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Abstract - This study aims to apply calculations and methodologies for the evaluation of concentrations of Carbon Organic, 
zinc and nickel coupled to the local reference values (background). This resolution set the general guidelines and minimum 
procedures for the evaluation of the material to be dredged in Brazilian jurisdictional waters. These goals are achievable 
through sampling in sedimentary profiles (Core Sampling) deposited over the years on the Mãe d'Água reservoir. The obtained 

results show that the concentrations of zinc and nickel in the samples were above the local background value with growth and 
enrichment patterns.  
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I. INTRODUCTION 

 

Understanding the dynamics of sediments in a 

watershed is of great importance. This helps us 

comprehend the changes in land use and occupation, 

in urbanization or in economic development, and also 

in the impacts of climate change. Sediments are 

composed of mineral particles and organic matter that 

are transported or deposited in bodies of water. 

Processes derived from industrial and urban activities 

are responsible for the entry of toxic elements into the 
surface waters of river basins. Furthermore, these 

processes may affect the quality of the sediments since 

they can store chemical species or act as a secondary 

source of pollution by increasing the availability of 

contaminants in the ecosystem. 

The availability of the contaminants present in the 

sediments is due to the chemical, physical, and 

biological processes which can lead to their release 

into the water column. As a result, it can cause risks 

and/or damages to the local ecosystem, due to their 

capacity to accumulate sediments over time. 

Sediments have been used as important indicators of 
the quality of aquatic ecosystems and are currently 

considered as important as water column samplings in 

environmental assessments [1],[2],[3], [4]. Aquatic 

ecosystems are among the natural environments most 

affected by anthropogenic activities, especially those 

located near urban, agricultural, and industrial areas. 

The contamination of sediments by anthropogenic 

metals remains a problem in contemporary societies. 

Most of these non-degradable pollutants accumulate in 

chemical species which are often more reactive than 

the original forms of these elements [5], [6].  
[7],[8], [9], show the importance of analyzing and 

evaluating the environmental quality of lacustrine 

ecosystems through the sampling of suspended 

sediments. This is possible due to their high capacity 

of adsorption of metals and their characteristic of 

accumulating contaminants, acting as a reservoir. 

Thus, it can be a possible source of degradation for the 

environment. 

The process of accumulation of contaminants in the 

sediments in aquatic environments and their relation to 

anthropogenic actions or the natural occurrence of 

deposition of these metallic elements can be identified. 

The Mãe d'Água reservoir is located in a densely 

urbanized river basin with a constant occurrence of 
diffuse pollution caused by anthropogenic action. 

Sampling is of fundamental importance in the 

evaluation and control of water, soil, and sediment 

contamination. This not only involves the collection of 

the samples to be analyzed, but it also involves 

everything from the planning of the sampling to the 

interpretation of the data. This will later allow the 

decision making process regarding the treatment 

requirements of the area, and if contaminated, the 

control of the sources of contamination. The novelty 

of this work is to evaluate the concentrations of zinc 

and nickel through the sampling in sedimentary 
profiles (Core Sampling) deposited over the years in 

the reservoir of the Mãe d’Água. 

 

II. MATERIAL AND METHODS 

 

A. Choice and location of core’s sediment 

sampling 

[10] determined the location chosen for the case study 

and sediment collection. It was based on the high 

sediment production, sedimentation of the reservoir, 

and presence of contaminants from the high rate of 
urbanization present in the Mãe d'Água reservoir.  The 

sampled area is located in the Rio Grande do Sul State, 

metropolitan region of Porto Alegre. More precisely, it 
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is in the city of Viamão. The Mãe d'Água reservoir is a 

tributary of the Arroio Dilúvio, an important water 
course that extends to the city of Porto Alegre along 

the east-west direction. The reservoir presents its 

hydrodynamics composed by four tributaries that unite 

and supply the reservoir. Its watershed is constituted 

by an area of 353 ha and it is located inside the Vale 
Campus of the Federal University of Rio Grande do 

Sul (Fig. 1). 

 

 

 
Fig. 1. Location and representation of the study reservoir in the Metropolitan Area of Porto Alegre- RS. 

 

B. Choice and location of core’s sediment sampling 

According to [10], the samples were collected on june 9th, 2014. The profile samples were designed to obtain a 

better spatial distribution within the reservoir. Fig. 2 characterizes the location of the sediment profiles sampled in 

the reservoir. It is possible to verify that the location is near anthropogenic areas in which it presents urban 

characteristics and industries besides the absence of sanitary and solid waste treatment. Thus, it evidences which 

processes favor the increase of the concentrations of pollutants degrading the local ecosystem. 
 

