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Can Saharan dust intrusion be considered a co-

factor on risk of morbidity and mortality in Puerto
Rico

* On Nov 2017, we proposed to characterize the distribution
pattern and variability of Saharan Dust using Earth observations
data from satellites and ground stations, and quantify the impact
on respiratory diseases in Puerto Rico.

* This research is co-designing a Public Health Early Warning
(Monitoring) System that integrates data from Earth observing
satellites, in situ, and modeled weather information, and public
health data.

* Working Group 1: Resilience, Public Health and Well Being.
* Working Group 2: Atmospheric Forcing and Air Quality.

 Working Group 3: Decision Support Tool: Computation and
Visualization.

HCD Approach
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Can Saharan dust intrusion be considered a co-
factor on risk of morbidity and mortality in Puerto
Rico

Over 20 million tons of mineral dust from Africa are transported every year by the
Trade Winds over the Atlantic Ocean, reaching South and North America,
Caribbean Sea nations, and US territories between May and August every year.

In the Caribbean islands, dust is associated with increased to excessive risk of
emergency room visits and hospitalizations related to respiratory diseases.

On the other hand, the coronavirus SARS-CoV-2 responsible for the present
COVID-19 pandemic increases the risk of mortality due to severe respiratory
iliIness and cardiac injury.

Our transdisciﬁlinary team proposes to examine these interactions and help
understand whether specific Atrican dust transport events lead to higher or lower
COVID-19 cases or exacerbate health effects.



Guarnieri, M., Balmes, J.R. 2014. Outdoor air pollution and : i s
asthma. DOl:https://doi.org/10.1016/S0140-6736(14)60617-6. .
Lancet 2014; 383: 1581-92
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What is Saharan Dust and its
seasons in the Caribbean?

The mineral dust particles that reach us in the Americas from Africa
could contain minerals, organic matter, marine salts, viruses and
bacteria.

Dust Clouds are aerosols, small solid and liquid particles suspended in
the atmosphere.

Examples of aerosols include windblown dust, sea salts, volcanic ash,
smoke from fires, and factory pollution.

These particles are important because they can affect the climate,
ecosystems and people’s health.
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Dust “seasons” in the Caribbean
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AFRICAN DUST DAYS 2015-2017

#’s of African Dust Events
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Dust Season in the Caribbean
occurs between May and
September. (Summer)

The most intense months in
Puerto Rico are between the
months of June to August.



Aerosol Optical Depth and PM2.5 seasonal patterns
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Dust is positively associated with cardiovascular and respiratory conditions in the
Caribbean (Lillianne et al. 2019).

Dust outbreaks have also been associated with increased to excessive risk of emergency

room visits and hospitalizations related to asthma in children in Trinidad & Tobago (Gyan
et al., 2005), Guadeloupe (Cadelis et al., 2015), and Grenada (Akpinar-Elci et al., 2015).

An optical thickness of less than 0.1 indicates a crystal clear sky with maximum visibility, while a value of 1

indicates the presence of aerosols so dense that people would have difficulty seeing the Sun, even at noon.

Journal of the American College of Cardiology Volume 72, Issue 17, October 2018
DOI: 10.1016/j.jacc.2018.07.099
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ESO Data

Data Source/Sensor Variable Temporal Period
Resolution
AOD (n=1539)
Visible Infrared Imaging Radiometer Suite (VIIRS) SAE (n=1512) Daily 2012-2020
MC (n=1368)
Multi-scale Ultra-high Resolution Sea Surface Temperature SST (n=1536) Daily 2012-2020
. LSTd (n=921) .
MODIS-Aqua: Land Surface Temperature LSTh (n=895) Daily 2012-2020
UTCI (n=1539)
ERA5-HEAT (Human thErmAIl comforT) HI (n=1539) Daily 2012-2020
T2M (n=1539)
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Earth Observatory (geostationary vs non geostationary

Geostationary Orbit

36,000 km (16 feet from SOS)

Polar Orbit

715 km
(4 inches from SOS)

Geostationary Orbit

Geostationary satellites orbit
the Earth's axis as fast as the
Earth spins. They hover over a
single point above the Earth at
an altitude of about 36,000
kilometers (22,300 miles). This
orbit allows these satellites to
continuously look at the same
spot on the earth - important
for locating the position of
hurricanes and monitoring
developing severe storms.

