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Abstract

The appearance and spread of antibiotic
resistance are considered a highly complex
process with many factors affecting the resistance
mechanisms, including metals. In order to fully
understand the spread of antibiotic resistance
in different environments, combined studies
including geochemistry and microbiology are
becoming imperative. So far, very few such studies
have been conducted, and none of them involves
the southernmost regions. The aim of this study
was, therefore, to examine the biogeochemical
characteristics of sediments of the southernmost
part of Chile. Sediment geochemistry, as well as
the presence of heterotrophic and carbapenem-
resistant bacteria (CRB) in the Rio de las Minas
and neighbouring Strait of Magellan in Punta
Arenas (Chile), was investigated to assess the
anthropogenic impact of untreated urban
wastewater on the accumulation of metals and
microbial contaminants in this coastal system.
Geochemistry of sediments indicated the influence
of both natural processes and anthropogenic
activities. Although levels of metals in sediments
currently do not represent a toxic effect on
organisms, the anthropogenic influence on the
sediment composition in the study area cannot
be denied. Clinically relevant CRB were found
in river sediments (1.9 and 2.7 log CFU / mL).
Our findings suggest that the Rio de las Minas
is under the anthropogenic impact of untreated
urban wastewater and represent a significant
source of potentially pathogenic CRB to the local
environment.
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Resumen

La aparicién y propagaciéon de la resistencia a los
antibiéticos se considera un proceso muy complejo,
con muchos factores que afectan a los mecanismos
de resistencia, incluidos los metales. Con el fin
de comprender plenamente la propagacion de la
resistencia a los antibiéticos en diferentes entornos,
es imprescindible realizar estudios combinados
que incluyan geoquimica y microbiologia. Hasta
ahora, se han realizado muy pocos estudios de este
tipo y ninguno de ellos afecta a las regiones mas
meridionales. El objetivo de este estudio fue, por lo
tanto, examinar las caracteristicas biogeoquimicas
de los sedimentos del extremo sur de Chile. Se
investigd la geoquimica de los sedimentos, asi como
la presencia de bacterias heterétrofas y resistentes
a los carbapenemas (BRC) en el Rio de las Minas y
el Estrecho de Magallanes en Punta Arenas (Chile),
para evaluar el impacto antropogénico de las aguas
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residuales urbanas no tratadas sobre la acumulacién
de metales y contaminantes microbianos en este
sistema costero. La geoquimica de los sedimentos
indicaba la influencia tanto de los procesos naturales
como de las actividades antropogénicas. Aunque los
niveles de metales en los sedimentos actualmente no
representan un efecto toxico sobre los organismos, no
se puede negar la influencia antropogénica sobre la
composicion de los sedimentos en el area de estudio.
Se encontraron CCR clinicamente relevantes en los
sedimentos de los rios (1,9 y 2,7 UFC logaritmicos/
ml). Nuestros hallazgos sugieren que el Rio de las
Minas estda bajo el impacto antropogénico de las
aguas residuales urbanas no tratadas y representa una
fuente significativa de CRB potencialmente patégena
para el medio ambiente local.

Palabras clave:
biogeoquimica, bacterias resistentes al
carbapenem, metales, geoquimica de sedimentos.

INTRODUCTION

Effluents from hospitals, domestic sewage,
urban runoff, as well as industrial waste represent
a significant source of various contaminants for
the receiving environment when discharged into
sewage systems, rivers, lakes and sea without the
prior treatment (Spindler et al. 2012; Mwanamoki
et al. 2014; Devarajan et al. 2015). The lack of
purification of urban wastewater prior to their
release to a natural recipient contributes not only
to the load of toxic elements and various organic
pollutants (Zheng et al. 2008; Reczynski et al.
2010; Devarajan et al. 2015), but also represents
an epidemiological pathway for the spread of
pathogenic bacteria, including antibiotic-resistant
bacteria (ARB) and antibiotic-resistance genes
(ARGs). Namely, the use, misuse, and abuse of
antimicrobials from the 1940s onwards led to the
emergence of populations of antimicrobial-resistant
pathogenic bacteria (Meletis, 2016). Consequently,
the increasing number of ARB, in particular bacteria
resistant to carbapenems, has become a major
challenge in drug therapy in humans and animals
(WHO, 2015). Namely, carbapenems represent a
class of antibiotic agents with the broadest spectrum
of activity and greatest potency against Gram-
positive and Gram-negative bacteria. A variety of

