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Physicochemical, primary production and trophic
state variation of an urban artificial water body
located in the central zone of the tropical latitude of

Mexico

Abstract

Artificial water bodies at tropical latitudes have regular or extreme water contributions
dependent of climate and interannual variations that result in differences in the
physicochemical characteristics of the water; in addition to the climate. They receive
peripheral runoff two, according to geomorphology; in the case of Mexican artificial water
bodies as Cantera Oriente, they will also depend on the orography that entails changes in the
volumes of water. All of this influence in conservative and non-conservative physiochemical
components through dilute the water in the rainy season and concentrate it in the dry season.
Therefore, this paper estimates the variations of: temperature, conductivity, dissolved
oxygen, pH, with nutrients (total phosphorus and nitrogen, chlorophyll “a” and primary
production). In the Cantera Oriente all this parameters resulting in an oxic and anoxic
condition, as well as a widely variable hypertrophy, depending on the month of year, in
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addition, anthropogenic sewage runoff must be added.

Keywords: artificial water ponds, Mexico

Introduction

Both natural and artificial bodies of water can have different uses,
for example, natural ones are used mainly in anthropogenic activities
such as agriculture, industry and human consumption; but in the case
of artificial or man-made ones, they are also used for recreation and
in some cases as reservoirs or reservoirs regulating the volume of
water. It should be noted that both receive water or runoff from the
basin in which they are located, as well as wastewater of different
quality and magnitude, altering their physicochemical depending
on the runoff adjacent to the reservoir. In the southern portion of the
Valle de México basin (Mexico City) at an altitude of approximately
2400 m National Research Council,' there are some artificial bodies of
water that have been studied by different authors from different points
of view; Among the aforementioned artificial bodies are: La Cantera
Oriente, Bosque de Aragén, de Chapultepec, Parque de Tezozomoc,
Lake Nabor Carrillo and the dams of the State of Mexico, among
others, each with distinctive geomorphological and physicochemical
characteristics but with levels of eutrophication. even hyper-
eutrophication according to the trophic state index proposed by
Carlson? using the concentrations of chlorophyll “a”, phosphorus and
the transparency to the Secchi disk. Gonzalez-Gutiérrez; Santiago-
Lima,** used to estimate the seasonal variation of various groups of
zooplankton and its relationship with the trophic state.

Most of the works refer to physicochemical records and the
trophic state of the water in a specific way or associating them with
organisms and their life cycles, without highlighting the spatial and
temporal variation of the environmental factors that determine wide
fluctuations. The first studies were carried out in the Oriente Quarry
and published in an Illustrated Guide, Lot,’ including a geological
and biological characterization (algae, protozoa, arthropods, fish,
amphibians, reptiles and birds) also, of the lake landscape; It stands
out the inclusion of some physicochemical parameters of specific

sites (North, South and the Canal) that were averaged, whose results
showed that the levels of total phosphorus and nitrogen indicated
that the water showed a significant hyper-eutrophication. Given the
above, the present work aims to determine in the East Quarry the
conservative and non-conservative physicochemical parameters, the
primary production and the trophic state in sites with different spatial
characteristics (geomorphology) and their temporal variation (in four
seasons of the year).

Study area

The East Quarry is a buffer zone; Although it is located outside
the university campus, it is considered as part of the University’s
Ecological Reserve and is of great importance for the Basin of Mexico
since it has the presence of aquatic environments and a refuge from
the biota. According to information from Lot and Cano Santana® some
of the following characteristics are summarized. It is located between
the geographical coordinates 19 ° 18’21 <’-19 © 20’11 *’ North and 99
°10°15 ’-99 © 12°4 <> West. It is located 2,270 to 2,349 meters above
sea level.

It currently has an area of 237.33 hectares, comprising three
core zones and 13 buffer zones. The climate is temperate subhumid
with rains in summer [Cb (w1l) w], with a rainy season from June to
October and a dry season from November to May. The annual average
temperature is 15.6 °C; Topographically, the Ecological Reserve is
located between the isotherms of 15.3 °C and 15.6 °C. The mean
annual rainfall is 833 mm according to Lot and Cano Santana.® To
manage the information in the present study, the East Quarry was
divided into sections (North, Center and South sites). Six bimonthly
departures were made to the Oriente Quarry, in August, October and
December 2017, as well as in March and June 2018, trying to have
seasonal information. Eight sampling sites were chosen based on
geomorphology Figure 1.
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Figure | Aerial map of the Oriente Quarry with the stations marked. North Section sites | to 3; Center section sites 4 to 6; Spring site 7; South section site 8.

