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ABSTRACT

Sediments containing high concentrations of heavy metals in reservoirs, lakes and rivers,
can resuspend into aquatic environments and negatively impact water quality. The
concentrations of 10 elements were studied in surface sediments and water from the Aguada
Blanca Reservoir, Peru, an important water source to 1,080,000 people in the arid province of
Arequipa. Sediment and water samples were collected from nine points in 2019. The
enrichment, accumulation, ecological risk and distribution of metals in sediment were
determined, and the information on heavy metals in water was used to assess the quality of the
aquatic system. Spatially, heavy metals showed variations throughout the study area, with an
increase for most elements near the deepest part of the reservoir. The average concentration of
Cd in sediment was 4 times higher than the natural background. In water, As was the only
element that exceeded Peruvian regulations (As > 10 ug L™). The Enrichment Factor (EF) and
Geoaccumulation Index (Igeo) of metals in sediment presented the following order: Cd> As>
Pb> Zn> Cu> Ni> Cr, with Ni and Cr being the only elements that did not present enrichment.
The most considerable Igeo was Cd (1.21 + 1.45), presenting a classification of moderately to
heavily contaminated. The integrated potential ecological risk (RI) of Cd presented high values
in 5 points of the reservoir. The information developed will assist in establishing effective
control strategies for the quality of the aquatic system.
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Distribuicao e avaliacéo do risco ambiental de metais pesados no
reservatorio Aguada Blanca, Peru

RESUMO

Sedimentos contendo altas concentragcdes de metais pesados em reservatorios, lagos e rios,
podem ressuspender no ambiente aquatico e impactar negativamente na qualidade da agua. A
concentracdo de 10 elementos foi estudada em sedimentos superficiais e na agua do reservatorio
Aguada Blanca, Peru, uma importante fonte de 4gua para 1.080.000 pessoas na arida provincia
de Arequipa. Foram determinados o enriquecimento, acumulo, risco ecolégico e distribuicdo
de metais no sedimento, enquanto as informacdes de metais pesados na agua foram utilizadas
para corroborar a qualidade do sistema aquatico. Amostras de sedimentos e agua foram
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coletadas em nove pontos em 2019. Espacialmente, os metais pesados apresentaram variagoes
ao longo da area de estudo com aumento para a maioria dos elementos proximos a parte mais
profunda do reservatdrio. A concentracdo média de Cd no sedimento foi 4 vezes maior do que
o fundo natural. Na &gua, o As foi o Unico elemento que ultrapassou as regulamentacdes
peruanas (As > 10 pg L™). O Fator de Enriquecimento (EF) e indice de Geoacumulagéo (Igeo)
dos metais no sedimento apresentaram a seguinte ordem: Cd>As>Pb>Zn>Cu>Ni>Cr, sendo Ni
e Cr os Unicos elementos que ndo apresentaram enriquecimento. O Igeo mais expressivo foi 0
Cd (1.21 £ 1.45), apresentando uma classificacdo de moderada a fortemente contaminada. O
risco ecoldgico potencial integrado (RI) do Cd apresentou valores elevados em 5 pontos do
reservatorio. Os resultados encontrados fornecem informacdes necessarias para estabelecer
estratégias de controle sobre a qualidade do sistema aquético.

Palavras-chave: metais pesados, qualidade da agua, reservatdrio, sedimentos.

1. INTRODUCTION

Reservoirs often present problems of heavy metal accumulation due to sediment retention
behind reservoirs (Hahn et al., 2018; Kondolf et al., 2014; Vukovic et al., 2014), which results
in contamination or reduction of the quality of the water (Varol, 2013). The accumulation of
heavy metals in aquatic systems can lead to human health risks and deterioration of aquatic
ecology (Hahn et al., 2018; Hou et al., 2013). Therefore, the accumulation of metals in
sediments is the subject of environmental studies in much of the world by environmental
researchers (Hou et al., 2013; Marziali et al., 2017).

