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ABSTRACT 

Dry deposition samples were collected in a weekly basis during 2010 in a site located at the Mexican Pacific Coast: 
Manzanillo, Colima. Samples were collected with an automatic wet/dry deposition sampler using nylon filters as surro- 
gate surfaces. Samples were extracted with deionized water and analyzed for pH, conductivity, Na+, K+, Ca2+, Mg2+, 

+
4NH , 3NO , 2

4SO   and Cl−. Nitrate and sulfate were the most abundant ions, contributing with 53% to the total ionic 

mass; and their levels exceeded the hemispheric background concentrations proposed for marine remote sites. The in- 
fluence of the power plants burning combustoleo located upwind the sampling site was completely evident. From mete- 
orological analysis, it could be observed that the sampling site was all time under the influence of power plants as a 

result of the effect of breezes. However, in spite of the high levels of 3NO  and 2
4SO   found in the samples collected, 

pH value average was almost neutral, with 28% of samples slightly acid. Potassium was the most abundant cation and 
from the quantification of the neutralization effect of the main alkaline components, the prevalence role of K+ was com- 
pletely evident, suggesting the influence of the mining complex Peña Colorada located upwind the sampling site, where 
amyl xanthate potassium is used as collector in tailing dams. Dry deposition fluxes were estimated for all ions measured. 
Nitrogen dry deposition at Manzanillo is already in the upper extreme of the threshold value reported for sensible eco- 
systems. On the other hand, sulfur deposition exceeded slightly the critical load value reported for some ecosystems in 
Europe. Even at this moment, nitrogen and sulfur deposition is not a problem, it is necessary to take steps to avoid that 
total deposition of these elements exceeds critical loads, considering that results reported in this study not include the 
wet deposition fluxes. 
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1. Introduction 

Atmospheric deposition is the process by which airborne 
pollutants are deposited to the terrestrial surface. These 
pollutants include, but are not limited to, sulfur dioxide, 
nitrogen oxides, ammonia and mercury. There are two 
ways that acids fall out of the atmosphere: wet and dry 
deposition. Together with wet deposition, dry deposition 
is responsible for delivering atmospheric loads of com- 
pounds such as 2

4SO  , 3NO  and +
4NH  to the ecosys- 

tems. Wet deposition involves atmospheric hydrometeors 
which scavenge aerosol particles predominantly by rain 
and snow, but also by clouds and fog. In the other hand, 
dry deposition of particles and gases occurs by complex 
processes such as settling, impactation and adsorption. 

The significance of the “acid rain” issue has been well 

established since several years ago, however, it is 
necessary to note that in the total load of acids to the 
surface (soils, vegetation and water bodies), precipi- 
tation is one component of this problem but not the 
unique, in such a way that dry deposition should be also 
considered [1]. 

Atmospheric deposition has been largely studied in 
different sites and locations around the world during the 
last years, and it has been found that episodes of acid rain 
are directly related to industrial emissions, being the 
main contributors the power plants burning fuel and coal 
[2]. Many areas with acid deposition have been identified 
and studied [3], and the important role that plays the in- 
dustrial facilities near the sampling sites has been pointed 
out. In spite of procedures to collect wet deposition are 
available anywhere since several years, quantifying dry 
atmospheric deposition is a difficult task due to the *Corresponding author. 
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complex chemical processes involved [4] and standar- 
dized procedures to collect it are not available.  

It is well known that dry deposition is related to local 
emissions, whereas wet deposition reflects long-range 
transport phenomena and it is more connected with re- 
gional sources. Therefore, wet and dry deposition mea- 
surements are essential for understanding regional varia- 
tions, local influence by anthropogenic or geochemical 
sources and long-range transport processes. In the last 
years, energy consumption in Mexico as a result of the 
industrial and urban development has increased signifi- 
cantly. Currently, approximately 68% of generated en- 
ergy comes from burning “combustoleo” (a blend of resi- 
dua and gas oil cutter stock that meets the viscosity 
requirements of ASTM D 396), resulting in fly ash emis- 
sion and large amounts of acid precursors (SO2 and 
NOx).  

