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Abstract Urbanization and anthropogenic activities
create many environmental issues in urban water
supply reservoirs, especially in metropolitan regions.
Thus, this study was carried out aiming to evaluate
the variance in the physical-chemical characteristics
of bottom sediment along the Lake Guaiba, Brazil.
Lake Guaiba is a freshwater lake situated in a met-
ropolitan region in southern Brazil, being the main
water supply to the region. Surface sediment was
evaluated to pH, electrical conductivity, particle-
size, total organic carbon and nitrogen, metals and
inorganic elements (Fe, Al, Ca, Ba, Sr, Co, Tl, Zn,
Cu, Cr, Ni, Pb, Cd, and Hg), and organic com-
pounds. The sediments in the Lake Guaiba show a
wide range in the physical-chemical characteristics.
Metals Zn, Cu, Cr, and Ni appear in higher concen-
trations near to the margin of southern Porto Alegre,
where there was also more clay plus silt. Sediments
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of Lake Guaiba have physical-chemical variability
by the settle tendency and water flow from the
riverine to lacustrine areas. The sediment in Lake
Guaiba had a median of: Zn, 132; Cu, 78; Cr, 42;
Ni, 28; Pb, 33; Cd, 0.3; and Hg, 0.07 pg/g. Bed
sediments of Lake Guaiba are polluted with Zn, Cu,
Cr, and Ni, major in the east margin (near to Porto
Alegre). The potential toxic metals and organic com-
pounds found in Lake Guaiba are commonly report-
ed in urban regions around the world. Those ele-
ments and compounds derive from many anthropic
activities, as industries, sewage, and vehicles. With
diffuse sources in the region, the pollution control in
Lake Guaiba is very complex.
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Introduction

The high population density in the metropolitan areas
and their industrial and agricultural activities impact the
local water resources that often serves as a source of
water to the same population. Metals are natural ele-
ments found in the soil and mineral matrix; however,
they can be accumulated in the environment through
anthropic pollution. Chemicals entering the water bod-
ies, binding suspended particles, are deposited in bottom
sediments where they accumulate in concentrations
many times greater than natural concentrations
(Sharley et al. 2016; Zhou et al. 2017). These sediments
formed by deposition of organic and inorganic particles
that originate in metropolitan areas play an important
role in aquatic ecosystems, affecting biogeochemical
cycles, nutrients redistribution, and maintenance of en-
vironmental quality (Liu et al. 2016; Sharley et al.
2016).

Lake Guaiba is an urban shallow open lake located in
the metropolitan region of Porto Alegre; the capital of
Rio Grande do Sul State (RS), southern Brazil (Fig. 1). It
has served as the main water source for the capital since
its foundation in the nineteenth century. Currently, the
water of the Lake Guaiba has multiple uses such as
water supply, wastewater dilution, recreation, fishing,
and navigation. Lake Guaiba has an area (A) of
496 km?, volume (V) of 1.44 km®, mean depth (V/A)
of 3 m, average discharge (Q) of 1193 m3/s, water
residence time (V/Q) of 14 days, and sedimentation rate
(**C and ?'°Pb) of 6 mm/year (Laybauer 2002). The
lake is fed by the tributaries rivers “Jacui” (almost 85%
of the water), “dos Sinos,” “Cai,” and “Gravatai.” Those
rivers meet at the Jacui’s Delta, forming a transitional
environment (from riverine to lacustrine), and this water
flows through the lake until reaching Patos Lagoon. The
lake acts as a reservoir that receives significant water
and sediment load and cannot be seen merely as an
extension of its branch of rivers (Laybauer 2002).

The sediment in Lake Guaiba transitional waters
has physical and chemical diversity influenced by its
tributaries. The objectives of this study were to
characterize the physio-chemical diversity of bottom
sediments in these transitional waters and to deter-
mine the influence of tributaries on sediment char-
acteristics. Specifically, we determined the extent to
which metal concentrations of bottom sediments
were controlled by distance from tributaries versus
sediment characteristics within the lake.
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Materials and methods
Study area

Lake Guaiba is a freshwater lake situated in the metro-
politan region of Porto Alegre City (state’s capital),
southern Brazil (Fig. 1). It is an open shallow lake with
an area (A) of 496 km?, volume of 1.44 km®, and mean
depth of 3 m; the average annual discharge from the lake
is 1193 m3/s, water residence time is 14 days, and the
sedimentation rate is 6 mm/year (Laybauer 2002). Lake
Guaiba is one of several interconnected freshwater lakes
that include the Patos Lagoon (with outflow in the
Atlantic Ocean), Lagoon of Casamento, and Lagoon
Mirim.

The lake’s name (from the original “Guahyba”)
comes from the indigenous language Tupi-Guarani
(Brazilians natives) meaning “meeting of the waters,”
due to the Jacui’s Delta where are the outflow of rivers
“Jacui,” “dos Sinos,” “Cai,” and “Gravatai.” The Lake
Guaiba’s drainage region covers 84,751 km? (with
2523 km? of specific watershed), covering 251 munic-
ipalities: 1/3 of the area, 50% of the municipality, and
more than 60% of the inhabitants of the state (de
Andrade et al. 2018a, b). The region has many industries
and service companies (Petrochemical, Leather and
Footwear, Food and Beverage, Landfills and Wastewa-
ter Treatment, Mining and Metallurgy, Pulp and Paper),
creating many pollution possibilities.

Sediment sample and preparation

Surface bottom sediment (0—10 cm) composite samples
(with three sub-samples) were collected between 18th
and 19th of January 2017 in 27 sites of Lake Guaiba
with an Ekman Bottom Grab (dredge) sampler. During
those days, Guaiba had 0.51 m of water level (being
0.47 m the historical average for January) and 25.1 +
0.1 °C of average air temperature (CEIC 2017). Sam-
pling sections (Fig. 1) were geo-located (GPS
TrackMaker®v13). Depth (Table 1) was measured with
an echobathymeter (Eagle® Cuda 300).

Physicochemical analysis

Sediment samples were returned to the laboratory, dried
(45 °C) and sieved (2 mm) to perform the analysis.
Sieved samples were analyzed for pH in CaCl, (ratio
1:2.5, v/v); electrical conductivity (EC; 1:5, vAv); bulk
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density (Ds); and particle size (pipette method). Total
organic carbon (TOC) and total nitrogen (TN) were
evaluated with an organic elemental analyzer (OEA;
Thermo Scientific™ Flash™ 2000 NC Soil Analyzer);
sulfanilamide was used as a standard to verify the pro-
cess quality.

