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Abstract: The purpose of this article is to provide an analysis of the geochemistry of sediments
deposited in the Bay of Samana (Dominican Republic) after 1900, emphasizing in the recent changes
(last 20 years). This bay was formed by tectonism and sedimentation that joined the Samana
peninsula with the northern mountain range.

From 2003 to 2016, Dominican Republic was impacted by several cyclonic systems (storms and
hurricanes), which caused an increase in the runoff of all rivers and streams that flow into the coastal
area by depositing large amount of sediments in the basins of the rivers and tributaries. The
Sedimentary Accumulation Rate (SAR) found in the cores indicates an increase in runoff which
resulted in a decrease in the area and depth of the bay where sediment was deposited by rivers and
streams.

When analyzing data from the period 2003 to 2019, it was observed that the Yuna River has
made an intrusion of sediment displacing 2.38 km? to the bay, its average SAR was 1.78 cm per year
(cm y!). The main cause of this increase in sediment deposition was mining, followed by
deforestation, agriculture, and urban planning over the years, all activities that have the common
denominator of being anthropic.

Keywords: sediment; Bay of Samana; Dominican Republic and runoff




299

1. Introduction

Hispaniola is an island in the Greater Antilles on which two countries coexist, Haiti (West) and
the Dominican Republic (East). This island is of tectonic origin arising from the volcanism of the
region during the Cretaceous period of the Mesozoic era and by sedimentation in the recent
Quaternary [1-3]. The Bay of Samana is located in the Dominican Republic (Figure 1). A portion of
the sediment in the bay has been caused by landslides in the steep areas of the Samana peninsula and
is washed away by rivers and streams in the northern part of the bay [4]. These trawls are important
factors in the degradation of water quality and the bay environmental and ecological conditions [5,6];
however, the greatest contributions of dragged soils, which change the coastal area, are generated
from the basins of the Yuna-Camu, Yabon, Cano Hondo, and Yeguada Rivers that flow into the
southern slope of the Bay of Samana [7,8] and the Samana River that flows in from the northwest.
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Figure 1. Map of the Caribbean region. The box is the location of the Bay of Samana in
the Dominican Republic, as well as the location from where the cores were retrieved.
Source: Google maps.

Environmental reconstructions in sediment have been carried out with success by [9] and more
recently by [10] using radiometric dating techniques to evaluate sediment deposition time. The dates
obtained from the dating with 2!°Pb (natural radionuclide of the *®U decay chain) can be used to
reconstruct the past (up to 150 years) using the sediments as environmental archives [11-13]. This
period is sufficient since industrial development activities and population growth in the region have
occurred in the last eight decades (National Statistics Office, Dominican Republic).

The study of sediments can provide current and past information because the sediment
transported from various rivers supply historical records of the geological and hydrological condition
of the basin over time [14], the sedimentary accumulation rate (SAR) [15] and, the composition and
enrichment of pollutants [16]. These parameters directly related to the displacement of soil masses
either by landslides or by erosion during rain, which intensify during storms or hurricanes are
considered extreme weather events (EWE). In recent years, there has been an increase in these
extreme events observed [17]. The 2004 to 2012 was predominantly influenced by La Nifia and the
Bay of Samana was significantly impacted at this time [18].
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EWEs are frequent in the Dominican Republic because of the island is located in relation to the
routes of tropical waves, hurricanes, and storms that form in the south-central tropical zone of the
Atlantic and are dragged by trade winds to the northwest. The contributions of sediment by the rivers
from storms during the 2004—2012 period were very noticeable [19]. The same happened with the
passage of Hurricane Irma and Maria that affected Puerto Rico in September 2017. The Bay of
Samana is economically important for the Dominican Republic. The bay is known for many
sightings of humpback whales, which in late winter and early spring remain in the waters of the bay
to reproduce. Tourism, fishing, and agriculture are the most important economic sources of
livelihood in the towns of Sanchez, Samand, Sabana de la Mar and Miches, which is why it is
important to study sedimentation as an element of ecosystem degradation (coastal zone and
biodiversity) [20].