Methodology

Temperature (°C), conductivity (uS), dissolved oxygen (mg/L),
its saturation percentage and pH were measured in situ and at half a
column of water, using the YSI 556 MPS multiparametric probe. At
that depth, water samples were taken with a Van Dorn bottle that were
transferred to properly labeled one-liter bottles, which were frozen
after collection for the determination of nutrients. In addition, for
the quantification of chlorophyll “a”, 250 mL of water was filtered
through a 0.45 um millipore filter that was frozen until its subsequent
analysis in the laboratory. In the water samples, nitrates, nitrites,
ammonium, orthophosphates, total phosphorus and nitrogen were
determined using spectrophotometric techniques with the Hach DR
890 equipment based on APHA techniques;’ the quantification of the
Chemical Oxygen Demand (COD) was through titration and finally
the chlorophyll “a” by means of an acetone extraction and its APHA
spectrophotometric quantification.” In the case of the assessment of
the trophic state of the East Quarry, the Carlson formulas (2) were
used, which are based on the concentration of total phosphorus
(ng/L) and chlorophyll “a” (mg/m?); in addition to the one proposed
by Vollenweider et al.® which uses the logarithms of the content of
chlorophyll “a”, total phosphorus and nitrogen, together with the
absolute value of the deviation of the percentage of oxygen saturation.

Carlson Trophic State Index (2).

IET (Cl-a)=10 (6- (2.04-0.68 In Cl-a/In 2)); where Cl-a=chlorophyll
a concentration in mg / m3 IET (FT)=14.42 In FT + 4.15; where
FT=total phosphorus concentration in pg / L.

Vollenweider index (8).

TRIX=(logl0 (Cl-a x aD% 0 x NT x FT) + k) / m; where Cl-
a=chlorophyll a concentration in mg / m3; D% O=absolute value of
the deviation of the oxygen saturation percentage, that is | 100 -%
DO |; NT=total nitrogen concentration in ug / L; FT=total phosphorus
concentration in pg / L; K=1.5 and M=1.2 Constant values to adjust
the index scale.

Statistical analysis

In addition to performing the physicochemical behavior under
environmental scientific knowledge, a PERMANOVA multivariate
analysis was performed to determine differences between seasons of
the year and the different sections of the Oriente Quarry, using the PAST
3.20 program. The spatial-temporal evaluation of the environmental
dynamics at the study site was approached as a factorial design with

fixed effects: epochs and sections. Likewise, multivariate analyzes
and a canonical correlation analysis were carried out to determine
differences between the physicochemical parameters (temperature,
conductivity, dissolved oxygen, nutrients and chlorophyll) given
the seasonal fluctuations based on the rainy and dry seasons, that is,
during the summer. (August), autumn (October), winter (December
and February) and spring (April and June) and the different sections
(North, Center, South and Spring) of the East Quarry using the SPSS
20.0 program and Past 30.2 according to Hammer et al.’

Results
Temperature

This parameter fundamentally varied temporarily. The maximum
temperatures were recorded in June and the minimum in December.
The widest range of 19.4 to 15.9 °C was recorded in April and the
narrowest of 16.3 to 17.6 °C in August. Spatially, in the Spring a
greater homogeneity was determined throughout the study with a
thermal variation of 0.8 °C Figure 2(A).

Conductivity

The conductivity showed a wide variation both temporal and
spatial, with an approximately similar interval between 404 and 528
uS/em; in the Spring it varied from 395 to 500 uS / cm Figure 2(B).

Total hardness CaCO,

According to the classification proposed by de la Lanza!® the
hardness levels characterized the water from the Oriente Quarry
from soft to moderately hard; Despite the above, in April in the North
section (channel) they were characterized as hard waters Figure 2(C).

pH

The interval of this parameter was of little spatial and temporal
variation, with levels mostly tending towards neutral and exceptionally
some slightly acid punctual records, as in June from 5.5 to 7.1 Figure
2(D).

Dissolved oxygen and saturation

The oxygen concentration showed a wide variation both temporal
and spatial. The widest oscillation from 5.5 to 13.9 mg/L was
registered in August where the highest percentage saturation intervals
were from 81.3 to 177.7%, similar to what was registered in June with
an interval from 92.4 to 112% except for the Manantial site with 60%,
both samplings coinciding with the rainy season Figure 3(A & B).
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Figure 2 Spatial-temporal variation of Temperature (A), Conductivity (B), Hardness (C) and pH (D), in the Oriente Quarry, Mexico.

Nitrates

Nutrients
Ammonium

Ammonium levels

were
registering the widest range from 12.1 to 24.2 pM in February and
the narrowest from 22.1 to 26.4 pM in June; It should be noted that

heterogeneous  spatiotemporally,

contents close to the maximum were determined throughout the
Oriente Quarry in that month and in October Figure 3(C).

Nitrates had a temporal interval of 37.8 to 39.2 uM in April and the

broadest one from 17.1 to 57.1 uM in June, the latter concentration for
the North and Central sections Figure 3(D).

Nitrite

Nitrite concentration was temporally and spatially heterogeneous.

The widest range of 0.2 to 7.3 uM was recorded in June Figure 4(A).
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Figure 3 Spatio-temporal variation of Dissolved Oxygen (A), Oxygen Saturation (B), Ammonium (C) and Nitrates (D), in the Oriente Quarry, Mexico.

Total nitrogen Orthophosphates

Total nitrogen concentration was heterogeneous and with a wide
range, from 257 uM to 835 pM in August and February respectively,
in the Central section Figure 4(B).