Reservoirs are of great economic importance because they supply water to the population,
agricultural and industrial activities, among others (Schleiss et al., 2016; Yasarer and Sturm,
2016). Therefore, water quality must be monitored because heavy metals are non-
biodegradable, persistent, bio accumulative elements and with a tendency to enter the food
chain (Keshavarzi and Kumar, 2019). The existence of heavy metals in water bodies is the result
of anthropogenic activities and natural processes such as rock weathering and volcanic
activities, with aguatic environments being the most susceptible to the negative effects of heavy
metal pollution (Hahn et al., 2018; Hou et al., 2013; Keshavarzi and Kumar, 2019).

Sediments are important reservoirs of trace elements and could exchange cations with the
aquatic environment, and over time contribute pollutants into the water column due to their
constant contact (Yahaya et al., 2012). Trace element concentrations in sediments become a
problem when they are enriched above natural background levels due to contamination, which
may create a threat to the aquatic environment (Olatunde et al., 2014).

Knowing the concentrations and distribution of heavy metals are very useful to determine
the degree of contamination of aquatic environments and provide the necessary information for
environmental health risk assessment (Li et al., 2019). The indices commonly used to assess
heavy metal contamination in sediments are the Enrichment Factor (EF), the Geoaccumulation
Index (lgeo) and Integrated Potential Ecological Risk Index (RI1) (Barbieri, 2016; Decena et al.,
2018).

The present study was carried out in the Aguada Blanca Reservoir, located at 3650 m.a.s.|
in the Arequipa region of southern Peru. An important water source to 1,080,000 people in the
arid Arequipa province. This reservoir has had sediment removal problems since 1989 due to
the inoperability of the discharge gate, promoting sediment accumulation until today (ANA,
2016), which could generate a problem for water quality. This research evaluated the
enrichment, geoaccumulation, potential ecological risk, distribution of metals in the reservoir
and the relationship between the concentration of metals in sediment and reservoir water.
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2. MATERIAL AND METHODS

2.1. Study area

The Aguada Blanca Reservoir is located in the south of the Republic of Peru, in the
Arequipa region (Figure 1, A-B), on the slopes of the Misti and Chachani volcanoes about 27
km from the city of Arequipa (19K, 248920 E, 820498 S and 250920 E, 8204980 S). The
reservoir is 3.2 km long with an average width of 0.5 km and a maximum depth of 30 m (Figure
1, C-D). The surface of the reservoir is 1.73 km? and accumulates approximately 30 million m®
of water. The function of Aguada Blanca Reservoir is to receive, regulate and distribute the
water from six other reservoirs (the Chalchuanca, the Dique de los Espafioles, the Bamputarie,
the El Pafie, the El Frayle and the Pillones), which feeds the Chili River Basin and supplies
water to 1,080,000 people in the city of Arequipa.
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Figure 1. Study area: A). Republic of Peru, B) Arequipa Region, C) Aguada Blanca Reservoir with
sampling points, D) Depth of the reservoir.

2.2. Sampling collections and analysis

Sediment and water samples were collected at 9 points in the reservoir (water entry zones,
middle zone and reservoir zone), in the months of April, July and October 2019, which were
averaged. The water samples were taken with a 250 mL Niskin bottle between 0.5 to 1 meter
above the sediment (CCME, 2011), then surface sediment sampling was performed using a
Lamotte model dredger (Cavanagh et al., 1997). Sampling depth was determined using an Eagle
Cuda 168 graphic echo sounder. The water samples were preserved with analytical grade nitric
acid (1%) and deposited in bottles (0.25 L) and sediment samples were placed in polyethylene
bags (1 Kg) to be transported to the laboratory in a cooler box with ice.

