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Abstract— Heavy metals are one of the main sources of
pollution in sediment in coastal lagoons in Mexico. The
presence of metals in sediments of these aquatic bodies,
are an indicator that allows us to know the environmental
quality of ecosystems and the risk it poses to public health.
This, due to consumption of aquatic organisms that have
direct contact with the sediment when inhabiting the
bottom of the lagoon system. The objective of this research
was to determine the concentration of Pb, Cd, Cu, Cr and
Co in the Alvarado lagoon complex in Veracruz, Mexico.
Sediments of 41 sampling stations were analyzed.
Sediment digestion for the analysis of heavy metals was
carried out in a CEM Microwave Accelerated Reaction
System, Model MARS 5®. The concentrations levels of the
metals were analyzed by atomic absorption through flame
spectrophotometry on a Thermo Cientific 3500 Model AA
Ice System. The presence of the five metals were found in
all 41 analyzed stations. The Co presented the maximum
concentration with 9.53 ug g-1. Concentrations were
within the limits established by international legislation
with the exception of Cd. However, continuous analyzes
should be carried out in this study area to ensure the
environmental quality of sediments as a final deposit site
for persistent organic pollutants. The above as a result of
different productive activities that impact this area of
study.
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l. INTRODUCTION

Heavy metals and trace elements are incorporated into
aquatic ecosystems from natural and anthropogenic
sources [1]. These are considered as one of the most
important environmental pollutants due to their toxicity
and persistence, as well as being little biodegradable
elements that accumulate in the tissues of aquatic
organisms. They are also responsible for contributing and
generating biomagnification processes [1, 2]. Research
showed the presence of these elements in aquatic
ecosystems such as lagoon systems of the Gulf of Mexico
[3,4,5, 6].
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In coastal lagoons, pollutants undergo a series of
transformations, such as precipitation, flocculation and
sedimentation, before finally reaching the sea. However,
these processes may lead to increased toxicity of these
compounds, as well as increasing their residence time in
the water column and their toxicity in organisms inhabiting
these ecosystems [5,6].

In the process of transporting heavy metals to the sea, they
suffer different physical and chemical transformations,
such as precipitation from the water column, sedimentation
and final adsorption, in sediments that make them
bioavailable for aquatic life forms [ 7].

Therefore, an analysis of sediments and aquatic biota is an
efficient way to evaluate hydrophobic pollutants present in
these bodies; which also have a low solubility in water,
high solubility in lipids and a strong tendency to absorb
organic matter in soil and sediment [8]. Metals produce
severe damage when ingested at concentrations greater
than the tolerance limits of organisms [7]. Heavy metals
are contaminants that accumulate in organisms that inhabit
sediments and, that being the case, can be transferred to
higher trophic levels, through the food chain. The above
reflects a risk to public health [1, 6, 7, 9]. Therefore, it is
necessary to know the environmental quality of sediments
given its effect on various trophic levels and the transport
of pollutants. The objective of this work was to determine
the concentration of heavy metals in sediment of the
Alvarado lagoon system, Veracruz, Mexico.

1. MATERIALS AND METHODS

2.1. Study area

The Alvarado Lagoon System (CLA) is located southeast

of the state of Veracruz at coordinates 18°44'00 and

18°52'15 North Latitude and 95°44'00 and 95°57'00

Western Longitude [10]. This system is located 70 km

southeast of the port of Veracruz and is at an elevation of

10 m above sea level [11, 12].

This lagoon-estuarine system is composed of more than

100 brackish coastal lagoons and seasonally flooded areas,

among which are the lagoon bodies of Alvarado,

Camaronera and Buen Pais, as well as interior lagoons of
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Pajarillos, Popuyeca, El embarcadero, among others.
(Figure 1). The entire lagoon body has an extension of
6200 ha and a maximum width of 4.5m [12, 13]. The main
contributions of water to the system are the Papaloapan,
Acula, Blanco and Limon rivers [14].

2.2. Collection and treatment of samples

Sediment sampling was performed during dry season from
April to June, samples were collected at 41 stations to
determine Pb, Cd, Cu, Cr and Co. Samples were collected
with a dredge and stored in polyethylene bags to be
transported to laboratory at temperatures of 5°C, then these
were preserved in freezing. The collected samples were
lyophilized with a Thermo Savant Modulyo D-114 kit for
72 hours at -49°C and a vacuum pressure of 36x10-3 mbar.
These were stored in sealed bags, milled with a mortar and
pestle to a fine particle size, then homogenized with No.
30 sieve with a 595 pum aperture.