In 2010, the Mexican Environmental Agency (SEMA- 
RNAT) supported a research project focused on the study 
of atmospheric deposition in sites located in the sur- 
roundings of power plants burning “combustoleo”. This 
work reports the assessment of the chemical composition 
of dry deposition in one of these sites: Manzanillo, 
Colima; located at the Pacific Coast. 

2. Materials and Methods 

2.1. Sampling Site Description 

Manzanillo, Colima is situated in the Pacific Coast of 
Mexico. Population in the city is approximately of 
161,420 inhabitants and has a total surface of 1578.4 km²; 
being the biggest municipality of the Colima State. Cli- 
mate is sub-humid warm (Aw) with summer rains, tem- 
perature ranges from 22˚C to 28˚C. Since Mexico is in- 
fluenced by the monsoon, the study area shows two pe- 
riods well defined: the dry season (from November to 
Mayo), and the rainy season (from June to October). 
Figure 1 and Table 1 show the geographical position 
and main characteristics of the sampling site. High ex- 
cess sulfate has been reported in rainwater samples in 
Manzanillo [5], and it has been concluded that this sul- 

 

Figure 1. Location of the sampling station. 
 
fate excess had a predominant anthropogenic background 
origin. This sulfate excess can be explained from two 
sources: the long-range transport from Guadalajara City, 
because Manzanillo is located downwind from this im- 
portant urban and industrialized area (trade winds blow 
from this direction during the summer); and two fossil- 
fueled power plants that operate continuously, located in 
this site. 

Characteristics and capacity of these power plants are 
shown in Table 2. Since this site is a coastal city, it is 
subject to the effect of sea and land breezes. Visual ob- 
servations indicate that power plant plumes clearly en- 
hance the formation of low level clouds which are trans- 
ported to the sampling site. 

Observations in this site, also indicate that Manzanillo 
is subjected to the air masses transported locally by the 
action of breezes. In addition, there is one more source 
contributing to excess sulfate, calcium, potassium and 
chloride levels: the mining mill complex Peña Colorada. 

2.2. Sampling and Analysis  

Dry deposition samples were collected on a weekly basis 
for a period of one year (2010). In this study, dry deposi- 
tion was assessed using a surrogate surface according to 
the methodology proposed by Alonso et al [6]. Sampling 
was performed by using an automatic wet-dry deposition 
collector. This sampler is equipped with two polyethy- 
lene buckets and a lid controlled by a humid sensor 

 
Table 1. Main features of the sampling station. 

Site Type area Annual average rainfall (mm) Altitude (m·asl) Lat. Long. 

Manzanillo, Colima Urban and industrial 983 4 19˚02'35''N 104˚19'09''W 

 
Table 2. Main characteristic of the power plants located in the vicinity of the sampling site considered in this study. 

Power Plant Date of the beginning of operation Units Effective capacity installed (MW) 

M. Alvarez Moreno-Manzanillo I September 1, 1982 4 1200 

Manzanillo II July 24, 1989 2 700 
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which moves depending on the beginning and the end of 
the rain event. Three nylon filters (Nylasorb, Pall Corpo- 
ration, Gelman Lab, Michigan, USA; 47 mm diameter, 1 
um pore-size) were used as surrogate surfaces. Filters 
were exposed in horizontal position on a filter support 
within the dry deposition bucket. Dry deposition fluxes 
were estimated from surface area and time exposure. 