The purpose of this article is to analyze the geochemistry and sedimentation rate in Samana Bay,
after 1900, emphasizing in recent changes in the last two decades and to infer their relationship with
the EWEs. We identified the more affected zones by runoff and interpreted the main cause associated
with human activities

2. Materials and method
2.1. Study area

The geographic location of the bay is delimited to the North by the peninsula of the same name,
to the South by the North slope of the eastern mountain range and Los Haitises National Park, to the
East by the Atlantic Ocean, and to the West by the old Great Estero, now called El Bajo Yuna [1].
The Yuna River and its tributaries, the Camt and Jayas Rivers, cross the central Cibao region
collecting the waters from the provinces of Monsefor Notiel, Duarte, Sdnchez Ramirez, and La Vega
(Figure 2), and their runoffs bring large deposits of sediment to the Bay of Samana [21].

In these provinces there are important human settlements dedicated to agriculture, livestock, and
mining that contribute to soil erosion and water pollution [22]. To the South of the bay, the Sabana la
Mar and Miches towns are the main contributors to the sediment trawls of the Yabon and La
Yeguada Rivers, respectively [23].
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Figure 2. Map of the Dominican Republic showing Yuna, Camu, Yabon, and Yeguada
Rivers Basin and core locations. Map modified from Andrés Moreta (2002).

2.1.1.  Regional geological conditions

The Yuna river that crosses the Nickel mining area in Bonao and the Gold one in Maimon as
well as the main rice and banana crops in the country; where the Cibao valley meets the eastern
mountain range in the vicinity of Cotui. There are also massive limestones with rudists and dark
limestones with silex nodules from the Albian age, as well as karstified limestones from Los Haitises
and clayey alluvium from the Quaternary trawls of the Camu and Yuna rivers in the Lower Yuna
region and the middle basin, affect sediment texture as well as grain size [24]. In the Miches Zone
there are deposits of volcanic and volcano-sedimentary materials, as well as sedimentary reef
limestones during the Aptian-Albian. Sandstones and tuffs deposited in a turbiditic environment
during the Upper Cretaceous; the group is affected by small serpentinite and diabase intrusions
forming conglomerates [23].

The Samand Peninsula formed by Miocene-Pliocene siliciclastic rocks that have been
transformed. There are also marine Quaternary terraces, made up of stratified limestones where algae,
mollusks and corals are found [25]. The rocks of the Sanchez area composed of lignite and mud
constituted of a high content of organic matter, as they are a deposit of remains of the fauna and flora
of the reef area of the bay as they are sedimented in this area in the Miocene. It was tertiary when the
Peninsula was separated from the Cordillera Septentrional forming the great estuary. The peninsula
presents several inverse North-South faults that are concurrent to the North fault, which is a sliding
one, predominantly in the East-West direction. Further South of the bay is the continuation of the
Cibao fault and also the Yabon fault, in the southeast-northeast direction. The peninsula is part of the
ridged block in the subduction zone that is located northeast of Hispaniola [25].
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The main tributaries to the Samana Bay from the northern side are the Majagual River and a
series of small streams between the towns of Majagual and Sénchez, with North-South direction and
subject to minimal travel. Water from several of these streams flows into the Yuna near the mouth.
Other tributaries are located between the towns of Sanchez and Punta Balandra (Punta Gorda,
Higiiero, Salado, Hondo, Juana Vicenta, Las Flechas, Los Cacaos, and Los Limones), and the Santa
Capuza, Los Cocos, Bushi and Balandra Rivers, heading North-South and little travel. These rivers
and streams drag the sediments of the peninsula and the wastewater of the towns located along the
coastal zone (Table 1).

2.1.2. River Yuna-Camu

The river basin of the Yuna River is formed by Cibao south-central, northeast and part of the
Cibao north-central region. The area of the basin is 5253 km?and is formed by a broadleaf forest that
occupies about 44% (2311 km?) of the Yuna basin. The remaining 56% is dedicated to four types of
agricultural use: intensive crops (848.6 km?), pastures (634.2 km?), rice (607.3 km?), and cocoa
(530.7 km?). The high areas of the Central mountain range and the Yamas4a mountain range are
covered by 190.3 km? of coniferous forest (3.6%) [26,27]. Ferro-nickel and gold mines operate at the
Yuna basin.

