p-I_SSN:_ 0972-6268 ol
(Print coples up 0 2016) | v/o1. 20 | No.4 | pp. 1415-1425 | 2021

Nature Environment and Pollution Technology D
An International Quarterly Scientific Journal "
e-ISSN: 2395-3454 ) g

| d-’ https://doi.org/10.46488/NEPT.2021.v20i04.004 |

Open Access Journal

Original Research Paper

Geochemical Characterization and Saturation Index (Si) in the Montebello
Lagunar System Liquidamber Lagoon, Chiapas Mexico

J. R. Reyes-Santiago, L. A. Garcia-Villanuevaf, G. Fernandez-Villagomez and P. Guzman-Guadarrama
Department of Sanitary and Environmental Engineering, Engineering School, National Autonomous
University of Mexico, Mexico

Corresponding author: L.A.Garcia-Villanueva; lagvillanueva@ingenieria.unam.edu

ABSTRACT

The “Lagunas de Montebello” National Park located in Chiapas, Mexico, is well known for its crystal
blue water bodies, some of which, in 2003, started to change color from crystalline to cloudy brown,
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Revised: 30-09-2020 and occasionally emit a foul smell, contains white-yellowish supernatant debris and dead fish. To

Accepted: 18-10-2020 determine the causes of the changes in the water characteristics of the “Liquidambar” lagoon of the

Montebello lagoon system, a physicochemical characterization was carried out over the first six meters
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égriqulturall(waste for different minerals. Water was classified as calcium-sulfated and the main mechanism that controlled
rosion ris|

its chemistry was rocks dissolution. Sulfide was found at all sampled depths in the range of 0.11 to 1.13
mg.L'1. The concentration of sulfate in the water column ranged from 249.21 to 298.7 mg.L'1, carbonate
ranged from 140.5 to 261.4 mg.L'1, calcium and magnesium ranged from 94.5 to 146.9 mg.L'1 and 34.2
t0 38.3 mg.L'1, respectively. Likewise, oxygen was also found to be oversaturated on the surface with a
value of 9.32 mg.L‘1. The speciation results and Sl indicated that the mineral phases calcite, aragonite,
and dolomite were oversaturated, being greater on the surface. The results suggested the possibility
that the turbidity, the coloration change, and the whitish supernatant were due to the precipitation of
carbonate minerals, microbiologically influenced by the photosynthetic activity in the upper layer of the

Loss of fertile soil
Water quality

N

lagoon water.

INTRODUCTION

Geochemistry studies the redistribution of the elements and
compounds through natural and anthropogenic environments,
and in the case of water, it studies the processes that control
its chemical composition. These processes are identified
through the analysis of the water physicochemical parame-
ters, which allows identifying characteristics acquired by its
interaction with geological mediums such as quality, origin,
the type of rocks through which it flows, its flow patterns,
and even the residence time in the watershed and aquifers
(Appelo & Postma 2005, Garcia et al. 2014, Nordstrom &
Campbell 2014)

The main processes that control water chemistry are
atmospheric precipitation, dissolution of the crust minerals,
and evaporation (Appelo & Postma 2005, Marandi & Shand
2018, Zhu & Schwartz 2010).

Some other mechanisms that modify the water chemistry
are processes that involve chemical reactions, such as sili-
cates dissolution, which requires acid-base reactions, redox
reactions, most of them biologically assisted, that exert a
significant influence over some elements such as O, C, S,

N, and Fe. Ion exchange and absorption can also be men-
tioned as processes that influence water chemistry (Appelo
& Postma 2005, Singhal & Gupta 2010, Stumm 2007, Zhu
& Schwartz 2010).

The dissolution and precipitation of minerals, as well
as ion exchange, are rapid processes that are controlled by
chemical equilibrium. On the contrary, redox transformations
and silicates dissolution, are slow processes and controlled
by kinetics. The majority of water solutes produced by the
above-described processes are Ca’*, Na*, Mg”*, K*, HCOy,
CI, SO42' and H,;Si0O, and the source of these is described
in Table 1 (Zhu & Schwartz 2010).

Mineral saturation calculations using the saturation index
(SI) can assist in predicting the existence of reactive miner-
als. This is defined as (Appelo & Postma 2005):

SI = log (AIP/Ksp)

Where IAP is the ion activity product, which is obtained
from the water chemical analysis, and Ksp is the solubility
product constant. When SI=0, the balance between dissolved
ions and a solid mineral has been reached, that is, saturation
has been reached. On the other hand, SI>0 indicates over-
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Table 1: Origin of the main chemical water components.

