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Abstract: The illegal activity of gold mining in the Brazilian Pantanal is contaminating the aquatic
ecosystem with mercury. This contamination has been potentiated by mercury methylation due
to a typical natural phenomenon of the Pantanal ecosystem known as “dequada”. The present
study estimated in the laboratory the temporal production of methylmercury at two timepoints: the
beginning of a flood, when the “dequada” phenomenon occurs, and the dry season without such
phenomenon. After collecting water and sediment, experiments were performed with microcosms to
reproduce conditions close to nature. To monitor the concentration of methylmercury, 1.0 mg L~! of
Hg?* was added to water and sediment experiments in the Castelo and Saracura bays, both during
the “dequada” and without it; monitoring lasted for 25 days. The methylmercury concentration
was analyzed using atomic fluorescence spectrometry, total organic carbon using TOC 5000A, and
physical and chemical parameters such as pH, redox potential, and dissolved oxygen with a multi-
parameter probe. The results led to the conclusion that the “dequada” phenomenon significantly
affected mercury methylation, because the environmental changes caused by this phenomenon such
as the increased concentration of organic matter, decreased dissolved oxygen, and decreased pH,
potentiated mercury methylation. During the “dequada” in the Castelo bay, the methylation rate was
3.5 times higher (6297.56 ng L~1) than in the experiment without the “dequada” (1827.44 ng L™1).
Therefore, the gold mining activity in Pantanal can cause great damage to the ecosystem because this
environment favors mercury methylation, making its most toxic form active in the aquatic ecosystem
of Pantanal.

Keywords: dequada phenomenon; methylmercury; Pantanal; water contamination

1. Introduction

Pantanal is located in the midwest region of Brazil and is one of the largest swampy
areas in the world, with approximately 150,000 km? of swamp. It is supplied by approx-
imately 90 rivers along its four-thousand-kilometer border and is divided into upper,
middle, and lower Pantanal [1-3]. One of the main characteristics of these rivers is that,
during the flood season, they form natural dams, contributing to flow decrease and system
modification from lotic to lentic, with the formation of chemical, physical, and biological
longitudinal gradients [1,3]. This change in the system occurs during rain periods that
flood the Pantanal soil and submerge large amounts of decomposing organic matter.

Hence, during the flood period, an annual phenomenon occurs, called “dequada”.
According to Calheiros and Ferreira (1996), the ‘dequada’ is a natural phenomenon in the
flooded plains, characterized by the deterioration of water quality, and it occurs due to the
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biological decomposition of the large mass of organic matter submerged at the beginning
of the flooding process. All the oxygen dissolved in water is consumed and free carbon
dioxide is released, thus causing the death of fish. The intensity of this phenomenon
depends on the characteristics of flood pulse and the previous drought and the subsequent
flood period (volume and speed) [4-6].

Besides the deterioration of water quality, this phenomenon may make the charac-
teristics of the aquatic environment favorable for mercury methylation, the presence of
which in Pantanal is attributed to the gold mining activity in the Bento Gomes and Cuiabé
Rivers [7]. These two rivers are tributaries of the Paraguay River, which is the largest river
in the Pantanal watercourse; thus, this activity may be contaminating the entire Pantanal
region with mercury.

The mercury methylation process, meaning the conversion of inorganic mercury into
organic mercury, occurs preferably in aquatic environments with low oxygen concentration,
acidic pH, and availability of labile organic matter. It occurs in backwater areas, marginal
lakes, and artificial reservoirs due to the formation of critical microenvironments [7]. This
transformation can occur through chemical and biological processes. The chemical process
can occur in three main ways: (1) through the transmethylation of other methylated metal
compounds; (2) due to ultraviolet radiation in the presence of these or other organic
compound donors of the methyl group; and (3) through reacting with humic and fulvic
acids [8,9]. The biological process can be mediated by microorganisms such as sulfate-
reducing bacteria, which are responsible for a significant portion of the methylmercury
produced [8,10,11], methanogenic and iron reducers [11,12], and peripheral bacteria [11].

