZU[gZZUhZV dkZg hZV i^bZ9 bZVc'



XZaaUbZVhjgZh ; 'VgZV9 VgZVXZaad'

b^hh^c\UkVajZ ; 0-///////1//3/766Z*1/

UB^aaPVajZ ; 0-///////1//3/766Z*1/

XddgY^cViZh ; 'aVi^ijYZ adc\^ijYZ'



(2) PVg^VWaZh jhZY [dg eVgi^Va egZhhjgZ d[ XVgWdc Y^dm^YZ

CadWVa =iig^WjiZh9

???bVUbdYZaU]Vh] ;

'0[80[81XW5Y5/6280[337204/3/14Y21[X33[VV0'

???bVUeVgZciUgjc^Y ; 'gX2-0,]^h/0'

???bVUenXbdgU]Vh] ;

'22X2/400VXX208V8713/522854V/3XV88X15316Z'

???bVUgjc^Y ; 'gX2-0,h6//0'

?dckZci^dch ; '?B,0-6 ?HEK,5-1'

SH@DUWgVcX]Ui^bZU^cUX]^aY ; '1/049/09/09//'

SH@DUWgVcX]Ui^bZU^cUeVgZci ; '1/049/09/09//'

VXi^k^inU^Y ; 'MXZcVg^dHEK =Zg?]ZbHEK'

WgVcX]UbZi]dY ; 'Me^c,je YdXjbZciVi^dc'

WgVcX]Ui^bZU^cUX]^aY ; 5/114

WgVcX]Ui^bZU^cUeVgZci ; 5/114

XdciVXi ; 'ZX-XXXbV-^c[d,^c[d-XXbVX-ZX<XVcVYV-XV'

XgZVi^dcUYViZ ; '1/08,/4,/1N/2904900T'

YViVUheZXhUkZgh^dc ; '/0-//-18'

ZmeZg^bZci ; '\Ve,[^aa^c\ hXZcVg^d gZVX]^c\ 6-/ WVhZY dc MMK2'

ZmeZg^bZciU^Y ; 'hhe26/'

ZmiZgcVaUkVg^VWaZh ; 'VgZVXZaad'

[dgX^c\U^cYZm ; 0

[gZfjZcXn ; 'bdc'

[jgi]ZgU^c[dUjga ; ']iieh9..[jgi]Zg^c[d-Zh,

YdX-dg\.?HEK5-???bV-?VcAMH4-hhe26/-cdcZ-g0^0e0[0'

\g^Y ; 'JL?=0 ig^edaVg \g^Y+ 0 YZ\ l^i] gZ[^cZbZci id 0.2

YZ\ l^i]^c 1/ YZ\gZZh d[ i]Z ZfjVidg: 250 m 18/ adc\^ijYZ.aVi^ijYZ: 34 kZgi^XVa aZkZah: ide \g^Y XZaa

/,5-08 b'

\g^YUaVWZa ; '\c'

]^hidgn ; '1/08,/4,/1N/2904900T :gZlgdiZ YViV id WZ

Xdch^hiZci l^i] MXZcVg^dHEK [dg kVg^VWaZ heXd1VW^d [djcY ^c iVWaZ Jbdc-:

Jjieji [gdb %gjc^Y'

^c^i^Va^oVi^dcU^cYZm ; 0

^chi^iji^dc ; '?VcVY^Vc ?ZcigZ [dg ?a^bViZ HdYZaa^c\ VcY =cVanh^h+

Ack^gdcbZci VcY ?a^bViZ ?]Vc\Z ?VcVYV+ P^Xidg^V+ >? P7K 4?1+ ?VcVYV'

^chi^iji^dcU^Y ; '???bV'

b^eUZgV ; '?HEK5'

cdb^cVaUgZhdaji^dc ; '0// `b'

eVgZciUVXi^k^inU^Y ; '?HEK'

eVgZciUZmeZg^bZciU^Y ; ']^hidg^XVa'

eVgZciUb^eUZgV ; '?HEK5'

eVgZciUhdjgXZU^Y ; '?VcAMH4'

eVgZciUi^bZUjc^ih ; 'YVnh h^cXZ 074/,/0,/0 /9/9/-/'

eVgZciUkVg^VciUaVWZa ; 'g0^0e0[0'



e]nh^XhU^cYZm ; 0

egdYjXi ; 'bdYZa,djieji'

gZVa^oVi^dcU^cYZm ; 0

gZVab ; 'dXc>\X]Zb'

