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April 16th, 2018. 
To: Biogeosciences – Discussion manuscript - bg-2018-122 
Subject: Response to referee 1 

 
We appreciate the valuable time and critical review done by referee 1 and certainly 

considered the useful comments and suggestions made to improve the manuscript. Please, find 
ahead our answers for specific questions given in point by point below. Nevertheless, first we 
would like to clarify the main points featured by the referee 1. 

 
General comments 

The method presented in this paper appears to have potential to be a useful method for 
quantifying labile organic matter in environmental water samples. The quantification of labile 
organic matter can provide very meaningful information about the biogeochemical conditions 
in a particular environment and is useful across a wide range of scientific studies. However, the 
presentation of the method and interpretation of results in this paper are generally unclear and 
in places the interpretations appear flawed (more on this later). Furthermore, many of the 
decisions/approaches made by the authors lack sufficient justification/support and thus it is not 
possible to assess the validity of these decisions. The authors should also provide more 
background on other methods of quantifying labile organic matter (e.g. incubations with native 
microbes) and the advantages and disadvantages of their method compared to existing ones. I 
think there may be some real advantages to their method but these need to be discussed by the 
authors. In addition, it is not made completely clear that the method the authors present here is 
new. I am under the impression that it is, but if it is in fact completely new they should state that 
more clearly. If the method is not new then they should make it clear how they have improved 
upon previous work. The authors should also discuss exactly what the method is measuring and 
how the model organic substances used (in particular pyruvate) compare to labile organic 
matter (more on this below). In particular, we see that pyruvate is more labile than the other 
model compounds (fulvic acid and lignin) though this in no way implies that pyruvate is a good 
model for LOM. It may be true that pyruvate is a reasonable model for LOM, however the 
authors need to explain what constitutes a “good” model for LOM and why pyruvate meets 
these criteria. Overall, I feel that the method described in the paper may provide a useful 
approach to quantifying labile organic matter. However, the paper currently lacks clarity and 
provides insufficient justification/support to allow for a full assessment of the significance of 
this work. As the paper currently stands there are a number of very significant issues that need 
to be addressed. The paper will require substantial revisions and reworking to allow for a full 
assessment of the potential scientific contributions. 

 
Answer to general comments 

We thank the referee for the opportunity to answer and rewrite some points of the 

manuscript in order to clarify the lacks appointed. 

The method proposed in this paper is new. We based on our experimental approach in 

previous observations published by Jardim et al (2010), in which it was suggested that H2O2 

could be used to distinguish the difference between organic matter incorporated in waters during 

flooding periods in Negro River (Amazon Basin), but it was not possible to quantify the amount 

of LOM. These authors used H2O2 kinetic consumption in two samples (freshwater from Negro 

River and water fortified with fresh leached soil organic matter). They showed a significant 

change in the chemical speciation of Hg coordinated by redox conditions in aquatic region 

studied in the presence of labile organic matter (LOM). In the rainy season, there was a great 

input of allochthonous natural organic matter (NOM) in aquatic bodies, and this NOM, 

considered fresh and reactive, would be able to scavenge H2O2 naturally photogenerated in the 
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water column, influencing directly the oxidation conditions in this environment. Thus, this 

comprises one of the direct effects caused by the presence of LOM. 

In this work, we aimed at the possibility of quantifying labile and recalcitrant organic 

matter in freshwater samples. This objective was based on the importance that NOM plays in 

aquatic environment. It is known that NOM plays a relevant role in photoreactions, forming 

reactive species, or even scavenging these species. It is also primary source of biota and it is 

able to complex or adsorb other species as well. So, all these abilities are an intrinsic 

characteristic of NOM and its different reactivity degrees. Due to the complex composition of 

NOM, it is not feasible to carry out a characterization in molecular level as routine analysis. 

However, the information about the amount and the temporal variability of LOM in aquatic 

system would be very useful to explain many different processes in environmental studies. 

Here, we denominated LOM as NOM that was few oxidized or degraded and it is still 

able to react as a scavenger of oxidant species in aquatic systems, and it probably represents 

fresh organic matter input. On the other hand, recalcitrant organic matter (ROM) is the fraction 

that had already suffered oxidation, and it is less reactive towards oxidant species, such as H2O2. 

Our approach is different from classical methods used to distinguish organic matter degraded by 

microorganism or chemically, such as the ones used in the biochemical oxygen demand (BOD) 

and chemical oxygen demand (COD) measurements, respectively. These methods reflect an 

estimation of the amount of oxygen necessary to degrade organic content in an aquatic sample. 

Other approaches in literature are summarized by Filella (2009), but all of them are considered 

bioassays, such as the ones used to measure the fraction of NOM, assimilable organic carbon 

(AOC) based on the measurements of growing biomass, and the biodegradable dissolved 

organic carbon (BDOC) is considered part of dissolved fraction of organic C able to be 

assimilated by heterotrophic microflora. There is another approach used by Laird and Scavic 

(1990), in which they measured labile dissolved organic carbon or matter (LDOC or LDOM) by 

bioassay, so again the lability has been considered the bioavailable fraction of NOM.  

In our attempt, we led the lability and recalcitrance concepts through the chemical 

approach, trying to reach a simpler approach than the protocols currently used to determine 

labile fraction, that consider it as biodegradable fraction of NOM, hence they always include 

bioassays. Reagents necessary to carry out our approach are quite simple and easily obtained. 

The time spent on application is also less than the necessary to use a biotic assay. 

So, we picked out some organic compounds to be tested as models of ROM and LOM, 

based on their molecular complexity and also on their natural presence in aquatic environments 

(pyruvate, lignin, ascorbic acid, hydroquinone and fulvic acid). In the specific comments, we 

added more information about the other tested compounds and why they were not considered 

good models, that is the reason why they were not presented in this manuscript (see answer of 

comment 16). Now, we agree that the term best model, used for us in the manuscript can be 

sustainable for other compounds tested. The results found for ascorbic acid and hydroquinone, 

other labile model compounds, can be inserted in the new version of the manuscript. 

