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ABSTRACT:

Gravimetric measurements of the particulate matter fractions PM10 and PM1, conducted at
Camagiiey, Cuba are reported. Samples were collected with a low volume particulate impactor
Dekati PM10 two times a week, between February and October 2008. Sampling was conducted
both under the local background conditions and in the presence of the Saharan dust events. The
mean values of particulate matter concentrations were 28.4 pg/m3 and 14.6 pg/m?3 for PM10 and
PM1, respectively. The maximum/minimum concentrations of particulate matter measured for
PM10 and PM1 were 73.3 pg/m3 / 13.1 pg/m3 and 33.4 pug/m3 / 4.9 pg/m3, respectively. An
analysis of the eight major inorganic species (Na*, K+, Ca2*, Mg2+, NH**, Cl-, NO3- and SO4 2) in
aerosol samples using ionic chromatography was conducted. An aerosol classification was
developed depending on the air masses origins, wind velocity and direction at the measured site.
The air masses origins were determined using backward trajectories derived from the HYSPLIT
model.
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RESUMEN:

Se reportan las medidas gravimétricas de las fracciones de material particulado PM10 y
PM1realizadas en Camagiiey, Cuba. Las muestras fueron colectadas con un impactador de
particulas de bajo volumen Dekati PM10, dos veces a la semana entre Febrero y Octubre del 2008.
El muestreo se realizd tanto en condiciones de fondo local como en la presencia de eventos de
polvo del Sahara. Los valores medios de concentraciéon de material particulado resultaron 28.4
pg/m3 y 14.6 pg/m3 para PM10 y PM1, respectivamente. Los valores maximos/minimos de
concentracion de material particulado medidos para PM10 y PM1 fueron de 73.3 pug/m3/13.1
pg/m3 y 33.4 pug/m3/4.9 pug/ms, respectivamente. Se realiz6 un andlisis de las ocho especies
inorganicas importantes (Na*, K*, Ca%*, Mg2+, NH**, Cl-, NO3~ y SO4 2-) en las particulas de aerosol
presentes en las muestras, a partir de cromatografia iénica. Se desarroll6 una clasificacion de los
aerosoles en dependencia del origen de las masas de aire, direccidn y velocidad del viento en el
sitio de medicién. El origen de las masas de aire fue determinado utilizando las trayectorias
inversas obtenidas con el modelo HYSPLIT.
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1. Introduction

Atmospheric aerosols play an important role in
the climate. It is well known that aerosols affect
directly the climate because of their effects on
the solar and atmospheric radiation [1]. But the
knowledge for determining aerosols net effect
on climate is still considered at a medium-low
level of scientific understanding [2]. Aerosols
can behave as a cooling or warming factor,
depending on the process that predominates,
light absorption or scattering. Also, they can
affect the climate indirectly by modifying cloud
physical and radiative properties influencing
clouds lifetime and precipitation processes [2].
Also the atmospheric aerosols affect the air
quality, and in turn the human health [3]. By
these reasons atmospheric aerosols studies have
increased over the years.

Atmospheric  particulate matter (PM)
aerosols represent a complex mixture of organic
and inorganic substances. Depending on its
origin, the aerosols are classified as
anthropogenic and natural. The first one is a
main component of atmospheric pollution and is
responsible for the lack of the visibility in urban
centers [4]. They are produced by the human
activities such as industries, agriculture,
emission from the automobile traffic, etc. They
have in general the greatest impact on the
climate near the surface [5,6]. The naturals are
generated by natural phenomena such as the
dust from dessert lifted up to the atmosphere by
convection, volcanoes, evaporation of sea spray,
pollen grains, plant and insect parts, etc. An
example of natural source of PM is the Saharan
dust [7] and their effect on the radiation and
clouds far away from their origins [8,9].