Samples were taken to the laboratory immediately af- 
ter collection and stored at −18˚C until analysis. Nylon 
filters were extracted with 80 ml of deionized water for 
15 min in an ultrasonic bath. The first filter extract was 
used to measure pH, conductivity and ammonium (col- 
orimetrically using a spectrophotometer UV HACH DR 
2800). The second extract was subjected to an acid di- 
gestion in Teflon closed flasks (Cole-Parmer) of 100 ml, 
using autoclave equipment as energy source. Extracts 
digested were analyzed for Na+, K+, Ca2+ and Mg2+ by 
atomic absorption spectrophotometer (Thermo scientific 
ICE 3300). Finally, the third filter extract was used to 
determine Cl−, 2

4SO   and 3NO  by ion chromatogra- 
phy (Agilent 1100). 

The detection limits were estimated as three times the 
standard deviation of six blank samples. Repeatability 
was assessed by analyzing samples from at least 3 repli- 
cate measurements, maintaining a coefficient of variation 
< 5% for all ions measured. The analytical precision was 
maintained by running known standards after 15 samples. 
Analytical precision for cations and anions was within 
10%. The quality of analytical data was checked by a 
cation-anion balance. Like an additional quality assur- 
ance measure, a comparison between measured conduc- 
tivity with the calculated conductivity was considered. If 
the differences are less than 10%, it can be assumed that 
all the major ions have been analyzed. Ionic balance cal- 
culations (Figure 2) and conductivity differences re- 
vealed that all main ions were analyzed for Manzanillo. 
 

 

Figure 2. Quality control (ionic balance) of chemical analy- 
sis for dry deposition samples collected in Manzanillo. 

2.3. Meteorological Data 

To obtain surface meteorological data, a portable meteo- 
rological station (Davies Inc.) was operating in the samp- 
ling site during the whole study period. Wind roses were 
obtained by using WindRose from NOAA Air resources 
Laboratory.  

From Figure 3, it can be observed that prevailing 
winds came from NW for Manzanillo during the study 
period. In addition, to trace the origin of the air masses 
during the study period, air-mass backward trajectories 
were obtained daily 48 h before using NOAA HYSPLIT 
Model. It can be observed that during the study period, 
air masses came from NW (Figure 4), just from the 
power plants located near the sampling site. 

3. Results and Discussion 

Minimum, maximum and average values of concentra- 
tion of major ionic components and pH are given in 
Table 3. 
 

 

Figure 3. Wind direction frequency distribution for Man- 
zanillo during the study period. 
 
Table 3. Minimum, maximum and average concentration of 
major ions (µEq·l−1) and pH in dry deposition samples col- 
lected at Manzanillo. 

Parameter Minimum Maximum Average 

pH 5.06 6.94 5.76 

Na+ 0.04 2.65 0.76 

K+ 17.90 341.69 46.36 

Ca2+ 0.02 69.83 10.49 

Mg2+ 1.48 6.75 3.04 

+

4NH  0.03 74.83 21.98 

3NO  7.26 84.03 26.52 

2

4SO   15.61 124.66 46.66 

Cl− 0.04 2.06 0.61 
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Figure 4. Typical backward air mass trajectory and wind rose for Manzanillo during the study period. 

 
3.1. pH and Ocurrence of Acidic Events 

The analytical data shows that pH of collected dry depo- 
sition samples ranged between 5.06 and 6.94, with an 
average value of 5.76, indicating a neutral nature of dry 
deposition samples (Figure 5). The frequency distribu- 
tion for pH (in percentage) shows the number of slightly 
acidic events recorded at Manzanillo was 28%. In spite 
of nitrate and sulfate levels were high as a result of the 
proximity of the sampling site to the power plants, pH 
values obtained were not acid, it suggests that HNO3 and 
H2SO4 were subjected to neutralization processes that 
lead to pH values almost neutral. 

3.2. Chemical Composition and Source  
Identification 

3.2.1. Chemical Composition 
The contribution percentage of cationic components 
(Na+, K+, Ca2+, Mg2+ and NH4

+) towards the total ion 
mass balance was 47%, and acidifying components 
( 2

4SO  , Cl−, and 3NO ) accounted 53% of total ionic 
mass. Figure 6 shows the individual contribution of dif- 
ferent ions towards the total ionic mass. K+ and NH4

+ 
were the dominant cations contributing with 31% and 
11% of the total ionic mass. Among anions, 2

4SO   was 

the predominant anion followed by 3NO , contributing 
with 30% and 23% of the total ionic mass, respectively. 

