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Abstract In the present study, Sinos River basin sediments of south Brazil were characterized using
reflectance spectroscopy in 350-2500 nm range. This basin is located in an industrialized and densely
populated area. The results focus on the influence of aluminum and iron content, particle size, organic
matter, and mineral composition in the sediment samples. Fe and Al concentrations were determined
by X-ray fluorescence. Clay minerals were determined by an X-ray diffractometer and reflectance
spectral curves with a high-resolution spectroradiometer ASD Field Spec. Results of the mineralogical
analyses showed that quartz, kaolinite, and smectite are scattered over the entire basin for most of the
studied sites. Higher reflectance was observed for the samples after removal of the organic matter,
indicating features associated with clay mineral and Fe. Likewise, higher reflectance was observed for
the smaller size fraction, indicating the influence of mud in the spectral albedo. At the 2200 nm
wavelength, the Al-OH bond of clay mineral was detected in the spectra. This was associated with Al
content. Features due to the presence of iron oxides were observed between 470-580 nm and 650-
850 nm.
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1. Introduction

There is a great demand for rapid and predictive sediment data to be used in environmental monitoring
(Cohen et al., 2005; Rossel et al., 2006). Reflectance spectroscopy is a useful technique for this type
of analysis because it is a nondestructive, inexpensive and rapid method for characterizing different
materials (Kemper and Sommer, 2002). One advantage of reflectance spectroscopy is that this
technique can be used either in the field or in the laboratory. This technique also results in sample
preservation and minimal reagent consumption (McCarty et al., 2002). Reflectance spectroscopy can
be used to efficiently acquire data from a large number of samples. Additionally, a single spectrum can
be used to evaluate different attributes of the sediment (McBratney et al., 2006; Alkimim et al., 2011).
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Spectroscopy provides a high sensitivity to small changes in chemical composition and/or material
structure. Variations in the material composition often cause changes in shape and position of the
spectral absorption bands. Thus, because of the chemical variety usually present in these samples,
spectral signatures can be quite complex and sometimes difficult to interpret (Clark, 1999). However,
the increased knowledge of the natural variation in spectral characteristics and the causes of changes
have increasingly allowed investigating with detail the chemical characteristics of the natural
environment. The shape, intensity and absorption bands from the spectral curves enable determining
the presence of certain constituents of the sediment, especially organic matter, clay minerals and Fe
and Al oxides (Stoner and Baumgardner, 1981). Thus, spectroradiometry is considered a promising
technique for sediment analysis.

The utility of multispectral remote sensing techniques for discriminating among materials is based on
the differences that exist among their spectral properties. Because distinct spectral vibrations occur as
a consequence of target conditions and environmental factors, intrinsic spectral features that appear in
the form of bands and slopes in the visible and near infrared (350 to 2500 nm) bidirectional reflection
spectra of minerals (and, consequently, rocks) are caused by a variety of electronic and vibrational
processes. Among these processes, can be highlighted crystal field effects, charge-transfer, color
centers, transitions to the conduction band, and overtone and combination tone vibrational transitions,
which are discussed and illustrated with reference to specific minerals (Hunt, 1977). In general, each
of these minerals has its “spectral signature” diagram which is obtained from spectral data collected
from a large selection of minerals in order to summarize the optimum intrinsic information available
from the spectra of particulate minerals. This diagram provides all references for the interpretation of
visible and near infrared features that typically appear in remotely-sensed data. In this spectral region,
the most commonly observed features in naturally occurring materials are due to the presence of iron
in some form, or to the presence of water or OH groups.

Despite the advantages of reflectance spectroscopy, there are relatively few studies using this
technique to characterize sediments (Malley and Williams, 1997; Moros et al., 2008; Moros et al.,
2009). Therefore, as sediments act as contaminants reservoirs and provide a reasonably accurate
history of river pollution (Filgueiras et al., 2002; Hang et al., 2009; Davutluoglu et al., 2011), it is clear
that this is a useful tool for characterizing this important environmental matrix. In addition, providing a
practical and economical way to characterize the sediments, this technique may help to understand
how pollutants, e.g., metals behave in the environment.

In the present study, Sinos River basin sediments were characterized using reflectance spectroscopy
in 350-2500 nm range. The influence of particle size, Fe, Al, and organic matter (OM) levels are
discussed.