Particulate in the atmosphere is a mixture of
solid, liquid or solid and liquid particles
suspended in the air. Those particles vary in size,
composition and origin. The particle could be
mixed with other particles or forming a core-
shell structure. These different states can change
the optical properties of the particles [6].
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It is convenient to classify particles by their
aerodynamic properties for several reasons.
Particles aerodynamic properties are related
with its transport and removal from the
atmosphere. The aerodynamic properties of the
particles also determine its deposition within
the respiratory system and also are associated
with the particles chemical composition and
sources. These properties are conveniently
summarized by the aerodynamic diameter that
is the size of a unit density sphere with the same
aerodynamic characteristics. Particles are
sampled and described based in their
aerodynamic diameter, usually called simply the
particle size. The PM consists in general of two
main fractions: coarse particles and fine
particles. For measurement purposes the
boundary between these two fractions of
particles usually lies between 1 pm and 2.5 pm
in aerodynamic diameter (PM1 and PMZ2.5,
respectively).

It is well known that the geometrical,
microphysical, chemical and optical properties
of the aerosols are determinant in their
interaction with the radiation. The scattering
and absorption of the solar and terrestrial
radiation is related with the particles size,
elemental composition and altitude in the
atmosphere. The greater aerosols fall to the
surface near the emission source, because of
gravitational settling, with a short life time in the
atmosphere. The smaller ones remain in the
atmosphere for longer time been transported
long distances from the source.

The aerosols characteristics have a high
spatial and temporal variability. It is important
to characterize the aerosols properties in
different sites of the earth in order to evaluate
these properties in a global way. There are
numerous reports about the aerosols
measurements at surface in the Caribbean. The
principal results have been reported by the
group of Professor Joseph M. Prospero at the
University of Miami [e.g. 7-11]. These studies are
related mainly with the arrival to the Caribbean
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and southeast of the United State of the Saharan
dust layer [12,13]. In Cuba the studies of the
aerosols begin in the 1970°s decade when the
satellite technique was available by first time
[14]. There are several studies about the total
suspended particles in the atmosphere in some
locations of Havana province, near industrial
sources [15,16]. This report shows the values of
gaseous pollutants, total suspended particles
and their chemical composition. Its results show
the contribution of the sea and anthropogenic
aerosols.

This work reports the gravimetric
measurements of the particulate matter
fractions PM10 and PM1 at the Camagiiey
Meteorological station site, Cuba. Samples were
collected with a low volume particulate impactor
Dekati PM 10 two times a week, during the
period from February to October 2008. The
determination of the particulate matter
concentration and of the eight major inorganic
species was conducted. An aerosol classification
was developed depending on the air masses
origins and direction at the site of measurement.
The air masses origins were determined using
backward trajectories analysis. Two days case
studies are described. The first one is the higher
mass concentration value in the dataset. The
second one is an example day of the Saharan
dust intrusion.

2. Experimental: Sampling location,
methods and dataset

The particles were collected in the
Meteorological Station of Camagiiey, Cuba
(21.42° N, 77.85° W, 122 m asl). The station is
outside the Camagliey city, at 7 km in the
northeast direction, besides the road to Nuevitas
city. Camagiiey is a medium size town, with
about 325000 inhabitants, located in the central-
east region of Cuba. There are two seasons that
dominate the region, rainy (May to October) and
little rainy (November to April), with mean
temperatures (and relative humidity) values of
27°C (76.7% ) and 23.8°C (74.5%), respectively.
At Camagiiey Meteorological station the average
of the monthly accumulative precipitation (and
the average of the number of rainy days) varies
from 169 mm (79 days) in the rainy period to 51
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mm (38 days), in the little rainy period. The
average of the annual accumulate is 1309 mm
while the annual average of the number of rainy
days is 115. The predominant wind direction is
from de northeast and east. The location
receives also influences of different air masses
origins such as the polar, cold and dry air from
the North American continent; tropical, warm
and moist air from the Caribbean Sea; and the air
from the Atlantic Ocean. The last one has two
principal directions, from the northeast
corresponding with trades winds and from the
east - southeast. The Saharan desert dust
intrusion in Cuba is related with eastern air
mass direction. The 90% of the days in July for
the country are reported with dust. Dusty day
frequency values are higher than 40% for the
period from April to August [14]. Saharan dust is
commonly carried in a layer extended from the
surface to roughly 3 km over the western
Atlantic [17].

The sampling site is in between a roadway
and the landing strip of the “Ignacio Agramonte”
Airport. The distance of the site to both roads is
near 100 m. The collecting instrument, particle
impactor, was located in the meteorological
station ceiling. There is no high automobile and
airplane traffic in the roads. A smaller town is
located near the site, 1.0 km in the northeastern
direction.

