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“Apenas quando a última árvore for derrubada, o último peixe 

que não se pode comer dinheiro.” 

“Only when the last tree has been cut down, the last fish caught, 

realize that we cannot eat money.”





–

–

–





–

–
–











–

–

–

–

–



ambos. O rio Tocantins é o segundo maior curso d’água 100% brasileiro, com 2.400 km de extensão, 
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“águas emendadas” dos rios Sapão e Galheiros. 
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mitigation, thereby contributing to sustainable development and the preservation of the region’s 

rich diversity of fish species. Preserving this diversity is essential for maintaining the river’s ecological 

quality and, consequently, fish populations’ health. In this context, the use of bio

keywords in both English and Portuguese: “Tocantins River,” “environmental monitoring,” “fish,” 

“oxidative stress,” “antioxidant enzymes,” and “potentially toxic metals,” combined using the Boolean 

operators “AND” and “OR” to ensure greater precision. Inclusion criteria were limited to original 



economic significance, playing a central role for the region’s inhabitants. 

the Tucuruí Dam in Pará, which generates 8.370 MW. Hydropower plants are the world’s leading 



genetic polymorphism, and developmental stage (Adeogun et al., 2020; Campbell et al., 2021; Topić 

Popović et al., 2023).



reactive compounds, such as H₂O₂ (hydrogen peroxide), being among the most prevalent contaminants 



hydrogen peroxide (H₂O₂), are reactive molecules that, despite not having unpaired electrons, can still 

the organism’s antioxidant defense system, leading to damage to essential biomolecules such as lipids, 

the organism’s antioxidant defenses, reducing its ability to neutralize these radicals and causing 

the Fenton reaction, iron (Fe²⁺) or copper (Cu²⁺) ions react with hydrogen peroxide (H₂O₂), generating 

reaction, the interaction between superoxide (O₂⁻) and metal ions, such as Fe³⁺, can regenerate Fe²⁺, 

which then reacts with H₂O₂, forming hydroxyl radicals (



prevent harm to the aquatic ecosystem’s balance.

concentration, chemical form, and environmental conditions. The term “Potentially Toxic Metals” 





cetaceans, as models for environmental monitoring (Herceg Romanić et al., 2024; Otero et al., 2024; 







residues, and the authors suggest that the presence of metal cations may alter the enzyme’s 
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“bottom sediments–water” system under the action of different environmental factors. 



Brazil’s Savanna
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A ocupação profissional “Pescador” foi a mais citada no estudo, representando a significativa 

foram “Autônomo (a)”, “Dona de casa”, “Garçom”, “Lavrador”, “Estudante”, “Zelador” e 

“Aposentado (a)”. Isso, revela uma grande diversidade de atividades para geração de renda, sendo, 



Na questão 02, os entrevistados foram questionados: “Você sabe qual é o órgão responsável por 

fiscalizar e proteger o rio Tocantins e a área ao entorno?”. A maioria respondeu que não sabe informar 

forma poluído (84%). Além disso, em resposta à questão 03 “Em sua vivência na região, você 

considera que o rio Tocantins mudou ao longo do tempo?” a maioria dos entrevistados



−

diz “o rio mudou muito, nos últimos tempos a água tá

seco e a cidade mais quente”. Em complemento, os impactos causados pelo homem ao rio Tocantins 

citados foram “Lançamento de lixo e esgoto no rio” (50%), “Urbanização” (30%), “Assoreamento e 

desmatamento” (14%), “Barragem” (2%), “Dragagem” (2%) e não sabe informar (2%). Esses dados 

Na questão 06, quando questionados “Quais ações de recuperação e preservação poderiam ser 

desenvolvidas no rio?” as mais citadas foram “Não jogar lixo e esgoto no rio” (34%), “Tratamento de 

esgoto” (18%), “Fiscalização e conscientização” (12%) e “Evitar desmatamento” (8%); enquanto, 8% 



“Boa” (44%), seguido por “Razoável” (26%), “Ruim” (14%) e “Muito boa” (16%). Porém, caso essa 

região, pois a renda familiar seria totalmente prejudicada. O entrevistado 39 diz “Não teria opção, 

ficaria sem trabalho e até sem água para beber”. Esta abordagem de percepção ambiental se faz 
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“Você