High sulfate levels were comparable to those found in 
sites with anthropogenic influence. The average sulfate 
excess concentration ( 2

4SO  )xs was 22.5 µEq·l−1, almost 
three times higher than ( 2

4SO  )xs background hemi- 
spheric concentration proposed by Galloway et al. [7] for 
 

 

Figure 5. Frequency distribution for pH at the study site 
(%). 



Atmospheric Dry Deposition in the Proximity of Oil-Fired Power Plants at Mexican Pacific Coast 

Copyright © 2012 SciRes.                                                                                  JEP 

1232 

 

Figure 6. Contribution of different ionic species toward the 
total ionic mass. 
 
marine remote sites (10 µEq·l−1). On the other hand, high 
nitrate levels also were found (16.53 µEq·l−1). These val- 
ues exceeded the 3NO  background hemispheric con- 
centration proposed by Casimiro et al. [8] for coastal and 
marine remote sites (2.8 µEq·l−1), suggesting an evident 
influence of local anthropogenic sources.  

3.2.2. Marine Aerosol Contribution 
The chemical composition of atmospheric deposition in 
coastal sites is controlled by local atmospheric dust/par- 
ticulate, natural and anthropogenic emissions, and marine 
contribution. It is difficult to evaluate the relative contri- 
bution of different sources to the total sulfate concentra- 
tion in deposition collected in oceanic and coastal sites. 
Even in remote sites, sulfate excess levels have been 
found [7]. A common method involves the use of a tracer 
derived from marine aerosol where sea salt is the refer- 
ence source. Therefore, it is necessary to define the ex- 
cess as the fraction with an origin different from the sea 
salt, this excess is frequently assessed in terms of an en- 
richment factor (EF) [9].  

Chemical composition of sea water is expressed as the 
ratio between the concentration of the element and the 
concentration of chloride ion, and it has reported else- 
where [10,11]. In coastal and marine sites, it is assumed 
that relative ratios of elements as Na+, K+, Ca2+, Mg2+, 
Cl− and Br- in atmospheric deposition present similarity 
to those reported for sea water. However, depending on 
the influence of other sources like natural and anthropo- 
genic sources, these ratios can be different to those ex- 
pected for sea water [12]. 

To assess the marine aerosol contribution, the enrich- 
ment factors (EF) are commonly used, an EF approach- 
ing to the unity suggests that the trace element is origin- 
nated in sea salt (not enriched elements). On the other 
hand, and EF greater the unity suggests that a significant 

fraction had origin in a source different than sea salt (en- 
riched elements). The enrichment factors (EF) of differ- 
ent ions with respect Cl− were calculated by Equation (1), 
where X is the ion of interest and X/Cl− is the ratio be- 
tween the concentration of the element and the concen- 
tration of chloride ion in deposition samples. 

depositionsample

seawater

X

Cl
EF

X

Cl





 
 
 


 
 
 

             (1) 

From equivalent ratios of major ions in dry deposition 
samples and the corresponding values in sea water, it 
could be observed that all ratios were higher than those 
expected for sea water. In addition, the enrichment fac- 
tors were greater than the unity, indicating that non-ma- 
rine sources contributed to the measured ions. Assuming 
that all Cl− in deposition samples originated from sea salt, 
the contribution of non-marine sources was calculated as 
follows: 90% for 2

4SO  , 82% for K+, 24% for Ca2+, and 
7% for Mg2+.  

Significant anthropogenic air pollution sources were 
present in Manzanillo and it is clear that these modified 
in a strong way the chemical composition of dry deposi- 
tion collected in this site.  