Methylmercury (MeHg) is one of the main organic compounds formed from mercury.
This substance can be biomagnified along the food chain, meaning that the concentration
in living organisms increases as it travels through the food chain [8,13]. This is concerning
because the organic form of MeHg is the most toxic for organisms.

Considering the above, the presence of this metal in Pantanal requires a more in-depth
investigation because, besides the environmental impact, it can also affect humans, es-
pecially the riverside population of the region to whom fish are the main protein source.
Therefore, this study aimed to estimate in the laboratory the temporal production of
methylmercury at two timepoints: the beginning of a flood, when the “dequada” phe-
nomenon occurs, and during the drought, without this phenomenon. Water and sediment
samples were collected from two bays, which are strategic areas located in the Brazilian
Pantanal.

2. Materials and Methods
2.1. Sampling Sites

The Paraguay River is 2695 km long; its watercourse runs from the state of Mato
Grosso (Brazil) and passes through the countries of Paraguay and Bolivia to the state of
Mato Grosso do Sul (Brazil). It is a tributary of the Parana River in Argentina. Besides
its tributaries, there are several lakes and bays connected to the Paraguay River, which
depending on the flood pulse can significantly change the physical, chemical, and biological
characteristics of the river, such as increasing or decreasing the transparency of river water,
its hydrogen potential, electrical conductivity, the concentration of dissolved gases, among
other elements [1]. Another specific characteristic of the Pantanal bays that negatively
affects the Paraguay River is the “dequada” phenomenon, which occurs only in wetlands.
Besides increasing the concentration of organic matter, thus decreasing the concentration of
oxygen available in the water, this phenomenon can also potentiate mercury methylation
in the aquatic system of Pantanal [5,6,8,14].

To study the mercury methylation potential in the aquatic ecosystem of Pantanal,
water and sediment samples were collected in the Castelo and Saracura bays, as illustrated
in Figure 1.
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Figure 1. Map of the location of Castelo and Saracura bays, with sampling points.

The Castelo bay is located in middle Pantanal and has an extension of 128 km?. It is
one of the largest bays after the Cuiaba and Bento Gomes Rivers drain into the Paraguay
River [15]. The Saracura bay is located in Lower Pantanal, 55 km from Corumba/MS, and
it is smaller than the Castelo bay, with an extension of approximately 35 km?. The two
bays are characterized by a dry winter and rainy summer, the vegetation around them is a
mixture of savanna and forest, and they are colonized by semi-aquatic plants during the
flood season.

2.2. Collection and Preparation of Sediment and Water Samples

Water and sediment samples were collected at two different times of the year: during
the “dequada” (flood period) and not during the “dequada” (drought period). First, surface
water samples were collected at each site, which is described in Table 1. Two liters of water
were collected at approximately 30 cm from the surface, directly in PET bottles that were
previously decontaminated in the laboratory and acclimated three consecutive times with
the water from the sampling sites. After the collection, the samples were cooled to 4 °C
and maintained in polystyrene boxes until they arrived at the laboratory and stored in the
refrigerator until further analyses and experiments.

The sediment samples were collected at the same water sampling sites, aided by a
dredge (Ekman-Birge grab), stored in plastic containers, and maintained below 4 °C until
use.
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Table 1. Sampling sites for collection during the flood period (with the dequada) and the drought
period (without the dequada).

Point Period Water Column (m) Referfence
Coordinate

Py 12 (flood period) 8.0 18°35.580" S
Castelo bay 22 (drought period) 5.5 57°14.233' W
P, 12 (flood period) 8.5 18°35.597' S
Castelo bay 22 (drought period) 6.0 57°32.929' W
P3 12 (flood period) 9.5 18°35.334' S
Castelo bay 22 (drought period) 7.5 57°32.728' W
Pg 12 (flood period) 3.0 18°42.252' S
Saracura bay 22 (drought period) 1.5 57°35.803' W
Py 12 (flood period) 3.5 18°43.337' S
Saracura bay 22 (drought period) 2.0 57°36.683' W
Pg 12 (flood period) 2.8 18°43.410' S
Saracura bay 22 (drought period) 1.5 57°35.154' W

2.3. Physical and Chemical Parameters

At the collection site and in the microcosm experiments, a properly calibrated YSI600QS
(YSI Incorporated, Yellow Springs, OH, USA) multi-parameter probe was used to acquire
the physical and chemical parameters, pH, conductivity (uS cm 1), redox potential (EH
mV), dissolved oxygen (DO mg L~1), and temperature (T °C).

