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1. Sources and levels of metals in a protected coastal lagoon were studied in Colombia
2. Several contamination indexes shown a strong pollution by Cd and Pb in sediments
3. Cu & Hg exceeded the TEL and ERL values, indicating an ecotoxicological risk

4. Pollution mainly originates from anthropogenic industrial & agricultural activities
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Abstract

This work reports the level and ecological impact of metals in the sediments of the
Mallorquin swamp, a protected coastal lagoon in the Caribbean coast of Colombia. The
distribution of metals was in the following decreasing order: Zn > Cu > Pb > Cd > Hg,
showing statistically significant differences among sites. The average Pb and Cd
concentrations in sediments were about 17 and 5 times higher, respectively, compared to
those in background values. Several contamination indices suggested moderate
contamination of Hg, Cu, and Zn, and strong pollution due to Cd and Pb. Multivariate
analysis revealed spatial variations for metals and its anthropogenic origin, such as
municipal and industrial wastewater discharges (Pb, Zn, and Hg) and agricultural activities
(Cd and Cu). These findings showed the negative impact of human activities and the need to

apply protective management strategies.
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Coastal areas are often urbanized and industrialized, so they become subject to the release
of trace metals in significant quantities (Bodin et al., 2013). This situation has caused the
contamination of marine sediments becoming a widespread problem in the coastal waters of
many countries, and constitutes a threat to marine resources and human health. Sediments
show a high capacity to accumulate metals, even at low concentrations in the aquatic
environment (EI Nemr et al., 2007; Christophoridis et al., 2009). Metal contamination in
aquatic environments has become a significant concern due to its toxicity, abundance, and
persistence in the environment, and its subsequent accumulation in aquatic habitats (Fu et
al., 2014; Islam et al., 2017; Wu et al., 2017). The pollution of coastal areas by metals is a
global problem, and the Colombian Caribbean coastal area is not an exception (Fernandez
et al., 2018). The Mallorquin swamp or Ciénaga de Mallorquin (Ramsar site, Decree 3888,
Ministry of Environment, Housing and Territorial Development, 2009) is a unique estuarine
coastal lagoon located in the state of Atlantico on the Colombian Caribbean coast,
considered today as a marine ecosystem of great importance for the sustainable
development of the region. Unfortunately, this lagoon suffers several pollution problems, just
like other similar coastal areas around the world. Until the 1940s, it had an estuarine regime
with a great variety of micro-systems and fishing resources as it belonged to the flood-prone
delta of the Magdalena River. However, in 1935, with the construction of the buttresses, it
functions as a coastal lagoon after modifying the estuarine regime given its connection and
permanent dependence on the Magdalena River. Due to these circumstances, the problems
for the ecosystem began when the exchange of the waters necessary for the natural balance
was interrupted, causing serious consequences to the aquatic life that it houses,
accumulation of contaminants, and considerable sedimentation processes. Associated with
this problem, the phenomenon of expanding the urban or productive border, or both, is also
typical of some companies in the industrial sector to gain land that they subsequently enable
for their activities, generating further contamination. This is even more critical considering
that invaded areas do not have public service coverage, especially those defined for

sanitation, generating higher pressure on the system and its resources. In addition to the



O J o U bW

OO DTG UTUITUTUTUTUTUTOTE BB DD DDA DS DNWWWWWWWWWWNRNNNNNONNNONMNNNR R R RR PR PR
O™ WNFROWVWOJdNT D WNRPOW®O-JIAAUTDRWNR,OW®O®JdNTIBRWNRFROWOW-TJMNUB®WNROWO®W-10U D WN R O WO

environmental problems that affluent ecosystems and their watershed suffer due to
agricultural activities, there is also the pollution produced by an old garbage dump located in
the District of Barranquilla, Las Flores sector. This activity has been improperly disposing of
the solid waste of the city indiscriminately for 32 years, functioning as an open-air dump and
promoting the progressive pollution of the waters. Therefore, the contamination state of
marine sediments has often been used as an essential criterion to assess the quality
condition of the coastal environment and to understand the possible environmental changes
caused by anthropogenic activities (Chapman et al., 2013; Wang et al., 2014).

