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ABSTRACT

The present study presents concentration results for heavy metals, major and trace elements, in
two sediment cores collected along the Tieté River: Salto de Itu to Porto Feliz ( Core 4 at point
T-5) and Laras to Anhembi (Core 6 at point T18). As, Ba, Br, Co, Cr, Cs, Hf, Rb, Sb, Sc, Ta,
Th, U and Zn concentrations by Instrumental Neutron Activation Analysis (INAA) and Al,
Ba, Cd, Co, Cr, Cu, Mn, Ni, Pb, Ti, V and Zn concentrations by Inductively Coupled Plasma
Optical Emission Spectrometry (ICP OES) were determined. The enrichment factor (EF), to assess
the presence of anthropogenic pollution sources, was calculated and showed FE > 1.5 values for As,
Br, Cs, Hf, Rb, Ta, Th, U and Zn, confirming the anthropogenic contribution for these elements,
in all fractions from both cores. As, Cd, Cr, Cu, Ni, Pb and Zn concentrations were compared
to guideline values (TEL and PEL) from the Canadian Council of Ministers of the Environment
(CCME) and adopted by the Sdo Paulo State Environmental Company (CETESB) and
concentration values between TEL and PEL were found, for all fractions from both cores,
presenting good and or regular sediment quality classification, the worst being Core 6.
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1. INTRODUCTION

The Tieté is the most important river in the State of S&o Paulo due to its hydroelectric potentia
I, which is well explored in almost of its entire 1,100 km length. The Tieté River drains an are
a composed of six sub-basins (Alto Tieté, Sorocaba / Médio Tieté, Piracicaba-Capivari-Jundia
i -Tieté / Batalha, Tieté / Jacaré and Baixo Tieté). In spite of all its historical contribution,
hydroelectric potential and being one of the most economically important rivers in the state of
Sao Paulo, the Tiete River is also one of the world's most polluted rivers, especially in the
municipality of the city of Sao Paulo.
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Tieté River is the largest river of the southeast part of Brazil. Its drainage basin is important fo
r food and energy production, with more than ten hydroelectric power plants along the main ¢
hannel of the river and tributaries. Over the years, with the increased population and conseque
nt development of industry and agriculture, the river waters and sediment quality deteriorated.

[1]

In general, environmental degradation of this river is mainly due to industrial activities in the
S&o Paulo Metropolitan Region (SPMR) and surroundings, an intense industrial region, by he
avy metals contamination, untreated domestic sewage, agricultural production and also organi
¢ compounds in the High Tieté River Basin. In the countryside region (Medium and Low basi
n) the mainly contamination sources are agro-industrial park for the production of sugar, alco
hol, and citric juices. [3]

In recent years, attention has been focused to the problem of the Tieté River pollution related t
0 the presence of heavy metals in the sediments [2-6]. River sediment can accumulate and int
egrate the temporal variability of heavy metals in river water originating from anthropogenic a
ctivities into spatial river sediment [7]

Mortatti et al [1] studied the heavy metal distribution in bottom sediment along the Tieté Rive
r Basin since the SPMR till its mouth at Parana River. They concluded that the pollution by h
eavy metals around SPMR is mainly due to municipal wastes and industrial effluents with rei
nforced downstream by agricultural activities. They observed that the heavy metal concentrati
on increased is particularly important for Zn in the upper basin and Cu, Co ad Cr at mouth.

Nascimento & Mozeto [2], analyzed bottom sediment samples from Tieté River basin in orde
r to establish regional reference concentrations of metals and metalloids, since the upper reach
es of the river down to its effluent into the Parana River. The reference concentrations determ
ined by this study showed significant deviations from the assumed global geological reference
for some elements and also difference among concentrations of the same element from the dif
ferent regions of the basin. Four different sets of reference concentrations values were propos
ed for the different regions of the studied basin.

Almeida & Rocha [4], by using the sediments quality triad for the study of anthropogenic
contaminated aquatic systems selected some reservoirs along the Tieté River for this purpose.
The results allow the classification of the reservoir based on their respective sediment quality
and indicate the degradation vectors they are subject to. The spatial distribution of sediment
potentially toxic accompanied the trophic gradient of Tieté River, i.e., the downstream
reservoirs are less eutrophicated than the upstream ones. Therefore, the quality of the sediments
improves with the distance from the SPMR confirming the origin of most pollutant substances.
The concentration of Cd, Cu, Pb, Ni and Zn in the sediment samples was quantified.