Inorganic elements (Fe, Al, Ca, Ba, Sr, Co, Tl, Zn,
Cu, Cr, Ni, Pb, Cd, and Hg) were assessed via
microwave-assisted acid extraction using EPA 3051A
(USEPA 2007) and the quantification was performed in
a inductively coupled plasma mass spectrometry (ICP-
MS; PerkinElmer ELAN® 9000). The sediment samples
(0.2 g) stood overnight in 5 mL of concentrated nitric
acid (HNOs; Fisher® Trace Metal Grade) before the
microwave extraction. Dilution (1:100) was made with
ultrapure water (Barnstead®). Certified standard refer-
ence materials (NIST2711—Montana, NIST2709—San
Joaquin, and EPA CRM020-50—Metals #2) were used
to verify the process quality. All process was done in
triplicate.

Metals were compared with the Brazilian sediment
guidelines, Conama no. 454 (Brasil 2012), based from
the Canadian Environmental Quality Guidelines
(CEQGs)—sediment quality guidelines for the Protec-
tion of Aquatic Life (freshwater), where: the “Level 17
of Brazilian guideline is equivalent to interim sediment
quality guideline (ISQG), as the threshold effect level
(TEL); and the “Level 2” equivalent to probable effect
level (PEL).

A geo-accumulation index (/q,) Was determined fol-
lowing the equation (Muller 1969): Iy¢,=1log, (Cn/
1.5 x Bn); where Cn is the measured value of the metal
in the sediment sample, Bn is the geochemical back-
ground level of element (Laybauer 2002), and /.5 is the
background matrix correction factor to lithogenic effects
(Muller 1969; Chaharlang et al. 2016; Liu et al. 2016).
Although the background analysis from Laybauer’s was
assessed with a total extraction (HCI-HNO;-HF).

Organic compounds

The extraction of organic compounds was made by
transferring 5 g of the dry sediment into 50 mL poly-
propylene centrifuge tubes followed by 10 mL of a
mixture (1:1 v/v) of HPLC grade acetone and dichloro-
methane (Fisher Scientific). The tubes were placed for
30 min in ultrasonic bath, and then centrifuged for
20 min at 3500 rpm. The supernatants were transferred
to glass evaporation tubes, and the residues were re-
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extracted by adding the solvent mixture and repeating
the extraction process two more times. The collected
extracts were evaporated in an evaporator workstation
(TurboVap®) to near dryness at a temperature not ex-
ceeding 45 °C. The residues in the evaporation tube
were dissolved by adding 0.9 mL of methanol, vortexed
for 30 s and its content was transferred to 1-mL volu-
metric tube and brought to volume with methanol. The
methanol extracts were transferred to 2-mL GC vials for
analysis.

Non-target screening GC-MS analyses were per-
formed by gas chromatography (Hewlett Packard
6890) connected to a mass selective detector (Hewlett
Packard 5973). A HP-SMS capillary column (30 m x
0.25 mm x 0.50 um) containing 5% phenyl methyl si-
loxane (HP 19091J-133) was programmed to start at
40 °C (2 min), followed by an increase to 280 °C
(6 °C/min) holding this temperature for 5 min (total
run time of 47 min; maximum temperature of 325 °C).
Helium was used as the carrier gas at a flow rate of
1.0 mL/min with 7.15 psi pressure and 36 cm/s. Samples
were injected in split mode (with ratio 3.679:1; split
flow 3.7 mL/min; total flow 6.9 mL/min; electron ener-
gy of 70 eV.). The whole system was controlled by a
ChemStation which included a version of the Wiley HP
Mass Spectral Libraries containing more than 275,000
entries. The 4,4’-PCB (biphenyl, 4,4'-dichloro-) and
TCDD (2,3,7,8-tetrachlorobenzo-p) follow the same
methods but were evaluated as quantitative.

Statistical analysis and geoprocessing

Results were submitted to analysis of variance
(ANOVA) and, when significant, means were compared
by Tukey test with a 95% confidence interval (p < 0.05).
All graphics and statistical analyses were developed
with software TIBCO Statistica® vi3.

The geoprocessing database was designed with
geographic information system (GIS) software (Esri,
ArcGIS® v10.4), performed using an inverse dis-
tance weighted (IDW) technique. The IDW interpo-
lation uses a linearly weighted combination of a set
of sample points. In this study, 27 neighboring sed-
iment sample points were used for interpolation. The
weight is a function of inverse distance. The spatial
resolution at which the output raster was created was
30 m. A Python script was written for interpolation
evaluation and systematization.
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Results

The sediments in the Lake Guaiba (Fig. 1) have a
wide range in the physical-chemical characteristics.
Depth ranged from 1.8 m (LGO02) to 5.1 m (LG21
and LG23) (Table 1); no significant correlations (r <
0.5; p>0.05) occurred with the depth. Depth in-
creased (Fig. 2) from the north (inflow in Jacui’s
Delta) to south (emissary to Patos Lagoon). Clay
ranged from 1.9% (LGO8) to 41.7% (LG21); silt
ranged from 1.6% (LGO8) to 77.5% (LGO03); and
total sand (fine, coarse, and gravel) ranged from
0.5% (LGO1) to 96.5% (LGO08). Clay plus silt (C+
S) was high in the central and southern Guaiba, as in

the “curve” (LG02 and LGO3) in north area, follow-
ing the natural settling of particle size (Fig. 2).

The pH (CaCl, 1:2.5) in the surface sediments of
Lake Guaiba had a median of 5.4, ranging from 4.6
(LGO06) to 6.7 (LGOUT); the pH had a negative corre-
lation with the clay plus silt (r=—0.76). The electrical
conductivity (EC) ranged from 43 ps/cm (LGO8) to
410 ps/cm (LG16), with a median of 115 ps/cm
(Table 2); EC was not strongly correlated with other
parameters.