2. Area of Study

The Sinos River basin is located in the northeast of the state of Rio Grande do Sul, Brazil. The area
covers 3,820 km® and crosses through 29 counties, of which 21 are within the Porto Alegre
Metropolitan Area, the capital of the state (see Figure 1). The geographical boundaries are the Serra
Geral the east, the Cai River basin to the west and north, and the Gravatai River basin to the south
(Schneider et al., 2014). The Sinos River main course flow is 190 km, with the source at an altitude of
600 m and it discharges at an altitude of 12 m. Approximately 1.3 million people inhabit its basin
(Schneider et al., 2014), representing 13% of the total population of the state concentrated in only
3.5% of its territory. The climate is subtropical with an annual average temperature of 20°C and about
1,600 mm of rain annually, well-distributed over the four seasons (FEPAM, 2006).
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Schneider et al. (2014) describe that the Sinos River basin can be divided according to the
corresponding section of the river into three different regions: upper, middle, and lower. In the upper
section, characterized by a more rugged terrain and agricultural activities on small farms, were
selected two sampling sites (Table 1). This 25 km section of the Sinos River shows high declivity, with
altitudes ranging from 600 m to 60 m. One sample site was selected in the 125 km middle section of
the basin (Table 1), approximately 125 km long, where the declivity of the Sinos River decreases. The
Sinos River basin stretches are located in the Parana basin volcano-sedimentary units (basalts from
the Serra Geral Formation and sandstones from the Botucatu Formation) (Figure 2). In terms of
geomorphological subdivision, the region is formed by the Campos Gerais Plateau, the Serra Geral,
the Serra Geral Slopes and the Rio Grande do Sul Central Depression (Figure 3), and contains a
major area of dense vegetation and small farms (Figure 4). However, as we approach the river mouth,
one can see outcrops of recent alluvial deposits, of colluvial and alluvial deposits, and the Botucatu
Formation (Figure 2), as well as an increase in population density and urbanization beyond industrial
concentration (Figure 4). According to the State Environmental Protection Agency (FEPAM, 2006) the
major sources of concern for the quality of the basin waters are the industrial activity (especially
metallurgy, electroplating, steel mills, petrochemical industry, and tanneries), domestic sewages, and
rice plantations. The lower Sinos River stretch consists of tributaries that drain large urban centers,
especially the Luis Rau and Portdo streams. Sampling sites for the lower section include points near
the mouth of these streams and six additional sites along the main course of the Sinos River (Table 1).
The point codes in Table 1 indicate the distance in kilometers from the sampling point to the mouth of
the Sinos River.

Table 1: Location of the Sediment Sampling Sites

Site Coordinates Stretch of River
X Y

S| 188 -50.263 -29.725 Upper
Rolante River -50.470 -29.581 Upper
S1 096 -50.850 -29.686 Middle

S1 066 -51.046 -29.691 Lower
Luis Rau stream -51.126 -29.734 Lower
S1048 -51.126 -29.737 Lower
Portédo stream -51.195 -29.778 Lower
SI1 036 -51.194 -29.779 Lower
S1028 -51.191 -29.796 Lower
S1019 -51.188 -29.838 Lower

S1 008 -51.238 -29.875 Lower
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Figure 1: Study Area with Location of Sampling Points
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Figure 2: Sinos River Basin Geological Map
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Figure 3: Sinos River Basin Geomorphological Map
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Figure 4: Use and Occupation of Sinos River Basin from Supervised Classification in Rapid Eye Images

3.1. Sampling

Eleven sediment samples were collected between February and August, 2010. They were selected
eight points along the main course of the Sinos River and three tributaries (the Rolante River and the
mouths of Luis Rau and Portéo streams). Surface sediment samples were collected using a PVC L-
shaped manual collector. The collected material was stored in plastic bags, cooled to 4 °C, and sent to
the laboratory, where a fraction of particle size <2 mm and another fraction of particle size <63 um
were separated via wet sieving. The organic matter was separated from the fraction with particle size
<2 mm. The samples were oven-dried at 37 °C and finely homogenized using an agate mortar. More
information about sampling can be seen in the manuscript Schneider et al., (2014)
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3.2. Determination of Particle Size Fractions, Clay Minerals, and OM, Fe and Al Contents

OM was obtained by the loss of mass by ignition (2 h at 360 °C) (Schulte and Hopkins, 1996). The
analysis of particle size was performed in the laboratory of the Center for Coastal Studies (CECO) of
the Federal University of Rio Grande do Sul. This technique involved the separation of the main
textural classes of sediments by sieving and sedimentation. The clay minerals were analyzed after
preparation of slides with the oriented clay minerals. The slides were air-dried, solvated with ethylene
glycol and calcinated. The samples were then analyzed by an X-ray diffractometer between 26 2-28°
using CuKa radiation (Rodrigues and Formoso, 2006; Schneider et al, 2014).