More recently, Rocha et al. [6] assessed bottom sediment samples from along Tieté River. Three
reservoirs including the Usina Parque de Salesopolis, the springs of the river, Edgar de Souza
reservoir (Santana de Parnaiba city) and Rasgao reservoir (Pirapora do Bom Jesus county), all
inside in the SPMR were evaluated according to the concentration and distribution of some
metals and trace elements in bottom sediments. They concluded the poor sediment quality of
the studied area, mainly in the last two reservoirs located after the Sao Paulo city.

The vertical metal concentration profile in river sediment can indicate not only the pollutants
in sources but also the pollutants transported or contributed into reservoir through the river [7].



The present study takes part of the research project entitled: “Evaluation of the Extension and
Pollution History by Metals and Trace Elements in River Sediments - Case Study, Tieté River,
State of Sao Paulo” and had a financial support from FAPESP (Process n° 2014/20805-6).

The aim of this study was to evaluate the concentration of metal, major and trace elements in
surface and sediment core samples, in several points from its headwaters in Salesopolis until
the mouth, Parana River. The present study presents major, trace and metal concentration in a
2 sediment cores collected along the Tieté River, by 2 analytical techniques (INAA and ICP
OES). The enrichment factor (EF), geochemical tools to assess the presence of anthropogenic
pollution sources, were used. The concentrations for As, Cd, Cr, Cu, Ni, Pb and Zn in the
samples were compared to guideline values (TEL and PEL).

2. MATERIAL AND METHODS

2.1. Study area

In this project, 34 bottom sediment samples were collected along the Tieté River. Figure 1
shows the sampling location along the Tieté River. Also six sediment cores were collected at
strategic points such as Salesépolis, cores 1 (point T-1); Santana de Paranaiba, core 2 (point T-
2); Pirapora do Bom Jesus, core 3 (point T-3); from Salto de Itu to Porto Feliz, core 4 (Point
T-5); from Porto Feliz to Tieté, core 5 (Point T-11) and core 6 (Point T-18) from Laras to
Anhembi. In the present study the results for Cores 4 and 6, situated in the Medium Tieté River
Basin — Region 2 (Figure 1), from Tieté until Laras (Anhembi) municipalities, for heavy metal
and trace element concentration are presented.

Figure 1: Sampling points location along Tieté River basin



2.2. Sampling and sample preparation

Sediment cores were collected by using a core sampler to which was attached a 100 cm long
and 70 mm in diameter PVVC pipe. Soon after the collection, the samples were frozen and then
sliced every 2 cm in the laboratory.

Core 4 was collected at point T-5, at a 33 cm depth resulting in 13 sediment samples (fractions).
Core 6, collected at point T-18, at a 88 cm depth resulting in 40 sediment samples (fractions)
but only 20 were analyzed.

At the laboratory, sediment samples were dried at 40°C in a ventilated oven until constant
weight. Sediment samples were passed through a 2 mm sieve, ground in a mortar, and passed
again through a 125-mesh sieve to be homogenized before analysis. The total fraction (< 2 mm)
was analized.

2.3 Chemical analysis

2.3.1. Instrumental Neutron Activation Analysis (INAA)

For multielemental determination by INAA about 150 mg of sediment (duplicate samples) an
d reference materials were accurately weighed and sealed in pre-cleaned double polyethylene
bags. Sediment samples and reference materials were irradiated for a daily cycle (6-7 hs), und
er a thermal neutron flux of 102 n cm™ s! in the IEA-R1 nuclear reactor at IPEN. Two series
of counting were made: the first, after one week decay and the second, after 15-20 days. The
measurements of the induced gamma-ray activity were carried out in a gamma-ray
spectrometer with a GX20190 hyper pure Ge detector (Canberra) and associated electronics,
with a resolution of 0.88 Kev and 1.90 Kev for °’Co and ®’Co, respectively. The elements anal
yzed by using this methodology were As, Ba, Br, Co, Cr, Cs, Fe, Hf, Na, Rb, Sb, Ta, Th, U an
d Zn. The analysis of the data was made by using in-house gamma ray software, VISPECT pr
ogram to identify the gamma-ray peaks and by an ESPECTRO program to calculate the conce
ntrations. The uncertainties of the results were calculated by errors propagation. The methodo
logy validation was verified by measuring the reference materials Lake Sediment (IAEA SL1)
, Soil 5 (IAEA) and BEN (Basalt -IWG-GIT). The results showed good accuracy (relative
errors to certified values < 5%) and good precision (relative standard deviations < 10%). Deta
ils of the analytical methodology is given at Favaro et a/ [5].