Carbon (TOC) and nitrogen (TN) ranged from
1.0 mg/g and 0.0 mg/g (LGO8) to 55.7 mg/g and
14.7 mg/g (LG12), respectively (Table 2) and were
highly correlated with one another (»=0.99). TOC

Table 1 Geographic localization of sampling sites, depth, bulk density, and particle size of sediment of Lake Guaiba

Sites Latitude Longitude Margin Zone Reference Depth Density Clay Silt f-sand c-sand Gravel
m gem® % % % % %

LGO0 —30.0363190 —51.2499111 W N Jacui’s Delta 4.1 1.3 65 40 105 79.0 0
LGDS —30.0514225 —51.2376303 E N Dilavio Stream 33 1.3 75 9.1 440 358 3.6
LGOI  —30.0355211 —51.2876890 W N Eldorado do Sul 2.5 09 343 652 04 0.1 0
LG02 —30.0636839 —51.2841680 W N - 1.8 09 222 722 53 0.3 0
LG03  —30.0809827 —51.2989838 W N - 23 08 194 775 28 0.3 0
LG04 —30.1293107 —51.2735179 E N - 2.9 1.1 85 89 640 187 0
LG0O5 —30.1467343 —51.2503922 E N Ipanema 3.0 09 226 66.6 106 0.2 0
LG06 —30.1655963 —51.2435432 E N Salso Stream (WWTP) 3.7 09 324 667 0.7 0.1 0
LGO07 —30.1563240 —51.3022836 W N Guaiba 39 0.8 307 672 1.6 0.5 0
LG08 —30.1786947 —51.2892246 W N Coroa da Figueira 23 1.4 19 16 59 874 32
LG09 —30.2086114 —51.2982998 W C Petim Stream 3.0 1.0 47 24 49.0 438 0
LG10 —30.2288165 —51.2634978 W C Ponta do Jacaré 3.9 09 37.6 61.7 06 0.1 0
LGI1 —30.2038094 —51.2286573 E C Ponta Grossa 3.7 09 309 678 12 0.1 0
LG12 —30.2250496 —51.2073636 E C Belém Novo (WWTP) 4.3 09 249 709 39 0.3 0
LG13 —30.2840736 —51.2688244 W C Barra do Ribeiro 3.1 1.3 44 42 386 527 0
LG4 —30.2560079 —51.2512670 W C - 3.7 1.1 19.5 599 180 26 0
LGI5 -—302797318 —51.2203220 W C Ponta do Salgado 43 1.0 354 397 140 109 0
LG16 —30.2529519 —51.1825786 E C Arado Velho 49 09 337 508 129 26 0
LG17 —30.2633943 —51.1190083 E S Saco do Cego 3.8 09 199 734 58 0.9 0
LGI18 —30.2633152 —51.0861995 E S Lami (WWTP) 34 1.0 225 752 22 0.1 0
LG19 —30.2912602 —51.1022052 E S - 44 09 239 743 14 0.4 0
LG20 —30.2990871 —51.0552867 E S Itapud 4.1 1.0 222 473 220 85 0
LG21 —30.3107174 —51.1823184 W S - 5.1 09 417 519 353 1.1 0
LG22 —30.3446676 —51.1762855 W S - 44 1.2 51 66 787 96 0
LG23  —30.3162638 —51.1449740 W S - 5.1 08 359 624 15 0.2 0
LG24 —30.3337417 —51.1136519 W S - 4.6 09 353 619 24 0.5 0

LGOUT -30.3598773 —51.0903975 W S Outflow 3.6 1.1 16.1 10.8 183 54.7 0

Margin (W, west; E, east); zone (N, north; C, central; S, south); WWTP, wastewater (sewage) treatment plant; sand (fine and coarse)
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Table 2 Electrical conductivity (EC), pH, total organic carbon (TOC), total nitrogen (TN), 4,4’-PCB (biphenyl, 4,4'-dichloro-), and TCDD

(2,3,7,8-tetrachlorobenzo-p) in the sediment of Lake Guaiba

Samples EC pH (CaCl,) TOC TN C:N 44"-PCB TCDD
ps/cm 1:2.5 mg/g mg/g ug/kg ug/kg
LG00 583 5.5 3.71 0.31 12 308 43
LGDS 190 5.7 6.78 0.61 12 ND 4.7
LGO1 122 54 27.00 2.61 10 ND 25.5
LGO02 90.5 5.0 17.48 1.44 12 307 32
LGO03 72.8 4.8 20.85 1.57 13 ND 7.9
LG04 68.3 5.7 5.27 0.45 12 304 ND
LGO5 110 4.9 19.26 1.64 12 308 23.9
LGO06 143 4.6 26.18 2.27 12 ND 24.0
LGO07 216 5.1 32.84 3.04 11 ND 30.3
LGO8 43.1 6.0 1.04 0.00 - ND 1.6
LG09 107 6.5 5.01 0.57 9 ND 1.6
LG10 116 5.0 28.30 2.66 11 ND 4.8
LG11 197 5.0 23.77 2.11 11 ND 18.9
LG12 171 5.0 55.69 14.70 4 ND 11.1
LG13 81 6.2 2.37 0.25 10 ND ND
LG14 68 5.5 691 0.67 10 ND 1.6
LG15 117 5.0 21.76 221 10 ND 32
LGl16 410 6.2 22.44 2.24 10 ND 22.4
LG17 114 5.5 14.64 1.46 10 ND ND
LG18 533 54 9.83 0.98 10 ND 1.6
LG19 205 54 24.41 2.31 11 ND 7.9
LG20 73.7 5.5 10.94 1.06 10 ND ND
LG21 152 5.1 19.47 1.98 10 ND 1.6
LG22 92.9 6.3 291 0.33 9 ND 32
LG23 171 5.1 26.09 2.62 10 ND 28.5
LG24 215 52 29.30 2.74 11 ND 32
LGOUT 188 6.7 13.49 1.10 12 ND 1.6
Median 115 54 19.26 1.57 10 - 4.71
RV - - 16.70 3.00 - - -

ND, not detected; EC, electrical conductivity 1:5; RV, reference value of Lake Guaiba sediments (Laybauer 2002)

was higher near the margins of southern Porto Alegre,
and also near to the cities of Guaiba and Eldorado do Sul
(Fig. 2), with a tendency to increase from north to south,
where the sediments contained more clay and silt.
Metal concentrations differed among the evaluated
sites (Table 3). All metal concentrations in sites LGO0O,
LGO04, LGOS, LG13, LG14, LG22, and LGOUT (Fig. 1)
were below the average values. However, some sites
had metals above the average and/or the guideline
values: LG0O5 and LG06 (Zn, Cu, Cr, and Ni); LG09
(Fe, Ca, Ba, Sr, Co, and Zn); LG11 and LG12 (Cu, Cr,
Ni, Pb, and Cd); LG15 (Ni); LG16 (Zn and Cr); LG23

(Cu); and LG24 (Pb and Hg). Although LGDS (Dilavio
Stream outflow) had most of the elements below the
average, concentrations of Zn and Cd were above the
average (Table 3). They also had higher values of Zn,
Cu, and Cd standardized by Al (Table 4). The standard-
ization tends to compensate for particle size differences
among sites.

