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Abstract

The aim of this study was to determine parameters of dissolved oxygen, temperature and
nitrogen in the coastal basin of the Jamapa River as indicators of eutrophication. Six sampling
sites were selected in the lower basin, where samples were collected in triplicate in each site,
during three seasons; north winds, dry and rainy. Results of the research, analyzed using the
Minitab statistical program, were: site 2 showing the maximum value of dissolved oxygen with
5.83 mg/L; site 5 with the maximum temperature value of 30.3 °C, during the dry season.
Whereas, maximum mean values of total nitrogen were at site 2 (4.596 mg/L) and site 5 (4.281
mg/L). Coastal basins can change markedly the nitrogen concentration with respect to weather
and environmental conditions. As well as, reduced forms of nitrogen cause alterations in
dissolved oxygen and the increase in water temperature, along with high concentrations of
nutrients.
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1. Introduction

The state of Veracruz is characterized by having a high volume of water resources with respect
to other entities of the Mexican Republic. (1). It has a wide coastline, which allows for extensive
activities related to the use of coastal and marine resources mainly (2). Due to its characteristics
and limits of hydrological basins, four hydrological regions from north to south have been
established and delimited by the National Water Commission: RH-26 Panuco, RH-27 north of
Veracruz or Tuxpan-Nautla, RH-28 Papaloapan and RH-29 Coatzacoalcos. The region analyzed
for this study is included in the Papalopan river basin, particularly in the Jamapa river. This river
is formed by two important currents, which at their confluence are known by the names of
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Cotaxtla and Jamapa rivers. At the end of their route, they flow into the Gulf of Mexico, through
Boca del Rio, Veracruz (3). The coastal and fluvial reliefs are the most dynamic among the
different types of terrestrial forms, being vulnerable to erosion, and flooding, which results in
several impacts such as sea level rise, storm surge and displacement of the coastline.

It is important to take advantage of geomorphological cartography to carry out water quality
studies to assess damage in coastal areas vulnerable to natural forces such as floods, cyclones
and anthropogenic discharges (4). The quality of water in basins is a direct result of the
incorporation of chemical compounds, ions and gases received through air and soil, from the
biological, socioeconomic, geochemical and physical processes that transform these paths (5, 6).
Nutrients and contaminants are naturally incorporated into aquatic and terrestrial ecosystems,
however anthropic influence has altered these cycles by increasing their concentration (7, 8).

Water bodies often exceed the capacity for natural assimilation, so the quality of the resulting
water is unacceptable. This situation compromises the states and the regulating entities of water
quality control in coastal basins: to establish policies, that limit discharges to water sources and
to regulate the quality of water by applying norms that establish the permissible limits of the
control parameters for the protection of natural water resources (9). However, the reality is
inadmissible, in terms of complying with the quality standards of the discharges, it is required to
have wastewater treatment plants that comply with an efficient sanitary management. In addition,
there are systematic limitations in the control of quality parameters (10). The objective of this
study was to analyze water quality in the lower basin of the Jamapa River for three seasons,
evaluating parameters of dissolved oxygen, temperature and total nitrogen as an effect of
eutrophication by discharges and runoff that is received as a result of productive activities.

2. Materials and Methods
2.1. Study Site and Location of Sampling Sites
The study was carried out in the Jamapa river basin, whose area covers the municipalities of

Medellin, Boca del Rio and Alvarado (latitudes from 19.1250 to 19.050 and lengths from -
96.180 to -96.100) (11). The location of the sampling sites is indicated in Figure 1.
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Figure 1: Location of the study area and location of the sampling sites in the lower coa
of the Jamapa River, Veracruz, Mexico.
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Sand deposition processes predominate in the lower basin of the Jamapa River, interspersed with
the formation of dune fields that run transversely and/or parallel to the coastline that go inland.
The relief is classified as low plains and hills that belong to the subprovince coastal plain of
Veracruz (12). Six sampling sites were selected in the lower basin of the Jamapa River as a result
of a survey study. Important discharge areas were identified in these sites, including human
settlements and different production activities. Among other important discharges that this basin
receives, there are three units of aquaculture production and that of a thermoelectric plant. Also,
in the study area was marked as a public interest sampling site, the Moreno stream discharge,
which is characterized as a municipal effluent that comes from the cities of Veracruz and Boca
del Rio. The mouth of the Jamapa River corresponds to the estuary influx area. This is in an area
close to the sea and also to the discharge channel that feeds the important Mandinga lagoon
system in Veracruz.

