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ABSTRACT

The rates of denitrification, dissimilatory nitrate reduction to ammonia (DNRA) and anammox were
evaluated on a typical lake of Pantanal wetlands using the isotope pairing method. Denitrification rates were
low at all studied sites, ranging from 3,4 to 34,5uMN,m”h"'. The rates of O, consumption in the sediment
were two to three orders of magnitude higher, ranging from 2630 to 3880uMO_ m~h"'. A parallel incubation
showed that as 50% of added nitrate was reduced to N, through denitrification and that anammox activity was
negligible. From this result we estimated that the anaerobic reduction of nitrate is equal between denitrification
and DNRA processes. Although microorganisms that carry out denitrification and DNRA were present in
the lake, as seen in one experiment performed in this study, the rates were very low. Both denitrification and
DNRA in this lake are regulated mainly by very low nitrate concentrations (<SpM).
Keywords: denitrification; DNRA; ANAMMOX; Pantanal; oxygen consumption.

RESUMO

TAXAS DE DESNITRIFICACAO, RDNA, E ANAMMOX NO SEDIMENTO DE UMA PLANICIE
ALAGAVEL TROPICAL (PANTANAL, BRASIL). As taxas de desnitrificacdo, reducdo dissimilatoria
de nitrato a amonia (RDNA) e anammox foram avaliadas em um tipico lago da planicie de inundacao do
Pantanal usando o método de pareamento isotopico. As taxas de desnitrificacdo foram baixas em todos os
locais estudados, variando de 3,4 a 34,5 pMsz‘zh'l. As taxas de consumo de O, no sedimento foram duas
ou trés ordens de magnitude maior, variando de 263 a 3880uMO,m?h"'. Uma incubagio paralela mostrou
que 50% do nitrato adicionado foi reduzido a N, através da desnitrificagdo e que a atividade da anammox foi
negligenciada. Através desse resultado, nos estimamos que a redugao anaerobica de nitrato ¢ equivalente entre
os processos de desnitrificagdo e RDNA. Apesar dos microorganismos que realizam a desnitrificagdo e RDNA
estarem presentes no lago, como visto no experimento realizado no estudo, as taxas foram muito baixas. Tanto
a desnitrificacdo quanto a RDNA nesse lago, sdo regulados principalmente pela baixa concentragao de nitrato
(<5uM).
Palavras-chave: desnitrificagdo; RDNA; ANAMMOX; Pantanal; consumo de oxigénio.

RESUMEN

TASAS DE DENITRIFICACION, RDNA Y ANAMMOX EN LOS SEDIMENTOS UN LAGO
TROPICAL DE PLANICIE INUNDABLE (PANTANAL, BRASIL). Las tasas de denitrificacion, reduccion
desasimilatoria del nitrato en amonio y Anammox fueron evaluadas en un lago tipico de los humedales de
Pantanal, usando el método de emparejamiento isotdpico. Las tasas de denitrificacion fueron bajas en todos
los sitios de estudio, variando desde 3,4 hasta 34,5 uMN2m‘2h‘1. Las tasas de consumo de O, en los sedimentos
fueron dos a tres 6rdenes de magnitud més altas, desde 2630 hasta 3880uMO,m?h"'. Una incubacion paralela
mostré que hasta un 50% del nitrato afiadido fue reducido a N, a través de denitrificacion y que la actividad
Anammox fue minima. A partir de este resultado se estimo que la reduccion anaerébica del nitrato es igual
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entre los procesos de denitrificacion y RDNA. Aunque los microorganismos que llevan a cabo la denitrificacion
y la RDNA estaban presentes en el lago, tal como se observo en un experimento llevado a cabo en el marco de
este estudio, las tasas fueron muy bajas. Tanto la denitrificacipon y el DNRA en este lago estan reguladas por

las muy bajas concentraciones de nitrato ((<5uM).

Palabras clave: denitrificacion; RDNA; ANAMMOX; Pantanal; consumo de oxigeno.

INTRODUCTION

Understanding the interactions and different
pathways of the nitrogen processes is a key component
to understand and quantify the relative importance of
this element on ecosystems structure and function
(Enrich-Prast 2005). Nitrogen is one of the key
nutrients in regulating ecosystem production (Zehr
et al. 2000) and its excess can promote eutrofication
(Schindler et al. 2008). Nitrous oxide (N,O) is a
greenhouse gas that can also destroy the ozone layer
(Galloway et al. 2008). N,O can be produced as a
byproduct of nitrification or denitrification.