High levels of sulfate excess were present in samples 
collected during the study period, suggesting the influ- 
ence of the emissions from power plants located upwind 
the sampling site; this percentage is in agreement with 
the sulfate excess reported by Padilla et al. [5] in rain- 
water samples in this site.  

The high percentage of non-sea salt fractions of K+ 
and Ca2+ indicate the non-marine contribution and the 
influence of the local terrestrial sources, probably soil 
particles and the mining mill complex Peña Colorada 
located upwind the sampling site. It has been reported 
that dry deposition is generally related to local emissions 
[13], therefore we can conclude that all enriched ele- 
ments ( 2

4SO  , K+, Ca2+ and Mg2+) had their origin in 
local sources: soil particles, and emissions from oil-fired 
power plants and mining complex located upwind and in 
the vicinity of the sampling site.  

3.2.3. Correlation between Ion Pairs and Source  
Identification 

Correlation coefficients between analyzed ions are also 
used to hypothesize the possible origin of trace elements. 
Significant correlations can indicate common sources or 
transport processes, a great contribution to the acidity or 
an important role in neutralization processes. Correlation 
coefficients between ion pairs in dry deposition samples 
collected in Manzanillo were calculated and are given in 
Table 4.   
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Table 4. Inter-elemental correlation matrix for dry deposition samples collected. 

 Na+ K+ Ca2+ Mg2+ 
+

4NH  3NO  2

4SO   Cl− 

Na+ 1        

K+ 0.06 1       

Ca2+ 0.61 0.11 1      

Mg2+ 0.14 0.39 0.47 1     

+

4NH  0.03 0.05 0.12 0.01 1    

3NO  0.14 0.75 0.22 0.56 0.49 1   

2

4SO   0.26 0.71 0.29 0.50 0.50 0.93 1  

Cl- 0.78 0.04 0.03 0.24 0.09 0.01 0.14 1 

 
As can be observed from Table 4 and Figure 7, 2

4SO   
and 3NO  showed a significant correlation (r = 0.93) in 
samples indicating their origin in similar sources as a 
result of the emissions from their precursors SO2 and 
NOx, in this case, from fuel oil-fired power plants located 
upwind the sampling site. Na+-Cl− (r = 0.78) and Na+- 
Ca2+ (r = 0.61) were good correlated, suggesting a marine 
origin since these elements are derived from marine 
aerosol.  

On the other hand, significant correlations between 
2
4SO  K+ (r = 0.71) and 3NO -K+ (r = 0.75) probably 

result from the reaction of acids with alkaline compounds 
emitted from the mining complex Peña Colorada (amyl 
xanthate potassium is used as collector in tailing dams) 
and alkaline particles present in the crustal dust. 

3.3. Neutralization Factor 

The interaction between cations and anions can be des- 
cribed by the neutralization factor (NF). Neutralization of 
acids by cations is validated by the calculation of neu- 
alization factors (Equation (2)): 

   X 2
3 4

X
NF

NO SO
  

 
 
  

             (2) 

where X is the component of interest y ( 3NO ) and 
( 2

4SO  ) are the concentrations for nitrate and sulfate ions, 
respectively. 

To verify which cation (Ca2+, K+ and NH4
+) more fre- 

quently neutralized the acidic components in dry depo- 
sition, neutralization factors (NF) were estimated and a 
triangular diagram was drawn (Figure 8).  
The triangle relating the neutralization factor of Ca2+, K+ 
and +

4NH  revealed that K+ was the predominant neu-
tralizer. It is well known that the high concentrations of 
K+ are related to the surface soil and mining activities. 
Neutralization factors demonstrated that potassium 
played an important role in the neutralization process, 

suggesting probably the presence of KNO3 and K2SO4 in 
the atmosphere, originating from alkaline particles de- 
rived from the earth crust and the mining complex Peña 
Colorada, and from SO2 and NOx emitted in combustion 
processes in power plants. 