2.2. Sampling and Analytical Methods

The six selected sampling sites were georeferenced and water samples were taken at each site in
a timely manner. Samples were taken in triplicate at each site in a morning schedule during the
three seasons of an annual cycle. The seasons currently recognized, in the study region, are three
during the year: north winds (November-February), dry (March-June) and rainy (July-October).
A multiparameter probe model YSI-556 was used for in situ measurement of temperature and
dissolved oxygen.

With respect to the total nitrogen analysis, the surface water samples were placed in labeled
bottles, fixed with the addition of sulfuric acid until pH 2 and kept in refrigerators at 4+1 °C.
They were transferred under a chain of custody until they reached the Water Resources Research
Laboratory (LIRA) of the Technological Institute of Boca del Rio (ITBOCA). Where the
samples were analyzed, before 7 days of being refrigerated, by the technique of total nitrogen
according to the Mexican standard NMX-AA-026 for waters, by Kjeldahl Method, published in
the Official Gazette of the Federation on the 27th October, 1980 (13). This technique is in
accordance with international standards and the (14).

A volume of 50 ml of the sample was used, placed in a Kjeldahl digestion flask with 10 ml of
accelerating reagent and boiling beads for digestion. The samples were placed in a hood for gas
extraction and temperature control, until obtaining a clear light green solution, free of vapors.
This process took approximately 20-30 minutes per sample. To begin with the distillation step,
the digested sample was allowed to cool, then distilled water was added until reaching a total
volume of 50 ml in the flask. In the distillation equipment, a 20 ml solution of sodium hydroxide
(NaOH) was added to neutralize the digested sample until the color changes from light to dark.
To receive the distillate, an Erlenmeyer flask was placed in the nitrogen distillation equipment to
which 75 ml of boric acid solution and 2 or 3 drops of mixed indicator were added. Making sure
that the tip of the condenser remained totally submerged inside the boric acid, the sample was
distilled until obtaining a volume of approximately 200 ml. The presence of ammonia changes
the color of the boric acid solution from blue to green, when the indicator has been used. The
digested sample was allowed to cool and distilled water was added until reaching a total volume
of 50 ml in the flask in the distillation equipment, a solution of 20 ml of sodium hydroxide was
added to neutralize the digested sample until a change of light to dark color was obtained. To
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receive the distillate, an Erlenmeyer flask was placed in the nitrogen distillation equipment to
which 75 ml of boric acid solution and 2 or 3 drops of mixed indicator were added. Attention
was paid to the fact that the tip of the condenser remained totally immersed inside the boric acid,
the sample was distilled until obtaining a volume of approximately 150 ml. When the indicator
has been used, the presence of ammonia changes the color of the boric acid solution from blue to
green. For the titration process, the distillate volume was titrated with the sulfuric acid standard
at 0.02 N until the indicator changes to a pale pink color. During the process, a reagent blank and
a known concentration standard of phenylamine were made to determine the yield and recovery
percentage of the method.

2.3. Statistic analysis

For the process of the measured variables, an analysis of variance (ANOVA) was performed
between the sampling sites and the seasons. The Tukey test (HSD) with a confidence interval of
95% (p <0.05) was used in order to compare the differences between groups. The analyzes were
performed using the Minitab statistical program (v.17, Minitab Inc.)

3. Results and Discussions
3.1. Dissolved Oxygen

Dissolved oxygen is an indicator par excellence, which defines the quality of water for aquatic
life (15). The results of the dissolved oxygen (DO) samples analyzed in the six chosen sites,
during the three seasons, indicated a mean minimum value of 4.5 mg L™ in Site 5 and a mean
maximum value of 5.83 mg L™ in Site 2. In the statistical analysis by seasons, the following
mean values were found: dry season: 5.63 mg L™, rainy season: 5.35 mg L™ and north winds
season: 5.55 mg L™ (Figure 2).