Accordingly, the aim of this study was to reveal the spatial variation of metals in surface
sediments to evaluate its toxicity considering the sediment quality guidelines (SQGs) and
Mean ERM Quotient (M-ERMQ). Furthermore, perform an evaluation and identification of
potential sources of contamination and assess the extent of metal pollution in the
environment using relevant indices.

The swamp Ciénaga de Mallorquin is a coastal lagoon that has estuarine
characteristics and is considered an ecosystem of great importance for the sustainable
development of the Caribbean region. It is located in the coastal area of the Colombian
Caribbean, in the state of Atlantico between coordinates 11° 05' 00" N and 74° 51' 00" W
(Fuentes et al., 2018). It limits naturally to the north with the Caribbean Sea and to the south
with the highway bypass that connects the village of La Playa with Las Flores, a
neighborhood of the city of Barranquilla. It is connected to the east with the Magdalena River
and to the west with the Arroyo Ledn, a shallow stream (between 0.3 — 1.5 m), irregular in
shape, and has an approximate area of 650 ha (Castro et al., 2018). Figure 1 shows the
seven sampling sites in the Mallorquin swamp (E1 to E7) assessed in two dry season
campaigns, February and August 2017. In each station, four sediment subsamples were
collected from each cardinal point with a radius of 3 m. With these subsamples, a single
composite sample representative of each site was obtained. Sediment samples were taken

from the first 5 cm of topsoil with a Van Veen dredge type sampler thrown from a boat. The
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samples were transported to the laboratory in polyethylene bags, where they were dried in
plastic trays at 40°C for 48 h until their analysis.

The metals considered in this study were total mercury (Hg), copper (Cu), zinc (Zn),
cadmium (Cd), and lead (Pb) Total mercury was analyzed by taking 0.5 g of sediment
sample and digesting it with mercury-free H.SO4/HNO3 (7: 3 v/v) and 5% KMnOs w/v at
100°C for 1 h, using method 7471B (USEPA, 2007a). Cu, Zn, Cd, and Pb were analyzed
through sediment digestion with HNO3/HCI (8:2 v/v) in a microwave oven employing method
3051 A (USEPA, 2007b). The analyses were performed using a Thermo Elemental Solaar
S4 spectrometer coupled with cold-vapor for Hg, flame for Cu and Zn, and graphite furnace
for Cd and Pb. Validation was achieved with IAEA 405 (certified value; Hg 0.81 ug/g, Cu
47.7 uglg, Pb 74.8 ug/g, Cd 0.73 pg/g, and Zn 279 ug/g) and recovery percentages for
metals averaged at 97.6% (n=3). The relative standard deviation for a triplicate sample
analysis was less than 10% for metals. The detection limits for the different metals were
0.001 pg/g for Hg, 0.008 pg/g for Cd, 0.011 ug/g for Pb, 0.05 pg/g for Zn, and 0.05 ug/g for
Cu.

The degree of pollution was calculated as a function of the index of geoaccumulation
(Igeo), enrichment factor (EF), contamination factor (CF), sediment quality guidelines (SQG),
mean effect range median (ERM) quotient (M-ERM-Q), and pollution load index (PLI), as
previously described by Islam et al. (2017) and Marrugo-Negrete et al. (2017). The different
equations, interpretation details and categories of each index utilized could be found in
Supplementary Table S1. The baseline or background values for the different metals were:
Hg 0.045 + 0.012 ug/g, Cu 11.8 £+ 0.24 ug/g, Pb 0.087 + 0.018 pg/g, Cd 0.055 + 0.014 ug/g,
and Zn 20.2 £ 2.2 ug/g. These values correspond to average concentrations of each metal
analyzed from sediments collected at three stations in another important swamp, Ciénaga
Grande de Santa Marta, a larger coastal lagoon with no noticeable anthropogenic pollution