environmental bacterial species possess intrinsic
resistance to carbapenem. However, the intrinsic
resistance to carbapenems is not common among
clinically important bacteria, which is why the clinical
isolates of carbapenem-resistant bacteria (CRB)
became the global healthcare problem (Meletis, 2016).
Over years, CRB were not only reported in hospital
wastewaters (Ferreira et al. 2011; Zhang et al. 2013;
Chandran et al. 2014), but have also been recently
isolated from raw and secondary treated municipal
wastewater (Hrenovic et al. 2016, 2017), and show
an overall increasing frequency of occurrence. For
example, carbapenem resistance of Acinetobacter
baumannii clinical isolates soared in Croatia from
10% in 2008 to 87% in 2015 (CAMS, 2016), and
in Sweden, from two cases reported in 2008 to 46
cases of carbapenem-resistant Enterobacteriaceae in
2014 (Hellman et al. 2014).

In February 2017, the World Health
Organization (WHO) published its first ever list
of antibiotic-resistant “priority pathogens”, which
specifies 12 families of bacteria that pose the
greatest threat to human health. On that list, the
carbapenem-resistant Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacteriaceae
rank as “Priority 1: Critical” (WHO, 2017). Even
though a number of studies confirm the presence
of CRB in hospital and municipal wastewaters
(Ferreiraet al. 2011; Zhang et al. 2013; Chandran
et al. 2014; Hrenovic et al. 2016), they are not
quantitative and preclude broader assessment of
CRB population spread from wastewaters to the
environment. Nonetheless, dissemination of CRB
from clinics via the hospital and urban wastewater
to the river has recently been reported in Croatia
(Seruga Musi¢ et al. 2017).

The type of urban wastewater and its
consequent influence on the natural recipient
may vary according to the lifestyle of inhabitants.
Given that the extent of antibiotic resistance in
the bacterial communities has been frequently
linked to anthropogenic activities in an associated
environment, the bacteria in areas with limited
human activity are expected to contain fewer
antibiotic-resistance genes (Rabbia et al. 2016).
An example of such environment is the Antarctic
continent, where, until recently, bacteria had
negligible or no antibiotic resistance (Skurnik
et al. 2006; Bonnedahl et al. 2008; Cowan
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et al. 2011). Increase in anthropogenic impact
with touristic and scientific activities resulted in
presence of coliforms, such as Escherichia coli,
near sewage outfalls in this region (Delille &
Delille, 2000; Delille & Gleizon, 2003). Recent
studies confirmed the presence of antibiotic-
resistance in E. coli isolated from the seawater
around Fildes Peninsula in Antarctica (Rabbia
et al. 2016), raising further concern, especially
considering the high E. coli counts and the
multidrug resistance in the majority of strains.
Namely, the strains isolated from the seawater
originated from one of the local wastewater
treatment plants discharging into nearby Maxwell
Bay (Rabbia et al. 2016). The presence of these
strains naturally increases with the intensity
and the type of anthropogenic pressure. Fildes
Peninsula concentrates many National Antarctic
Programs stations and scientific facilities due to
the nearby Chilean Lt. Marsh Airfield (Three
Chilean Stations, Chinese Great Wall, Korean
King Sejong, Russian Bellingshausen, and
Uruguayan Artigas). Recent studies conducted
on the wastewater from pharmaceutical facilities
in South-western Nigeria revealed that almost all
the bacterial isolates (more than 96%) from the
wastewater treatment plant as well as from the
discharge points for the final effluents exhibited
multidrug-resistance (Obayiuwana et al. 2018).
Similar findings were reported for Cauvery River
Basin (Tiruchirappalli, Tamil Nadu, India) river
sediments, up and downstream from the Indian
treatment plant near Hyderabad, where a high
prevalence of resistance genes from multiple
classes of antibiotics was identified (Kristiansson
et al. 2011; Marathe et al. 2018).