A procedure for the elimination of OM in the particle size fraction <2 mm with H,0, was performed as
described by Schneider et al. (2014).

To evaluate the sulphur (S), Fe and Al concentrations, the sediment samples were compressed into
pellets and analyzed in a sequential X-ray fluorescence spectrometer (PW2404, Philips) equipped with
a rhodium tube. The analysis was performed at the Analytical Geochemistry Laboratory at Campinas
University.

3.3. Reflectance Spectroscopy

The objective of the spectral analysis was to analyze the interaction of electromagnetic radiation with
the samples to identify the source material, as well as the influence of OM, iron oxides, mineralogy and
grain size (Dematté et al, 2000; Alkimim et al, 2011). The sediment sample reflectance
measurements in the laboratory were performed in particle fractions <2 mm, with and without OM, and
<63 um with a high-resolution spectroradiometer ASD FieIdSpec®3 from Analytical Spectral Devices,
Inc. (ASD). To identify the absorption features and minimize the effects of reflectance measurements,
removal of organic matter in sediments was performed.

The reflectance equipment covers a spectral range between 350-2500 nm with a spectral resolution
between 3-10 nm, interpolated at 1 nm. Lighting was provided by a halogen lamp positioned at an
angle of 45° with the zenith, and a Spectralon calibration panel was used as a reference (100%
reflectance). The geometry of the system was based on perpendicularly positioning the sensor in
relation to the sample on a Petri dish at a distance of 5.6 cm between both. Four composite scans
were obtained for each sample, with a 90° sample rotation between scans. The average of these
scans was considered to describe the bidirectional diffuse reflectance of each sample (Ge et al.,
2011).

Reflectance mode was used in this study because reflectance spectra of targets are immediately
viewable allowing data quality to be monitored and immediate mineralogical analysis of the spectra to
be carried out. Prior to each field measurement, reference spectra from a calibrated Spectralon™
tablet were collected in order to convert final measurements to absolute percent reflectance (Ferrier et
al., 2009).

4. Results and Discussion

4.1. General Characteristics of the Samples

The samples were prepared in two particle sizes ranges (<63 um and <2 mm). The spectra were
acquired with the sediment in their entirety, dried and ground condition. In addition, spectra of the

particles <2 mm were performed without OM to obtain a better interpretation of the absorption features
(Figure 5).
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In general, the sediments collected in the Sinos River have three well-defined spectral features
correlated to the mineralogy of sedimentary and volcanic rocks of the Botucatu and Serra Geral
Formations, even in the presence of organic matter. Strong absorption bands at 1400 nm and 1900
nm are due to the presence of water in the sediment compounds (Dematté et al., 1998; Meneses and
Netto, 2001). An absorption band at 2200 nm is related to the presence of Al-OH vibration (Clark et al.,
1990; Meneses and Netto, 2001; Chabrillat et al., 2002). The features due to iron, found between 450
and 600 nm (Hunt, 1977; Dematté et al., 1998; Meneses and Netto 2001), are subtle in the presence
of OM, but become prominent after it is removed.

The mineralogical analyses showed that quartz, kaolinite, and smectite are scattered over the entire
basin (Table 2). Kaolinite was not found at the Sinos River source (S| 188). According to Rodrigues
and Formoso (2006), sediments containing smectite, which are expansive clays of high cationic
exchange capacity, can retain metals. Thus, they are subject to remobilization due to changes in
environmental conditions. lllite, zeolite, K-feldspar, and barite were also identified throughout the
basin. These minerals were probably formed from alteration of volcanic rocks from the Serra Geral
Formation and from sandstones of the Botucatu Formation (Oliveira et al., 2008). The same study also
reports that at lower altitudes, corresponding to the lower Sinos River stretch, sediment deposition
occurs due to the low water energy.

The total concentration of chemical elements in the sediments (fraction <63 um, dry weight, with OM)
of the Sinos River and its tributaries have high Cr concentration at the Portdo stream (1,286 mg/kg)
due to environmental markers of tannery effluents (Schneider et al., 2014). High concentrations of Cu,
Ni, and Zn were also observed, especially in the Luis Rau stream sample, due to industrial activities.
More details on the concentrations of chemical elements in the sediments can be found in the
manuscript reported by Schneider et al. (2014).