2.1.3. River La Yeguada (Miches)

The Yeguada River, in the Yuma region, is located in the El Seibo province and flows into the
municipality of Miches. The area of the basin is 53.7 km?. Cocoa plantations are the main land use
coverage in the La Yeguada River basin covering an area of 26.5 km?, which is 49% of the land. The
broad and humid broadleaf forests cover 36% (19.3 km?) of the basin. Grass is another land use
covering about 7 km? (13%) [26].

2.14. River Yabon (Sabana de la Mar)

The Yabon River, in the Higiiamo and Yuma regions, is located in the provinces of Hato Mayor
and El Seibo. The area of the basin is 370.6 km?. The majority of the land, about 107.2 km? (29%), is
dedicated to the cultivation of cocoa, followed by wet broadleaf forest that comprises 85.2 km? (23%)
of the territory. Grass occupies third place with 71.8 km?, making up 19% of the land. Lesser uses for
the land are dry scrub, coconut, and intensive crops [26].

2.2. Sampling
Using the UWITEC gravity corer, seven sediment cores were collected in the study area near
the mouths of the main rivers (Yuna, Yabon, La Yeguada, Cafio Hondo, and Samand) and one inside

the bay (Table 1, Figure 2). The cores were extracted manually and then cut into sections of 1 and 2
cm according to the length of the core [1].
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Table 1. Location, length, and depth of cores taken from the coastal areas, the Bay of

Samana.
Station code Latitude (N) Length (W) Core length (cm) Depth (m) Site
Cl 19.1926 69.5977 100 28 Yuna-Barracote River mouth
C2 19.146 69.5913 82 25 Yuna River mouth
C3 19.1095 69.1805 46 12 North Miches
Cc4 19.1933 69.3198 58 5 Puerto Samana
Cs 19.1041 69.3977 92 15 Yabon River
Co 19.0851 69.4492 52 6 Cafio Hondo River
C7 18.9958 69.0452 20 6 Yeguada River mouth

2.3. Analytical methods
2.3.1. Moisture content and loss of ignition

The sediments were weighed wet and dry at a temperature below 50 °C in an oven to determine
the moisture content, up to constant weight after several weightings. A portion of 3 grams of dry
weight was incinerated at a temperature of 450 °C in a flask to determine the content of organic
matter [28,29].

2.3.2. Chemical composition

A 3-gram portion of the dried, crushed, and sieved sample was pressed into a tablet. The tablet
was placed on the Skyray-Instrument EDX-RF 36000B X-ray fluorescence spectrometer to
determine the concentration of chemical elements from sodium to uranium. The elements that we
were interested in analyzing were Cr, Cu, Pb, Hg, Zn, Ni, Mn, Fe and Ca. The spectrometer was
previously calibrated using standard sediment samples certified according to ISO/IEC 17025 and
ISO Guide 34 by Sigma-Aldrich (TraceCert; NIST, IAEA) and BAM-CRM (SRM1944, SRM2707,
SRM1646a and IAEA356). The quality of the heavy metal determinations of the sediment equipment
was verified using the BCR277 and SRM 1944 certified materials [1].

2.3.3.  21%Pb excess analysis

Approximately 1.0 gram of dried, crushed, and screened sample was completely digested by the
EPA-3050B method, using a mixture of nitric acid and concentrated hydrochloric acid. First, by
adding the hydrochloric acid little by little until the effervescence was completely eliminated due to
calcium carbonate and then by adding the nitric acid. Using a Thriathler liquid scintillation counter,
the beta emissions of the digested material from !°Bi were determined in secular equilibrium with
210 after 15 days of preparing the samples [30,31]. In this way, the beta activity was determined [32],
with the objective of determining the deposition date of each sediment section from the decay of
219ph in excess and its half-life [33,12].
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2.4. Data analyses

Using satellite and aerial photos, comparisons of the coastline were made to recent years.
Photos were taken during periods when there were incidents of meteorological events in the region
and compared with changes in coastlines and sedimentation rate. Furthermore, we compare the
trends between sediment composition and sedimentary accumulation rate (SAR), previously reported
for us in these sediment cores [1].