According to Pote et al. (2010), sediments
may contain 100-1000 fold higher bacterial
counts than the overlying water. Thus, estimation
of microbial contaminants in sediments can serve
as a stable index for long-term water quality
risks (Pote et al. 2010; Thevenon et al. 2012;
Mwanamoki et al. 2014; Devarajan et al. 2015;
Devarajan et al. 2016). Moreover, sediments
provide insight into the persistence of microbial
contaminants/ARGs and the potential impact
of the emergence of resistant bacteria from
wastewaters and its transfer to the water microbial
community (Devarajan et al. 2016).

The emergence and spread of antibiotic
resistance are considered a very complex process
with many factors, including metals, affecting
co-selection and cross-selection of resistance
(Devarajan et al. 2016; Imran et al. 2019). Namely,
metals (such as Cd, Cu, Hg and Zn) can selectively
induce the co-selection of antibiotic resistance if they
spread and accumulate in the environment at critical
concentrations (Seiler et al. 2012; Devarajan et
al. 2015; Imran et al. 2019). Studies investigating
the distribution of river sediments as a potential
reservoir of toxic metals, ARBs and ARGs are still
very limited in southernmost areas, including south
Chile. The aim of the presented research was,
therefore, to assess the anthropogenic influence of
untreated urban wastewaters on the accumulation of
metal and microbial contaminants in the sediment of
the Rio de las Minas and adjacent Strait of Magellan
waters in Punta Arenas, Chile. The objectives of
the study were to determine the sedimentological,
mineralogical and geochemical characteristics of
sediments in the study area and to investigate the
presence of heterotrophic and carbapenem-resistant
bacteria.

MATERIALS AND METHODS
Site description

Punta Arenas is the capital city of Chile’s
southernmost region, Magallanes and Antartica
Chilena (Fig. 1a, b). It is located on the eastern
shore of the Brunswick Peninsula, the last peninsula
of the American continent, facing the Straits of
Magellan at almost equal distance from the Pacific
and Atlantic Oceans. Due to its far southern latitude,
Punta Arenas has a subpolar oceanic climate
(Koppen climate classification, Cfc) bordering on a
tundra climate. The seasonal temperature in Punta
Arenas is greatly moderated by its proximity to the
ocean, with average lows in July near -1 °C (30 °F)
and highs in January of 14 °C (57 °F). It is known
for stable constant temperatures, which vary only
slightly with the seasons. Rainfall is highest in April
and May, and the snowy season runs all through
the Chilean winter (June until September). As in
most of Patagonia, average annual precipitation is
quite low, only 380 mm (15 inches) because of a
rain shadow created by the Andes.
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Fig. 1. Sampling stations at the mouth of the Rio de las Minas (location 1 and 2) and the Strait of Magellan (location 3).

According to the last Census (in 2012)
Punta Arenas has a population of about 125,000
inhabitants.

The untreated urban wastewaters are
discharged into the Rio de las Minas, which
connects the Pacific and Atlantic sea through the
Strait of Magellan.

Sampling and sample preparation

Sampling was conducted in April 2018 at
the mouth of Rio de las Minas in Punta Arenas
(Fig. 1c, d). Surface sediment samples (5 cm) were
collected with a sterile spatula and stored in plastic
bottles. Samples were taken at a total of three
locations, two from the river section (1, 2) and one
from the shores of the Magellan Strait (3).

