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Abstract 
Dredging and disturbance of sediments in rivers with redox-sensitive conditions, such as the Araguaia River, can pose 
environmental and health risks, especially in areas with high concentrations of toxic metals like iron and mercury. 
These metals accumulate in sediments under reducing conditions, and their disturbance can lead to their release into 
the water column, affecting the food web and human health. The Araguaia River floodplain is composed of alluvial 
deposits and igneous and metamorphic rocks rich in chromium, nickel, iron, magnesium, and mercury. Land use 
change, particularly for agriculture, accelerates weathering and the transport of these elements into the river. Sediment 
dredging disrupts the chemical stability of metals such as iron and mercury, increasing their bioavailability. Mercury, 
in particular, can be converted into methylmercury, a highly toxic and bioaccumulative form that enters the aquatic 
food web, impacting fish, wildlife, and humans. Methylmercury biomagnifies through the food chain, posing risks to 
top predators, including piscivorous birds and humans. Studies show that fish consumption by riverine communities 
can lead to significant mercury exposure, increasing the risks of neurological damage, cardiovascular disease, and 
developmental problems in children. Furthermore, dredging can worsen water quality by increasing turbidity and 
mobilizing other toxic elements such as arsenic and cadmium. The environmental impacts of dredging go beyond 
immediate contamination, affecting biodiversity, ecosystem resilience, and fisheries, which are vital to local livelihoods. 
Socioeconomic consequences include food insecurity, income loss for fishers, and increased water treatment costs.
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Introduction

Rivers with redox-sensitive dynamics, such as the Araguaia 
River in Brazil, are critical zones for the accumulation and 
potential mobilization of heavy metals. Under anoxic or 
reducing conditions, sediments often act as long-term 
sinks for toxic metals such as iron (Fe) and mercury (Hg), 
stabilizing them through various geochemical proces-
ses (Ullrich et al., 2001; Zhuang & Gao, 2013). However, 
anthropogenic disturbances, especially dredging, can 
disrupt this balance by exposing anoxic sediments to 
oxygen, triggering oxidation and the subsequent release 
of these metals into the water column (Benoit et al., 2001; 
Driscoll et al., 2007).

This remobilization affects not only the chemical specia-
tion of the metals but also their bioavailability and toxicity. 
For example, the oxidation of Fe(II) to Fe(III) results in 
the formation of ferric oxides and hydroxides, which can 

adsorb and transport other contaminants such as arsenic 
and cadmium (Warren & Haack, 2001). Mercury, when 
released from sediments in its elemental or inorganic 
forms, may be methylated by microbial activity, forming 
methylmercury (MeHg), a neurotoxic compound capable 
of bioaccumulation and biomagnification in aquatic food 
webs (Mason et al., 1996; Clarkson & Magos, 2006).

In redox-dynamic systems such as the Araguaia River, 
these biogeochemical transformations have significant 
ecological and public health implications, particularly in 
regions where fish are a key dietary resource. Therefore, 
understanding the environmental behavior of sequeste-
red metals and the risks associated with sediment distur-
bance is essential for developing sustainable watershed 
management strategies.

Geochemical Risks of Dredging: Metal Release and 
Biogeochemical Changes in the Araguaia River

The floodplain is primarily composed of Quaternary ter-
races and alluvial deposits from the Araguaia Formation, 
with igneous and metamorphic rocks found in the sub-
-basins of right-bank tributaries (CPRM, 2004). These 
igneous and metamorphic rocks, derived from mafic 
and ultramafic minerals, contain high concentrations of 
chromium (Cr), nickel (Ni), iron (Fe), magnesium (Mg), 
and mercury (Hg) (Amorosi et al., 2014; Lipp et al., 2020; 
Moraes et al., 2023). These rocks are present in the tri-
butaries of the Araguaia River watershed (Figure 1), and 
land-use conversion to agriculture accelerates the wea-
thering and transport of these elements to the main chan-
nel and associated lakes (Monteiro et al., 2025). Average 
Cr concentrations in lake sediments are 3.5 times higher 
than the safety limit established by CONAMA (Brazil, 
2012), posing potential risks to biological communities 
and human health.

