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In this research, the background of the studies carried out iIn
Mexico on the subject of atmospheric deposition was
Integrated. 195 publications were reviewed, including articles,
technical reports and theses. The first studies on acid rain in
Mexico City began Iin the 80's between the National
Meteorological Service and the National University of Mexico
(UNAM).
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The results of the investigations carried out in Mexico on wet
atmospheric deposition have shown the presence of the acid
rain phenomenon at the different studied sites, with the
exception of Monterrey, Nuevo Ledon and Calakmul, Campeche,
where higher weighted pH values to 5.6 were recorded.

The potential problem of deterioration in sites of natural and
cultural interest continues, due to acid pH on the coast of the
Gulf of Mexico and in the Southeast of the country.
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Sitio de muestreo: EL Tajin
Veracruz, México
Depdsito atmosférico

Estudios realizados en el sitio de muestreo de El Tajin:

Bravo (2003).pdfl Bravo(2004)CleanAlRuk.pdf  Bravo(2004)AWMA.pdf Bravo(2005)AWMA.pdf  Bravo (2006).pdf
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Bravo(2006).pdf Kahli{2007).pdf Kahl(2012).pdf Sosa(2016)LGM.pdf
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The calcium carbonate content in a limestone sample from the El Tajin archaeological zone was determined,
and a dissolution mechanism on this material by acid rain was proposed.

Abstract

Three limestone slabs (approx. 20 cm” each) were exiracted from the El Tajin archaeological zone in Veracruz, Mexico. X-ray diffraction
analysis revealed three components: calcite (81.2%), quartz (17.9%) and feldspar (0.9%). Calcite content by x-ray diffraction analysis was
slightly higher than that determined by chemical reaction between the limestone sample and nitric acid. The latter analysis, carried out in trip-
licate, yielded a calcite content of 77.1%. Mean water absorption, density and porosity of the limestone samples were also determined. Disso-
lution of limestone samples was investigated using an experimental rainfall simulation chamber, in which the stone samples were irrigated with
artificial rain matching the pH and the ionic composition with 40 rainfall samples collected at El Tajin from August 18, 2002, to April 9, 2003,
According to caleium and bicarbonate net concentrations found in the effluent of the chamber, a chemical mechanism by which limestone at El
Tajin is dissolved by acid rain is proposed. A model used to investigate the air transport pathways corresponding to precipitation events at El
Tajin shows that air parcels come mainly from the Gulf of Mexico, although no directional preference is evident for acidic vs. non-acidic events.




Stratos phere
Troposphere Oy

SErae-tregs exchangs (v, o)

hemical & physical processes
NMVOCs NOx NHg
oC BC SOz DMS
dust & sea salt

Dy Dopositon

Source: Fiore (2015)
An indicator of the reduction of emissions of acid rain precursors is

the SO,% / NO; ratio, which it was applied during the realization of this
study.

An indicator of the reduction of emissions of acid rain precursors Is
the SO,%/NO; ratio, which it was applied during the realization of this
study.

Comparing the chemical composition of rainwater In the Gulf of
Mexico region with stations located in the United States from Texas to
Florida. The State of Veracruz site reported the high values of the
SO,4/NO; ratio (a value of 4.9 was registered for 2015), which
demonstrates the high contribution of sulfur compounds In the
atmospheric deposition and the need to control the emissions of the
main sources of SO, In Mexico.



It IS necessary to create links with different institutions for
jointly and permanently to promote the operation of a
National Atmospheric Deposition Network in Mexico, as
well as to strengthen collaboration at an international level.
In the last years, a collaboration between UNAM and NADP
has started and Is growing.

There is a SO,4/NO; ratio of 1.5 at Mexico City, at almost all
the stations. However, it is interesting to mention that at the
beginning of the 80's s this ratio was four, coinciding with
the value currently registered actually in the Gulf of Mexico
region.



AUTOMATIC MONITORING AIR QUALITY NETWORK




ATMOSPHERIC DEPOSITION NETWORK (REDDA).
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CONECEYSIGINS

In all wet deposition samples, the SO,> presents a higher percentage (60%)
with respect to NO;™ and CI-, indicating that the main precursor of acid rain
Is SO,, although it levels have been declining at Metropolitan Zone,
reinforcing the conclusion that significant emission sources are outside
(upwind) of the MCMZ.
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RECE@IVIVIENDATLIGINS

To establish strategies for the reduction of precursor’s emissions of acid
rain in external sources to North of the MCMZ, such as use of fuels with
low - sulphur or substitution of fuel oil by natural gas. A reduction of
more than 99% of SO, is expected by this change.