NOAA typically operates two

geostationary satellites called

GOES (Geostationary

Operational Environment
ollite One

Polar Orbit

Polar satellites (also know as
sun synchronous satellites)
orbit above the Earth at about
715 kilometers (445 miles).
Polar satellites monitor strong
storms that move across the
poles (regions of the Earth that
Geostationary satellites cannot
view).

NOAA typically operates two
polar satellites. One satellite
views the afternoon portion of
the Earth, while the other views
the morning portion of the
Earth.
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GOES-16: daily datasets: Experimental NRT AOD daily composite created from ABI L2 data from

GOES-16. Fields generated by Atlantic OceanWatch node at NOAA/AOML

July 07, 2021
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ABI L2+ Aerosol Oxli(al Depth at 550 nm (1
Experimental NRT A0D daily composite created from ABI L2

data from GOES-16. Fields generated by Atlantic OceanWatch
node at NOAAJAOML

(2021-07-07T00:00:002)
Data courtesy of USDOC/NOAA/OAR/AOMUPHOD
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ABI L2+ Aerosol Oxtical Depth at 550 nm (1)

Experimental NRT A0D daily composite created from ABI L2
data from GOES-16. Fields generated by Atlantic OceanWatch
node at NOAA/AOML

(2021-06-29T00:00:002)

Data courtesy of USDOC/NOAS/OAR/AOMU/PHOD
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What is Saharan Dust?

¢Qué es polvo del Sahara?

1D PUBLICA Y

ILVO DEL SAHARA

1 es ol "Polvo del Sahara™

£0ué puede contener el Polvo del Sahara™

What could contain the Saharan Dust?

tos del "Polvo del Sahara a la Salud Publica pacts of Saharan Dust to Public Health:
ascarhar o condicinss e 12kl on peblocionss rvmmecavpremetide 5

Sintomas asociados a la presencia del "Polvo del S Symptoms associated to Saharan Dust presenc

necion Para Eventos De "Polvo Del Sahara
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Current Air Quality 3 PM AST Oct 8
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Tomorrow = More
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51 -100 Moderate

101 - 150 Unhealthy for
Sensitive Groups
(USG)

151 - 200 Unhealth

PROGRAMA DE MANEID Y CONTROL DELASMA
e

POLVO DEL SAHARA' Y ASMA

El Polvo del Sahara es uno de los factores ambientales asociado a
complicaciones respiratorias. Estas nubes pueden contener viruses,
bacterias, materia organica, esporas de hongos, entre otros, que a su vez,
se consideran provocadores del asma.

16— &

El asma es una enfermedad cronica que se
caracteriza por la inflamacion y estrechamiento de
las vias respiratorias,produciendo un exceso de
mucosidad que dificulta el paso del aire.

En Puerto Rico, aproximadamente:

ARRRRR resssrmswasns
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Ante eventos asociados al polvo del Sahara, es importante g

personas tomen precauciones, especialmente aquellas
enfermdades respiratorias.
* Use sus medicamentos de mantenimiento, y tenga
medicamentos de rescate.
« Limite sus actividades al aire libre. Si necesita
mascarilla y gafas.
+ Manténgase hidratado.
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.SYNOPSIS...

Saharan dust will result in hazy skies through at least e
the weekend. However, afternoon activity may still develo
the northwestern quadrant of Puerto Rico. Unsettled weath
conditions are expected for the first half of the next wo
Seas are gradually improving, but still remaining a littl

&&

.SHORT TERM...Tonight through Saturday...