For the determination of heavy metals in sediment, we used the EPA 200.7 method
(Inductively Coupled Plasma Optical Emission Spectrometry, ICP-OES, Perkin Elmer) and the
EPA 200.8 method in water (Inductively Coupled Plasma Mass Spectrometry; ICP-MS,
Agilent) (APHA et al., 2005), for totals metals. Organic matter was determined using the ASTM
D 2974-87 method (ASTM International, 2014), and the pH was determined by the APHA
4500-H + B electrometric method (APHA et al., 2005) using an EXO 2 multiparameter probe
(Xylem, USA).
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2.3. Reagents and standards

All reagents were of analytical grade or Suprapure quality (Merck, Germany). Double
deionized water was used for the preparation of all solutions. Standard solutions of elements
used for calibration were prepared by diluting stock solutions of 1000 mg L™ of each element.
The stock standard solutions were Merck Certificate standard. All glasswares used were cleaned
by soaking in dilute nitric acid for at least 24 hours and were rinsed thoroughly in deionized
water before use.

2.4. Quality control

The quality of the analytical data was assured through the application of quality methods
and laboratory control. Method precision and quality control were verified by triplicate analysis
of proficiency test material. Good agreement was observed between analytical results and
certified values, with recovery percentages ranging from 97% (As) to 106% (Cd).

2.5. Sediment contamination assessment

2.5.1. Enrichment factor

The enrichment factor (EF) is used to determine metal enrichment factors in sediments and
soils, as well as to assess the presence and intensity of anthropogenic contaminant deposition
on the land surface (Barbieri, 2016). The reference values used were those defined by Turekian
and Wedopohl (1961), values widely used by different researchers worldwide. The EF
calculation reflects the enrichment of metals in sediments in relation to iron (Fe), which was
chosen as a stationary reference element to perform this calculation (Ekengele et al., 2017), as
seen in Equation 1.

(%) sample

EF = (%) Background

(1)

Where EF = Enrichment Factor; (%) sample s the ratio of metal/Fe in the sample; and

(Fﬂe) Background is the metal/Fe ratio of the reference value. EF values are classified as

follows: When EF <1 indicates no enrichment; 1 <EF <3 is low; 3 <EF <5 is moderate; 5 <EF
<10 is moderately severe; 10 <EF <25 is severe; 25 <EF <50 is very serious; and EF> 50 is
extremely severe (Acevedo-Figueroa et al., 2006; Decena et al., 2018).

2.5.2. Geoaccumulation index (lgeo)
The geo-accumulation index (lgeo) Was used to assess heavy metal contamination in
sediments and is defined as follows (Equation 2) (Li et al., 2019).

c
lyeo = Log, B (2)

Where: C: is the concentration of the sample; B: is the reference value; k: is the
geoaccumulation constant (1.5). The lgeo value of each heavy metal is classified into seven
classes, from uncontaminated to extremely contaminated. Classification of heavy metal
contamination according to lgeo Value: Class 0 (Igeo <0), uncontaminated; Class 1 (0 < lgeo < 1),
uncontaminated to moderately contaminated; Class 2 (1 < Igeo < 2), moderately contaminated;
Class 3 (2 < Igeo < 3), Moderately to heavily polluted; Class 4 (3 < Igeo < 4), heavily
contaminated; Class 5 (4 < Igeo < 5), strong to extremely contaminated; Class 6 (5 < Igeo <
10), extremely contaminated (Li et al., 2019).
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2.5.3. Ecological risk index

The potential ecological risk index (R1) is commonly used as a diagnostic tool to determine
contamination in sediments, soils and waters due to the presence of metals in the environment.
The Rl is defined as the sum of the ecological risk index (RE) of each heavy metal, for which
Equations 3 and 4 are shown (Hakanson, 1980; Miranzadeh Mahabadi et al., 2020; Sun, 2017).

RE = T}xC} (3)
RI=YN,RE =3YN, TixCl 4)
Where: T} is the toxic response factor of different heavy metals, the ecological values of

Cd, Pb, Cu, Crand Zn are 30, 5, 5, 2, 1. C} = C;/C}: is the pollution coefficient of each heavy

metal. C!: is the concentration of each heavy metal. C!: is the recommended value for heavy
metal concentration in sediments and soils (Sun, 2017), Table 1.