Additionally, in redox-sensitive rivers, metals such as 
Fe and Hg tend to be sequestered in sediments under 
anoxic conditions. For example, iron is often present as 
Fe(II) in reducing environments, where it remains rela-
tively stable (Linnik et al., 2023). Its oxidation can lead 
to the formation of ferric oxides and hydroxides, which 
may trap other toxic elements (Root et al., 2007; Feyte et 
al., 2010; Liu et al., 2013). However, these particles may 
also become remobilized, increasing water turbidity and 
complicating the fate of heavy metals (Ullrich et al., 2001). 
Similarly, mercury is commonly bound in sulfide comple-
xes, such as cinnabar (HgS), or associated with organic 
matter in reducing conditions, making it less bioavaila-
ble (Frieling et al., 2023). Dredging disrupts this balance, 
exposing buried anoxic sediments to oxygen, triggering 
Fe(II) to Fe(III) oxidation and the release of mercury in 
more reactive and toxic forms, such as methylmercury 
(MeHg) (Benoit et al., 2001; Zhuang & Gao, 2013).

Mercury Methylation and Transport in the Araguaia 
River Floodplain

Mercury occurs in various chemical forms: inorganic mer-
cury (Hg2+), elemental mercury (Hg⁰), and methylmercury 
(CH₃Hg+). Preliminary data from our research group revea-
led two key patterns regarding mercury transformation 

and transport in floodplain lakes (Figure 2). Higher Ti/
Al ratios in bottom sediments indicate greater weathe-
ring and the influx of allochthonous lithogenic detritus 
(Haberzettl et al., 2008). Total dissolved solids (TDS) and 
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Figura 1. Regional geology and mercury (Hg) concentrations in sediments from the main channel of the Araguaia River.

electrical conductivity (EC) reflect dissolved material 
concentrations, indicating soil erosion or weathering due 
to seasonal hydrological changes (Ogwueleka, 2015), and 
may also signal agricultural impacts (Cruz et al., 2019). 
As samples were collected during the high-water season, 
rainfall and lateral water transport likely influenced TDS 
and EC measurements. Nonetheless, the correlation of 
these variables with phosphorus and phosphate concen-
trations reinforces the agricultural footprint, suggesting 
nutrient leaching from fertilizer use and livestock waste 
(Bhateria & Jain, 2016).

Conversely, the inverse relationship between MeHg con-
centrations and the Mn/Fe ratio in sediments, dissol-
ved oxygen (DO), and water pH—as well as the positive 
association with the proportion of surrounding flooded 

areas—indicates that reducing conditions promote mer-
cury methylation (DeLaune et al., 2004; Wang et al., 
2021). Methylmercury release is of great concern due to 
its potential for bioaccumulation and biomagnification 
(Mason et al., 1996). This is a notable issue in the Araguaia 
floodplain. The ratio of MeHg to total Hg (i.e., all detected 
forms in a sample) serves as an indicator of methylation 
activity (Yu et al., 2021). Mercury mobilization through 
agricultural activity and MeHg production in flooded 
areas results in MeHg proportions in bottom sediments 
ranging from 0.9% to 22.1% (mean ± SD: 1.9 ± 3.2%). Thus, 
changes in inorganic mercury availability, shifts in water 
physicochemical parameters, and sediment resuspension 
triggered by dredging can pose substantial risks to biolo-
gical communities and human populations.

Mercury Biomagnification in the Food Web and 
Potential Human Health Risks

Microbial methylation of mercury in disturbed sediments 
can significantly increase MeHg levels (Driscoll et al., 
2007). MeHg is readily absorbed by phytoplankton and 

passed through trophic levels via zooplankton and ben-
thic macroinvertebrates to fish (Molina et al., 2010; Lino 
et al., 2019; Li et al., 2021). As mercury levels rise in fish, 
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Figure 2. Biplot showing variable and sampling unit ordination based on Principal Component Analysis results. 
MOS: sediment organic matter. ORP: oxidation-reduction potential. Prof: depth. Ec: electrical conductivity. TDS: total 
dissolved solids. LUI: land use intensity. HAND: Height Above Nearest Drainage algorithm..

predatory species—such as birds, otters, and cetaceans—
accumulate higher mercury loads, leading to toxic effects 
( Josef et al., 2008; Mosquera-Guerra et al., 2019; Santos 
et al., 2021). These effects include reproductive failure, 
neurological damage, and even death in wildlife (Ullrich 
et al., 2001). Moreover, heavy metal toxicity at lower tro-
phic levels can cascade through ecosystems, reducing 
biodiversity and altering community structure (Wiener 
et al., 2003; Zhuang & Gao, 2013).