2.3. Analysis of sediment samples

The sediment digestion prior to analysis of heavy metals
was performed in a CEM Microwave Accelerated
Reaction System, Model MARS 5®, in which samples
were submitted to a digestion process according to the
EPA method [15].

To perform digestion on microwave equipment, 0.5 g of
the samples were taken, placed in an HP-500 Teflon
beaker to which was added a 9.0 ml volume of 90%
reactive grade nitric acid. This process was performed at a
temperature of 190°C. Each group was accompanied with
a blank sample and a reference control. After digestion
was completed, samples were filtered with the support of a
Nalgene bottle with Millipore® nitrocellulose 0.45 pum
filters. The resulting filtrate was then placed in a 25 ml
volumetric flask to be calibrated with Milli-Q® quality
deionized water. The already calibrated samples were
transferred to amber bottles and stored at a temperature of
4°C for subsequent quantification of the concentrations of
Cd, Cu, Cr and Co. Those concentrations were determined
by atomic absorption by flame spectrophotometry on a
Thermo Cientific 3500 Model AA Ice System
(ThermoCientific®, China) and Pb was determined by the
220 Z Graphite Furnace. Analytical determination of
heavy metals previously mentioned were performed
according to the technique described according to NOM-
117-SSA1-1994 [16].

2.4. Statistic analysis

Concentrations of heavy metals in sediment were analyzed
using the software Statistica 7.0 (StatSoft, Inc. Tulsa,
USA), using the One-way Analysis of Variance (ANOVA)
and Tukey Multiple Comparison test.
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1. RESULTS AND DISCUSSION

Pb, Cd, Cu, Cr and Co presence was detected in all
analyzed stations of the Alvarado Lagoon system (Table
1). Maximum concentrations of metals presented the
following distribution: Co (9.53)> Cr (7.32)> Cd (5.27)>
Cu (5.18)> Pb (2.30 ug g ). Variations in concentrations
of metals depend on their physical and chemical
properties, since they can be mobilized and transported in
the ecosystem, as well as represent a risk in the quality of
the same [1,17]. However, there were no statistically
significant differences (p> 0.05) between concentrations of
heavy metals in the stations and metals analyzed (Figure
2), except Cr at station number 28 (7.210 + 0.155 ug g ).

3.1. Lead (Pb)

Pb concentrations obtained in this research showed
significant differences to studies reported by previous
investigations in the area, with a mean value of 27.49 £
13.65 ug gt [18]. Likewise, no statistically significant
differences were obtained in the sampling stations (Table
3).

Regarding Sadiq’s permissible limits (1992) with 5 pg g
(Table 1), mean and maximum concentrations obtained in
Alvarado (0.696 + 0.609 and 2.3 pg g'*) did not exceed the
reference value (Table 2). However, presence of Pb in
sediment highlights the potential hazard to aquatic
organisms inhabiting lagoon systems [19].

3.2. Cadmium (Cd)

Maximum concentration of Cd was 5.27 pg g, while
mean value was 0.858 + 1.019 ug g, the latter value being
within the reference range reported in uncontaminated
sediment of 1 and 1.2 pg gt [ 20, 21], (Table 2). This
contrasts with what was reported in the Paliza River
located in the state of Campeche, where Cd values
exceeded these established limits [1].

The existence of Cd in the environment is to draw
attention, because its high degree of toxicity and its
presence in sediments is due to a completely
anthropogenic origin by activities where this metal has
been used [1].

3.3. Copper (Cu)
Concentrations obtained for Cu in this study can be
considered as low compared to other studies in lagoon
sediments, in which values of 41.13 and 18 pg g were
obtained [22,8]. As well as the mean value reported for the
Alvarado lagoon with 17.49 + 4.09 ug g™ [18].
Variations in Cu levels have been associated with particle
size, where finer sediment particles such as clay had a high
affinity to sediment and provide higher ionic absorption
and attraction. Therefore, the persistence of Cu deposited
in the sediments contributes to these being bioavailable for
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those organisms whose eating habits make them
susceptible to the ingestion of these contaminants [1, 23].