Denitrification is a process carried out by
facultative anaerobic bacteria and it consists of
dissimilatory anaerobic reduction of oxidized
elements of nitrogen (NO, and NO,") to atmospheric
dinitrogen (N,) and/or nitrous oxide (N,O) (Schmidt
et al. 2000). This process occurs in areas with low
oxygen concentration or totally anoxic, located
immediately below the oxic zone, since this area is
the production of nitrite and nitrate via nitrification,
subsidizing the denitrifying activity (Kuschk et al.
2003). The result is the loss of nitrogen from the
system because most organisms cannot assimilate
N, as nitrogen source so this gas is released into the
atmosphere (Nielsen & Glud 1996, Menges et al.
1997).

The dissimilatory reduction of nitrate to ammonia
(DNRA) is a process carried out by strictly anaerobic
fermentative bacteria (Philippot & Germon 2005)
that compete for substrate with denitrifying bacteria,
since both are heterotrophs, occupy the anoxic
zone and use nitrate as electron acceptor (Poulin et
al. 2007). What will determine the density of the
respective bacteria and which process will prevail
is the proportion between the availability of organic
carbon and the electron acceptors (Enrich-Prast 2005,
Scott et al. 2008). The greater the ratio of the carbon/
electron acceptor, the highest percentage of nitrate
will be used by DNRA bacteria. This process does

not export nitrogen from an ecosystem but instead,
feeds the nitrogen cycle, because its final product
is ammonia, an easily assimilated molecule by the
biota (An & Gardner 2002, Scott et al. 2008).

ANAMMOX is the process of anaerobic oxidation
of ammonia using nitrite as electron acceptor and it is
mediated by obligatory anaerobic bacteria (Dalsgaard
et al. 2005). In this process there is no degradation
of organic matter but oxidation of ammonia to
atmospheric nitrogen, in order to obtain energy.
Studies indicate the ANAMMOX process is an
important process of removing nitrogen from marine
ecosystems (Dalsgaard et al. 2003, Kuypers et al.
2003, Engstrom et al. 2005) and it is responsible for
up to half the total loss of this nutrient in the oceans
(Dalsgaard et al. 2005).

The processes connected to the nitrogen cycle
in tropical ecosystems are still poorly known (Serra
et al. 2004, Pina-Ochoa & Alvares-Cobelas 2006)
especially in flood plains (Scott et al. 2008). These
areas are extremely important for biodiversity as
they have a significant number of plants and animals
adapted to flooded environment. In addition, they
exert control over the hydrological dynamic of
rivers and its tributaries, retaining excess water that
reaches the ecosystem during the flooding period.
Tropical regions have large numbers of wetlands due
to geological, hydrological and climate conditions
(Serra et al. 2004) and these ecosystems are often
limited by nitrogen (Hordijk et al. 1986). A good
example of this type of ecosystem, in the tropics, is
the Pantanal, where studies focusing on processes of
the nitrogen cycle in aquatic environments have not
been performed yet.

The purpose of this study was to quantify and
evaluate the relative importance of the anaerobic
processes that use nitrite/nitrate as electron acceptor
denitrification, DNRA and ANAMMOX in the
sediment of a lake located at the largest world tropical
wetland (Pantanal, Brazil), during wet period of the
year (2001) of severe drought.
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MATERIAL AND METHODS

This study was conducted in the lake “Baia
das Pedras”, located at the floodplain of the Mato
Grosso’s Pantanal, in West Central Brazil (Figure 1).
The Pantanal is the world largest floodplain system
with an annual variation in water level. This large
biome is part of the Upper Paraguay basin formed
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by the Paraguay River and its tributaries. During the
flooding period the waters are retained and stored
allowing the flow from the spring to the plain. The
natural vegetation also influences this process, acting
as a natural filter to retain sediment, nutrients and
particulate organic matter arising out of rivers, during
high water, connect with bays and lakes (Alho &
Gongalves 2005).
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Figure 1. Baia das Pedras, Pantanal Mato-grossense, Brazil. Geographical position, sampled points (1-Pedra, 2-Buraco and 3-Coqueiro) and batimetric
data during the drought period, in September of 1999 (Adapted of Nogueira et al, 2002).
Figura 1. Baia das Pedras, Pantanal Mato-grossense, Brasil. Posi¢do geogrdfica, pontos de coleta (1-Pedra, 2-Buraco e 3-Coqueiro) e dados
batimétricos durante o periodo de seca, em Setembro de 1999 (Adaptado de Nogueira et al, 2002).