3. Results and discussion
3.1. General compositions in sediment cores

Table 2 showed the values of major and trace element (0—10 cm) in the seven cores collected in
the study area analyzed by XRF, values were recovered from a previous research [1].

The average concentrations in the seven sediment cores (0—10 cm) showed a significant
variation of the sediment composition in the study area (Table 3). The cores C1 and C2, recovered at
the current and old mouths of the Yuna River, showed high concentrations of Cr and Ni, with values
higher than the PEL in all samples for both elements, and high levels of Zn. For Cr and Ni, we
observed significant enrichment respect to the Upper Continental Crust (UCC) and values reported in
other bays in the world (Table 4). In C1, we found also elevated levels of Hg and Pb. The trace
elements in core C1 showed the highest concentrations of all trace elements, due to the origin of the
sediments carried by the Yuna; mining areas, towns and agricultural crops.

The core C3, collected in the North of Miches, contained more than 40% of Ca on average
(0—10 cm), indicating that sediments are of marine origin with clay texture and debris of corals. The
Fe is 0.6%; it is the lowest value in all sediment cores. The trace elements showed content lower than
the values reported in the UCC and other bays in the world (Table 4). In this area, no enrichment of
trace clements was found. In the core C4, taken at the Port of Santa Barbara de Samana values of Cr
and Ni were very higher, with elevated values of Pb (>PEL). In this site, trace elements
concentrations were similar to C1 and C2, but with relatively low values of Zn and without Cu
content.

In the cores C5 and C6, only Cr and Ni showed an enrichment respect to the Upper Continental
Crust and values report in other bays (Table 4). The C7 collected at the mouth of the La Yeguada
river in Miches, had 14.6% of Ca and 1.4% of Fe; we found an enrichment of Cr and Ni, with
significantly higher levels of Hg.

AIMS Geosciences Volume 6, Issue 3, 298-315.
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Table 2. Major and trace elements in the sediment cores taken in the bay of Samana.