2.3.2. Inductively Coupled Atomic Emission Spectrometry (ICP-OES)

Inductively Coupled Plasma Atomic Emission Spectroscopy is an analytical technique that
utilizes argon plasma as an excitation source for atomic emission. The sample is injected in a
nebulizer by a pumping system, where it is converted into a fine aerosol which is then
transported into the plasma source through the injector tube of the instrument’s torch. By
absorbing energy from the plasma, the sample’s atoms are promoted to an excited state and
generate element-specific emission radiation when returning to their ground state. This



emission spectrum is detected as the analytical signal and its intensity, for a specific
wavelength, is proportional to the concentration of the analyte in the sample. Quantification of
the analyte is possible by comparing the sample’s analytical signal to a calibration curve for
that element. [8]

The purpose of the present study is the determination of the concentrations of the metals Al,
Ba, Cd, Co, Cr, Cu, Fe, Mn, Na, Ni, Pb, Ti, V e Zn in sediment samples from the Tieté River.

All samples and certified reference materials were prepared by microwave assisted acid
digestion, in order to achieve solubilization of the metals in study according to the United States
Environmental Protection Agency recommendations (USEPA SW-846 3051A, 2007 [9]). This
digestion method allows the quantification of the potentially available elements present in the
samples. About 0.5 g of sediment and 0.25 g of certified reference material were weighed and
digested according to the 3051 method from US EPA in a mixture of 10 mL of HNO3: HCL
(3:1) both concentrated.

After the digestion stage, the samples, MRCs and preparation blanks were filtered to remove
undissolved material through medium speed filter paper and collected into 50 mL conical
centrifuge tubes. Ultrapure water was added to dilute the solutions to a suitable final volume.
For control of the analytical results along with the samples for each batch (38 tubes), a sample
of certified reference material (CRM) Sandy Clay Soil (CRM 049 (Sigma)) was analyzed.
Sediment samples digested as described above have been quantified for the metals Al, Ba, Cd
, Co, Cr, Cu, Fe, Mn, Na, Ni, Pb, Ti, V, and Zn in the ICP OES MPX-Varian equipment at
Chemical Analyses Laboratory - LAQ/IPT-SP.

2.4 Validation of methodologies

2.4.1. Validation of INAA methodology

INAA methodology validation, for precision and accuracy verification of the method was
carried out through the analysis of certified reference materials: Soil-5 (IAEA), SL1-Lake
Sediment (IAEA), BEN (Basalt-IWG-GIT), that have certified values for almost all elements
analyzed. The calculation of the standardized difference or "Z" value of an analytical result is
given by:

Z’. :C,- —C”,ﬁ /(0'2 +O'::,/,~)% (1)

Where:

Ci: concentration of element 1 in the analysis of reference material,

Cref,i: concentration or certificate value of consensus for the element i;

oi: uncertainty of the concentration of the element (i) analysis of reference material;
oref,i: uncertainty of the value of consensus certificate for the element 1.

In the case of INAA technique, using the value of "Z" for approval of the results considers that
if |Z| < 3] the individual result of the control sample, in this case, the reference material that is
being analyzed, must be within the 99% confidence interval of the expected value [10].



2.4.2 Analytical method validation for ICP OES

Validation of this analytical method, with regard to accuracy and precision, was performed by
analyzing the certified reference material Sandy Clayl — CRM049 (Trace Metal), which has
certified concentration values for all the elements by using USEPA 3051A digestion procedure.