Tocantins está poluído?”
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sediment: Health risks at Brazil’s Savanna
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–Araguaia basin is one of South America’s largest river systems, across three

region’s

“Excellent,” and the WQI rated 

as “Good.” Human health risk assessments detected no risks, but continuous monitoring and interventions are 
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mailto:lealmeid.barbosa@gmail.com
mailto:silvamf@uemasul.edu.br
mailto:joseiannacone@gmail.com
mailto:diegocarvalho@uemasul.edu.br


contamination, emphasizing water’s critical role in 
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]. Additionally, this river’s 
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◦

front of “Beira Rio”, an urbanized and 

“Ribeirãozinho”, is situated farther from the city (30 km) and



Lastly, the fourth sampling site (P4), “Praia Viração”,
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WAWQI = ∑ QiWi
n

i=0

variable’s 

(qi) = (Ci/Si) × 100

≤

– –

−

–



Wi = wi/∑wi

parameter’s

≤

WQI = ∑ qiwi
n

i=1



EXPing = Cw × IR × EF × ED
Bw × AT

EXPder = Cw × SA × Kp × EF × ED × ET 
Bw × AT

THQ = ( 
EFr × ED × WiR × C

RfD × BW × AT
)  × 10-3

exposure. THQ values below 1 indicate insignificant health threats, while THQ values ≥1 indicate 



of the Target Hazard Quotient (THQ) values for all trace elements present in an individual’s exposure. 

It is calculated using Equation (8). An HI value of ≥1 indicates a potential non

HI = Σ THQ = THQ (iAl)+THQ (iCu)+THQ (iFe)+THQ (iMg)+THQ (iSe)

–Smirnov test, and variance homogeneity was assessed using Levene’s test. Means were 

–
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< 0.05) for mean comparison, where “ ” and 

“ ” alone denote significant differences among other groups.

these readings remained within CONAMA’s recommended limits. High conductivity values might lead 
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development or acceleration of Alzheimer’s disease and various other health issues affecting nervous, 
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“Excellent,” the water quality in the middle Tocantins River can be categorized as such. The 

“Good”.



observed, such as Al/Na (r = −0.992), Fe/NO (r = −0.992), K/Se (r = −0.989), and chlorophyll/ORP (r 

= −0.966). High positive correlations (close to 1) imply a strong linear relationship, indicating that 

one’s

−
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located within an urban area known as “Beira Rio,” which showed a positive association with the first 

The second group comprised only the P2 station, situated near the village of “Bananal” in a 



(WAWQI) categorizes all sections as “Excellent,” while the Water Quality Index (WQI) is labeled as 

“Good.” This emphasizes the importance of ensuring safe drinking water for both public health and 
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potentially toxic and essential elements in Tocantins River sediment: Health risks at Brazil’s Savanna





it’s imperative to share this information with the community and government to develop plans for 

Various indices can be used to assess potential metal pollution levels in sediment. It’s 



population’s sustenance, supporting fishing for commerce and subsistence, tourism activities such as 
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part to avoid contamination. Subsequently, the samples were dried in a drying oven at 70˚C (CienlaB) 
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Igeo = log2 ( Cn
1.5×Bn

)     (1)

while Bn denotes the geochemical background value in the Earth’s crust

– –

–

–

In the present study, the concentrations of elements in the Earth’s crust were utilized as 

sample to those in the Earth’s upper continental crust 

EF=
(CM

CX) sample(CM
CX) earth crust

    (2)



PLI=√(CF1 x CF2 x…CFi)n     (3) 

SPI=
∑(EFm x Wm)

∑Wm    (4)

– – –

–



௥௜ܧ

௙௜ܥ = ௡௜ܥ௦௜ܥ    (5)
௥௜ܧ =  ௥ܶ௜ ܥ ݔ௙௜    (6)
RI = ∑ ௥௜௡ܧ

௜=1    (7)
௙௜ܥ௥௣ܧ ௦௜ܥ ௡௜௥ܶ௜ܥ





–



The Tukey test was performed (p < 0.05) for mean comparison, where “a” and “b” alone denote significant differences about oth