The change from fuel oil to natural gas should be seen in emission sources,
such as the used of the Best Available Control Technology for the NOx
control, consisting of low NOx burners.

aciones y Municipios que integran
el drea de estudio del POZMVM, 2012




MPA 66

SNT 130
TEC 84
TA 9

XAL 87




The evaluation of atmospheric deposition at regional
scales requires international collaboration to
adequately characterize the occurrence of potential
impacts and establish measures to mitigate them.
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The Gulf of Mexico Region has important sources of acid rain
precursors, both on land and at sea, located in countries
bordering the region, such as the USA, Mexico and Cuba. It is
very important to study the chemical composition of
atmospheric wet deposition through international cooperation.
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Acid rain studies at the Gulf of Mexico

e Studies on the Mexican coast have identified the presence of acid rain since 2003.

Acid deposition sampling stations at Gulf of Mexico

1 SCA CCA UNAM - SAMPLING STATIONS

. Tajin, Veracruz. 7. Campeche, Campeche.
El Morro, Veracruz. 8.  Tulum, Quintana Roo.

., SanJuandeUlia, Veracruz. 9. Monterrey, Nuevo Leon.
Instituto de Ingenieria, UV,

. Villahermosa, Tabasco.
Palenque, Chiapas.

Acid Deposition Events During the Autumn of 2003 in a research
cruise over the Gulf of Mexico.
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Studies on the Mexican coast have recorded the
presence of acid rain since 2003. The aim of this
study was to evaluate the major ions (Na*, NH,*, K¥,
Mg?*, Cas*, SO,%, NO; and CI°), pH and conductivity in
atmospheric wet deposition, collected daily from
2003 to 2015 at a sampling site located along the
coast of Mexico (La Mancha, Veracruz) and compare
the values with the NADP sampling sites located
along the Gulf of Mexico coast from Texas to Florida.
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PH results

Mexican sampling site “La Mancha”
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VWM pH values at the coast of the Gulf of Mexico
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Nitrate
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Ammonium

Concentration (peq/L
Min Max
95.04 32.77
6.93 17.91
5.77 12.92
3.22 6.65
3.16 8.70
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2.48 20.88
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Precipitation. La Mancha (a), FL 41 (b) y FL 11 (c).
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SO,4/NO; ratio at the coast of the Gulf of Mexico.

Sampling site

Sulfate [ Nitrate ratio (ueq/L)
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Besides, sampling site at “La Mancha”, two new
sampling sites have been included. Campeche City
and Veracruz Port.
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The ratio of SO,> to NO; has been used as indicator of the
effectiveness of SO, and NOx emissions reductions in the USA.
The SO,2/NO; ratio found for “La Mancha” in 2015 was 4.9, the
highest value when compared to other sites in the Gulf of
Mexico, which had ratios between 1.03 and 1.95. Due to the high
levels of SO, and the ratio SO,?>/NO; found at “La Mancha,” it is
Important to monitor the sulfur dioxide emission sources In
Mexico.

\ \ Sulfate / Nitrate
j— A 118 ratio by 2015
129 117
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Conclusions and recommendations

The establishment of the international network for the
evaluation of atmospheric deposition in the Gulf of Mexico
represents a great opportunity for international collaboration.
NADP protocols for sampling and analysis will be adopted,
including quality-assurance and quality-control protocols, to
ensure that information generated is comparable between
current participating countries, USA and Mexico and possibly
Cuba.
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Air quality and atmospheric deposition station in the Port of
Veracruz (UNAM).

41



Air quality, atmospheric
deposition and
Meteorological station in
Veracruz Port (UNAM).



Extension works in the Port
of Veracruz.



San Juan de Uluda (SJU) Fortress in the Port of Veracruz.
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Table 4

Precipitation-weighted concentrations (ppm) of major cations and anions in
rain samples collected at El Tajin from August 18, 2002 to April 9, 2003

Ton Concentration
(ppm)
0.28
0.12
0.30

, , , : , : : , ! 9.6 % 107

g/oz 9402 10/02 11/02 12002 1/03 203 3/03 4403 0.24
4 o @ (8 (2) () (4 2 M 0.49
maonth/year ) 0.72
(number of samples) 0.66

Superficial recession
4.15 um/afio
Experimental rainfall
simulation chamber
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National Atmospheric Deposition Network for
Natural and Cultural Heritage Conservation.
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(UNESCQO) Cultural and Natural Heritage (Mexico).

1987 - Centro Histérico de la Ciudad de 1992 - Ciudad Prehispanica 2002 - Antigua Ciudad
México y Xochimilco - Bien Cultural de El Tajin - Bien Cultural Maya de Calakmul,
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National Atmospheric Deposition Program

2018 Scientific Symposium and Fall Meeting
40 Years of Monitoring Atmospheric Deposition: Historical Legacy and Looking Ahead
to the Future.
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