Core Depth (cm)  PPI Ca% Fe% Mn% Crpuglg Nipg/g Cupgl/g Znpg/lg Hgug/g Pbuglg

C1 0 17.1 2.2 6.3 0.07 253.2 95.2 70.6 105.8 1.7 24.0
2 19.3 2.5 6.6 0.07 329.8 118.0 37.0 92.6 1.6 21.5
4 19.1 24 6.6 0.05 203.5 139.5 99.4 75.8 1.0 272
6 2.6 7.2 0.08 260.0 131.6 74.8 114.0 * 41.5
8 24 6.7 0.06 364.8 116.4 90.6 162.0 * 21.4
10 24 6.6 0.05 155.1 99.4 54.1 131.0 * 34.7
Cc2 0 14.8 1.8 5.1 0.04 190.1 86.1 443 119.0 * 8.7
2 13.2 1.5 52 0.04 85.3 117.2 13.9 148.1 * 4.5
4 12.6 1.7 5.1 0.04 176.6 118.0 47.8 216.3 * 8.7
6 12.7 2.0 5.1 0.05 191.4 116.1 9.8 203.8 * 8.0
8 13.7 2.0 5.2 0.05 186.0 114.9 34.4 182.3 * 6.2
10 13.6 2.2 53 0.05 164.5 85.4 49.8 119.4 * 3.7
C3 0 12.0 42.9 0.7 0.02 10.9 28.7 18.4 36.8 * 7.6
2 10.8 41.8 0.6 0.01 5.5 36.9 8.8 37.5 * 6.3
4 13.6 43.0 0.7 0.01 27.3 31.3 6.7 332 * 4.7
6 41.7 0.7 0.01 46.1 20.3 9.2 35.1 * 2.8
8 11.9 44.9 0.6 0.01 10.9 27.7 9.6 36.1 * 6.8
10 44.8 0.7 0.01 50.0 15.6 8.3 37.0 * 4.4
C4 0 16.9 3.1 3.2 0.05 258.1 93.7 * 42.5 * 36.7
2 16.6 34 3.1 0.05 171.4 149.4 * 54.6 1.4 21.2
4 18.3 2.9 2.8 0.04 193.9 139.0 * 47.4 * 30.2
6 16.8 35 3.0 0.04 200.6 164.1 * 40.8 * 352
8 21.0 3.6 33 0.05 188.6 71.1 * 58.1 * 322
10 15.9 34 33 0.05 194.6 131.4 * 523 * 44.1
Cs 0 1.3 49 0.07 108.9 46.1 * 24.9 *
2 16.4 1.0 49 0.07 158.7 93.5 * 224 * 11.8
4 14.6 1.1 5.2 0.07 116.4 323 * 28.1 * 11.5
6 20.0 0.6 2.6 0.03 49.9 51.8 * 8.3 * 14.1
8 15.4 2.1 4.5 0.06 57.9 123.6 * 27.9 * 15.2
10 20.8 2.0 4.2 0.07 44.0 74.5 * 11.8 * 16.0
C6 0 14.4 1.2 4.5 0.06 193.0 75.1 * 18.7 * 6.7
2 13.9 1.2 4.5 0.05 259.2 32.6 * 17.3 * 7.1
4 1.3 4.6 0.05 205.7 73.7 * 15.2 * 10.5
6 13.5 1.4 4.6 0.05 181.3 81.4 * 11.5 * 7.3
8 1.3 4.7 0.04 281.2 79.2 * 24.8 * 11.7
10 13.4 1.2 4.5 0.05 220.9 80.4 * 11.1 * 14.9
C7 0 11.2 17.4 1.1 0.04 64.1 113.4 * * 1.4 0.0
2 9.5 9.8 2.1 0.05 103.0 87.0 * * 2.2 20.0
4 7.9 10.1 2.0 0.05 108.5 112.4 * * * 22.6
6 7.6 17.8 0.9 0.03 65.7 54.0 * * * 11.2
8 8.5 17.0 1.0 0.03 68.4 99.9 * * * 3.1
10 15.2 15.5 1.3 0.04 69.0 109.2 * * 1.4 4.0

* Concentrations < LD
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Table 3. Range of major and trace elements in the sediment cores. Allowable exposure
limits (PEL) and effect threshold level (TEL), SQuiRTs-NOAA [34].

Level Range in each Core (ug/g)

PEL TEL Cl C2 C3 C4 C5 Co6 C7
Element pg/g pg/g Min - Max Min  Max Min Max Min Max Min Max Min Max Min Max
Cr 52 160 155 365 85 191 6 50 171 258 44 159 181 281 64 109
Ni 16 43 95 140 85 118 16 37 71 164 32 124 33 81 54 113
Cu 19 108 37 99 10 50 7 18 * * * * * * * *
Zn 124 271 76 162 119 216 33 38 41 58 8 28 11 25 0 0
Hg 0.1 0.7 1.0 1.7 * * * * 1.4 1.4 * * * * 1.4 22
Pb 30 112 21 42 4 9 3 8 21 44 12 16 7 15 00 23

Level Range in each Core (%)

Ca 2.2 2.6 1.5 2.2 417 449 29 3.6 0.6 2.1 1.2 1.4 9.8 17.8
Fe 6.3 7.2 5.1 53 0.6 0.7 2.8 33 2.6 52 4.5 4.7 0.9 2.1
Mn 0.05 0.07 0.04 005 001 0.02 0.05 005 003 0.07 0.04 006 003 0.05

* Concentrations < LD.

Table 4. Average concentrations of trace elements (mg kg™!) in the sediment of the Bay
of Samand, in the Upper Continental Crust (UCC) [35], and in other bays around the

world [36-40].

