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Abstract

The development of the cities produces different wastes and sewage from anthropogenic activities such as
urbanization, agriculture and industries. The release of many pollutants as inorganic compounds and nutrients, i.e.
heavy metals, phosphorus and nitrogen, are strongly related with these activities and end up reaching the aquatic
environment. The complexity of the interaction among pollutants and these environments requires amultivariate
analysis approach, which can help to find the possible sources that affect the studied system by identifying relations
among variables and thus help in the management of this degraded area. In this context, the aim of this study was to
identify the pollutants source in a contaminated stream at Pelotas/RS, southern Brazil, using the multivariate
statistical analysis. Pearson's correlation analysis was carried out to identify an interrelationship among the heavy
metals and nutrients. The elements analysed wereAl, P, K, N, Ca, Mg, S, Na, Fe, Zn, Cu, Mn, Cd, Cr, Ni, Pb, As, Se, Co,
and V. All the elements were determined by digestion in concentrated (3:1) nitric-perchloric acid and Inductively
Coupled Plasma - Optical Emission Spectrometry detection, with the exception of the total N, which was determined
by the Kjeldahl method. Pearson’s correlation, principal component analysis (PCA) and factor analysis (FA) were
performed aiming the identification of pollution sources. Three main probable origins of pollutants were detected:
the agricultural activities, vehicular emissions and industrial sewage release at Santa Barbara stream. Then, it
could be concluded that all pollutants sources presented anthropogenic origin.
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INTRODUCTION

The urbanization has been related with the pollution of water bodies due to different activities performed in cities and its
several impacts, as waste production, untreated sewage release and change in land use and occupation. The pollutants source are
different, i.e.: urban solid waste, organic waste from animals, particles coming from wear of tires, brake linings and asphalt, fuel
and oil from vehicles, drainage connections issues or pollution in atmosphere. These pollutants can cause changes in processes
and properties of environments, especially aquatic ecosystems (Nascimento et al. 2015).

The sources of potentially toxic metals and nutrients in aquatic environment are classified as diffuse or punctual pollution
sources, among which stand out: urban and industrial waste, atmospheric deposition, urban surface runoff and agricultural runoff
(Poleto and Martinez 2011). Heavy metals are released by these anthropogenic sources, cause serious danger to population health
and environment and become a widespread concern due to their toxicity, persistence and bioaccumulation ability
(BonannoandGiudice2010).

Heavy metals can exist into surface waters in colloidal and particulate phases (found in hydroxides, oxides, silicates, or
sulphides or adsorbed by clay, silica, or organic matter) and dissolved phases (concentrations are generally low) (Kennish 1992).
The solubility of trace metals in surface waters is predominantly controlled by the water pH, the type and concentration of binders,
which the metal could adsorb, and the heavy metal oxidation state (Pintilie et al. 2007). Under certain conditions, heavy metals
accumulate toxic levels in aquatic flora and fauna, leading to ecological damage and endangering human health through the food
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chain (Bo et al. 2014). In this way, the increasing pollution by heavy metals have a significant adverse health effects for
invertebrates, fish, and humans (Yi et al. 2011).

Considering aquatic environments complexity, the application of multivariate techniques is important to understand and
assess the water quality (Helena et al. 2000). The analysis allows the evaluation of the sources directly affecting the environment
through the reduction of variables presents (Wang et al. 2017).

Multivariate analysis also allows highlight and discover the information about data that was not clear at the beginning
(Khound and Bhattacharyya 2017). Considering the different multivariate statistical approaches existing, principal component
analysis (PCA) and factor analysis (FA) aim to identify the most relevant components or factors that explain most of the variances
of a system. These analyses aim to create a lower number of variables at the same time that maintain the interconnection among
the original information (Ouyang 2005).

There is a variation regarding the number of observations (n) required to provide a stable solution in PCA. Some studies
reported that the n number should be higher than the variables quantity (Yu et al. 1998). Grossman et al. (1991) recommended that
then number should be three times higher than the variables quantity. On the other hand, there is evidence that PCA analysis could
be applied to other configuration of data, independently of experimental design (n and p numbers) (Ouyang 2005).