Methylmercury release into aquatic environments also 
poses significant public health threats, especially for 
communities dependent on fish as a primary protein 
source (Azevedo et al., 2022; Canela et al., 2024; Marchese 
et al., 2024). In humans, MeHg is especially dangerous for 
pregnant women and young children, as prenatal exposure 
may cause developmental delays, cognitive deficits, and 
motor dysfunction (Clarkson & Magos, 2006). Chronic 
MeHg exposure through fish consumption has also been 
linked to cardiovascular diseases and increased risks of 
neurological disorders such as Parkinson’s and Alzheimer’s 
(Guallar et al., 2002).

Our research shows that even relatively low mercury 
concentrations can lead to elevated health risks due 
to high fish consumption in riverine populations. For 
instance, at a low intake rate (50 g/day), predatory spe-
cies such as croaker (Plagioscion squamosissimus), pira-
nha (Pygocentrus nattereri, Serrasalmus sp.), and dog-
fish (Rhaphiodon vulpinus, Hydrolycus armatus) pose a 
health risk. At average (100 g/day) and high (200 g/day) 
consumption rates, even non-predatory species widely 
eaten by local populations, such as Curimata inornata, 
Psectrogaster amazonica, sardines (Triportheus sp.), and 
Hemiodus sp., become risky (Figure 3).

Although official data on fish consumption in Araguaia 
communities is lacking, a late-1990s study found that fish 
comprised only 10% of dietary protein in the Araguaia 
population—unlike the Amazon and Negro rivers, where 
fish was the main protein source (Begossi et al., 2000). 
However, a recent study showed that 85% of 75 artisanal 
fishers in the Middle Araguaia (Tocantins) consumed 
fish three to seven times per week (Mendes-Filho et al., 
2020). Silva et al. (2019) also noted the importance of 
fish protein for the Karajá Indigenous communities of 
the Middle Araguaia.
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Figura 3. Estimated Hg intake via fish consumption. Species listed include: Curimata inornata, Psectrogaster 
amazonica, Anodus sp., Hemiodus sp., Prochilodus nigricans, Laemolyta sp., Leporinus sp., Triportheus sp., Plagioscion 
squamosissimus, Pygocentrus nattereri, Serrasalmus sp., Rhaphiodon vulpinus, Hydrolycus armatus.



14

Re
vi

st
a 

TW
RA

, v
. 2

, p
. 9

-1
6

Environmental and Socioeconomic Consequences

The environmental consequences of dredging go beyond 
immediate ecological damage. Sediment destabilization 
can degrade habitats, especially for benthic organisms 
that rely on stable substrates (Day et al., 1995; Zweig & 
Rabeni, 2001). Sediment resuspension may also smother 
habitats, reducing benthic species abundance and diver-
sity—key contributors to nutrient cycling and food web 
dynamics (Adámek & Maršálek, 2012). Over time, this loss 
may compromise ecosystem resilience and reduce the 

river’s ability to filter pollutants (Millennium Ecosystem 
Assessment, 2005).

From a socioeconomic perspective, fisheries degradation 
due to heavy metal contamination can severely affect 
communities reliant on fish for food and income. Loss of 
biodiversity and ecosystem services such as water puri-
fication and fish productivity can increase water treat-
ment costs and create food security challenges (Mergler 
et al., 2007).

Final Considerations and Management 
Recommendations

Dredging and sediment agitation in redox-sensitive rivers 
with high iron and mercury concentrations pose serious 
environmental and public health risks. The release of toxic 
metals—particularly methylmercury—can disrupt aqua-
tic ecosystems through food web biomagnification and 
cause long-term neurological and reproductive harm to 
both wildlife and humans.

Given this context, sediment dredging should be avoi-
ded unless absolutely necessary and justified by robust 
environmental impact assessments, with the adoption 
of less intrusive techniques. As an alternative, precau-
tionary management strategies should be implemented, 
prioritizing the preservation of natural sedimentation and 

stabilization processes. This includes conserving and res-
toring riparian vegetation to reduce erosion and strictly 
controlling land use along the Araguaia River margins 
and tributary sub-basins.

Moreover, permanent environmental monitoring pro-
grams are recommended, focusing on sediment, water, and 
aquatic biota quality to detect early signs of geochemical 
instability or increased metal bioavailability. The main-
tenance of natural processes, combined with preventive 
management strategies, represents the safest and most 
sustainable approach to safeguarding the ecological inte-
grity of the Araguaia River and the health of populations 
dependent on its resources.
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