The orthophosphate concentrations were heterogeneous,
registering contents close to 20 uM; August stood out with the interval
from 21.2 to 38.7 uM and June with the widest interval from 24.5 to
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83.8 uM at the Manantial site. The lowest levels between 10.3 and
12.5 uM were in October, December and February, in the South zone
“Club Lake” (site 8), which is the area where the influence of the
discharges from the toilets used by the athletes of the University club
is likely; however, they increased to 35.8 uM in June 2018, which
could be a result of the increase in sports training Figure 4(C).
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Total match

Total phosphorus levels were temporally and spatially
heterogeneous, however, an increase was observed in April 2018 from
110.9 to 133.5 uM. The widest range from 65.1 to 141.9 uM was
recorded in August. In general, in February and April (dry months)
the levels of total phosphorus increased in all the sampling sites, with
contents up to 133.5 uM Figure 4(D).
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Figure 4 Spatio-temporal variation of Nitrites (A), Total Nitrogen (B), Orthoph

Chemical oxygen demand (COD)

The COD showed a wide variation interval, with the highest
contents in February and April; At site 8, the South section, there was
an increase in the last three samplings of 2018, reaching maximum
levels of up to 92 mg/L. Comparatively, the months of August,
October and December of 2017 stood out for their lowest levels that
ranged between 27 and 46 mg / L, which could be associated with the
rainy season; Figure 5(A).

Chlorophyll “to”

Chlorophyll concentrations varied widely in all samplings, with
the lowest levels in October and the highest in February and April
2018; however, at site 7 called El Manantial, which is located at the

g
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osphates (C) and Total Phosphorus (D), in the Oriente Quarry, Mexico.

foot of the rocky wall, and whose water comes from the infiltrations
of Cerro Ajusco, with the lowest contents of 2.9 -12.3 mg/L. The
maximum chlorophyll recorded was 543.9 mg / m® at site three of the
northern section that corresponds to the mouth of the Canal in August
Figure 5(B).

Primary production

With the formula proposed by Ryther et al.,!' and the modifications
made by Lara-Lara and Alvarez-Borrego' both temporal and spatial
heterogeneous productions were estimated, with an increase in most
of the sites, mainly in February. April and June. The variation interval
for all the sites was approximately 200 mg / m3 / h, highlighting site
seven (Manantial) for the lowest productivity, for the same location
reason already indicated Figure 5(C).
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Figure 5 Spatio-temporal variation of Chemical Oxygen Demand (A), Chlorophyll (B) and Primary Production (C), in the Oriente Quarry, Mexico.
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Trophic state estimation
Carlson index

Based on the proposal by Carlson® a state between eutrophic
to hypertrophic was estimated. Sites one, two, three, four, five,
six and eight presented levels above 80 units, indicating a state of

Table | Trophic condition according to the Carlson Index 2
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hypertrophy throughout the year, with values above the limit of the
index (IET>100) in all these sites in the month of April, except for
site two. The Manantial station (site 7) stands out for presenting lower
values due to its location already indicated, fluctuating between 63
and 83 units, which characterizes it as eutrophic (Table 1).

Station 17-Aug 17-Oct 17-Dec 18-Feb 18-Apr 18-Jun
| 94 87 88 104 103 93
two 93 91 91 97 83 91
3 104 88 93 95 104 92
92 87 86 97 105 97
5 97 91 90 97 106 96
6 97 95 92 95 105 95
7 83 79 80 77 83 63
8 89 95 93 105 95

Trix index

Using the formulas proposed by Vollenweider et al.® the results
obtained characterize the Oriente Quarry as a hypereutrophic system,
with values between 7.96 and more than 10, above the calculable
maximum. It should be noted that approximately 46% of the sites

sampled throughout the year registered indices above the maximum
index, given the high concentrations of total phosphorus, total nitrogen
and chlorophyll “a”. According to Mucifio-Marquez et al.”* an index
between 6 and 10 units is indicative of a system with poor quality and
highly productive water (Table 2).

Table 2 TRIX index calculated using the formula proposed by Wollenweider et al.®

Station 17-Aug 17-Oct 17-Dec 18-Feb 18-Apr 18-Jun

| 10.1 9.9 9.7 10.8 10.7 9

two 8.9 10.1 10 10.4 10.6 9.4

3 10.4 9.7 10.1 10.2 10.8 8.9
10.4 9.7 10.1 10.2 10.8 9.5

5 9.9 9.9 9.6 10.3 10.8 9.4

6 9.4 10.2 9.8 10.2 10.7 9.6

7 9 9.1 82 9.1 9.2 7.9

8 9.8 10.1 9.9 10.8 9.7

Statistical analysis

PERMANOVA multivariate analyzes were performed in order to
determine significant differences between the different sections of the
Oriente Quarry and between the six months of the year studied.

Spatial variation

The multivariate PERMANOVA test determined significant
differences between the different sections of the Oriente Quarry with
a p<0.0001. The post-hoc analysis found statistically significant

differences between the Spring and all the sections of the East Quarry,
and between the North section and the South section (Table 3). The
PERMANOVA test was also carried out, which found significant
differences between the different times of the year, according to the
annual climatic variation indicated by Garcia'* with a p=0.0025. The
post-hoc test characterized significant differences between spring
and fall, fall and winter, and fall with summer. The analysis found no
differences between winter and summer, as well as spring and winter
(Table 4).