gZ[ZgZcXZh ; 'CZde]nh^XVa HdYZa @ZkZadebZci MeZX^Va ^hhjZ dc

?VcAMH4 (]iieh9..lll-\ZdhX^,bdYZa,YZk-cZi.heZX^VaU^hhjZh-]iba)'

hdjgXZ ; '?VcAMH4 (1/08)9

VZgdhda9 ^ciZgVXi^kZ

Vibdh9 ?Vc=H4 (N52G38 cVi^kZ Vibdhe]ZgZ+

N52 G^cZVg CVjhh^Vc Cg^Y: 017 m 53 adc\^ijYZ.aVi^ijYZ: 38 aZkZah: ide aZkZa 0 ]KV)

Vibdh?]Zb9 heZX^[^ZY dm^YVcih [dg VZgdhdah

aVcY9 ?G=MM2-5.?NAH0-1

aVcYEXZ9 heZX^[^ZY ^XZ h]ZZih

dXZVc9 IAHJ2-3-0 (JL?=0 ig^edaVg \g^Y+ 0 YZ\

l^i] gZ[^cZbZci id 0.2 YZ\ l^i]^c 1/ YZ\gZZh d[ i]Z ZfjVidg: 250 m 18/ adc\^ijYZ.aVi^ijYZ: 34 kZgi^XVa

aZkZah: ide \g^Y XZaa /,5-08 b)

dXc>\X]Zb9 ?VcVY^Vc HdYZa d[ JXZVc ?VgWdc

(?HJ?): IKT@ ZXdhnhiZb l^i] JHEK egZhXg^WZY XVgWdcViZ X]Zb^hign

hZVEXZ9 GEH1'

hdjgXZU^Y ; '?VcAMH4'

hdjgXZUineZ ; '=JC?H'

hjWUZmeZg^bZci ; 'cdcZ'

hjWUZmeZg^bZciU^Y ; 'cdcZ'

iVWaZU^Y ; 'Jbdc'

iVWaZU^c[d ; '?gZVi^dc @ViZ9(1/ BZWgjVgn 1/08)

H@49263[WZ4V1WXXV424X3/[6[12YV160Z38'

i^iaZ ; '?VcAMH4 djieji egZeVgZY [dg ?HEK5'

kVg^VWaZU^Y ; 'heXd1VW^d'

kVg^VciUaVWZa ; 'g0^0e0[0'

kZgh^dc ; 'k1/08/318'

a^XZchZ ; '?HEK5 bdYZa YViV egdYjXZY Wn N]Z CdkZgcbZci

d[ ?VcVYV (?VcVY^Vc ?ZcigZ [dg ?a^bViZ HdYZaa^c\ VcY =cVanh^h+ Ack^gdcbZci VcY ?a^bViZ ?]Vc\Z

?VcVYV) ^h a^XZchZY jcYZg V ?gZVi^kZ ?dbbdch =iig^Wji^dc M]VgZ=a^`Z 3-/ EciZgcVi^dcVa G^XZchZ

(]iieh9..XgZVi^kZXdbbdch-dg\.a^XZchZh)- ?dchjai ]iieh9..eXbY^-aaca-\dk.?HEK5.NZgbhJ[OhZ [dg

iZgbh d[ jhZ \dkZgc^c\ ?HEK5 djieji+ ^cXajY^c\ X^iVi^dc gZfj^gZbZcih VcY egdeZg VX`cdlaZY\bZci-

Bjgi]Zg ^c[dgbVi^dc VWdji i]^h YViV+ ^cXajY^c\ hdbZ a^b^iVi^dch+ XVc WZ [djcY k^V i]Z

[jgi]ZgU^c[dUjga (gZXdgYZY Vh V \adWVa Viig^WjiZ ^c i]^h [^aZ) VcY Vi ]iieh9...eXbY^-aaca-\dk.- N]Z YViV

egdYjXZgh VcY YViV egdk^YZgh bV`Z cd lVggVcin+ Z^i]Zg ZmegZhh dg ^bea^ZY+ ^cXajY^c\+ Wji cdi a^b^iZY

id+ lVggVci^Zh d[ bZgX]VciVW^a^in VcY [^icZhh [dg V eVgi^XjaVg ejgedhZ- =aa a^VW^a^i^Zh Vg^h^c\ [gdb i]Z

hjeean d[ i]Z ^c[dgbVi^dc (^cXajY^c\ Vcn a^VW^a^in Vg^h^c\ ^c cZ\a^\ZcXZ) VgZ ZmXajYZY id i]Z [jaaZhi