S. The sediment’s mercury content was below the detection limit (Table 1). Manganese and Iron are 

Aluminum ranks as the third most abundant element and the predominant metal in the Earth’s 
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−4.83 −3.52 −3.47

−2.39 −3.26 −2.40 −2.45

−2.82 −2.82 −1.61 −1.39

−4.29 −4.80 −3.91 −4.48

−2.00 −2.88 −1.72 −2.42

−1.20 −2.11 −0.95 −1.47

−2.18 −3.04 −2.08 −2.63

−1.49 −2.35 −1.08 −1.93

−0.84 −1.72 −0.37 −1.14



−5.15 −7.14 −2.20 −4.05

−1.16 −2.10 −0.43 −1.32

−0.10

−2.39 −2.85 −1.79 −1.73

−0.22 −2.12 −0.03

−6.01 −7.62 −3.34 −6.01

−1.38 −2.53 −0.65 −2.06

−0.54 −0.41 −0.14

lues: ≤ 0 (no 

5 (heavy to extreme contamination), ≥ 5 (extreme contamination). 

greater than 1 indicates enrichment, signifying an elevated concentration relative to the Earth’s 

compared to the typical Earth’s crust.

escalation in pollution levels (PLI > 1 “Polluted” according to Soliman et al. 2021), particularly for 
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410 (P4), classified as “Low polluted” sediment. Despite Al showing 



reference value (a relatively abundant element in the Earth’s crust).

the middle Tocantins River remains classified as “Low grade” in terms of potential ecological risk.

320 (High risk), ≥320 (Very 

600 (Considerable risk), ≥600 (Significant risk).
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group solely included station P2, situated near the village of “Bananal” in a rural area, which displayed 

processes in natural systems, directly or indirectly affecting the population’s quality of life –



river’s maximum flow is approximately 11.000 m3/s, contributing 8.388 t/ day of suspended solid 

. Furthermore, Brazil stands as the world’s second

–
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times of the year. The overall risk level for the middle Tocantins River remains classified as “Low

grade” concerning potential ecological risk. These findings stress the importance of continuous 
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2025; Shetty et al., 2025), Serbia (Milošković & Simić, 2023), the Pearl River Basin in China (Fan et 





sites: the urban riverside area known as “Beira Rio” (coordinates: 2°34'57.82"S; 44°21'34.92"W) (P1) 





containers at −4 °C for transport and at −20 °C 

Scientific) at 120 °C for 2 hours. Subsequen



Concentration of the metal (mg / kg) =
(Instrument reading × volume of the extract) 

mass of fish digested .ݍܧ)  1)

n◦ 66/2003)

included: (a) strict adherence to equipment manufacturers’ specifications, (b) regular instrument 



Q=
W
L3 ×100 (Eq. 2)

centimeters (cm). According to Sekitar et al. (2015) and Datta et al. (2013), a Q ≤ 1 indicates poor 

indicates moderate condition (expected for the length and weight), and a Q ≥ 1.4 indicates 

BCF =
concentration of the substance in the body 

concentration of the substance in water (Eq. 3)



Eq. (4). Values of RQ < 1 indicate no expected risk, whereas RQ ≥ 1 suggest potential adverse effects 

RQ =
C

ML  (Eq. 4)

RI = ∑ RQi (Eq. 5)

Where RQᵢ represents the risk quotient of each metal i.
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EDI =
C 

IR
BW⁄ (Eq. 6)
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–Wilk tests, and the homogeneity of variances was verified with Levene’s test. Since the data 
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coefficient r, ranging from −1 to +1, where values close to zero indicate no linear relationship and 

≤ 0.30 as weak, 0.40–0.60 as moderate, and |r| ≥ 0.70 as strong.
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neurological effects (Zwolak, 2020; Aktaş & Bilgiç, 2025). These findings highlight a significant 
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underscore the liver’s key role in bioaccumulation and detoxification of toxic elements. Zn was 
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associated with higher bioaccumulation of Pb and As at the urban site, consistent with the liver’s 



hepatic Fe concentrations (r = −0.6234), suggesting possible neurophysiological inhibition associated 

significant correlations (|r| ≤ 0.50) were observed for most other metal–

enzymatic biomarkers (e.g., r = −0.62 for the Fe–
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of Brazil’s most socioecologically sensitive regions.
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