Table 3 Results of the post-hoc analysis of the PERMANOVA multiparametric test between the different sections of the Oriente Quarry

North Section Center Section Spring South Section
North Section
Center Section 0.5293
Spring 0.0001 0.0001
South Section 0.025 0.071 0.002
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Table 4 Results of the post-hoc analysis of the PERMANOVA multiparametric
test between the different seasons of the year according to the annual climatic
variation referred to by Garcia'*

Summer Fall Winter  Spring
Summer
Fall 0.0444
Winter 0.3612 0.0075
Spring 0.0592 0.0004 0.1515

Multivariate analysis and canonical correlation

Three multivariate analyzes were carried out in the discriminant
modality, in order to contrast the possible influence of the site and the
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sampling month, as well as the season of the year on the parameters
measured. Figure 6 shows the multivariate means of these analyzes,
where a clear temporal separation is observed between the sampling
months (the most divergent months being June and December,
Figure 6(A), these being regrouped as seasons: low water, warm
Transitional and cold rains show complete discrimination, indicating
their temporal separation Figure 6(B) and for the case of the spatial
component, the North section and the Spring, behaved differently and
the other sections share affinity Figure 6(C). On the other hand, the
values of the “F” test and the level of significance (p) of the measured
variables are shown, in relation to the comparisons between months,
sections and seasons, among which conductivity, dissolved oxygen
stand out. , COD and total phosphorus as they are variables that have
a highly significant influence on the spatio-temporal dynamics of the
Oriente Quarry (Table 5).
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Figure 6 (A, B & C) Multivariate means (canonical) of the temporal comparison: months-epochs (A, B) and the spatial variation (C) based on physicochemical
indicators and their corresponding trophic states of the aquatic system of the East Quarry, CU.

Table 5 Physicochemical and biotic indicators that were significant in the discriminant multivariate analyzes (months, epochs and sections) of the aquatic system
of Cantera Oriente, Ciudad Universitaria. Those variables with statistically significant differences according to months, sections or seasons are highlighted in red.

Statistically significant variables in two or more contrasts are highlighted in bold

Contrast Months Sections Times

Variable F P value F P value F P value
T°C 21,439 0 0.164 091 16,147 0
Conductivity 11.64 0 2,588 0.07 13,395 0

Total hardness 1,025 0.42 7,453 0 0413 0.74

pH 6,859 0 6,195 0.001 0.388 0.76

02 5,081 0.001 4,600 0.008 6,116 0.002

% saturation O, 2,906 0.03 0.422 0.73 3,285 0.03
COD 8,978 0 4,886 0.006 11,857 0
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Table Continued...
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Contrast Months Sections Times

Variable F P value F P value F P value
Orthophosphates 6,594 0 2,103 0.12 4,833 0.008
Total Phosphorus 21,837 0 7,007 0 5,237 0.006
NH4 1,799 0.14 0.569 0.63 1,630 0.2
NO2 3,213 0.02 2,254 0.1 4,018 0.01
NO3 1,062 0.4 0.874 0.46 0.341 0.79
Total Nitrogen 4,142 0.006 1,091 0.36 2,863 0.05
Chlorophyll 0.721 0.6l 1,463 0.24 0.452 0.71
Carlson Index 1,755 0.15 7,480 0 1,292 0.29

Discussion

The thermal behavior of the Oriente Quarry showed little
seasonal variation, in spring, with the lowest intervals in autumn (2
°C) of difference between maximum and minimum and the highest
in winter (5 °C), considering the variation scales of This parameter
with respect to the other physicochemicals, is estimated to be lower
from the temporal point of view, especially because it is located in a
tropical latitude. Compared with other authors, similarity is estimated
in the Bermtdez-Reyes et al.,'”"'7 It should be noted that within
the few differences these are justifiable to interannuality, time and
sampling sites. Likewise, artificial lakes of the same latitude as that
of Chapultepec, Muro-Cruz'® registered an oscillation between 17.2
to 18.9 °C; Guzman-Trejo' in Lake Tezozomoc estimated a variation
between 15.5 (February) to 24.2 °C (April), the results obtained in
the present study are similar in their annual march, as a result of its
location at the same latitude. Given that conductivity is a conservative
factor, the differences are associated with local pluvial, subterranean
or springs input as in the Oriente Quarry and precipitation-evaporation
rates that range between 400 to 500 uS cm-1, in previous records such
as the carried out by other authors estimated a variation within the
interval determined in the Oriente Gonzéilez-Martinez et al.,>*'¢?!
Comparatively with other artificial water bodies, higher conductivity
intervals have been recorded, as an example the study by Guzman-
Trejo' in Lake Tezozomoc, where a variation of between 194 to
2142 pS cm-1 was determined, as a consequence of the discharges
of treated waters and at the rate they are produced, A condition
similar to that referred to by Jiménez-Contreras® in some channels
of Lake Xochimilco with levels that fluctuated between 300 and
1100 uS cm-1 between 2005 and 2006. According to Esteves? the
fluctuations in conductivity as a conservative parameter are result of
the climatic variations between the rainy and dry seasons, added to the
anthropogenic contributions and their speed and inadequate treatment.
In the case of the variation in the Oriente Quarry, it is subject mainly
to seasonality (drought and rains), to the extraction of water for the
irrigation of the gardens and the services of the personnel and the
changes in the infiltration through the Cerro del Adjusco according to
the time of year (communication from Biol. Francisco Martinez, head
of the Oriente Quarry).