The Santa Barbara stream, one of the main water bodies of the Pelotas (RS), presents a condition of severe environmental
contamination, which it was originated from the urban expansion experienced by the city and consequent alteration/degradation of
its natural characteristics (Korb and Suertegaray 2014). The authors point out that some other factors contributes to worsening
water quality, as the defective planning occupation and land use, lack of a sanitary sewer system and default educational programs
regarding sanitary and environmental themes reaching the entire population, besides the multiplicity of both urban and rural
activities in the area.

The main activities affecting this region consists of disorderly housing occupation of the areas along the Santa Barbara
stream, release of untreated domestic and industrial sewage and disposal of urban solid waste. Andrade et al. (2018) evaluating
sediment pollution in the margins of the Lake Guaiba (RS), also in Southern Brazil, detected that the water pollution by heavy
metals and nutrients were derived from urban streams that flows into the lake. The authors also used a multivariate analysis to
support their results and thus help to identify pollutants sources and recommended that public actions should focus in the streams
that flow into the Lake Guaiba, in order to solve this environmental issue.

Being the main source of water to Pelotas municipality, the Santa Barbara stream have been receiving pollution and it can be
seen that there is a lack of studies that aim to identify and minimize the environmental impact in this river. It is clearly seen the
needing for planning land use and monitoring its water quality. Thus, this study aims to identify the possible sources of
environmental pollution for this location, through multivariate analysis, being an initial exploratory study for decision-making
about the recovery of this essential environment.

MATERIALS AND METHODS

Description of the area of study

Santa Bérbara stream (Fig. 1) is one of the main watercourses from Pelotas (RS), Brazil (31°45'43" S and 52°21'00"W). It is
located in an area with an average altitude of 7 meters above the sea level and it is an important source of the water flowing from
sub basin of the Santa Barbara to S&o Gongalo Channel and then to the Patos Lagoon (SQA2013).
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Fig. 1: Sampling site at Santa Barbara stream (S at the main map), Pelotas, RS, Brazil.
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The area has a humid subtropical climate with cold winters and mild summers, with an annual average temperature of 17.6°C,
and an annual average rainfall of 1249 millimetres, according with the environmental plan of Pelotas (SQA.2013). The Santa
Barbara stream, despite having environmental issues, itis used as water source for population and has an economic and ecological
importance.

Sample collection, digestion and metal extraction

Sample point in the Santa Barbara stream (31°45°24.4” S, 52°21°22.1”W) was selected because its easily accessible location,
considering the great number of irregular housing and presence of trees and shrubs in the area. Eight water samples were collected
in March 2017, in the summer season, and thus aiming to verify the contaminant levels at this time of the year, considering the
greater concentration of aquatic macrophytes, possible indicating an eutrophication condition.

The 1 L samples were kept in clean polyethylene bottles refrigerated (4 + 2°C) until the laboratory and immediately analysed.
A digestion with concentrated (3:1) nitric-perchloric acid (HNOs-HCIO,) was used to determine the elements aluminium (Al),
arsenic (As), calcium(Ca), cadmium (Cd), cobalt (Co), chrome (Cr), copper (Cu), iron (Fe), potassium (K), manganese (Mg),
magnesium (Mn), sodium (Na), nickel (Ni), phosphorus (P), lead (Pb), sulphur (S), selenium (Se), vanadium (V) and zinc (Zn),
followed by quantification in Inductively Coupled Plasma — Optical Emission Spectrometry detection (PerkinEImer® - Optima™
8300 ICP-OES).

Since the aim of the study was to determine the total element content (sum of dissolved and suspended levels) the
determination was performed without sample filtration. Regarding total N, it was determined according with Kjeldahl method
(APHA 2005).

Statistical analysis

The data were analysed using the Statistica® software program, v. 7.0.A Pearson'sanalysis of correlation was run, along with
factors and principal component analysis, to explore interrelationships among the elements in water samples to identify their
probable origins.

