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ABSTRACT

At present there is no assessment of the health impacts of Saharan dust in Antigua and Barbuda. A retrospective study was conducted to determine the
association between Saharan dust particles along with other climatic variables and visits to the clinics for acute respiratory infections. All visits to the clinics
on both islands (n=8851) over 14 years (1999-2003, 2005, 2011-2018) were compared to the dust haze observations and climatic variables using regression
analysis. A negative correlation was observed between visits to clinics for acute respiratory infections (ARIs) and the presence of dust haze in the atmosphere
(R?=0.339, p=0.029). Visits for ARIs had positive correlations with wind speed (R*=0.373, p=0.020), mean sea level pressure (R*=0.094, p=0.286), relative
humidity (R?=0.203, p=0.106) and rainfall (R?=0.040, p=0.493). A significant inverse relationship was found between visits and the study years (R*=0.666,
p=<0.001). Saharan dust impacts the residents of Antigua and Barbuda causing an increase in visits to clinics for ARIs with a lag or latency interval between
the dust events. These findings provide good evidence which should aid governments in planning their strategic response to this serious public health issue.
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Introduction

Air pollution, both ambient (outdoor) and household (indoor)
— is one of the biggest environmental risks to human health [1].
Globally, ambient air pollution, which is the focus of this paper,
was responsible for approximately 4.2 million premature deaths
in 2016 [1]. By 2019, 99% of people worldwide were inhaling
air that was below the air quality guidelines set by the World
Health Organization [1]. Air pollution causes a number of diseases
including stroke, heart disease, as well as both chronic and acute
respiratory illnesses [1,2]. However, this paper will focus on acute
respiratory infections. In 2016, it was estimated that 18% of deaths
worldwide were due to acute lower respiratory infections [1].

The deaths associated with ambient air pollution are due to
exposure to fine particulate matter (PM) with diameters of 2.5
microns or less (PM2.5) [1,3]. Particulate matter is one of the
main proxy indicators for air pollution. It is made up of solid
and liquid particles, organic and inorganic substances main of
which are silicate minerals, sulfates, nitrates, ammonia, sodium
chloride, black carbon, mineral dust, organic nitrogen, oxides
and water [1,4]. The impact of these inhalable particles can be
summarized as follows:

Diameter of 10 microns or less (SPM10) (small) — may enter and
embed deep inside the lungs;

Diameter of 2.5 microns or less (SPM2.5) (fine) — may breach the
lung barrier and enter the blood system [1,5].

Generally, the inhalation of PM has various pathological effects
based not only on size and shape but length of exposure, chemical
and mineralogical composition, lung function and seasonality
[6,7]. In humans, PM of these small sizes even at very low
concentrations, cause cardiovascular and respiratory diseases and
cancers, especially lung cancer as well as diseases affecting the
reproductive and nervous systems as they can be entrained in the
atmosphere over a long period time and travel long distances [3,8].

The solid particles that make up PM include bits that have been
detached from rock, fine mineral aggregates and fine volcanic
mineral particles [7]. One of these main components, mineral dust,
has received increased attention as it is a serious threat to health
with the Sahara Desert (SD) as the world’s main source [5,6].
The focus here is on dust naturally entrained from land surfaces
around the SD and its impact across the Atlantic in the Caribbean
nation of Antigua and Barbuda.

The SD located in North Africa contains a major dried-out former
lake bed, the Bodélé depression, which is the largest source of
fine mineral dust in the world [6,9]. Approximately 70% of the
global dust comes from Africa and 25% of the total emissions
is transported over the Atlantic in the Saharan Air Layer (SAL)
[10]. The SAL is dynamic and during the summer in the Northern
Hemisphere, it is elevated to altitudes of 5 km and 7 km because
of its interactions with cool marine air masses [11-13].

Once entrained (around 5000 m), dust from the Sahara is driven
across the Atlantic Ocean by the northeast trade winds, reaching
the Caribbean in approximately 5-7 days’ time, mainly in Summer

J Ear Environ Sci Res, 2022

Volume 4(4): 1-6



Citation: Adelle AC Blair (2022) The Impact of Saharan Dust on Visits to Clinics in Antigua and Barbuda for Acute Respiratory Infections. Journal of Earth and
Environmental Science Research. SRC/JEESR-216. DOI: doi.org/10.47363/JEESR/2022(4)179

and early Autumn [6,14-16]. This time period coincides with the
Hurricane or rainy season in the Caribbean.