The particle was collected with a Dekati
PM10 impactor. The flow rate through the
impactor was a constant value of 16.5 1/min
during 24 h of measurement. The particles were
collected over polycarbonate membrane filters
with 0.2 pum pores. The impactor has three
stages with the thermodynamic cutoff diameter
of 1 um and 10 pum. These three stages allow the
separation of three PM fractions in the ranges <
1 um (fine mode), 1 um to 10 um (coarse mode)
and > 10 pm. The filters were weighed before
and after collection, in order to obtain the PM
mass deposited, based in the gravimetric
method. Before the process of weighting the
filters remained during 24 h with stable room
ambient conditions (temperature 20°C £+ 5°C and
relative humidity 20% + 5%). Care was taken to
eliminate electrostatic charges from them. The
daily mean concentration of PM is determined
dividing the PM mass between the air volumes
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passing through the impactor. The PM
concentration dataset consist of 65 days, with a
frequency of two measurements per week from
February to October 2008.

After the gravimetric determinations a set of
the filters was selected for evaluating the
concentration of the most important ions. The
filters were treated with deionized water and
the soluble matter ultrasonically extracted.
Samples were placed in the ultrasound bath for
half an hour. Levels of Cl,, NOs, S04, Mg?+, Ca2+,
K+, Na* and NH4* were determined by means of
ionic chromatography with conductometric
detection [18].

The predominant wind direction during the
24 hours of measurement is determined using
measurements of the automatic meteorological
station. The air masses backward trajectories
were computed using the HYSPLIT (HYbrid
Single-Particle Lagrangian Integrated
Trajectory) Model which was accessed through
the NOAA ARL web site. The calculations were
performed for three altitude levels (500 m, 1500
m, and 3000 m) at 14:00 GMT, with a time of
calculation backward of 120 hours each day,
using reanalysis data [19].

3. Results and discussions
3.1. Mass and chemical concentrations

Figure 1 shows time series of the daily mean
mass concentration of PM1 (particles with
diameter less than 1 um, PM1-10 (particles with
diameter between 1 pm and 10 pum) and PM10
(the sum of PM1 and PM1-10). The
measurement period from February to October
2008 includes all the months for the rainy period
and three months for little rainy period. The
mean daily PM10 concentration show higher
values in the months of the rainy period with
some days showing PM10 concentration values
above 50 pg/m3. This peaks occurrence extent
from May to August the period time of the
Saharan dust arrival to the Caribbean.

Figure 1 depicts the monthly and hourly
frequencies of clear sky conditions at Camagliey
for the period 1984 to 2007.
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These results are in agreement with other
reports in the literature for the Caribbean region
and the south-eastern region of the United State
[11,13]. The higher concentration values at
Barbados and Miami are found in the summer
months [11]. The principal contribution to the
PM concentration values in the summer time
over the Caribbean is the Saharan dust carried
by the synoptic scale transport from the African
Continent. This seasonal transport of the African
dust is shown effectively by the TOMS UV
observations of absorbing aerosols [13].

The statistical results of the series of mean
daily concentrations values of PM fractions are
summarized in Table I. It shows that PM10
concentration mean daily values range from
13.15 pg/m3 to 73.35 ug/m3 with an average
value of 27.92 ng/m3. The mean contribution of
fine and coarse mode to the PM10 particles is
the 52.1 % and 47.9 %, respectively. The average
concentration values of the fine and coarse
modes are almost similar with values 14.55
pg/m3 and 13.37 pg/m3, respectively. There is
slightly higher contribution from the fine
particles than coarse ones. Coarse to fine ratios
(C/F) are smaller than 1.0 in two-thirds of the
day measured, with average value of 0.95. The
PM10 peaks during the May to August period
show higher concentration of coarse mode than
fine one, almost for all the cases. The amounts of
both fine and coarse mode particles in our site
are almost similar. Taking into account that fine
particles are associated with pollution particles
while coarse particles are related with dust
particles [18], we may conclude that the
particulate matter at Camagiiey has contribution
both from dust and pollution.