Samples were stored in closed bottles at
room temperature for four days before laboratory
analysis. For the purpose of the planned analyses,
the required amount of each sample was separated
and prepared as follows. For mineralogical and
geochemical analysis, an aliquot of each sample
was air dried and stored until further use. For
bacteriological analyses, fresh sediment samples
were suspended and diluted in sterile peptone water.
For scanning electron microscopy, fresh sediment
samples were taken and prepared according to the
procedure described below.

Grain size analysis

Sediments were characterized by a laser
diffraction particle size analyser (LS 13 320,



CHARACTERIZATION OF SEDIMENTS AT THE MOUTH OF RIO DE LAS MINAS 53

Beckman Coulter, USA) for grain size distribution.
Prior to grain size analysis, sediment samples were
soaked briefly in deionised water and treated with
ultrasound for 5 min.

Sample texture and statistical granulometric
parameters were identified and calculated using
original Folk and Ward (1957) logarithmic graphical
measures in GRADISTAT package (Blott & Pye,
2001). Based on the particle size distribution,
sediment samples were classified according to
Shepard (1954).

Mineralogical analysis

Prior to analysis, sediment samples were
milled and pressed into pellets. Mineral phases
in samples were determined by X-ray powder
diffraction (XRD) using a Philips X'pert powder
diffractometer with Cu-Ka radiation filtered with
a graphite monocrystal monochromator. Powder
diffraction patterns were identified and indexed
using the ICDD Powder diffraction file (2004)
database.

Physico-chemical and multielement analyses

The pH value of sediment was measured
after suspension of sediment in distilled water
(1:2.5) according to the Standard Methods for
Examination of Water and Wastewater (APHA,
AWWA & WEF, 2005) by using a WTW pH meter
with WTW SenTix81 electrode. The pH meter was
calibrated with standard solutions, with a precision
of 0.01 pH unit.

Prior to multielement analysis, sediment
samples (0.05 g), previously homogenised in an
agate mill, were subjected to a total digestion in
the microwave oven (Multiwave 3000, Anton Paar,
Graz, Austria). The two-steps digestion procedure
included the addition of a mixture of 4 mL nitric
acid (HNO,, 65%, pro analysi, Kemika, Zagreb,
Croatia) - 1 mL hydrochloric acid (HCI, 36.5%,
pro analysi, Kemika, Zagreb, Croatia) - 1 mL
hydrofluoric acid (HF, 48%, pro analysi, Kemika,
Zagreb, Croatia) to the samples followed by
addition of 6 mL of boric acid (H,BO,, 40 g L?,
Fluka, Steinheim, Switzerland). Prior to analysis,
samples were diluted, acidified with 2% (v/v) HNO,
(65%, supra pur, Fluka, Steinheim, Switzerland)

and In (1 pgl?) as an internal standard was added.
Detailed method description is given elsewhere
(Fiket et al. 2017).

The multielement analysis of sediment
samples was performed by High Resolution
Inductively Coupled Plasma Mass Spectrometry
(HR-ICP-MS) using an Element 2 instrument
(Thermo, Bremen, Germany). Typical instrument
conditions and measurement parameters used
throughout the work were reported earlier (Fiket
etal. 2017).

All samples were analysed for the total
concentration of 25 elements (Ag, Al, As, Ba,
Be, Bi, Cd, Co, Cr, Cs, Cu, Fe, Li, Mn, Mo, Ni,
Pb, Rb, Sb, Se, Sr, Ti, U, V and Zn). Quality
control of analytical procedure was performed by
simultaneous analysis of the blank and certified
reference material for river sediment (Metranal-1,
Analytika, Czech Republic), marine sediment
(MESS-3, National Research Council Canada,
Ontario, Canada) and offshore marine sediment
(NCS DC 75301, China National Analysis
Center for Iron and Steel, Beijing, China). A
good agreement between the analysed and
certified concentrations within their analytical
uncertainties for all elements was obtained (+