 
Fig. 2. Spatial distribution of the profiles sampled in the lake. (Google Earth, Image © 2018 Digital Globe.)  

 

The profiles were sampled and their data were tabulated such as the geographic coordinates of the points, height of 

depth of water, and the length of the sedimentary profile according to Table I. 
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Profiles (Core 

Sampling) 

UTM coordinates (m) 

(Ellipsoid WGS-84) 
Water line 

(m) 

Core sampling 

length (m) 
X Y 

T1 488716.34 6672912.68 0.40 0.58 

T4 488729.65 6672984.72 0.40 0.60 

T6 488681.47 6672977.90 0.40 1.46 

T8 488633.55 6672976.31 0.40 1.06 
Table I. Information of the collected sediment cores 

 

The technique used was the core sampling which is a 

set of detachable parts, consisting of the introduction 

of a rigid cylindrical tube of PVC with a 75 

millimeters diameter to sample the bottom sediment. 

At the time of collection, a vessel was used which 
provided safety for the development of the activity, 

ensuring the necessary stability of the crew and 

removal of the profiles, according to studies conducted 

by [10].  Some studies [11], [12], [13], [14], highlight 

the importance of this procedure. They also carried out 

studies similar to the one presented and executed here 

such as sampling procedures or even the laboratory 

analysis to infer about the environmental impacts in 

lacustrine ecosystems. The procedure of subsampling 

the sediment profiles occurred in the soil laboratory of 

the faculty of agronomy located at the Federal 
University of Rio Grande do Sul. Fig. 3 presents the 

T8 sediment profile after the sediment layer 

subsampling. Samples from all profiles were stored in 

sterile polyvinyl chloride containers for preservation 

and sample integrity. After storage, they were used for 

the determination of zinc and nickel concentrations. 

 

 
Fig. 3. Sliced sediment core’s at every 0.02 m 

 

C. Determination of the Zn and Ni in the bottom 

sediments 

[14] forwarded about 5000 mg of each subsample to 

the soil laboratory of the Federal University of Rio 

Grande do Sul to evaluate the total concentration of 

zinc and nickel. These sediments correspond to the 

fraction with granulometry less than or equal to 63 μm.  

The methodology of acid digestion employed was 

EPA 3050 which is directed to the analysis of 

concentration of inorganic elements in sediments, 

sludges, and soil samples. It was developed and 

adopted by the U.S. Environment Protection Agency. 
This methodology involves a strong acid digestion of 

the samples, dissolving almost all elements that can 

become bioavailable. Therefore, elements bound in 

silicate structures are usually not dissolved by this 

procedure as they are not usually mobile in the 

environment [15]. The tests were performed in 

duplicate and two UGS (U.S. Geological Survey) 

reference materials were used: Green River Shale -1b 
and Cody Shale -1 for quality control of the assays 

[10]. 

For the implementation of the method, 1000- 2000 mg 

of sediment is required which is digested by repeated 

additions of nitric acid (HNO3) and hydrogen 

peroxide (30% H2O2). Subsequently, hydrochloric 

acid (HCl) is added in order to release the most 

resistant metals (EPA 1996). In the final step of the 

applied method, the material of the samples obtained 

from the extraction was analyzed using the Perkin 

Elmer OptimaTM 2000DV coupled plasma inductive 
emission spectroscopy (ICP-OES). This equipment 

was made in the United States.  

 

D. Background reference values 

The background values used in this research were 

based on some studies (Poleto and Marten 2008; 

Förstner and Wittman 1983). One of them (Poleto and 

Marten 2008) obtained a mean concentration 

representative of the natural concentrations of the 

metals analyzed in the study area through three 

composite samples (each sample was derived from 

three subsamples of the upper layer of the soil). The 
collections were carried out in the headwaters of the 

Mãe D’água reservoir on the top of Santana Hill in 

forest areas that did not present anthropic alterations.  

The other study [17] established the typical global 

natural concentrations for sediments in mg.kg-1. It can 

be observed that the values of the first study [16] are 

consistent with those authors and they are valuable to 

the referent study. The values achieved for zinc and 

nickel are presented in Table II. 

Metal 

Background values (mg.kg-1) 

Poleto and Marten 

(2008)a 

Förstner and 

Wittman (1983)b 

Zinc 47.4 47 – 50 

Nickel 4.9 0.2 – 5 

Source: Fernandes and Poleto (2017a). 

