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ABSTRACT

Environmental research realized at Educandos basin (Manaus — AM), which includes
several dwelling-places and Manaus Free Trade Zone (ZFM), to avail the impact of
anthropogenic activity on local streams and potential influences over Rio Negro, at Manaus’
shoreline. It was determined pH, E.C., turbidity, temperature, TSS, anions (HCOs", NOs, F,
CI, S04%) and dissolved metals (Ni2*, Pb?*, Cré*, Cu?*, Fe?*, V*, Zn?* e AI**). Anions were
measured by HPLC; metals, by ICP-OES; and remainder parameters by classic methods.
All the analyzed parameters were altered at streams because of anthropogenic activity.
Results showed Quarenta stream hadn’t had altered the quality standards of Rio Negro’s
water. It was noticed a high degradation on the base level of Cachoeirinha and Mestre Chico
streams, in which were found the highest levels of CI-, F-, SO4%, E.C., pH e HCOs". These
parameters were higher than those obtained in last decades, indicating an increase in
contamination by sewage. Places near ZFM presented high levels of Ni2* e Al%*, arising from
industrial waste. Levels for metals Pb2*, Cr3*, Cu?*, V* were recorded below the permissible
limits according to Resolution n.357/2005 — CONAMA in all spots, indicating a possible
reduction on the emission of potentially toxic metals.

Keywords: Water quality. Surface water stream. Rio Negro.

HIDROQU[MICA DE BACIA HIDROGRAFICA SOB INFLUENCIA
ANTROPOGENICA E SEUS EFEITOS NA ORLA DA CIDADE DE MANAUS -
AMAZONIA CENTRAL

RESUMO

Estudo ambiental realizado na bacia do Educandos (Manaus-AM), que abrange grande
quantidade de residéncias e o Pdlo Industrial de Manaus (PIM), vem avaliar o impacto das
atividades antrépicas nos igarapés dessa bacia e potenciais influéncias ao Rio Negro, na
orla de Manaus. Foi determinado o pH, C.E., turbidez, temperatura, SST, &nions (HCOs"
,NOz, F, CI, SO4% ) e metais (Ni*, Pb?*, Cr3*, Cu?*, Fe?*\V*, Zn?* e AI**). Mensurou-se 0s
anions por CLAE, os metais por ICP-OES e demais pardmetros por métodos classicos.
Constatou-se alteracdo de todos os parametros nos igarapés pela atividade antropogénica.
Observou-se que o igarapé do Quarenta ndo alterou significativamente os padrbes de
qualidade da &gua na orla do Rio Negro. Observou-se elevada degradagdo da foz dos
igarapés do Cachoeirinha e Mestre Chico com os mais elevados niveis de CI, F, SO4%,
C.E., pH e HCOg3'. Estes pardmetros foram mais altos que em décadas passadas, indicando
um aumento de contaminagdo por esgotos. Locais ao lado do PIM apresentaram altos
teores de Ni?* e AI**, decorrente da emiss&o industrial. Os metais de Pb?*, Cr3*, Cu?*, V*
mantiveram-se adequados a legislagdo N° 357/2005 do CONAMA em todos os pontos de
coleta, indicando possivel reducéo da emissdo de metais potencialmente toxicos.

Palavras-Chave: Qualidade de aguas. Igarapé do Quarenta. Rio Negro.

INTRODUCTION

Amazonia is worldwide acknowledged by its importance concerning the climatic balance on Earth and
biodiversity and, most of all, fresh water reservoirs, being responsible for 15% of fresh water in the oceans
(MOLINIER et al., 1996). Amazon River contributes with 6.660 109 m3/year of liquid discharge in Atlantic
Ocean (FILIZOLA and GUYOT, 2011). Amazon basin comprehends a complex drainage system with
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different geomorphologic, physic and chemical characteristics. The persistent occurrence of accidents with
negative impacts to aquatic environment, including some happened in Amazonia, must be considered
concerning, being it the motivation behind this research.