According to the EPA (16) and the ecological criteria of the European community (CE-CCA-
001/89)(17), levels of dissolved oxygen concentration are established with values of 4.5 and 5
mg/L of DO for the supply of potable water for agricultural irrigation and protection of coastal
areas, respectively.The following values are also included: for the protection of aquatic life in
fresh and marine water 5 mg L™ of DO, for the development of species for aquaculture: tilapia
2.1 mg L?, carp 5 mg L™, catfish 4 mg L™ and trout 7.8 mg L™ Most fish tolerate a low
concentration of dissolved oxygen for a certain period of time. However, concentrations below
the percentage of saturation produce negative effects on biodiversity, growth, reproduction and
their activity. The results obtained from this study are superior to the limits established by the
EPA and CE-CCA-001/89 for the supply, as well as for the protection of aquatic life, they were:
Site 1 of 6.40 mg L™ and Site 2 of 6.10 mg L™, in the rainy season. A maximum value was
obtained at Site 3 of 7.20 mg L™ during the dry season. In an investigation carried out by Torres
et al. (18), water quality was determined in the Seco river in one of the sampling sites of the area
called "La Concha", where 7.3 mg L™ of OD was obtained in the rainy season, approximate
value to that of this study in the Jamapa river. Therefore, these two rivers of the state of Veracruz
show anthropogenic influences that alter the OD in the water.
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Figure 2: Evolution of dissolved oxygen concentration by sampling sites in the lower coastal
basin of the Jamapa River, Veracruz, Mexico.

Almazan et al. (19), conducted a study that indicated that during the rainy season in the channel
of the Papagayo River, Guerrero, Mexico, an average of 6.42 mg L™ and 3.98 mg L™ of OD
were obtained, in dry and rainy season respectively, which demonstrated the decrease of OD in
the rainy season. However, in the study of the Jamapa River, no significant statistical differences
were found in both seasons.

Sandoval et al. (20) conducted a study to assess the current condition of the Atoyac River,
between the states of Puebla and Tlaxcala in Mexico, based in the river sub-basin, during the dry
season, the DO measurement was in a range of 1.7 mg L™ to 6.4 mg L™. According to Hernandez
(21), the oxygen needs vary for different uses, where the minimum value of 2 mg L™ is for
recreational use and the maximum value of 7 mg L™ can be used for the reproduction of
salmonids.

3.2. Temperature

Mean and minimum temperature values were analyzed by sites in this study. The results were:
Site 1, 27.5 °C, which was the minimum value and the maximum was 30.3 °C in Site 5 (Figure
3). Bain (22), indicated the dependence of dissolved oxygen concentration with respect to water
temperature, after relating both parameters. According to different studies, authors point out that
the temperature of running water is one of the most important parameters in studies of aquatic
ecosystems, it influences chemical processes present in river systems, as well as conditions and
biological behavior (23). The change in water temperature generates changes in the composition
of species as well as in reproduction processes, putting at risk the structure of the marine trophic
network. Also, the increase in temperature causes an increase in the level of eutrophication (24,
23)
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Figure 3: Temperature evolution by sampling sites and seasons in the lower basin of the Jamapa
River, Veracruz, Mexico.

In this study, the statistical analysis of the temperature parameter did not present a significant
difference. The following mean values were reported: 30.93 °C in the dry season, 29.32 °C in the
rainy season and 24.82 °C during the north winds season (Figure 3). The statistical analysis
indicated that there was a significant difference in the measurement of temperature by seasons,
specifically in the north winds against the dry of 6 °C and with respect to the rainy season of 4.5
°C. Ridanovic et al. (25), noted in their study on the Neretva River, that the temperature
difference between seasons is considerable and this may influence the processes of the aquatic
environment, particularly dissolved oxygen concentrations. The temperature of the water varies
with the change of seasons. In addition, in a study conducted by Almazan et al. (19) in the
Papagayo River, a temperature mean value of all the sampling sites of 30.31 and 29.9 °C was
obtained in the dry and rainy season, respectively. What refers to values similar to the study of
the Jamapa River. Smith et al. (26) indicated that the concentration of dissolved oxygen in
surface waters varies greatly with respect to temperature, because the level of saturation in the
water decreases when the water temperature increases.

3.3. Total Nitrogen

The presence of nitrogen in the water resource is of vital importance due to environmental and
sanitary consequences, such as: increased acidity, eutrophication and toxicity of aquatic
ecosystems, which ultimately affect the survival, growth and reproductive capacity of aquatic
organisms and terrestrial (27). Mean results of the parameters analyzed by sites are indicated in
Table 1.

Table 1. Sampling sites and mean values of disolved oxygen, temperature and total nitrogen.