For our matter, we simulated the acting of some model compounds, e.g. pyruvate, lignin 

and fulvic acid as scavengers of H2O2 in controlled system in the microcosm experiments. It is 

important to add that the kinetic models employed here to determine the order and consequently 

half-lives of H2O2 were based on the mathematical strict sense of the classical kinetic laws, and 

it was not our attempt with this experimental approach to discuss about any specific chemical 

mechanism behind these reactions, once our focus is to apply the mathematical formalism to 

general systems, such as natural aquatic samples. We are aware that this would be an interesting 

topic of discussion, but for this purpose it would be necessary more experiments to establish the 

rates related not only to H2O2 loss, but also to the other species in the kinetic reactions. Some 
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data treatment was included, as well as we could include all of them as a supplementary 

material (see answer to comment 21). 

Considering our definitions, the lignin and fulvic acid had behaved as recalcitrant 

compounds, because they did not affect the natural consumption of H2O2. In this case, the H2O2 

consumption profile followed the same profile presented by control (ultrapure water), indicating 

that the kinetic of H2O2 decomposition was not affected by the presence of lignin, as well as of 

the fulvic acid. A distinct behavior in H2O2 kinetic consumption was observed when pyruvate 

was added. The kinetic consumption was faster as more pyruvate was spiked and we observed 

the great difference between these microcosms and the control. This meant that pyruvate plays a 

scavenger role in H2O2 consumption. Thus, we considered pyruvate a good and suitable LOM 

model. 

In the next step, we tried to find a correlation between the amount of pyruvate, here 

represented by TOC (denominated as LOM concentration, see Figure 2 on the manuscript), with 

the half-live times of H2O2 obtained in the kinetic experiment. We found an exponential 

equation provide the best fit for these data, leading us to define an equation that allowed to 

quantify LOM concentration from the half-live times obtained by H2O2 kinetic consumption. 

Then, we proposed the H2O2 kinetic consumption can be used to quantify LOM content in 

freshwater samples. We highlighted that organic model compounds considered as recalcitrant, 

were not used to define a way to quantify recalcitrant organic matter content. They were used to 

compared the scavenger effects caused by labile compound in H2O2 loss. Finally, to quantify 

recalcitrant organic matter concentration in freshwater samples, we suggested this can be 

calculated by the difference between TOC and LOM.  

After to define the equations to quantify LOM and ROM amount, we assessed possible 

matrix effects of environmental sample. For this, we carried out H2O2 kinetic consumption in 

freshwater collected of Preto river, and also, we did a standard addition of the model 

compounds, pyruvate (labile model) and fulvic acid (recalcitrant model) in this freshwater 

sample. Considering that a presence of microorganisms in freshwater samples is ubiquitous, and 

they comprise a significant sink of H2O2, as related in literature (Pestane and Zika, 1997), we 

tested also a filtration step using 0.45 µm membrane, to exclude particulate fraction (inorganic 

and organic) and to minimize the influence of biota in H2O2 loss.  

For this experiment, profile of disappearance H2O2 was similar to filtered freshwater 

(only) and that one was spiked with fulvic acid (0.5 and 5.0 mg L-1). These results were 

expected, as we showed that fulvic acid had not or had few influence as a scavenger specie to 

H2O2. In the microcosms of freshwater filtered and spiked with pyruvate the kinetic of H2O2 

consumption was faster as more pyruvate was added, showing the effect of increment of labile 

compound, a similar behavior observed in the microcosms conducted with pyruvate solutions in 

ultrapure water. So, we considered that there was not a matrix effect. Therefore, in this 

experiment, we did not expect to have a similar behavior only based in kinetic order of H2O2, 

as it was questioned (see response to comment 26). Since, using a real sample, we did not have 

a simple system compose by ultrapure water and organic model compounds, there is a mixture 

of organic compounds and our approach was developed to be sensitive to labile content. Further 

ahead, we have done this calculation to show that ROM content in this freshwater sample tested 

was higher than LOM. Beyond this, we applied this approach develop in the freshwater of Preto 

river during a year, to quantify LOM and ROM concentrations and also to related these amounts 

with seasonal effects.  

Finally, we would like to reinforce that we agree on the rewriting of some topics in this 

manuscript would be meaningful and this is feasible to carry out. Please, find below our answer 

to specific comments and some suggestions to make some of these topics clearer. 
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Answers to specific comments 

1)(42) “…and the biogeochemical processes involved” Involved in what? Are you referring to 
the processes generation NOM? 

 
The sentence was corrected to: “The chemical composition of NOM in aquatic 

environments is complex and variable, due to different sources of precursor material and the 

degradation processes involved” 

 

2) (44) “According to some studies nearly 80% of NOM is composed of recalcitrant 
fractions…” Is this a general consensus or only something that a few studies agree 
upon? 

Here, we considered a better explanation. Some authors attribute that significant part of 

NOM is comprised to the humic substances, which are considered a recalcitrant fraction NOM 

pool. Therefore, we changed the highlighted topic to:  

“Part of the recalcitrant character of NOM in aquatic environments is given by the 

presence of humic substances.” 

 

3) (47) “important for several environmental reactions…” such as? 
We agree that a reviewed topic about the play role of NOM in aquatic environment can 

be incremented here. 

 

“(…) such as they play an important role in immobilization of other chemical entities in 

environment, as metals and organic compounds, consequently its availability (Cooper; Zika, 

1983; Miller; Rose; Waite, 2009). HS are considered recalcitrant compounds as they are 

partially resistance to chemical and microbiological degradation. The Photo-Fenton reaction is 

an important sink of organic compounds and source of OH• radicals (Southworth; Voelker, 

2003). 

