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On the dry deposition of 1onic species at two
National Parks located in the vicinity of power
plants 1n Mexico

Julia Ceron., Rosa Maria Ceron., Beatriz Cardenas., Abraham Ortinez., Enrique Cruz., Berenice Diaz.,
Guadalupe Carballo., Tezozomoc Pérez., Javier Reyes., Manuel Muriel., and Jesus Guerra.

Abstract—Dry deposition levels of Na*, K™ Ca*" , Mg®*, NH,",
CI', NO*, and SO,*, are reported for two sites in Mexico: Biosphere
reserve “Los Petenes” in Campeche, and “El Chico” National Park
in Hidalgo; during 2009 and 2010. Dry deposition samples were
taken using nylon filters as surrogate surfaces for one-week long
exposure periods. For both sampling sites, nitrate levels exceeded the
background hemispheric value reported for remote sites. In the case
of Los Petenes, NO5™ showed good correlation with SO, suggesting
that both ions had a common source, probably combustion processes.
From backward trajectories analysis, the origin of the air masses for
Los Petenes during the study period was traced, identifying local
sources (Lerma power plant and biomass burning) as the main
sources contributing to the acidity. On the other hand, In El Chico,
NO;™ - SO,> correlation coefficient was negligible, suggesting that
this ion pair had an origin in different sources. We conclude that the
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high nitrate levels found in El Chico had their origin in forest fires
occurring frequently as a part of the natural dynamic of this park.
Since only local sources contributed to the N deposition in this site,
we conclude that power plant located at Tula, an urban and
industrialized site near to El Chico, did not contributed to trace
elements dry deposition in El Chico. In spite of nitrate and sulfate
levels were elevated, pH values obtained showed that these sites had
enough buffer capacity to neutralize the acidity. However, it is
necessary to make an accurate diagnosis of both sites, considering
that pH value is not a conservative tracer of the potentially ecological
effects related to acid deposition. Therefore, we propose that in future
works, critical loads for N and S must been estimated in both sites.

Keywords—Acid deposition, Dry deposition, El Chico, Ionic
species, Los Petenes.

[. INTRODUCTION

TMOSPHERIC pollutants can be emitted as gaseous

components, particles and/or aerosols, staying in the
atmosphere without changes or, being involved in different
chemical mechanisms resulting in secondary pollutants even
more toxic than their precursors. Atmospheric deposition plays
an important role in the transference of chemical compounds
from the atmosphere to terrestrial and aquatic ecosystems,
where acid compounds deposited can result in eventual
significant damage depending on their critical loads [3]. There
are two paths to remove pollutants from the atmosphere: dry
and wet deposition. When pollutants either in gaseous or
particulate form are removed without the occurrence of rain,
this process is called dry deposition. During dry periods,
particles are removed efficiently only by dry processes such as
impaction and diffusion to surfaces of objects [2].

For particle pollutants, removal fates are strongly related to
particle size. Large particles are efficiently removed by
gravitational settling. On the other hand, for small particles,
especially those with diameters below 0.1 pm, Brownian
diffusion becomes increasingly important. Inertial impaction is
an important removal mechanism when the momentum of a
particle is sufficient to maintain a nearly linear trajectory in a
moving air mass, this process is important for particles with
aerodynamic diameters between 0.5 and 15 pm, but is highly
dependent on particle size and wind velocity. On the other
hand, in wet periods, particles and gases are removed mainly
by precipitation. Wet deposition involves chemical
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constituents sufficiently soluble to dissolve in water associated
with in-cloud formation of rain droplets. In both cases, gases
and aerosols experience chemical reactions that play an
important role in the production of acid species in the
atmosphere [3].

Therefore, depending on their residence time, some
pollutants can be deposited around the emission source in a
short time period, where dominant mechanism can be dry
deposition; whereas other atmospheric components (gases
undergoing gas-particle conversion processes or particles with
a lower sedimentation rate) may be easily transported by the
wind action undergoing long-range transport and finally to be
deposited in distant places from their emission point as a result
of wet deposition processes [4], [5].