Table 1. Potential ecological risk classification.

Ecological Risk

Level
RE RI
Low RE <40 RI <150
Moderate 40<RE<80 150<RI<300
Considerable 80 <RE <160
High  160<RE<320 S00<RI=600
Very High RE > 320 > 600

Source: Hakanson (1980); Sun (2017).

2.6. Analysis of data

A mean and standard deviation (SD) were determined for the entire reservoir for all
parameters analyzed. Statistical analyses were performed with SPSS statistics v24 software;
Pearson correlation analysis (p <0.05) was applied to assess the association between the
concentration of metals in sediment and water. Spatial distribution graphs were made with the
software Surfer Golden 16.

3. RESULTS AND DISCUSSION

3.1. Heavy metals, pH and organic matter

The heavy metal concentrations found for ten elements analyzed in sediments
(mg d.w. Kg?) are shown in Table 2, where the mean concentration of Cd (1.46 + 0.94) and the
concentrations of As (12.54+5.70) and Pb (16.35+5.59) in some points was higher in relation
to values of study by Turekian and Wedepohl (1961), while Cr (7.73 + 2.16), Sb (1.03 £ 0.92),
Ni (7.96 £ 2.86), Cu (35.02 + 12.36), Zn (45.63 £ 13.60) and Fe (12.984 + 4.195) presented
low values. Cd is characterized by presenting high concentrations in sediments from various
parts of the world (Caceres Choque et al., 2013; El-Radaideh et al., 2017; Vrhovnik et al., 2013;
Yahaya et al., 2012), A source of entry of Cd into the environment is anthropogenic; however,
the study area is far from the urban area and industrial activities. These high concentrations
would be attributed to the geological characteristics of the area (Vargas, 1970), volcanic
material and volcanic emissions (Hutton, 1983), since the reservoir is close to two volcanoes
(Misti and Chachani). Another source could be atmospheric deposition (Cai et al., 2019). The
dynamics of sedimentation and the entry of pollutants is little known for the reservoir.

AR Rev. Ambient. Agua vol. 17 n. 4, €2838 - Taubaté 2022
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Table 2. Concentration of heavy metals in sediment (mg d.w. Kg™), water (ug L™), pH, organic matter (%) and depth (m) in

Aguada Blanca Reservoir, Peru.

Matrix Points As Cr Cd Pb Sh Ni Cu Zn P Fe pH OM Depth
SA1 2060 11.05 1.64 2296 280 12.06 48.40 58.80 1773 20000 6.22 530 28
SA2 1050 6.47 253 1816 1.00 6.62 3550 4320 1016 14104 596 6.30 24
SA3 1950 867 033 2076 030 10.14 4430 6140 408 13289 595 6.27 22
SA4 1830 872 034 2041 030 10.34 4470 63.10 416 12514 590 6.15 16
SA5 1380 10.68 1.42 1872 230 10.61 46.40 49.70 1492 18255 6.47 4.75 16
SA6  8.20 593 220 15.00 0.70 573 30.20 38.60 1008 12297 6.02 5.17 10

Sediment SA7  8.80 6.21 216 16.28 1.00 593 3250 37.70 954 11275 6.01 554 5
SA8  8.00 690 020 793 020 653 2020 3510 255 7461 593 344 5
SA9 520 491 228 691 070 369 13.00 23.10 287 7662 586 - 4
Min 5.20 491 020 691 020 369 13.00 23.10 255 7461 586 344 -
Max 20.60 11.05 253 2296 280 12.06 4840 63.10 1733 20000 6.47 6.30 -
Mean 1254 773 146 1635 103 796 3502 4563 841 12984 6.04 537 -
SD 5.70 216 094 559 092 286 1236 13.60 537 4195 019 200 -
SAl1 944 030 003 020 020 056 170 16.65 - 220.80 8.41 - 28
SA2 1179 LOD 0.03 020 020 0.70 200 9.67 - 136.10 8.23 - 24
SA3 1092 LOD LOD LOD 020 0.39 190 1983 - 102.90 8.36 - 22
SA4 1121 LOD LOD LOD LOD 043 180 1912 - 139.30 7.96 - 16
SA5  7.37 050 021 060 020 055 160 1598 - 302.00 855 - 16
SA6 1242 LOD 0.05 060 020 073 220 9.85 - 121.70 8.53 - 10