The monitoring of atmospheric mineral dust in the Caribbean
began in Barbados in 1965 and in Miami, Florida in 1974 [17].
Approximately 50% and 90% of PM2.5 and PM 10, respectively,
present in Barbados, is made up of African dust [18,19]. Mainly
during the Summer months, mineral dust concentrations in Miami
and Puerto Rico were found to range between 10 pg m-3 and
100 pg m-3 and in excess of 70 ug m-3, respectively [20]. In
Guadeloupe, the mass of dust transported during a 3-day event
ranged between 2.5 — 5 Mt and most of the mineral particles ranged
between PM1 to PM8 with a modal size of PM4 [14]. In Grenada,
the daily mineral dust concentrations ranged between 12.13 pg/
m3 and 18.68 pg/m3 over a S-year period [21]. Another Saharan
dust (Sd) study conducted in Trinidad found that the mean levels
of PM10 ranged between 46-88 pg/m-3 [22].

Exposure to high concentrations of respirable mineral dust as
noted earlier can negatively affect human health and has been
widely studied [13,23]. Saharan dust has also been found to carry
viable bacteria and fungi over the United States Virgin Islands
(USVI), also located in the Caribbean [24]. Mobilized top soils
from the Sd are laden with viable and diverse bacteria, fungi and
viruses which are capable of affecting humans [25]. The fungi
Aspergillus from the Sahara, for example, commonly found in soil,
organic detritus and indoors in Barbados and the USVI, causes a
number of allergen-related diseases [25]. Also from the Sahara,
Cladosporium outdoor fungus as found in both Barbados and the
USVI causes serious allergen-related disease.

Kotsyfakis et al specifically researched the health impact of Sd
exposure between 1966 to 2019 and found 2 Caribbean studies
[26]. The Grenadian study did not state the PM size but found
that variation in asthma was associated with change in the dust
concentration [21]. The study in Guadeloupe was based on PM10
and PM 2.5 — 10 and found that the pollutants contained the Sd
increased the risk of children with asthma visiting the emergency
department [27]. Similar findings were made in Trinidad by Gyan
et al [28]. Further, in Guadeloupe, an association was found
between intense Sd episodes (PM10 concentration) and preterm
birth with adjustments for medical risk and other factors [29]. Viel
et al conducted another study in Guadeloupe and found that Sd
(<PM10) had a negative impact on placental sufficiency during
early pregnancy, influencing the weight of the head at birth [30].

This paper is unique as no research of this nature has been
conducted on Antigua and Barbuda which sits at the northern
end of the Eastern Caribbean arc with Trinidad being the furthest
south, Barbados mostly easterly and the USVI most westerly. This
research adds new evidence to the health impacts of Sd on the
Caribbean region. The objective therefore is to determine whether
there is a link between variability in Sd levels and the number of
visits to health clinics for acute respiratory illnesses in Antigua
and Barbuda. Further, as there are no known studies in the region
which examine the relationship between ARI visits to clinics and
specific weather parameters, this paper will explore associations
with mean sea level pressure (MSLP), rainfall, wind speed, relative
humidity and dust haze in the atmosphere over time. The limited
number of reports which exist focus on pediatric asthma visits to
hospitals and these climate variables were found to exacerbate

emergency room visits [21,31,32].

Data and Methods

The retrospective study relied on primary data obtained from the
Health Information Department and the Meteorological Services
in Antigua and Barbuda.

Meteorological Data

The Antigua and Barbuda Meteorological Services (ABMS)
is located in Antigua at the V.C. Bird International Airport on
the island’s northeast. The ABMS conducts hourly weather
observations every day of the year checking, inter alia, wind
speed and direction, sky conditions, visibility, relative humidity,
pressure and precipitation. In addition to automated weather
stations, human observers also estimate horizontal visibility and
sky conditions.