The concentration and the percentage of saturation of dissolved
oxygen registered heterogeneous conditions without association with
the times of the year; However, since it is a non-conservative gas,
its solubility between the atmosphere and the water surface depends
on biological factors such as phytoplankton activity (photosynthesis-
respiration), mainly, whose distribution can be in patches and
consequently on the time of day and in the second instance of

geomorphology; complex situation observed in the Oriente Quarry.
Given the above, this gas can range from aerated conditions,
supersaturation, to hypoxia, as determined between 3.0 to 13.9 mg /
L (31 to 177% sat. OD). Comparatively, Bermtudez-Reyes'® estimated
a condition of supersaturation (131 to 227% sat. OD) and Gonzalez-
Gutiérrez'¢ observed a variation between 4. 2 to 18.7 mg / L (49 to
219% sat. DO), the lower percentage of which corresponds to hypoxic
conditions. Santiago-Lima®* estimated a saturation percentage, which
ranged from 89 to 227% sat. OD; Lugo-Vazquez et al.?! calculated
between 75 to 267% sat result of the influence of the physicochemical
and biological factors, already mentioned. Compared to other
artificial bodies of water they have been recorded from anoxic to
supersaturated conditions; as, for example, Lake Chapultepec where
Muro-Cruz'® quantified from 9.5 to 13.09 mg / L (113 to 156% sat.
OD) that indicated good conditions; however, Dominguez-Pascual®
in the Zumpango lagoon registered a concentration between 0.5 to
8 mg/L corresponding to 15 and 120% sat. OD, between the bottom
and the surface respectively, which has reflected both suitable and
inappropriate conditions for aquatic life Martinez-Cordoba?® Based on
the above, the East Quarry, as an artificial reservoir, has presented
conditions similar to natural water bodies, ranging from hypoxia to
supersaturation, based on the Boyd and Lichtkoppler classification,?’
resulting not only of physicochemical and biological factors that
regulate oxygen concentration; but this gas also responds to local,
anthropogenic and recreational factors.

The pH ranged in general from a slightly acidic, neutral to
alkaline environment, except for one month in two places: at the
mouth of the Canal and at the Spring, where acidic conditions of
up to 5.5 units were recorded as a result of anthropogenic influence
and the possible dissolution of the andesitic volcanic rock (Personal
communication Dr. A. Marquez); in the rest of the sites, the variation
in pH influenced by photosynthesis and respiration of phytoplankton
is considered. This parameter presents a daily variation of between 7.5
and 9.5 under normal conditions in semi-closed water bodies of high
primary production of Lanza Espino and Hernandez Pulido® Previous
studies on the East Quarry, point out that the pH range can range
from slightly acidic to alkaline in response to primary production
and respiration; this variation can be exemplified with the studies of
Hernandez-Martinez et al.* who estimated from 7.1 to 7.8, Lugo-
Vazquez et al.'**! between 6.3 to 9.9, due to nocturnal respiration and
diurnal photosynthesis. In other artificial water bodies, such as Lake
Chapultepec Muro-Cruz'® reported averages tending to alkalinity
of 9.5 and for its part Namihira-Santillan®® in the lake of Parque
Huayamilpas between 7.8 to 9.3, attributing this to high primary
production due to nocturnal respiration and daytime photosynthesis.
In other artificial water bodies, such as Lake Chapultepec Muro-
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Cruz'® reported averages tending to alkalinity of 9.5 and for its part
Namihira-Santillan®® in the lake of Parque Huayamilpas between 7.8
to 9.3, attributing this to high primary production due to nocturnal
respiration and daytime photosynthesis. In other artificial water
bodies, such as Lake Chapultepec Muro-Cruz'® reported averages
tending to alkalinity of 9.5 and for its part Namihira-Santillan*® in
the lake of Parque Huayamilpas between 7.8 to 9.3, attributing this to
high primary production.