J.R.Reyes-Santiago et al.

Component Source

Na* Feldspar, rock salt, zeolite, atmosphere, cation exchange
K* Feldspar, mica

Mg2+ Dolomite, serpentite, pyroxene, amphibole, olivine, mica
Ca? Carbonate, gypsum, feldspar, pyroxene, amphibole

CI Rock salt, atmosphere

HCO;’ Carbonates, organic matter

SO42' Atmosphere, gypsum, sulfides

NOy Atmosphere, organic matter

Si Silicate

Fe?* Silicates, Siderite, Hydroxides, Sulfides

PO43+ Organic matter, phosphates

Source: Appelo & Postma (2005)

saturation, so the mineral will tend to precipitate to achieve
balance. When SI<0, water is under saturated with respect to
the mineral phase, so it will tend to dissolve until the balance
is reached (Appelo & Postma 2005).

Mineral precipitation occurs when the JAP that compose
it, exceeds the Kps. For precipitation to occur, an oversatu-
ration condition must exist. In natural water bodies, it has
been observed that an SI>1 is required, i.e., the IAP is 10
times the value of Kps (Appelo & Postma 2005, Dupraz et al.
2009, Homa & Chapra 2011).

The minerals precipitation mediated by microorganisms
can be classified according to their degree of intervention
in the process. The secretion of one or more metabolic
by-products that react with ions or chemicals in the envi-
ronment, resulting in mineral particle deposition, is known
as biologically induced precipitation. It is especially signif-
icant in anaerobic environments or oxic-anoxic interfaces
because the source of electron acceptors are sulfates and/or
various metals including iron and manganese. On the other
hand, biologically controlled precipitation is that in which
biological activity controls nucleation, growth, morphology,
and the final location of minerals; some examples of it are
the formation of shells and exoskeletons. Finally, biologi-
cally influenced precipitation is that in which environmental
parameters, rather than microbial activity, are responsible for
precipitation. In this case, microorganisms exercise some
influence over the environment, leading to precipitation, for
example, the carbon minerals precipitation derived from the
increase of pH generated by photosynthesis (Dupraz et al.
2009, Homa & Chapra 2011).

Photosynthesis is one of the most effective biological
processes in biologically influenced precipitation in aquatic

environments with hard water. Photosynthetic carbon fixation
removes CO, from the environment, sometimes at a faster
rate than the diffusion replacement to the higher activity
layer, resulting in HCOj;" dissociating to CO, and OH'’ raising
the pH and favoring the precipitation of CaCO;. At the same
time, CO, removal displaces the balance towards calcium
carbonate formation. The net reaction of CaCO; photosyn-
thesis and precipitation process is (Dupraz et al. 2009, Homa
& Chapra 2011, Karami et al. 2019).

2HCO; + Ca®* = CaCO; + CH,0 + O,

The CaCO; formation has more than one environmental
impact, since calcite precipitation, when oversaturated,
causes reduction of water clarity (Karami et al. 2019, Walsh
et al. 2019)

Abiotically, the physicochemical processes that lead to
precipitation are: water evaporation (which concentrates
the ions until reaching saturation), and degassing (which
modifies the carbonates balance favoring precipitation)
(Dupraz et al. 2009).

The “Lagunas de Montebello” National Park, located in
the state of Chiapas, Mexico, is a protected natural area that
houses a karstic origin lagoon system formed by approxi-
mately sixty lagoons that vary in size and shape. The park
houses some of the most beautiful scenery in the Mexican
territory, largely for the water color and clarity of its lagoons
(Duran et al. 2014, IMPLAN Comitan 2015).

For decades, the region’s socio-economic pressure to
land-use change, deforestation, the increase in agricultural
and livestock activities, as well as the increase of population,
have altered water quality in the basin (IMPLAN Comitan
2015, Mora et al. 2017).

Vol. 20, No. 4, 2021 ® Nature Environment and Pollution Technology



GEOCHEMICAL CHARACTERIZATION AND SATURATION INDEX IN LIQUIDAMBER LAGOON

In 2003, residents of the Liquidambar Lagoon area began
to report water changes in the coloration and transparency
of the water, as well as whitish-yellow supernatant debris,
bubbling, foul odor, and fish death. This phenomenon, with
the passage of time, has been identified in other lagoons too,
and it commonly occurs between December to February
(Alcocer et al. 2016, 2018, Garcia et al. 2014, IMPLAN
Comitan 2015, Mora et al. 2017, Oseguera & Alcocer 2016).