Baia das Pedras has 2 acres of extension and
belongs to the sub-region of the Poconé’s Pantanal
(16°24°S and 56°10°W). It was originated from an
abandoned meander that resulted in a lake, as a result
of the fluvial river dynamics of this area. During the
sampling period there was no evidence of connection
with another aquatic environment (Figure 1) because
was the end of wet period and the level water had
lowered.
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We collected five replicates of sediment samples in
points Pedra (1) and Coqueiro (3) and two replicates
in point Buraco (2), shown in Figure 1. The sediment
samples were collected in plexiglass cores (3,5cm
in diameter and 10cm high), one time during the
wet period in September 2001. This year was had a
drastic drought and, during the high water period, the
level water was atypical, being lower (Galdino et al.
2002). The cores were transported to the laboratory
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keeping the sediment-water interface intact. In the
laboratory, the cores were placed in small aquarium
with 10 centimeters of water above the cores to keep

the oxic conditions in water over the sediment. The
water circulation was enhanced by the use of small

magnetic stirrers.

i

Figure 2. Picture of the schematic incubation system showing the aquarium with water and sediment samples from Baia das Pedras during the

stabilization time.

Figura 2. Foto esquematica do sistema de incubagdo mostrando o aqudrio com amostras de dgua e sedimento da Baia das Pedras, durante o periodo

de incubagao.

After the stabilization period of 3hours, the
initial concentration of oxygen in the water column
was determined (Oximeter Mettler). The cores were
closed and the final concentration of oxygen was
obtained after 2 hours of incubation. The rates of
oxygen consumption in the sediment were calculated
according to Dalsgaard et al. (2000).

After the final measurement of oxygen, the cores
went through a new stabilization period of two hours
in order to determine the actual rates of denitrification
in the sediment (Nielsen 1992). Different volumes of
a solution Na"’NO, (5SmM) were added in each of the
cores and the water column was mixed with the use
of magnetic stirrers. Five minutes after the addition
of this solution, water samples were retrieved for an
initial analysis of the rate of *'*NO,". After a two
hour incubation period, the final water aliquots were
removed and placed in exetainers (Labco. Co) with
ZnCl,, to prevent any microbial activity and these
conditions were suitable for further mass spectrometry
analysis of the proportions of *N_, *N_, *N, (Carbo
Erba). Subsequently, samples of N,, in its different
isotopic forms were removed with an injection of
helium gas in the exetainers, forming a headspace in
the vials. After shaking, the N, was transferred to the

headspace, allowing its removal for analysis by mass
spectrometry.

The resulting isotopic compositions are “N'N
(*N,), “N”N (¥N,)) and "N"N (*N,). The amount
of N, and *N, isotopes produced was calculated
using its proportions, according to Nielsen (1992).
The potential denitrification rate ('*D) was calculated
through the sum of the concentrations of "N
forms produced: D = (¥N,) + 2 (*N,). The rate
of real denitrification ('*D), which represents the
denitrification “NO," already present in the medium
or produced by nitrification, was based on the
calculation of the potential denitrification and in the
concentrations of the isotopic forms, which derived
from a binomial distribution: “D = (*N,) / 2 (**N.)
x °D.

The relative rates of denitrification, DNRA and
ANAMMOX was assessed by carrying out potential
incubations with the first cubic centimeters of
sediment surface of each of the sampling sites. After
homogenization, these sediments were transferred
to 6ml exetainers and different forms of inorganic
nitrogen were added according to the process studied.
Finally the bottles were filled with anoxic water
(previously bubbled with N,).
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To evaluate the relative rates of denitrification
and DNRA, 50uM of an anoxic solution of “NO,
was added and the amount of *N, and *'N, isotopes
produced was calculated according to Nielsen (1992).
In this comparison between denitrification and DNRA,
we assumed that the production of isotopes *N, and
*N, was derived from the denitrification and the
percentage of "NO,’, which was not reduced to such
isotopes, as having been reduced to "NH," via DNRA.