The orthophosphates present in both artificial and natural
continental aquatic ecosystems can have different origins with
variation in space and time, therefore the concentration intervals of
nutrients (phosphorus and nitrogen compounds) can have similar
or different scales. Both aquatic ecosystems are influenced by rock
and river basin; also of the Esteves anthropogenic discharges.
Another factor that influences the variation in these two types of
aquatic systems are the biological processes of photosynthesis and
respiration, which have a determining influence on the space-time
variation. The concentration of orthophosphates varied in space and
time with contents similar to other bodies of water; Nevertheless. A
punctual maximum level was recorded in the runoff from Cerro del
Ajusco, Spring of 83.87 uM that exceeds the average registered in all
samplings (25 pM indicating eutrophication) and can be explained by
the discharges from the houses settled on the slopes of the river. Cerro
and infiltrate through the cracks, although a methodological error
is not ruled out. The contents determined in the present study were
similar to those registered eleven years ago by Hernandez-Martinez et
al.” with levels from 21.6 to 22.4 pM; and more recently by Gonzalez-
Gutiérrez in 2015 (16) who quantified contents between 2 and 56
uM, the latter estimated in the Spring; even Lugo-Vazquez et al.”!
quantified from 0.6 to 10 pM; The previous differences may be the
result of phytoplanktonic blooms that assimilate the orthophosphate
that is distributed in patches and without correspondence of the
samplings with other studies Lugo-Vazquez et al.?! infers a eutrophic
condition due to the constant contribution by the activities of the
sports center that is located within the so-called Cantera Oriente, on
the other hand Ponce-Marquez et al*' refers to the high concentrations
found in the spring water makes one suspect that it comes from the
defrosts of the Ajusco, however, the adjacent urban discharges should
be mentioned. The concentration ranges are similar to those recorded
in other artificial water bodies; for example, in the Alameda Oriente
where Montaflo-Salazar®? determined between 10 to 50 pM or in the
natural aquatic system called the Ramal de Tldhuac by Castro-Juarez*

In both artificial and natural continental bodies of water, dissolved
ammonia comes from the decomposition of proteins of animal and
vegetable origin, a process known as ammonification of Lanza Espino
and Hernandez Pulido* This nitrogenous nutrient fluctuates widely
spatially and temporally in relation to the level of productivity and
in part to the contamination of organic matter Reid and Wood.*> In
the Oriente Quarry, ammonium registered a temporal variation with
the maximums in June and October above 20 uM, the rest of the
samples showed heterogeneous concentrations, even in some specific
cases both less than or greater than 20 pM. For their part, Novelo et
al.'” in a single sample a wide interval between 6 and 46 uM, with
the maximum in the South section. Compared to other urban natural
water bodies, Like the Tlahuac Branch, Castro-Juarez®* estimated
an interval of 8 to 93 pM, concluding that there is contamination of
anthropic origin. The ammonium concentrations determined in the
Oriente Quarry are characteristic of water with little contamination of
organic matter (NH4 + <50 uM) according to what was indicated by de
la Lanza Espino; NOM Ecological Flow (NMX-AA-159-SCFI-2012)
(10; 36) for lentic water bodies. Therefore, it is estimated that the
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Oriente Quarry is under acceptable conditions for this nutrient. 50
uM) according to what was indicated by de la Lanza Espino; NOM
Ecological Flow (NMX-AA-159-SCFI-2012) (10; 36) for lentic water
bodies. Therefore, it is estimated that the Oriente Quarry is under
acceptable conditions for this nutrient. 50 pM) according to what
was indicated by de la Lanza Espino; NOM Ecological Flow (NMX-
AA-159-SCFI-2012) (10; 36) for lentic water bodies. Therefore, it is
estimated that the Oriente Quarry is under acceptable conditions for
this nutrient.

Nitrite (NO2-) is the intermediate phase of the oxidation of
nitrogenous inorganic compounds and is found in low quantities in
natural and artificial continental systems Esteves.” In the Oriente
Quarry, this nutrient registered a spatiotemporal variation of 0.14 to
4.0 uM, an interval considered normal to slightly high. Other artificial
water bodies such as Alameda Oriente Montafio-Salazar* determined
a variation between 0.3 to 3 pM; similar to the East Quarry; However,
very high contents have been recorded, such as those reported by
Luna-Pabello and Aburto-Castafieda®’ in the Lago del Bosque de San
Juan de Aragén, with an interval between 0.14 and 44 pM, that the
maximum could be the result of methodological errors or because said
body receives wastewater treated with a deficient purification process.

Nitrate (NO3) along with ammonium are the main sources of
nitrogen for primary producers in water bodies. This ion, according
to Reid and Wood?** is found in concentrations of less than 21 uM in
uncontaminated fresh water bodies throughout the world; however,
this concentration may be higher in continental water bodies such
as those registered in some water bodies as stated by Martinez-
Cordoba.”® Its concentration varies with the pluvial and fluvial
contributions, and decomposition of autochthonous and alien organic
matter Santiago-Lima.?* In the Oriente Quarry, a wide variation was
estimated between 10.71 to 57.14 uM. Studies previously carried
out at the Oriente Quarry in the same year were different. However,
some authors such as Hernandez-Martinez et al.” estimated a spatial
variation between 22.6 and 41 pM, similar to the present study; There
are extraordinary concentrations such as those quantified by Novelo et
al.'” who determined a broader interval from 135.3 to 657.1 uM, even
Gonzalez-Gutiérrez'® estimated a higher variation of between 171.5 to
871.1 pM in 2013, these levels can be attributed methodological errors.
Compared to other aquatic systems. Compared with other aquatic
systems Enriquez-Garcia et al.*® determined nitrate concentrations in
Lake Huetzalin (water body considered within Xochimilco) similar to
those of the present study (42 to 73 pM); similar to what was reported
by Dominguez-Pascual® who quantified concentrations between
10 and 64 puM artificial bodies in Lake Zumpango considered as
eutrophied. Based on the above, the content of this nutrient in the
Oriente Quarry is classified as a eutrophic system with contamination
from various runoffs of anthropogenic origin Lugo-Vazquez et al.*! the
influence of the bathrooms in the sports area, septic tanks, discharges
in cracks in urban settlements on the slopes of Cerro del Ajusco.