First, it was performed a data standardization by subtracting the mean and dividing by the standard deviation of each variable,
the most common form of standardization according with Hair et al. (2005). Then, it was elaborated a data matrix as X = (xi, j),
whichi=1.. nandj=1... p, where n is the number of samples observed, and p is the number of variables. After, the data matrix
was transformed into a correlation matrix [R] (p x p), where p corresponds to the elements/variables to be analysed. The
correlation matrix using Pearson's correlation coefficient was used to identify interrelationship among the elements and to support
results obtained by FA and subsequently PCA.

After the correlation matrix, the FA based in PCA was applied to analyse the relationships among the observed variables and
to identify heavy metals pollution sources for this contaminated area. In this research, the orthogonal rotation method selected was
Varimax method, which minimizes the number of variables with high loadings on each factor and thus simplifies the factors
interpretation.

RESULTS AND DISCUSSION

Heavy metal and nutrient levels at Santa Barbara stream

The results of heavy metal and nutrients concentrations in surface waters of the Santa Barbara stream are shown in the Table
1.1t can be seen that Santa Barbara stream presented a concentration of 10.44 mg/Lfor the nitrogen (N), which was well above the
established by Brazilian legislation CONAMA Resolution 357/2005, freshwaters (Class Il) for lotic environments (limit of 2.18
mg/L). Zhang et al. (2015) studying managing nitrogen for sustainable development, highlighted the escape of reactive nitrogen
from agricultural soils - leading to groundwater contamination and eutrophication of freshwater and estuarine ecosystems - as
responsible for causing adverse effects in human health and environment. The reduction of nutrient losses, mainly nitrogen, from
agricultural activities is an essential instrument to protect the water resources and thus avoid water quality degradation, according
to Bouraoui and Grizzetti (2014). The authors report that there are several mitigation measures that can be implemented in order
to reduce nitrogen losses and emphasize that firstly it is necessary to identify critical areas and respectively the trade-offs in the
decision making.

Table 1: Elements concentrations (Mean + SD) in surface waters of the Santa Barbara stream (mg/L)

Element | Santa Béarbara Stream (Mean + SD) | Brazilian legislation** | USEPA (2006) | WHO (2011)

N 10.4445.47 2.18 - -

P 1.00+0.75 0.025 - -

K 19.97+3.00 - - -

Ca 78.13+19.97 - - -
Mg 23.52+10.04 - - -

S 7.91+1.47 0.002 - -

Cu 0.28+0.08 0.009 - 2.0

Zn 1.7440.32 0.18 0.12 -

Fe 23.14+2.24 0,3 - -
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Mn 0.56+0.10 0.1 - -
Na 69.13+10.29 200* - -
Cd 0.022+ 0.02 0.001 0.018 0.003
Cr 4.61£0.23 0.05 0.57 0.05
Ni 1.87 £0.08 0.025 0.47 0.07
Pb 0.18 +0.11 0.01 0.065 0.01
Al 19.20 + 6.26 0.1 0.75 0.2
As 0.021+0.03 0.01 0.34 0.01
Se 0.03 +0.05 0.01 - 0.04
Co 0.00 +0.00 0.05 - -
\Y 0.023+0.01 0.1 -

**All reference value refers to CONAMA Resolution 357/2005 (Class I, Fresh Water), except for Na:
*QOrdinance N° 2,914, December 12, 2011, Water Potability;
- Contents with no reference value. Adapted from Demarco et al. (2018)

The nutrient phosphorous (P) was detected presenting a concentration of 1.0 mg/L, which was also above the established by
the Brazilian legislation (0.025 mg/L). Considering the proximity of Santa Bérbara stream from agricultural areas, it can be
inferred that this concentration should be from these diffuse pollution source along with the untreated domestic sewage release in
the stream. Schoumans et al. (2014) studying mitigation options to reduce phosphorus losses from the agricultural sector, knowing
that P losses are known to occur via eroded particles, pointed out solutions as reduction of soil erosion from arable land through
application of soil conditioners, crop rotation, crop management or cover crops.