In its hourly observations, the ABMS makes a distinction between
dust haze by source which means that dust from the Sahara has
a different code to dust haze from unknown origin [33]. The
reddish-brown colour of Sd is what distinguishes it from other
possible sources of haze when there is poor visibility (Gyan et al.,
2005). Poor visibility refers to those hazy days when visibility is
less than 15 km [33].

Health Data

The health data is the total number of cases treated at community
health clinics at Browne’s Avenue, Bishop Gate’s Street, Northern,
Southern and Eastern areas, All Saints, St. John’s Health Centre,
Gray’s Farm on Antigua and Hanna Thomas on Barbuda.

Acute respiratory infection restricts normal breathing, which
usually starts as a serious viral infection in the nose windpipe or
lungs which untreated may spread to affect the whole respiratory
system [34]. Patients presenting with the following signs are
considered to have acute respiratory infection: fever >37.8°C,
abnormal white blood cell count or differential, and one of the
following: cough, sore throat, wheezing, sputum production, rapid
abnormal breathing, chest pain, spitting blood, shortness of breath,
crepitations or stridor [ 35-38].

Statistical methods

The datasets were obtained for the period 1999-2003, 2005, and
2011-2018 as the complete health data were only available for
these years. The daily mean of acute respiratory illness-related
visits and selected climatic variables were calculated. The
correlation coefficient was determined between clinic visits for
acute respiratory illness, dust haze from the Sd, mean sea level
pressure, relative humidity and rainfall using and SPSS statistical
software package version 28.0.1.0 (142). In addition to SPSS,
Microsoft Excel version 2111 was used to conduct regression
analysis and extract scatter plots.

Results

Over the 14 years during which this study was conducted 8,851
visits were made to the clinics in Antigua and Barbuda for ARI
emergencies. From Table 1, the daily visits ranged from 9 in 2016
to 25 in 1999 during the 14-year period. During the study period
on average there were 64 hazy observations per year caused by
Sd while the average wind speed was 9.87 kts.
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Table 1: Mean daily visits, mean Saharan dust haze days in a
year, annual mean wind speed (kts) measurements

Year Mean daily Mean SD haze Mean Wind

clinic visits days in the year Speed (kts)
1999 24.99 35.13 10.47
2000%* 17.19 60.04 12.21
2001 24.88 33.75 11.42
2002 16.13 31.04 11.71
2003 16.75 28.71 11.55
2005 29.96 45.75 9.54
2011 12.64 116.67 9.28
2012* 11.52 78.63 10.03
2013 13.16 90.21 8.24
2014 10.55 137.75 8.40
2015 11.45 76.21 9.07
2016* 8.93 52.46 8.38
2017 12.28 44.58 8.55
2018 14.48 62.33 9.32

* Leap year

Highly significant correlations were found between ARI- related
visits to clinics and three weather parameters. Figure 1 shows a
negative correlation between ARI cases reported and presence of
dust haze observed in the atmosphere (R2=0.339, p=0.029). Figure
2 shows a positive association between the number of ARI visits
and wind speed (R2=0.373, p=0.020). Figure 3 shows the inverse
relationship between ARI visits and the study years (R2=0.666,
p=<0.001). Further, there was a positive relationship between
clinic visits for ARI and mean sea level pressure (R2=0.094,
p=0.286) in addition to ARIs visits and the relative humidity
(R2=0.203, p=0.106). There was also a positive correlation
between the number of ARI-related visits to clinics and rainfall
(R2=0.040, p=0.493).
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Figure 1: Annual ARI visits and annual Saharan dust haze
observations (R2=0.339, p=0.029)
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Figure 2: Annual ARI visits and average annual wind speed
(R2=0.373, p=0.020)
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Figure 3: Annual ARI visits by Years (R2=0.666, p=<0.001)

Discussion

This study investigated whether the presence of Saharan dust
(Sd) in the atmosphere was associated with increased visits to the
clinics in Antigua and Barbuda for acute respiratory infections. It
also assessed the influence of certain weather parameters on the
frequency of the visits as these have been found to have significant
impact [39].