In many sites, metals Zn, Cu, Cr, Ni, and Pb had
values above the interim sediment quality guideline
(ISQG), “Level 1” in Brazilian sediment quality guide-
lines (Brasil 2012); however, only Ni had values above
the probable effect level (PEL). Concentrations
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exceeding the PEL were found at sites LG06, LG10,
LG11, LG12, and LG15. Comparing the median values
of the sites (Table 3) with the ISQG, reference values
(RV) and background values (BG) of the Lake Guaiba
(Laybauer 2002): Cu and Cr were above all (ISQG, RV,
and BG); Zn above the ISQG and BG, but below the RV
(samples from 1998 to 1999); Ni above the ISQG and
below the RV and BG; Pb above the BG and below the
ISQG and RV; Hg above the RV and BG and below the
ISQG; and Cd below or near all (ISQG, RV, and BG).

The geo-accumulation index (/ye,) of Zn surpasses
the unpolluted values only in sites LGO05, LG06, LG09,
LG16, and LGDS (Fig. 3). Pb surpasses only in site
LG24, and Cd only in site LGDS. Means of Cu, Cr, and
Hg surpass the “unpolluted” value (zero line). Sites
where none of the metals exceed the “unpolluted” in-
clude sites: LG00, LG04, LGOS, LG13, LG14, LG22,
and LGOUT. Most of the sites with higher /., were near
to east margin (Porto Alegre) and those with lowest
were near the west margin of the lake (Fig. 1).

Principal component analysis (PCA) indicated a re-
lationship between metal concentrations (Al, Cr, Pb, Tl,
Hg, Cu, Ni, and Cd) and clay, silt, and carbon (TOC).
Distance from the first group was another relationship
among the metals Fe, Co, Ba, Zn, and Sr (Fig. 4).

The 4,4'-PCB appears only in the north region of the
lake (sites LG00, LG02, LG04, and LGO5), with values
ranging around 307 pg/kg. TCDD ranged from non-
detected (ND) to 30.3 pg/kg (Table 2). TCDD present a
significant (p < 0.01) correlation (»=0.59) with TOC. A
screening in the sediment of Lake Guaiba found four
principal groups and more than nineteen organic com-
pounds (Table 5), from more than 275,000 entries eval-
uated. Some compounds (found in most sites) were
pooled: aliphatic hydrocarbons (HC), alkanes (from 10
to 44 carbons); non-aliphatic HC (mixed); cycloaliphat-
ic and derivatives; and benzene and derivatives. Four
organic compounds were found in all the sites evaluat-
ed: “l14-beta-H-pregna”; “diacetone alcohol” (4-hy-
droxy-4-methyl-2-pentanone); “phenol, 2,4-bis TMS”
[phenol, 2,4-bis(1,1-dimethylethyl)];
“nonahexacontanoic acid.”

Discussion
The bed sediments in Lake Guaiba are predominantly
fine particle sizes (silt and clay). However, some sites

have a high amount (> 70%) of total sand (sum of fine,
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coarse, and gravel). These sites were in “sandy points”
(LG04 and LGOS), sand deposition regions (LG09,
LG13, and LG22), and areas with large water flow
(LG0O0—Jacui’s Delta outflow; LGDS—Diluvio Stream
outflow; LGOUT—connection with Patos Lagoon).
Depth was not correlated (7 < 0.5) with the particle size.
Most of those sandy sites were in the west margin of the
lake (on the right side of predominant water flow), the
opposite of should occur in rivers (Menegat and Carraro
2009). The Lake Guaiba presents characteristics of “flu-
vial lakes” (Smol 2008), with the sediment deposition
being dependent of the water flows and velocity.

Aluminum (Al) had the highest values in the sites
LGO1, LG06, LGO7, LG11, LG12, LG16, and LG24
(Table 3) All these sites had high values of clay plus silt
(>85%). The Al (most abundant metal of lithosphere)
has a high correlation with clay (r=0.88; R*=0.78)
(Fig. 5a) and silt (r=0.76). Aluminum (Al) follows
the same tendency of clay plus silt (C + S), with higher
values in the central and southern zones of Lake Guaiba,
as in the “curve” in north area (Fig. 2), due to the high
correlation. These sites also show high values of total
organic carbon (TOC) that has a strong correlation with
the Al (r=0.93). All sites with more than 25% of clay
had also high values (>25 mg/g) of TOC (Tables 1 and
2). However, despite the expected relationship between
particle size and carbon (Liu et al. 2016), the linear
correlation of clay and TOC was reduced due to one
site (LG12) that was well off the trend line (Fig. 5b).

The electrical conductivity (EC) had higher values in
the margin of Porto Alegre, major in the sites LGDS,
LGOS, LG06, LG11, LG12, and LG16 (Table 2), creat-
ing a plume to the south Guaiba (Fig. 1). High values
appear also in the site LG07 (216 ps/cm), near to Guaiba
City.

Site LG12 had the highest carbon (TOC) and nitro-
gen (TN) concentrations, and the lowest relation C:N
(3.8), in an average of 10 (Table 2). The C:N ratio is an
indicator about the organic matter sources and fate and
reflect changes in the nutrient status (Lucas et al. 2015).
Site LG12 was near of Belém Novo neighborhood, with
large presence of residences near the lakeshore and a
wastewater treatment plant (WWTP). This site had also
higher values of Zn, Cu, Cr, Ni, Pb, and Cd (Table 3).