Water SA7 12070 LOD LOD 020 0.20 0.60 170 21250 - 11560 8.48 - 5
SA8 1130 020 LOD 030 020 045 270 5229 - 128.50 8.66 - 5
SA9 13830 LOD LOD 020 020 058 180 1192 - 106.40 8.43 - 4
Min 7.37 020 003 020 020 039 160 9.67 - 10290 7.96 - -
Max  138.30 050 0.21 0.60 0.20 0.73 270 21250 - 302.00 8.66 - -
Mean 3705 033 008 033 020 055 193 4087 - 152.60 8.40 - -
SD 5262 0.18 0.07 022 007 012 034 6565 - 66.08 0.21 - -

LOD: Limit of Detection — in water; LODcr=<0.20; LODc4¢=<0.03; LODpr=<0.10; LODsb=<0.10.
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The sediments had a slightly acidic to neutral pH (5.86 to 6.47). This slight acidity would
be explained by the geology of the study area, which is composed of volcanic rocks (Vargas,
1970). Low pH values prevent the adsorption of metals, since under acid conditions there are
enough H+ ions to bind to the surface of clay and organic matter (Adeniyi et al., 2011), leaving
metals available in the water; however, the slightly acidic to neutral pH (5.86 to 6.47) and the
basic pH of the deep zone water (7.96 - 8.66) (Table 2), would promote the adsorption of metals.

Other factors influencing heavy metal adsorption are organic matter, anoxic conditions,
high Fe and Mn concentrations and low temperatures (Li et al., 2014). The study area presented
a considerable percentage of organic matter in the sediments (3.44 - 6.30%), as well as low
water temperatures of 7°C to 12°C, which makes these factors reduce the release of metals into
water (Li et al., 2014). The adsorption of metals by the sediment is corroborated by the low
concentrations found in the water, with the exception of As (Table 2), which presents values above
that established in Peruvian regulations, As > 10 ug L™ (ANA, 2016).

Heavy metal concentrations in water samples (ug L) presented the following order: Fe
(152 £ 66.08) > Zn (40.87 £ 65.65) > As (37.05 £ 52.62) > Cu (1.93 £ 0.34) > Ni (0.55 £ 0.12)
> Pb (0.33+£0.22) > Cr (0.33£0.18) > Sb (0.20 £ 0.07) > Cd (0.08 + 0.07). The results of this
study show that the concentrations are high in comparison with the study of two lakes in the
central region of Peru where As values were found: 4.2+0.9 nug L?, for Lake Paca and
4.2+0.9 pg L?, for Tragadero Lake (Custodio et al., 2021). While in comparison with other
international studies, the values of metals were notably high for As, in the case of Cr, Cu, Ni
and Pb present low concentrations, while Cd is compatible with other results (see Table 3).

The high concentration of As in the water could be due to the weathering processes of the
rocks, which would incorporate As into the aquatic system. This would be reflected in the
considerable concentrations of As in the Aguada Blanca Reservoir (Prieto et al., 2016). The
concentrations of phosphorus (P) in the sediment would have two effects: it would make As
highly available in the aquatic system due to its low adsorption by the sediment (Prieto et al.,
2016; Zhang and Selim, 2008), and it would reduce the availability of Cd in the water, as
phosphorus works as an adsorption system avoiding its release into the water (Wang and Xing,
2004). This is reflected in the values in Table 2.

Table 4 shows the analyzed data, where a significant positive correlation is observed between
the As in the sediment and the other elements in the sediment: Cr, Pb, Ni, Cu, Zn, Sb, and Fe.