10%).
Bacteriological analysis

Bacteriological analyses were performed in
triplicate. Aerobically grown total heterotrophic
bacteria were determined on Nutrient agar
(Biolife) after incubation at 22°C/72 h (APHA
et al. 2005). The CRB were determined on
CHROMagar Acinetobacter supplemented with
CR102 (CHROMagar), intended for the cultivation
of clinically relevant carbapenem-resistant bacteria,
after incubation at 35°C/72 h. The numbers of
bacteria were determined as Colony Forming
Units (CFU), logarithmically transformed, and
expressed as log CFU per 1 mL of wet sediment.
The prevalence of CRB among total heterotrophic
bacteria was calculated as a percentage ratio of
absolute numbers (CFU ., / CFUheterotrophic) x 100.

The colonies of CRB were determined by
matrix-assisted laser desorption ionization-time of
flight mass spectrometry - MALDI-TOF MS (software
version 3.0, Microflex LT, Bruker Daltonics).
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SEM analysis

Fresh sediment subsamples were fixed in
2.5% glutaraldehyde in phosphate buffered saline
and prepared for scanning electron microscopy
(SEM) using standard techniques. Briefly, after
removal of the fixative, the samples were rinsed
in phosphate buffer, post-fixed in 1% osmium
tetroxide in phosphate buffer, again rinsed in
phosphate buffer and then dehydrated in a graded
ethanol series up to absolute ethanol. Cells for SEM
were dried with hexamethyldisilazane and carbon
coated before examination with a Zeiss Ultra PLUS
FEG SEM at low voltage (0.5 kV) at Laboratorium
for electron microscopy and microanalysis of
University of Pretoria.

RESULTS
Sediment grain size and mineral composition

The mean grain size (Mz) in the Rio de
las Minas corresponds to very coarse silt (37.8
pm) and medium sand (254 pm) at location 1
and 2, respectively. According to the grain size
parameters, both river samples were very poorly
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sorted displaying unimodal and trimodal particle
distribution at said locations, respectively. Particle
size distribution in sediments from said locations
is shown in Fig. 2. According to Shepard (1954),
sediments can be classified as sandy mud at location
1 and silty sand at location 2.

X-ray analyses of collected samples of
sediment show the same mineral content. In spite
of different shade and slightly finer granulation
of sediment 1, all sediments contain 4 main
components: quartz, albite, montmorillonite,
and sericite and probably subordinate quantity of
organic compound.

Sediment pH and element composition

All sediment samples displayed a slight
alkaline reaction, with sea sediment having the
highest pH value (Table 1).

Results of measurement of 25 elements (Ag,
Al, As, Ba, Be, Bi, Cd, Co, Cr, Cs, Cu, Fe, Li, Mn,
Mo, Ni, Pb, Rb, Sb, Se, Sr, Ti, U, V and Zn) in
sediment samples are shown in Table 1.

Sediment samples displayed same order
of concentrations per element with the general
decreasing trend from the river towards the ocean,
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Fig. 2. Grain size distribution in sediments from location 1 and 2.
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Table 1. The pH values and mean values of element concentrations in sediment (mg kg™).

Punta Arenas

Sediment quality guidelines Quintero Bay*

1 2 3 TEL PEL ERL ERM

pH 8.16 7.62 8.91

mg kg™
Ag 1.30 0.43 0.44
Al 94668 82513 81931 56346 - 81535
As 6.66 8.38 3.70 5.9 17.0 33 85 9-20
Ba 358 323 408 231 -476
Be 1.00 1.08 0.95
Bi 0.11 0.10 0.06
Cd 0.15 0.14 0.14 0.6 3.5 5 9
Co 16.0 12.2 10.7 6-15
Cr 49.6 45.0 68.3 37.3 90.0 80 145 27 - 80
Cs 1.99 1.62 1.27
Cu 36.4 35.7 17.1 35.7 197 70 390 41 - 1476
Fe 42693 35452 31541 26620 - 94341
Li 30.6 26.7 21.3 13-21
Mn 813 517 588 378 - 1008
Mo 1.31 1.53 0.61 1-8
Ni 24.1 22.8 25.4 18* 36* 30 50 8-17
Pb 12.0 14.1 9.45 35.0 91.3 35 110 17 - 36
Rb 38.6 32.4 42.6 40 - 57
Sb 0.31 0.31 0.26 1-3
Sc 19.0 15.6 14.3 8-15
Se 29.9 24.6 22.9 <9
Sn 2.01 2.01 1.66 1-4
Sr 371 371 446 413 -901
Ti 4146 3521 4572 3218 - 9545
Tl 0.22 0.17 0.26
U 1.35 1.62 0.93
\Y 135 118 115 93 - 288
Zn 85.1 68.0 57.7 123 315 120 270 65-167