Metals Zn, Cu, Cr, and Ni appear in higher concen-
trations near to the margin of southern Porto Alegre
(Fig. 7), where was more clay plus silt (Fig. 2). It is
not possible to say if those metals came directly from
Porto Alegre or if those metals just accumulate in these
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§ § § % TE areas due to the clay and silt fraction. Metals in bed
0] oot ow oo |E é sediments of Lake Guaiba have a strong relationship
223232325 § 8 most with clay fractions, but direct or indirect also with
< s . g g the silt fractions and TOC (Fig. 4). Metals and organic
- T i E} g matters can enter on Lake Guaiba in many ways (Fig. 6).
3 %;g o E % i i ; g 2.2 Due the strong relation between clay and aluminum,
2 5 the standardization (subdivision) of metals by Al can
o ﬁ § . % & :\ compensate the variability of particle sizes. Despite the
o %13 e § @ @ g = g é § high VLaléc(a)sg ofLsgrélg stan(;la;d(i}zle;i m}eltals (Taf)le 4) in
AR MG RO R sites , , an , these values are
S 4 h ogng overestimated due the low clay plus silt (< 10%) or
2l S _‘5 ~ due to the high clay/silt (Table 1). Site LG17 show high
zlU s a8g8sey %E’ 5 standardized values to some metals (Cu, Cr, Ni, and Pb),
ot i e é ; _03 although the low bulk average concentrations (Table 3).
- el o HIBYSE Site LGDS (Diltivio Stream outflow) had very high
) Ed 2 4 g 8 SO 2 E § standardized values to metals Zn, Cu, and Cd (Table 4),
0 S EH confirming the high bulk concentrations of the same
ﬁj 3 ﬁ :Z; g % metals (Table 3). The LGDS had the highest concentra-
wl ST aeIgl|E i—o tion of Cd (0.51 pg/g) and the second highest of Zn
S¥|2Icasns S = § (231 pg/g). Metals gZﬁ and Cd have visible concentra-
0 w | & % g tions near to the outflow of the stream (Fig. 7). Dilavio
) T = % _é 5 J) Stream have a watershed of 83.7 km?, with a high
SZls7a2=28338 Eé H population density (6400 hab/km?), and a length of
o S e E o E 17.6 km (Menegat et al. 2006). The stream is a well-
3' < j’ § % % known polluted water body that flows over Porto Alegre
% ER3rERL|L £ with outflow in the Lake Guaiba, polluting the sedi-
Y I fg oS ments in the margins with TOC, TN, Zn, Cu, Pb, Cr,
% § ot 3 g %| and Ni (de Andrade et al. 2018a, b). Due to the outflow,
o2 0T R2 jr jz ;é the local accumulate more fine and coarse sand and
CEl e s s AT e oy é gravel (Table 1), carrying out the silt and clay (and,
o o - | D27 consequently, the pollution).
oSt Y|TET Site LGO6 (with high values of Zn, Cu, Cr, and Ni)
& %:g | g E % % E ;; % g % is near to the outflow of Salso Stream. Similar to
w _ —§ ii Diltivio Stream (LGDS), the Salso suffers the effects
. S A g) S S8 in a region with high population density (626 hab/
] | E % § § e 3 5 %é km?) and unlawful discharges of raw sewage. Salso
- - - |5 TE) E Stream hfs a length of 16.7 km and a drainage basin
< < = E ?0 % 0f 93 km* (Menegat et al. 2006). Despite the coverage
« 3 V3532222 = of treatment systems in the region, many households
Ml B N % do not make proper connection to the system. Salso
i 2 o § gé Stream have high average amounts of clay plus silt
sy N jt ~ i o & P g 3 (75%) and organic matter (8%) near to the outflow, as
RE| S EIRA A& ] metals Zn (134), Cu (35), Cr (33), Pb (32), and Ni
) ° 2 & %g N (11 pg/g). Previous studies reported indicatives of
é o0 o~ e e H = iy 8 EE contamination with Zn, Cu, and Ni in the Salso
Eled] g3 cas2d|E /;Z| Stream (Soares et al. 2004). Site LG11 is near to the
: 2 2 W 8. B § § - outflow of Guabiroba Stream (with a watershed of
2 % o2 s d > WlEE2 10 km? and popular density of 426 hab/km?), but this
el & REEEEBE|IREC local may accumulate the water flows from LG06.
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Table 4 Normalized values of zinc, copper, chromium, nickel, lead, and cadmium standardized by aluminum in Lake Guaiba sediments

Samples Zn/Al Cu/Al Cr/Al Ni/Al Pb/Al Cd/Al

LGO00 1.01 cb -1.11 e -091 b -0.16 bede -0.39 be 0.12 bedef
LGDS 3.41 a 2.92 a 0.02 b -0.26 cde 0.91 be 432 a
LGO1 -0.60 f —0.64 cde -0.87 b —-0.80 e -048 be -0.17 cdefg
LG02 -0.56 ef -0.20 bede -0.77 b -0.50 e -0.62 be -0.16 cdefg
LGO03 -0.45 def -0.21 bede -0.17 b -0.33 cde -0.56 be —0.69 efg
LG04 -0.29 def -0.32 bede -0.17 b -0.50 e -0.59 be -0.98 g
LGO5 -0.11 def 0.09 bede 0.38 b -0.22 cde -0.49 be -0.47 efg
LG06 -0.37 def -0.35 bede 0.43 b -0.51 e -0.77 c -0.42 efg
LGO07 -0.66 f -0.62 cde -0.82 b -0.82 e -045 be -0.23 cdefg
LGO08 1.92 b 2.55 a —0.46 b 1.66 abc 0.80 be 1.00 b
LG09 1.78 b 0.83 be 0.96 ab 1.58 abed 0.57 be 0.18 bede
LG10 -0.26 def -0.22 bede -0.78 b -0.01 bede -0.16 be 0.03 cdefg
LGI1 -0.54 ef —-0.08 bede 0.18 b -0.18 bede -0.53 be -0.13 cdefg
LG12 —0.46 def -0.20 bede 0.20 b -0.37 de -0.54 be -0.33 defg
LGI13 0.50 cd 0.47 bed 1.16 ab 2.51 a 3.62 a -0.12 cdefg
LG14 -0.68 f -1.02 de 0.02 b -0.56 e -0.22 be -0.88 fg
LGI15 —0.64 f —0.66 cde -0.42 b —-0.08 bede -0.12 be -0.16 cdefg
LGl6 -0.37 def -0.49 bede —-0.06 b -0.57 e -0.47 be -0.38 defg
LG17 0.45 cde 0.96 b 3.06 a 1.80 ab 1.25 b 0.60 bed
LG18 -0.05 def 0.46 bed 0.40 b 0.11 bede 0.07 be 0.13 bede
LG19 -0.63 f -0.26 bede 0.06 b -0.22 cde -0.22 be -0.03 cdefg
LG20 0.11 cdef -0.04 bede 0.74 b -0.07 bede 0.09 be 0.75 be
LG21 -0.55 ef -0.71 de -0.29 b -0.82 e -0.30 be -0.29 defg
LG22 -041 def 0.10 bede -0.23 b 0.54 abcde -0.07 be -041 efg
LG23 -0.38 def 0.05 bede -0.28 b -0.41 de -0.14 be 0.07 bedef
LG24 -0.51 def -0.67 de -041 b -0.37 de 0.21 be -0.55 efg
LGOUT —0.68 f -0.63 cde -0.99 b -0.44 e -0.39 be —-0.81 efg

Means followed by the same letter are not statistically different from each other by Tukey’s test at 95% confidence

The sediment particle size is inversely proportional to
their sorption capacity of metals and compounds; in the
meantime, smaller particles can be resuspended in and
moving with the water column (Sangster et al. 2015;
Tansel and Rafiuddin 2016; Zhou et al. 2017). Thus,
polluted sediments may act as a potential release source
of those elements and compounds (Zhou et al. 2017).

The geo-accumulation index (/q,) indicates an em-
pirical relationship of metal enrichment degree, compar-
ing to the natural (background) concentrations (Muller
1969; Chaharlang et al. 2016; Liu et al. 2016). However,
Igeo (Fig. 2) do not compensate the variability of particle
size (Table 1) or TOC (Table 2). Comparing those
values, all sites with positive /o, had high values of
clay plus silt and TOC, unless LGDS (Zn=0.49; Cu=

0.88; and Cd=0.18) and LG09 (Zn=0.66; Cu=0.91,
and Hg = 0.46). Sites LG00, LG04, and LGOUT (other
sites with minor clay plus silt and TOC) did not show
any positive /geo.