Key Sampling Dissolved Temperature Total nitrogen
Site (S) site oxygen °C mg L™

mg/L™
S1 Medellin 6.19 £0.728  27.67£2.36  3.353 + 1.095
S2 Tejar 596 +0.489 27.89+227 4596 +2.012
S3 San José 592+0.698 27.94+241  3.858+2.287
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S4 Playa de vacas  5.67+0.437 28.12+242 2732+1.201
S5 Arroyo Moreno  3.41+0.694 30.30+2.74 4.281+2.391
S6 Boca del Rio 574+0.330 29.04+272 3.384+1.676

A coastal basin presents equilibrium conditions in the concentration of oxygen when it does not
present problems of eutrophication, that is, the surface waters contain high concentrations of
dissolved oxygen and the concentration of nitrogen is in the form of nitrates, a compound that is
of low toxicity with respect to to other forms of nitrogen (28).

95%Forhe@neanXaluel

TotalNitrogenBng/LEl

Seasonf@

Figure 4: Total nitrogen sampling sites during the year, in the lower basin of the Jamapa River,
Veracruz, Mexico.

The maximum mean values reported in this study were present at site 2 (4,596 + 2,012) and site
5 (4,281 + 2,391). The statistical analysis did not show significant differences in the analyzed
sites. This, according to studies reported by other authors (29, 30), indicates that there is
influence in both sites as a consequence of the presence of this nutrient (Figure 4).

The nitrogen content in greater concentration has its origin in different agricultural fertilizers, in
waste originated by livestock activities and by municipal waters. Currently, the waters of rivers
receive high levels of nutrients, which is a consequence of the different erosion processes, as
well as of the different industrial and urban activities (31). Another source of nitrogen income to
the ecosystem is through the atmosphere, by dry air currents and by precipitation. This has an
impact on the biogeochemical cycles of coastal systems (32). The nutrients deposited by the
atmospheric route, mainly by nitrogen, are potentially significant (33). This is related to the
increase in the nitrogen concentration of 2.8 mg L™ during the dry season, 4.8 mg L™ in the north
winds season and for the rainy season to concentrations of 5.3 mg L™, this with respect to the dry
season. The above can initiate the eutrophication of ecosystems, by producing various ecological
and toxicological effects, which are directly or indirectly related to the proliferation of primary
producers. This proliferation and its subsequent death and decomposition, usually lead to a
marked decrease in the concentration of dissolved oxygen in those ecosystems with a reduced
rate of water renewal (34, 35).
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The contribution of nitrogen in the river basins is of diffuse origin and represents more than 50%
of the total basin (36). According to the anthropogenic nitrogen emissions, this compound can
contribute to contamination, levels within the range of 0.5-1.0 of total nitrogen mg L™ are
considered. This range of concentrations seems relatively low, in relation to the high
concentrations of nitrogen compounds reported in all sampling sites in this study area. According
to Céardenas-Calvachi & Sanchez-Ortiz (27), the nitrogen monitoring in water is, therefore, an
indicator element for the protection of public health and biota.

4. Conclusions and Recommendations

The relationship between dissolved oxygen and temperature indicates water quality. Although
dissolved oxygen is essential for aquatic life, this study shows that in the different sampling sites
and by season there were no significant differences, however the dissolved oxygen remained
above the established by the ecological criteria of water quality in the General Law of Ecological
Balance, as well as by the Environmental Protection Agency (EPA). On the other hand,
temperature results showed significant differences in the north winds season. It is necessary to
perform a constant monitoring of these parameters in sites adjacent to areas of residential
housing discharges, among other point sources that indicate the possible effects due to the
influence of population growth and the increase of productive activities in the study area.

Currently, the deterioration of water quality is a problem that is increasing, and is considered one
of the main environmental problems. One of the main impacts, both for fresh and salt water, is
the uncontrolled dumping of urban and industrial wastewater, often without treatment, as well as
poor agricultural practices. Both, agricultural, livestock and urban activities are the result of
different productive processes that are carried out at national level, impacting water bodies.
Coastal basins can change in a marked way the concentration of nitrogen with respect to weather
and environmental conditions. Massive deaths of fish and other aquatic organisms in coastal
watersheds are indicators of hypoxia or anoxia in eutrophic and hypertrophic ecosystems that
undergo stratification. The loss of habitat for the survival and reproduction of aquatic organisms
can be a consequence of the lack of oxygen. As well as the reduced forms of nitrogen cause
alterations in dissolved oxygen and increase in water temperature, along with high
concentrations of nutrients; nitrogen is one of the essential elements for algae, its excess can
produce processes of eutrophication in the basins.
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