The strong correlation of As with the other elements explains its high content in the study
area and, consequently, said element would be available in the water. Statistically, no
correlation is observed between the concentration of elements in sediment and in the water,
possibly the low resuspension of elements in water influences the results.

3.2. Evaluation of sediment contamination

3.2.1. Enrichment factor

The EF of each sampling point was calculated to determine the degree of enrichment in
the reservoir sediment. The results are shown in Table 5. We observe that the degree of
enrichment presents the following order: Cd (18.78 + 14.89) > As (3.46 + 1.14) > Pb (2.93 £
0.58) >Zn (2.49 £ 0.62) > Cu (2.78 £ 0.57) > Ni (0.43 £ 0.11) > Cr (0.32 £ 0.07), where Ni and
Cr, are elements that do not present enrichment, Cd presents different degrees of enrichment
from moderate to very severe, while As, Pb, Zn and Cu had a low to moderate degree. An EF
value between 0.5 — 1.5 (0.5 < EF < 1.5) indicate natural enrichment and values above
1.5 (EF > 1.5) are characterized by an anthropogenic enrichment (Zhang and Liu, 2002). The
EF values in our study are low in relation to the EF values found by Céceres Choque et al.
(2013) from Lake Titicaca, which presents the following order Cd (14 - 519) > Pb (32 -233) >
Zn (10 - 162) > Co (6 - 71) > Cu (5 - 15) > Mn (3 - 10) > Ni (1 - 18), where we observe the
predominance of Cd, Pb, Zn, Cu in presenting the higher enrichment values. The difference
between EF values lies in low Fe values in Lake Titicaca in relation to our Fe concentration.

AN Rev. Ambient. Agua vol. 17 n. 4, 2838 - Taubaté 2022
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Table 3. Concentration of heavy metals (ug L™) in water in other studies.

As Cd Cr Cu Fe Ni Pb Zn Reference

Min 7.37 0.03 0.2 1.6 1029 0.39 0.2 9.67
Aguada Blanca Reservoir, Peru Max  138.3 0.21 0.5 2.7 302 0.73 06 2125 Present study
Mean 37.05 008 033 193 15259 055 033 40.87

Mean 239 0.036 20.06 2.83 58.63 1575 256 5.02
Kralkizi Dam Reservoir Median 0.70 0.018 16.77 nd 51.28 9.78 0.59 4.01
Max 2261 0.25 90.12 9.18 189.24 52.12 26.48 19.6

Mean 1.61 0.03 1858 212 62.07 1586 184 4.12
Dicle Dam Reservoir Median 0.40 0.014 1427 nd 55.73 999 034 272 (Varol, 2013)
Max 14.14 0.322 46.63 9.63 251.62 54.23 14.73 19.32

Mean 0.71 0.044 16.5 nd 57.66 1596 156 4.09
Batman Dam Reservoir Median 0.36 nd 1211 nd 63.11 1201 0.38 345
Max 6.11 0.428 40.89 9.08 119.12 36.46 11.12 24.57

Atatlirk Dam Reservoir, Turkey - nd - 25 62 15.4 nd 64 (Karadede and Unlii, 2000)
Tigris River, Turkey 1232 nd 4858 452 15946 17.32 22.03 3.62 (Varol, 2013)
Danjiangkou Reservoir, China 11.08 117 6.29 1332 1914 173 1059 2.02 (Lietal., 2008)
Alzate Reservoir, Mexico - - 79 70 6923 34 61 68 (Avila-Pérez et al., 1999)
Reference values 13 0.3 90 45 46700 68 20 95  (Turekian and Wedepohl, 1961)

nd: not detected.
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Table 4. Pearson correlation coefficients for elements in sediment and water in Aguada Blanca Reservoir, Peru.