ZmiZci eZgb^iiZY Wn aVl-'

XbdgUkZgh^dc ; '2-3-/'

igVX`^c\U^Y ; ']Ya910-030//.4[2/868Y,8816,3[16,8WYY,

544[3/V[363V'



@^bZch^dch9

i^bZ ; 0/21 (OIGEHENA@)

WcYh ; 1

_ ; 180

^ ; 25/

kZgi^XZh ; 3

PVg^VWaZh9

i^bZ

M^oZ9 0/21m0

@^bZch^dch9 i^bZ

@ViVineZ9 YdjWaZ

=iig^WjiZh9

WdjcYh ; 'i^bZUWcYh'

jc^ih ; 'YVnh h^cXZ 074/,/0,/0 /9/9/-/'

XVaZcYVg ; '254UYVn'

Vm^h ; 'N'

adc\UcVbZ ; 'i^bZ'

hiVcYVgYUcVbZ ; 'i^bZ'

i^bZUWcYh

M^oZ9 1m0/21

@^bZch^dch9 WcYh+i^bZ

@ViVineZ9 YdjWaZ

_

M^oZ9 180m0

@^bZch^dch9 _

@ViVineZ9 ^ci21

=iig^WjiZh9

jc^ih ; '0'

adc\UcVbZ ; 'XZaa ^cYZm Vadc\ hZXdcY Y^bZch^dc'

^

M^oZ9 25/m0

@^bZch^dch9 ^

@ViVineZ9 ^ci21

=iig^WjiZh9

jc^ih ; '0'

adc\UcVbZ ; 'XZaa ^cYZm Vadc\ [^ghi Y^bZch^dc'

aVi^ijYZ

M^oZ9 25/m180

@^bZch^dch9 ^+_

@ViVineZ9 YdjWaZ

=iig^WjiZh9

hiVcYVgYUcVbZ ; 'aVi^ijYZ'

adc\UcVbZ ; 'aVi^ijYZ'

jc^ih ; 'YZ\gZZhUcdgi]'



b^hh^c\UkVajZ ; 0Z*1/

UB^aaPVajZ ; 0Z*1/

WdjcYh ; 'kZgi^XZhUaVi^ijYZ'

adc\^ijYZ

M^oZ9 25/m180

@^bZch^dch9 ^+_

@ViVineZ9 YdjWaZ

=iig^WjiZh9

hiVcYVgYUcVbZ ; 'adc\^ijYZ'

adc\UcVbZ ; 'adc\^ijYZ'

jc^ih ; 'YZ\gZZhUZVhi'

b^hh^c\UkVajZ ; 0Z*1/

UB^aaPVajZ ; 0Z*1/

WdjcYh ; 'kZgi^XZhUadc\^ijYZ'

kZgi^XZhUaVi^ijYZ

M^oZ9 3m25/m180

@^bZch^dch9 kZgi^XZh+^+_

@ViVineZ9 YdjWaZ

=iig^WjiZh9

jc^ih ; 'YZ\gZZhUcdgi]'

b^hh^c\UkVajZ ; 0Z*1/

UB^aaPVajZ ; 0Z*1/

kZgi^XZhUadc\^ijYZ

M^oZ9 3m25/m180

@^bZch^dch9 kZgi^XZh+^+_

@ViVineZ9 YdjWaZ

=iig^WjiZh9

jc^ih ; 'YZ\gZZhUZVhi'

b^hh^c\UkVajZ ; 0Z*1/

UB^aaPVajZ ; 0Z*1/

YZei]

M^oZ9 0m0

@^bZch^dch9

@ViVineZ9 YdjWaZ

=iig^WjiZh9

jc^ih ; 'b'

Vm^h ; 'T'

edh^i^kZ ; 'Ydlc'

adc\UcVbZ ; 'YZei]'

hiVcYVgYUcVbZ ; 'YZei]'

heXd1VW^d

M^oZ9 25/m180m0/21

@^bZch^dch9 ^+_+i^bZ

@ViVineZ9 h^c\aZ



=iig^WjiZh9

hiVcYVgYUcVbZ ;

'hjg[VXZUXVgWdcUY^dm^YZUVW^di^XUVcVad\jZUeVgi^VaUegZhhjgZUY^[[ZgZcXZUWZilZZcUhZVUlViZgUVcYU