[9]

2.5 Enrichment Factor calculation

To verify if an anthropogenic influence is occurring or not in a given site, assessment tools,
such as the enrichment factor (EF) [11,12] are used. In the present study, Sc as a normalizer
element was used. The values of enrichment Factor (EF) can be obtained using equation 2:

FE = (CX/ Cref) amostra/ (Cx/ Cref) ”Background” (2)

Where:

(Cx/Cref) amostra: relationship between the element in the sediment sample and the normalizer
element in the sample;

(Cx/Cref) "Background”; relationship between the element analysed and normalizer element in the
reference material or background value;

In the present study, the EF was calculated using NASC (North American Shale Composite)
values as reference values. If 0.5<FE<1.5, indicates that the concentration of the element is
probably related to natural origin or weathering; values EF>1.5 indicate anthropogenic
contributions. [11,12]

2.6 Sediment Quality Guide Values (VGQS)

Guide sediment quality values are tools that synthesize information of the relationship between
the concentrations of chemicals in sediments and any adverse biological effect resulting from
exposure of these in the aquatic environment. They were proposed by the Canadian Council of
Ministers of the environment, CCME (Canadian Council of Ministers of the Environment) with
the intent to protect aquatic life. Oriented values were established based on the total
concentration of As, metals and organic compounds in sediments in order to evaluate possible
adverse effects on aquatic biota. These data are compiled in a database of biological effects to
sediment, BEDS (Biological Effects Database for Sediments) in order to calculate two values:
TEL (Threshold Effect Level) and PEL (Probable Effect Level). Thus, three ranges of
concentrations are consistently defined: below TEL, or the concentration range in which are
adverse biological effects are rarely expected (less than 25% of occurrence); between TEL and
PEL intervals, in which occasionally occur adverse biological effects; and above PEL values,
indicating frequent occurrence of adverse biological effects (more than 50% of
occurrence).[13]



Table 1: Guide values of sediment quality for aquatic life protection (mg kg)
(fresh water) [14]

ELEMENT VERY GOOD GOOD REGULAR BAD POOR
As (mg kgt <59 >5.9-11.5 >11.5-<17.0 17.0-25.5 >25.5
Cd (mg kg% <0.6 >0.6-2.1 >2.1-<3.5 3.5-5.3 >5.3
Cr (mg kg?) <373 >37.3-63.7 >63.7-<90.0 90.0-135.0 >135.0
Cu (mg kg% <357 >35.7-166.4 | >166.4-<197.0 | 197.0-295.5 >295.5
Ni (mg kg% <18 > 18-27 >27-< 36 36-54 >54
Pb (mg kg% <35.0 >35.0-63.2 >63.2-<91.3 91.3-137.0 >137.0
Zn (mg kg?) <123 >213-219 >219-<315 315-473 >473

3. RESULTS AND DISCUSSION

3.1. Results for sediment analysis by INAA

3.1.1 Validation of the methodology of INAA: calculation of Z-score (Zi)

For precision and accuracy of the method of INAA verification, Z-Score (Z;) was used.Z values
were calculated only for the elements with certified concentration values. Information values
have been excluded in this scan.

As can be seen in Figure 2, all elements analyzed in the 3 certified reference materials,
presented Z values within the range of -2 to 2, indicating good precision and accuracy of the
INAA method.
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Figura 2: Z-score results for the reference materials BEN, SL1 and SL5



3.1.2 Results by INAA

Tables 2 and 3 present the results obtained in Core-4 and Core-6 analyzes respectively using
INAA.

Table 2: Results (mg kg™) for the sediment samples from Core 4 (point T-5), by INAA

Depth Fe
(cm) Ident. As Ba Br Co Cr Cs % Hf Na Rb Sb Sc Ta Th U Zn

0 C4-1 (3.7 529 42 13 | 119 43 3.6 114 1879 92 15 108 1.8 153 4.1 474
3 C4-2 (23 382 18 80 59 28 20 127 1848 74 08 6.8 1.2 144 31 240
6 C4-3 (40 504 26 100 79 41 25 146 2368 111 1.3 84 23 148 4.0 319
9 C4-4 (49 600 26 101 95 43 33 120 2225 98 14 98 1.6 152 4.2 355
12 C4-5 (44 642 24 107 105 50 34 11.7 2092 104 1.6 105 1.7 16.1 4.1 396
15 C4-6 (4.1 581 20 88 83 54 25 133 3132 124 13 85 2.7 158 4.9 314
18 C4-7 |41 488 15 81 608 50 23 127 3006 124 1.0 7.2 22 131 41 217
21 C4-8 (4.7 457 15 93 719 69 28 114 3590 154 15 81 21 147 43 192
23 C4-9 [45 468 13 93 714 63 29 110 3101 147 11 9 21 150 46 178
26 C4-10 |38 430 1.7 101 778 6.3 3.0 114 2919 146 13 91 19 149 43 211
29 C4-11 |36 433 15 7.8 503 47 24 128 3038 125 1.0 6.3 3.0 10.0 6.1 109
31 C4-12 |50 519 1.7 107 76.6 9.1 3.2 118 3797 210 16 99 3.2 194 95 133
33 C4-13 |6.3 517 25 125[1015 81 3.6 114 1950 183 19 11 4.2 208 95 175
Average | 4 504 2 10 81 56 29 120 2688 130 1.3 9 23 150 51 255
NASC | 2 636 1 28 125 52 40 6.0 7500 125 2.1 15 11 120 2.7 85