In addition, this fraction of DOM as well as, other chromophore dissolved organic 

compounds are able to absorb UV radiation, interacting in the photochemical reactions. In this 

context, DOM can be important on formation and scavenging of reactive transient species 

(H2O2, OH•, O2
•-) in aquatic environment, therefore it is a relevant factor on the redox conditions 

and metal speciation (Copper; Zika, 1983; Moffett; Zika, 1983; Zhou; Mopper, 1990). 

DOM photoexcited act on reduction of O2 to form reactive species, as O2
•- (superoxide 

radical), which disproportion of its conjugated (HO2
•) form H2O2.  Photogeneration is the major 

via of H2O2 in aquatic system (Cooper; Zika, 1983; Scully; McQueen; Lean, 1996).  Production 

of hydroxyl radical can arise from by direct photolysis of DOM. On the other hand, DOM also 

act as a scavenger of these reactive oxygen species, being oxidized in secondary reactions 

(Zeep; Gao, 1998). 

 

4) (48-49) “HS are considered recalcitrant compounds if their resistance to chemical and 
microbiological degradation is taken into consideration” (my emphasis added). Isn’t this how 
recalcitrant is defined? You might want to change “if their resistance” to “as they are resistant 
to” and remove “is taken into consideration”. This would make more sense. 
 

Now read: “HS are considered recalcitrant compounds as they are partially resistance to 

chemical and microbiological degradation (…)” 
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5) (63-64) “…that is more biodegradable”. More relative to what? Maybe rewrite as “LOM is 
operationally defined as the fraction of NOM that is biodegradable under a set of defined 
conditions  
 

We agree with this comment and in the new version of the manuscript we will use 
"LOM is operationally defined as the fraction of NOM that is easy to degradable considering 
oxidizing species present naturally in fresh water, such as H2O2 and its precursors and ROM is 
defined a more oxidizing and probably ancient organic matter present in water". 

 
6) (64-65) “...by the photodegradation of organic compounds”. Provide citations here. 

Citations can be included according these references:  
Lindell, M.J., Granéli, W., Tranvik, L.J., 1995. Enhanced bacterial growth in response 

to photochemical transformation of dissolved organic matter. Limnol Oceanogr. 40, 195-199.  
Kieber,D. J.; Mcdaniel, J.; Mopper, K. 1989. Photochemical source of biological 

substrates in sea water: Implications for carbon cycling. Nature 341: 637-639. 
Strome,D. J.; Miller, M.C. 1978. Photolytic changes in dissolved humic substances. Int. 

Ver. Theor. Angew. Limnol. Verh. 20: 1248-1254. 
Xiao, M., Wu, F., Wang, L., Li, X., Huang, R. 2013. Investigation of low-molecular 

weight organic acids and their spatiotemporal variation characteristics in Hongfeng Lake, 
China. J Environ Sci. 25, 237-245.  
 
7) (65-67) Is it always (or generally) true that allochthonous material is more recalcitrant? If so 
provide citations. 
 

We agreed with the referee, that we could not generalize this, but the sentence was 

written, considering the context of introduction, according with the Review paper of Leenheer 

and Croué (2003). 

According Leenheer and Croué in Characterizing dissolved aquatic organic matter. 

Environ Sci Tech. 37, 18A-26A, 2003. 

(…) “DOM and soil humus have similar chemistries. Indeed, operationally defined 

humic substances typically compose about 50% of the DOM of an average river.” 

(…) “Most of the NOM is considered to be refractory to rapid biodegradation.” 

(…) “Surveys conducted on rivers in the United States and France showed that the 

BDOC content ranged from a few to about 40%. The BDOC content of rivers varies with the 

origin of the NOM. Autochthonous NOM, which is produced from macrophites, algae, and 

bacteria, is more biodegradable than allochthonous NOM, which has a pedogenic origin.” 

 

8) (70-76) This paragraph is awkwardly written and unclear. 
  

This paragraph about the natural formation of H2O2 in aquatic system and its acting 
will be rewritten.  
 
9) (77-79) These sentences are awkward/unclear. Maybe say something like “NOM can 
be measured by (state method), however this method only provide information about 
bulk concentration and does not provide info about the relative amounts of LOM and 
ROM” 
 

This sentence will be rewritten as it was suggested. 

 

10) (84-87) Very unclear. You write “we hypothesize that LOM is fresh and reactive: …” By 
definition LOM is reactive so as stated it is an awkward hypothesis and needs to be reworded or 
reworked. 
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We are in accord with rewriting these paragraphs in order to clear up, as we have 

explained in the response of the general comment. 

 
11) (86-87) “…transforming them into NOM oxidizing.” This sentence does not make 
sense. 
 

We agree that this sentence looked unclear. We meant that a labile fraction of NOM can 
be a scavenger of oxidant species, as H2O2, so it would assume/transform an oxidizing 
character. Thus, this sentence can be reformulated to: 

“In this study, we denominated LOM as NOM that was few oxidized or degraded and it 
is still able to react as a scavenger of oxidant species in aquatic systems, and it probably 
represents fresh organic matter input. On the other hand, recalcitrant organic matter (ROM) is 
the fraction that had already suffered oxidation, and it is less reactive towards oxidant species, 
such as H2O2.” 

 
 
12) Section 2.2.2 Microcosms experiments is not clearly presented. It is not obvious from 
reading whether you are describing the method that is then used in section 2.2.4 or if you are 
describing a separate set of experiment from section 2.2.4. You should make 
this more clear by possibly renaming section 2.2.2 to “Microcosm experiments: Model 
organic compounds”. 

 

Description of experimental design was reworked to clarify the development of the 

method. Please, find below the reorganization of section 2.2.2, now it would be named 2.3, as 

well as previous and subsequent topics: 

(…) 

2.1 Materials 

The content was kept the same. 

2.2 Analytical methods 

The content was kept the same. 