Over the previous three decades, understanding of the
causes and consequences, temporal trends, and spatial patterns
of atmospheric deposition in temperate ecosystems has
improved considerably [6]. However, the most of the studies
have been carried out in Europe and North America. Only few
studies about wet deposition have been carried out in Mexico
[71, [8], [9], [10], [11], [12] and studies about dry deposition
are null or scarce. It is well known that the main source
associated to acidic deposition is energy generation process.
Approximately 66.8% of energy produced in Mexico comes
from the burning of “combustoleo”, resulting in fly ash
emission, and large amounts of gases considered as acid
precursors (such as SO, and NO,) that contribute to the acid
deposition in the vicinity of the plants [13]. This fuel is
commonly used in Mexico in power plants in large steam
boilers, drying kilns and ovens, and it is a blend of residua and
gas oil cutter stock meeting the viscosity requirements of
ASTM D 396 (Standard Specification for Fuel Oils, Grade
Designation No. 6).

In Tropical countries as Mexico, where eco-tourism
constitutes an important source of economic resources, and
where, natural protected areas with a great bio-diversity are
located near industrial sources, there is an increasing concern
about the potential ecological effects of acid deposition on the
ecosystems. In spite of atmospheric dry deposition can be an
important source of nutrients causing changes in natural
ecosystems [14 -16], little data on deposition inputs of N and S
in Mexican eco-regions have been reported focused mainly to
temperate forest of pine, fir and oak.. Nitrogen dry deposition
alone may account for as much as 95% of the total terrestrial N
load in the Mediterranean ecosystems [14]. To understand
regional variations, to determine if critical loads are exceeded
and to prove the efficiency of environmental policies, it is
necessary to carry out qualitative and quantitative studies of
atmospheric deposition in impacted sites [17].

In Mexico, critical loads and the effects of deposition
remain uncertain, and there are not a national network
operating continuously that provides an outline of the main
chemical characteristic of deposition. Notwithstanding the
work carried out within the framework of REDDA
(Atmospheric Deposition Network of Mexico City), in
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Mexico, studies on dry deposition fluxes are scarce and do not
provide a firm basis for interpreting long-term trends or
regional variations.

In 2008, a national network (RMDA, Mexican Atmospheric
Deposition Network) in a preliminary phase began the
monitoring of wet and dry deposition at various sites of the
country. This network has been coordinated by National
Ecology Institute (INE) and Autonomous University of
Carmen (UNACAR), and considered both natural and polluted
sites.

In addition, in the same year, the Mexican Environmental
Agency (SEMARNAT) supported a research project focused
to the study of atmospheric deposition in five sites located at
the surroundings of power plants burning “combustoleo”. This
work reports the dry deposition data obtained for two of these
sites of the network: Los Petenes Biosphere Reserve and El
Chico National Park, both located in the vicinity of power
plants.

II. MATERIALS AND METHODS

A. Site Description

Dry deposition samples were collected on a weekly basis
during 2009 at two sampling stations in Los Petenes Biosphere
Reserve and El Chico National Park, two important natural
areas located in the vicinity of power plants. See Fig. 1. In
table 1, main features of the sampling stations are shown.

Table 1. Main features of the sampling stations.
Sites Classification) Altitude Latitude Longitude
area (m asl)
Los .
Biosphere 0157 nss
Petenes, Reserve and 4 20°51°30 90°45'15”W
Campeche . N
Ramsar site
State
El Chico, National 011500 010529
Hidalgo Park and 2570 20 1131 09 100 \1;; 37
State Rural

Los Petenes Biosphere Reserve: A sampling site within the
facilities of the Center for the Conservation and Research of
the Wild Life of the Autonomous University of Campeche was
chosen. This site is located in the Biosphere Reserve named
“Los Petenes” and constitutes a large and narrow coastline at
the north of the Campeche State at 20°51°30” N and 90°45°15”
W.

Los Petenes site is characterized by the presence of
complexes habitats similar to islands with availability of sweet
water all year called Petenes. These ecosystems only are found
in Cuba, Florida and Mexico.

The dominant climate is sub-humid warm with rains
occurring in summer with the presence of mid-summer
drought. Annual precipitation ranges from 729 to 1049 mm
and average temperature is 27.5°C. Los Petenes Biosphere
Reserve is a Ramsar Site and constitutes a representative bio-
geographic area of an ecosystem not significantly perturbed.
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This sampling site is located at 10 km from the power plant
“Lerma” (4 units of combined cycle with an installed effective
capacity of 150 MW).

El Chico National Park: El Chico is an important National
Park located in a forested region in the State of Hidalgo. See
Fig. 1. At the surroundings of this park, much of the original
forest cover has been cleared by human activities, and forest
fires are frequent mainly during the mid-summer drought. In
the middle of this park, an eco-tourism center operates almost
all year.