inputs.
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The results per sample were calculated as the mean * standard deviation per
triplicate. A Student t-test was used to evaluate if there were significant differences between
the average concentrations from two different sampling sites or expeditions. Pearson's
correlation and principal component analyses were used to check for significant relationships
among metals in the sediment samples and common origin among these. A multivariate
cluster analysis (MCA) and the PCA were employed to identify associations and a common
origin among metals. MCA was applied to identify different geochemical groups, clustering
the samples with similar metal contents; whereas, for further evaluation of the extent of
metal contamination in the study area and source identification, a PCA was used with
Varimax rotation to minimize the number of variables with high loading on each component.
A hierarchical MCA was performed according to the average linkage (between groups)
method and Pearson's correlation as a similarity measure. The results are reported as a
dendrogram, thus, providing a visual summary of the cluster. The criterion of significance
was set at < 0.05. Statistical analyses were performed with the software SPSS v23.0.0.0.

Table 1 summarizes the basic statistics related to the metal concentrations in
sediment from the protected area of Ciénaga de Mallorquin, as well as the background
values and sediment quality guidelines (SQGs) used in this study. The concentration of
metals in sediment follow a decreasing order: Zn > Cu > Pb > Cd > Hg, and showed
statistically significant differences among sampling sites (p > 0.05). This indicates that the
exposure to different degrees of contamination with metals in the sediments shows spatial
variations. The highest concentrations of metals are shown at sites E2 (Las Flores), E5 (La
Playa), and E6 (Arroyo Leon), associated with dumping of solid and liquid waste of industrial
and domestic type, produced by the industry, residential areas, and agriculture activities
near its tributaries. In the case of E2, high concentrations come from an old garbage dump
located in the District of Barranquilla, which for 32 years, improperly disposed of the solid
waste of the city indiscriminately, functioning as an open-air dump and promoting the
progressive pollution of the swamp waters. Regarding E5, the volume of domestic

wastewater (80,000 m3/month) associated with the lack of a sewage system is possibly the



O J o U bW

OO DTG UTUITUTUTUTUTUTOTE BB DD DDA DS DNWWWWWWWWWWNRNNNNNONNNONMNNNR R R RR PR PR
O™ WNFROWVWOJdNT D WNRPOW®O-JIAAUTDRWNR,OW®O®JdNTIBRWNRFROWOW-TJMNUB®WNROWO®W-10U D WN R O WO

main source of contamination (UNINORTE, 2005). Finally, E6 is affected by the discharge of
wastewaters from the southwest of the city of Barranquilla, coming from Arroyo Leon, a
tributary of Ciénaga de Mallorquin. Moreover, the Magdalena River receives drainage from
industrial and domestic wastewaters, contributing to the further metal enrichment of Ciénaga
de Mallorquin (UNEP, 2006; Franco and Leon, 2012; Tejeda-Benitez et al., 2016). By
comparing the average values of metals found in the study site with background values, the
results indicated that sediments are contaminated. In particular, Pb and Cd were 17 and 5
times higher than their background values, respectively. All of the previously mentioned
indicates that anthropogenic activities directly affect the high values of metal concentration in
sediments of Ciénaga de Mallorquin.

The sediment quality guidelines (SQGs) provided a simple, comparative mean for
assessing the risk of contamination in an aquatic ecosystem (Macdonald et al., 2000). Table
1 shows that Cu levels were higher than the values corresponding to the threshold effect
level (TEL) for all the sampling sites and 43% of the sediments exceeded the effect range
low (ERL). Also, Hg is present in 57% of the sediments in higher values than the reference
TEL and ERL levels (Table 1). This suggests that Cu and Hg are probably the only elements
in the sediments that produce adverse biological effects in the ecosystem (Long and
Morgan, 1991; Long et al., 2000; SEPA, 2002). Considering M-ERM-Q, forty-three percent of
the sediments have a probability of toxicity of 21% (0.11 = M-ERM-Q < 0.5), according to the
sites with the highest concentrations of metals.