TEL - threshold effect levels (dry weight)
PEL - probable effect levels (dry weight)
ERL - effects range low

ERM - effects range median

* Parra et al. (2015)

ie. from location 1 to location 3, for all measured
elements except Ba, Cr, Ni, Sr, Rb, Ti and TI. For
the latter elements, slightly higher concentrations
were obtained for marine sediment from location
3. In general, the highest concentrations were

obtained for Al (81.9 - 94.7 g/kg), Fe (31.5-42.7
g/kg) and Ti (3.52 - 4.57 g/kg), while the lowest
concentrations were observed for Bi (0.06 - 0.11
mg/kg), Cd (0.14 - 0.15 mg/kg) and Tl (0.17 -
0.26 mg/kg) (Table 1).
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Sediment bacteriological composition

Heterotrophic bacteria were found in
abundance of 6.2-6.6 log CFU/mL in all three
sediment samples (Table 2). The CRB were present
in abundance of 1.9 and 2.7 log CFU/mL of (Table
2) in river sediments, but they were absent in
sediment collected on seashore (sample 3).

Scanning electron microscopy confirmed
the presence of randomly distributed bacteria (Fig.
3) in the sediment samples where the bacteria were
firmly attached to the sediment particles with the
signs of biofilm formation.

As shown by MALDI-TOF MS analysis,
the CRB from analysed river sediments were
represented by species of the genus Pseudomonas,
which are human pathogens with acquired
resistance to carbapenems (EUCAST, 2016).

V. BERMANEC et al.

DISCUSSION

The downstream increase in the average
grain size at the mouth of the Rio de las Minas
and the change from the unimodal to the
trimodal particle distribution indicates a change
in the vyield of the material from relatively
homogeneous source of fine-grained material at
site 1 to multiple sources, including the impact
of the sea, at site 2 (Fig. 1d) or washing of the
finest fraction.

Deeply black colour of sediment could be
caused by increased content of organic matter
or its maturation, after microbial activity. Small
variations in ratio between the main mineral
components in sediments are also possible due to
natural gravitational separation during process of
sedimentation.

Table 2. The number of bacteria in sediment samples.

Location
1 2 3
Heterotrophic bacteria (log CFU/mL) 6.4+0.1 6.6x0.2 6.2+0.2
Carbapenem-resistant bacteria (log CFU/mL) 1.9+0.0 2.7+0.0 0
Prevalence of carbapenem-resistant bacteria (%) 0.003 0.015 0

Fig. 3. Scanning electron microscope micrographs indicating the presence of the randomly
distributed bacteria (arrows) in sediment at A) Rio de las Minas (location 1), B) Rio de las
Minas (location 2) and C) Strait of Magellan (location 3). Scale bars: 200nm.
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The concentrations of a number of elements
in the sediments encompassed by the present study
were found in agreement with the data reported by
Parra et al. (2015) for sediments from the Quintero
Bay in Chile, 2200 km north of Punta Arenas.
Element levels reported by these authors are listed
in Table 1 as a range of concentrations found
in the bay sediments, whereby the lowest values
correspond to the unpolluted reference site and the
highest values correspond to sediments polluted by
emissions from local industrial sources. In sediments
from Punta Arenas, As, Cu, Rb, Sb, and Pb were
found in lower concentrations compared to those
reported by Parra et al. (2015), while levels of Fe,
Mo, Sr, Ti, V, Sn, and Zn correspond to values
measured at the reference site in Quintero Bay. On
the other hand, Ba, Co, Cr, Mn and Sn displayed
similar ranges of concentrations in Punta Arenas
sediments as those reported by aforementioned
authors, while Al and Sc concentrations were in
accordance with the higher value of listed ranges.
Only for Ni, Li, and Se, measured concentrations
in Punta Arenas sediments were higher compared
to values reported for the Quintero Bay by Parra
et al. (2015).