It is necessary to record the current alteration levels in water quality under the anthropic influence in
Amazon environment. There are many interests surrounding the way humans act over ground in Amazonia
— installing dams in hydroelectric plants, groundwater usage, ports installation, mineral and industrial
exploration, deforestation aiming space for animal husbandry or vegetal extraction, fishing and pisciculture,
among other reasons. In this context, Manaus city presents the most impacted places, being the biggest
city in Central Amazonia, with an estimated population of 2.14 million inhabitants (IBGE, 2018). Manaus is
located on the left side of Rio Negro, in which shorelines occur the urban discharges of Taruma, Sao
Raimundo, Educandos and Puraquequara hydrographic sub-basins.

Manaus Free Trade Zone motivated a large demographic growth (MACIEL, 2016). Yet, public works
(related to infrastructure and sanitation) implemented in the city were not enough, degrading the urban
streams (GEOCIDADES, 2002; NORMANDO, 2014). Since 1990’s, it is noticed Educandos basin presents
spots with advanced deterioration, with notorious alterations in its physical and chemical characteristics,
like pH, E.C.(Electrical Conductivity), NH4*, COD (Chemical Oxygen Demand), BOD (Biochemical Oxygen
Demand), anions (CI, SO4*, NOz,NO2) and potentially toxic metals (Ni?*, Cu?*, Cr3, Pb% and V%)
(SAMPAIO and SANTANA, 2000; MACHADO and SANTANA, 2000; NORMANDO, 2014; COSTA et al.,
2016; VIANA, 2018). Its contamination is due to continuous emission of sewage and garbage happened in
the neighborhood and from industrial waste emitted by ZFM (SILVA; RAMOS; PINTO,1999; GEISSLER,
2003; MELO; SILVA; MIRANDA, 2005; RODRIGUES; SILVA; SILVA, 2009; SILVA, 2010). The sewage in
Educandos basin is released into Rio Negro river without treatment.

This research wishes to avail the contamination degree on the Educandos basin’s stream, the probable
origin of those contaminants (come from industrial emission or sewage), the possible environmental
influence from contamination at Educandos to Rio Negro’s shoreline and the effects of seasonal variation
of pluviometry on the parameters of water quality.

MATERIALS AND METHODS

Educandos basin is totally located in Manaus’s urban area. lts sources are in the neighborhoods of Zumbi
and Armando Mendes, its courses are along the margins of Manaus Free Trade Zone (ZFM), and its
mouths are located in Rio Negro (GEOCIDADES, 2002), comprehending 48.5 km in its 33 courses, some
of them being the streams Quarenta, Cachoeirinha and Mestre Chico (MACIEL, 2016). Quarenta it's the
longest and most studied stream, and in its course drains nearly all Educandos basin tributaries. In
Quarenta and Mestre Chico confluence they form Educandos Stream (same name of the basin), a wider
stream that flows into Rio Negro.

The city of Manaus presents humid tropical monsoon climate, with medium pluviometry of 2,300 mm year,
heterogeneously distributed in a season of high pluviometry — wet season - (from November to May) and
another of dry season (from June to November) (MELO; SILVA; MIRANDA, 2005; MACIEL, 2016). The
samples were collected at seventeen different spots, three of them in Educando’s sources in an
environmental protected area in UFAM campus (S1, S2, S3), eight on streams, being six spots located at
Quarenta stream (QS1, QS2, QS3, QS4, QS5 and QS6), one at Mestre Chico stream mouth (MS1), one at
Cachoeirinha stream mouth (CS1), and six on Rio Negro: three upstreams (NU1, NU2 and NU3) and three
downstreams (ND1, ND2 and ND3) from Educandos mouth (Fig. 1).

The samples were collected on the surface (0.5 m) on April (wet season) and September (dry season),
2017. Stream sampling (except sources) were conducted from bridges, at the approximate center-of-flow,
and river sampling were collected by boat at average 250 m away from Rio Negro margins (in wet season).