3.4. Chromium (Cr)

Mean concentration of Cr in the present study was 2.161 +
1.899 ug g! (Table 2). This value was lower than that
reported in an earlier research also for the Alvarado lagoon
system in 2005 with a value of 13.75 + 9.04 pg g* [18].
Previous concentrations and those reported in this study
had values below the allowable limit of 20 ug g* (Table 2)
for coastal sediments [19].

Variations in concentrations of this metal may be due to
the fact that Cr is characterized by showing a regional
transport pattern due to deposition and erosion regimes
[24].

3.5. Cobalt (Co)

Maximum concentration with respect to the other metals
corresponded to Co with 9.53 pg g, this value exceeded
the concentrations reported for Castillero lagoon in
Venezuela with values of 1.14 and 6.92 pg gt [24]. Other
research stated, also in sediment, values of 10.10 + 1.68 pg
g during autumn, while in winter it was 19.23 + 2:47 ug
g™ [25].

Higher concentration of Co may be related to its
characteristics, being a biologically important metal
naturally present in the environment. Cobalt may enter the
environment from both natural sources and human
activities. It occurs naturally in soil, rock, air, water,
plants, and animals. It may enter air and water, and settle
on land from windblown dust, and enter the surface of
water through the runoff when rainwater runs through the
ground [26]. Although this is an essential metal for
organisms in low concentrations, whereas at high
concentrations may be toxic [27]. However, it should also
be highlighted that mean concentration presented a value
of 0.804 = 1.206 pg g It should be noted that there is
little research to compare the concentration of Co in
lagoon sediments and there are no permissible limits on its
concentration (Table 2). Only ATSDR [28] established
that concentration of Co in soil varies considerably
between 1 and 40 ug g, with an average of 7 ug g*. The
above mentioned highlights the scarce existing knowledge
on the biogeochemical behavior of cobalt in aquatic
systems [19, 29, 30, 31].

V. CONCLUSION
Sediments in coastal lagoons constitute a site of deposit of
heavy metals, which can form associations with the texture
of the sediment and with other metals. It is therefore
necessary to take samples continuously and with greater
depth. This, as a needed action for better control of Pb, Cd,
Cu, Cr and Co. Apart from having the purpose of
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preserving the coastal environment, defining policies and
mitigating agricultural production and energy generation
actvities. And thus avoid greater impact to the
environment.

Regarding the comparison with reference values reported
for uncontaminated sediments and adverse effects to
aquatic biota, it was observed that maximum concentration
of Cd (1 pg g-1) exceeded this value. However, the rest of
the metals Pb, Cu and Cr presented concentrations lower
than this reference with 5, 10 and 20 pg g-1, respectively.
In the case of Co there is no specific limit of reference, but
given the biospecific character of this metal, results in this
research presented values similar to those reported in other
investigations.

There are no clear criteria to establish contamination by
heavy metals of a sediment, because its composition can
be very varied due to the influence of type of granulometry
and the content in organic matter mainly. It is also
highlighted in this study that effective control over the
presence of pollutants in coastal environment such as
rivers and lagoons in Mexico can be associated with
industrial and urban growth. The presence of these
pollutants and the lack of national regulation represent an
environmental and public health risk in Mexico, which has
made it necessary to turn to international standards.
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Table.1: Comparison of mean concentrations of metals in sediment (ug g*) of the Alvarado lagoon complex, Veracruz,

Mexico.
Pb Cd Cu Cr Co
Maximum 2.3 5.27 5.18 7.32 9.53
Minimum 0.02 0.01 0.02 0.10 0.020
Mean 0.696 + 0.609 0.858 +1.019 0.688 +0.876 2.161 +1.899 0.804 + 1.206

Table.2: Heavy metals permissible limits in coastal sediments (ug g%).

Metal
Canadien guidelines (2017) NOAA Guidelines Sadiq (1992)° | Long et al., (1995)°
ERL! ERM? TEL® PEL*

Pb 46.7 218 30.2 112 5 46.7

Cd 1.2 9.6 0.7 4.2 1 1.2

Cu 34 270 18.7 108 10 34

Cr 81 370 52.3 160 20 81

Co - - - -- - -

Source: [30, 31, 20, 21]. Abbreviations: 'Effects range low (ERL); 2Effects range median (ERM); 3Threshold Effect Level
(TEL); “Probable Effect Level (PEL); °Reference value for uncontaminated sediment; Value in sediment that produces
biological effects; -- Not established.
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Fig.2: Concentration of heavy metals in sediment (ug g™*) of the Alvarado lagoon complex, Veracruz, México
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