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ABSTRACT

The aim of this study was to evaluate the quality of fish meat in relation to inorganic
contaminants (Zn, Pb, Cu, Cr, Ni and Hg), following the Brazilian Health Surveillance
Agency (ANVISA) standards in five Amazonian fish exposed to untreated urban sewage.
Trace metal concentrations were evaluated in the muscle tissues of Schizodon fasciatus
(herbivorous), Potamorhina latior (detritivorous), Triportheus angulatus (omnivorous),
Plagioscion squamosissimus (carnivorous) and Rhaphiodon vulpinus (piscivorous), sampled
upstream and downstream of Santo Antonio’s Hydroelectric Dam, Madeira River (Porto
Velho City, Brazil). An acid chemical digestion was used to extract trace metals from the
tissues, and atomic absorption spectrometry methods were used to quantify the trace metal
concentrations. Fish samples showed values above allowed limits for Cr (0.10 mg.kg™),
except in Plagioscion squamosissimus (0.09 mg.kg™). Potamorhina latior specimens sampled
downstream showed higher values for Cr (p<0.0001) than specimens sampled upstream. This
result may indicate that untreated urban sewage discharged into the river downstream is
influencing the Cr concentrations. As only Cr exceeded the allowed value for consumption,
the estimated daily intake of Cr in the Brazilian urban and riverine population was calculated
based on their fish consumption for each species sampled upstream and downstream.
Estimates of daily intake of Cr were higher in fish sampled downstream than upstream, and
were 13 times higher in the riverine population than in the Brazilian urban population.

Keywords: ANVISA, bioaccumulation, daily intake, fish consumption, Madeira River.
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Avaliacdo de metais tracos em peixes amazonicos expostos a esgoto
urbano nédo tratado: altas concentracdes de cromo em tecidos de peixes

RESUMO

O objetivo desse estudo foi avaliar a qualidade do peixe em relagdo a contaminantes
inorganicos (Zn, Pb, Cu, Cr, Ni e Hg), seguindo as determinacfes da Agéncia Nacional de
Vigilancia Sanitaria (ANVISA) em cinco espécies de peixes amazonicos expostos a esgoto
urbano néo tratado. As concentracOes de metais tracos foram avaliadas em tecidos musculares
de Schizodon fasciatus (herbivoro), Potamorhina latior (detritivoro), Triportheus angulatus
(onivoro), Plagioscion squamosissimus (carnivoro) e Rhaphiodon vulpinus (piscivoro)
coletados a montante e a jusante da Usina Hidrelétrica de Santo Antdnio, rio Madeira
(Porto Velho, Brasil). Para a extracdo dos metais tracos dos tecidos musculares, foi utilizada
uma digestdo quimica acida. Para quantificar as concentragdes dos metais tracos, foram
utilizadas técnicas de espectrometria de absorcdo atdbmica. As amostras de peixes
apresentaram valores acima do permitido somente para Cr (0,10 mg.kg™), exceto em
P. squamosissimus (0,09 mg.kg™). Espécimes de P. latior coletados a jusante, apresentaram
maiores concentracdes de Cr (p<0,0001) que espécimes coletados a montante. Tal fato, talvez
indiqgue que os despejos de esgoto urbano ndo-tratado dentro do rio (jusante), estejam
influenciando nas concentracGes de Cr. Pelo fato do Cr ter ultrapassado o valor permitido para
consumo, foi calculado a ingestdo diaria estimada de Cr em populacdo urbana brasileira e
ribeirinha baseados em seus respectivos consumos de peixe, a partir de cada espécie coletada
a montante e a jusante. A ingestdo diaria estimada de cromo apresentou maiores valores a
partir do consumo de peixes da jusante e os valores foram 13 vezes maiores na populacéo
ribeirinha do que na populacéo urbana brasileira.

Palavras-chave: ANVISA, bioacumulacdo, consumo de peixe, ingestao diaria, Rio Madeira.

1. INTRODUCTION

Fish is one of the most important sources of animal protein for Amazonian population,
especially for riverine communities (Bastos et al., 2008). The Madeira River Basin is the main
source of fish for the population of the state of Rondénia (Brazil), especially the cities of
Porto VVelho and Guajarad-Mirim (Doria et al., 2012). According to Oliveira et al. (2010), daily
fish consumption in Amazonian riverine communities is high (406 g/day) and shows an
integrated yearly consumption of 148.2 kg/person. In contrast, average Brazilian fish
consumption is 11.17 kg per year (Brasil, 2013).