2.4. Microcosm Assemblies for the Study of Mercury Methylation Potential

The experiments performed in the laboratory to reproduce the conditions found in
nature are called microcosms. Therefore, to reproduce the aquatic environments of the
Castelo and Saracura bays, the samples were mixed in the laboratory, forming only one
sample composed of both bays, for better representation of the environment, as described
by Gomes et al. (2019) and Rosas et al. (2016) [16,17]. The sample consisting of water and
sediment from sites Py, P,, and P3 was called BC; for the Castelo bay microcosm referred
to the collection made during the “dequada”, and BC, referred to the collection at the same
sites during the drought or without the “dequada”. The sample composed of sites P, P7,
and Pg for the Saracura bay microcosms collected during the “dequada” was called BS;,
and BS, at the same sites for the collection during the drought or without the “dequada”.

The tests for the analysis of mercury methylation in the microcosms were performed
following studies described by Gomes et al. (2019) and Bisinoti et al. (2006) [16,18]. In
previously decomposed glass containers, sediment and water samples from the bays
studied were added in a ratio of 1.0 Kg of sediment to 5.4 L of water, resulting in four
microcosms: two with water and sediment from the Castelo bay at different times (BCy
and BC;) and two with water and sediment from the Saracura bay at different times (BS;
and BS,). After percolation, the initial values of pH, dissolved oxygen, redox potential,
and MeHg of each experiment were measured. Subsequently, 1.0 mg L~! of Hg?* (Sigma-
Aldrich, Taufkirchen, Germany) was added. These parameters were monitored for 25 days,
and the results were evaluated to determine the methylation potential of Hg from the data
obtained.

2.5. Determination of Total Hg

The total mercury in water samples was determined with the Brooks Rand Model
IIT (Brooks Rand Instuments, Seattle, WA, USA) equipment, which is cold-vapor atomic
fluorescence spectrometry (CVAFS). The samples were prepared with the total mercury
standard methodology (EPA 1631) to reduce all mercury to Hg0 [18].

The total mercury in solid samples was determined with an automatic analyzer for
the direct determination of mercury using thermal decomposition and amalgamation in a
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gold column—the SMS 100 Solid Mercury Analysis Systems by Perkin Elmer (PerkinElmer,
Waltham, MA, USA) [19].

2.6. Determination of Methylmercury

Methylmercury was determined with the atomic fluorescence spectrometer (AFS)—
MERX Total Mercury and Methylmercury Analyzer Systems (Brooks Rand Instruments,
Seattle, WA, USA). The system has an extraction column (where amalgamation occurs),
timer (programmed cooling (2 min) and heating (45 s)), and an analytical column. The
procedure used was adapted from Hintelmann et al. (1997) and Bloom (1990) [20,21].

2.7. Determination of Total Organic Carbon

Total organic carbon (TOC) in the water samples was determined with 30 mL glass
vials and polyethylene caps, which were previously washed with deionized water and
dried at 100 °C in an oven. The TOC was determined on a TOC-V analyzer from Shimadzu
model TOC-V CPN (Shimadzu Corporation, Hong Kong; Kyoto, Japan)based on catalytic
oxidation at high temperatures and the determination of CO, using infrared spectroscopy.
For quantification, the samples were injected and loaded in an ultra-pure synthetic airflow
into a combustion tube containing platinum and alumina, where CO; is oxidized. The
concentrations were obtained with analytical curves made previously [22,23].

3. Results and Discussion
3.1. Results of Two Physical and Chemical Parameters without Water Samples

As described, the physical and chemical parameters of the water samples were mea-
sured at each site and at different times (during the “dequada” and without the “dequada”).
The results obtained, presented in Table 2, are discussed based on the resolution of the
Brazilian Environmental Council (CONAMA) 357/2005.