It was used adequate standard techniques for environmental analysis, with analytical methods as
calibration, triplication and analysis blank (APHA, 2017). Conductivity and temperature were measured in
situ by conductimetry and digital thermometer using Ysi® Ysi 30; pH was measured by potentiometry using
Thermo® Orion 3; turbidity by turbidimetry using HACH® 2100Q; HCOsz by potentiometric titration using
Metrohm® Titrino 848 plus; total suspended solids (TSS) using cellulose ester membranes with 0.45 um;
anions (F, ClI, SO4? and NOs") by liquid chromatography using Dionex® ICS-5000; and cations (Cu?*, Cr3*,
Pb?+, Fe?*, AR* and V*) by spectroscopy using PerkinElmer® ICP-OES OPTIMA 8000. Samples were
preserved at 4°C, filtered in situ in 0.45 um membranes (for measuring cations and anions) and 1 mL HNOs
1:1 was added in 49 mL sample for preserving metals.
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Figure 1 - Educandos basin - Sampling sites and map of the study area, 2020.
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Source - Geological Survey of Brazil (CPRM-SGB), 2020.

RESULTS AND DISCUSSION

For each collection spot, eighteen parameters were analyzed: five physical and chemical parameters
(Electrical Conductivity, Hydrogenionic Potential, Temperature, Turbidity and Total Suspended Solids), five
anions (Bicarbonate, Chloride, Sulfate, Nitrate and Fluoride) and eight cations (Iron, Aluminum, Zinc,
Nickel, Cadmium, Lead, Chromium and Vanadium). They represent important indicators for the level of
degradation over water quality of Educandos and Manaus’ shoreline.

Each parameter shall demonstrate the data of all the spots in both hydrological periods considered,
comparing the results obtained with those detected by previous studies of natural waters and the same
streams analyzed by us. Finally, we shall proceed a multivariate statistical analysis (Cluster Analysis and
Principal Component Analysis), observing grouping cases between variables and sites, the influence of
sewage and industrial anthropic emission and oscillation among the collection spots at Rio Negro’s
shoreline.

Electrical Conductivity, pH, Temperature and Bicarbonates

Natural waters near Educandos present low conductivities, usually lower than 20 uS cm? at sources
(SILVA, 2010; VIANA, 2018) and between 8- 15 pS cm? at Rio Negro (PINTO et al., 2009). It was
observed conductivities from 9.3 to 19.4 uS cm ! on the samples collected at the sources and from 10.3 to
13.1 uS cm? on those collected at Rio Negro. On the other hand, the conductivity levels found on the
samples collected at the streams were significantly higher, oscillating from 98.0 to 401.3 puS cm (Fig. 2a),
showing a tremendous alteration caused by anthropic activity. The highest levels were discovered on
streams located on places with more sewage emitted (COSTA et al., 2016), that is, Mestre Chico (MS1)
and Cachoeirinha (CS1) streams. Our data shows higher levels than those obtained years ago by SILVA,;
RAMOS; PINTO (1999), from 82.0 to 182 uS, SILVA (2010) — from 0.23 to 643 pS cm? - and VIANA
(2018) — from 113.9 to 329.0 uS cm-™.
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Figure 2 - Average values for E.C. (a), pH (b), Temperature (c) e HCOs (d) on Wet and Dry Seasons.
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The pH of Rio Negro and Educando’s sources are naturally acid, usually varying between 3.5 and 5.5
(MELO; SILVA; MIRANDA, 2005; PINTO et al., 2009; SILVA, 2010; VIANA, 2018). On this paper, the pH of
Rio Negro varied between 4.77 and 5.51 and between 4.43 and 5.38 on the sources, being almost neutral
at the streams — from 6.42 to 6.98 (Fig. 2b). The pH measured for urban watercourses were altered by
anthropic activity, with higher levels identified at places which were more contaminated by sewage,
alkalinizing the water (MELO; SILVA; MIRANDA, 2005; RODRIGUES; SILVA; SILVA, 2009; NORMANDO,
2014). pH shows, as well as E.C., reduction of its percentages in the industrial area (QS2 to QS4). Looking
at the retrospect, it is obtained a gradual evolution of its levels, which possibly represents an increase of
sewage. For Educandos streams MACHADO and SANTANA (2000) measured pH varying from 6.28 to
7.31, RODRIGUES; SILVA; SILVA (2009) found 6.7 to 7.2, SILVA (2010) from 5.5, to 6.9, NORMANDO
(2014) from 6.61 to 6.92, and VIANA (2018) between 6.37 and 7.01. Brazilian National Environmental
Counsel, or CONAMA (BRAZIL, 2005), establishes values between 6.0 and 9.0 for “adequate water pH”,
which means that only the streams, more polluted, would present adequate values by this regulation, once
Amazon region’s waters are typically more acid than those detected in the rest of the country.