The Quintero Bay has been subjected to
various atmospheric discharges of toxic substances
from local industrial sources, contributing to
elevated levels of As, Cr, Co, Cu, Pb, Mn, Mo,
Ni, Se, V and Zn in the nearby sediments. While
increased levels of Cu, Zn, Se, Mo, Sb and Pb
were attributed to Cu-smelting emissions, levels
of Al and Ba in the bay sediments were linked to
aluminosilicate assemblage, and Fe, Ti, Rb, Sr were
considered of lithogenic origin (Parra et al. 2015).

It follows that levels of most elements found
in sediments near Punta Arenas reflect natural
processes, primarily local geology and grain
size distribution. However, the same does not
completely apply for Co, Cr, Mn, Ni, Se and Sb,
whose levels are most likely additionally influenced
by nearby anthropogenic sources.

The obtained concentrations were further
compared with the interim freshwater sediment
quality guidelines (ISQG) developed by the Canadian
Council of Ministers of the Environment (CCME,
2001) consisting of threshold effect levels (TEL) and
probable effect levels (PEL). The TEL represents
the minimal effect range below which adverse

effects rarely occur, while the PEL represents the
lower limit of the range of chemical concentrations
that are usually or always associated with adverse
biological effects. Additionally, the effects range
low and effects range median (ERL and ERM),
as concentrations in sediments corresponding to
the 10th and 50th percentile of the distribution
observed in toxic samples, respectively (Long et
al. 1995), were used for comparison. Namely,
the ERL and ERM are measures of toxicity in
marine sediment developed as informal tools to
evaluate whether a concentration of a contaminant
in sediment might have toxicological effects.
However, sediment quality guidelines are usually
defined only for a limited set of elements, namely
As, Cd, Cr, Cu, Ni, Pb and Zn (Table 1). In studied
sediments, Cd, Cr, Pb and Zn concentrations were
lower than the proposed ISQR/TEL values, while
Cu level was the same to slightly higher than the
proposed ISQG/TEL value for this element. Only
As and Ni showed slightly higher concentrations
compared to ISQG/TEL values, although still much
lower compared to PEL values.

To summarize, geochemistry of sediments
near Punta Arenas reflects the influence of both
the natural processes and anthropogenic activity.
Although the concentrations of all elements, even
As and Ni which are just above the TEL levels, are
still at levels that do not represent a toxic effect on
the present organisms, the human impact on the
sediment composition in the study area cannot be
denied. Although the size of the data set precludes
further discussion on the origin of these elements
in sediments of the Rio de las Minas, pipe systems
made of galvanized material or application of
paints containing Cu, Pb, etc., may be some of
the reasons for the observed levels of mentioned
elements. However, the impact of human activity
on heavy metal(loid) budget in the Rio de las Minas
estuarine sediments should be studied in more
detail not only for purposes of determining their
origin but also for their possible interaction with
microbial community.

Namely, in studied sediments the CRB were
present in abundance of 1.9 and 2.7 log CFU/
mL, whereas Marathe et al. (2017) reported up to
7.9 log CFUs/gram of sediment of carbapenem-
resistant strains for Mutha River sediments,
collected near a hospital wastewater discharge



site in the Pune city (India). Pune city is the ninth
largest city in India with a population of around
5.9 million, while the Mutha River, flowing through
the city, is one of the most polluted rivers in the
state of Pune. Although the city has several sewage
treatment plants, up to 64% of the sewage enters
the river untreated (Narain et al. 2012). Compared
to Punta Arenas, Pune city is significantly larger,
which necessarily entails more intensive and diverse
anthropogenic pressures; and thus the significantly
higher prevalence of CRBs in the sediments of the
Mutha River compared to the Rio de las Minas was
expected.