2.3 Method for quantification of labile and recalcitrant organic matter in freshwater samples 

Determination of organic compounds to be applied to a standard in the quantification of 

labile and recalcitrant organic matter were carried out in microcosms experiments. Fulvic acid, 

ascorbic acid, hydroquinone, lignin and sodium pyruvate were tested for organic matter model 

compounds (candidates to be used as standard of LOM or ROM). Each compound was 

employed at concentrations of 0.5, 1.0, 3.0 and 5.0 mg L-1 in total organic carbon (TOC). All 

experiments were conducted against microcosm control, in the absence of model compounds. 

The microcosm experiments were performed under constant stirring in jacketed glass 

reactors, and the temperature was kept constant at 19 °C. Each reactor was filled with 1.5 L 

model compound solutions (0.5, 1.0, 3.0 and 5.0 mg C L-1). The control experiment was filled 

only with ultrapure water. Then, hydrogen peroxide was added to each microcosm to obtain a 

final concentration of 7.1 µmol L-1. During the experiments, pH was monitored and hydrogen 

peroxide was quantified at various time points, following Sect. 2.2 until it was completely 

consumed. UV-Vis spectra were obtained in the time zero (defined immediately after added of 

hydrogen peroxide) and in the end time of kinetic. 

2.3.1 Assessment of matrix effect  

The microcosm experiments were conducted using freshwater samples collected from 

the Preto River (20° 48’40.94” S 49° 21’13.62” W). Each microcosm received 1.5 L freshwater 
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and was spiked with 0.5 and 5.0 mg L-1 TOC of pyruvate and fulvic acid. The microcosm 

controls were filled with only ultrapure water. Hydrogen peroxide was added at the same 

concentrations of the previous experiments and was quantified following the procedure 

described in 2.2. 

2.3.2 Assessment of particulate effects  

Water samples were collected in same place mentioned in section 2.3.1. Each 

microcosm received 1.5 L of freshwater, being one was filled with in natura freshwater (no 

filtered) and for the other one, the freshwater sample was filtered through a 1.2 µm glass fiber 

membrane, followed by filtration through a 0.45 µm cellulose acetate membrane. These 

experiments were conducted following procedures similar to those previously described (item 

2.3.1), with the exception of adding organic model compounds to the samples. Hydrogen 

peroxide was added at the same concentrations of the previous experiments and was quantified 

following the procedure described in 2.2. 

2.4 Data treatment 

The kinetic models employed here to determine the order and consequently half-lives of 

H2O2 were based on the mathematical strict sense of the classical kinetic laws (Table X).  

Table X – Functions applied in the mathematical data treatment of H2O2 kinetic 

consumption to define the orders and the respective half-life time. 

Order Equation Half-life time 

Zero  
 

1st  
 

2nd 
  

 

Where: kH2O2: rate (slope); x: time (minutes); y = [H2O2]; [H2O2]0: initial concentration of H2O2; 

t1/2: half-life time. 

 

The data obtained from the measurements of hydrogen peroxide consumption were fitted 

using exponential decay functions with different exponential orders to determine the parameters 

related to the consumption rates.  Then, we used the equation (Eq. X) below to correlate the 

half-lives as a function of LOM concentrations values. 

 

(Eq. x) 

Where: y: half-life time of H2O2 (hours); x: [LOM] (mg L-1); A, B and C: constants empirically 
defined. 

2.5 Labile and recalcitrant organic matter in freshwater according to seasonality 

The Preto River is located in São José do Rio Preto city, São Paulo state, Brazil and is used 

for water supply, being one of the main important aquatic bodies in Turvo/Grande watershed. 

During a year water samples were monthly sampling of Preto river and determination of LOM 

and ROM concentrations were carried out. These experiments were carried out following 
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procedures similar to those previously described (item 2.3), with the exception of adding 

organic model compounds to the samples and they were conducted in the presence and absence 

of light from the laboratory. Hydrogen peroxide was added at the same concentrations of the 

previous experiments and was quantified following the procedure described in 2.2. 

13) (116-117) “Some organic compounds were chosen to represent models of LOM and ROM.” 
Which compounds for LOM and which for ROM? I realize that pyruvate is for LOM and the 
others for ROM but it is awkward to write “some organic compounds” as opposed to stating 
which ones. Also you should provide a discussion justifying why you chose these compounds as 
model compounds. You obviously had some reason for selecting these but need to justify the 
decision and provide citations supporting the decision where applicable. 
 
 We picked out some organic compounds to be tested as models of ROM and LOM, 

based on their molecular complexity and also on their natural presence in aquatic environments 

(pyruvate, lignin, ascorbic acid, hydroquinone and fulvic acid). Xiao and co-workers (2013) 

demonstrated the contribution of photodegradation NOM in the formation of Low Molecular 

weight organic acids (LMWOAs) (e.g. lactic, acetic, pyruvic, sorbic, oxalic acid) as products of 

photodegradation of NOM in aquatic system. 

 

14) Section 2.2.3 Data treatment. There are essentially no details provided about the kinetic 
models used and how you fit your data to these models. You need to provide more details and 
justification of your approach. 
 

It is important to add that kinetic models employed here to determine the order 

and consequently half-lives of H2O2 were based on the mathematical strict sense of the 

classical kinetic laws, as an exponential decay formula, as to fit the data, and it was not 

our attempt with this experimental approach discuss about any specific chemical 

mechanism behind these reactions, once our focus is to apply the mathematical 

formalism to general systems such as natural aquatic samples 

He has chosen the order of the exponential function, for each case, using the 

correlation of the fit as the mandatory parameter, so we could decide the best order for 

each model compound used. This topic was rewritten (see response to comment 12). 
 

15) (136) “Considering the previously evaluated results”, what results are you referring to? 
 

A reorganization of the experimental section 2.2.2 and 2.2.3 will make this topic clearer. 