Table 2 shows the results of characterizing sediment samples from the Sinos River basin. The highest
S levels were found at the sites near the mouth of the Sinos River: SI 019, SI 008, and the Portdo
stream. These higher S levels may be attributed to the areas which are heavily influenced by
chemicals used in the tannery and siderurgy industries. Similar behavior was reported by Rodrigues
and Formoso (2006).

The higher content of OM was found at SI 188 and the Portdo stream site (Table 2). The latter can be
explained by the prevalence of industrial activities in the area. The former might be attributed to the
influence of the well-preserved vegetation of the river margins and, derived from the decomposition of
riparian vegetation leaves (Schneider et al., 2014).

Table 2: Parameters used for Characterizing Sediment Samples from the Sinos River Basin

Particle Size Fraction (%) Particle Size

Site - . S (mg/k OM (% Clay Minerals
gravel sand silt clay Classification (ma/kg) (%) o
S1188 75.0 16.2 7.7 1.0 gravel and sand 764 16.8 smectite, illite, quartz, zeolite
Rolante River ~ 12.8 846 19 08 sand 304 106 kaolinite, smectite, llte, k-
feldspar, quartz
SI1 096 00 488 345 167 mud with sand 224 g7  Kaolinite, smectite, k-feldspar,
quartz
SI 066 00 460 416 124 mud with sand 511 121  Kaolinite, S”;ij'rté k-feldspar,
Luis Rau stream 0.0 75.8 153 8.9 sand 267 11.1 kaolinite, smectite, illite, quartz
S1048 00 713 195 9.2  sandwith mud 286 100  <eolinite, smectite, k-feldspar,
quartz
Portao stream 0.0 98.3 0.6 1.1 sand 922 15.8 barite, kaolinite smectite, quartz
S1 036 0.0 92.7 4.6 2.7 sand 637 9.8 kaolinite, smectite, illite, k-
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feldspar, quartz

S1 028 0.0 18.0 61.7 20.3 mud 729 115 kaolinite, smectite, quartz
. kaolinite, smectite, k-feldspar,
SI1 019 0.0 66.1 254 85 sand with mud 1301 12.0
quartz
SI1 008 0.0 52.2 374 10.3 sand with mud 1205 11.5 kaolinite, smectite, illite, quartz
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Figure 5: Reflectance Spectra of Sediment Samples in 350-2500 Nm Range: Fractions <63 um, <2 Mm with
Organic Matter, and <2 Mm without Organic Matter - WOM
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4.2. Spectral Curve Analysis

Samples from the Upper Section (Sl 188 and Rolante River)

These samples are from the source of the Sinos River, where there are few or no pollutants from
industries. The sediment compounds are mostly sand (Rolante Stream and Sl 188) and gravel (Sl
188) from the Botucatu and Serra Geral Formations. These samples result in the lowest albedo for the
spectral curves when compared to the middle and lower sections (Figure 5).

Sample from the Middle Section (Sl 096)

This sample is still considered unpolluted due to receiving little or no anthropogenic contribution. The
sediments in the sample were classified as mud with sand. The sample, with a reflectance up to 0.35
at 2130 nm, shows higher albedo for the <63 um fraction spectral curves when compared to the upper
section samples.

Samples from the Lower Section (Sl 066, Luis Rau Stream, Sl 048, Portdo Stream, S| 036, SI
028, SI 019, SI 008)

These samples were near the source of the Sinos River, where industrial pollution such as siderurgy,
metallurgy and tannery might have greatly influenced the results.

Classifications of sediments according to their particle size fraction are shown in Table 2. The fractions
vary in concentration of gavel, sand, silt, and clay. This classification shows that there is mineralogical
variability of sediments at the different sampling sites. However, the presence of organic matter could
also potentially mask the spectral features (Dematté et al., 2000). As shown in Figure 5, the samples
with a smaller particle size (i.e., those <63 um) show higher reflectance than those with a particle size
of 2 mm. This is because the smaller particles have a more uniform surface with fewer pores to retain
incident light. Conversely, a larger particle size produces more irregular surfaces, which results in
shading and a greater internal backscattering of the light. For the sediment samples <63 um, the
maximum reflectance ranged from 0.34 to 0.39 at 2126 nm (samples S| 028 and Sl 036, respectively).
Higher reflectance in SI 028 can be associated with the presence of mud in the particle size
distribution (Table 2). Sample SI 036 showed the lowest reflectance, in the lower section, by
presenting more than 90% sand in the particle size distribution.