There are many ecological risk assessment studies focused on fish contamination by
mercury in the Madeira River Basin, due the historical gold rush in the region between 1970s
and 1990s. It is estimated that 100 t of Hg were released into the atmosphere and the aquatic
system (Pfeiffer and Lacerda, 1988; Maurice-Bourgoin et al., 2000; Bastos et al., 2006; 2007).
However, data on contaminants such as lead (Pb), nickel (Ni), chromium (Cr), zinc (Zn) and
copper (Cu), among others, are scarce or non-existent. Heavy metals are an important class of
pollutants and have major detrimental impacts on both human and environmental health
(Boyd, 2010). Environmental contamination by anthropogenic sources raises important
questions, such as how much of a potential pollutant might be released into the environment
and under what conditions, and how does the contaminant transform in the environment and
what are the effects on man and his environment (National Academy of Sciences, 1975).

Fish are most habitually used as target organisms in developing criteria and setting
standards for water quality (Welch and Jacoby, 2004). High trace metals concentrations may
affect local fish biodiversity and stock by decreasing growth rate and reproduction and
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causing changes in behavioral patterns (Mishra and Mohanty, 2009; Subotic et al., 2013;
Nagpure et al., 2015).

Porto Velho City releases untreated urban sewage directly into the Madeira River. Santos
et al. (2012) demonstrated that domestic effluents discharged into streams and the
inappropriate disposal of solid waste contributed to an increased concentration of trace
elements in several water bodies. This contaminant input may affect aquatic biota and
bioaccumulation in fish (Santos et al., 2012). Other local contaminant sources of the Madeira
River Basin are fertilizers and soil amendments (Santos et al., 2012).

This study aims: i) to assess the concentration of copper, nickel, lead, zinc, mercury and
chromium in muscle tissue of fish from the Madeira River Basin; ii) to verify if the values are
in agreement with those established by ANVISA regarding food and daily intake; iii) to
determine whether Porto Velho City urban sewage has a significant influence on trace metal
concentrations in fish; and iv) to estimate daily chromium intake according to the Brazilian
Health Surveillance Agency (ANVISA) standards.

2. MATERIALS AND METHODS

2.1. Study Area

The study area (Figure 1) includes eight sampling sites, five sites located upstream and
three downstream of the Santo Antdnio's Hydroelectric Dam. Santo Anténio’s Hydroelectric
Dam may be considered an artificial barrier that prevents the movement of species between
the upstream and downstream areas. Although there is a fish passage in the dam, studies have
shown that fish passages in South America are ineffective in selective species (Pelicice and
Agostinho, 2008; Pompeu et al., 2012). No studies have proven that the species analyzed in
our study move freely between upstream and downstream.

Samples from five sampling sites were collected in the upstream area. These sites were:
Jaci Parana River sites JAM (upstream Jaci Parana District) and RSJ (downstream Jaci Parana
District); upper (RSA) and lower (RSB) Santo Antonio’s reservoir (Madeira River) and
Jatuarana | Stream (RST). Within the downstream area, samples were collected at three
stations: Jatuarana Il Stream (JAD); Belmont Stream’s mouth (BEF) and Cunia Lake (CUN).

64°0'0"W 63°20'0"W
cunﬁ { N
e VN wﬁ’%z
b Ay X’X
s
p Porto
BEF
»n < n Velh: 9
s AMAZONAS L= EA £ t]
81 ’ Urban Area of the 8 F
& : Porto Velho ‘: ) RONDONIA
& e ' -
% » D (4
R
RsB o® ns 5%
{27 Sto.Anténio's
Hydroelectric Dam
o, g o
VG x ? S ) SN BRAZIL
/A i ¢ (G
<RSA /
] { .
3
" RS
® o : 1| e— 1 km| ©
¢ o y - e
gl 2.0 20 40 8 LEGEND
EN g P Geographic Coordinate System > @ Collect Points
3 3\ N, e o Horizontal Datum: SAD69
,‘AM 2 Y ( Map prepared by the cartographic Water mass
1 < = Santo Antdnio Energia and SEDAM Watercourses
by Eduardo Sousa
64°00"W 63°20'0"W

Figure 1. Overview of sampling area and sampling sites.
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2.2. Fish samples