Even though, here the statement highlighted it was referred to the results obtained in the section 

2.2.2, where we tested the organic model compounds. We agree that this colocation was not 

proper in the experimental section. Please, see our attempt to improve the description in this 

section in the answer given in the comment 12. 

 
16) (136-137) “the best model compounds were determined to be fulvic acid and sodium 
pyruvate”. Best how? What was your criteria for best? Presumably fulvic acid and lignin were 
tested to see which was a better ROM model. However, you only tested one potential LOM (i.e. 
pyruvate) so it is not fair to say it was the best model. You could potentially say it was a suitable 
model. This raises a more general issue, that there needs to be better justification/support for 
your choices. In particular, pyruvate appear (based on your data) to be more labile that fulvic 
acid. This is reasonable, but it does not necessarily mean that it is a good model for LOM. It is 
conceivable that another model compound may be even more labile than pyruvate. Thus, while 
pyruvate may be labile, it might not be nearly as labile as other compounds. Therefore, when 
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you use pyruvate data in your kinetic modeling it becomes unclear exactly what your 
quantification of LOM means. More discussion and justification is needed here. 
 

We agree with the referee and propose in a reviewed version of the manuscript, where 

we will present the five compounds tested and the reason for two compounds have not been 

used as a model (and also, they were not included in the first version). Then, we reinforce that 

pyruvate showed feasible to our goal.  Please, find below a brief discussion about these other 

organic compounds tested (ascorbic acid and hydroquinone): 

As mentioned (see answer to comment 13), for the labile compounds we choose some 

examples of low molecular weight organic compounds. Our first attempt was employing the 

ascorbic acid (AA) as model organic compound. Microcosm experiments were realized 

similarly to reported in the section 2.3 (e.g. control (ultrapure water), 0.5; 1.0; 3.0 and 5.0 mg L-

1 of TOC (ascorbic acid)). H2O2 profile during the kinetic experiment using AA as model 

compound is showed below in Figure S1. 

 

Figure S1 – Hydrogen peroxide kinetic in the presence of ascorbic acid (0.5; 1.0; 3.0 and 5.0 mg 
L-1 TOC).(experimental conditions: [H2O2] =  7.1 µmol L-1; temperature: 19.0 °C; pH 6.6 – 6.2 
(Control); pH 6.8 – 7.0 (0.5 mg L-1); pH 6.7 – 7.0 (1.0 mg L-1); pH 6.7 – 7.1 (3.0 mg L-1) e pH 
6.8 – 7.0 (5.0 mg L-1)). 

 

 
 
In this first attempt, for the control, 0.5; 1.0 mg L-1 of TOC (AA) microcosms, it was 

possible to observe a decreasing of H2O2 concentration until 1320 minutes. Before this period, 

H2O2 kept constant. For the microcosms employing AA with 3.0 e 5.0 mg L-1 TOC seems have 

been occur a suppression of analytical signal in the measurement of H2O2 until the initial time 

(zero) or a fast consumption of H2O2 added (Figure S1). 

Reactive oxygen species formation, as •OH radicals and H2O2 by ascorbic acid were 

reported by Li and co-workers (2012). They suggested that ascorbate in aqueous solution 

(AscH-) in the presence of O2 can form O2
•- (reaction 1), even though with addition of H2O2, 

would be formed HO2
•- (reaction 2). The specie O2

•-, more unstable, disproportioned to form 

H2O2, a more stable specie (reaction 1) as well. 

AscH-  + O2 → •Asc + O2
•- 

(1) 
 

AscH-  + H2O2 → •Asc + HO2
•- (2) 

2 O2
•- + 2H+ → H2O2 + O2  (3) 

 
We believe in the probability of H2O2 added, it has been consumed in the reactions of 

production radical species, justifying its rapid consumption and very low H2O2 concentrations 
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observed. After around 1300 minutes, the increase in H2O2 concentration (microcosms 3.0 and 
5.0 mg L-1 TOC of AA) could be justified by the production mediated by reactive species 
formed (reaction 3). In this way the mathematical treatment to determine the order of reaction 
and the half-life of this experiment were calculated from the time of 1320 minutes. Rates of 
H2O2 consumption and half-live times are showed in Table S1. 

 
Table S1: Disappearance rate constants (k) of hydrogen peroxide (7.1 µmol L-1) and half-life (t1/2) in 
different concentrations (0.5, 1.0, 3.0 and 5.0 mg L-1 TOC) of ascorbic acid. 

Microcosms t1/2 (H2O2) Kinetic order kH2O2  

Control 64.2 Zero 8,3 x 10-4 µmol -1 min -1 
0.5 50.8 1st 2,3 x 10-4 min -1 

1.0 48.7 1st 2,4 x 10-4 min -1 

3.0 62.6 Zero 1,6 x 10-3 µmol -1 min -1 

5.0 79.4 Zero 1,3 x 10-3 µmol -1 min -1 

 
Microcosms spiked with 0.5 e 1.0 mg L-1 TOC of AA kinetic of H2O2 followed 1st 

order, and AA seems to be behaved as H2O2 scavenger, but for microcosms incremented with 

3.0 e 5.0 mg L-1 of TOC of AA, where seems to happened a production of H2O2, the kinetic was 

defined as zero order (t1/2 (H2O2), 62.6 e 79.4 hours). These results corroborated with the 

hypothesis of H2O2 production mediated by AA, because after a fast production of H2O2, 

considering that had been a decreasing of AA concentration, there was not more AA enough to 

scavenger the oxidant species, and H2O2 in this system followed a kinetic of decomposition as 

the control (zero order, t1/2 (H2O2) 64.2 hours). An additional experiment was conducted, 

without the initial H2O2 spikes, only with a dissolution of the same concentration range of AA 

used on previously experiment in ultrapure water, followed the H2O2 measurements (Figure 2S).  