TABLE I
Daily Mass Concentration (pg/m3). Statistics for all
dataset.
Fraction PM10 PM1 PM1-10
(Fine) | (Coarse)
Mean 2792 14.55 13.37
Max. 73.35 33.44 46.94
Min. 13.15 4.94 2.85
Std Dev. 11.96 5.29 8.13
Quartile 28.46 16.80 13.95
75%
Median 2491 13.95 11.50
Quartile 20.29 11.08 8.78
25%
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Fig. 1. Daily PM fraction concentration during the measurement period from February 2008 to October 2008.

The values of PM10 measured at Camagiiey
are in the same order of magnitude of the values
of PM10 concentration reported for Miami using
a seven years statistics (1989-1996) [11]. The
mean value of 18.21 pg/m3 registered at Miami
is lower than the mean value at Camagiiey. At
Miami maximum and minimum PM10
concentrations were 133.34 ug/m3 and 1.47
pug/ms3, respectively, showing a broader ranger
than the one registered for Camagiiey. It should
be considered in the former comparison the fact
that our data covers only nine months of extent
contrasted with 7 years of the Miami study [11].

A study about the content of Al and Fe in
PM2.5 and PM10 particles, conducted in South
Central Florida, showed that the coarse mode is
predominant in the Saharan dust intrusion.
Between one third and a half of the PM10 mass
concentration falls in the fine mode [9]. At
Camagiiey measurements illustrate similar
behavior, in the peaks registered between May
and August period. The coarse levels of mass
concentration were higher than the fine level.

Among the few studies on particulate matter
conducted in Cuba, a study of the relation
between respiratory diseases and air pollutants
in Havana City, the capital of our country located
500 km west of our site, report statistics of
PM10 particles [16]. The authors show statistical
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results for one year, between October 1996 and
September 1997. The mean value for this year
was 61.2 ug/ms3. For the years 2002, 2004, and
2005 this monitoring station reported mean
values of daily PM10 concentration of
88.1pg/m3, 36.5 pg/m® and 48.1 pug/m3
respectively. These values are higher than the
mean valued reported in our site for the nine
months of the 2008 year. That difference is
produced by the different conditions at
Camagiiey site and at the site in Havana. The
sampling site in Havana is located besides a high
traffic street in the city. Beside, being the
country capital, Havana city has a population of
2 millions inhabitants and it is surrounded by
numerous industries and factories. All those
conditions cause a higher emission of particulate
matter that the one existing at Camagiiey.

Figure 2 shows the average concentration of
anions and cations in the coarse and fine modes
in Camagiiey. In general there are important
contributions of sulphate, nitrate, Cl, NH4* and
Na* to the PM mass. The coarse mode has
significant levels of Cl ion with an average
concentration of 4.9 pug/ms3, Na* ion with an
average concentration of 2.3 pg/m3, nitrate with
an average concentration of 2.2 pg/m3 and
sulphate with an average concentration of 1.5
pg/ms3. In the fine mode the sulphate and NH4*
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ion are the mainly contributors with average
concentrations of 2.6 pug/m3 and 1.9 pg/ms3
respectively. The Ca?*, Mg2* and K* ions have
lower values of concentration that the
corresponding for the previous mentioned ions.
The Ca2* ion show similar concentration values
for both modes. The Mg2* ion highest
concentration is registered in the coarse mode.
The K* contributes equally to both modes, but
the concentration level in the fine mode is twice
the concentration in the coarse mode. These
results suggest the presence of marine aerosols
and contaminants in our local atmosphere in
conjunction with dust. But that conclusion
should be considered with caution until a longer
set of measurements would be available.

a5k I PM1 (Fine)
4
m
E s
f=]
= 3
s
= 25+
g
€ 2t
@
2 sl
5 ;
1t
0.5
o Nat NHT K* MQ*CE'?* cr

Fig. 2. Average concentration of chemical species in
the particulate matter for fine and coarse particles.

S04* ions are a product of gaseous
precursors and must be associated to fine

TABLE II

particles, principally the non sea salt SO42- [20].
In our case the SO4% ion have an important
contribution in the coarse mode (Fig. 2). As a
consequence of the complex chemistry NOs is
found almost totally in the coarse mode [20, 21].
The NH4* is found almost completely in the fine
mode in our data, similar to the results shown in
the literature [20].

In a first approximation we may consider Na*
and CI- ions as sea salt indicatives. Both then
show its main contribution in the coarse mode.
Also the contribution to the coarse mode of the
S042- could be associated to sea salt aerosols.
The sea salt and mineral dust particles are
characterized by high concentrations in the
coarse mode [21].