Site Range of trace elements

sediment cores Cr Ni Zn Pb Source

Samana Bay Cl, C2, C4-C7 44-365 32-164 41-162 4-44 This study
C3 (marine carbonate) 6-50 16-37 33-38 3-8 This study

Paranagua Estuarine System, Brasil 15-58 7-22 27-80 17-30 [36]

Hong Kong, China 20-79 12-33 53-292 22-98 [37]

St. Lawrence Harbour, Canada 37-99 22-64 201-563 33-134 [38]

Beibu Bay, South China 6-84 NR 5-112 7-49 [39]

Persian Gulf, Iran 58-141 70-196 46-107 18-95 [40]

Upper Continental Crust 92 47 67 17 [35]

In general, all samples collected near to river mouths (C1, C2, C4, C5, C6, and C7) showed
higher values of trace elements like Cr, Ni, and Zn, probably due to enrichment by human activities

in earth basins. However, the cores showed a specific grade of enrichment as a result of different

human activities in each earth local basin.
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3.2. Local processes and trace elements in sediment cores

In the last decade, the Bay of Samand was significantly impacted by extreme weather events [18].
These extreme events increased the contributions of sediment by the rivers [19], with a noticeable
rising of sediment accumulation in the bay (Figure 3).
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Figure 3. Relation of the Sedimentary Accumulation Rate (SAR) with extreme
meteorological events during the period 1890-2016 that affected the bay of Samana,
Dominican Republic. See: https://ggweather.com/enso/oni.htm.
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Figure 4. Graphs of the SAR of the cores collected in the Bay of Samana (Delanoy et al.,

2019). The dating was from 1890; while the data in the charts are only from 1960, for
better visualization.
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Figure 5. Variation of 2!°Pb activity with depth in cores 1, 2 and 3, left. Cores 4, 5, 6 and
7, right.

The estimated sedimentary accumulation rate (SAR) in each core is shown in Figure 4 [1]. The
values were estimated from the excess of 2!°Pb in each sediment core (Figure 5). The average SAR
for the 2003 to 2016 was 1.8 cm per year (cm y ) at the site of the C1 core (Figure 4); the Great
Estero and the land of Lower Yuna have historically caused depositions in the river [41]. In the
period 2003 to 2019, the Yuna River has made an intrusion of sediment displacing 2.38 km? of the
bay (Figure 6) [42], Fe increased with depth in the C2 core and Ca increased slightly, while Al and
Si decreased [1]. Apparently, due to a change in the water source of the sediment [16], supply being
derived from two outlets, Yuna and Yuna-Barracote. In the C2 core, Ni and Cr exceeded the limits
for sediment to be considered non-toxic (Table 3).

With an average SAR in the 2003 to 2016 period of 0.72 cm y !, core C3, taken North of
Miches alongside an Hg-loaded galleon sunk in 1724 during a storm [43], Hg was not detected in the
first 10 cm (Table 2), while in sections beyond 10 cm depth they registered the highest value over
tolerable limits [1].

Between 1998 and 2011, the Samand River, in the port of the same name (core C4), contributed
the highest SAR due to a barrier that prevented sediment from spreading into the bay (Figure 4). In
the port of Samané (Samana River), the C4 core was extracted with an average SAR in the period
2003 to 2017 of 3.1 cm a™! (Figure 4) where Ca decreased with depth. A change from 22-43 cm in
the sedimentation regime was observed under terrific influence of the Samana River collecting the
wastewater from Santa Barbara de Samand [1]. The trace elements, such as Hg, Pb, Ni and Cr, in
several sections exceeded toxicity values (Tables 2 and 3).

AIMS Geosciences Volume 6, Issue 3, 298-315.



309

Figure 6. Mouth of the Yuna River. The blue line represents the coastline from 2003, the
yellow line from 2011, and the violet line from 2017. The riverbed was always the same
due to its channeling. Between 2003 and 2011, 2.00 km? of the bay were lost, from
20032017 the loss was 2.17 km?. All losses were caused by the entry of sediments from
the Yuna River. Source: Google Earth, left; Photo: Landsat 8.
https://landlook.usgs.gov/landlook/viewer.html, right.