V^g'

adc\UcVbZ ; '=W^di^X Mjg[VXZ =fjZdjh KVgi^Va KgZhhjgZ d[ ?J1'

XdbbZci ; 'N]Z hjg[VXZ XVaaZY 'hjg[VXZ' bZVch i]Z adlZg

WdjcYVgn d[ i]Z Vibdhe]ZgZ- N]Z X]Zb^XVa [dgbjaV [dg XVgWdc Y^dm^YZ ^h ?J1- Ec dXZVc

W^d\ZdX]Zb^hign bdYZah+ Vc 'VW^di^X VcVad\jZ' ^h jhZY id h^bjaViZ i]Z Z[[ZXi dc V bdYZaaZY kVg^VWaZ

l]Zc W^dad\^XVa Z[[ZXih dc dXZVc XVgWdc XdcXZcigVi^dc VcY Va`Va^c^in VgZ ^\cdgZY- N]Z eVgi^Va

egZhhjgZ d[ V \VhZdjh Xdchi^ijZci d[ V^g ^h i]Z egZhhjgZ l]^X] ^i VadcZ ldjaY ZmZgi l^i] jcX]Vc\ZY

iZbeZgVijgZ VcY cjbWZg d[ bdaZh eZg jc^i kdajbZ- N]Z eVgi^Va egZhhjgZ d[ V Y^hhdakZY \Vh ^c hZV

lViZg ^h i]Z eVgi^Va egZhhjgZ ^c V^g l^i] l]^X] ^i ldjaY WZ ^c Zfj^a^Wg^jb- N]Z eVgi^Va egZhhjgZ

Y^[[ZgZcXZ WZilZZc hZV lViZg VcY V^g ^h edh^i^kZ l]Zc i]Z eVgi^Va egZhhjgZ d[ i]Z Y^hhdakZY \Vh ^c hZV

lViZg ^h \gZViZg i]Vc i]Z eVgi^Va egZhhjgZ ^c V^g-'

jc^ih ; 'KV'

dg^\^cVaUcVbZ ; 'heXd1V'

]^hidgn ; 'baiWn/-0/0214 1/08,/4,/1N/2904900T VaiZgZY Wn

?HJL9 NgZViZY hXVaVg Y^bZch^dc9 'YZei]'-'

XZaaUbZi]dYh ; 'VgZV9 bZVc l]ZgZ hZV i^bZ9 bZVc'

XZaaUbZVhjgZh ; 'VgZV9 VgZVXZaad'

XddgY^cViZh ; 'YZei] aVi^ijYZ adc\^ijYZ'

b^hh^c\UkVajZ ; 0-///////1//3/766Z*1/

UB^aaPVajZ ; 0-///////1//3/766Z*1/





(V)

(W)
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This manuscript explores the issue related to long-term changes in coastal seawater quality due to climate 

change. The authors used an 8-year dataset to make predictions about the changes in water quality in the coastal 

area of the Guangdong Province (China) for the period 2015-2022. The authors carried out a notable effort for 

modeling a huge dataset which may be useful to predict long-term changes in the water quality of the 

investigated coastal area. 

The general topic of the manuscript is undoubtedly original, interesting and useful.  

However, the manuscript itself has many shortfalls, especially regarding its structure. Generally, too much 

information was provided (both in the main text and in the Supplementary Material, often repeating the same 

statements in both documents) without following a clear structure able to make the reader able to effectively 

understand which are the main aims of the study and the main results.  

The section Materials and Methods was placed before the section focused on the results. Why? In my opinion, 

this is confusing as well as part of the discussion about PTE behaviour in the Supplementary Material and not 

in the main text.  The sampling strategy was also placed in the Supplementary Material and it is not clear what 

was actually performed since the text appears like a standard sampling protocol.  

The manuscript is really too long and some statements are repeated in different sections of the manuscript 

and/or in the Supplementary Material. This is confusing for the reader. Actually, the Supplementary Material 

seems another manuscript (76 pages!!). It should be notably shortened. Some sections in the supplementary 

material should be summarised and moved in the full text avoiding repetition (sections A and B).  

Generally, I suggest the authors to carefully revise the text (main text and Supplementary Material) to organise 

its different sections in a clearer way, avoiding repetition, selecting the discussion about PTE behaviour strictly 

related to the main aims/results of their study and better highlighting the most relevant results and take home 

messages. I suggest the authors to clearly state that the dataset employed for predictions refers to a specific 

coastal area, providing a brief description of the investigated area and of the sampling strategy in the main text.  