Climate in El Chico is sub-humid, and rains are present
during the summer, this site is also influenced by cold fronts
named ‘“Nortes” that prevail mainly during winter time.
Specific sampling site is located in a sacred fir forest near to
Las carboneras Town (20° 117 09.59”N and 100 ° 18’ 57” W).

This site is located at 50 km from Tula City, where an
important oil-fired power plant is located (9 units of vapor and
combined cycle technologies with an installed effective
capacity of 2000 MW).

EI Chico National Park

T.os Petenes Rinsnhere

Fig. 1. Sampling sites location.

B. Field Work

Collection methods are the major source of uncertainty in
studies of dry deposition [18]. In indirect methods, deposition
fluxes are calculated from atmospheric concentrations and
estimated deposition velocities. In this case, the main problem
is the difficulty to estimating an appropriate deposition
velocity. In this study, dry deposition was assessed with a
direct method using a surrogate surface according to the
methodology used by Alonso ef al [19].

Automatic dry-wet sampling equipment was used to collect
dry deposition. Three surrogates surfaces (Nylon membranes,
47 mm diameter and 45 pm size pore) were located on a
aluminum support within the dry deposition bucket (the first
one for cation, pH and conductivity analysis, the second one
for anion determination, and the last one for ammonium
analysis).

Filters were horizontally exposed during one week periods
during 15 weeks. At the end of the sampling period,
membranes were stored in Petri boxes at -18°C until analysis.
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C. Analytical Work

Nylon filters were extracted with 80 ml of deionized water
for 15 minutes in an ultrasonic bath. pH and conductivity were
determined by a pH meter (Thermo Orion 290) and a
conductivity meter (CL 135), respectively [20, 21]. NO7, CI,
and SO?,;, were analyzed by ion chromatography (Agilent
1100) with conductivity detection [22]. Extracts used to
analyze cations were digested in Teflon closed flasks (Cole-
Parmer) of 100 ml using as energy source an autoclave
equipment. Na" [23], K [24], Ca®" [25] and Mg”" [26] were
determined by atomic absorption spectrophotometer (Thermo
scientific ice 3000) [27], and ammonium was analyzed by
colorimetric with UV detection (HACH DR. 2800) [28].
Standard solutions were prepared from certified standards
(J.T. Baker).

Detection limits were calculated as three times the standard
deviation of six blank samples, and repeatability was assured
from an analysis of 3 replicate measurements for each sample.
The quality of the analytical data was checked out by a cation-
anion balance and by comparison between measured
conductivity and calculated conductivity (from concentrations
and specific conductivities for each ionic specie).

III.

Los Petenes Biosphere Reserve:

RESULTS

It can be observed in Table 2 that except K*, most of the ions
showed a great variability. Relative ionic abundance obtained
was NO;> NH,">CI>Na* > SO, > Ca®>" > K'> Mg*".

Table 2. Ionic concentrations (mg 1) for dry deposition in
Los Petenes Biosphere Reserve during 2009.

Ionic N Mean Minimum| Maximum
specie
Ca?" 18 Ofgj 0.40 3.88

K’ 18 O(fgli 0.16 0.59
Mg | 18 062.? 6* 0.05 0.65
Na' 18 0(')?;)3* 0.25 1.45
NH, | 10 2359; 0.05 433
NOs | 10 33?73 - 0.38 9.75

cr 10 li(?ggi 0.02 5.00
SO, 10 O(fgf 0.1 1.99

N: Number of samples
In coastal and marine sites, it is assumed that relative

proportion of elements as Na', K*, Ca®*, Mg®’, CI" and Br in
deposition samples presents similarity to that reported for sea
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water. However, in some coastal and marine sites, the ratios of
these elements are different in a significant way from their
ratio for sea water, in spite of, it is believed that the sea—salt
is the main source of these trace components.

In the most of urban and industrial sites, trace elements
atmospheric concentrations are significantly greater than those
expected from the dispersion process of marine aerosol.

Human activities are the main responsible of this relative
enrichment, and often they are referred as enriched elements or
in excess, in this case, local or regional meteorology data are
necessary to identify the main responsible sources. Therefore,
the excess of a constituent in a deposition sample represents an
increase of the element upon the expected levels from sea
water.