Major part of locations with lowest (negative) /s,
was near the west margin of the lake, and most locations
with higher /,., were near the east margin (close to Porto
Alegre City). Some of the sites with high metals con-
centrations (Table 3) were in the central area of the lake
and east margin (near to Porto Alegre City): LGOS and
LGO6 (Zn, Cu, Cr, and Ni); LG11 and LG12 (Cu, Cr, Ni,
Pb, and Cd); LG16 (Zn and Cr). Sites LG05, LGO06,
LG11, and LG12 had the highest Z,¢, of Cu (> 1.5) and
Cr (> 0.85). Metals Cu, Cr, and Hg surpass the “unpol-
luted” value in the average (Fig. 3).
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Fig. 3 Geo-accumulation index
(Igeo) of zinc, copper, chromium,
nickel, lead, cadmium, and o | moderately polluted

mercury in Lake Guaiba T

sediments
1 o —‘7 T

T
Lo

o

unpolluted

Geo-accumulation index (lgeo)
iN

0 Median

25%-75%
T Non-Outlier Range
o Outliers

In site LGOO (Lake Guaiba water inflow, from Jacui’s
Delta) there was no any bulk concentrations of metal
above the average (Table 3), and the local show low
values of clay, silt, and carbon (Tables 1 and 2); how-
ever, the site had positive values of Zn/Al and Cd/Al
(Table 4). Major part of the pollution of the Lake Guaiba
came from the polluted water bodies that flow to the
lake (de Andrade et al. 2018a, b), as the rivers Sinos,
Cai, and Gravatai (in Jacui’s Delta) and the urban
streams. In order to solve these environmental liabilities,

1.0
0.5
fine sand
coarse sand

X
a densit
o gravel ensity
~ 00
s
|53
©
w

-0.5

1.0

-1.0 -0.5 0.0 0.5 1.0
Factor 1:58.0%

Fig. 4 Principal component analysis (PCA) in Lake Guaiba
sediments

@ Springer
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public actions should not focus only on Guaiba, but also
in those water bodies (de Andrade et al. 2018a, b).

The sediment in site LG09 had the highest concen-
trations of Fe (191 mg/g), Ba (1.45 mg/g), Sr (143 ng/
g), Co (98 pg/g), and Zn (261 ug/g), and a high Ca
(6.1 mg/g). Calcium (Ca), barium (Ba), and strontium
(Sr) are alkaline earth metals. LG09 and LGDS (Dilavio
Stream outflow) were the only places with low clay plus
silt and TOC, but high /,¢, (Zn, 0.66; Cu, 0.91; and Hg,
0.46). LGO9 was near to the outflow of Petim Stream,
close to Guaiba City (in the west margin). In the drain-
age basin of the stream, there are many land uses:
natural areas; production of eucalyptus, rice, and other
grains; and historic coal mining areas.

Site LG24 had the highest concentration of Hg
(0.10 pg/g; Igeo=1.19) and Pb (53 ug/g; Ise,=0.39).
This high contamination should come from the deposi-
tion along the time, the same in site LG15 (Ni) and
LG23 (Cu). Differently, the high value of Ca in LGOUT
occurred due to the large presence of shells of native
bivalves in the place. Pb had higher concentrations in
the south part of Lake Guaiba and where was more clay
plus silt (Fig. 7). Lead (Pb) is predominantly a legacy
contaminant, with significantly reducing across the
world over time (Sharley et al. 2016); sources of Pb
include coal combustion, leaded gasoline, ore smelting,
and resuspension of soil, sediment, and road dust (Wan
et al. 2016). The phasing out of Pb pollution was corre-
lated with the abolition of leaded fuels in many countries
during the 1970s (Sharley et al. 2016).



Page 13 of 20 12

Environ Monit Assess (2019) 191: 12

7’0 9 89 - 34 - ¥'S - - - - - - LS PIOB J10UBdAPENI],
'l €0 - S0 - - - - - - - S0 €0 - o-Proe orueqre)

- LS - - Lt 1'6 901 8¢ 09 - - - - 01 p-P1o€ OI[EYIY ]

LT v'e e Sy 91 0T 0¢ S0 01 Le €¢ 6'1 ST LS PIOE JIOUEIUOIEXAYLUON]
1'C $T 8T 1'C Tt e 1'C 6T 9'¢ 43 6T 8T I's v'e «(SILL) SI9-1°T ‘[ouayq
1'0 €T 0C L0 9'¢e LT 0 80 0 80 L0 €T 8'€C 1'0 q[OUOOTE QUOIR0RI(
L8 €6 88 0C S T8 86 6T L9 11 89 1'0 L1 LL eugoid-H-e10q-p|
10 L0 S0 70 I'c L9 90 6'vC TL 0T T0 €0 L0 - SOAIBALISP PUE dUAZUSE
10 - 0 - I'c - - - - - - - - - seAneauop pue oneydieo[L)
0T ST LY 'S 4! €S 10 'l €1 01 LT 8'S 6'1 - «(poxtn) DH dneydife-uoN
Iy 09 €8 6 T T8 I'L L1 0¢ 8¢ el 69 I'e v'e o(souEd[E) DH dueydiy
INOOT  +OT  €OT  OT  1OT  0TOT  61DT  8IDT  LIDT  9IDT  SIDT  +#IDT  €1OT  TUDT Ar/Areqry
- - - - - - - - - - - - - ULIBWNOJ0IPAYLRIIO[AYIIIN-]
- - - - - - - - - - — - - [AyIWIP-( ‘9 ‘QUOUBIIPUN-T
- - - - - - - - - - - - - QJBOIPAUEXAYRIY-¢ (Ao
— — — — — — — — — — — - - [ouedap-1-[AXoH-7
- - 60 - - - - - - - - - - JTokydorpAui(y
- - - - - - - - - 70 - - - &m:\-oE%NQxON:er
- - — — — 0°¢ — — - - - - - g~ ULIRwnNo))
- - - - - - - - - - - - - [e[puonL)
- 1'0 - - €0 9°0 - - 1'0 1'0 - - - sugjouresIogq
_ — — — — — — — — — — S0 — auayueron]
10 _ _ _ 0 10 _ - - 00 - — - , [Adoxdostsop-ourzeny
- - - - - - - - - - - 70 - proe d1ourdpOJ
96 TL - - 6 - L0 - - - 'l - - PIoe dI0UEdpENR],
- 90 €0 €0 01 - - 1’0 - - 10 - S0 o-Proe orueqre)
- - - - - 8's - - - 9T - €9 - p-PIoE orfeyIyg
4! T0 60 €0 9T 9T €T $'1 I'C €T I'l 0 S0 PIo® JIOUBIUOOBXAYEUON
6'1 Tt e $¢ €T 0¢ 61 I'y 8¢ Sy re 0's LT «(SINL) S1q-1°T ‘oudyq
T0 61 01 LT 8T 60 LT 1'C 0 0C 01 Sl 8Tl qlOYOd[ dUOIR0RI(]
I €1 6'1 €0 L6 LL TL ST St 'S 89 € Tt eugoid-H-e10q-p|
- 0 01 $0 L0 €0 L0 L0 It 8'TC 70 - Tl SOAIJEALIOP PUE SUSZUSE
- 01 - - ST - 0 - - - - '8 - SOAIRALIGD pue dneydI[eojos)
- € 6'¢ I'C 90 - 0T $¢ L0 'l St Tl 96 «(paxtu) OH dneydire-uoN
€1e 761 99 8'S 99 Sel L8 66 L8 o€l €6 8¢ 6 o(souEd[E) OH dneydiy
11071 01071 60071 8007 LODT 9001 S0OT v0DT €007 20071 10071 SanT 00071 ayAreiqry