Observed prevalence of CRB among total
heterotrophic bacteria (0.003% at location 1
and 0.015% at location 2) is, on the other hand,
comparable to the prevalence of CRB (0.001
- 0.005%) in the river sediments influenced by
untreated urban wastewaters in Croatia, but lower
than 1.1% reported in the river sediments influenced
by untreated hospital wastewater (Hrenovi¢ et al.
2019). The abundance of CRB represented by
carbapenem-resistant Pseudomonas sp. suggests
the moderate impact of hospital and urban
wastewaters on the Rio de las Minas.

Kovaci¢c et al. (2017) studied the
transmission and survival of carbapenem-
resistant Acinetobacter baumannii outside the
hospital setting. They reported 55-67% survival
of A. baumannii in seawater during 50 days of
monitoring. No multiplication of bacteria was
observed as compared to initial numbers. The
absence of bacterial multiplication was explained
by low nutrient concentration in natural seawater
(Kovaci¢ et al. 2017). The latter, in addition
to dissemination with existing currents and the
overall dilution in the marine environment, could
be the reason for the absence of CRBs in the
Punta Arenas seashore sediment (location 3).
However, the scarcity of literature data precludes
broader discussion. Namely, the CRB of clinical
importance are not routinely measured in water
or in sediments, although the presences of CRB
in the environment possess the public-health
risk. The European Union allows a maximum
of 500 E. coli CFU/100 mL in seawater for
recreational use (European Union, 2007), whereas
the Environmental Protection Agency allows a
maximum of 200 E. coli CFU/100 mL in water

bodies used for recreational purposes (EPA, 1986).
The Chilean guidelines are even less strict, allowing
a maximum of 1000 faecal coliform CFU/100 mL
in recreational water with direct human contact
(NCh 1333 Of. 78). Despite the knowledge that
estimation of microbial contaminants in sediments
can serve as a stable index for long-term water
quality risks, microbiological guidelines for
sediments are currently nonexistent.

The necessity of further research on
this topic, combining both geochemical and
microbiological parameters, also prompts the
fact that the co-selection represents an upcoming
risk to human health due to the development of
metal driven multiple antibiotic resistant bacterial
pathogens. Namely, Imran et al. (2019) recently
concluded in their review that co-contamination
of the environment with metals, microplastics
and antibiotics results in the development and
spread of multiple-drug-resistant human pathogens
through the co-selection mechanism. Due to the
possible emergence of metal driven multiple
drug resistant human pathogens associated with
microplastics, co-contamination of terrestrial and
aquatic environments with metal and microplastic
is becoming a global concern.

CONCLUSION

Even restricted number of sediments
collected and analysed from Rio de las Minas
reflects the influence of natural processes and
anthropogenic activities in the Punta Arenas area.
The geochemistry of the investigated sediments
mainly reflects the geological background and grain
size distribution at the mouth of the river. However,
some of the elements point to the influence of
additional sources on the sedimentary metal
budget, indicating a clear track record of human
activities in the region. Although metal levels
currently do not present a toxic effect on present
organisms, the anthropogenic impact on sediment
composition is evident. Along with elevated
levels of some metals, such as arsenic and nickel,
untreated urban wastewaters represent a source of
clinically relevant carbapenem-resistant bacteria.
According to our knowledge, these are the first
data that combine sedimentary geochemistry with
microbiological contaminants in southernmost
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regions and represent the basis for further, more
extensive studies of multiple-drug-resistant human
pathogens and their co-selection with existing
metals in the environment. Further comprehensive
studies involving the upper parts of the river are
also welcome.
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