The increasing of H2O2 in the microcosms was observed and it was directly proportional 

with AA concentrations, and a decreasing of oxidant was verified until 1335 minutes (Figure 

2S). We highlighted that experimental conditions related of the analytical method used to 

quantify H2O2 was verified also, such as pH of solutions, and any unusual factor was not 

observed, and the H2O2 concentration in the control kept below detection limit. Thus, we 

confirmed there was a production of H2O2 associated to presence of AA. 

 

Figure 2S – Concentrations of H2O2 in the presence of AA (without H2O2 addition). 
(experimental conditions: temperature: 19,0 °C; pH 6.1 – 6.3 (Control); pH 6.9 – 6.3 (0.5 mg L-

1); pH 5.5 – 6.3 (1.0 mg L-1); pH 5.7 – 6.3 (3.0 mg L-1) and pH 5.1 – 6.3 (5.0 mg L-1)). 

 

 
Other organic compound tested was the Hydroquinone, but it has not behaved as a 

model compound, because it had caused some interference in H2O2 measurements (suppression 
of analytical signal. This effect was attributed to the presence of Hydroquinone based on the 
results obtained to the Control microcosm, which in the results were as expected. 
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17) (143) Any reason why 0.45 um filter was used? A 0.2 um filter would have been more ideal 
for removing microbes. This may not really have affected your results, but you should 
explain/justify your choice here. 

 

We agree with this opinion, even we have tested this approach for other natural water 

samples used in sequence of another work (data not showed here). However, for this work, 

presented here, we decided to use 0.45 µm membrane to guaranteed at least the dissolved 

fraction of organic matter, avoiding particulate fraction. 

 
18) (156-159) You state that the data follow a zero-order law. Is there any theoretical reason 
why this would be true? Even if the data follow this law, you should provide some 
discussion/justification as to why it follows a zero-order law. 
 

Please, see the response to comment 21, which in we presented a more detailed 
discussion about data treatment and the orders defined in these experiments. We highlighted this 
information can be included in a rewritten version. 
 
19) Section 3.1. You state that H2O2 consumption is virtually non-existent until 1400 minutes 
after the start of the experiment. Why is this the case? You should provide 
conceptual/theoretical discussion explaining this. Some studies showed the half-life time of 
hydrogen peroxide range to  
 

Hydrogen peroxide is a secondary standard and it is known that this compound 

decomposes naturally over time, depending of temperature and solution concentration. In this 

study, the microcosm control was conducted only with ultrapure water and spiked with H2O2, 

so it represents decomposition of H2O2, without any or minimum (if we considered that this 

experiment was not autoclaved) biotic contribution. We emphasize that fulvic acid and lignin 

behaved as recalcitrant compounds, they did not perform a scavenger role in H2O2, as it was 

observed in the resemble in the kinetic consumption profile. We can insert more information 

about this topic:  

In aquatic environment, the major sinks of H2O2 seem to be catalytic decomposition 

mediated by enzymes, metal transitions (Fe and Cu), photo-Fenton reaction for example (Zepp; 

Faust; Hoignè, 1992; Southworth; Voelker, 2003) and the direct photocatalysis. In freshwater 

system, H2O2 half-live time was few hours, and was attributed to action of microorganisms. For 

seawater, the half-live times take order of days. Pestane and Zika (1997) demonstrated biotic 

effects in H2O2 loss kinetic in seawater. For unfiltered samples results ranged to 12 (coastal 

waters) to 120 hours (surface water from open ocean), which in they corelated effects of DOM 

that it was higher in coastal areas (higher absorbance in 300 nm). H2O2 natural concentrations 

ranged to 1.24 to 2.42 x 10-7 mol L-1.  

Comparing the measures of H2O2 disappearance kinetic in filtered (0.2 µm), unfiltered, 

and autoclaved seawater samples, the H2O2 loss rates was greatly decrease by the remoting of 

biotic effects (biota, mineral and organic detritus) in filtered sample. The profile of H2O2 

obtained was the same observed in this work, which in initially there is a little or no degradation 

of H2O2 and the losses start around 30 hours. For the filtered and autoclaved samples there is not 

virtually disappearance of H2O2 until 80 hours, showing that this behavior depends on biotic 

characteristics of aquatic system. In this study, microcosms control was prepared with ultrapure 

water (MilliQ) spiked with H2O2, so it showed the decomposition of H2O2, without any or 

minimum (if we considered that this experiment was not autoclaved) biotic contribution. The 
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microcosms with organic recalcitrant model compounds solutions (e.g. fulvic acid and lignin) 

showed a similar behavior, indicating no scavenger acting in H2O2 loss. 

 

20) (163) the numbers reported here do not agree with the numbers in Table 1. 
 

We verified and this data was typed wrong. Please, consider the following corrections, 

but in general, interpretation and pattern of results were not modified, even with this 

misconception of typed. The value corrects for k of control (pyruvate microcosm) is 6.71 x 10-4 

µmol min-1 ([H2O2]0 = 7.18 µmol L-1). You could confirm, considering the zero order attributed 

for the H2O2 kinetic consumption in the control sample, the half-life time was calculated by t1/2 

= ([H2O2]0)/(2 x kH2O2). Please, find below the corrections: 

Section 3.1 

(…)  

Table 1 shows the disappearance rates and half-lives of hydrogen peroxide in the 

presence of all the organic model compounds tested.  

(…) 

Figure 1 

 

Table 1: Disappearance rate constants (k) of hydrogen peroxide (7.1 µmol L-1) and half-life 
(t1/2) in different concentrations (0.5, 1.0, 3.0 and 5.0 mg L-1 TOC) of fulvic acid, lignin and 
pyruvate. 