The relative rates of ANAMMOX were evaluated
adding 500uM of “NH,” and 50uM "“NO, to the
exetainers with anoxic sediment (as described
above) and its relative activity was estimated from
the production of *N,, after 48 hours of incubation,
through same procedure used for the other two above
processes, using a solution of ZnCl, and helium for
later analysis by mass spectrometry.

FIGUEIREDO, V. et al.

All statistical tests were performed in GraphPad
Prism 4.0 program. The normality of data was
evaluated using the Kolmogorov-Smirnov test and
were analyzed using parametric tests. We compared
the relative rates of denitrification, DNRA and
ANAMMOX in the sampling sites using T-Student
test (p<0,05). The relationship between the rates
of denitrification and oxygen consumption were
evaluated using a Pearson correlation coefficient
test. The comparison between the processes of
actual of denitrification, oxygen consumption
and DNRA ANAMMOX were made only in sites
Pedra and Coqueiro, because we had five replicas
of sediment samples from these two points and
only two replicas from Buraco, which no enable
to us use statistical analysis.

Table 1. Average values (surface, 70, 140 and 220 depth centimeters) of water limnological characteristics from Baia das Pedras lake (Adapted of
Nogueira et al. 2002).
Tabela 1. Média dos valores de caracteristicas limnologicas da dgua da Baia das Pedras (Adaptado de Nogueira et al. 2002).

Depth (m) Secchi disk pH

(m) O

Temperature

Electric Conductivity

(uS/cm) NO, (uM)

PO, (uM)

3.8 0,3 6,3 24,5

3.8 <0,05 0,2

RESULTS

Some of the limnological data characterizing the
Baia das Pedras lake (Table 1) and are described by
Nogueira et al. (2002).

All data were normally distributed (Kolmogorov-
Smirnov, p <0,05) and parametric tests were
rates of denitrification,

applied. The actual

oxygen consumption and the relative rates of
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denitrification, DNRA and anammox presented no
significant differences between the studied sampling
sites (T-Student test, p <0,05). The increasing
concentrations additions of "NO, in the sediment
from Pedras and Coqueiro sites caused an increase
on the values of ”D but not the on the “D values,
indicating that the method was applied correctly
and that the actual rates of denitrification in the
environment were measured (Figure 3).
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Figure 3. Real (D14) and Potential (D15) denitrification rates in the sediment from Pedra (A) and Coqueiro (B) sampling regions.
Figura 3. Taxas de desnitrificagdo Real (D14) e Potencial (D15) do sedimento das regioes amostradas, Pedra (A) e Coqueira (B).
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The actual rates of denitrification in the sediment
were low and similar between Pedras and Coqueiro
sites, ranging between 6,8 and 14uMNm>h"'. The hi-
ghest rates of this process were observed at Buraco
area, varying between 52,6 and 69uMNm>h! (Figure
4A). The three sampling sites had similar values of
oxygen consumption in the sediment, varying betwe-
en 2,63 and 3,88uMO,m>h"" (Figure 4B).

The actual rates of denitrification and oxygen con-
sumption in the sediment were not significantly cor-
related (Pearson, p <0,05) in laboratory experiment
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(Figure 4C). The denitrification rates in the studied
ecosystem were among the lowest values obtained
from literature that also used the isotopic pairing te-
chnique (Table 2).

The relative contribution of each process to the
consumption of nitrate was similar in the three sam-
pling sites and the rates of denitrification and RDNA
were equally responsible for 50% of its consumption.
The relative contribution of ANAMMOX in the nitri-
te reduction was very low, ranging between 0,0 and
0,07% (Table 3).

Pedra quﬂeim Burco Pedra

Coqueiro

c
4000+
i p=0,05
8 3800
- [ ]
z i ;
Z° 34001 "
5 5 ol -
g 20 -
53 W \
g 2004 .
26004 L
T T T 1
Burco 0 2 4 6 8
Denitrification
(uM Nm2h)

Figure 4. A) Denitrification rates; B) Oxygen consumption rates and C) correlation between denitrification and oxygen consumption in Baia das Pedras.

Values in Pedra and Coqueiro stations represent average + SD, (n= 5). Values in Buraco station are based on an average of 2 measurements only.