Elements

oy, PSS ASW Crs CrW  CdS CdW Pbs PhbW ShS SbW NS NiLW CuS CuW ZnS ZnW FeS FeW
As S 1

AsW 0572 1

crs 0845 -0598 1

CrW 0256 -0.366 0728 1

cd_s -0.498 0466 -0414 -0.156 1

CdW 0073 -0316 0504 0786 0133 1

Pb_S 0864 -0522 0734 0181 -0112 0225 1

Pb W  -0425 -0.151 -0.002 0513 037 0725 -0217 1

Sb_s 0344 -0.141 0663 0,741 0348 0604 0464 0364 1

Sb W  -0379 0184 -0172 0227 0447 0196 -0272 0438 0300 1

Ni_S 0945~ -0.654 0968~ 0541 -05 0339 0826™ -0177 0512 -0312 1

Ni W  -0522 0175 -0411 -0126 0915~ 0196 -0.104 0569 0.269 0401 -0482 1

Cus 0.889" -0.606 0.854™ 0372 -0.255 0381 0969~ -0.123 0502 -0.294 0915 -0227 1

CuW  -0403 -0.283 -0.408 -0.168 -032 -0.334 -0556 0141 -0559 0.147 -0382 -0.049 -0525 1

Zn s 0968 -0.661 0799 0194 -0528 0111  0.894™ -0.374 0231 -0481 0922~ -0485 0.924” -034 1

ZnW  -0261 055 -0254 -0.181 0143 -0236 -0.085 -0.11 -0.077 0.124 -0.262 0033 -013 -0.114 -0.233 1

Fe's 0.700° -0508 0.837° 0591 0106 0577 0842~ 0.179 0.839” 0042 079" 0.11 0.866" -0578 0.666 -0.233 1
Fe W 0355 -0.383 0779° 0932™ 0007 0873 0401 0498 0.833" 0075 0617 0022 0556 -042 0325 -0.226 0.767" 1

S: Sediment, W: Water.
**_The correlation is significant at the 0.01 level (bilateral); *. The correlation is significant at the 0.05 level (bilateral).

3.2.2. Geoaccumulation index evaluation (lgeo)

lgeo Values were calculated to determine contamination in the sediments of Aguada Blanca Reservoir. The results are shown in Table 5, where
the Cd value (1.21 + 1.45) presents values greater than 0 (lgeo> 0), and presented a degree of contamination from moderately to heavily
contaminated, while As (-0.78 £ 0.69), Pb (-0.98 £ 0.62), Cu (-1.05 + 0.64), Zn (-1.71 £ 0.47) and Cr (-4.18 + 0.40) do not present contamination
for the reservoir. The high EF and Igeo 0of Cd would be a risk in the reservoir in relation to other evaluated elements, and compared to other studies,
our Cd lgeo Wwould be slightly higher (Abata, 2013; Ekengele et al., 2017; Li et al., 2018; Marziali et al., 2017; Zhang et al., 2017) and less equal to
studies where the concentration of Cd is described as a strong anthropogenic effect (Céceres Choque et al., 2013; Cevik et al., 2009; Li, 2014;
Nowrouzi and Pour Khabbaz, 2014).
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3.2.3. Ecological risk index

Table 5 shows the RI values of the sediment samples, and they present the following order
of risk Cd > Cu > Pb > Zn > Cr. The RI value of Points SA3, SA4 and SA8 were less than 150,
indicating that these points present a low ecological risk (<150). While Points SAL, SA2, SA5,
SAB, SA7 and SA9 presented values higher than 600, which means a high ecological risk due
to the presence of heavy metals (see Table 5). The ER value of Cd is the one that most
contributes to the ecological risk of the water body; an element that is characterized by
increasing the risk in different investigations (Li, 2014; Mohamaden et al., 2017).