Measured temperatures were found similar for streams (from 28.2 °C to 33.0 °C) and Rio Negro (from 28.9
°C to 30.7 °C) (Fig. 2c), with lower values at the sources (from 25.0 to 26.4 °C). This is the consequence of
a reduced solar incidence on the sources, caused by the presence of plants covering (MELO; SILVA,;
MIRANDA, 2005). At this basin, temperature is a parameter lowly influenced by anthropogenic emissions,
mainly due to local temperature, season of the year, flow rates and depth (COSTA et al., 2016). On dry
season, waters showed higher temperatures, probably motivated by higher local temperatures. Observed
temperatures were similar to those obtained in past studies, a consequence of a low regional thermic
amplitude, with MELO; SILVA; MIRANDA (2005), NORMANDO (2014) and VIANA (2018) observing
temperatures between 25 and 28 °C at the sources and from 28.0 to 33 °C at the streams.

It was also observed low contents of bicarbonate on Rio Negro’s waters and sources, lower than
guantification limits (1.5 mg L), while the streams values varied between 32.9 mg L and 126.7 mg L*
(Fig. 2d). This significative difference indicates that, at this basin, the anthropic emissions have altered
bicarbonates concentrations, especially considering the expressively low contents observed at the sources.
MELO; SILVA; MIRANDA (2005) found bicarbonates concentrations lower than 3.0 mg L at the sources
and between 50 and 79 mg L in streams. Higher contents encountered at the streams occurred on the
region waste is basically composed by sewage (MS1 and CS1) and lower values were observed on
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“industrial waste region” (QS2 to QS4). Bicarbonates distribution at the watercourses presented similarities
to those identified for pH and conductivity.

Seasonality seems to alter conductivity and bicarbonates levels (Fig. 2a and 2d), with higher values
occurring on dry season, caused by a decrease of water mass for dilution (MELO; SILVA; MIRANDA,
2005; SILVA, 2010; COSTA et al, 2016). There are also great seasonal alterations at spots QS6 and MS1,
near Rio Negro, with really reduced concentrations on wet season, consequence of seasonal variations on
the river at those places, diluting the streams.

Spots at Rio Negro show great homogeneity for parameters as pH, E.C., Temperature and HCOs-, without
distinction between spots located at the upstream and the downstream of Quarenta stream, indicating it
has little influence on Rio Negro’s quality on its shoreline. Conductivity, Bicarbonate and pH present slightly
higher concentrations at the confluence with Educandos basin (NU3 e ND1), suggesting a punctual
contamination on Rio Negro caused by Quarenta stream (PINTO et al, 2009).

Turbidity and Total Suspended Solids

Sources of Educandos basin and Rio Negro show little suspended material, with turbidity usually inferior to
10 NTU at those environments (COSTA et al., 2016; PASCOALOTO and SOARES, 2016; VIANA, 2018).
For this research, it was measured a turbidity level varying from 0.89 to 21.5 NTU for sources, from 3.5 to
8.4 NTU at Rio Negro and from 10.0 to 97.3 NTU at the streams (Fig. 3a).

Figure 3 - Average values for Turbidity (a) and TSS (b) on Wet and Dry seasons.
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Despite the disparity between streams and other ambiances, turbidity at Educandos basin couples up more
with hydrodynamic characteristics than with anthropic activities (COSTA et al., 2016). Comparison along
with past studies demonstrate a great fluctuation of this parameters at the streams, with NORMANDO
(2014) observing contents from 12.8 to 86.0 NTU, COSTA et al. (2016) from 4.2 to 2745 FTU,
PASCOALOTO and SOARES (2016) found an average value of 12.6 FTU and VIANA (2018) of 37 to 554
NTU. In its Resolution 357, CONAMA (BRAZIL, 2005) establishes a limit of 100 NTU, which means spots
QS1 and QS2 of dry season are classified as “inadequate” (Class 2) by its terms.