Table II. Background values of the metals analyzed. 

 

a. Typical natural concentrations of the study area 
for sediments in mg.kg-1 

b. Typical global natural concentrations for 

sediments in mg.kg-1 

 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-9, Sep.-2019, http://iraj.in 

Diagnosis of TOC Concentration and Deposition in Bottom Sediments and Comparison with Urbanization Indices 

 

14 

E. Quality control for metal samples (Zn and Ni) 

The determination of the metal levels in the two 
standard reference materials of the USGS soil 

laboratory was carried out with the purpose of 

guaranteeing the quality control of the analysis (Table 

III). The results for the two reference materials, Green 

River Shale (SGR-1b) and Cody Shale (SCo-1) were 

satisfactory with a good representative analysis of the 

data demonstrating that the methodology showed good 

development in the use of metal digestion and also 
presents reliable results [14], [10]. 

 

Table III. Concentrations of Zn and Ni in the reference 

materials: Green River Shale (SGR-1b) and Cody 

Shale (SCo-1) of the USGSc. 

 

Reference Materiala Element 
Mean ± SD of 

certified sample 

Mean determined in this 

study by ICP-OES 

Green River Shale (SGR-1b) 
Ni (mg.kg-1) 29 ± 5 27 

Zn (mg.kg-1) 74 ± 9 77 

Cody Shale (SCo-1) 
Ni (mg.kg-1) 27 ± 4 24 

Zn (mg.kg-1) 103 ± 8 110 
Source: Fernandes and Poleto (2017a). 

Table III.Concentrations of Zn and Ni in the eferencematerials. 

Note: SD = Standard Deviation. 
a
United States Geological Survey. 

 

III. RESULTS 

 

A. Concentration of the Zn and Ni present in the 

bottom sediments 

In the urbanized environment, there is a greater 
probability of the occurrence of metals between the 

environmental liabilities compounded with the 

sediments generated in a natural and / or 

anthropogenic way. Metals may be associated with 

contamination, but caution should be exercised when 

analyzing the concentration of the metals present in 

the sediments because they are essential both to plants 

and animals. According to [18], the great majority of 

studies on metals in ecosystems indicated that large 

areas close to urban, metallurgical complexes and 

highways have high concentrations of these metal 

elements. 

Table IV presents the distribution of zinc and nickel 

contents (mg.Kg-1) in the different profiles (T1, T4, 
T6 and T8) deposited in the lake of the Mãe d'Água 

reservoir, according to [14]. The trace element zinc in 

profile T1 in the first layers near the surface was the 

most polluted with 597 mg.kg-1. In contrast, profile 

T6 presented the lowest concentration in the extract at 

its base (25 mg.kg-1). In the analysis of the average 

data, T6 also appears as the point of deposition in 

which the sediments present the smallest association 

to the trace metal Zn and, T8, the greatest.  

 

Depth (m) 

Zn (mg.kg-1) Ni (mg.kg-1) 

Sampling 

T1 T4 T6 T8 T1 T4 T6 T8 

0.02 597 103 300 417 17 5 13 14 

0.10 317 157 231 418 13 7 13 14 

0.18 198 243 214 287 11 11 13 11 

0.26 184 251 293 307 11 11 13 13 

0.34 174 203 230 225 12 9 11 13 

0.42 162 215 202 230 8 11 10 12 

0.50 149 205 193 219 9 12 11 12 

0.58 118 225 176 186 8 12 9 10 

0.66 
  

154 179 
  

8 11 

0.74 
  

180 175 
  

9 11 

0.82 
  

153 171 
  

10 11 

0.90 
  

176 133 
  

10 9 

0.98 
  

109 133 
  

8 9 

1.06 
  

124 113 
  

10 9 

1.14 
  

124 
   

9 
 

1.22 
  

97 
   

9 
 

1.30 
  

39 
   

3 
 

1.38 
  

34 
   

3 
 

1.46 
  

25 
   

2 
 

Background values (mg.kg-1) 

a
 

47.4 4.9 

Background values (mg.kg-1) 47–50 0.2–5 
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b 
Source: [10]. 

Table IV. Concentration of Zn and Ni in the sediments accumulated in the Mãe d'Água reservoir 
a
Base values of metal-trace analyzed by [16]. 

b
Base values of metal-trace analyzed by [17]. 

 

The results in profile T1 show values of concentration 

in its surface that lead to the increase of the tended 

average due to these extreme values. All profiles 

presented values above the local background 

established by [16] and the values of global natural 

background established by [17] for zinc and nickel. 