According to the PLI values, surface sediments in all the sampling sites indicate an
environmental deterioration (PLI > 1), with higher impact for the following sites: E2 (very, PLI
>=6), and E5 and E6 (considerable, 3 < PLI < 6) depending on the functions of the metals in
the sediments Zn > Cu > Pb > Cd > Hg. This implies that most sediment samples are highly
contaminated with metals, demonstrating an obvious anthropogenic contribution (Sun et al.,
2010)

When comparing the results with previous studies in Ciénaga de Mallorquin, metal

concentrations are similar to those reported by INVEMAR (2005) and Franco and Ledn
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(2012) (Table 2). However, compared to other studies around the world, concentrations were
within the range or even lower compared to those regions. This discrepancy may arise due
to the sampling sites, the levels of contamination, geographic characteristics of the regions,
and anthropogenic factors (Turk et al., 2016). It is also remarkable that several studies
(Garcia et al. 2008), Rumisha et al. 2012), Ra et al. 2013), Youssef et al. 2015), EI-Sorogy et
al. 2016) demonstrated that anthropogenic activities such as urbanization, industrialization,
and wastewater disposal largely influence the metals concentrations in sediments, indicating
pollution problems in Ciénaga Mallorquin. In comparison with these regions, the sediments
of this swamp showed higher (average) Cu concentrations (30.4 + 9.4 ug/g) and lower
concentrations for Pb (1.55 + 0.22 pg/g), and Zn (65.5 + 15.4 ug/qg).

The CF, EF, and Igeo values in sediments are summarized in Fig. 2. The range of CF
for the different metals was 1.4-3.4 (Cu), 14.7-21 (Pb), 6.0-13.4 (Cd), 2.3-3.8 (Hg), and
2.3-4.2 (Zn). The CF average for all metals are indicated in a decreasing order: Pb (17.2) >
Cd (8.6) > Hg (3.2) > Zn (2.9) > Cu (2.3). The CF average based on background values for
all metals indicates contamination by human sources (CF > 1), with metals such as Cu and
Zn generating a moderate degree of contamination (1 > CF < 3), whereas Hg showed a
strong level of pollution (3 > CF < 6), and Pb and Cd recorded a very strong degree of
contamination (CF > 6). The average EF values for Cu, Pb, Cd, Hg, and Zn in sediments
were 0.72, 5.5, 2.7, 1.0, and 0.9, respectively (Fig 2b). The mean EF values suggest
moderately severe enrichment with Pb (EF= 5 — < 10), moderate enrichment with Cd (EF = 3
— < 5), and minor enrichment with Hg (EF=1 — < 3), unlike the EF values < 1.0 for Zn and Cu
that indicate no enrichment. Cd, Pb, and Hg are anthropogenic metals usually generated by
human activities. This is possibly associated with the direct contribution of industrial,
agricultural, and domestic discharges from surrounding population centers and the
Magdalena River, receiving in its route discharge from different anthropogenic sources
(INVEMAR, 2005), as well as the leachates from the old sanitary landfill in the city of
Barranquilla. The calculated Igeo values for each of the metals in the sediment samples are

presented in Fig. 2c. The average Igeo values were found in the following decreasing order:
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Pb > Cd > Hg > Zn > Cu. This order agrees with the results of the CF and EF values,
indicating that the human activity has a severe effect on the quality of the environment of
Ciénaga de Mallorquin.