Table 3: Results (mg kg™) for the sediment samples from Core 6 (point T-5), by INAA

Depth Fe
(cm) Ident. As Ba Br Co Cr Cs % Hf Na Rb Sb Sc Ta Th U Zn

0-10 c6-1 |115 678 59 26173 6.2 55 8.2 1458 108 2.1 84 1.8 209 5.3 913
13-15 C6-2 85 609 6.2 22 136 56 50 104 1465 112 1.7 75 15 18.2 4.4 634
17-19 C6-3 [24.1 557 181 21 120 52 5.0 9.8 1476 100 1.6 7.7 1.7 18.0 5.2 [498
21-23 Cc6-4 96 535 52 22 128 55 54 7.7 1306 114 16 81 16 189 5.2 513
25-27 C6-5 82 713 51 22 120 57 52 7.6 1174 104 16 82 16 183 4.5 436
29-31 C6-6 81 465 59 12 78 nd. 33 239 1597 68 1.0 109 16 16.8 3.9 222
33-35 C6-7 |116 550 8.4 17 117 nd. 4.2 134 1862 89 1.7 98 15 16.0 3.1 436
37-39 C6-8 77 514 nd. 13 97 nd. 3.7 140 1929 83 1.2 101 15 147 2.8 354
41-43 c69 |134 655 9.4 16 123 nd. 48 103 1549 97 21 94 1.8 18.8 n.d 378
45-47 | ¢c6-10 | 75 634 nd. 12 90 nd. 3.4 131 2117 83 13 86 15 13.8 29 269
49-51 | c6-11 |83 781 6.1 14 151 6.2 49 133 1731 99 17 99 18 214 44 nd
53-55| C6-12 | 6.7 669 50 12130 54 4.0 119 2047 97 1.7 7.7 13 18.0 3.9/500
57-59 | C€6-13 | 79 525 35 11103 4.7 4.0 105 1927 88 13 81 1.6 175 4.3[323
61-63 | C6-14 | 74 460 29 1093 44 35 171 1728 91 11 93 14 17.6 4.1[270
65-67 | C6-15 | 9.1 457 35 12101 49 4.2 109 1579 86 1.3 9.8 1.3 185 4.3[290
69-71| C6-16 | 23 379 16 5 43 26 1.7 173 199% 75 05 11 0.8 101 25 114
73-75| €6-17 |59 594 31 10|97 38 33 103 2231 97 13 86 1.6 13.1 3.6[341
77-79 | Cce-18 | 86 555 54 13165 5.1 4.6 102 1767 113 2.2 95 15 17.7 4.3[642
81-83 | C6-19 | 88 664 54 14150 5.7 5.0 110 1691 122 1.8 9.7 1.6 20.6 5.4 [449
85-88 | €6-20 | 99 577 69 15142 6.2 54 9.8 1472 125 15 16.6 1.8 21.8 4.7 390
Average [ 9.2 504 2.0 10 117 51 29 120 2688 96 15 94 15 173 4.1 421
NASC 2 636 1.0 28 125 52 40 6.0 7500 125 2.1 15 1.1 120 2.7 85
n.d.- not determined




The results in Table 2, for most elements, do not present a great concentration variation with
depth. The exceptions were for Cr, Hf, Ta, Th, U and especially Zn, with values higher than
the values of NASC reference throughout the profile.

In the segment of the to Anhembi Counties (T18-Core 6) (Table 3), high concentrations of Hf,
Ta, Th, U and especially Zn were found, throughout the profile, compared to NASC reference
values.