Microcosms 
TOC (mg L-1) 

Fulvic acid Lignin Pyruvate 
k 

(µmol min-1) 
t1/2 

 (hours) 
k 

(µmol min-1) 
t1/2  

(hours) 
k 

(min-1) 
t1/2  

(hours) 

Control 8.8 × 10-4 69.2 7.98 × 10-4 
 75.3 6.71 × 10-4 89.2 

0.5 8.5 × 10-4 69.5 8.58 × 10-4 68.1 5.3 × 10-4 21.6 

1.0 9.4 × 10-4 64.9 7.75 × 10-4 73.9 9.7 × 10-4 11.9 

3.0 10.9 × 10-4 59.2 7.74 × 10-4 71.7 2.2 × 10-3 5.4 

5.0 10.4 × 10-4 59.6 8.79 × 10-4 59.7 3.7 × 10-3 3.1 

 
The rates of hydrogen peroxide consumption in the presence of fulvic acid or lignin 

ranged from 8.5 to 10.9 x 10-4 and 7.7 to 8.8 µmol min-1, respectively (Table 1). 

 

21) Figure 1. The data do not all appear to follow a zero-order law. If the data fit a zero order 
law, then C/Co vs. time should be linear (at least the portion following the 1400 minute lag 
should be). However, the data do not appear linear in many cases and thus your contention that 
they follow a zero-order relationship does not appear to be completely reasonable. This issue is 
part of a broader issue here where there is often insufficient justification for the statements 
made in the paper. As the paper is currently presented you do not explain how model 
parameters were fit (e.g., was a least squares fitting approach used) or how models were 
chosen. For example, was a zero-order model used because it fit better than a 1st-order model? 
Or was the model chosen for theoretical considerations. Discussion on these issues is required. 
 

In case of microcosms experiments using lignin and fulvic acid, the H2O2 had a 

consumption the zero order as showed, which in there is a little or no scavenging effect of these 

organic model compound in the H2O2 loss. We could add as supplementary material, the 

graphics showing the application of these mathematical models used. For now, please find 

below some examples of the mathematical treatment applied to define the kinetic orders (best 

fits) and their respective regression and k (slope) (Figure 3S). 
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Figure 3S - H2O2 disappearance applying kinetic laws in the microcosms experiments using 
organic model compounds (A) 0.5 mg L-1 TOC Lignin; (B) 5.0 mg L-1 TOC Lignin; (C) 0.5 mg 
L-1 TOC Fulvic acid; (D) 5.0 mg L-1 TOC Fulvic acid; (E) 0.5 mg L-1 TOC Pyruvate; (F) 5.0 mg 
L-1 TOC Pyruvate; Control (ultrapure water): (G) during Lignin experiment; (H) during Fulvic 
acid experiment and (I) during Pyruvate experiment.   
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For the pyruvate microcosms, specifically to 0.5 and 3.0 mg L-1 of TOC, the zero order 

showed slightly best fit, instead the other ones, which in the best fit was obtained for the first 
order. Even though, we assumed the first order for all pyruvate microcosms, because the 
difference between the both highlighted were not great, but for 1.0 and 5.0 mg TOC of pyruvate 
the first order fit was great better. All these data can be included in the supplementary material.. 
 
22) Table 1: Similar comments as for Figure 1. Also the number of significant figures for the 
“Lignin” column” differs from the other columns. Also you should include discussion and 
information showing how good the fits are for the estimated parameters (K). Currently there is 
no way to assess if the parameters reported in Table 1 are good fits. This is very important as it 
is presently not possible to assess if the kinetic models chosen to fit the experimental data are 
reasonable models. As I have mentioned above the zero-order fit for fulvic acid and lignin 
appears that it might not be all that reasonable. Furthermore, you should provide any available 
justification as to why the pyruvate data should fit a 1st-order model. 
 

Please, consider the response to comment 21. 
 
23) In section 3.1 you mention that pyruvate was oxidizing (as indicated by consumption of 
H2O2). However, you provide no indication of the extent of oxidation (did it completely oxidize 
to CO2 or did it go to an simpler organic compound)? Did you measure changes in TOC during 
these experiments? If so it would be useful to include and discuss this data for both the pyruvate 
and fulvic acid experiments. This issue comes back to the previously stated issue that you do not 
explain exactly what you are measuring by using pyruvate as a model for LOM. It is totally 
conceivable that other model substances for LOM might oxidize more (and thus consume more 
H2O2) or less (and consume less H2O2) than pyruvate. Thus, had you used those substances 
you would have gotten completely different rate constants and your equations 2 and 3, which 
you use to estimate LOM in natural samples would have been different. A full and discussion of 
these issues, and presentation of data that might help to resolve this questions is crucial to 
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demonstrating the utility of the method presented in your paper. Resolving/addressing these 
issues is crucial to demonstrating the validity/utility of your method. 

 

We carried out TOC measurements during kinetic experiments, but significant 

differences were not observed. We believe that what might have happened in this case, it was 

not a mineralization of C content, but just chemical transformations, as can be observed in UV-

Vis spectra results (Figure 3S).  In biological conditions, pyruvate can decompose H2O2 to 

form acetate H2O and CO2 (Varma; Devamanoharan; Morris, 1990). So, measurements of CO2 

would be useful. However, microcosms were conducted in glass-jacket reactors opened, so it 

was not possible to verify at least an increase in total inorganic carbon (TIC) by TOC analyze. 

Even with this lack, we assume that pyruvate play as a scavenger of H2O2, considering 

significant distinction of H2O2 loss between the control and the others microcosms carried out, 

as well as differences in the absorbance in the UV-Vis spectra obtained between the begin and 

the end of H2O2 kinetic consumption, this variation have not seen for the microcosms 

conducted with Lignin and FA, as organic model compounds. 

 

Figure 3S – UV-Vis spectra of microcosms samples during H2O2 kinetic consumption (I = 
Initial and F = Final) in the presence of organic model compounds (0.5; 1.0; 3.0; 5.0 mg L-1 
TOC): (A) Lignin; (B) Fulvic acid; (C) Pyruvate. 

 
 

 

24) (178) The numbers here do not agree with the table.  
 