Los Petenes site can be considered as a coastal site (it is
located at 8 km from the coast approximately), for this reason,
it was necessary to estimate the contribution of marine aerosol
to sulfate levels to determine anthropogenic fraction
(commonly known as sulfate excess [(S47)ys ].Excess sulfate
levels found (12.66 wEq I') are in agreement with background
hemispheric levels reported by Galloway [29] for remote sites
(10 pEq I'); it suggests that there was not a significant
enrichment derived from local sources.

Since, marine aerosol does not contribute to nitrate levels; it
can be assumed that the total content of nitrate in dry
deposition samples was in excess, it means that it had an
anthropogenic source. Nitrate levels (63.39 pEq I') exceeded
background hemispheric values reported for remote sites (2.8
uEq ') [29]. It is expected since NO'; was the most abundant
ion. Considering the residence times for SO, (13 days) and
NO, (1 day), it can be assumed that there was a local source
(Lerma power plant) and a temporal source (biomass burning
occurring at the end of October and at the beginning of
November, 2009) contributing in a significant way to nitrate
levels.

Regarding that pH of natural rainwater is controlled by
atmospheric CO, dissociation, it has been established that
those sites where deposition has a pH value less than 5.0 have
acidity problems [30]. pH values found in dry deposition
samples for Los Petenes ranged from 3.99 to 6.97, with an
average value of 5.9. 22% of the total samples showed pH
values below 5.6 and only 5.5.% showed values below 5.0.

In spite of nitrate levels exceeded background hemispheric
values, pH values found suggests that this site does not have
acidity problems. From the Pearson correlation matrix, it can
be observed that nitrate correlated with Ca>* (r = 0.56 at p <
0.001) and Mg*" (r=0.54 at p <0.001). It suggests that these
ions played an important role in the neutralization processes, it
was expected since in Yucatan Peninsula, calcareous soils are
abundant and it has been reported that alkaline particles from
crustal in this region neutralize the acidity [31]. On the other
hand, NO;™ correlated with SO42' (r=0.63 at p < 0.001),
suggesting that both ions had a common source, probably
combustion processes.
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(SO,%)/NO;y™ ratio (0.1996) was lower than other coastal
sites, this indicates that there was a significant enrichment of
nitrates. To assess the relative contribution of nitrate and
sulfate to the acidity, it was necessary to determine (SO4>
)o/H' (10.22) and NO5;/H" (51.19) relative ratios. pH had an
inverse correlation with SO,* and NO;™, indicating that these
ions contributed in a significant way to the acidity. See Fig. 2
and Fig. 3.

In spite of, it has been reported that sulfate ion contributes
in a greater proportion to the acidity; in this case, nitrate
contribution was greater than sulfate did. These results lead to
the conclusion that there was an important influence of local
sources to the nitrate levels in dry deposition.

El Chico National Park:

It can be observed in Table 3 that except K*, most of the
ions showed a great variability. Relative ionic abundance
obtained was NO;>Ca*">CI>Na"™> NH, > Mg*">K">S0,".

This site is not a coastal site, therefore, it can be assumed
that total sulfate content had an origin different from sea-salt,
it is to say, total content was in excess (probably with an
anthropogenic origin). Excess sulfate levels [(SO4%)ss ] found
(6.42 pEq I'") are in agreement with background hemispheric
levels reported by Galloway [29] for remote sites (10 pEq I');
it suggests that this site was not subject to long-range transport
processes.
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Fig. 2. Time trend of nitrate concentration (NO5") and pH
in dry deposition at Los Petenes site.

Since, marine aerosol does not contribute to nitrate levels; it
can be assumed that the total content of nitrate in dry
deposition samples was in excess, it means that it had an
anthropogenic source. Nitrate levels (110.11 pEq I'") exceeded
background hemispheric values reported for remote sites (2.8
nEq ") [29].

It was a great discovery, since we had considered El Chico
as a control site. Considering the residence times for SO, (13
days) and NO, (1 day), it can be assumed that there was a local
and temporal source (biomass burning occurring during all the
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sampling period contributing in a significant way to nitrate

levels).
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Fig. 3. Time trend of sulfate concentration (SO42-) and pH
in dry deposition at Los Petenes site.

Even in areas considered as free of pollution, pH value for
natural rainwater is of 5.6 due to presence of CO, that
dissolved in water produce carbonic acid, the main responsible
of this value. When pH value range from 5 to 5.6, it can be
considered that the studied site has enough buffer capacity,
but, when pH value is below of 5.0, there is an evident
anthropogenic source contributing to the acidity.