In this region agricultural, sand mining, metal structure and chemical industry activities,
possibly contribute to the increase of the concentration of the elements analyzed. [15]

Another relevant factor that may be significantly contributing to the increase in pollution of the
Tieté River sediments is the fact that four other rivers drain into the Tieté River in this region,
namely the Peixe, das Conchas, Moquém and Jibdia Rivers [15].

3.1.3 Enrichment Factor Results (FE)

Enrichment factors (EF) were calculated based on the concentration results found by INAA,
having NASC values as reference and Sc as the normalizer element.

Figures 3 and 4 present the EF values only for the elements that presented EF> 1.5 values
indicative of pollution of anthropogenic origin at the sampling sites. The other elements
presented 0.5 <EF <1.5 values, indicative of concentrations probably related to the natural
origin or weathering consequences.

In general, As, Br, Th, U, and Zn presented EF> 1.5 in the two points studied: T5 (Core 4) and
T18 (Core 6). The elements Cs, Rb, Hf and Ta presented EF> 1.5 only in some fractions of the
cores.

EF >1.5, Core 4
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Figure 3: EF values calculated with NASC reference values, Core 4



EF > 1.5, Core 6
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Figure 4: EF values calculated with NASC reference values, Core 6

3.1.4 Comparison with TEL and PEL guideline values

From the data in Figure 5 (Core 4), it can see that for As, concentration values along the entire
profile did not exceed TEL value (5.9 mg kg!), except for the base (30-33 cm). For Cr, all
values exceeded TEL value (37.6 mg kg!) and some fractions within the profile, exceeded PEL
value (90 mg kg!) (C4-1, C4-4, C4-5 and C4-13 fractions). For Zn, in general, all values
exceeded TEL value (123 mg kg™!) and the surface fraction (from C4-1 to C-4-6), the PEL value
(315 mg kg™). The classification of this sediment core according to VGQS was of good quality
and regular to Cr and Zn, in general. The more superficial fractions were classified as poor
quality for Zn.

From the data presented in Figure 6 (Core 6), it can be seen for As, concentration values
between TEL and PEL, throughout the profile, with regular classification of sediment for this
element. For the Cr, the concentration values exceeded the PEL value, practically in all the
fractions throughout the profile, with bad sediment classification for this metal. For Zn, all
fractions also exceeded the PEL value. In this case, it was observed in general, a tendency of
decrease in content from the top to the base of the profile. For Zn, the sediment can be classified
as poor quality.
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3.2 Results for sediment analysis by ICP OES

3.2.1 Validation of the ICP OES methodology

The validation of analytical methodology was carried out through the analysis of Sandy Clayl
reference material — CRMO049 (Trace Metal). This certified reference material presents
concentration for the elements, for digestion made according to the USEPA 3051a procedure.
Sandy Clay Soil reference material presented satisfactory results for most elements analyzed,
with recovery of 70 to 120%, attesting the accuracy of the method. (Table 4)

Table 4: Concentration values obtained for the reference material analyses by ICP OES

Sandy Clay- Extraction
Certified value Result Obtained
Element Unit Certificate Obtained FT,::;\(I(: )y
Al % 1.01+0.15 0.22 +0.02 22
Fe 0.66 + 0.03 0.58 + 0.08 88
Ba 549 + 11 528 + 85 96
cd 88 + 2 88 + 12 100
Co 218+5 219 + 33 100
Cr 135+ 2 134 + 20 99
Cu 134+ 3 127 +17 95
Mn markg™ 1110 + 36 1212 + 400 109
Na 1500 + 48 1154 +171 77
Ni 288+ 6 282 + 38 98
Pb 340+ 7 296 + 49 87
Ti 67+ 6 61 + 30 92
\% 148 £ 2 144 £ 21 97
Zn 433+8 426 + 58 98

3.2.2 ICP OES sediment analysis results and comparison with TEL and PEL guideline
values

Tables 5 and 6 present the results for Core-4 and Core- 6, respectively, by ICP-OES.

For metals Al, Ba, Co, Mn, Ti and V, in general, a concentration decrease from the top to the
bottom of the profile was observed.