Table 2. Physical and chemical parameters of surface water samples measured at the time of collection.
The 1st collection during the “dequada” and the 2nd collection during the drought or without the

“dequada”.
. . T DO Ey Condut.
Point Sampling ©C) pH (mg L-1) (mV) (uS em-1)
P a 26.18 5.04 1.49 79.50 66
1 24 23.00 5.78 7.50 65.15 177
P 12 26.18 5.25 1.49 79.50 66
2 22 23.15 5.64 6.27 65.15 151
P a 26.18 5.30 1.49 79.50 66
3 28 25.05 5.85 6.45 65.15 89
P 12 26.38 5.90 0.72 38.90 60
6 22 25.34 5.95 5.87 22.00 92
p a 26.38 6.02 0.72 38.90 60
7 a 25.10 6.01 4.79 22.00 94
P 12 26.38 6.02 0.72 38.90 60
8 24 25.00 6.11 5.15 22.00 90

The temperature parameter varied approximately between 26.18 °C and 26.38 °C
(samples from the first collection) and 23.00 °C and 25.34 °C (samples from the second
collection), with no significant differences between the two samples. The pH in both
periods varied between 5.0 and 6.2, and it was classified as acidic, highlighting that acidity
increases the solubility and transport of metals, thus facilitating the risk of environmental
pollution. The pH parameter is affected by temperature, which in turn affects the mobility
and precipitation of metals [8,24].

The dissolved oxygen (DO) values in the first collection ranged between 0.72 mg L~!
and 1.49 mg L1, and, in the second collection, the values ranged between 5.15 mg L~! and
7.50 mg L~!. According to the literature, the results of the first collection are consistent,
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as the low DO values are directly related to the “dequada” phenomenon, which increases
the concentration of organic matter in the water, and its decomposition consumes high
concentrations of DO. For the second collection, the values are relevant to the CONAMA
resolution 357/2005 because to maintain the biota, the DO values must be greater than
5.0 mg L~!. The redox potential (EH) varied between 22.00 mV and 79.50 mV. According to
Bisinoti and Jardim (2004), the maximum mercury methylation in sediment occurs in the
EH range from +100 mV to + 200 mV and conductivity measured between 54 uS cm~! and
177 uS cm ™!, indicating the presence of ionic species soluble in an aqueous medium [8].

These values show that during the “dequada”, the physical and chemical parameters
may be more conducive to mercury methylation in the aquatic environment. However,
these isolated parameters do not regulate the formation of MeHg.

3.2. Results of Total Hg in Water and Sediment Samples

The concentrations of total mercury (Hg Total) in surface water and sediment samples
at each sampling site were made in triplicate. Table 3 shows that in the water samples,
only site P1 during the “dequada” obtained a total Hg concentration above the equipment
quantification limit (<1.94 ng L~1), with a concentration of 6.78 ng L~!. The other sites,
in both the first and the second collections, had concentrations below the equipment
quantification limit.

Table 3. Concentration of total mercury in water and sediment from the sampling sites during the first
collection (during “dequada”) and second collection (during the drought or without the “dequada”).

. . [HgtotaI] (ng L_l) [HgtotaI] (ng g_l)
Point Sampling Water Sediment
P 12 6.78 & 0.04 56.24 + 0.19
1 22 <LQ 19.51 +0.15
P 12 <LQ 65.08 + 0.16
2 22 <LQ 12.45 4 0.08
P 12 <LQ 64.57 + 0.21
3 2a <LQ 7.81 & 0.04
P 12 <LQ 4333 £ 0.15
6 22 <LQ 30.98 + 0.11
P 12 <LQ 45.77 +0.18
7 a <LQ 17.58 4 0.16
P 12 <LQ 46.46 + 0.15
8 a <LQ 28.33 +0.13

According to a resolution in force in Brazil (CONAMA n° 357/2005), the maximum
standard of total Hg in river waters is 2000 ng L~!. Comparing the total Hg results of this
study with the United States Environmental Protection Agency (EPA), which estimates
permitted values of total Hg concentrations of up to 20 ng L~ to preserve aquatic life, the
quantified values are within the acceptable range.