Figura 4. A) Taxa de desnitrificacdo; B) Taxa de consumo de oxigénio e C)correlagdo entre desnitrifica¢do e consumo de oxigénio na Baia das Pedras.

Valores das estagoes Pedra e Coqueiro representam média = DP, (n=5). Valores da estagdo Buraco sdo apenas a média de 2 medidas.

DISCUSSION

The rate of oxygen consumption in the sediment
varied between 2634 and 3882uMO,mh"!, being quite
high compared to those obtained in temperate aquatic
environments (1125uM O,m>h"', Hordijk et al. 1987,
between 62,5 and 187,5uMO,m>h", Silverberg et
al. 2000, between 1000 and 2000pMO,m?h", An &
Gardner 2002, between 141 and 1890uMO,m>h",
Tomaszec & Czerwieniec 2003, between 1300 and
1800uMO,m?h", Poulin et al. 2007). These high
oxygen consumption rates at the studied lake can be
attributed to the fact that this environment receives,
when the level of water is very high and there are
connections to other aquatic systems, and accumulates
large amounts of organic matter as a consequence of
its location, inside a flood plain, supporting an intense
decomposing activity in the sediment. Another
important factor in the efficiency of the processes
of decomposition is the higher temperatures that

stimulate decomposition (Tomaszec & Czerwieniec
2003, Marotta et al. 2009). The Pantanal is a biome
that has temperatures relatively high throughout the
year in comparison to temperate environments and
due to the high availability of organic matter, oxygen
consumption is intense, explaining the high values
observed.

According to Pifia-Ochoa & Alvarez-Cobelas
(2006),
tropical environments are scarce, difficult to carry

studies on sediment denitrification in
out comparisons. However, studies conducted in
temperate lakes, using the isotope pairing method
of Nielsen (1992), showed much higher values (up
to 6,15gNha’'d!; Table 1). The denitrification rate
in this study (0,0129gNhad") shows the degree of
limitation of this process in the studied environment,
which cannot be explained either by temperature nor
availability of labile organic C.

The main explanation for the low denitrification
rates observed in this environment is the very low

Oecol. Aust., 16(4): 734-744, 2012
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concentration of nitrate (Table 3). Denitrifying
microorganisms are present in the environment, as
observed by the relative potential measurements
(Figure 4). The isotope pairing methodology, used in
our study, is widely accepted in the literature (Nielsen
1992, Lohse et al. 1996, Minjeaud et al. 2008) and
is considered appropriate for measuring actual
denitrification rates.

Since most of the available nitrogen in the
sediment is in the form of ammonium (Fenchel et
al. 1998), nitrate produced exclusively in aerobic
zone through nitrification, diffuses to the anaerobic
zone subsidizing the denitrifying activity (Rysgaard
et al. 1998, Tomaszec & Czerwieniec 2003, Poulin
et al. 2007, Rao et al. 2008). According to Dong et
al. (2006), in environments with low availability of
nitrate, nitrification can subsidize up to 75% of the
total N, produced. Thus, in the marsh environment
where there are ideal conditions for microbial
processes to occur in the sediment, nitrification
would happen coupled with denitrification (coupled
nitrification-denitrification) allowing a high emission
of nitrogen, even with low concentrations of available
nitrate in the water column. However, the high rates
of oxygen consumption could be inhibiting the
occurrence of nitrification and indirectly limiting the
activity of denitrifying bacteria.

The rates of oxygen consumption determine the
depth of the aerobic zone on the surface of the sediment
and consequently can regulate in different ways,
the denitrifying activity, either directly by creating
anoxic conditions for the occurrence of the process
or indirectly by controlling the nitrification activity
(Jensen et al. 1994). The lack of relationship between
the rates of denitrification and oxygen consumption
suggests an indirect regulation of denitrifying activity
by the oxygen dynamics in the studied environment.
Based on the data presented in Table 2 is possible
to observe that the bacteria responsible for both
denitrification and DNRA processes are present
and active in this environment. The activity of these
organisms is directly related to the presence of labile
organic matter and, as recognized in the literature,
favoring the process of DNRA over denitrification,
when there is a high availability of organic matter
(Christensen et al. 2000). The Pantanal is an ecosystem
with a wide availability of labile C, so it was expected
a high rate of both processes. However the low nitrate
availability was also limiting DNRA. The occurrence
of both groups of microorganisms can be explained
because denitrifying bacteria are facultative anaerobes
and can grow under aerobic conditions, and DNRA
bacteria are strictly anaerobes that can use other
electron acceptors than nitrate (Fenchel ez al. 1998).