The inputs of nitrogen and phosphorus to water bodies are related with widespread eutrophication. Zeng et al. (2016) affirm
that keeping these nutrient concentrations below the eutrophication thresholds (0.02 to 0.10 mg/L to P and 0.50 to 1.00 mg/L to N)
is essential to ensure a successful environmental management. Eutrophication causes environmental problems such as algal
blooms and reduction in oxygen, modification of biological systems and water quality unsuitable for human use (Zhang et al.
2017). Smith et al. (2016) highlighted the impact in food webs and ecosystems services as the most severe eutrophication
consequences.

Alternatively, elements without a comparison guideline, as potassium (K), calcium (Ca) and magnesium (Mg), presented
levels of 19.97 mg/L, 78.13mg/L and 23.52 mg/L. According with WHO (2011), the potassium is described as being essential and
rarely detected in environment in levels that could cause damage. The Sodium (Na) content was detected presenting 69.13 mg/L
and the reference value adopted was the Brazilian potability ordinance (200 mg/L). Na is also as an essential element for human
health in appropriate levels.

The sulphur levels detected (7.91 mg/L) was also above the established by the Brazilian legislation (0.0002 mg/L) and has its
probable origin from atmospheric pollution followed by rainfall events. The sulphur compounds origins (oxidised forms, sulphates
or organic) are quite different and can be released by natural or anthropogenic activities (Cao et al. 2015). The authors highlighted
some known sources of sulphur, as volatile sulphur from concentrated animal feeding operations (CAFO) and aerobic
decomposition of food waste, biogenic sulphur from rice plantations, oxidation of fossil fuels and geothermal and volcanic
activities. The sulphur deposition can cause direct phytotoxic effects in plants, or even increase soil acidity and thus availability of
heavy metals, affecting the species (Mitchell et al. 2018).

The copper (Cu) levels detected (0.28 mg/L) was above the established by the Brazilian legislation (0.009 mg/L) and it is
below the WHO (2011) drinking water limits (2.0 mg/L).Copper contents may be related with the presence of industrial and
domestic waste (Kumar et al. 2016). Zinc (Zn) concentration detected in Santa Barbara stream was 1.74 mg/L which was above
the Brazilian legislation (0.18 mg/L) and also above the USEPA (2006) guidelines for protecting the aquatic life (0.12 mg/L).
Despite no health-based guideline value has been proposed for zinc in drinking-water according by WHO (2011), levels above 3
mg/L may not be acceptable to consumers. The element is essential and is found in surface water in levels that normally do not
exceed 0.01 and 0.05 mg/L. Higher concentrations in tap water can be found as effect of dissolution of zinc from pipes. These
values can be exceeded also by agricultural inputs, untreated domestic waste discharges and the industrial effluents (Kumar et al.
2016).

Iron(Fe) was detected with a concentration of 23.14 mg/L which was quite above the established by the Brazilian legislation
(0.3 mg/L) and manganese (Mn) was detected presenting a concentration of 0.56 mg/L, which was also above the established by
the Brazilian legislation (0.1 mg/L). The presence of manganese in excess, like that of iron, may lead to the accumulation of
deposits in the distribution system (WHO 2011). The soil in the region is very susceptible to erosion and it is commonly used for
pasture and rice crops (EMBRAPA 2018). Furthermore, other studies also classified the region as having low resistance to
environmental impacts (FEPAM2001), which may result in degradation of aquatic environments.

Regarding heavy metals, cadmium (Cd) presented a concentration of 0.022 mg/L, which it was above the established by the
Brazilian legislation (0.001 mg/L) and also above the USEPA (2006) guidelines (0.018 mg/L) and WHO (2011) limit (0.003
mg/L). Regarding the main sources for cadmium, this elements commonly used in batteries, pigments, coatings and platings,
stabilizers for plastics, and nonferrous alloys, and photovoltaic devices (ATSDR 2012).Thus, anthropogenic activities are
responsible for cadmium magnification in the environment, since this element is found in products used in agriculture as
insecticides, fungicides, sludge, and commercial fertilizers, as also in dental alloys, electroplating, motor oil and exhaust (Kumar
and Singh 2010).Despite the detected levels were not as high as some other elements, the cadmium is known as responsible for
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producing deleterious effects in terms of nephrotoxic, cytotoxic, genotoxic, immunotoxic and carcinogenic even in low
concentrations (ATSDR 1999).