The Yabon River flows into this area, near the municipality of Sabana de la Mar, and its main
basin is in the eastern mountain range formed by karst and volcanic rocks. The chemical elements of
the C5 core from 0—64 cm have changes, but from 60 cm the values remain constant [1]. Cr and Ni are
the trace elements that exceeded the permissible exposure limit and effect threshold level (Table 3).
The average SAR in the C5 core during 2003 to 2016 was 1.8 cm y ! (Figure 4); from
2003-2019 the sediments occupied 0.13 km? of the bay (Figure 6).
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Figure 7. Mouth of the Yabon River. The blue line represents the right bank of the river
and the coastline from 2003, the yellow line from 2011, and the violet from 2017. From
2003-2011, 0.10 km? of the bay were lost, from 2003-2017 the loss was 0.12 km?. All
losses were caused by sediments from the Yabon River. Source: Google Earth. Photo:
Lansat 8.

In the C6 core that corresponds to the deposition of the sediment of the Cafio Hondo River, in
the bay of San Lorenzo, the average SAR reached 2.5 cm y ! in the period 2003-2016. The
sediments came from Los Haitises National Park, formed by karst rocks, dragged along the Cafio
Hondo River (core C6), deposited in the San Lorenzo Bay, which limits their spread. As in the C5
core, in the cases Ni and Cr exceeded the toxicity limits.

At the mouth of the La Yeguada River in Miches, the C7 core consisting of calcium carbonate
with an average SAR during the 2003-2016 period of 0.6 cm y ™. In this zone, from 2003-2019, the
sediments occupied only 0.01 km? of the bay (Figure 8). In the first 10 cm deep was registered the
highest value of trace elements over the tolerable limits (Table 3). Majority elements, as well as trace
elements of Pb and Cr, vary according to the sedimentation rate. The C7 core has the same behavior
as C5 and C6 cores due to the geological characteristics of its basins.

AIMS Geosciences Volume 6, Issue 3, 298-315.
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Figure 8. Mouth of the Yeguada River. The blue line represents the coastline from 2003,
the yellow line from 2011, and the red line from 2019. Between 2003 and 2019, 0.01 km?
of the bay were lost due to the entry of sediments contributed by the Yeguada River. At

low tide, the river is closed to the sea by a sandbar. Source: Google Earth. Photo: Landsat 8.

In general, the Yuna River most abundantly contributes to the sedimentation of the bay,
followed by the Yabon River, then the Samana, Cafio Hondo, and finally La Yeguada. From the
North, other rivers and streams also make their contributions, with Los Cacaos having the highest
incidence of sedimentation in the bay next to Samand. The Yabdn River is the next highest
contributor, since the sediment has little mobility due to the granulometry [24], accumulating a short
distance from the mouth (Figure 7). In contrast, sediment from the Yuna River has greater mobility
spreading over a wider area (Figure 6). It was observed that the SAR has been increasing in all cores
associated to how anthropogenic activities, such as agriculture, livestock, mining, and deforestation,
impact the river basin and by the increase of the extreme weather events in the last decade in the
northwest region of Dominican Republic.

4. Conclusions

From 2003 to 2016, Hispaniola Island was subjected to a period of great storms and hurricanes,
which caused the Bay of Samana to receive large amounts of sediment in its area, according to its
watersheds. The SAR determined in the cores taken show large amounts of sediment deposited in the
bay by rivers and streams, resulting in a decrease in the bay area, as well as its depth in the areas of
sediment deposition.

It was inferred that much of this sediment contained toxic trace elements (Table 3) that
exceeded the values of the SQuiRTs-NOAA table in significant quantities, and the health of the
ecosystem will depend on the bioaccumulation capacity or tolerance of the species that inhabit the
bay. The bay area has been gradually decreasing: between 2003 to 2019, the sediment from Yuna
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and Yabon Rivers has occupied 2.38 km? and 0.13 km? of the bay, respectively, and the bottom of
the bay in the vicinity has also been reduced. The reductions, all measured in the same period, were
44 cm for the C1 core, 12 cm for the C3 core, 32 cm for the C4 core, 38 cm for the C5 core, 27 cm
for the C6 core, and 9 cm for the C7 core. The pronounced hydrometeorological activity in this
period associated with climate change marked this accelerated sedimentation process of the Bay of
Samana, as well as other regions of the Dominican Republic, such as the Lake Enriquillo basin.
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