The Igeo values range from -0.10 to 1.19 with an average value of 0.54 for Cu; 3.29
to 3.81 with an average value of 3.51 for Pb; 2.0 to 3.16 with an average value of 2.46 for
Cd; 0.61 to 1.80 with an average value of 1.06 for Hg, and 0.58 to 1.50 with an average
value of 0.93 for Zn. Therefore, the Igeo values indicate moderate to heavy pollution of
metals in the study area, depending on each metal and sampling site. Then, Cu, Zn and Hg
present a moderate contamination (1 < Igeo < 2), while Cd shows moderate to heavy
contamination (2 < Igeo < 3), and Pb exhibits heavy pollution (4 < Igeo < 5). In comparison
with recently reported studies on sediments (Gutiérrez-Mosquera et al., 2018) in other areas
of Colombia (i.e., Bahia Solano and Nuqui along the Pacific coast of Chocd), Igeo values are
similar compared to those reported in the current study for Pb, Cu, and Zn. However, these
are lower for EF in all metals assessed. In comparison with other countries, CF, EF, and
Igeo values are similar to those reported in surface sediments of the Yangtze River estuary
in China (Wang et al., 2015), in sediments from coastal regions of West Bengal, the eastern
part of India (Antizar-Ladislao et al., 2015), as well as surface sediments of coastal regions
of the Sundarban mangrove wetland and the adjacent Hugli river estuary, in India (Watts et
al., 2017).

The PCA biplot in Figure 3a shows the relationship between the trace elements and
stations in the Mallorquin swamp. The first two principal components (PC) are able to
account for 96.59% of the variance of all variables. PC1 shows the highest loadings for Cu
and Cd and explains 94.01% of the variance, exhibiting an eigenvalue of 4.70. Cd shows the
highest loading in PC1 (Supplementary Table S2). Moreover, the highest EF and CF values
are observed for this toxic trace element. The Cd contamination of the Mallorquin swamp
sediments has also been reported in other studies (INVEMAR, 2005; Franco and Leon,
2012). Metals such as Cu and Cd are possibly associated with wastewater discharges from

domestic and industrial activities. However, these elements are so well known from
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agricultural activities related to the use of phosphate-based (Acosta et al., 2011) and
phosphate fertilizers (Nziguheba and Smolders, 2008; Atafar et al., 2010) applied in areas
surrounding Ciénaga de Mallorquin, contaminating the sediments thought the tributaries of
Arroyo Ledn (E2). PC2 shows the loading of Hg, Pb, and Zn, and explains 2.58% of the total
variance. Hg shows the highest loading in PC2 (0.417). Pb and Zn were the elements that
did not demonstrate a clear association with either the first or the second component and
had similar moderate loading plots for PC1 (Pb: 0.195; Zn: 0.198) compared to PC2 (Pb:
0.255; Zn: 0.221), indicating a quasi-independent behavior.

This could be explained as a source of compound pollution related to the rapid urban
expansion, the large-scale integral development of industrial areas, and contribution of
metals by the Magdalena River, where high concentrations of these have been reported in
sediments (Tejeda- Benitez et al., 2016; Fernandez et al., 2018). These can directly
influence the content of these metals in the sediments of Ciénaga de Mallorquin. Pb results
can also be attributed to petrogenic sources due to nearby maritime ports and tourist
activities with gasoline engines. However, to corroborate this hypothesis, hydrocarbon
studies must be conducted and correlated with this metal. It should be noted that Hg is
moderately shared by both PCs, suggesting that its probable source may be of a diverse
nature. Hg concentrations are probably significantly related to the leachate discharge from
the sanitary landfill in Ciénaga de Mallorquin, particularly at the E2 site through residues
such as fluorescent lamps, liquid crystal displays, and batteries, among others (da Cunha et
al., 2016). Besides, there is a contribution of the Magdalena River in the increase of Hg
concentration in sediments in urban center areas of Barranquilla (Tejeda-Benitez et al.,
2016). To better identify and decode the source of metals, the PCA was combined with
Pearson's correlation analysis. According to the latter (Supplementary Table S3), the metals
are all positively and significantly correlated and reflect the origin and migration of these
elements, agreeing with previous studies (Suresh et al. 2011; Wang et al. 2012).

The sampling points were analyzed by grouping methods (Fig. 3a) and organized in a

dendrogram to identify similar groups (Fig. 3b). The sampling sites were grouped in three

10
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clusters: the first group with four sites (E1, E3, E4, and E7) represents 57%, and are mostly
located towards the interior of the swamp. A second group with two stations (E5 and EG6),
represents 28%, located in the western part of the swamp, opposite the Magdalena River.
Finally, a third group that represents only one site (E2), placed in front of the Las Flores
sector, where an old dumpster operates. This distribution is also observed in the biplot of
Figure 3a.