Chromium (Cr) content was 4.61 mg/L, which was quite above all the limits in comparison — Brazilian legislation (0.05
mg/L), USEPA (2006) (0.57 mg/L) and WHO (2011) (0.05 mg/L). The Cr in water is commonly present in the form of trivalent or
hexavalent state and is potentially toxic in dissolved form (Kalaivani and Dheenadayalan. 2013). Environmental pollution with
various forms of this element results from its different uses in the chemical industry, production of dyes, wood preservation,
leather tanning, chrome plating, manufacturing of various alloys, and other applications and products (ATSDR 2000). Thus, the
high content of chromium in aquatic environments may be due to anthropogenic activities, industrial effluents, tanneries, old
plumbing and household sewages (Aggarwal et al. 2000). Adamiec et al. (2016) performing a study of heavy metals from
automobiles emissions, detected these elements as responsible for the contamination of road dusts. The authors concluded that the
main source of contamination was tire wear along with brake pad. It might be highlighted that allthe atmospheric pollution suffers
deposition and later reaches the water bodies due to rainfall events and to gravity.

Nickel (Ni), presenting a concentration of (1.87mg/L), was detected in higher contents than the limits of Brazilian legislation
(0.025 mg/L), USEPA (0.47 mg/L) and WHO (0.07 mg/L). The city of Pelotas is known as an important centre for electroplating
activity in southern RS, Brazil. The electroplating or metal finishing industry produces wastewater with high toxic levels due to
many heavy metals presents, as arsenic, cadmium, lead, zinc, chromium and nickel (Vasudevan and Oturan 2014). And despite the
volume and characteristics of electroplating wastewater vary widely among industries, the presence of compounds toxic to aquatic
life remains constant.

Lead (Pb) detected with 0.18 mg/L was also above all limits, as Brazilian legislation and WHO (2011) establishes 0.01
mg/Land USEPA establish 0.065 mg/L. This heavy metal does not present a known function in biological systems, causing any
concentrations to be toxic to organisms. Its origins may be due to industrial effluents disposal without treatment, old plumbing,
domestic sewage and phosphate fertilizers which often has lead in its composition (Kumar et al. 2016). It may also has origin from
vehicular emissions, since its presence in fuels and in tyres, which can lead to the deposition of Pb to the roadside soils (Achadu et
al. 2015).

Aluminium (Al) contents in Santa Barbara stream (19.20 mg/L) was also detected much higher than the Brazilian legislation
limits (0.1mg/L), USEPA limits (0.75 mg/L) and WHO limits (0.2 mg/L). The primary sources of aluminium in water is it’s
naturally occurrence and the presence of aluminium salts used as coagulants for water treatment (WHO 2011). The Water
Treatment Plant (WTP) Santa Barbara is located upstream the analyzed point of this study and presents the following processes:
conventional coagulation, flocculation, decantation, filtration, pH disinfection, fluoridation and neutralization. The poly-
aluminium chloride (PAC) is used as the coagulant (SANEP 2012). This WTP produces a considerably amount of sludge, since it
is responsible for providing water for 60% of the city of Pelotas. Thus, the aluminium levels detected may be due to the discharge
of wastewater from the water treatment plant of the Santa Béarbara (WTP Santa Bérbara) located upstream of the analyzed site.
Arsenic (As) is one of the most toxic element even in small amounts, and it was detected with a concentration of 0.021 mg/L
which was above the guideline level of 0.01 mg/L established by Brazilian legislation and by WHO (2011). However, the As level
was below USEPA limit (0.34 mg/L). The exposure to arsenic, through water or food contaminated with the element may be fatal
to human health (Singh et al. 2015). Despite the carcinogenicity of arsenic has already been proved, the mechanisms of acute or
chronic exposures effects are not yet well understood. Arsenic exists as organic and inorganic forms and the abundant inorganic
As species in the water environment include the As (I11) (arsenite) and As (V) (arsenate), being the As (111) more toxic and mobile
than the As (V) (Shakoor et al. 2016).The inorganic form of arsenic is known as human carcinogen that can induce skin, lung, and
bladder cancer and some recent suspected connection with diabetes and others disorders in neurological, cardiac and reproductive
systems (Hong et al.2014).In surface water, the main causes of As appearance and contamination are a result of its natural
geological presence in local bedrock and mining or mining-related activities (Garelick et al. 2008).