Studies have been carried out for the physical, chemical,
biological and toxicological characterization of the Lagunar
System of Montebello, Chiapas. However, the causes of spa-
tial and temporal change in the water quality of the lagoons
have not been identified (CONAGUA — CONACYT 2013).

STUDY AREA

The Lagunas de Montebello National Park is in the state of
Chiapas in Mexico and borders Guatemala. It is delimited
by the coordinates 16°5” and 16°10’ latitude and 91°38’ and
91°97’ longitude (Fig. 1). It covers an area of approximately
61 km2, and it is located at the southeastern end of the Rio
Grande basin in Comitan ( CONAGUA - CONACYT 2013,
Duran et al. 2014, Mora et al. 2017).

This region’s climate is semi-humid temperate with rain-
fall all year long, the total average precipitation is 1800 mm,
and the annual average temperature is 17°C. The Montebello
Lagunar System is composed of about sixty lagoons, some of
which are superficially connected. However, the waters that
feed the system are mainly underground and are part of the
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Rio Grande basin in Comitan (Duran et al. 2014, IMPLAN
Comitan 2015, Mora et al. 2017).

The soil of the system is predominantly composed of
sedimentary cretaceous rocks, chemically limestone, and
dolomites. At greater depth, paleocene turbidite can be found.
Finally, there are Eocene and Miocene units composed of
continental clastic deposits (Durdn et al. 2014, Mora et al.
2016).

The Lagunar system of Montebello Park is composed
of 50-60 water bodies. Some of the main bodies are Bala-
mtetik, Liquidambar, San Lorenzo, Yalmuz, Bosque Azul,
Monte Bello, Cinco Lagos, Pojoj, Tziscao, and Dos Lagunas,
which stand out for their size, morphology, and economic
importance, as well as for being subjects of study (Alcocer
et al. 2016, Mora et al. 2017).

According to their water chemistry, the lagoons can be
classified into two large groups: lagoons with carbonate
calcium water and lagoons with sulfate calcium water.
The lagoons in the first group receive the discharge from
the Rio Grande, and have been classified as eutrophic, and
mesotrophic (Durdn et al. 2014, Mora et al. 2017, Vera et
al. 2015).

MATERIALS AND METHODS
Sampling

The sampling was performed in the Liquidambar Lagoon
in July of 2018. The change of color was observed for the
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Fig. 1: Geographical location of the Lagunas de Montebello National Park
Source: Modified from SIATL-INEGI
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first time in this lagoon (Vera et al. 2015). The sampling
point coordinates are latitude 1786736, length 629915, UTM
projection; Datum WGS 84 (Fig. 2), with an elevation of
1457 masl.

The samples were taken with a Van Dorn bottle, at 7
different depths, the first at 0.5 m under the water mirror and
later at 1, 2, 3, 4, 5, and 6 m. They were filtered through a
0.45-micron nitrocellulose membrane of 25 mm diameter. To
provide pressure, swinnex filter holders and a 5 mL syringe
were used. Samples taken for ion analysis were stored in 50
mL corning polypropylene centrifuge tubes.

For the sulfide samples, 8 drops of 2N zinc acetate were
added as a preservative and 4 drops of NaOH 6N to bring the
sample to a pH above 8, and ensure that the sulfides remain
dissolved when the zinc sulfide precipitate is formed.

For the biochemical oxygen demand (BODjs), chemical
oxygen demand (COD), and alkalinity tests, one-liter poly-
propylene bottles were filled completely, without leaving air
space. The samples were kept on ice until analysis.

Sample Characterization.

For the field parameters (temperature, pH, dissolved oxy-
gen (DO), redox potential (EH)) a multiparametric Hanna
Instruments model HI 9829 probe was used.

Alkalinity was determined by volumetric titration using
HCI 0.02N to the turn of bromocresol green; the determina-

J.R.Reyes-Santiago et al.

tion was made within 7 h after the first sampling.

The dissolved anions and cations, except for sulfide, were
analyzed using the chromatography technique of ions with
conductometric detection.