Regarding sediment samples, Table 3 shows that the concentrations of total Hg varied
from 7.81 to 65.08 ng g~ ! among the sampling sites. When comparing the first collec-
tion (during the “dequada”) with the second collection (drought period) at the two bays
studied—Castelo (P1, P,, P3) and Saracura (P4, P7, Pg)—here is a significant difference in
mercury concentrations, and all sites in the “dequada” period showed higher concentra-
tions than during the drought. According to Miranda et al. (2007), flooding cycles can have
major influences on the Hg cycle, one of which is high precipitation, considering that rain
drives all atmospheric mercury to the soil, flowing to rivers, lakes, and stalls [11].

The measures in force in Brazil which guide the minimum procedures to be put in
place to evaluate the materials allowed in water recommend concentration values of total
Hg of 170 ng g~ !, (level I: threshold below which adverse effects are less likely on the biota)
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6297 ng L~ -

—

and 486 ng g~ ! (level II: threshold above which adverse effects are more likely on the biota).
Considering the dredged material, the limit value mentioned in level I (170 ng g~!) was
used as a reference; thus, all sites were within the acceptable range. However, according
to Stein et al. (1996), contaminated sediment is a potential dynamic source of mercury
for the aquatic ecosystem from 10 to 100 years [25]. This means that the considerable
amounts of mercury absorbed in the sediment can be transferred and/or incorporated into
the aquatic biota, depending on the physical, chemical, and biological conditions of the
water. Therefore, even low levels of this element must be monitored to prevent risks to the
aquatic biota of Pantanal.

3.3. Methylation Study in Microcosm Experiments Assembled with Sediment and Water from the
Castelo Bay

The methylation potential experiments in the Castelo bay were performed in two
microcosms, as described in the methodology: BC; and BC;.

Figure 2 shows the results of the mercury methylation potential in microcosms BCy
and BC,. These experiments were analyzed for 25 days.

7000

BC: | ‘
7000 1 - BC,
7, 6000 6000 %, 1800
© 5000 _ o 1500
= 4000 ' 5000 = 1200
£ 3000 > £ 900
£ 2000 S 4000 = 600
= > = 300
1008 T 2000 182719 L1 0 —
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0
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Time (Davs) Time (Davs)

Figure 2. Variation of MeHg concentration in microcosms with water/sediment during the “dequada”
BC; and the drought or without the “dequada” BC; in the Castelo bay.

In the microcosms of the Castelo bay (BC; and BCj), to which 1 mg L1 of Hg2+
standard was added, the formation of MeHg was observed. In the BC; experiment, the
maximum MeHg production rate was 6297.56 ng L~! and occurred in the third hour of
the experiment. For the BC, experiment, the maximum production rate of 1827.44 ng L~!
was obtained, and it occurred in the third hour of the experiment. The methylation
rate decreased over the days in both experiments. According to a study by Gomes et al.
(2019), methylation is accentuated in the first days or weeks of Hg entry in the biological
compartment, and then, the concentration tends to come to equilibrium or show a cyclic
pattern, as observed in Figure 2 for experiments BC; and BC, [16].

According to Yan and Yong (2013), physical and chemical factors and chemical in-
teractions with organic and inorganic complexes affect the availability of mercury for
methylation [26]. Therefore, during the course of the experiments, the physical and chem-
ical parameters of water and total organic carbon were analyzed (TOC). Figure 3 shows
these results.

Figure 3 shows that both experiments obtained an acidic pH at the beginning of the
experiment and gradually increased until the end of the experiment, varying from 5.30
to 8.24 in experiment BC; and from 5.38 to 7.53 in experiment BCy. Xun et al. (1987) said
that lower pH values can provide a higher concentration of Hg?* and that mercury (II) can
effectively cross the bacterium cell membrane, allowing a greater formation of methylmer-
cury [27]. Figure 3 also shows lower values of BC; (pH = 5.30) and BC; (pH = 5.38) on the
first day of the experiment, the results of which may have favored Hg methylation at the
beginning of the experiment, as seen in Figure 2. However, the organisms responsible for
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Hg methylation preferably come from environments with a high concentration of organic
material and are favored by acidic waters rich in dissolved organic carbon [8,26,28].
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Figure 3. Variation of TOC, T°, pH, EH, DO, and conductivity in MeHg experiments in microcosms
with water/sediment during the “dequada” (BC;) and the drought or without the “dequada” (BC;)
in the Castelo bay.