The detected Selenium (Se) level in Santa Barbara stream was 0.03 mg/L, which was also above the Brazilian legislation
(0.01 mg/L) but below WHO (2011) guidelines for this element (0.04 mg/L). He et al. (2018) elaborating a review regarding
selenium contamination identified that in most countries or regions around world the limit of Se is set-up in 10 pg/L, the same as
Brazilian legislation — CONAMA Resolution. The authors also highlighted that recent epidemiologic studies suggests that this
limit should be lower due to the risk of serious adverse health effects, including neoplasms and endocrine and neurological
diseases, as result to long-term exposure. The anthropogenic sources of selenium release in the environment include mining,
agriculture, coal combustion, insecticide production, oil refining, photocells and glass manufacture (Santos et al. 2015).

The element Cobalt (Co) wasn’t detected in Santa Barbara stream and vanadium (V) was detected below the limits of
Brazilian legislation CONAMA (0.1 mg/L), presenting a concentration of 0.023 mg/L. Among all non-essential metals, the
vanadium contamination and pollution has becoming a serious matter of discussion due to its mobility and consequent adverse
effects to human beings (Imtiaz et al. 2015). Vanadium is commonly used in industries such as glass, textile, ceramic,
photography, metallurgy, rubber, and in plants producing industrial inorganic chemicals and pigments (Gupta et al. 2017).

Correlation analysis

Correlation analysis was used to establish correlations among the various types of heavy metals (Wang et al. 2015). The
elements that exhibits high correlations may share common sources, analogous behaviours during transformation and migration
under certain physiochemical circumstances (Wang et al.2012).In Table 2 are shown the correlation analysis results of the
nutrients and heavy metals of Santa Barbara stream. Strong and positive correlation were found between the variables N and K
(r=0.751). The positive correlation among the nutrients N and K probably means that the elements are coming from the same
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source, which are the vicinity agricultural areas. The location is responsible for diffuse pollution, as pesticide and manure
application in agriculture can cause a widespread chemical contamination. Adams et al. (2015) pointed out that some fertilizers
(organic compounds) presents high level of potassium and nitrogen and that animal waste can substantially contributes to enhance
the nitrogen levels in water.

Table 2: Correlation matrix of the variables from Santa Barbara stream
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Values in bold represent a significant correlation at P <0.05 level.

Other strong positive correlation was detected among N and S (r=0.901), and both are again related with agriculture diffuse
pollution — application of organic compounds, since sulphur are widely used in fertilizers and stands fourth in the list of major
plant required nutrients after N, P, and K (Anjum et al. 2015). Both elements (nitrogen and sulphur) are also commonly found in
domestic and industrial sewage. The sulphur content in sewage sludge was reported to be higher than 1% dry and ash free (daf)
weight (Ros et al. 2007). Likewise, the nutrients K and S were also strongly correlated in this analysis (r= 0.916), both widely
used in agricultural practices.

Regarding K and Na, it was also found a positive correlation (r= 0.750), and this may be related with natural occurrence in
environment, since potassium (K) is generally associated with sodium (Na) contents, however at lower concentrations in natural
waters since the bedrocks containing K are relatively resistant (CETESB2005). Other important positive correlation found was
among Cd and Pb (r= 0.903), which shows that they have strong evidence that they are coming from the same pollution source,
probably fuel burn or brake wear, such as Proenca (2014) detected studying particles emissions to atmosphere. The heavy metals
cadmium and lead in certain conditions can achieve the water through atmospheric deposition and/or by surface runoff in both
rural and urban areas, since the pollution sources — vehicles emissions — many times take place in areas surrounding water courses.
The elements chromium and nickel are also strongly correlated (r= 0.944) maybe due to possible industrial sewage release in
Santa Béarbara stream. Both elements are used in the electroplating process (Eyupoglu and Kumbasar 2015), which is a featured
activity in region. Despite the electroplating industry uses much less water than other industries, the plating operations are
preceded by cleaning and stripping of metal surfaces by alkali and/or other solvents and acids, respectively. After the plating is
completed, the plated objects are rinsed with water. The cleaning, stripping and rinsing are the main sources of waste waters of
electroplating industries (Vasudevan and Oturan 2014) and thus allowing the appearance of chromium and nickel at Santa Barbara
stream.