Table 3. Tonic concentrations (mg 1) for dry deposition in El
Chico National Park during 2009.

Tonic N Mean Minimum | Maximum
specie

Ca® 16 2i369 4i 0.61 5.76

K 16 0(')13; 0.13 031
Mg 16 0(')62 4i 0.07 1.94
Na* 16 16296 4i 0.29 338
NH," 16 06622; 0.19 134
NO; 16 63831 * 0.41 9.83

cr 16 1i6§7i 0.14 3.68
SO, 16 0(')3127i 0.12 0.85

N: Number of samples

Regarding this fact, we found that in El Chico, dry
deposition samples showed pH values ranging from 4.39 to
7.47, with an average value of 6.05. 50% of the total samples
showed pH values below 5.0, and nitrate levels were too high,
even greater than sulfate levels, suggesting a significant
enrichment of nitrates in this site. It demonstrates that, in spite
of average pH value is above 5.6, El Chico National Park can

be potentially impacted by the high deposition rate of N. It can
be a serious environmental problem, considering that due to
their nature, sacred fir forests (dominant vegetation in this site)
are considered as fragile ecosystems.

In addition, it has been documented that pH value due to
their non conservative character is not a good tracer of
potentially ecological efffects related to acid deposition,
therefore, conservation efforts must be focused to quantify of
critical loads of N and S, and promote new regulations on
critical loads in natural protected areas.

From the Pearson correlation matrix, it can be observed that
K" correlated with Ca®* (r = 0.62 at p < 0.001). It suggests that
this ion pair had a common source, in this case, particles from
the crustal.

From correlation analysis, we could not distinguish a main
cation that played an important role in the neutralization
process.

In addition, correlation between sulfate and nitrate was
negligible, suggesting that these anions had their origin in
different sources. Since sulfate levels were in according to the
hemispheric background levels reported for remote sites, we
can conclude that there were not local anthropogenic sources
contributing to this ion levels.

On the other hand, nitrate levels were too high. Considering
NO, residence time in the atmosphere, we can infer that nitrate
levels had their origin in a local source, probably forest fires
occurring not only as a result of the mid-summer drought, also
during all the sampling period.

(SO42')XS/NO3' ratio (0.05) was lower than other sites, this
indicates that there was a significant enrichment of nitrates.

To assess the relative contribution of nitrate and sulfate to
the acidity, it was necessary to determine (SO4*)xs/H" and
NO,"H" relative ratios. In spite of, it has been reported that
sulfate ion contributes in a greater proportion to the acidity; in
this case, nitrate contribution was greater than sulfate did. pH
had an inverse correlation with NO;™ , indicating that this ion
contributed in a significant way to the acidity. See fig. 4.

These results lead to the conclusion that there was an
important influence of local sources to the nitrate levels in dry
deposition.

Clearly, there was a local source influenced strongly on
nitrate levels, probably forest fires. The influence of forest
fires on nitrate levels has been documented in other works [32-
33], and low pH values have been reported as a result of
biomass burning. Forest researches carried out at El Chico
[34-35] report carbonized vegetal fragments and mineral
whose formation requires high temperatures, suggesting that
forest fires are frequently part of the natural dynamic of this
park. In addition, these works conclude that forest fires of
canopy type are considered as benefic to the natural
reforestation process of sacred fir forest.

Therefore, may be, controlled forest fires be used as a
forestry management strategy to improve the natural
reforestation process in this site.
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It could explain the too high nitrate levels found in dry
deposition samples in El Chico National Park.

Potential ecological effects of acid deposition in tropical
environments remain uncertain and available data about
critical loads area scarce. In addition, deposition patterns and
ecosystems responses in tropical countries may be different
from those reported for mid-latitudes and temperate regions. In
table 4 are shown critical loads values reported for USA and
Europe.
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Fig. 4. Time trend of nitrate concentration (NO;") and pH in
dry deposition at El Chico site.

In Mexico, only little data on deposition inputs of N and S
in Mexican forests have been published. In table 5 are shown
critical loads values for different ecosystems in Mexico.