Terminology should be also improved through the text, especially regarding the topic related to the phase 

partitioning of trace elements (or nutrients) between dissolved and solid fractions.  

The authors often referred to “trace elements” through the text. I suggest to specify which are these trace 

elements in the abstract and at the beginning of the introduction.  

I am not a modelist, so I cannot provide a careful and specific revision in this sense. 

I retain that this manuscript can be accepted for publication in the Journal Nature Communications following 

major revision. Please, consider the previous and following general comments as well as specific comments 

on the PDF version of the manuscript: 



Lines 19-29 (Abstract). I suggest the authors to better prepare the abstract clearly stating which are the aims 

of their research and briefly summarising their main results. Indeed, some statements in the abstract are not 

clearly explained. For instance, the authors stated that an 8-year dataset was employed to make predictions 

about changes in water quality in this offshore area… this is too general: what is this area? I think that this 

should be specified in the abstract. Then, the authors stated that “trace elements will be displaced by calcium 

and magnesium, leading to re-suspension in the water”. I do not understand what the authors meant whit this 

sentence. They are talking about dissolved trace elements? Which elements? About trace element associated 

to suspended particles? About the partitioning behaviour of trace elements between dissolved and solid phases? 

Please, clarify 

Line 51 What do the authors meant with “concentration lever”?  

Line 68 “metal elements”. Which elements? Heavy metals or potentially toxic elements? I suggest the authors 

to use “trace elements or potentially toxic elements” through the text. 

Lines 73-74 this affects the trace element behaviour at the sediment-water interface? Or the trace element 

phase partitioning between dissolved and the suspended particulate matter along the water column? This is not 

clear, please specify. 

Lines 76-77 What do the authors meant with “suspended elements”? elements associated to the suspended 

particulate matter? 

Line 80:  Nitrogen (N) and S deposition has become one of the factors promoting coastal eutrophication? 

Line 82: absorption or adsorption? 

Line 85: “As the invading river water is anoxic”. In general? Or in the case of a specific river? Anoxia is quite 

uncommon in riverine environments. Please, clarify. 

Lines 97-99 To which elements the authors are referring to? It is not clear. 

Line 191 or declining trend, as predicted by the environmental Kuznets curve. Please, provide a brief 

explanation. 

Lines 227-228 what the authors meant with “the initial field”? please, clarify 



Line 262 in this section the authors often refers to sensitive elements. I do not completely understand which 

are these sensitive elements. Please, clarify 

Lines 335-336 Dissolved Ca and Mg? I do not understand what do the authors meant with “will be replaced 

into trace elements”? In the water fraction or in the SPM? Please, clarify 

Lines 346-348 not clear. In which environment and under what boundary conditions? The interaction between 

trace elements and sulfides is affected by several factors. Trace element precipitation along with sulfides 

usually occurs under specific boundary conditions (sulfate reduction, anoxia).  

Line 350 deposited where? Adsorbed on the surface of the SPM and accumulated in the sediment? Please, 

clarify 

Lines 353-375 in this section the authors referred to the seasonal cycle of trace elements mainly from a 

biological point of view. However, the biogeochemical cycle of trace elements is also affected by other factors. 

Moreover, it is not clear if the authors referred to dissolved trace elements, trace elements associated with the 

suspended particles or both. 

Line 416 This section “Materials and Methods” should be placed before the discussion of the results. The same 

for the section “the establishment and accuracy of the model”. 

SA. 1 The sampling description in supplementary material may be notably improved. In my opinion, it sounds 

like a standard sampling protocol since the authors often referred to operations that should be done for sampling 

(the ship should be selected, samplers should collect, it should be carried out). The authors should provide a 

description of the sampling operations which were actually performed and not simply list the operations that 

should be done for sampling. Moreover, in the section focused on special samples, the sampling strategy for 

petroleum samples was described although any data about this samples was reported in the main text. The 

authors also referred to “special storage containers” and “preservatives” for different analytes. Please, specify 

which containers and preservatives were used. Which analytical technique was employed for PTE 

determination? What about their LOD?  

SB. 1 This section is focused on “Coordinates and classification of sampling sites”. However, the behaviour 

of trace elements is discussed. Why the authors decided to place this text in the Supplementary Material and 

not in the main text? 