The phosphorous presented a positive significantly (p<0.5) correlation with cadmium (r= 0.795) and with lead (r=0.732), and
this fact are mainly related with the widely used phosphate fertilizer in region, which presents a considerably amount of cadmium,
lead and other heavy metals in its composition. The main agricultural activity surrounding Santa Bérbara stream are the rice crops,
a major economic activity of the city, that along with other cities of Rio Grande do Sul state, contributes to more than half of the
national rice production (Saraiva et al. 2014).Considering the susceptibility of the local soil to erosion, the agricultural drainage
runoff are the main cause of the elements P, Cd and Pb achieves the water courses - lower areas of watershed.

Factorial Analysis (FA) and Principal Component Analysis (PCA)

FA and PCA analysis were performed to further assist the identification and analysis of sources of heavy metals and nutrients
in surface water of Santa Barbara stream. According with Hair et al. (2005), an important tool in factors interpretation is the
factorial rotation. The simplest existing rotation is the orthogonal type and the aim is to redistribute the variance of the first factors
to the latter in order to achieve a simpler and theoretically more significant factorial pattern.

For the application of FA/PCA it was used 19 variables, being nutrients and heavy metals, in an attempt to identify the
pollution source groups at Santa Barbara Stream. Thus, it can be seen that three components explain 80.57% of the total data
variance (Table 3). Pollution sources were identified through the representation of the factor scores in factor analysis, being the
higher the factor scores, the higher the factor’s influence, considering absolute values (Bhutiani et al. 2016). The values of the
factors loadings are represented in a 2D plot to help understand the relationship between the variables (Fig 2).

Table 3: Matrix of factorial weight of water variables in the three main components selected, with Varimax rotation

PC1 | PC2 ]| PC3

0.79 | -0.39 | -0.42

0.04 | -0.80 | -0.39

0.94 | -0.06 | 0.15

-0.74 | -0.06 | -0.26

N

P

K

Ca 022 | 0.75 | 0.24
Mg

S

0.91 | -0.06 | -0.25

Cu 046 | 0.10 | 0.70
Zn -0.07 | -0.81 | 0.56
Fe -0.38 | 0.09 | 0.39
Mn -0.02 | 0.82 | 0.11
Na 0.89 | 0.10 | -0.04
Cd 0.35 | -0.92 | 0.00
Cr -0.16 | 0.23 | 0.84
Ni -0.12 | 0.17 | 0.89
Pb 0.19 | -0.89 | -0.20
Al -0.70 | 0.08 | 0.64

As -0.39 | 0.16 | 0.44
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Se 0.27 | 0.55 | -0.08
\% -0.19 | -0.59 | 0.65
Eigenvalue 7.11 | 490 | 3.29

% explained variance | 37.44 | 25.80 | 17.33

% cumulative variance | 37.44 | 63.24 | 80.57

Marked loadings are >0.75 and represent strong correlations between the factors and the variables.

1.0

Factor 2: 25.80%

“Mn
(>

1.0 05 0.0 05 10 & PAetve
Factor 1: 37.44%

Fig. 2. PCA loadings of components 1 and 2 for Santa Béarbara Stream water analysis.