Table 5: Results (mg kg!) for the sediment samples from Core 4 (T-5), by ICP-OES



Al Fe Ba Cd Co Cr Cu Mn Ni Pb Ti \Y Zn
0 C4-1 12401 |2540.2| 180+7 |19+0.2|10+1| 83+6 | 104+8 [ 63035 [39+3| 33+4 | 123+3 | 34+2 | 432431
3 C4-2 0.8+0.2 (1.2+0.1({119+£10(0.9+03( 6+1 | 53+1 | 755 | 42347 |29+1| 22+5|100+24( 23+1 297 +11
6 C4-3 0.8+0.1 [1.9+03(123+£19(1.6+0.8( 7+1[54+6 | 78+12 | 460+66 |26+5| 28+2 |117+12( 26+3 (29941
9 C4-4 11403 |23404|150+27|19+04|6+1|67+9|95+12  483+62 [26+3| 3648 |122+36| 34+7 | 324445
12 C4-5 11402 |2240.1) 182+1 |22+0.7| 7+1 | 74+3 | 109+2 [ 430+12 [31+4|39+11|113+£30| 33+1 | 35146
15 C4-6 0.8+0.1 (2.0+0.1( 13345 (1.8+04(6+1 (581 | 84+5 | 387+17|28+1(32+6(107+3(26+1|280+14
18 C4-7 06+03 [14+03( 94+7 (13+04(6+1[41+3 | 50+2 | 386+14 |24+6|26+5|79+18 | 20+4 | 189+9
21 C4-8 0.8+02 [1.9+0.1( 9548 (1.5+04(7+1(54+2 | 48+1 | 522+12|20+1|33+3 | 88+31(26+2 | 1574
23 C4-9 0.8+02 [1.9+0.2( 95412 (1.2+04(7+1 (506 | 415 | 585+52 |20+2( 34+6( 9149 [28+4|143+16
26 C4-10 09+02 (2.1+0.1({105+£10(1.7+09( 7+1[55+4 | 46+3 | 70036 |23+1|34+2|93+16(29+2(178+13
29 C4-11 0701 (2.0+01| 72+3 (1.1+01(7+1(37+1| 32+1 | 58545 |18+1|23+1|70+16(22+1 | 116+2
31 C4-12 09+0.6 (2.0+03[108+14(1.6+08( 7+1|49+5| 30+2 | 685+11 |18+2(43+2 | 77+7 |27+5]113+13
33 C4-13 11+03 |23+06]|124+33|3.0+0.7|9+2(66+7 | 38+1 | 775434 |23+4|50+12| 96+4 | 3245 [151+14

Table 6: Results (mg kg™) for the sediment samples from Core 6 (T-18), by ICP-OES

Fe Ba cd Cr Cu Mn Pb Ti v In
0-10 C6-1 2t1 |4.0£0.1[269+30| 3+1 [19%1(139+5|190+2 | 714+15|62£3| 4714 |157+39]| 6014 | 87818
17-19 C6-3 16103 [40£0.1|211£12|2.0£0.1(17+£1({10041| 13942 [ 717+15|48+3| 38+4 (134+£19(55+1 | 62115
25-27 C6-5 2t1 |4.0104(208+43|2.0£0.1(17+1(89+10(118+10| 831+73 |43+9( 3412 |164+74|51+8 | 4864
33-35 C6-7 16105 [40+04]|218£19)2.0+0.1(17£1({ 9546 | 138+6 | 830+35|50+5[38+5(139+7 [ 60+8 (529119
41-44 C6-9 16105 |40+03]| 23419 {20+0.1|17£1| 89+4 | 114+1|1253+29|42£3| 3543 |137£17| 6017 | 4495
49-51 C6-11 10£0.1 |20£0.1|1120£13|1.0£01(9+1|44£3 | 5617 [ 560+67 |23+3|17+7 | 8217 [31+2(233126
57-59 C6-13 | 12102 {3.0£03]189+16(2.0£0.4]|13+1| 81+7 |121£12| 731419 |47+5| 326 | 115414 | 40£5 (49326
65-67 C6-15 09103 |2210.1] 1455 {2.0+04|9+1|65+3 | 9719 [545+100(|37+1|36+1|106419|33+4 (391136
73-75 C6-17 12104 [2410.1(153+41({2.0£0.6]|102£1(67+16]97+21 46078 [36+7|31+10({116+45(43+14|367+7,7
81-83 C6-19 10£01 |21£0.1) 13549 |1.0£04| 8+1(55+5| 8217 [405+32|27+1|25+4 (120428 36+2(289+19

The results obtained for metal concentration of Cd, Cr, Cu, Ni, Pb and Zn determined by ICP
OES, were compared with VGQS values (Table 1) and are presented in Figures 7 and 8, to Co

re-4 and Core-6, respectively.