 

 

Figure 7. Variation diagram between 2
4SO   vs 3NO . 

 

 

Figure 8. Triangular diagram relating neutralization factor 
(NF) of Ca2+, K+ and +

4NH . 
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3.4. Principal Component Analysis 

Factor analysis is a useful statistical tool and it can be 
applied condensing the information contained in a num- 
ber of variables into a smaller set of new composite di- 
mensions [14]. Principal component analysis (PCA), a 
linear method for multivariate ordination was used to 
visualize the relationship among trace elements, focused 
to identify the possible sources of the major ions. 
ANOVA test by permutation were performed in order to 
test the significance of the factors to explain the found 
variations. 

Figure 9 shows the variability pattern present in the 
multivariate data set for dry deposition in Manzanillo. 
Table 5 shows the factor loadings of the four major PC’s 
together representing 39% of the total variance. PC2, 
PC3 and PC4 accounted for 28.82%, 42.93% and 32.34% 
of the total variance, respectively. The identified factors 
are quite complex and represent mixed interactions be- 
tween anthropogenic and natural effects. In dry deposi- 
tion, dynamic factors like marine influence probably are 
of substantial importance along with crustal particle ef- 
fects rather than purely anthropogenic emissions. 

Only PC1 showed eigenvalue > 1, however, this factor 
accounted only for 7% of the total variance and showed 
high loadings for 3NO  and 2

4SO  , indicating that PC1 
was influenced by anthropogenic emissions, since, these 
elements have their origin in similar sources, probably 
fuel oil-fired power plants located upwind the site. PC2 

showed high loadings for Na+ and Cl− indicating that this 
factor was influenced by a possible marine origin, since 
these elements are derived from marine aerosols. 

PC3 showed high loadings for Ca2+, Cl− and pH, 
showing a negative correlation between Ca2+ and pH, 
indicating the influence of this element in the neutraliz- 
ing process, probably soil particles. PC4 showed high 
loadings for +

4NH , Ca2+ and Mg2+, indicating that this 
factor was influenced by mixed sources (secondary 
emissions + crustal). In our study, the number of the 
identified factors was rather low and they had quite a 
complex character and the apportioning does not seem 
very informative since dry deposition had mixed sources 
in this site. 

3.5. Dry Deposition Fluxes and Critical Loads 

Even if average pH values were almost neutral; it is nec- 
essary to determine deposition fluxes of the species of 
interest due to these are the most important parameters to 
estimate the pollution effect regional or local in a zone. 
This information is necessary to estimate the real effects 
on natural ecosystems. The average dry deposition fluxes 
(in Kg·ha−1·yr−1) ranged between 0.03 and 3.38. From 
Figure 10, it can be observed that dry fluxes showed a 
great variability. 3NO , 2

4SO   and K+ showed the high- 
est fluxes, indicating that local sources contributed sig- 
nificantly to deposition of these trace elements. Since the 
sampling site was located downwind power plants and  

 

 

Figure 9. PCA results of factor identification for analytical data of Manzanillo.   
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Table 5. Factor loading of the four major principal compo- 
nents for the data set of the studied site using PCA. Only 
loadings higher than 0.30 are reported. 

Variables PC1 PC2 PC3 PC4 

Na+ - 0.66 - - 

K+ 0.39 - - - 

Ca2+ - 0.38 0.5 −0.32 

Mg2+ 0.37 - - −0.54 

4NH  - - 0.36 0.64 

3NO  0.52 - - - 

2

4SO   0.53 - - - 

Cl- - 0.56 −0.47 - 

pH - - −0.44 - 

eigenvalue 2.66 0.94 −0.33 −0.03 

% of Variance 2.74 11.22 12.38 12.59 

Cumulative % 2.74 13.96 26.34 38.93 

Note: Indicates that factor loading was minor than 0.30. 