Camagiiey city is distant about 100 km, both
to the north and south coasts of the island of
Cuba. There are several industrial facilities such
as a fossil fuel electric power plant, a cement
plant and limestone quarry between 20 and 100
km to north- northeast of the city. To evaluate
the possible contribution of such pollution
sources to the PM10 levels a classification of the
measurement days according to the local wind
direction was conducted..

Table II shows the occurrence frequency of
eight different predominant local wind
directions during all the measurement days. The
eight local wind directions were North (N),
Northeast (NE), East (E), Southeast (SE), South
(S), Southwest (SW), West (W), and Northwest
(NW). The predominant wind directions are the
East and Northeast, with frequencies of 46.1 %
and 33.8 %, respectively.

Days frequency, mean PM10 and PM1 concentration, and mean concentration for major ionic components in eight
local wind direction categories.

WD F PM10 PM1 DI Mean Mass Concentration for ionic components (ug/m?3)
(%) | (ug/m3) | (ug/m3) Na* | NHy*| K¢ Mg2+ | Ca?* Cl- NOs | SO4*
N 4.6 23.13 14.36 1 /078 214 | 051 | 0.09 | 081 | 069 | 1.11 | 2.17
NE | 338 23.81 12.87 9 [ 165|137 | 061 | 021 | 055 | 255 | 145 | 2.15
E 46.1 27.77 13.66 20| 1.22 | 069 | 039 | 023 | 065 | 284 | 124 | 191
SE 4.6 23.69 15.54 1 150|112 | 103 | 018 | 115 | 183 | 1.66 | 181

S 0 - - - - - - - - - - -
SW | 9.2 49.87 25.11 3 1141|124 ] 072 | 032 | 1.01 | 336 | 232 | 2.54

w 0 - - - - - - - - - - -
NW | 15 18.31 12.26 1 1050 [145| 046 | 0.05 | 055 | 046 | 0.69 | 1.62

Wind direction (WD), frequency (F), and number of days with ion concentration measurements (DI).
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In Table II the highest mean PM10 and PM1
daily concentration values are in the case of the
local wind direction from the Southwest, with
9.2 % of occurrence frequency. The lower values
of mean PM10 and PM1 concentration values are
in the days with predominant local wind
direction from NW, and this is the direction with
the lowest frequency value.

The mean concentration for major ions for
PM10 in each local wind direction is also shown
in Table II. Note that only 35 measurement days
have information about concentration of the
major ionic components for PM10 (days with
both PM1 and PM1-10 chemical concentration
information). The maximum mean concentration
values of Cl;, NO3-, MgZ* and SO42- in PM10 are in
the case that the local wind flow is from the SW
direction. The NE and E directions follow in the
scale with similar values for different ionic
components. The SW local wind direction appear
related with a highest pollutant and natural
aerosols contribution to our site, during the
measurement period. The most frequent local
wind directions in our site, NE and E, are linked
also with important levels of aerosols in our site.
Both local wind directions are associated with
the trades wind and the arrival of the eastern
waves. The SW local wind direction in our site
are related with the secondary high pressure
centre weakening or a synoptically weather
phenomenon.

The origins of the air masses for the
measurement days were classified in four
categories, North-Atlantic (NA), East-Atlantic
(EA), South-Atlantic (SA) and North-Continent
(NC). The classification was based in the origin
and trajectory of the air mass. The results shown
in Fig. 3 indicate the EA locations have the
largest frequency values. The frequency values
were 23.1%, 40.0%, 26.1% and 10.8% for the
NA, EA, SA and NC locations, respectively. The
mean PM10 and PM1 concentration values for
the air masses origin categories have their
maximum value for the ones originated at the SA
locations, with 32.4 pg/m3 and 16.9 pg/ms,
respectively. These air mass origins EA and SA
are related with the arrival of the eastern waves
and the Saharan dust transported to the
Caribbean.
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The results shown for the air masses are
consistent with the previous results obtained for
the local wind direction classification. The most
frequent predominant local wind direction is the
East. The maximum mean values for PM10 and
PM1 are obtained in the SW local wind direction
and for the SA origin of the air mass.
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Fig. 3. Frequency of occurrence, mean PMN10 and
PM1 concentrations for the air mass origins
categories.