eqrenn) oyeT JO JUSWIPAS Y} ul punoy (9,()/ < SuruaaIos 3o51e}-uou 95) spunodwod duedIQ ¢ d[qel,

pringer

NS



Environ Monit Assess (2019) 191: 12

12 Page 14 of 20

-IAeWen)-G [T 1L€ OUBIOPEXAY-] |

ouo-(yo 1)1 1-urdozexo[*1][3*qJzuaqipAxoIpAu-t
ULTRWINOOAXOYISWIP-G“9-JAYIWAXOIPAY-€ o
-[Aq1o-N-010[(0-9 ‘QUIWIBIP-;*Z-0WIZeLI-G*¢"T |

19189 JAYR “~(JAUSIPRISPLY-9‘p-[AYIoW-[-AXOIPAY-T)
10180 [A19008II(T ,

(IAyporAyowtp-11)siq-p¢ ‘Joueyd
ououejuad-Z-[Ayjow--AX0IPAY- |

SuoqIed0IpIYy ‘OH ,,

_ — - - - - - - - — €0 - - - ULIBWNOJ0IPAYRIOO[AYIOIN-]
- - 90 - - - - - - - - - - - HAyewnp-0[‘9 ‘ouourdepun-g
_ _ - — _ 'z - T - - — - - - dJeOIpauEXAYRIY-¢ (Ao

60 - - - - - - - - - - - - - Joueddp-[-[AXdH-T
_ _ — — - - - - - - - - - - Jo1kydorpAyiq
_ — _ _ - - - - — — - - - — stS-o:.EumeONcer
_ _ — _ _ - - - - - - - - - 5-ULIBWNO))

S0 70 - - - - - - - - - - - - [e[[ouonts
_ _ _ _ _ _ _ _ — — — — — — uejowre3rog
_ _ _ — — - - - - - - - - - Juaueron|
_ — — - - - - 10 - — - - - €0 , [&doxdostsop-ourzeny

_ _ — — — — — — — — — — — — proe droueddpoJ

LNOOT Yol 13498 (44381 12O 021 6191 81D71 LTOT 91D1 SIOT 145981 €101 (45581 Ar/Areiqry

(ponunuod) g A[qeL,

pringer

NS



Environ Monit Assess (2019) 191: 12

Page 15 0of 20 12

Fig. 5 Linear correlation of clay 40
versus (a) aluminum and (b) total

organic carbon (TOC) in Lake 35
Guaiba sediments
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Generally, there is a risk of pollution by Zn, Cu,
Cr, and Ni in the sediments of Lake Guaiba. Metals
Zn and Ni reduced the concentrations along the
time, but it is still high comparing to ISQG; Cu
and Cr increased the concentrations. Metals Pb,
Cd, and Hg are more controlled, below the guide-
line; however, Pb shows values above the BG and
ISQG, and Hg above BG and RV, in many sites
(Table 3). Even that Zinc (Zn) and copper (Cu) can
be naturally found in high concentrations in some
soils in the Lake Guaiba drainage region (FEPAM
2014), they can pose risks to organisms in the fresh-
water ecosystems (Fu et al. 2016). Cooper (Cu) had

10 15 20 25 30 35 40 45
clay (%)

century-old use in the southern Brazil as Cu-based
pesticides in vineyards (Patinha et al. 2018).
According to Laybauer (2002), the balance of metals
in the Lake Guaiba had a constant trend between the
beginning of the twentieth century and the 1960s, with a
strong increase (2—3 x in the contents of Cr, Ni, and Zn)
between the 1980s and 1990s due to the increase in
industrial activities in the region (like the Leather and
Footwear industry). After this time period, concentra-
tions were reduced and were probably linked to im-
provements in environmental processes and public over-
sight. Considering the short-term average sedimentation
rate of sediments in Lake Guaiba (6 mm/year) and the

@ Springer
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collected layer (0—10 cm), the samples could represent a
history of about 15 years.

The industrial revolution generated increases in glob-
al pollution, although late development countries show
this same pattern with a certain delay. China had a
second high pollution trend from the 1980s and stabi-
lizing in the 2000s, caused by the political reform in the

cl ay Isilt country (Wan et al. 2016; Bing et al. 2016). Toxic metal
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Fig. 6 Graphical abstract about the metal and organic pollution

sources and ways in Lake Guaiba sediments

pollution is usually related to industrial development
and its subsequent reduction is generally related to pre-
vention laws and consequent investment in emission
control (Wan et al. 2016).

Sediment material is divided into two broad catego-
ries based on its sources: “allochthonous,” from outside;
and “autochthonous,” from inside (Smol 2008). The
sediments (and consequently the pollution) that get in
the Lake Guaiba came from the water bodies that flow to
the lake, from the urban dust, from the runoff, and other
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Fig. 7 Geoprocessed maps of Zn, Cu, Cr, Ni, Pb, and Cd in bed sediments of Lake Guaiba
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sources (Fig. 6). Lake sediments accumulated signifi-
cant fractions of organic matter (increasing oxygen de-
mand and nutrient regeneration), that came from exter-
nal inputs (from the catchment), internal biota (phyto-
plankton, macrophytes, bacteria), and from pollution
sources (Zhang et al. 2017).