The phosphorus concentration in water bodies is widely used as
a direct indicator of trophic status, given its importance as a limiting
factor for Esteves primary producers.”® In the Oriente Quarry, total
phosphorus registered a wide variation interval from 35 to 80 uM with
a heterogeneous variation, including concentrations higher than 100
UM in all the sampling sites in April 2018 characterized by being a
month of drought according to the Climate reports in Mexico April
2018 (Climate Report in Mexico April 2018 (CONAGUA, National
Meteorological Service Year 8 No 4)* with the possible concentration
of total phosphorus. Hernandez-Martinez et al.” estimated an interval
between 40 to 47 uM more than a decade ago; recently Santiago-
Lima* reported an interval of 4 to 18 uM in 2013, later when Lugo-
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Vazquez et al.?' determined a range from 2 to 40 uM. Bernal-Brooks
and Alcocer® refer for the epicontinental bodies of Mexico a variation
between 0.25 to 64 pM, similar to the average of the Oriente Quarry
except for the month of April where contents were reached 1.5 times
that registered in the Oriente Quarry. Alcocer et al.*! determined
an interval in the Old Lake of Chapultepec between 18 to 70 pM;
Dominguez® in Lake Zumpango estimated a variation of 16 to 80 pM.
Based on Vollenweider et al.*# defined that concentrations above 3
UM of total phosphorus, the Oriente Quarry would be categorized as a
hypertrophic body of water.

For the estimation of the trophic state the total nitrogen content is
required, Ebina et al.* The concentration of total nitrogen in the Oriente
Quarry registered visible differences both spatial and temporal with
the lowest average concentrations in August and October 2017 with
354 and 452 uM compared to the maximums in the other samplings
in which the months of maximum drought stand out. February with
836 uM and April 735 puM, from 2018. Hernandez-Martinez et al.”’
in a single sample quantified lower levels in 2006 with 45.7 to 82.7
puM, which meant a lower content of organic matter to remineralize
it. However, ten years later Santiago-Lima®* determined an interval
of 445 to 665 uM, similar to what was quantified in the present study.
Compared to other artificial aquatic systems, such as the channels of
Lake Xochimilco, where Jiménez-Contreras® recorded an interval of
32 to 96 uM; For his part, Lopez* recorded contents between 279
and 732 pM in the Tezozomoc recreational lake. Total nitrogen in the
Oriente Quarry presents concentrations indicative of a hypertrophic
condition (greater than 140 uM) according to Yang et al.** The
concentration of some photosynthetic pigments by volume is used as a
usable estimate for primary production considering its low precision,
especially for chlorophyll “a” Margalef* and despite being an index
of primary production it gives an approximate idea when this pigment
is transformed with the formula of Ryther and Yentsch."!

Chlorophyll “a” concentrations in the Oriente Quarry registered
wide spatio-temporal variation, highlighting the highest contents in
April and the lowest in October; However, within these two months
of sampling, minimums were recorded in April between 3 and 12 mg
/ m?® in the Spring, as well as specific contents greater than 500 mg /
m® in August and February. The determined interval resembles the
fluctuation observed by Lugo-Vazquez et al.*! from 2 to 468 mg / m*
and by Gonzalez-Gutiérrez'® from 1 to 278 mg / m®. Alcocer et al.*!
quantified similar concentrations of 275 to 700 mg / m* of chlorophyll
in the Viejo de Chapultepec lake; Enriquez-Garcia®™ registered a
variation from 143 to 696 mg/ m3 in Lake Huetzalin, with maximums
higher than those registered in the Oriente Quarry. The wide variation
observed in the Oriente Quarry may be due to the distribution in
patches of phytoplankton caused by the Alvarez-Borrego and Najera
de Mufoz wind*® and even by local and specific physicochemical
factors. The relationship between phosphorus content and chlorophyll
is discussed by Wetzel et al.,*’*

Chemical Oxygen Demand (COD) is an estimate of the amount of
dissolved organic matter, which is normally low in freshwater, below
20 mg / L. Thorn Spear."” In the Oriente Quarry, a heterogeneous
variation interval of 25 to 92 mg / L was determined, above the
normal maximum indicated by the same author for Mexican lakes
and reservoirs. In Lake Chapultepec, Muro-Cruz'® recorded average
values higher than those of the present study from 81 to 141 mg /L,
attributing this to the contribution of non-native organic matter and
sewage to this system. In the case of the Oriente Quarry, the maximum
contents can be attributed to the rest of the vegetation in different
degrees of decomposition. Hardness can be classified as permanent,
where sulfates predominate and temporary, characterized by Margalef
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carbonate,* which in both cases can vary in concentration depending
on the season; It can be expressed as CaCO, hardness and is associated
with alkalinity. The degree of hardness has been categorized in the
following concentrations according to Sawyer and McCarthy*: 0-75
mg / L soft water, 75-150 mg/L moderately hard, 150 to 300 mg/L
hard water and>300 mg / L very hard waters. In the case of the Oriente
Quarry, and according to the records obtained, the water is considered
moderately hard to hard, including the waters that are provided in the
Spring, according to the records of Lanza Espino.!’ In a point estimate,
Hernandez-Martinez et al.*” determined levels lower than 75 mg / L
in the Oriente Quarry, which are classified as soft to moderately hard
waters. The foregoing indicates that the Oriente Quarry has a temporal
spatial variation due to concentration or dilution effects.