This research found a highly significant inverse relationship
between the number of persons who visited the clinics for ARIs
and the number of days on which the Sd haze was observed.
This means that the visits were higher not on the dusty days but
sometime after. This result is in line with Merrifield et al who
found that a dust storm period in Australia was associated with a
decrease in hospital admissions for respiratory issues and posited
that is could have been because of increased media awareness
during the event period [40]. Blades et al investigated the same
relationship and found no discernable association [41]. However,
Gyan et al noted that they did not factor into their analysis a
possible “lag or latency interval” between the dust period and
the hospital visits. In their study, however, Gyan et al assessed
possible lagged effects up to 7 days positing that the incubation
period could delay the manifestation by a number of days causing
a lag in the hospital visits [28].

Similarly because the effects of exposure to aerosols and other
environmental pollutants can lead to same day or later admissions,
Souza et aland Belleudi et al factored in a two-day delay in their
investigations into respiratory admissions in Brazil and Rome,
respectively [42,43]. Others found latency intervals in admissions
for respiratory tract infection and pneumonia between 3 to 6 days
after dust events [44,45].
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The results showed an inverse relationship between an increase
in the number of visits and the barometric pressure. This finding
is similar to those of Akpinar-Elci et al (2015), Gyan et al (2005)
and Prospero (2006). It follows on that during rainy periods the
number of visits would also increase, as found in this research as
well as Akpinar-Elci et al, Ivey et al and Khot etal [21,28,46]. Low
barometric pressure is usually associated with inclement weather
events such as rain showers, depressions and hurricanes or cyclones
[47]. Therefore, the results of both variables were no surprise.

The study revealed an increase in the number of visits when the
relative humidity increased. These findings were consistent with
Mireku et al, Hervas et al and da Silva et al [31,48,49]. The more
saturated the air is with water vapour the higher the possibility
of rain. Therefore, this finding is consistent with those associated
with rainfall and barometric pressure.

In this study, it was found that visits to the clinics were higher when
the wind speed increased. Similar findings were made by Nastos
et al, Hervas et al, Weiland et al [31,50,51]. Higher wind speed
favours higher entrainment of pollutants into the atmosphere,
increasing the chances of exposure of those with ARIs.

This study found that the number of visits to clinics decreased
considerably as the years progressed. This was by far the most
significant finding. Foltz & McPhaden as well as Kim et al found
that concentrations of Sd decreased significantly over the Tropical
Atlantic between 1980 to 2008 due to increased rainfall in the
Sahel [52,53]. Shao et al discovered that between 1984-2012,
there was reduced global dust due mainly to reduced dust from the
Sahara [54]. Since the 2000s, there has been a persistent reduction
in African dust emissions and this trend is projected to continue
over the twenty-first century [55,56].

There were several limitations to this retrospective study. First,
there was limited access to medical data. This meant that only
the years with full data could be selected. Second, the format
in which the medical data was received meant that it could not
be analyzed by season. Third, climatic variables were collected
from the country’s lone meteorological office on Antigua. Micro-
climatic conditions on Barbuda were not assessed. Fourth, optical
visibility rather than the actual dust level measurements limited
data analysis and comparison with some previous studies. Fifth,
the small dataset meant that there could be no analysis of the data
inter alia by location, sex or age.

This study provides more evidence of the global impact of Sd
on public health. It contributes to the body of work from the
Caribbean region and the first of its kind in Antigua and Barbuda.
For the Caribbean, this study is unique in that, to date, it is the only
one found which did not focus on asthma but ARIs. The findings in
this study underscore the fact that Sd is a significant risk factor in
the prevalence of ARIs in the region as Antigua and Barbuda, like
Grenada, is not as industrialized as Trinidad and Barbados [21].

Although the trend is toward a reduction in Sd in the future,
the findings will bring awareness to the need for resources to
implement measures to address chronic respiratory diseases in the
twin-island nation. These measures include the establishment of
early warning systems for children and the elderly on days when
the Saharan dust would be present in the atmosphere. Further,
on the flip-side of a reduction in African dust emissions is the
stark prediction of enhanced warming of the Tropical North
Atlantic, making it more susceptible to the formation and growth
of hurricanes [55,57].
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