Total suspended solids oscillated from 4.6 to 22.2 mg L* at the sources, from 5.9 to 8.1 mg L? at Rio
Negro, while contents measured at the streams were higher — between 16.8 and mg L* (Fig. 3b). Its
tendencies were very similar to those detected for turbidity, by both representing suspended particles
guantity (HERNGREN; GOONETILLEKE; AYOKO, 2005). Therefore, this parameter doesn’t represent the
anthropogenic activity at the streams, despite presenting higher levels there.

The spots which have presented higher levels of turbidity and suspended solids concentration are at initial
and intermediate regions of Quarenta stream, where industrial waste emission predominates. At the mouth
of Cachoeirinha and Mestre Chico streams, it was detected a quite low level of contents, close to those
expected for natural waters. Seasonal variation causes great hydrodynamic changes among the spots
located at the sources. Data obtained from QS6 spot shows that, on wet season, the stream’s fluid flow is
drastically altered by Rio Negro, presenting a much higher level and laminar flow, showing less turbidity
and suspended solids consequently.
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Anions (chloride, sulfate, nitrate e fluoride)

Among analyzed anions, the concentration detected follows the sub sequential order (according to the
predominance): [HCOs-]>[CI>[SO42]>[NOs-]>[F].

Among the four types of anions analyzed by chromatography, chlorides were the most abundant at the
streams - between 7.1 and 42.5 mg L%; average value 19.9 mg L (Fig. 4a) -, while the quantity identified
at the sources and at Rio Negro was between 0.35 a 0.89 mg L. Chloride distribution seems to represent
anthropogenic influence at this basin appropriately, once content levels were found higher on anthropized
environments. Among availed streams, chloride levels are higher at regions with more emission of sewage
(CS1 and MS1), and lower at regions located near ZFM (QS2 to QS4). Obtained contents are considered
“adequate” according to CONAMA (BRAZIL, 2005) legislation, which establishes 250 mg L as limit.

Figure 4 - Average values for CI- (a), SO4%(b), F(c) e NO3z(d) on both wet and dry seasons.
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Sulfate concentrations detected at the sources and at Rio Negro were considered low (between 0.14 and
0.45 mg L%; average value of 0.23 mg L), compared to the levels found at the streams (from 6.0 to 26.6
mg L1; average value of 16.9 mg L) (Fig. 4b). This great variance among aquatic environments indicates
that, at the streams belonging to this basin, sulfates were affected by anthropogenic activity, caused by
both sewage and industrial waste (as chemical, pharmaceutical and pulp and paper manufacturing
processes). Despite the fact spots MS1 and CS1 have shown the highest sulfate concentrations among
streams, it was observed QS3 and QS4 possess similar concentrations, being obtained that, on both
seasons, sulfate contents increased along the watercourse near industrial region (QS2 to QS4). It indicates
the elevated quantity of sulfates at the streams has been motivated by both sewage and industrial waste
emissions. Nonetheless, sulfate levels are considered “adequate” according to the limit values proposed by
Resolution 357 regarding Water Potability of CONAMA (BRAZIL, 2005).

Fluorides usually present lower concentrations in environments compared to chlorides, sulfates and
nitrates. At Rio Negro and sources, it was detected contents from > 0.01 mg L to 0.04 mg L, and from
0.38 mg L to 0.62 mg L (average value 0.17 mg L) (Fig. 4c). Fluorides typically predominate at places
with more emission of sewage (MS1 and (CS1) and present lower content near ZFM. All spots have shown
fluoride concentration level below the limit of 1.4 mg L established by CONAMA (BRAZIL, 2005).
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All three anions (chlorides, fluorides and sulfates) have presented higher concentrations motivated by
anthropic activity, especially during dry season (Figs. 4a, 4b and 4c). Concentrations found at Rio Negro
were considered homogenous among each other and close to those found at the sources. Close values
observed between upstreams and downstreams indicates Quarenta stream probably has little influence
over Rio Negro’s quality, which shows condition consistent with those proper of natural waters (PINTO et
al., 2009). There is a noticeable “seasonal difference” of the concentrations detected at the spots located at
streams near Rio Negro, especially QS6 and MS1. These places present contaminant concentrations
much lower on wet season, due to Rio Negro’s seasonal level fluctuations, barring and diluting the streams
during their floods.

