
“Vog” and increasing 
respiratory disease in
Hawaii
The Hawaiian Islands, to most peo-
ple, conjure up a picture of tropical
bliss comprising endless sunshine,
clear skies accompanied by lots of
heat and, of course, the endless
azure Pacific Ocean. The reality is
that this vision would be com-
pletely true, but for the presence of
Kiluaea, a volcano continuously
erupting since 1983, on the south-
east corner of the Big Island. The
volcano’s activity results in a plume
of airborne emissions (Figure 1)
comprising a mixture of sulfur
dioxide, sulfuric acid and other
acidic species, combined with ultra-
fine particulates, that results in a
blue-ish haze termed “vog” or 
volcanical ly-generated smog 
(Figure 2).
When the northeasterly trade
winds blow, the vog plume drifts
away from the Hawaiian Islands,
dispersing harmlessly into the
ocean. However, it can also spread

up the island chain in a north to
northwesterly direction when so-
called “Kona” winds blow, as for
example frequently occurs ahead of
the trailing cold fronts that sweep
down from the North Pacific in
wintertime. The result is poor air
quality1 that can compare with that
of Los Angeles or London, UK on a
hot summer’s day. Taken with the
high proportion of older people in
the islands who have obstructive
lung diseases from cigarette smok-
ing, this is a recipe that results in a
significant minority of the resident
population having exacerbations
associated with lung-related dis-
eases. The prevalence of asthma
and COPD-related conditions,
such as emphysema and chronic
bronchitis, was estimated to be
close to 125,000 in 2010.2 Thus,
about 4.4% (age-adjusted = 4.2%)
of adult Hawai’i residents surveyed
in 2011 reported having been told
by a healthcare professional that
they have COPD.3 A report issued
in 2010 on the burden of COPD in
the islands noted that social, eco-

nomic and demographic variation,
interspersed with a rapidly-expand-
ing, older-adult population, means
that COPD prevalence, morbidity
and mortality will continue to
increase in the years ahead.4

A need for education on
inhaled medical aerosols
The Daniel K. Inouye College of
Pharmacy (DKICP) of the Univer-
sity of Hawai’i system was estab-
lished about eight years ago to pro-
vide tertiary-level education in the
pharmaceutical sciences to under-
graduate and postgraduate students,
who would otherwise have been
forced to travel more than 2,500
miles to study in the nearest loca-
tions offering similar courses on the
US mainland. Over the intervening
years, student numbers have steadily
increased. The college now has sev-
eral hundred undergraduates drawn,
not only from the US Pacific territo-
ries, but also from the US mainland.
At the same time, faculty have been
recruited to develop research pro-
grams, publishing findings in high
quality, peer-reviewed, medical
journals, with the aim of developing
the facility into a full-service univer-
sity environment (Figure 3). 
When guest lecturing in 2011, I
(Jolyon Mitchell) quickly became
aware that there was almost no
teaching in place about the inhaled
route of administration for pharma-
ceuticals. By late 2014, Associate
Professor Mahavir Chougule and
Professor Ken Morris (now Depart-
ment Head) and I therefore crafted a
new elective course for PharmD and
PhD students that focused on the
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Figure 1
Kiluaea volcano has been erupting contin-
uously since 1983. Airborne emissions have
significantly increased since 2011. A night-
time view from Halemaumau, the main
vent. (Image courtesy of Jolyon Mitchell.)

Figure 2
The blue-ish haze of the vog (volcanicall- gen-
erated smog) emitted from Halemaumau indi-
cates the presence of predominantly sub-100
nm particles that get transported many miles
from their source by prevailing winds. (Image
courtesy of Jolyon Mitchell.)
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Table 1

Component Modules of the Inhaled Aerosol Therapy Course 

Part Module Topics 

1 1 Aerosol fundamentals 1:Concept of an aerosol; Droplets and particles; Inhaler 
types; Advantages of inhaler therapy; Aerodynamic size

2 Aerosol fundamentals 2:Gravitational sedimentation, inertial impaction,
Brownian diffusion; Electrostatic charge; Their relative importance

3 Inhalation therapy 1: The human respiratory tract; Classes of oral and nasal 
inhaled products; Delivery to the mechanically-ventilated patient

4 Inhalation therapy 2:Building the bridge between the laboratory and clinic; Role 
of imaging, pharmacokinetic and pharmacodynamic studies

5 Inhaler assessment 1:Methods intended to provide support in inhaled drug 
product development and quality control

6 Inhaler assessment 2: Methods intended to enable correlations between 
laboratory-generated inhaler performance data and clinical outcomes

Multiple-Choice Examination – Part 1
2 1 Regulatory science of orally inhaled and nasal products (OINDPs); The US, Canadian

and European situations
2 National, international standards and pharmacopeial monographs for the 

assessment of OINDPs
3 Patient interactions with OINDPs; Critical aspects of inhaler design; The care 

pathway to the patient; Patient-inhaler use training
4 Novel inhalation delivery systems for treatment of disorders via the pulmonary route
5 Applying and adapting current laboratory methods to the assessment of new 

inhaled formats
6 Future strategies for inhaled therapy; High unit dose delivery systems; Role of 

bronchial hygiene; Delivery of biotherapeutics
Multiple-Choice Examination – Part 2

and their laboratory testing; the sec-
ond part looked at the bigger picture
of the associated regulatory science,
the role of the pharmacopeias,
national and international standards
of relevance, the inhaler in the hands
of the patient, and the potential for

new therapies. The course materials
built upon the basic pharmacology
already taught to these students as
part of their undergraduate pro-
grams. The course was offered to
both second year PhD and PharmD
students as a one-semester, elective

essentials associated with inhalation
administration. The course was
developed in two parts, each contain-
ing six modules, followed by an
examination after each part (Table
1). The first part covered the physics
of aerosols, the various inhaler classes

Figure 3

A new building will house the Daniel K. Inouye College of Pharmacy at the University of
Hawai’i at Hilo. The building, which received $33 million from the Hawai’i state legislature in
April 2014, will integrate educational space, clinical training and research laboratories
containing state-of the-art equipment. (Rendering by WCIT Architecture of Honolulu.)
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option, comprising a 15-hour
credit based on lecture time. The
course also included laboratory
time and hands-on experience
with each of the main inhaler types
as well as performance measure-
ment equipment.
During the period from January to
March 2015, Mahavir and I gave the
course for the first time to a class.
The students’ responses after the
course were highly positive. They
recognized the importance of being
knowledgeable about inhalation
products, especially now that prac-
ticing pharmacists are becoming
more involved in the education and
repeated training of patients, and in
a few jurisdictions, even assisting in
the inhaler selection process. 

Future plans
Our plan is to repeat the course on a
two-year cycle. We are also investi-
gating whether other health practi-
tioners in the islands, as well as pos-
sibly those externally located, would
benefit. The DKICP has excellent
facilities for remote participation in
lecture classes, given the need to
minimize expensive travel between
islands. These capabilities should
make it possible to involve a wider
audience and thereby assist in the
goal of helping residents in the
Hawaiian Islands with lung diseases
amenable to inhalation therapy
improve their quality of life. 
Clearly, the same consideration
applies to other locations, especially
where it is difficult to access estab-
lished courses, such as the Aerosol
School, operated annually for the
past six years under the umbrella of
the International Society for
Aerosols in Medicine (ISAM).
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