Higher reflectance behavior for the fraction <63 um, in relation to the fraction <2 mm for the samples
without removal of OM, was not observed in the Portdo stream, SI 036, and Luis Rau stream samples
because these samples contained the highest percentages of sand. The samples Sl 008, SI 019, and
S| 048, classified as sand with mud, had similar reflectance to the fractions <63 um and <2 mm with
OM. The SI 096 and SI 066 samples exhibited higher reflectance in the <63 um fraction than <2 mm
with OM. This can be attributed to the sediment particle size classification, mud with sand, which
favors higher reflectance due to the predominance of mud. Sample Sl 028, classified as mud, also
presented higher reflectance for the <63 um fraction.

Figure 5 also displays the reflectance spectra for sediment samples in <2 mm fractions with and
without OM. These results reveal an increase in the intensity of reflectance in samples without OM
after chemical treatment (Dematté, 2002; Genu et al., 2010). There was found to be a reflectance
increase for all sediment samples without OM (maximum values ranging from 0.35 to 0.66) when
compared to samples with OM (maximum values ranging from 0.20 and 0.43).
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Some authors reported that the decrease in reflectance concomitant with an increase in organic matter
content occurs because the OM absorbs the energy, thereby decreasing the sample albedo (Dematté
and Garcia, 1999; Dematté et al., 2000; Dematté, 2002; Genu et al., 2010). Furthermore, the presence
of OM can mask the effect of the sediment’s spectral response because OM absorbs energy, thereby
decreasing the reflectance intensity (Fernandes et al., 2004; Genu et al., 2010).

When analyzing the reflectance spectra, all samples show an absorption band at 2200 nm (Figure 5),
which is typical of the presence of kaolinite (Dematté, 2002; Fiorio, 2002; Genu et al., 2010). This is in
agreement with the spectral curves in Figure 5 and the characterization of clay minerals in the
sediment samples (Table 2). The spectral feature at 2200 nm may also be attributed to the AI-OH
bond of clay minerals such as illite or smectite. In the sediment samples studied, the most important
kaolinite effect was observed in the Luis Rau stream sample, due to their relationship with the higher
concentration of Al (116 mg/g) and its characteristics (Tables 3 and 2). This sample showed the
highest amplitude in the reflectance spectrum at 2200 nm, corresponding to 0.06 (Figure 7). In this
figure, the samples without OM for most studied sites also show an intense feature at 2200 nm. This is
not observed for the Rolante River and S| 188 samples. In the samples at these sites, the features of
Al were less pronounced. This may be a result of the lower percentage of clays in these samples.

Table 3: Total Al and Fe Concentrations in the Sediment Samples (fraction <63 pm, dry weight, with OM)

Site Al Fe
(mg/g) (mg/g)
S1 188 96.4 85.9
Rolante River 88.1 86.1
S1 096 96.9 81.2
S1 066 99.4 70.2
Luis Rau Stream 116 52.4
S1048 98.0 68.9
Portao Stream 94.9 41.8
SI1 036 100 63.8
S1028 100 65.8
S1019 96.7 62.4
S1008 94.7 60.4

The remaining sediment samples showed Al concentrations between 88-100 mg/g. Their
granulometric characteristics varied from sand to mud. In these samples, illite, kaolinite, and quartz
were most probably formed by the alteration of rocks located near the source and the middle course of
the Sinos River, including volcanic rocks of the Serra Geral Formation and sandstones beneath the
Botucatl Formation (Oliveira et al., 2008). As mentioned previously, these authors also report that the
lower Sinos River stretch corresponds to the low course of the river where the sediments are
deposited due to low energy waters.

In Figure 6, the reflectance spectra for pure minerals show well defined Al-OH bonds at 2200 nm for
the clay minerals found in the samples (kaolinite, illite and feldspar). The clay AI-OH bond shows
absorption due to the presence of —OH groups, as was verified by some authors (Riazza, 1993;
Dematté, 1995; Dematté et al., 1998). Thus, there is clearly a double feature at 2200 nm, in the curve
of the pure mineral kaolinite (Figure 6), and less evident in sediment samples (Figure 5), due to the
mineralogical variability of sediment in the sampling sites. This is important in the analysis of
mineralogical composition and chemical analysis because this feature can be masked. The main
spectral features of kaolinite are due to the hydroxyl (-OH) vibrations of its crystal lattice (Hunt, 1977).
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Water peaks were present in all sediments samples analyzed at similar intensities in the reflectance
spectra (Figure 5). This presence may be related to the similarity of water content in the samples,
whose moisture content varied between 2.67-5.33%. The presence of water in these samples
produced two absorption features in the reflectance spectrum, one at 1400 nm and other at 1900 nm.
These bands are due to water molecule vibration of OH groups adsorbed on clay minerals (Hunt,
1980; Dematté et al., 1998; Meneses and Netto, 2001).