The Principal Component 1 explained 37.44% of the total data variance and it was represented by the variables K (0.94), S
(0.91), Na (0.89), N (0.79). The high loadings of mainly potassium, sulphur and nitrogen may be related with the presence of this
elements used in fertilizers in the vicinity agricultural areas, considering the extent of this activity in region and also the soil
characteristics. The transport of soil and nutrients with surface runoff is known as the main source of water pollution and depends
on physical, chemical, and biological processes, in which they are affected by many factors such as raindrop properties, soil
structure and texture, slope and length, soil coverage, and chemical properties (Yang et al. 2016). The increase of sulphur contents
could be related with the application of fertilizers such ammonium sulphate (24% sulphur), agricultural gypsum (13%) and simple
superphosphate (12%), all of them are applied via the soil, and achieving the water bodies with runoff (Vieira 2018). Regarding
nitrogen, leaching and runoff of N to groundwater and surface waters may occur from uncovered and unsealed manure storage
systems and from agricultural fields when rainfall exceeds evapotranspiration (Velthof et al. 2014).

The Principal Component 2 explained 25.80% of the total variation of the data through the variables Cd (-0.92), Pb (-0.89),
Mn (0.82), Zn (-0.81), P (-0.80), Ca (0.75). The high loadings of Cd and Pb at the Santa Barbara stream could be associated with
the atmospheric deposition of vehicle emissions, as fuel burn or brake wear, confirming the Pearson’s correlation results. Since
the Santa Barbara stream is located near the Brazilian highway BR116, which it is one of the main accesses for the Pelotas city
and is near to the municipal bus station, presenting a large daily vehicular flow. Zhai et al. (2014) had identified source and a
potential ecological risk assessment of heavy metals, detected high loadings of Cd and Pb in suspended particles coming probably
from the surface road dust that comes from the vehicle exhaust emissions and abrasion of automobile tires. The authors point out
that despite Pb is less used in gasoline than before, it persists from earlier vehicular exhaust emission due to its longer residence
time in environment. The default domestic sewage collection systems and treatment in this area could be responsible to the high
levels of P detected (Maet al.2016), along with the use of phosphate fertilizers and thus justifying the correlation of phosphorous
with lead and cadmium (Fig. 2). Silva et al. (2016) assessing heavy metal sources in sugarcane Brazilian soils through PCA also
detected cadmium levels related with anthropogenic sources as a consequence of P fertilization and other amendments to soil.

The Principal Component 3 explained 17.33% of the total variation through the variables Ni (0.89) and Cr (0.84), which can
also be seen in Fig. 2. This results also corroborates an important Pearson’s correlation among nickel and chromium detected in
Santa Barbara stream and its relationship with untreated industrial sewage release, mainly from electroplating activity. According
with Lilli et al. (2015) chromium in the soils and waters can be a result of anthropogenic activities as industrial activities and also
from household sewages, vehicles emissions and phosphate fertilizers. Chromium is a well-known carcinogen and have been
classified as a potential toxin in the both chronic and acute type of exposure. Toxic and mutagenic properties are based on its
oxidation states that also influence its bioavailability, biosorption, binder stability, and mobility in the environment (Junaid et al.
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2016). Bhattacharya et al. (2015) assessing the Yamuna River, the most significant water source for northern India, detected high
positive loadings of Cr and Ni, among other metals, in sites situated in an industrial area, clearly indicating that the heavy metals
have the same source: untreated industrial discharges.

CONCLUSIONS

The multivariate statistical technique through the factorial analysis/principal component analysis promoted the selection of
three components indicating the main sources of pollution at the Santa Barbara Stream. Our results can help to prove the influence
of anthropogenic activities in the environmental degradation of this important water body for the city of Pelotas. The first
principal component was associated to agricultural activities, primarily by nutrient runoff, considering the extensive agriculture
areas upstream of analysed site. The second principal component was related mainly to atmospheric deposition of vehicular
emissions and domestic sewage discharge, by having high loadings of Pb, Cd and P and considering the proximity with a high
flow of the highway. In addition, the third principal component mostly reflect industrial effluent discharges containing chromium
and nickel mainly from electroplating activities.

This study is a primary assessment of the pollution sources at the Santa Barbara stream, an important water source for the
city. The main goal is to assist the decision making in area to find solutions for this degraded area, improving water quality and
population health.
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