The spatial distribution of metal concentrations can be used to identify possible
sources and some pollution hotspots (Fig. 4). The strongest tones indicate the stations that
presented the highest concentrations of the metals analyzed. Results show that the
concentrations of Cu, Zn, Pb, Cd, and Hg have similar spatial distribution patterns in
sediments. In general, the highest concentrations of metals were found in the northeastern
and southeastern regions of the study area, mainly located nearby sectors with
anthropogenic sources of contamination (sanitary landfill, domestic wastewaters, and the
tributaries of Arroyo Ledn). These findings suggest that anthropic sources have an important
impact on the contamination of the swamp. There is clearly a pattern in the spatial
distribution for all metals in the sediments, where the highest concentration occurs toward
the sector of Las Flores (east) associated with the contamination by the discharge of
leachates from the old landfill of the City of Barranquilla and the area of influence of the
Magdalena River. However, Cu and Pb have areas of high concentration towards the sector
of La Playa (southeast) associated with the problem of expansion of the "urban" border and
wastewater contamination. The distribution towards the central zone, where concentrations
decreased from the internal part of the swamp, can result from the dilution effect caused by
tidal cycles in the Caribbean Sea and flows from the Magdalena River. Finally, Zn values
were the highest among all the metals. At low concentrations, Zn is beneficial for aquatic life,
but becomes toxic at concentrations above the threshold value of 124 pg/g (Li et al., 2013).

Metal concentrations in the sediments showed spatial variability, higher in those
areas that receive loads of pollutants from anthropogenic sources. In addition, it indicates

that metal sources were quite complex and included different anthropogenic activities. The

11
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Igeo, CF, and EF indexes, suggested that the sediments are low to moderately
contaminated by Hg, Cu, and Zn, while the contamination by Cd and Pb is moderate to
strong. The pollution load index results indicate the progressive deterioration of sediment
quality due to different anthropogenic activities. Concentrations of Cu and Hg exceeded the
TEL and ERL values, indicating an ecotoxicological risk for the organisms living in the
sediments of Ciénaga de Mallorquin. The multivariate statistical analyses suggest a mixed
origin of metals by the influence of anthropogenic contributions. Therefore, Cd and Cu were
originated mainly from agricultural and industrial sources, whereas Pb and Zn were derived
mainly from industrial sources, discharge of domestic wastewater, and metal inputs from the
Magdalena River. Hg was originated mainly from leachate discharges and inputs of the
Magdalena River. In general, some strategies to improve the environmental quality of the
sediments must be implemented to reduce the discharge of pollutants by anthropogenic
sources as well as provide a basis to effectively focus policies to protect and manage future

ecological risks of the swamp Ciénaga de Mallorquin.
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Table 1. Values of metal concentrations (ug/g), mean ERM Quotient (M-ERM-Q),
pollution load index (PLI) and sediments quality guideline (SQGs) in surface sediments
of the Mallorquin swamp

Station Hs M-ERM-Q PLI
Cu Zn Pb Cd Hg
E1 258432  64.4#57 1.43+0.08 0.30+0.07 0.11+0.04 0.09 4.1
E2 459429  95046.2 1.89+0.13 0.67x0.05 0.25+0.08 0.17 7.3
E3 287452  57.0#8.1 1.35:0.15 0.37+0.02 0.13+0.06 0.09 4.4
E4 18.9¢6.1  51.6+4.3 1.44+0.09 0.33x0.03 0.11+0.09 0.08 3.8
E5 38.743.1  72.5+#36 1.75:0.12 0.52+0.05 0.18+0.05 0.13 5.9
E6 32.6+2.9 67.9+1.9 1.67x0.15 0.48+0.08 0.17+0.02 0.12 5.4
E7 226437 50.3+2.2 1.324¢022 0.33+0.04 0.14+0.08 0.09 4.0
Mean 30.449.4 655+154 1.55+0.22 0.43+0.13 0.16+0.05 0.11 5.0
Background 13.4 224 0.23 0.22 0.048
Cu Zn Pb Cd Hg
TEL? 18.7 124 30.24 0.68 0.13
PEL? 108.2 271 112.18 4.21 0.7
ERL® 34 150 46.7 1.2 0.15
ERM® 270 410 218 9.6 0.71

aCMEE: Canadian sediment quality guidelines for the protection of aquatic life; P(NOAA: National Oceanic
and Atmospheric Administration, USA.