The iron oxides features were observed between 470-600 nm and a concavity at 850 nm was present
in samples <2 mm without OM (Figure 5). The spectral curves with OM clearly show that the OM can
mask the iron oxides features, as previously reported. However, the less prominent feature observed
in the Portdo stream sample may be related to the lower Fe level (Table 3). The features for Fe in the
range of 470-600 nm have been reported by some authors (Dematté et al., 1998; Meneses and Netto,
2001; Genu et al., 2010). Others authors (Hunt, 1977; Vitorello and Galvéo, 1996; Meneses and Netto,
2001) have indicated the presence of Fe in a concave shape in the spectral curve at 850 nm.

Table 3 presents the Fe levels, revealing higher values for samples taken from the Upper Section (Sl
188 and Rolante River) and the Middle Section (Sl 096) than samples from the Lower Section. This
can be explained by the geology of the site, where elements are in the form of the hematite mineral-
iron oxide Il (Oliveira et al., 2008).

The feature at 450-550 nm is reported to be the presence of iron oxides (Genu et al., 2010). It has
been described as goethite (FeOOH) and hematite (Fe,Os3), the most frequent form of iron, Fe*, was
found in sediment, resulting from the oxidation of iron, Fe**, present in the primary mineral during soil
formation. Hematite and goethite are composed of Fe* in octahedral coordination with oxygen,
however, goethite also has links of OH and hematite has links of O, (Ben-Dor, 2002). The spectral
features of iron result from electronic transitions of Fe**, however the iron oxides have different
spectral responses at different wavelengths due to the structural differences of minerals. Some
authors report absorption bands for Fe oxides in the range of 845-870 nm for hematite, and 900-930
nm and 650 nm for goethite (Genu et al., 2010).

Despite pure metals not absorbing energy in the visible and near-infrared region, these pollutants can
be detected when they are complexed with organic matter, bound as hydroxides, sulfides, carbonates,
or oxides. They can also be detected when they are adsorbed by clays that absorb light at this
wavelength range (Hunt, 1977; Malley and Williams, 1997). However, when they are deposited in
inorganic forms, the presence of metals can-not be detected by reflectance spectroscopy (Chodak et
al., 2007). Some authors (Kemper and Somer, 2002; Moron and Cozzolino, 2003; Siebielec et al.,
2004; Moros et al., 2008, 2009) have detected the metal concentrations in sediment samples. There
was no detection of metals in the reflectance spectra of the sediment samples in this study. This may
be due to the fact that these metals show their spectral features in the same wavelength regions of the
Fe features, which is present at high concentrations in the samples, and Fe may be masking these
characteristic absorptions.

Despite not having detected metals in the present study, some authors report features of Cu in
sediments at 800 nm, Cr at 400 and 550 nm, Mn at 410, 450 and 500 nm, Ni at 400 and 740 nm, and
Fe between 450-600 nm and 800 nm (Vitorello and Galvédo, 1996; Dematté et al., 1998; Clark, 1999;
Meneses and Netto, 2001).
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5. Conclusions

This study revealed that reflectance spectroscopy can be used to characterize sediment and associate
the spectral features with chemical and morphological characteristics. Characterization of sediments
from the Sinos River basin by reflectance spectroscopy showed similar behavior across the sediment
samples studied. The sediment samples without OM for the <2 mm fraction revealed higher
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reflectance and reached maximum reflectance in the studied range. The Al-OH peak at 2200 nm was
detected in the spectra and is associated with the presence of Al. This was most notable for the Luis
Rau stream sample due to the higher concentration of Al at the sample site. The spectral curves for
the <2 mm fraction without OM showed features of iron oxides between 470-580 nm and 650-850 nm.
The Portdo stream sample showed less prominent features at these wavelengths due to a lower Fe
level. In the present study, only Fe and Al levels were observed in the spectral curves. High Fe levels
in the samples might have masked detection of other trace metals. Grain size, organic matter, and
mineral composition are factors that influence the features of absorption and reflectance intensity.
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