Regarding TOC values, the BC; microcosm showed a higher TOC concentration
than BCy, ranging from 33.70 mg L1 to0 666.00 mg L~ 1in the BC; experiment and from
7.75 mg L' to 33.97 mg L~ in the BC, experiment. According to Bisinoti (2006), TOC
values vary with seasonality, and the flood period provides a significant supply of organic
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matter, which is recent and labile [18]. This may be the reason for the greater production
of MeHg in the BC; experiment, as the samples were collected during the “dequada”.
However, even with a low concentration of TOC in the BC, microcosm, it was sufficient
to methylate 4 6.4% of the added Hg?" which suggests that other factors contributed to
methylation, such as the action of microorganisms.

The temperature varied between 21.80 °C and 29.99 °C for BC; and 21.63 °C and
26.76 °C for BCy, and these values do not represent an orderly beginning and end. The
temperature affects methylation and microbial activity. Some studies show higher methy-
lation in the summer, with higher temperatures [29,30]. The average conductivity was
175.8 uS ecm~! for BC; and 179 puS cm~! for BCy, over 25 days. Ionic compounds are
conductors of electricity, whether solubilized in an aqueous, liquid, or pure medium. The
ions allow mobility in the solution and can be easily attracted to the electrode.

The redox potential (EH) corresponds to the tendency of a chemical species to reduce
and the signs of the quantified values will depend on the direction in which the reaction
occurs in the reference electrode. Positive potentials indicate that the electrode received
electrons, and negative potentials mean that the electrode donated electrons. The EH values
show that the BC; samples have an EH variation between —236.7 mV and +129.0 mV, while
BC, varies between —54.0 mV and +234.2 mV, and both experiments presented values
above +100 mV on the first day. According to Bisioli and Jardim (2004), the maximum
methylation in sediment occurs in the EH range from +100 to +200 mV, with MeHg being
more stable in neutral to acidic conditions and dimethyl Hg in basic conditions [8].

Regarding the concentration of DO, the presence or absence of oxygen also affects
the methylation process. Although the process occurs in both oxic and anoxic conditions,
according to Bisinoti and Jardim (2004), mercury methylation is favorable in the absence
of oxygen [8]. Observing Figure 3 BC; and Figure 2 BCj, it is possible to verify that
mercury methylation occurs in the first 5 h of the experiment, where the DO was at low
concentrations. These results corroborate the literature.

The results of Figures 2 and 3 showed that a potential influence on Hg methylation
was the “dequada” phenomenon. This is a natural phenomenon that occurs annually in
Pantanal and relates to the decomposition of organic matter, changing its color, odor, pH,
conductivity, and nutrients. This decomposition process occurs at the beginning of the
flood season and, depending on previous drought, it can be intense, causing bacteria to
consume all DO in the water and release it in the form of CO, [5,6].

This phenomenon promotes a large amount of organic matter in the environment
and, according to studies in the literature, this environment provides methylation by
microorganisms [8,30]. This behavior was evident in the present study when evaluating
the Hg methylation rate during the “dequada” and without the “dequada”. During the
“dequada” (BCy), the rate is 3.5 times higher (6297.56 ng L~1) than in the BC, experiment
(1827.44 ng L~1), which was performed without the “dequada”.

3.4. Methylation Study in Microcosm Experiments Assembled with Sediment and Water from the
Saracura Bay

The methylation potential experiments in the Saracura bay were performed in two
microcosms, as described in the methodology: BS; and BS,. Figure 4 shows the results of
mercury methylation potential in microcosms BS; and BS,, and these experiments were
analyzed for 25 days.