The ion sulfide concentration determination was done
by reverse titration. An excess iodine solution of 0.0025N
was added to the sample to react with the sulfide, then the
remaining iodine was titrated with sodium thiosulphate
0.0025N (Na,S,0;) using starch as an indicator, method
4500-S2- F (Clescerl et al. 1999). The COD was analyzed
using the Hach reagent kit “COD ultra-low range” which
has a measurement range of 1 to 40 mg.L™! and consists of
a closed reflux test.

The ultimate carbonaceous biochemical oxygen demand
(U-CBOD) was performed using Winkler bottles following
the technique for BODS5 (5210 B) using 2-chloro-6-(trichlo-
romethyl) pyridine (TCMP 2-Chloro-6-(trichloromethyl)
pyridine) as nitrification inhibitor, and resaturating oxygen
when it reached 2 mg.L'1 values, (Clescerl et al. 1999). The
values were taken for 60 days until there was no more oxygen
consumption. An equipment Y SI model 58 YSI was used for
measuring DO.

Modeling Focus

Before starting the analysis and interpretation of the data,
the review of the chemical data quality collected during
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Fig. 2: Sample site.
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sampling and samples characterization is necessary. The
ionic balance of the collected samples had an error of less
than 5% in all cases (Zhu & Anderson 2010). To identify
the family to which water belongs, and the geochemical
processes that control the water chemistry in the Liquidam-
bar lagoon, chemical data was used to generate diagrams
of Piper, Gibbs, and Stiff.

To determine whether the minerals in the water precip-
itate, dissolve, or are in balance, a geochemical speciation
analysis was performed, and saturation rates of minerals
of interest and those that might be present were obtained,
using the numerical model PHREEQC version 3.0 and the
minteqv4 database (Parkhurst & Appelo 2013).

RESULTS AND DISCUSSION
Physicochemical Characterization of Water

Table 2 shows the Liquidambar lagoon water physico-chem-
ical characteristics sampled in July 2018. The lagoon was
found stratified with clinogram profiles for temperature,
pH, EH, DO, CI-, Na*, and K*. The properties that showed
ortho profiles were TDS, EC, U-CBOD, COD, alkalinity,
$%, HCO;™ SO,*, Ca* and Mg**

The clines, or change areas, were observed at different
depths, being able to categorize the properties in two groups

1419

according to the observed profile, from 2 to 5 m, for temper-
ature, pH, alkalinity, TDS, EC, and EH, and from 4 to 5 m,
for CI', Mg**, Ca®*, HCO;", Na*, SO,* and K*.

The concentration variations between the surface and
the 6 m were 120.9 mg.L™! for bicarbonates, 52.4 mg.L™" for
calcium, 49 mg.L'1 for sulfates, 4.06 mg.L'1 for magnesium,
-2.86 mg.L’1 for sodium, -0.28 mg.L'1 for potassium, and at
last, -0. mg.L'1 for chlorides and 1.01 for S(II-).

The NO;, NO,, PO43', Br’, F concentrations were found
below the technique detection limit and could not be deter-
mined. The NH," could be found at 5 and 6-m depth with
values of 2.05 and 2.25 mg.L™" respectively- at the upper
points the concentration was below the detection limit.

For physicochemical properties, these variations were
-1.06 for pH, -3.3°C for temperature, 222.8 mg.L"] for TDS,
86 mg.L"! for alkalinity, and -406 for EH. The variation re-
ported by DO was 6.01 mg.L"!, while for dissolved U-CBOD
it was 7.5 mg.L".

The different profiles developed from the variables of the
Laguna Liquidambar water are shown in Fig. 3.

Hydrogeochemical Classification

The Piper graph (Fig. 4) shows that water from the Liquid-
ambar Lagoon can be classified as sulfated calcium-type

Table 2: Summary of the main physiochemical characteristics of the water in Laguna Liquidambar.

Sample Depth T pH TDS EC EH U-CBOD Alkalinity DO
[m] [°C] [ppm] [wS.cm™] [mV[ [mgL"] [mgL"] [mgL"]

LO 0.5 25.5 8.3 543.7 414.0 400.9 305.5 90.0 9.3

L1 1.0 253 8.2 541.8 408.0 394.6 260.7 92.0 6.9

L2 2.0 25.4 8.2 538.9 409.0 406.7 239.4 92.0 6.0

L3 3.0 243 7.7 579.9 429.0 76.5 249.2 118.0 5.5

L4 4.0 23.6 7.7 614.9 448.0 33.7 198.5 124.0 5.0

L5 5.0 229 72 734.8 506.0 4.2 351.6 168.0 3.8

L6 6.0 222 73 766.5 526.0 5.1 508.2 176.0 33

Table 2 Cont....