Statistical analysis

Statistical analyzes are a tool that allows inferring the existence
of patterns in all types of data; however, its use and interpretation
in limnological studies must be based on a chemical, physical and
biological basis. The PERMANOVA nonparametric statistical test is
used to compare data groups and determine statistically significant
differences between the dispersion of Anderson measured values .*
According to the PERMANOVA test, there are statistically significant
differences between the site called Manantial and the rest of the
Quarry, due to differences in the concentrations of chlorophyll “a”,
total phosphorus and orthophosphates. Likewise, the test found
that there are significant differences between the North section
and the South section, but not between the North and Center, and
Center and South sections. The results of the test indicate a spatial
regionalization in the East Quarry that can be attributed to differences
and geomorphological similarities between each of the sections, with
the Spring being the one with the greatest differences compared to
adjacent lakes. The PERMANOVA test carried out to measure the
temporal variation between seasons of the year determined significant
differences between autumn (October) and all other seasons, which
can be attributed to the characteristic rains of this time of year.

It should be noted that the spatial and temporal variability of the
physicochemical parameters, both conservative and non-conservative,
is wide and subject to particular conditions present during sampling
at a particular site. The results of the statistical tests presented should
be considered as a support in the determination of patterns and not as
evidence of these Margalef.* The trophic state of an aquatic system
results from the interaction of external factors and various internal
processes involving biotic and abiotic factors Carpenter and Pace.*
The concentrations of total phosphorus, total nitrogen and chlorophyll
“a” of the East Quarry define a hypetrophic condition; In this regard,
indices have been created that use these parameters with the intention
of classifying aquatic systems in a clear way. One of the indices used
to estimate the trophic state of the East Quarry is the one proposed
by Carlson* whose calculated values less than 30 correspond to an
oligotrophic state, between 30 and 60 to a mesotrophic state, from 60
to 90 eutrophic and more than 90 hypereutrophic. According to the
estimates made.

The aquatic system of the East Quarry is hypereutrophic all year
round in all the sampling sites of the North, Center and South sections,
as a result of its high content of the aforementioned parameters; In
support of the trophic state, low transparency was observed due to
the high algal densities. The Spring registered a lower trophic level
given the lower chlorophyll intervals, despite this a eutrophic level
was classified as a consequence of the high concentrations of total
phosphorus. It should be noted that in April and February, indices
above the limit proposed by Carlson® were calculated in all sections
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except the Spring given the maximums for total phosphorus and
chlorophyll “a”. Santiago-Lima* estimated the trophic state using the
same method and in the same sections determined a eutrophic state
and in the Manantial a mesotrophic state. The difference with the
present study was due to an increase of more than 20% in the amount
of chlorophyll “a”. The trophic classification of lakes usually contains
four categories or classes, oligotrophic, mesotrophic, eutrophic and
hypertrophic (Table 6).

Table 6 The following table shows the correspondence between the value of
the indices and the trophic classification

Item Chi P sb Trophic
classification
<30-40 0—2.6 0-12 >8—4 Oligotrophic
40-50 2.6—20 24-Dec 2-Apr Mesotrophic
50-70 20-56 24-96 2—0.5 Eutrophic
70—100 + 56-155 + 96-384 + 0.5—<0.25 Hypertrophic
Conclusion

Artificial water bodies are fed by rain, by natural and man-made river
diversions (dams and banks), by discharges of various kinds, among
others, by contributions of water from the terrestrial area that show
similarities as a result. and differences in water bodies, which also vary
in space and time as a consequence of the climate of tropical latitudes.
An example of the above variability is Lake Cantera Oriente located
in the Mexican highlands. Seasonal variations decrease year after year
as a result of population growth with poor anthropogenic management
in which the multiple and diverse services with possible variations of
climate change are taken into account; The foregoing impacts on the
aquatic environmental aspects (physicochemical, geomorphological
and biological). This reservoir has been studied intermittently and the
present study includes some years ago a study to determine the degree
of trophy (eutrophication up to hyper-eutrophication), fundamentally
generated by the increase in total phosphorus and chlorophyll “a”
both from human settlements and its peripheral discharges. It should
be noted that the distribution of the physicochemical and biological
parameters do not present a homogeneous distribution but in patches
due to the wind and hydrogeomorphological dynamics. Therefore,
any study to be followed in this body of water is recommended to take
into consideration previous studies to better understand its trend and
conservation.
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