Similar to the previous experiment, 1 mg L~! of Hg?* standard was added to each
microcosm, and MeHg formation was observed. In the first experiment (BS;), the maxi-
mum MeHg production rate was 12.68 ng L~ and occurred in the first two hours of the
experiment. In the second experiment (BS;), the maximum MeHg was 106.03 ng L~! and
occurred in the first two hours. Around the third hour, both experiments had a pH below 6
at the time of methylation, as shown in Figure 5.

Analyzing the results of Figure 5, it should be noted that, at the time of methylation,
both BS; and BS; experiments showed pH values ranging from 5.0 to 5.5. As discussed



Water 2024, 16, 1204

10 of 13

previously, acidic pH in a favorable environment can favor the Hg methylation process.
Studies show that only the acidic pH cannot regulate the formation of MeHg and, de-
pending on the environment, Hg?* bonds with free sulfide may occur, decreasing Hg
methylation [8,28,29].

The temperature varied between 21.55 °C and 28.59 °C for the BS; experiment and
between 21.96 °C and 27.24 °C for the BS; experiment, and these values do not represent
an orderly start and end. A study by Wright and Hamilton (1982) shows that the MeHg
concentration was 50 to 70% higher in experiments with a temperature at 20° rather than
at 4° [31]. At the maximum point of both experiments, conductivity was quantified in
192 uS ecm~! (experiment BS;) and 198 uS cm ™! (experiment BS;). Moreover, the greater
the mobility of ions, the greater the presence of metallic Hg (Hg0) in the middle, and the
lower the production of MeHg.

7000 7000
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6000 .12 6000 < 100
o 10 ; 80
1 5000 25 7, 5000 2 %
2 4000 1268ngL" T 4. 2 4000 2 10
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Figure 4. Variation of MeHg concentration in microcosms with water/sediment during the “dequada”
(BSp) and the drought or without the “dequada” (BS;) in the Saracura bay.
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Figure 5. Variation of TOC, T°, pH, EH, DO, and conductivity in MeHg experiments in microcosms
with water/sediment during the “dequada” (BS;) and the drought or without the “dequada” (BS),
in the Saracura bay.

The EH values in the BS; experiment varied between —98.7 mV and 135.9 mV, while
for BS;, they varied between —40.1 mV and 203.2 mV. According to studies, demethylation
is greater with high EH values [29,32]. This experiment presented values for the point of
greater methylation of 110.3 mV (experiment BS;) and 159.4 mV (experiment BS,) and,
according to Bisinoti and Jardim (2004), Hg methylation occurs in EH values between +100
and +200 mV [8].

Mercury methylation is favorable in environments with low concentrations and
DO. The maximum concentration of DO was determined to be 9.38 mg L~ (BS;) and
4.12mg L~ (BSy).

Although some factors favored mercury methylation, the BS; and BS, experiments
in the Saracura bay were not significant. The maximum methylation point of the BS;
experiment methylated 4- 0.012% of the added Hg?*, and the BS, experiment methylated
+ 0.1% of the added Hg?*. Studies show that mercury methylation in water and sediment
is proportional to the concentration of organic carbon, as it can increase methylation by
stimulating the activity of heterotrophic microorganisms [8,28,32].

Figure 5 shows TOC values between 7.01 mg L~! and 42.55 mg L~! (BS;) and between
0.45 mg L~ and 1.81 mg L~! (BS,), which were considered low when compared to the
experiments of the Castelo bay. This may be due to the small size of the Saracura bay—
approximately 35 km?—which makes the “dequada” phenomenon occur more mildly or
not at all. This was shown in the TOC results of the BS; experiment, confirming that organic
carbon is essential to provide methylation by heterotrophic microorganisms [8].

4. Conclusions

The results presented in the study of mercury methylation potential in Pantanal due
to the interaction of water, sediment, and excess mercury showed that organic matter
plays an important role in making excess methyl groups react with inorganic Hg and
form MeHg. The “dequada” phenomenon increases the concentration of organic matter
in the water, thus leaving the environment with an acidic pH and a low concentration of
available oxygen. It also enhances mercury methylation in Pantanal, with a methylation
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rate 3.5 times higher than in other periods. Therefore, the gold mining activity in Pantanal
can cause great damage to the ecosystem, considering that this environment can favor
mercury methylation and produce its most toxic active form.
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