Table 2. Compiled sediment denitrification rates, using the isotope pairing technique. Note that the huge majority of the data are from temperate

environments.

Tabela 2. Compilagao de dados de taxas de desnitrificagdo em sedimento, usando a técnica de pareamento isotopico. Observe que a maioria dos dados

¢é de ambientes temperados.

Name

Rate (g N ha? d) Data source

Lake Sobygaard So (Denmark)

Bay Aarhus (Denmark)

Coastal ecosystem Gullmar Fjord (Sweden)
Coastal ecosystem Svalvard island (Norway)
Estuary Young Sound (Denmark)

Estuary Patuxent River (USA)

Estuary St. Lawrence (Canada)

Lake Ringsjon (Sweden)

Baltic Sea (Gulf of Finland)

Baltic Sea (Gulf of Finland)

Bering Sea

152 Risgaard-Petersen et al. (1998)
1344 Nielsen & Glud (1996)
22,2 Sundbéck et al. (2004)

1,9 Blackburn et al. (1996)

6,3 Risgaard & Glud (2004)
299 Jenkins & Kemp (1984)

Wang et al. (2003)

100,8 Svensson ez al. (2001)
54,6 Tuominen et al. (1998)
74,2 Tuominen et al. (1998)
6048 Haines et al. (1981)
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Continuaton Table 2

Name

Rate (g N ha? d) Data source

Bothinian Sea

North Sea

Wadden Sea (Germany)
Wadden Sea (Germany)
Green Creek (Antarctica)
Sugar Creek (USA)

Branch Walker (USA)
Arctic Sea (Norway)

Baltic Sea (Gulf of Finland)
Baltic Sea (Gulf of Finland)

Wetland Baia das Pedras (Brazil)

42 Tuominen et al. (1998)
44,4 Lohse et al. (1996)
20,2 Jensen et al. (1996)
201,6 Jensen et al. (1996)
50,4 Gooseff et al. (2004)
403,2 Bohlke et al. (2004)

40 Mulholland et al. (2004)
19,6 Blackburn et al. (1996)
54,6 Tuominen et al. (1998)
74,2 Tuominen et al. (1998)

0,0129 This Study

Table 3. Relative potential contribuition of denitrification, dissimilatory nitrate reduction to ammonia (DNRA) and anaerobic
ammonium oxidation (ANAMMOX) mensured in terms of nitrate amendment in the three sampled points, in Baia das Pedras.

Tabela 3.Contribui¢do potencial relativa da desnitrifica¢do, reducdo dissimilatoria de nitrato a aménia (RDNA) e oxidagdo

anaerobica do aménio (ANAMMOX), medidos em termos de alteragdo de nitrato em trés pontos de coleta, na Baia das Pedras.

Denitrification (%) DNRA (%) ANAMMOX (%)
Pedra 49,6 50,4 0,07
Coqueiro 48,90 51,1 0,00
Buraco 52,00 48 0,02

Low concentrations of nitrate, in general being
indicative of low concentration of nitrite also,
observed in the bay are also the probable explanation
for the nearly absent ANAMMOX activities, since
this is a process dependent on nitrite and ammonium
(Kartal et al.2007). Furthermore, the chemosynthetic
microorganisms involved in this process, may
have been outcompeted by other nitrate utilizing
anaerobes, since heterotrophic processes prevail
in environments with excessive load of organic
matter (Dalsgaard et al. 2005). Another factor that
may be regulating this process is the temperature.
According to Rysgaard & Glud (2004), in marine
environments, the ideal ANAMMOX temperature
is below 15°C and the efficiency of ANAMMOX
bacteria can significantly decrease at 30°C. It is
possible to speculate that in the Pantanal, due to

high temperatures and low nitrite concentrations,
ANAMMOX is probably not a relevant process.

A comparison of denitrification and oxygen
consumption rates would indicate the relative
contribution of denitrifying bacteria to all

mineralization of organic matter. Converting
both processes in terms of carbon dioxide (CO,)
production, we can estimate that denitrification has
a low participation (less than 0,5%) in all organic
matter mineralization in the sediment. But more
studies, in other periods of year, are necessaries for

corroborate this data.
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