The anthropogenic actions within the river basin 

explain the increased concentration of these metals. 

The exception is T4 which presents a reduction in the 

values determined in the surface owing to its location 

in the entrance of the tributary. It is where the water 
flow velocity is greater and the deposition of 

sediments and environmental liabilities occurs. All 

profiles showed an enrichment of Zn and Ni along the 

sedimentary deposition process. 

The study conducted by [19] described the occurrence 

of oscillations in the Zn sorption process and attributed 

it to a migration of zinc to the upper sediment layers 

during the degradation of organic matter. Therefore, 

one can verify and compare such results since in the 

profiles T1, T6 and T8, because the relation of the 

dynamics of the metal between the water column and 
the sediment particles and the growth of its 

concentration is known. 

The nickel trace element presented in profile T1 in the 

first layers near the surface was the most polluted with 

17 mg.kg-1, in contrast to profile T4 which presented 

the lowest concentration in the extract on its surface 

with 5 mg.kg-1 (depth of 0.02 m). In the analysis of 

the average data, T6 also appears as the point of 

deposition in which the sediments present the lowest 

association to the metal-trace Ni. Furthermore, while 

concerning the behavior of the profiles T1, T4, and T8, 

the association was the greatest. According to [20] in 
their studies, the contamination of sediments in urban 

river basins is due to the dust particles arranged in the 

traffic ways that come into contact with waste from 

vehicle wear and emissions which is one of the most 

important trace metal sources, especially Zn and Ni. 

According to [18], Zn is a very remarkable element to 

be present in relatively high amounts when compared 

to other metals such as copper (Cu), lead (Pb) and 

nickel (Ni). 

Comparing the distribution of Ni concentrations with 

those of Zn (Table IV), it can be seen that there is the 
same behavior in all the samples. Thus, in the same 

way as Zn, the T1, T6, and T8 samples show a high 

concentration of the Ni trace element. Anthropogenic 

sources have resulted in a significant increase in Ni 

levels in soils and sediments [21]. Most Ni sources 

occur through industrial and particulate emissions 

from the combustion of charcoal and petroleum. The 

application of phosphate wastes and fertilizers can 

also be an important source of Ni in agricultural soils 

[18]. 

When evaluating the background values of the area, 

there is an increase in the presence of the two 

contaminants (Zn and Ni) due to anthropic activities in 

the material carried by the basin. The data presented 

here demonstrate the existence of the interaction 

between the sediments of the area and the compounds 

of nickel and zinc. It  also exposes a possible fragility 

of this interaction, considering the oscillating patterns 

of association between metal-sediment along the 

sedimentary column. The solubilization of compounds 

of these metals, especially nickel, is clearly correlated 
with carcinogens presenting a possible environmental 

risk that needs to be evaluated. Recent studies have 

presented evidence as the one described such as [22], 

[23], [23]. 

The main factors that contribute to the increase of the 

contaminants present inside the Mãe D'Água reservoir 

come from the diffuse pollution sources present in 

almost all the extension of the watershed. The basin 

presents characteristics such as urban areas 

(residential and industrial) and the absence of sewage 

treatment. It also has an inadequate disposal of  waste 
resulting in a great load of organic matter in the study 

area which is the fundamental agent in the control of 

the processes of sorption and desorption of metals to 

the sediments. This can be observed in the studies 

carried out by [24], [25], [18]. 

 

B. Organic matter levels correlated to Zinc (Zn) 

The content of total organic carbon (TOC), on the 

sediment is the sum of the particulate organic carbon 

(COP) and dissolved organic carbon content (COD) 

[26]. The determination of the levels of COT is 

extremely important for understanding the processes 
of adsorption of metals in sediment, because the 

organic matter is main point of connection of the same 

in water bodies. Figure 4, show the correlation 

between the concentrations of Zn and COT levels in 

samples of bottom sediment of the Mãe d’Água dam.  

All Profiles sampled show a positive correlation 

between Zn and COT. The Profile 6 shows high 

relationship between the two variables, value of R² 

equal to 0,92, with the lowest concentrations of Zn and 

TOC occur next to the rock and gradually increase in 

surface. The fact of a positive correlation between the 
concentrations of Zn and COT levels shows that 

organic matter is adding this element in the bottom 

sediment. According to [27], the Zn deserves attention 

especially in places with high content of organic 

matter, because shows high affinity of adsorption to 

this fraction. 