Sample  Depth s> HCO;" cr Nl Na* K* Ca™ Mg**
[m] gL'l [mgL'l  [mgL'] [mg.L"] [mgL'] [mgL’] [mgL"] [mg.L"]

LO 0.5 0.11 140.5 9.9 249.6 11.9 3.1 94.5 34.2

L1 1.0 0.11 136.3 10.2 251.8 114 3.1 94.6 343

L2 2.0 0.15 132.7 11.1 249.2 11.8 43 95.3 34.4

L3 3.0 0.16 160.3 122 2526 115 35 105.5 344

L4 4.0 0.18 181.4 10.6 260.5 11.7 3.0 1122 35.5

L5 5.0 0.84 2292 9.2 302.1 8.7 3.0 144.4 382

L6 6.0 1.13 261.4 93 298.7 9.0 2.8 146.9 38.3

Nature Environment and Pollution Technology @ Vol. 20, No. 4, 2021
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water (Singhal & Gupta 2010). Likewise, it is observed that
all samples are located in areas 1, 4, and 6 of the diagram,
so it can be noticed that the alkaline earth elements exceed
the alkaline, the strong acids exceed the weak acids, and the
carbonated hardness exceeds 50%.

The Liquidambar Lagoon water is located in the “Rock
Dominance” area, according to the Gibbs graph (Fig. 5), as
the process that controls the water chemistry is the dissolution
of the medium, which indicates that the water in the lagoon
is partially in equilibrium with the basin material (Appelo
& Postma 2005, Marandi & Shand 2018).

In the Stiff graph (Fig. 6) it can be observed that at greater
depth the calcium, magnesium, bicarbonate, and sulfate ions
have a higher concentration. For sodium, potassium, and
chlorides there is a slight decrease as depth increases.

Similarly, the graphs for Piper, Stiff (Fig. 5 and Fig. 6)
show that surface water, compared to bottom water, has a
lower concentration of total dissolved solids. This variation
can be attributed to rainwater since, in the Gibbs graph (Fig.
4). Surface samples move away to the area where the main
mechanism controlling the water chemistry is atmospheric

J.R.Reyes-Santiago et al.

precipitation. The Stiff graph also shows that sodium and
chlorides increase their concentration as they approach the
surface, indicating atmospheric input (Appelo & Postma
2005, Singhal & Gupta 2010).

Saturation State

The results show that all the depths studied are oversaturated
with respect to the calcite mineral phase, having on the sur-
face the maximum value, which is 0.86. On the other hand,
the samples showed oversaturation with respect to the min-
eral phase’s aragonite and dolomite (ordered and disorderly)
in the first 4 m of the water column, having a maximum of
0.68 for aragonite and 1.66 for ordered dolomite. The SI of
the three calcium minerals decreases with respect to depth.

On the other hand, the SI for gypsum is between -1.19
and -0.98, indicating that the gypsum dissolution process
can continue (Appelo & Postma 2005).

The saturation index calculation results suggest that a
carbonate precipitation bleaching event may happen (whit-
ing event), which is a phenomenon that occurs in the water
column of hard water lakes during the productive warm pe-

°C mV uS/em mg/L
20 25 30 6 8 10 -50 450 0 500 1000 0 500 1000
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1 1 1 1 1
E 2+ E 2 E 2 E 2 g 2
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Fig. 3: Physiochemical properties profiles for water in the Liquidambar Lagoon.
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Fig. 4: Piper diagram of the water in Liquidambar Lagoon.

riod. This is one of the forms of internal inorganic particles
production that provides turbidity and is a light attenuation
component (Dupraz et al. 2009, Karami et al. 2019, Walsh
et al. 2019).