Specimen fish were captured from the Madeira River between July 26™ and August 5th,
2012, using resources provided by the Ichthyofauna Monitoring and Conservation Program.
This period is characterized by a descending water level. However, the collection period was
not considered an important factor in our study. The specimens were collected using gill nets
(3 to 20 cm mesh) with standardized effort, exposed for a period of 24 hours, and verified
every 4 hours. The species Schizodon fasciatus (herbivorous), Potamorhina latior
(detritivorous),  Triportheus angulatus (omnivorous), Plagioscion squamosissimus
(carnivorous) and Raphiodon vulpinus (piscivorous) were chosen because they were abundant
in number, have different feeding habits and are often consumed by the riverine population,
except for Raphiodon vulpinus. The fish sampling was authorized by the System
Authorization and Information on Biodiversity (SISBIO) n° 4155. Voucher specimens were
deposited in the ichthyologic collection of the Universidade Federal de Rondénia (UFRO-I)
(Schizodon fasciatus: UFRO-1 18586, Potamorhina latior: UFRO-1 17204, Triportheus
angulatus: UFRO-1 15031, Plagioscion squamosissimus: UFRO-I 15063 and Raphiodon
vulpinus: UFRO-1 15156).

2.3. Acid chemical digestion and analysis

2.3.1. Mercury (Hg)

Mercury (Hg) concentration was determined according to Bastos et al. (1998). Around
1.0 mL of hydrogen peroxide (H,O,, Tédia, Brazil) and 4.0 mL of sulfonitric solution 1:1
(HNO3: H,SO,4, Tédia, Brazil) were added to approximately 0.4 g of fish muscle (wet weight)
for non-carnivorous fish and 0.2 g (wet weight) for carnivorous. The samples were then
heated on the block digester (Tecnal, Mod.007A, Piracicaba, Sdo Paulo, Brazil) at 70 °C for
30 minutes with a subsequent addition of 5.0 mL of potassium permanganate (KMnOy,
Merck) 5% (w/v) and then heated on the block digester at 70 °C for 20 minutes. After 12h,
around 1.0 mL hydroxylamine hydrochloride (NH,OH:HCI, Tédia, Brazil) 12% (w/v) was
added to the samples. Samples volumes were adjusted to 11.0 mL with ultra pure water
(Milli-Q Plus, Millipore, Billerica, USA) in polypropylene tubes. The sample analysis of total
mercury was done by an atomic absorption spectrometer by cold vapor (FIMS-400,
Perkin-Elmer, Waltham, USA).

2.3.2. Zinc (Zn), Lead (Pb), Chromium (Cr), Nickel (Ni) and Copper (Cu)

The Akan et al. (2012) method was adapted for acid chemical digestion and
determination as follows: After weighting around 10 g (ww) of fish muscle tissue, samples
were dried (105 °C/48 h) and burnt (400 °C/48 h). Then, 3.0 mL of nitric acid (HNO3 Tédia,
Brazil) 68% (w/w) was added to ashes and samples were placed on a hot digestion plate
(Tecnal, Mod.007A, Piracicaba, S&o Paulo, Brazil) to evaporate (120 °C). Afterwards, 2.0 mL
of hydrochloric acid (HCI, Tédia, Brazil) 37% (w/w) was added to the samples and which
were then subjected to a hot digestion plate. After complete hydrochloric acid volatilization
the samples were suspended by adding 15 mL of HCI 0.1 N, and filtered (cellulose filters,
0.45 um, Whatman). Samples analysis was done by a flame atomic absorption spectrometer
(AAnalyst 400, Perkin-Elmer, Waltham, USA).

2.4. Analytical control and statistical analysis

Certified samples DOLT-2 (National Research Council - Canada) was used for Zn, Cu
and Cr analytical control. SS2 (SCP-Science) was used to certify values for Pb and Ni, and
AFPX-5130 (Fish Internal Reference Laboratory) for total-Hg.

Descriptive analysis and statistical tests were performed using XLSTAT version 2014
(Addinsoft — France) software. The Shapiro-Wilk Test and Kruskal-Wallis Test, supported by
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Dunn’s multiple comparison procedure, were used to compare the values between the
specimens collected upstream and downstream (5% significance).

3. RESULTS

3.1. Trace metal concentrations

Table 1 shows the average concentrations of six trace metals in five species of
Amazonian fish sampled upstream and downstream of Santo Antonio’s Hydroelectric Dam
(Porto Velho City) in the Madeira River.

Table 1. Average trace metal concentrations (mg.kg™ - wet weight) in five fish species of the Madeira
River Basin sampled upstream (U) and downstream (D) of Porto Velho City. n = number of specimens.

Hg Cu Zn Pb Cr Ni n

Species U D U D) U D) U D U D U D) U D)
P. latior 0.10 0.14 025 039 408 7.21 050 058 0.16 062 019 014 26 11
S. fasciatus 0.07 011 021 030 459 901 052 068 024 057 014 015 11 08
T. angulatus 031 019 021 038 732 809 050 068 037 041 018 0.09 13 21
P.squamosissimus 033 - 010 - 385 - 036 - 009 - 014 - 41 -
R. vulpinus 056 0.72 026 039 529 715 045 079 0.16 053 016 0.16 22 04
ANVISA® 2882 30.00 50.00 2.00 0.10 5.00

Recovery (%)° 103 94 106 110 107 98

Maximum limits for inorganic contaminants in non-carnivorous®and carnivorous” fish.
’Analytical recoveries.