In Porto Alegre, the concentrations of Zn, Cr, Cu, Ni,
and Pb in urban dust were high in comparison with
background values for southern Brazil; the means (+
standard deviation) values were Zn, 256 +128; Cr,
157+53; Cu, 114+£46; Ni, 62+24; and Pb, 52+
31 pg/g (Poleto et al. 2009). In this same region, higher
metal concentrations (Zn, Pb, Ni, and Cd) were found
(in order) in areas with predominant commercial, resi-
dential, and industrial activities; this occurs due to the
higher vehicular traffic in the commercial and residential
areas (Martinez and Poleto 2014). Atmospheric deposi-
tion reflects the regional anthropogenic metal emissions,
although xenobiotics can be found even in remote alpine
lakes, as in the Tibetan Plateau (Bing et al. 2016).
Chromium (Cr) pollution is most often associated with
industrial activity and processes such as metal finishing
or electroplating and is not considered a diffuse pollut-
ant (Sharley et al. 2016).

Variations in the urban dust between the cities reflect
differences in the land uses, such as the degree of
industrialization and patterns of traffic movements
(Poleto et al. 2009). Urban and motorway road dust
are highly contaminated with potential toxic metals (as
Zn, Cu, Cr, Ni, and Pb) than non-urban regions; high
vehicular traffic has been reported as a major source of
metal diffuse pollution around the world (Zhang et al.
2016; Adamiec et al. 2016; Sharley et al. 2016). The
wear and tear of vehicles pieces (emission, brake pads,
tires, oil, grease, rust), as well the pavement paint and
degradation, release dust and debris that are carried by
stormwater runoff to roadside soils and waterbodies,
accumulating in the sediments (Zhang et al. 2016;
Sharley et al. 2016). Braking system and tires are ex-
posed to frictions, emitting particles. Brake pads and
linings present several metals in addiction to Iron (Zn,
Cu, Cd, Fe, Ni, and Pb); tires present large amounts of
Zn, due to ZnO and ZnS added to activate vulcanization
in the tire tread (Zhang et al. 2016; Adamiec et al. 2016;
Sharley et al. 2016).

Persistent organic pollutants (POPs) is a generic
name to a group of organic chemicals with characteris-
tics of long half-life times, present in the environment
even without current use and remaining very long in

sediment (Sakan et al. 2017). Examples of POPs are
polychlorinated biphenyls (PCBs), polyaromatic hydro-
carbons (PAHs), and organochlorine pesticides (OCPs).
Generally, POPs are hydrophobic, binding the particle
fraction in the water bodies and depositing in the bed.
Those organic micropollutants have multiple sources, as
industry, agriculture, traffic, domestic sewage, industrial
wastewater, and runoff from nonpoint sources (Sakan
etal. 2017).

Aliphatic hydrocarbons (alkanes) were found in higher
values in sites LG02, LG06, LG10, LG11, LG15, and
LG18. Site LG11 had the highest amount of aliphatic
hydrocarbons (31%). Benzene and derivatives were
found in higher values in sites LG02, LG03, LGl6,
LG17, and LG18 (Table 5). Site LGOO (Diltivio Stream
outflow) had higher values of organic compounds: cyclo-
aliphatic and derivatives; phenol, 2,4-bis (TMS); phthalic
acid; and fluoranthene. Fluoranthene is a PAH found in
many combustion products, being a marker of pyrogenic
sources (Sakan et al. 2017). Hydrocarbons (HC) and
derivatives (aliphatic, benzene, PAH) are commonly
found in petroleum products (as vehicular fuels); those
entering in the aquatic ecosystems by surface runoff,
urban sewage, industrial discharges, and dry or wet air
deposition, accumulating in the sediments due to the
hydrophobicity (Nascimento et al. 2017).

The phenol, 2,4-bis(1,1-dimethylethyl) is an alkyl phe-
nol formed in the degradation of pesticides and agricul-
tural products (being commonly found in the sediment
and water), presenting characteristics of POPs (as high
toxicity, persistence, and bioaccumulation) and acting as
endocrine disruptor (Kee et al. 2015). Endocrine
disrupting chemicals (EDCs) are exogenous agents that
can alter endocrine system functions, being found in
personal care products, fuels, pharmaceuticals, and other
chemicals (Scognamiglio et al. 2016; Wirbisky et al.
2016). Phenol, 2,4-bis (TMS) was found in all the evalu-
ated sites (Table 5). Previous studies reported the presence
of phenol in toxicity analysis in Lake Guaiba watershed
(Gongalves et al. 2012; Terra and Gongalves 2013).

Esters of phthalic acid, also known as phthalates, are
commonly used as additives or plasticizers in a wide
range of industrial applications (Scognamiglio et al.
2016). The phthalic acid esters (PAEs) have been widely
used in common products as plasticizers (as in PVC),
being easily released and accumulated in the environ-
ment (due to their hydrophobicity) and transferred to
organisms (Tan et al. 2017). PAEs are also considered to
be EDCs (Scognamiglio et al. 2016; Tan et al. 2017).
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Site LGO7 (near to a historical cellulose factory, in
Guaiba City) had higher amounts of the follows or-
ganic compounds: 14-beta-H-pregna, carbamic acid-,
and atrazine-desisopropyl (Table 5). The “14-beta-H-
pregna” is naturally found in plants (Koldas et al.
2015); TOC had a high correlation (r=0.86) with
the phytochemical, and a linear correlation (R =
0.71) when excluded the site LG12 (highest TOC).
Carbamic acids are sub-products of many compounds,
as pesticides or polymers (Wang et al. 2003).

The atrazine-desisopropyl (1,3,5-triazine-2,4-di-
amine, 6-chloro-N-ethyl-) is a degradation product of
the herbicide atrazine (a pre-emergent herbicide to con-
trol broadleaf and grassy weeds), and also a EDC
(Wirbisky et al. 2016). Atrazine runs off with soil in
rainfall or irrigation water to aquatic ecosystems and
their degradation products can cause ecological damage
(Qu et al. 2017). In a survey about the presence of
emerging contaminants in Brazilian’s drinking water
sources, atrazine was detected in the Lake Guaiba in
concentration of 3 ng/L (Machado et al. 2016).

Conclusions

Sediments of Lake Guaiba have physical-chemical var-
iability by the settle tendency and water flow from the
riverine to lacustrine areas. The particle sizes have a
high correlation with the metal concentrations. Bed
sediments of Lake Guaiba are polluted with Zn, Cu,
Cr, and Ni, major in the east margin (near to Porto
Alegre). The potential toxic metals and organic com-
pounds found in Lake Guaiba are commonly reported in
urban regions around the world. Those elements and
compounds derive from many anthropic activities, as
industries, sewage, and vehicles. With diffuse sources in
the region, the pollution control in Lake Guaiba is very
complex.
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