Spots which have shown higher contents of the three anions (chlorides, fluorides and sulfates) are located
at the mouths of Cachoeirinha e Mestre Chico streams (MS1 and CS1), in which it is possible to identify
higher concentrations of sewage — influencing especially Chloride and Fluoride levels, which were found
twice higher than average values obtained for Quarenta stream. Sulfates, however, present significative
contribution motivated by industrial waste.

Nitrate levels at Rio Negro and sources have varied between 0.39 mg L* and 2.84 mg L%, lower than
those observed at the streams (from 0.81 mg L! to 9.63 mg L; average value of 3.39 mg L1). It was also
observed higher nitrate levels on wet season, which means that, possibly, nitrate observed in watercourses
can also be a consequence of lixiviation. Measured contents were lower than those found by Normando
(2014) (1.2 to 2.47 mg L1). Obtained values were lower than CONAMA'’s legislation limits (BRAZIL, 2005)
for N-NOs" (10 mg L); yet, the proximity among values measures at some streams’ spots and limit value is
concerning, indicating improvements must be incremented in order to reduce those levels. This parameter
showed a less notorious distinction between streams and other environments, being, among all five
analyzed anions, the one which less represents Educandos basin anthropization level (COSTA et al.,
2016). Its distribution changed according to seasonality: on wet season, nitrate levels were higher at the
industrial region (QS3 and QS4), and, on dry season, it was more abundant at “sewage sectors” (CS1 and
MS1). It was the only anion to show higher average concentration on wet season.

Cations (iron, aluminum, zinc, nickel, cadmium, lead, chromium and vanadium)

Among all cations analyzed at this paper, it is noticed a predominance of [Fe?]>[AIF*]>[Zn?']>[Ni#*]>[Cd?],
[Pb24], [Cr3], [Cu?*] e [V*].

It wasn’t possible to quantify the concentrations of cations Pb?*, V*, Cr3* e Cu?* by ICP-OES at any place.
Pb?* and V* have presented concentration levels of less than 0.005 mg L at all spots and less than 0.01
mg L for Cr3* and Cu?*. CONAMA’s Resolution (BRAZIL, 2005) establishes a limit (for freshwater) of 0.01
mg L for Pb?*, 0.1 mg L? for V*, 0.05 mg L? for Cr3* and 0.009 mg L* for Cu?*. Thus, these metals are
classified as “adequate” according to the legally established conditions.

Among iron concentrations in waters, it was observed average values of, respectively, 0.18 mg L** and 0.20
mg L at the sources and at Rio Negro; at the streams, it was observed an average concentration value of
0.46 mg L, with content values oscillating between 0.29 mg L* to 0.80 mg L (Fig. 5a). Having been
detected in a considerably higher quantity at the streams, it is possible Iron found in this basin’s waters has
its values altered by anthropic activity. Iron has predominated at the streams at both industrial (QS2 to
QS4) and sewage sectors (MS1 and CS1). Several spots have shown iron levels above limits accepted by
CONAMA (BRAZIL, 2005), of 0.3 mg L, mainly on dry season. Contents obtained in this research were
lower than those observed by Geissler (2003) — with maximum concentrations of 21.6 mg L* -, MACHADO
and SANTANA (2000) —29.9 mg L -, and COSTA et al. (2016) — maximum concentrations of 0.2 mg L.