A surface high pressure over the central Atlantic will ma
moderate east-southeast wind flow through the next severa
At the mid-levels, a ridge holds just west of Puerto Rico
at the upper levels, a trough lingers north of the island
infrared satellite imagery shows small areas of clouds ad
toward the region. The high resolution models have some o
areas reaching portions of the U.S. Virgin Islands and ea
southeast Puerto Rico, but with rainfall accumulation mai:
one inch.

On Friday, a drier air mass east of the Leeward Islands a
evident in Total Precipitable Water from GOES-16 will rea
local islands, with values falling to 1.3 to 1.5 inches.

mass also contain Saharan dust, that will linger at least
early in the weekend, hence hazy skies are expected. Each
Friday and Saturday, passing showers may move over portio:
eastern Puerto Rico and the U.S. Virgin Islands through t|
then in the afternoon showers with isolated thunderstorms
develop over the interior and northwestern Puerto Rico.




October 07, 2021

NASA/GMAO - GEOS Forecast Initialized on 00z 02/16/2022
Dust Aerosol Optical Thickness
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Aqui le compartimos nuevamente informacion
importante sobre el Polvo del Sahara.
#AsmaPR #DepartamentodeSalud #ProgAsma

SALUD PUBLICA Y

POLVO DEL SAHARA

{0ué es el "Polvo del Sahara™

Particulas de polvo mineral provenientes del desierto del Sahara y del

desierto del Sahel. al norte del continente africano.

¢Qué puede contener el "Polvo del Sahara™?

« Las nubes de polvo se miden como aerosoles en la atmasfera y podrian contener, pero no se limitan a.

minerales, materia organica, sales marinas, virus y bacterias

£1"Polvo del Sahara” es un fertilizante natural y provee beneficios a ecosistemas marinos y terrestres. De

igual manera podria ser
« Estransportado por los s sobre el Océano Atlintico y recorre sobre 5,000 km para alcanzar las

costas de Puerto Rico y el Caribe.

Impactos del “Polvo del Sahara” a la Salud Piblica

+ Puede exacerbar las condiciones de salud en poblaciones nmunocomrometidas. uinerables y
sensitivas.

* Los médicos y cientificos han observado un aumento en el nimero de exacerbaciones de las

condiciones respiratorias entre sus pacientes durante los eventos de "Polvo del Sahara

Sintomas asociados a la presencia del "Polvo del Sahara"

. * Irritacion de la garganta

. « lrritacion de los ojos e irritacion de la piel
. « Bronquitis aguda

+ Exacerbacion del asma o Riesgo de infecciones respiratorias

« Tener disponible sus medicinas

» Evitar actividades al aire libre
* Mantenerse hidratado

 Usar mascarilla y gafas
* Usar ropa ligera

e
, M Gy b
. e @ PR<(%/MAH Ig I:E? S &0

www proyectoasmapr com programaasma@salud pr.gov
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Programa de Asma de Puerto Rico """
«= 131 followers
8h

El particulado de polvo del Sahara provocara
mucho calor y nubosidad toda la semana, y se
espera que este patron se extienda durante el
resto de la semana laboral.

Tome medidas de prevencion utilizando sus
medicamentos de control para evitar crisis
asmatica y tenga listo su medicamento de
rescate. Utilice mascarilla y gafas si planea
realizar actividades al aire libre. #AsmaPR
#ProgAsma #DepartamentodeSalud

La nube de arena y polvo

que llega @ América

ARENA y POLVO desde el desierto del Sahara
puede causar enfermedades

DEL SAHARA i

a algunos ecosistemas.

llega al Caribe . i tombien contribure

al crecimiento de selvas amazénicas.

Recorrido

7,500 km'

es el,r_evc-:orff&)}de‘
nube de pbi

ol Aérena

6 dias
tarda en llegar
Sabias que.. las particulas del polvo

La Organizacién al Mar Caribe
Panamericana

.:: ‘:.‘::‘::,‘[;T::: Medidas de Prevencién contra el "Polvo del Sahara®
las persanas con males « Tener disponible sus medicinas.

oy i + Mantenerse hidratado.
« Usar ropa ligera.