Descriptive data shows that only chromium exceeded the permitted value for
consumption established by ANVISA, being 6.2-times higher than the allowed value in
P. latior sampled downstream. Only P. squamosissimus shows values below the allowed
values for all trace metals in this study. Apparently, specimens sampled downstream show
higher values of trace metals, except nickel, than specimens sampled upstream. Statistical
tests were performed in P. latior, T. angulatus and S. fasciatus, because these species were
very representative (n) both upstream and downstream (Table 1). The Shapiro-Wilk Test
indicated that the groups compared (upstream and downstream of Porto Velho City) among
species P. latior, S. fasciatus and T. angulatus presented non-normal distribution of the data
(p < 0.05). Therefore, the nonparametric Kruskal-Wallis Test supported by Dunn’s multiple
comparison procedure was used to compare groups of each species. The Kruskal-Wallis Test
indicated a significant difference (p < 0.0001) between the groups only for Cr in P. latior
(Figure 2). The other trace metals were not significantly different (p > 0.05) among the groups
analyzed.

3.2. Estimated daily intake in adults

As chromium was the only contaminant with values above the established thresholds for
food, special attention was given to this element. Therefore, we estimated daily adult intake
for this trace metal. The daily adult intake estimation was arrived at through use of the
equation presented in D’ Amato et al. (2007) as adapted below:
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(CC.DI)
BW

EDI = .1000

where:
EDI: estimated daily intake (ug.day™);
CC: chromium concentration in fish (mg.kg™);
DI: fish daily intake (kg.day™); and BW: body weight (kg).

Hg Cu
0.8 1.0
3 P. latior (U) 3 P. latior (U)
oé 3 P. latior (D) 0.8 3 P. latior (D)
o : 3 T. angulatus (U)'.u 3 T angulatus (U)
‘; - o R angulatus(D); 0.6 3 T angulatus (D)
£ : [ S. fasciatus (U) E 04 1 S. fasciatus (U)
o = o
T [ S. fasciatus (D) & £ 14 ; 3 S. fasciatus (D)
0.2 |
? | @ 0.2 ——
- ‘
0.0 . 0.0 ]
Zn Pb
15 20
3 P. latior (U) 3 P. latior (U)
[ P. latior (D) 15 3 P. latior (D)
Ty 10 [ T. angulatus (U) b : [ T angulatus (U)
; [ T. angulatus (D) :‘» 3 T. angulatus (D)
£ : [ S. fasciatus (U) € 1.0 = [ S. fasciatus (U)
S % =] O s fasciatus (D) & s O3 S. fasciatus (D)
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0 0.0 g
Cr Ni
15 ) 0.6
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Figure 2. Median, minimum and maximum concentrations in specimens of species P.
latior, T. angulatus and S. fasciatus sampled upstream (U) and downstream (D) of Porto
Velho City.

Table 2 shows the values obtained regarding estimated daily intake from consumption of
each species analyzed. The values assume a daily fish intake conforming to the average
Brazilian fish consumption (Brasil, 2013), the average riverine fish consumption (Oliveira
etal., 2010) and an adult body weight of 70 kg. The recommended daily intake is based on
resolution No. 269/2005, established by ANVISA.
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Table 2. Estimated daily intake of chromium (ug.day™) from consumption of five Amazonian
fish species based on Brazilian fish consumption (BFC), Amazonian riverine fish consumption
(RFC) and recommended daily intake (RDI) established by ANVISA (2005).

BFC RFC RDI
Upstream  Downstream  Upstream  Downstream
P. latior 0.07 0.27 0.93 3.60
S. fasciatus 0.10 0.25 1.39 3.31
T. angulatus 0.16 0.18 2.15 2.38 35
P. squamosissimus 0.04 - 0.52 -
R. vulpinus 0.07 0.23 0.93 3.07

4. DISCUSSION

The Brazilian Health Surveillance Agency (ANVISA) establishes the maximum of
inorganic contaminants in foods (Table 1) according to Decree No. 55871/65 (ANVISA,
1965) and Decree No. 685/98 (ANVISA, 1998). The results indicated that national regulatory
pollution limits were exceeded in the specimens sampled only for Chromium (p < 0.0001),
especially in P. latior collected downstream. This may reflect anthropogenic influence
coupled with the ecological behavior of the species. Chromium is water insoluble (mainly in
Cr 111 form), being removed from the water column via adsorption-coagulation processes with
suspended matter and deposited in bottom sediment (Pawlikowski et al., 2006; Szalinska et
al., 2010). P. latior has a detritivorous feeding habit, foraging on river bottoms (Vari and
Ropke, 2013), which increases its exposure to higher bio-concentrations of chromium than
species with different foraging habits.