From the data presented in Figure 7, it was found that Cd concentration values were between
TEL (0.6 mg kg™!) and PEL values (3.5 mg kg'!), so the sediment being classified as good
quality for this metal. For Cr, Cu, and Ni, all concentration values were between TEL and PEL,
also with good sediment quality classification for these metals. For Pb, most concentration
values were below TEL value (35 mg kg™!), with very good classification for this metal. For
Zn, most values were between TEL and PEL (good Classification). However, C4-1 (0 cm),
C4-4(9 cm ) and C4-5 ( 12 cm) exceeded PEL value (315 mg kg™!), with the sediment being
classified as very poor quality according to criteria adopted by CETESB (Table 1).
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Figure 7: Concentration values for Cd, Cr, Cu, Ni, Pb, and Zn (mg kg!) in comparison
with TEL and PEL values, Core 4

From the data in Figure 8 (core 6), concentration values were between TEL and PEL values
for Cd and Cu, with a good quality sediment classification for these metals. For Cr and Ni, the
concentration values were between TEL and PEL values, but with some fractions exceeding
PEL value, with bad sediment quality classification for these metals. For Zn, practically all the
fractions exceeded the PEL value, with poor sediment quality classification for this metal. For
Pb, the concentration values were at the TEL limit for most fractions and then with good
sediment quality classification according to the CETESB criteria. In this core, it was observed
that all surface fractions (0 to 10 cm) showed higher concentration values for all of these metals
analyzed, indicative of recent contamination in this location.

INAC 2017, Belo Horizonte, MG, Brazil.



cd BCd Cr Bl

~3 PeL - S
f 1300
320 £ 1100
gy § 900 PEL
§ %
glO g 700
i TEL g TEL
5 ANNRRER f o
O —— . e 10
$ 0 19 7 3% 4 51 59 6 15 8 0 19 7 3% M4 5 59 6 5 8
Depth (cm) Depth (cm)
cu B Nl ENi
2000 PEL

Concetration (mg kg %)
=]
=1

50 THL
00
0 19 27 3% 4 51 % 6 5 8
Depth (cm) Depth (cm)
Pb ) Zn B

PEL (913 mgkg-1)

1000,0
T a

» ¥ 00
E M
E

- 6000
8 8

§ §400,0
] g

£ €m0
[} [y}

00

0 19 27 3» 4 51 59 & 5 8
Depth (cm) Depth (cm)

Figure 8: Concentration values for Cd, Cr, Cu, Ni, Pb, and Zn (mg kg™!) in comparison
with TEL and PEL values, Core 6
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CONCLUSIONS

INAA and ICP OES analytical techniques used in the present study showed to be excellent
tools for toxic metal, major and trace element monitoring sediment assessment, with high
precision and accuracy.

In general, Br, Cs, Rb, Ta, Hf, Th, U and Zn determined by INAA, presented EF > 1.5 values,
indicating a likely anthropogenic contribution, for all the fractions in both Core 4 and 6.

When As concentration values determined by INAA and toxic metals Cd, Cr, Cu, Ni, Pb and
Zn determined by ICP OES, were compared to the VGQS values adopted by CETESB, values
were between TEL and PEL, for most of the fractions analyzed, in both profiles, with good
classification and/or regular quality of sediments. In general, the Core-6 sediment quality
classification was worse for these metals and semi-metal As, than samples from C-4 profile.
Core-6 showed higher concentration values for all of these metals in the surface fraction (0 to
10 cm), indicative of recent contamination in this location.

Comparing the sites of the present study, it was verified that Core-4 (Point T-5), from Salto de
Itu to Porto Feliz Counties, seemed to have less impact in relation to toxic metals than Core-6
(Point T-18), from Laras to Anhembi Counties. In this region, there are agricultural, mining,
industrial, manufacture of metallic structure and chemical activities that possibly may be
contributing.to the concentration increase of the elements analyzed. The Tieté River in this
segment, also receives a load of tributaries that may also be contributing to the pollution of the
sediments analyzed. In addition, high concentrations of trace elements and metals in the deepest
fractions of the two profiles analyzed was observed, indicating past contamination.

This study brings to light a series of important indicators, which made possible the study of the
anthropic influence for the elements analyzed in the sediment profiles of the studied regions.
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