TEL = Threshold Effects Level; PEL =Probable Effects Level; ERL = Effect Range Low; ERM = Effect Range
Medium.
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Table 2. Metals concentrations in sediments and comparison with other similar studies

Region

Peninsula de Yucatan, México
Kavala Gulf

Mallorquin swamp, Colombia
Western coast of Venezuela
Thermaikos Gulf

Dardanelles Strait

Santa Marta swamp, Colombia
Cuba, Gulf of Batabano
Mallorquin swamp & Pto Velero, Colombia
Salaam coast, Tanzania

Persian Gulf

Korea coast

Kalpakkam coast - coast of India
Arabian Gulf, Saudi Arabia
Sundarban Wetland, Indian
Northern Persian Gulf

San Pedrito Lagoon, Mexico

Gulf of Uraba, Colombia

northern Qeshm lIsland, Persian Gulf
Magdalena River, Colombia
Rosetta coast, Egypt

Cispata Bahia, Colombia
Caribbean coast, Colombia
Bahia Solano Beaches, Colombia

Sodwana Bay, South Africa
Maowei Sea, China

Red Sea-Gulf of Agaba, Saudi Arabia

Mallorquin swamp, Colombia

Cu Cd Pb
1.84 2.22 19.37
213 0.3 40.1

1.1
3.79 0.31-1.3 9-29
32-130 0.3-8.4 38-190
9-22 8-20
1-3 29-82
0.1-1 3.1-18.2
0.1-0.9
0.3-2.1 0.8-2.2
26 1 0.16 £ 0.04 10+£0.2
36.5 35
5247 +3.26 045%0.18 21.49+4.08 2584 +31.45
5.78 58.68
38.31 0.21 15.8
3247 +437 4.29+0.61 31.38+12.61
42 21+6
25.08-102.94 0.17-6.93
17.56-53.25 0.51-1.2 10.09-29.66
26.9 2.02 16.8
24.57 384.68
1.63-15.36  0.009-0.014  0.49-1.39
0.01-0.42 0.4-7.0
53.93 409.67
4.53 1.27
61.9 0.790 48.9

30 0.91 6.6

304+94 043+0.13 1.55+0.22

Zn

258
41
26-242
84-537
34-76
28-65
7.9-457
45-81
2.6-9.3
64 +8
122

17.57
34.4

62.08 + 12.58

37 £33

75.15-161.53

27.4-56.02
99
183.23

9-199
125.8
2.81
166
24
65.5+15.4

Hg

0.070

0.12

0.016-0.135

0.84
0.16 £ 0.05
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Figure 1. Location of sampling stations at the Mallorquin swamp. E1: Via La Playa, E2:
Las Flores, E3: Connection Magdalena River - Swamp, E4: Central area, E5: La playa,
E6: Mouth Arroyo Ledn, E7: Connection Caribbean Sea — Swamp.
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Figure 2. Box and whisker plots display the distributions of the different contamination

indexes: (a) Contamination Factor, (b) Enrichment Factor, and (c) Geoaccumulation

index
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Figure 3. (a) PCA biplot of the sediments from Mallorquin swamp sampling sites
indicating vectors of the variables considered with high loadings, and ordination of study
sites; b) Dendrogram using Average Linkage (between groups) obtained by hierarchical

clustering analysis for the sampling sites.
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Figure 4. Spatial distribution trends for metals in surface sediments at Mallorquin
swamp. At a general level, the strongest tones indicate the stations that presented the

highest concentrations of the metals analyzed.
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