3.3. Spatial distribution of metals

The Aguada Blanca Reservoir presents the highest concentrations of As, Sh, Cu, Ni, Zn,
Fe, Cr and Pb in the narrow zone of the reservoir (dam - water outlet) and middle zone (Figure
2), zones characterized by greater depths and where the accumulation of sediments is greater.
Therefore, there is a higher concentration of heavy metals (Colman et al., 2011). High
concentrations of heavy metals would be the result of deposition and low water flow velocities
and where fine particles act as sinks (Palanques et al., 2014). Figure 2 shows the spatial
distribution of Cd, As, Pb, Cu, Ni, Zn, Cu, Fe and Sb along the Aguada Blanca Reservoir.
According to the maps in Figure 2, it is observed that most of the elements present an increase
in their concentrations as they approach the narrow zone of the reservoir (dam - water outlet)
and the middle zone of the reservoir, with the exception of Cd, which does not present
uniformity in its distribution.

8208000

: 0 I Ld’ Q : 8202500 ® (

8204000

nnnnnnn

{

Figure 2. Spatial distribution of heavy metals in sediments of
Aguada Blanca Reservoir, Peru.
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Table 5. EF, lgo, RE and RI values in Aguada Blanca Reservoir.

EF lgeo RE
Points RI
As Cr Cd Pb Ni Cu Zn As Cr Cd Pb Ni Cu Zn Cd Cu Pb Zn Cr

SA1 37 029 1276 268 041 251 202 008 -361 187 -039 -3.08 -048 -1.28 586 10.08 4.45 093 0.33 6015
SA2 272 03 1211 239 04 264 187 -089 -438 249 -072 -395 -093 -172 904 74 352 068 0.2 9154

SA3 267 024 2792 301 032 261 21 0 -39 -045 -053 -333 -061 -1.21 118 9.23 4.02 097 026 1323
SA4 24 025 2785 285 032 255 216 -0.09 -395 -04 -056 -33 -059 -118 121 931 396 099 026 136
SA5 28 029 2982 337 036 299 23 -05 -366 166 -0.68 -3.27 -054 -152 507 9.67 363 078 032 5215
SA6 244 033 4632 211 033 176 207 -125 -451 229 -1 -415 -116 -188 786 6.29 291 061 0.18 7957
SA7 527 034 387 365 052 346 317 -115 -444 226 -088 -41 -105 -192 771 677 316 059 019 7821

SA8 525 036 423 381 057 371 346 -129 -429 -117 -192 -397 -174 -202 50 421 154 055 021 56.51
SA9 385 048 417 248 06 281 323 -191 -478 234 -212 -479 -238 -262 814 271 134 036 0.15 8189

Min 24 024 387 211 032 176 187 -191 -478 -117 -212 -479 -238 -262 50 271 134 036 015 56.51
Max 527 048 4632 381 06 371 346 008 -361 249 -039 -3.08 -048 -1.18 904 10.08 4.45 099 0.33 9154
Mean 346 032 18.78 293 043 278 249 -07/8 -418 121 -098 -3.77 -1.05 -1.71 517y 73 317 072 0.23 5289
SO 114 0.07 1489 058 011 057 062 069 04 145 062 056 064 047 338 257 108 022 0.06 3371

AR Rev. Ambient. Agua vol. 17 n. 4, 2838 - Taubaté 2022
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4. CONCLUSIONS

Sediment quality often reflects the current state of aquatic systems. This study used
sediment quality indices to characterize the status of the Aguada Blanca Reservoir in relation
to heavy metal concentrations.

According to the quality indices, the reservoir sediments are enriched by Cd, As and Pb,
which present concentrations higher than background concentrations and the highest
concentrations are distributed in the deeper areas of the reservoir. The high EF and lgeo values
in Cd would make it a promoter of ecological risks for the aquatic system, if appropriate
conditions are given for its availability and mobilization within the system, conditions that
would not be currently present due to the low concentration of Cd in the water (0.08 = 0.07 pg
L. As concentrations exceed Peruvian regulations and present high values in relation to other
aquatic systems.

The results of this study underline that it is important to carry out further studies on the
dynamics of mobilization of Cd and As to determine the possible risks to water quality under
environmental and hydrological changes.
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