« Evitar actividades al aire libre.
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e e WEBINARS Edicién Polvo del Sahara POLVO DEL SAHARA

13 al 17 de julio de 2020

3:00 p.m. a 4:00 p.m. “sCienciaVirtual

&0ué es el "Polvo del Sahara™?

lan Colon-Pagan (left)
Fernanda Ramos (right)

Particutas de polvo m
rto del Sahe

lunes St de alertas P de polvo del El“”if":'é miércoles
Sahara para proteger la salud publ 15 £Qué puede contener el "Polvo del Sahara™?
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| jueves Impacto del Polvo del Sahara en la salud: feauire: f Polvo del Sahara
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. v Dra. Ana P, Ortiz, Phy, MPH, Profesora UPR- RCM, . -
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Study of Imminent Interactions between SARS-CoV-2 (COVID-19), Air Quality due to Saharan Dust and
Urban Aerosols, and Social-environmental Factors in Puerto Rico in summer 2020: Proxies of Health

Risks in Small Island States in the Caribbean Region




* Designed and implemented * All Causes Excess Mortality

(Cross sectional study) Analysis Islandwide (weekly
qualitative instruments aiming 2015-2020) Including COVID-
to capture physicians and 19
Study of Imminent patients' risks, barriers, and « Weekly average deaths
Interactions between SARS- vulnerabilities. during 2015-2020:
CoV-2 (COVID-19), Air Quality overall and by season
due to Saharan Dust and * Physicians N=55 * Weekly average deaths
Urban Aerosols, and Social- e Patients COVID-19 during 2015-2020:

overall by year of death

enV|ronmen‘Fa| Factors in confirmed cases N=104 for each season
Puerto Rico in summer 2020: * |IRB-Protocol Number .

: ) . B1540520 * Weekly average during
Proxies of Health Rlnsks in 2015-2020 in specific
Small Island States in the diseases of the
Caribbean Region  Emergency Room Visits and respiratory system.

Hospitalizations-2020-2021 e COVID-19 Mortality
* COVID-19 Weekly 2020- Analysis (weekly 2020)
2021 * RR adjusted by
 Weekly in specific diseases environmental data

of the respiratory system. (weekly 2015-2020)




1st COVID-19
Confirmed Case
In Puerto Rico

# CASES
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Godzilla Dust Event: Summer 2020
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Left: Upper picture June
Tuesday June 23dr, 2020
9:30am (AST)

Lower Image Saturday
June 20t 2020 9:30am
(AST)

Right: Upper Image:
Morning Saturday June
20th, 2020

Lower Image: Morning
Tuesday June 22", 2020




to be affected by Saharan Dust

Before COVID-19

After COVID-19

Females >55 years of age were more likely to be concern about Saharan Dust
Females were more susceptible to Saharan Dust after being diagnosed with COVID-19.
Participants positive to COVID-19 and with at least another pre-existing health condition are more likely

HOW LIKELY IS THE SEVERITY OF SYMPTOMS IN A COVID-19 PATIENT TO
BE EXACERBATED BY DUST CLOUDS FROM AFRICA?

Not Likely,
15% |

-

Most Likey
85%




Comorbidities

Godzilla Dust Event: Summer 2020 (Survey)

» 1500 participants: most respondents were females (82%), 65% had a history of at
least one chronic condition.

26.89% 28.41%
.89%

* Nearly 90% indicated that Saharan dust affected the health status of both
respondents and their family members.

YOUR OPINION ;

MATTEBS jj * Asthma was the most reported condition (55%).

* However, only 12% reported a physician’s visit due to Saharan dust complications.
Moreover, nearly two-thirds expressed concern regarding their family’s welfare
during the Saharan dust events.

Symptoms

Nose Irritation

Throat Irritation

o * Individuals with Comorbidities are 14.37% more likely to need medical services
s 8 ‘ in Saharan dust events.

Difficulty Breathing
Female Male

VN DD
B «.'\*‘.\':\\@0_

* Over half (57%) reported that the Saharan dust always or frequently affected
their health, causing postnasal drip, cough, red or itchy eyes, shortness of breath,
and fatigue.