3.2. Two cases of study

Two days from the 65 measurements days were
chosen. The first one (case 1) is the day with
highest value of daily PM10 concentration in the
data, May 12, 2008. The second one (case 2) is
June 25, 2008, the day with maximum value of
PM10 concentration in the data during the
period of the maximum Saharan dust intrusions,
from June to August.

The case 1 has the largest concentration
value of PM10 of 73.3 pg/m3. The fine and
coarse mode have concentration values of 26.4
pg/m3 and 469 pg/m3 respectively. The
concentration value for the coarse mode is the
highest in the data as well. The value for the fine
mode is the second in the high magnitude. The
concentration of the coarse mode is higher than
the fine mode.

Table Il show the concentrations of ion
component for the case 1. Concentration of NO3
ion the highest values of all the dataset. The Na*
concentration is higher than the upper limit of
the technique, so it saturates the equipment.
Concentration of Cl, Ca2?+, K* and SO42- ions are
not the highest value in all data, but they have
values higher than the mean value. Remaining
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ions have values higher or near the mean in the
fine mode. The ions component show the
existence of high level of pollution, related with
high NOs- and SO4% ions concentration, mixed
with possible marine aerosols and/or dust,
related with reasonable high concentration of
Ca?+, K*, Na* and CI-.

TABLE III

Concentration (g /m3) for major ionic components
measured at Camagiiey for May 12th, 2008.

PM1 PM1-10

(Fine) (Coarse)

Na* 0.58 Saturate
NH4* 1.61 0.07
K+ 1.07 0.53
Mg?+ 0.13 0.86
Caz+ 1.15 2.23
Cl- 0.30 9.60
NO3- 1.02 5.30
S04* 2.30 3.38

Figure 4 shows the wind rose during the 24
hours measurement interval. The SW direction
of the wind was more frequent with 91 %. This
direction was previously related with the high
levels of PM and ions concentrations. The
Aerosol Index (AI) product from Ozone
Monitoring Instrument (OMI) and the results
from the backward trajectories from HYSPLIT
model for the case 1 are shown in the Figure 5.
In Fig. 5(a) the Al denotes the presence of
aerosols in the area, but with low values of the
Al. It seems to have a low concentration of
aerosols in the area and no aerosols over the
site. The Al in previous days (not shown),
confirm high values of Al in the western of the
African Continent, for the first day of May. The
five to six following days showed the transport
of the Saharan dust trough the Atlantic. The
remnants of this Saharan dust cloud arrived to
the Caribbean and Cuba on May 7t and May 8t,
respectively. In Fig. 5(b), the backward
trajectories for 5 days show that the air mass
origin was in the Eastern Atlantic. The air mass
moved through the Caribbean Sea and the
southern region of the site. The air mass
measured seems to be a mixture of the Saharan
dust clouds, marine aerosols and perhaps
pollution aerosols from the northern region of
the South American continent.
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Fig. 4. Wind rose during the measurement interval (24
hours) in June 12th-13th, 2008.
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Fig. 5. (a) Aerosol index from ozone monitoring
instrument for June 12th-13th, 2008. (b) Backward
trajectories calculated from HYSPLIT model for June
12th, 2008, 14:00 UTC.

The case 2 was the day with PM10 higher
values in the period from June to August, with
55.9 pg/m3. The fine and coarse mode have
concentration values for this day of and 18.3
pg/m3 and 37.7 pg/m3 respectively. The
concentration of the coarse mode is higher than
the fine mode.
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Table IV show the concentrations of ion
component for the case 2. NO3" and SO42- ions are
between the highest concentrations values in the
data. The Na* concentration is higher than the
upper limit of the technique, so it saturates the
equipment. Concentration of Cl is the highest
value in all data. Concentrations of Ca2* and Mg2*
have values higher than the mean in the coarse
mode. The SO42-ion has for this day the highest
value of concentration in all the dataset.

The ions component show the existence of
moderate level of pollution, related with
reasonable high NOz; and S04 ions
concentration, mixed with possible marine
aerosols and/or dust, related with high
concentration of CaZ*, Mg*, Na* and Cl-.

TABLE IV

Concentration (pug /m3) for major ionic components
measured at Camagiiey for May 25th, 2008.