Some studies indicate that carbonate precipitation occurs
both biotically and abiotically induced, being photosynthesis,
the process that most influences carbonate mineral precipita-
tion, by increasing pH dissociating bicarbonate (HCOj5') into
carbon dioxide (CO,) and hydroxide ions (OH"), which in
turn reduces the solubility of carbonate minerals. Likewise,
degassing CO, is another process that impacts the solubility
of carbonates by altering the equilibrium of the dissolution
reaction of CaCOj; (Dupraz et al. 2009)

As shown in Table 2, the pH is higher on the surface and
descends with depth, which explains a higher SI of carbonate
minerals on the surface (Appelo & Postma 2005). Likewise,
the oxygen oversaturation on the surface with a value 0f 9.32
mg.L"' (Table 2) suggests photosynthetic activity, so this
could be the cause of the increase in pH. Finally, speciation
results show that the concentration of CO, in lagoon water

exceeds saturation. According to Henry’s law, the partial
atmospheric CO, pressure that would correspond to the
CO, concentration of water is 6.02 x10* atm, considering
the partial atmospheric CO, pressure of 4.08 x 10-4 atm.
This suggests that the degassing process is occurring, which
would be an additional factor contributing to the increase in
SI on the surface (Dupraz et al. 2009, Karami et al. 2019,
Stumm 2007).

A graphical comparison of the SI profiles in the water col-
umn (Table 3, Fig. 7) shows the effect of depth on the SI of the
main mineral phases in the water of the Liquidambar lagoon.

Redox Conditions (State)

According to the results, the EH in the water column is in
the reduction range for O,, Mn**, Fe’*and NO;, as well
as organic matter oxidation and in S*. Two changes can
be observed in the EH profile trend corresponding to the
Fe**/Fe** and NO,;/NH,*, transformations, which occur in
the 100mVy and 400mV areas (Fig. 8) (Appelo & Postma
2005, Stumm 2007).

Nature Environment and Pollution Technology @ Vol. 20, No. 4, 2021
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Fig. 5: Gibbs’ diagram of water in the Liquidambar Lagoon.

Furthermore, S* was also observed in all the depths
sampled, in coexistence with O,, so the suboxic zone was not
defined (Murray et al. 1989). ([O,] < 3uM; [S*1<0.2 uM).
Minimal concentrations were found at 103 uM for O, and
3.5 uM for S*. Due to the presence of oxygen, it is unlikely
that the sulfate reduction reaction is occurring at the sampled
depth, on the contrary, the coexistence of these turns out to
be uncommon due to the oxygen presence, S* is rapidly
oxidized (Hargrave et al. 2008). This coexistence occurs

in oxy-anoxic transition zones mainly in sediments though,
it has been observed also in the water column. Sulfide is
rarely observed within anoxic environments (Findlay et al.
2014, Knossow et al. 2015), so it can be assumed that S” is
the result of diffusion transport or a recent mixing event in
the water column.

Carbonaceous dissolved oxygen demand was found to
be almost constant up to 4 m deep, where it increased sub-
stantially, possibly due to oxygen depletion.

Vol. 20, No. 4, 2021 ® Nature Environment and Pollution Technology
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Fig. 6: Stiff diagram of the water in the Liquidambar lagoon

Table 3: SI of the main mineral phases in the water at the Liquidambar lagoon

Sample  Depth Anhydrite Aragonite Calcite  Dolomite Dolomite Gypsum Huntite ~ Magnesite
[m] [disordered] [ordered]

LO 0.5 -1.44 0.68 0.86 1.11 1.66 -1.19 -1.08 -0.37

L1 1 -1.43 0.54 0.72 0.83 1.38 -1.18 -1.66 -0.5

L2 2 -1.43 0.5 0.68 0.74 1.29 -1.18 -1.84 -0.55

L3 3 -1.39 0.09 0.27 -0.14 0.41 -1.14 -3.65 -0.99

L4 4 -1.37 0.15 0.34 -0.04 0.52 -1.11 -3.46 -0.92

L5 5 -1.24 -0.14 0.05 -0.7 -0.15 -0.98 -4.88 -1.28

L6 6 -1.24 -0.02 0.17 -0.49 0.08 -0.98 -4.45 -1.15

CONCLUSION influenced by photosynthesis activity in the upper layer of

lagoon water.

Based on the results it is concluded that the mineral phases

of aragonite, calcite and dolomite are oversaturated so Likewise, foul odor and death of fishes may happen due
turbidity, color change, and whitish supernatant could be due o the presence of sulfides in the surface layer of the lagoon,
to the precipitation of carbonate minerals, microbiologically  as well as their release during the mixing periods in the win-
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ter season, combined with low oxygen concentrations and
concentrations of organic matter measured as BOD.
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