Estimated chromium daily intake was higher in fish from downstream than upstream.
When compared with average Brazilian fish consumption and Amazonian riverine average
fish consumption, the values are as much as 13 times higher in an Amazonian riverine adult,
due to his large daily intake of fish. Although the estimated daily intake of chromium is
greater in riverine populations, the values obtained are below the recommended daily intake
by ANVISA (2005). However, an increase of sewage or untreated industrial effluents releases
into rivers can increase the daily chromium intake of riverine populations, thereby affecting
their health. Cr in a trivalent state (Cr Ill) is essential for biochemical and physiological
processes of organisms influencing, for example, the processes of the degradation of sugar by
the action of insulin (ATSDR, 2012). However, in hexavalent state (Cr VI) chromium is
potentially carcinogenic; it can easily penetrate cells and bind to DNA molecules (Langerwerf
et al, 1985; O’Flaherty, 1993).

Industrial tanneries are other activities that may influence Cr concentration in the
Madeira River fish. In the leather tanning process, a chemical compound containing Cr is
used to stiffen the hide and ensure the product’s preservation. During this process, a sludge
rich in chromium is produced that in most cases is not adequately treated and is then dumped
directly into the aquatic bodies (Godecke et al., 2012). Currently, Porto Velho City has two
licensed tanneries in operation, both installed near rivers and creeks that flow into the Madeira
River, and there are reports of small-scale tanneries working illegally near the river as well.

All of the other chemical elements studied presented concentrations within the permitted
values for consumption in the species analyzed. Nevertheless, the ANVISA regulations
emphasize the importance of periodic reviews of these elements, especially Pb and Hg,
because while they are not essential, they can still serve as a check on heavy metal
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contamination in the most consumed fish species originating from the Madeira River Basin.
The results obtained for Zn, Cu, Ni, Pb and Cr in fish muscles tissues are unprecedented in the
region where the study was conducted; only Hg biogeochemistry was extensively studied.
Bastos et al. (2008) verified mercury concentrations in several species with varied feeding
habits collected in the Madeira River Basin, among them S. fasciatus, P. latior,
P. squamosissimus and R. vulpinus. The Triportheus genus was represented by T. elongatus in
their study. The concentrations found were similar to those found in this study (0.12, 0.11,
0.18, 0.44 and 0.93 mg.kg™ for S. fasciatus, P. latior, T. elongatus, P. squamosissimus and
R. vulpinus, respectively), indicating that concentrations hardly changed during the studied
periods.

While Zn, Cu, Ni, Pb and Hg do not exceed national regulatory thresholds, it is known
that they may have acute or chronic effects on organisms in aquatic environments even in
small doses. Serious sub-lethal direct effects can occur, affecting animal behavior at
concentrations much less than those at which they have lethal effects. For example, metal
pollutants may influence immune responses of organisms, affecting pathogen-host
interactions and modifying immune system function, stimulating or reducing it. Indirect
effects may be found throughout their interactions with the structure of food webs in aquatic
communities, for example, alterations in predator/prey interaction (Boyd, 2010).

Madeira River has a great stock of fish that drives the regional economy and is the main
economic activity of the riverine population. Lately, many events have occurred in the river,
such as the construction of hydroelectric dams and unusual flooding, which may alter the
dynamics of trace metals, which may in turn affect the stock of the main economic fish
species. Therefore, our results suggest future research is necessary regarding about trace
metals in the fish of the Madeira River and the surrounding area, mainly related to fishes’
response to trace metals.

5. CONCLUSIONS

Except for chromium, the results demonstrated that heavy metal concentrations are below
the maximum limits established for human consumption by ANVISA. In the comparison of
the metal concentrations in specimens sampled upstream and downstream of the Porto Velho
City, Potamorhina latior showed the highest concentrations in the downstream area for Cr.
This indicates that Porto Velho City may influence the increase of chromium concentrations
in fish tissue, due to inadequate treatment of sewage dumped directly into the Madeira River.
Estimated daily intake of chromium showed higher values in fish sampled downstream than
upstream and are 13 times higher in an adult riverine than in an adult from other region of
Brazil.
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