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WET AND DRY DEPOSITION SAMPLING PROTOCOL  
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The collection of rainfall took place daily, at the Gulf of Mexico, to 
facilitate a more accurate temporal resolution for wet deposition. 
 
In the MCMA the collection is weekly. Chemical analysis for each 
sample of rain was to determine the following parameters: pH, 
conductivity, cations (Na+, NH4

+, K+, Mg2+, Ca2+) and anions 
concentration (Cl-, NO3

-, SO4
2-) by means of High Performance 

Liquid Chromatography (HPLC). These analytical methods are in line 
with the US-EPA protocols. 
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Emissions at the MCMA 



SAMPLING STATIONS AT THE MCMA 

 

México City Metropolitan Area (MCMA) 6 
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Box plots for the pH values measured at the MCMA 
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In the southwest MCMA is having a greater impact by acid rain, 
corresponding to the station Parres the lower pH values ​​found. 
 
The Northeastern area presents higher pH values ​​(Chapingo). 
 
The highest levels (concentrations and deposition) 
of sulphate and nitrate is in the West of the MCMA. 
 
Most sampling stations showed the following behavior: from 
2003 to 2008 a decrease in pH, from 2008 to 2010 an increase 
and finally a decrease from 2010 to 2013. 
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The commercial activities on the coast of the Gulf of Mexico are of 
great importance for this study (extraction processing and 
distribution of hydrocarbons, sea port activities, industrial, 
agricultural, fisheries and tourism) that make this area a potential 
source of air pollution. 
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From 2003 to 2005 the complete annual information has been 
continuously studied at the four sites: 1) The Archaeological Zone 
of El Tajín (TAJ); 2) the Instituto de Ecología, La Mancha (LMH); 
3) The Fortress of San Juan de Ulúa (SJU) in the Port of Veracruz 
and 4) Universidad Veracruzana, Campus Mocambo (UVM).  
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Fortress of San Juan de Ulúa (SJU) in the Port of Veracruz. 
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Sampling site 



Sampling site Location Geographical Coordinates 

Instituto de Ecología. A.C., at the Morro de la 
Mancha. 

The sampling site is located in climatological 
station, located on the Coast of the Gulf of 

Mexico 

Lat. 19º35´ 21.6¨N 
Long. 96º22´49.7´´W 

Altitude 2 m.a.s.l. 

“La Mancha”, Veracruz, Mexico.  
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Since 2003, La Mancha is still working under a strict quality 
assurance and quality control protocol, which makes this 
station a prototype for the studies in atmospheric deposition 
on the Coast of the Gulf of Mexico. 
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Samples Number 

During the period of study (2003 to 2013) a total of 689 samples 
were collected in La Mancha station and analyzed at the SCA-
CCA-UNAM laboratory.  

Samples Number by year at La Mancha station 

*Lost samples (from August to December). 
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Year 2003 2004 2005 2006 2007 2008 2009 2010 2011* 2012 2013 
 

Total 
 

Number  71 56 73 52 53 71 70 72 28 69 74 
 

689 
 



Box plots for the pH values measured at “La Mancha” station. 
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Volume Weighted Mean pH values at La Mancha station. 
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Monthly percentile 50 for pH at La Mancha station, 2003-2013. 
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Monthly mean NO3
- deposition at La Mancha station, 2003-2013. 
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Monthly mean SO4
2- deposition at La Mancha station, 2003-2013. 
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Volume Weighted Mean pH value (pH= 4.99) registered 
at La Mancha atmospheric deposition sampling station 
from 2003 to 2013, showed clearly the presence of the 
acid rain phenomena. 

The results of the weighted values mean of pH 
indicated that wet deposition collected at La Mancha 
during the period 2003-2013 was acidic. In the 
statistical analysis of consecutive years of pH at this 
site, did not show significant variations over a period of 
eleven years of study. 
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Sulfate ion concentration was higher than the 
concentration of nitrate ion, suggesting that the 
formation of acid rain was mainly to the formation 
and transport of sulfur dioxide in the region of La 
Mancha. 
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