Comparing the total N deposition fluxes estimated for El
Chico National Park (11.22 Kg ha™ yr'') with critical loads
reported for Pine forests, our results indicate that the critical
loads for Nitrogen has been exceeded. On the other hand,
comparison of the total Sulphur fluxes for El Chico National
Park (2.54 Kg ha™ yr'") with the critical loads for forests soils
in Europe, USA and other places in Mexico, our results
suggest that the critical load for S has not been exceeded and
was comparable to the results reported for Central Veracruz
and Zoquiapan.

On the other hand, in Los Petenes Biosphere Reserve, N
input (11.99 Kg ha yr") is slightly above the critical loads,
whereas S input (1.4 Kg ha™! yr'l) did not exceed the critical
values.

Our results suggest that these critical loads can increase in a
short time period if strategic measures are not taken. In
addition, these results are sub estimated considering that we
are not reporting data for wet deposition, since these sites are
natural reserves, it can constitute a serious threat to flora and
fauna species that live in these ecosystems.

Table 4. Critical loads (Kg ha™ yr'") for N and S, reported for
different ecosystems in USA and Europe.

Critical o
oad | St et o
for N
Upland
rasslands in
10 - gthe Uniied Jones [32]
Kingdom
g i Budburst Power et al.
Calluna [33]
5 - Alpine Hiltbrunner [34]
ecosystems
3-6 ; lazzrsn?;rétse | Femneral. [35]
4.7 i New Mexico Geiser et al.
and Arizona [36]
N-impacted
3-8 ; ec(cj)sl}ils%emmlsam Fenn et al. [37]
USA
12-16 17-21 Germany
100 Czech Dieter and
Republic
Gouger [38]
20-40 Central
Europe
Forest in Grennfelt and
5-10 2-5 humid .
. Nilsson [39]
climates
0.5 13 Remote Galloway et al.
) tropical areas [40]

Table 5. Critical loads (Kg ha™ yr'") for N and S, reported for
different ecosystems in Mexico.

Critical
load
for N

Critical
load for S

Type of
ecosystem

Author

3.6

17

Mountain
forest in
Central

Veracruz

12

Coffee agro
forests in
Central
Veracruz

Cleared areas
in Central
Veracruz

Ponette et al.
[41]

>15

9-20

Forests in
Mexico City
Basin

Fenn et al. [42]

5.5

8.8

Pine forests at
Zoquiapan,
Mexico State

Pérez et al. [43]
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IV. CONCLUSION

The study of dry deposition at natural sites probably
impacted within a region can provide a complete picture of the
seasonal evolution of atmospheric pollutants.

Data obtained in this study are the first measurements of dry
deposition in these sites, this let us compare in a future with
critical loads reported for natural sites in Mexico. The
following conclusions can be made from the found results for
both studied sites:

Los Petenes Biosphere Reserve:

For Los Petenes site, alkaline particles from the soil played
an important role in the neutralization process of the acidity
derived from high levels of nitrate and sulfate.

From the prevailing winds, two local sources were
identified: a power plant (Lerma) located near to the sampling
site and important episodes of biomass burning in the vicinity
of this study site.

Taking in account pH values measured, it can be inferred
that probably, there is not a serious environmental impact in
this site.

Since pH is not a conservative tracer of the ecological
effects of acid deposition, to get a better diagnosis of the
buffer capacity of this site, it is necessary to carry out more
studies focused on the estimation of dry deposition fluxes and
compare with critical loads reported in other eco-regions of
Mexico.

El Chico National Park:

For El Chico site, contrary to nitrate, data obtained revealed
that this site is not subject to long-range transport processes
that contribute in a significant way to sulfate levels.
Therefore, we can conclude that El Chico was only influenced
by local sources, in this case, forest fires occurring frequently
in this site.

In spite of mean pH value found was above 5.6, the high
nitrate levels suggest that this site can be seriously threatened
by high deposition rate of N. Therefore, we propose that in
future works developed in this site, critical loads for S and in
especially for N be estimated.

Since only local sources contributed to the N deposition in
this site, we conclude that power plant located at Tula, an
urban and industrialized site near to El Chico, did not
contributed to trace elements dry deposition in El Chico.

It is necessary to make an accurate diagnosis of these sites,
considering that pH value is not a conservative tracer of the
potentially ecological effects related to acid deposition.

Therefore, we propose that in future works, critical loads for
N and S must been estimated in both sites.

The critical loads found in this study have the potential to be
increased in a short time, therefore, considering the ecological

importance of these sites, it must be applied local strategic
environmental policies focused to protect the wildfire life in
these reserves.
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