Measured average concentrations of Aluminum in waters were of 0.14 mg L at Rio Negro, 0.09 mg L1 at
the sources and 0.18 mg L™ at streams, with fluctuation from 0.07 mg L to 0.32 mg L™ for this ambience
(Fig. 5b). Despite little difference among environments, it is probable anthropic activity has changed
aluminum concentration at the streams — predominating in spots located at industrial sector (QS2 to QS4).
Spots at the mouths of Cachoeirinha and Mestre Chico streams have shown aluminum contents lower than
those found at Rio Negro, probably due to their waters’ pH, more elevated, which facilitates this metal
precipitation. CONAMA (BRAZIL, 2005) designates a maximum limit of 0.1 mg L of aluminum in waters,
which means almost all spots at the streams are classified as “inadequate”.
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Figure 5 - Average values of Fe2*(a), AI** (b), Zn?*(c) e Ni2*(d) for both wet and dry seasons.
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In relation to zinc levels, it was observed maximum concentration of 0.033 mg L at streams, 0.013 mg L™
at sources and 0.011 mg L at Rio Negro (Fig. 5c). Almost all Zinc quantifying values ([Zn2]>0.01 mg L)
were detected at the streams, confirming anthropic activity influence over altered parametric results
obtained there. In this study, we couldnt verify which emission source (sewage or industrial waste)
predominates at the streams. Observed Zinc contents were lower than those obtained by Geissler (2003) -
maximum value of 14.68 mg L -, SAMPAIO and SANTANA (2000) — 19.6 mg L -, and MACHADO and
SANTANA (2000) — 15.07 mg L. Resolution 357 (BRAZIL, 2005) establishes as “adequate” zinc levels
inferior or equal to 0.18 mg L%, a limit above all obtained concentrations.

Among Nickel concentrations in water, quantifying Nickel levels ([Ni>*]> 0.01 mg L*) were detected only in
Quarenta stream, mainly at industrial sector (QS2 to QS4), with maximum value of 0.16 mg L (Fig. 5d).
Found content values were lower than maximum values obtained by SILVA (2010) — 8.3 mg L*. Among all
seven metals analyzed in this paper, Nickel got third place in quantifying values, being noticeable in all
spots among the streams in, at least, one of seasonal periods. Spots QS3, QS4 and QS5, on dry season,
have shown levels that surpass greatly the limit established by CONAMA'’s Resolution 357 (BRAZIL, 2005),
of 0.025 mg L for Ni2* in freshwater, indicating a remarkable punctual contamination caused by industrial
waste on streams’ waters.

In general, all measured metals predominate in watercourses located near industrial regions, due to the
several applications these metals have in factory processes. They are typically associated to anthropogenic
activity, once they are rarely found in great quantity in waters (at least naturally). Measured potentially toxic
metals levels were much lower than those observed by SAMPAIO and SANTANA (2000), MACHADO and
SANTANA (2000), SILVA (2010), COSTA et al. (2016) and VIANA (2018), representing a possible
decrease on industrial waste emission in the last years.

Availing anthropogenic influence by relation with variables and studied places

Multivariate analysis was realized for all seventeen collection spots, evolving 14 parameters (pH,
Conductivity, Temperature, Turbidity, Suspended Solids, Bicarbonates, Chlorides, Sulfates, Fluorides,
Nitrates, Iron, Aluminum, Zinc and Nickel) and seeking to observe relations constructed among these
variables and the studied places to confirm existing anthropogenic influence. Tests were separated by
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hydrological season, looking for visualizing seasonal differences. All data was normalized. Graphics were
obtained by software Originlab. Principal Components Analysis (PCA) and Cluster Analysis (HCA) were the
techniques utilized here (Fig. 6). Principal Components Analysis (PCA) seeks to reduce data dimensionality
by linear combinations, exporting Biplot graphics (Scores x Loadings), while Cluster Analysis (HCA)
visualizes the grouping among the variables. It was chosen Euclidean distance.

Figure 6 - Principal components analysis and cluster Analysis for wet (a)(c) and dry season(b)(d).
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PC1 x PC2 represents 72,9% of total variance on wet season (Fig. 6a) and 66.2 on dry season (Fig. 6b),
with similar distribution on both seasons.

PC1 segregates anthropized environments and higher parameters at the streams, with little difference
between Rio Negro and sources. Differences cannot be visualized among Rio Negro’s data, that is,
between mouth’s upstreams (NU1, NU2 and NU3) and downstreams (ND1, ND2 and ND3), indicating
Quarenta stream has little influence over Rio Negro. This “streams’ segregation” represents how relevant is
anthropic activity’s influence, significantly altering detected concentrations of several parameters in the
streams. PC1 also allows studying which variables represent anthropic contaminations at Educandos basin
appropriately, considering HCOz", SO4%, CI, F, Dissolved Iron, E.C. and pH. Streams’ spots with highest
PC1 eigenvalues — where most of contaminants predominates — were MS1 and CS1, in the region with
more emission of sewage.