 

 

Figure 10. Dry deposition fluxes for Manzanillo. 
 
the mining complex (it was confirmed from meteoro- 
logical analysis: wind roses and air-mass backward tra- 
jectories), it can be expected that elements such as nitrate, 
sulfate and potassium contributed in a great proportion to 
the total dry deposition fluxes. 

Dry deposition flux for 2
4SO   was higher than 3NO , 

it is according to the residence times in the atmosphere of 
their precursors (NOx and SO2), since it is well known 
that NOx are deposited around the emission point (local 
pollutant) whereas SO2 undergo long-range transport 
processes being deposited in distant places from the 
source (regional pollutant). It is difficult to estimate the 
contribution of these long-range transport processes since 
wet deposition was not measured, however, it has been 

reported that during the summer, prevail winds come 
from Guadalajara City, it can explain the regional com- 
ponent for sulfate levels found in Manzanillo. 

Critical loads have been defined as the amount of one 
chemical compound that one ecosystem can tolerate be- 
fore show damages. Several studies about critical loads 
for N and S using sensitive species have been reported, 
however, in Mexico, only a few studies in pine wood and 
oak forests in Mexico Valley have been carried out, and 
data about critical loads are not available [15-18].  

From Figure 10, it can be observed that nitrogen 
deposition in Manzanillo is lower than 5 Kg·N·ha−1·yr−1, 
the critical load value reported for sensitive ecosystems 
in Europe [19]. However, considering that the hemi- 
spheric values reported for tropical remote sites range 
between 1 to 3 Kg·N·ha−1·yr−1 [20,21], nitrogen dry depo- 
sition at Manzanillo is already in the upper extreme of 
this threshold value. Even at this moment, nitrogen depo- 
sition is not a problem, it is necessary to take steps to 
avoid that nitrogen deposition exceed critical loads. In 
addition, it is necessary to mention that this study only 
reported dry deposition data. Critical loads used as ref- 
erence values in this discussion correspond to total de- 
posit (wet + dry deposition), therefore, fluxes reported in 
Figure 10 are sub-estimated since the contribution of wet 
deposition was not considered.   

On the other hand, sulfur deposition at Manzanillo ex- 
ceeded slightly the critical load value reported by 
Grennfelt and Nilsson [22] for sensitive ecosystems (3 
Kg·S·ha−1·yr−1), In addition, the hemispheric value re- 
ported by Galloway et al. [21] for remote sites (0.5 
Kg·S·ha−1·yr−1) was exceeded almost 7 times, it suggests 
sulfur deposition is already an environmental problem in 
this site, considering that the contribution of wet deposi- 
tion was not included. Therefore, it is necessary to 
achieve monitoring programs to assess trends and to set 
goals that let to carry out an adequate environmental 
management of this site. 

4. Conclusions 

The study of dry deposition in Manzanillo, showed high 
content of K+ and +

4NH  as the dominant cations and 
high content of 2

4SO   followed by 3NO , as the most 
important anions. Even though, there are two power 
plants within this city and it could be expected that the 
dry deposition would be acidic, the contribution of 
alkaline components was significant resulting in dry 
deposition with pH values relatively high.  

It can be concluded that in Manzanillo, there is a com- 
plex environment with mixed sources driving the atmos- 
pheric chemistry (crustal, anthropogenic, marine aerosol, 
and secondary emissions) that results in pH values 
almost neutral, where alkaline particles with an anthro- 
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pogenic origin probably play an important role in the 
neutralization process. Potassium contributed in a signi- 
ficant way to the neutralization process, suggesting pro- 
bably the presence of KNO3 and K2SO4 in the atmo- 
sphere. 

It is necessary to appoint that pH itself; it is not a 
conservative tracer of the potential ecological effects as a 
result of the emissions of acid precursors. In spite of, 
obtained pH values in dry deposition samples in this site 
were not in the acid range, the atmospheric deposition 
fluxes of S and N could represent a threat to the eco- 
systems. Therefore, local strategic policies focused to 
protect the ecosystems in this region should be applied. 
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