Public Health Data

ER &HA

March 2020 to March 2021:

U07.1 = confirmed COVID-19

J12.89 = pneumonia due to other viral pathogen

J12.82 = pneumonia due to SARS-CoV-2

J12.81 = pneumonia due to SARS-Associated coronavirus

M35.81 = MIS-C

786.16 = personal history of COVID-19

Z20.828 = contact and suspected exposure to viral pathogen
Z20.822 = contact and suspected exposure to SARS-CoV-2

B97.2 = Coronavirus as the cause of diseases classified elsewhere

B97.21 = SARS-associated coronavirus as the cause of diseases
classified elsewhere

B97.29 = Other coronavirus as the cause of diseases classified
elsewhere

We additionally requested the list generated include whether
these diagnoses had also been added to each patient's problem
list, as a means of expediting record review: 125.1, 150, 121 & 125.2
, 110 & 115, 160-169, E10, E12, J45, J41-44, E66, G30-32, F33 & N18.



Databases and Sources

* Non_Acc: Non-Accidental Mortality Accumulated for the day of PM2.5 measurement

e Cardio: Cardiovascular Mortality Accumulated for the day of PM2.5 measurement

» Resp: Respiratory Mortality Accumulated for the day of PM2.5 measurement

* Resp_NoFlu: Respiratory Mortality without Flu cases for the day of PM2.5 measurement

* PM2.5 Mean_Conc_Stations: Mean of the Fajardo, Guaynabo and Bayamon Stations

* Tmax: Associated Maximum Temperature to Date variable

» Sahara: Dichotomous variable that indicates if the corresponding date had a Saharan dust event
» HeatIndex: Associated Maximum Heat Index to Date variable

* Year: Associated year of Date variable

* Population: Population of people 65 years and over in the northeast region of Puerto Rico

* VIIRS data Aerosol Products from Dark Target algorithm, version 1:
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Public Health Data: ER &HA

Sex




1st COVID-19
Confirmed Case
In Puerto Rico

# CASES
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Deaths per year of death and season

Hurricane Irma & Maria

Deaths per year of death and season /
summer
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Respiratory Mortality 2015-2017: Dust Days
vs Non Dust Days

Summer Mortality
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e dust concentration increase in
the Caribbean between May and
September. These plumes are
positively associated to
respiratory (without flu causes)
mortality with a relative risk of
1.23 (Cl1 95%: 1.03, 1.47) when
adjusted for PM 2.5 and Air
Surface Maximum Temperature.



Disease/Injury Iceberg Phenomenon

y.Q

SEVERE
DISEASE

Y INFECTION WITHOUT
CLINICAL ILLNESS

Death
VISIBLE CASES
Clinical illness

INVISIBLE . N !
CASES / = N\ Asymptomatic

(i.e., “carriers”) | '\ infection




Considerations

* Mortality is always the tip of the iceberg.

* Findings su%_gest that the arrival from Saharan Dust in Puerto Rico contributes to an increase in
cause-specific mortality.

* However, there are remaining questions regarding their effects on vulnerable patient populations,
uHcderIylng mechanisms of action, and regional variations in both environmental and health
effects.

e Better understanding of how these Dust Clouds events affect the health of the population will
provide a useful tool for decision makers to address and mitigate the effects on public health.

* The enhanced Dust Early Warning System may be a crucial component in decision making during
Watches and Advisories process.



Questions!

Environmental Health Department
Graduate School of Public Health
University of Puerto Rico-Medical Sciences Campus

PR-CLIMAH (Puerto Rico Climate and Health
Research Group)

Principal Investigator: NASA Grant Number
80ONSSC19K0194

Principal Investigator: NASA Grant Number
80NSSC20K1588

Supported by: NASA Research Announcement (NRA)
NNH20ZDAOO1N-RRNES, Research Opportunities in
Space and Earth Science (ROSES-2020), Program
Element A.28 Rapid Response and Novel Research in
Earth Science (RRNES).


https://www.facebook.com/PRCLIMAH