PC2, on wet season, has separated by anthropic contamination origin. First quadrant (upright) represents
variables and collection spots under predominant influence of industrial waste — or higher at industrial
sectors -, which means dissolved Nickel, Iron, Aluminum and Zinc, Total Suspended Solids and Turbidity,
greatly present at spots QS2, QS3 and QS4, near Manaus Free Trade Zone. Third quadrant (downright)
represents spots or variables related to sewage - HCOs, CI, F, E.C. and pH -, markedly high at the
mouths of Mestre Chico (MS1) and Cachoeirinha (CS1) streams.

PC2, on dry season, has separated spots QS1 and QS2 from others, due to their high TSS and Turbidity.
Segregations are still maintained from spots with higher sewage concentration (MS1 and CS1), at upright
guadrant, to those with higher industrial waste concentration (QS2, QS3 and QS4), at downright quadrant.

PC1xPC2 Scores indicate approximated levels of turbidity and suspended solids on both periods, due to
the fact they are strongly correlated variables. These parameters’ distribution is similar of that identified for
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potentially toxic metals, since, coincidentally, they have predominated at Quarenta’s industrial sector (QS2
to QS4). HCOs, E.C. and pH have presented noticeable proximity at multivariate statistics, as bicarbonates
are abundant in environments with pH value above 6 — increasing local conductivity. These three
parameter levels were also close to those found for F- e CI, once their predominance is much more
attenuated at stream spots MS1 and CS1. SO4% and Iron have been associated to each other, once their
distributions indicate that, at Educandos basin, they are consequence of sewage and industrial
contamination.

Cluster Analysis (Figs. 6¢c and 6d) complements the results obtained by PCA. It is visualized a great
homogeneity among the results for Rio Negro. Spot QS6 shows variate characteristics according to the
season, once, on dry season, its aspects are close to those found at spots MS1 and CS1, and, on wet
season, QS6 presents aspects that appear to be intermediate between Rio Negro and a stream. On both
seasons, it is detached the proximity between spots MS1 and CS1, located at the mouths of two tributary
streams of Educandos basin and of little industrial activity, and between spots QS3 and QS4, located at the
intermediate zone of Quarenta stream, near Manaus Free Trade Zone, and of striking contribution of
industrial waste in their composition.

CONCLUSIONS

Most parameters were found altered at anthropized streams; notwithstanding, obtained results have
surpassed the limits established by the Resolution n. 357 of CONAMA (BRAZIL, 2005) only for few
collection spots and parameters.

Analyzed parameters have demonstrated similar tendencies and distributions on both hydrological periods,
with slightly higher contaminant levels being usually detected on dry season. Higher differences among
concentrations observed on both hydrological periods occurred at stream spots located closer to Rio Negro
(QS6 and MS1). Rio Negro’s high-water level on wet season exercises a strong influence at those spots,
diluting contaminant levels at the streams.

For this study, it wasn’t noticed significative alteration caused by Quarenta stream flow over Rio Negro’s
quality parameters; however, further research is needed, testing different depths and distances between
spots and the shore or a possible metal complexation with dissolved organic matter in Rio Negro’s waters.

For almost all parameters, streams have presented more content than their sources, proving the anthropic
influence exercised over these watercourses. The predominance of variables among the streams has
defined, especially, the origin of contaminant emissions. The regions of Cachoeirinha and Mestre Chico
streams’ mouths are greatly degraded by sewage, showing the highest contents for pH, HCOs', E.C., CI-
and F. These parameters contents were higher than those observed in researches proceeded in past
years, indicating a probable increase in sewage and garbage emissions, even after recent revitalization in
the region. In the industrial sectors, metals Al** and Ni?* have predominated, while cations Pb?*, Cr3*, Cu?*
and V* weren’'t quantifiable in the waters, being considered “adequate” according to Brazilian legislation
(BRAZIL, 2005) at all spots. Studied metals have shown lower concentrations compared to past studies,
which indicates a possible reduction of industrial waste at Quarenta stream in the last years.
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