This mistake was verified. It was corrected as showed in the response to comment 19. 
 

25) Equation 1: Justification for choosing this model should be discussed. 
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Our approach was empiric, using the half-live times obtained to H2O2 

consumption in the presence of pyruvate against the respective LOM concentrations. 

We have followed using exponential decay functions, except for this case we use the 

base 10 antilogarithm for didactic purposes. 

 

 

(Eq. x) 
 

 y: half-life time of H2O2 (hours); x: [LOM] (mg L-1); A, B and C: constants empirically defined. 

Please, see response to comment 12. We have added more information and rewritten 

this topic. 

 

26) (249-250) You state that the results are in agreement with a zero-order model. If there was 
LOC in the samples wouldn’t you expect (at least based on your earlier conclusions) that the 
samples would follow a 1st-order model. Recall that you stated your pyruvate data followed a 
1st-order model and your fulvic data a zero-order model. 
 

As we have showed previously, we assumed that pyruvate had a good behavior to 

simulate the kinetic consumption of H2O2 in the presence of scavenger, besides of the model 

proposed to estimate LOM concentration, we proposed a second approach, considering ROM 

content can be calculated by the difference between TOC and LOM concentrations. 

Accordingly, in this experiment our aim was apply the methodology proposed and verify the 

possible matrix effects of this freshwater sample. Therefore, we did not expect to have a similar 

behavior only based in kinetic order of H2O2. Since, using a real sample, we did not have a 

simple system as that one compose by ultrapure water and organic model compounds only, 

actually there is a mixture of compounds and our approach was developed to be sensitive to 

labile content. Further ahead, we have done this calculation to show that ROM content in this 

freshwater sample is higher than LOM. 

 

27) (255-275) Your conclusions/statements here are unclear and do not seem valid. You 
conclude that “these results indicate that freshwater from the Preto River predominantly 
consists of ROM”. I would expect the freshwater only experiment to have very similar behavior 
to the freshwater with fulvic acid (since the fulvic acid adds only ROM). I would also expect the 
freshwater+pyruvate samples to consume H2O2 faster than the only freshwater sample, since 
the addition of pyruvate adds LOM. Thus, I do not believe that you can conclude from these 
results that the Preto River water consists predominantly of ROM based on your experimental 
results. In fact, if the Preto River water was predominantly composed of ROM, then wouldn’t 
you expect the data from the freshwater only experiment to be very similar to the control 
(Figure 3)? Since the freshwater only data is very different from the control, then I do not 
believe you can make the conclusions that you have made here. Thus, this section is very 
unclear and it is not obvious what exactly you mean to show with the data in Figure 3 and Table 
2. Again, you will also need to justify the model choices in Table 2 and provide goodness-of-fit 
data/discussion for the K values estimated in Table 3. 
 

We are sorry that this part was not clear in the original manuscript. So, we have revised 
the contents of this part. However, to clarify this point, considering that proposed of this work 
was to establish a possible way to quantify LOM, we did not agree that the behavior of this 
freshwater sample must be similar to experiments presented (microcosm ultrapure water + 
adding FA), even it has higher ROM content than LOM, as showed by our results. 
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 When we apply FA (in this case, it is an example of natural and relatively common 
fraction of NOM naturally found), as organic model compound, we would like to demonstrated 
that a recalcitrant compound does not have a great scavenger effect on the H2O2, compared to 
labile compound, here represented by pyruvate. 

Therefore, we agree with the presented results and reinforce that we did not expect to 
have a similar behavior only based in kinetic order of H2O2. Since, using a real sample, we have 
not had a simple system compose by ultrapure water and organic model compounds, there is a 
mixture (LOM + ROM), and our approach was developed to be sensitive to labile content. For 
ROM, we did not propose use the AF as model, even though, we were not finger out an 
equation to this, just to LOM. We proposed measurements of ROM content was calculated 
indirectly by difference between TOC and LOM.  

The kinetic profile of H2O2 in the sample (just freshwater) and samples fortified with 
FA (0.5 and 5.0 mg L-1) occurred by effects caused by LOM present in the natural freshwater. 
We reinforce, we did not expect that FA increase the half-life times, as showed, the FA was 
considered recalcitrant because it did not play a scavenger role in the H2O2 kinetic, in other 
words, we could say that it is not reactive forward H2O2, in these experimental conditions used.  

In the comments about the data (half-life times, kinetic order…) we agree that we can 
increment this item, showing data treatment used and to enrich the discussion, as in the example 
given in to response comment 21. 

 
28) (300-301) You mention that similar behavior of H2O2 consumption has been observed in 
Jardim et al. 2010. Was the same or similar method used in this paper? If so is your method 
new/modified? If Jardim et al. (2010) were doing something different from your current paper, 
then please make this clear. 

 

As already mentioned in the response to the general comment, the work developed in 

this manuscript was different of the presented by Jardim et al (2010). We inspired in their 

findings, where they showed the effect of the input of fresh NOM, considered labile, in the 

control of redox conditions in their study conducted in Amazon region. They highlighted that in 

the high flowed season, there is an input of fresh NOM in aquatic system and in this period, this 

reactive fraction of OM can act as a scavenger od H2O2 photogenerated in aquatic system, 

influencing directly the redox conditions, thereafter altering the oxidation of Hg0 to Hg2+. 

Therefore, in their work, Jardim and co-workers showed H2O2 kinetic consumption only in two 

samples, and they have not proposed a method, as we are trying here. They highlighted that 

H2O2 might be used as indicator, but they did not provide a further discussion about how to do 

this for freshwater samples. Considering this fact, we decide to test H2O2 as an indicator of 

presence of LOM for freshwater samples, as well as to establish a method to quantify this 

reactive fraction of NOM. A reviewed topic about this could be incremented in the introduction. 

 

 

We would be glad to respond to any further questions and comments that you may have. 

 Thank you.  

Sincerely yours,  

All the authors. 