PM1 PM1-10
(Fine) (Coarse)
Na+* 0.37 Saturate
NH,* 0.65 0.00
K+ 0.23 0.68
Mg2+ 0.04 1.15
Caz+ 0.17 1.31
Cl- 0.41 16.73
NO3- 0.38 2.32
S04% 2.35 3.31

Figure 6 shows the wind rose during the
measurement interval. The E direction of the
wind was more frequent with 82 %. This
direction is the most frequent in our site and
was previously related with the high levels of PM
and ions concentrations. The Al and the results
of the backward trajectories for the case 2 are
shown in Fig. 7. The Al denotes the presence of
the aerosol in the area. In Fig. 7(a) there is a high
value of the Al, for the measurement day.
Concentration of aerosols in the area and over
the site is evident and elevated. The Al in
previous days (not shown) is characterized by
high values in the western of the African
Continent, for the June 20, associated with a
Saharan dust cloud. This Saharan dust cloud
arrives to the Caribbean and Cuba by June 23. In
Fig. 7(b), the backward trajectories for 5 days
show that the air mass origin was in the Eastern
Atlantic. The air mass passes over the Atlantic
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Ocean and the eastern region of the site. The air
mass measured seems to be a mixture of the
Saharan dust clouds, marine aerosols and
perhaps other pollution aerosols from the local
and regional sources.
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Fig. 6. Wind rose during the measurement interval (24
hours) in June 25th-26th, 2008.

a)

Ol Aerasa
o

s June 25 2008 n June 26, 200

NIVE - FMT - MASA - KNMT

P OIS 3 3% 3 XM 48 D
Aoroasl Inden

M1

b) NOAM HYSPLIT MODEL
Backward trajectories ending at 1400 UTC 25 Jun 08
DG 1 Matleorological Data

S ?
=
o b
2
o
(]
b i ——
L - T
-
&
i
O
= - e
-
E | 1500 _'_._-_,_'.,-J"*_'_ “
. e 110G
= | 500 g e
0 00 T LT OB O3 TH P OB 00 8 T 08 00 W A3 0 00 TR
e ] o3 ril

TR T ] o DRart Tha & TodT

Fowme 1 Wt 2142 e 77 B4 hgh ot A

Prmrory Comecfin Bachwgat  Durgfion 20 by Mefws Dufs oy

Werha W chion - b Mt Boke! verca Veacry

Fo i w8 UL Y i e S ALL Wskoate o e i mo o rmnads

Fig. 7. (a) Aerosol index from ozone monitoring
instrument for June 25th-26t, 2008. (b) Backward
trajectories calculated from HYSPLIT model for June
25th, 2008, 14:00 UTC.
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3. Conclusions

Preliminary results of the measurements of the
concentration of PM10 and PM1 fractions and its
chemical composition at Camagiiey, Cuba are
reported for the period February to October of
2008. The mean values of PM10 and PM1 are
27.92 pg/m3 and 14.55 pg/ms3, respectively. The
highest concentration of PM 1is observed
between May and August months. This result is
in agreement with some reports in the area. The
coarse and fine modes are in the average terms

in almost the same proportion in the
atmosphere at the site.
The ions components show  high

concentrations of Cl, Na*, NOzand SO4%" in the
coarse mode and high concentration of the SO4%
and NH4* in the fine mode.

There is a relation between the local wind
direction and PM levels in our site. The
Southwest local wind direction is related with
high levels of PM, and Northwest local wind
direction is associated with low levels of PM.
Also, Southwest local wind direction is related
with high levels of some ionic components. The
most frequent air masses origin was the East
Atlantic region.

Two cases day were analyzed, the first one
with the highest PM10 concentration. The Al
from OMI shows a low amount of aerosol in the
area. These aerosols are remnants of Saharan
dust cloud. The combination of the air mass from
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the East Atlantic and the SW wind direction are
related with a high PM concentration. The
remaining of the Saharan dust cloud mixed with
regional aerosols from the Caribbean Sea
reached the site accordingly to backward
trajectory analysis. In the second day there was
an obvious intrusion of Saharan dust aerosols
over the site, confirmed by the Al values from
OMI and backward trajectory analysis. This
situation produced a high concentration of the
PM and ion components.
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