Variations of the levels of TOC in Profile of bottom 

sediment for zinc, in Figure 4, shows that there is a 

margin of stability. It is important to stress that these 

conditions may be amended in accordance with the 
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physical and chemical conditions, besides of a new 

organic load carried and deposited, what will influence 

on the processes of adsorption and sorption of metals 

from organic matter. 
 

 
Figure 4 – Linear regression between the percentages of total organic carbon and zinc levels corresponding to the Profile of sediments 

from a Mãe d’Água dam. 

 

When analyzing the results showed in the correlations 

between COT and zinc levels to the Profile 1, the 
linear regression may be biased because the extreme 

point is correlated to zinc concentration of 597 ppm. 

This fact is due to its position in relation to depth, 

located near the surface.  [28] describe in their study 

the occurrence of oscillations in the process of 

sorption of Zn and attributes it to a migration of zinc to 

the strata of the upper sediments during the 

degradation of organic matter. Allied to this, can be 

the beginning of a contamination and marking a new 

period of zinc enrichment in sediments from 

urbanization and carried down to the lake of the Mãe 
D’água dam. 

 

C. Organic matter levels correlated to Nickel (Ni) 

The concentrations of Ni in the depth sediment of the 

Mãe d’Água dam also have a positive correlation with 

COT levels (figure 5). The T4 showed a minor 

relationship between both variables, since the COT 
levels are little variables throughout the deposition 

process, possibly due to water flow speed at this point, 

situated under the entry point of the tributary that 

supplies the dam.  

 

As for zinc, the variations in levels of total organic 

carbon in Profile of depth sediment to the nickel are 

below the reference value (background) established by 

[16], shown in Figure 5, indicating that there is a 

margin of stability. It is important to stress that these 

conditions may be amended in accordance with the 
physical and chemical conditions, besides of a new 

organic load carried and deposited, anthropogenic 

effect on the basin, what will influence on the 

processes of adsorption and sorption of metals from 

organic matter. 

 

 
Figure 5 – Linear regression between the percentages of total organic carbon and zinc levels corresponding to the Profile  of sediments 

from a Mãe d’Água dam. 
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The results showed in the correlations between COT 

and the levels of Zn and Ni underline the importance 
of electric charges on the reactions of retention of the 

metals, which is evidence of non-specific adsorption 

or ion exchange, without discardin, the participation of 

specific adsorption with the Mn [29]. The affinity 

between heavy metals in soils and sediments has been 

reported in many studies [30], [31].  Such behavior is 

based on the high specific surface of these 

microcrystalline minerals and their crystal structures 

microcristalinos and load characteristics. By the fact 

of show ionic pH-dependent loads and point of zero 

charge (PCZ) ranging from 1.5 to 4.6, develop high 

potential negative charge in a normal range of pH 
greater than 5, in sediments. The specific adsorption of 

metal cations for Mn oxides follows the order: Pb > Cu 

> Mn > Co > Zn > Ni, generating accumulation of such 

ions in relatively high concentrations in soils [32] The 

degradation of MO, abundant in the carried material 

for the lake, is a source for possible changes in pH and 

Eh of the deposited sediments, influencing also the 

mobility of nickel in the sediment profile. It is known 

that Ni is insoluble at pH values greater than 7, being 

predominantly in the form of  Ni hydroxides [33], 

which can be quickly incorporated into sediments 
[25]. 

 

IV. CONCLUSIONS 
 

The metals Zn and Ni, showed elevated concentrations 

in recent sediment fractions. So, on the surface, on the 

Profiles 1, 6 and 8, were obtained the largest 

concentrations of these metals, demonstrating the 

existence of the enrichment of sediments by these 

elements, and that all strata of sedimentary column 

analyzed showed concentrations above background. 

This behavior is evidenced to the urbanization of the 
area, whereas anthropogenic processes favouring the 

gradual growth of concentrations to the surface, which 

represents the most recent deposition. The levels of 

organic matter when correlated to the concentrations 

of Zn showed more perceptive and continuous 

compared to Ni, showing the growing enrichment on 

the Profile analyzed, confirming the high affinity of 

this element to the sediment  compounds of fraction 

organic, abundant in the area due to lack of sewage 

treatment. The steps involved in this study, as well as 

the satisfactory results achieved characterize the 
importance of environmental research. This study 

through the analysis carried out helps in better 

management for water resources and the planning and 

management of the water basin, because its water 

potential is of paramount importance to the inhabitants 

who extract and consume this water or even leisure on 

the place.  
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