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aerospora; Background: Aeropalynology is a branch of palynology that studies the content of atmospheric
allergic; pollen grains and spores. The amount, concentration, and distribution of these aerospora are
epidemiological; influenced by the seasonal flowering of parent plants and variations in climatic conditions as
pollinosis; well as local and regional variabilities. Atmospheric pollen grains and spores are diverse and
susceptible have been identified as major biological particles that trigger immune cells to release inflam-

matory chemical mediators, inducing respiratory-linked and allergic conditions, such as polli-
nosis, among susceptible individuals.

Objective: The burden of these allergic conditions on patients, families, healthcare systems,
and governments has risen globally, thereby affecting developing countries, including Nigeria,
wherein the financial and infrastructural institutions are not effective enough to mitigate
these challenges. Avoidance of allergenic aerospora is an effective mode of addressing pol-
linosis with its associated conditions. However, there is a need to ascertain the atmospheric
quantity, diversity, and pattern of occurrence of allergenic pollen/spores.

Results: In this paper, we reviewed published articles on aeropalynology in Nigeria with atten-
tion to the design and duration of the study and the used equipment. We further investigated
whether identification and quantification of allergy-causing palynomorphs was part of pub-
lished articles’ foci.

Conclusion: The availability of such data/information is crucial for reducing epidemiological
uncertainties, enhancing the diagnosis of allergic conditions, and securing a robust set of miti-
gation strategies and/or effective treatment of these conditions in Nigeria.
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Introduction

The Anthropocene Epoch describes the present era of glob-
ally pervasive and steeply increasing human influence on
planet Earth, including the land surface, biosphere, and
atmosphere.*? Human activities have become a driving force
that have changed many characteristics of our environment
such as climate, biodiversity, vegetation, and air quality on
local, regional, and global levels. Some of these anthro-
pogenic impacts occur through changes in land use, agri-
culture, fossil fuel burning, vehicle emissions, and release
of industrial emissions.>* Consequently, the atmosphere of
the present Anthropocene Epoch is laden with many kinds
of suspended particles of organic and inorganic origins;
they have a great diversity in size, shape, and density, and
are from diverse sources.’ These atmospheric substances
are inhalable and can trigger various allergic conditions,
including allergic rhinitis, conjunctivitis, asthma, hay fever
(pollinosis), and atopic dermatitis. Some aeropalynological
investigations have revealed that pollen and fungal spores
(aerospora) are the most dominant, pervasive, respirable,
and potent sources of allergens present in the atmosphere,
resulting in morbidity among hypersensitive individuals.®
They are the major atmospheric bioaerosols and vary with
geographic region, blossom period, and meteorological fac-
tors. In addition, climate change and air pollution influence
the bioavailability and potency of allergenic aerospora and
adjuvants in multiple ways. In addition, changes in vegeta-
tion cover, pollination, and sporulation periods, as well as
chemical modifications, also affect aerospora.” Moreover,
climatic conditions, air pollutants, and human-induced
changes in climate may skew physiological processes and
the immune system toward the development of allergies.
These changes impact the human health and environment
by influencing the spread of allergenic pollen grains, fungal
spores, and other biological aerosols,?’

The dispersal of atmospheric particles of biological
origin has been reported to cause public health impacts
among teeming urban human population, giving rise to the
elicitation of allergenic conditions, including allergic rhini-
tis, conjunctivitis, itching of the eyes and skin, and exac-
erbation of asthma and related conditions, among others.
This subsequently burdens the individual, particularly those
in the working group and subsequently on global healthcare
systems with more socioeconomic expenditures.® Hence,
there is a need for collaboration among scientists, includ-
ing palynologists, geographers, climatologists, health prac-
titioners, and clinicians.

A large amount of pollen grains and spores are found
in the atmosphere. In the temperate regions, a large per-
centage of such pollen comes from flowers of anemoph-
ilous plants from gymnosperms and angiosperms. When
pollen grains and spores (palynomorphs) are released,
they usually form hazy dust or clouds that are carried in
the wind.¢ In the tropical regions, especially in rainforest
ecological zones, such phenomenon is hardly noticeable.
Consequently, determining the types and amount of air-
borne palynomorphs is crucial and helpful for patients suf-
fering from allergic diseases.”” One such common allergic
disease is pollinosis, commonly referred to as hay fever.
It has been established that this pollen-induced allergy

is caused mostly by wind-transported pollen grains."
Therefore, the prediction of aeropollen or specifically
those with allergenic properties (aeroallergen) is import-
ant. One can identify the “culprit” palynomorphs by pro-
viding data about the diversity and amount of atmospheric
pollen and spores during specific periods and environmen-
tal (weather) factors that influence their occurrence. It is
for this primary reason that pollen calendars are prepared,
and this sub-discipline is called aeropalynology.

What we know (a brief history of aeropalynology
in Nigeria)

Aeropalynology as a sub-discipline was initiated at the
University of Ibadan in the 1980s. The bulk of data came
in the form of students’ undergraduate and postgradu-
ate dissertations. Aeropalynology research was also initi-
ated by Prof COC Agwu, Dr Njokoucha, and their students
at the University of Nigeria, Nsukka. Profs Olowokudejo
and Ogundipe and Associate Profs OH Adekanmbi and PA
Adeonipekun, and their students started aeropalynology
research at the University of Lagos. The major findings were
that aeropollen were anemophilous in nature, accompanied
by a few entomophilous pollen types. A high diversity of
fungal spores existed; and high aeropollen abundance and
diversity correlated with weather conditions such that high
amounts of aeropollen are observed at the end and begin-
ning of wet and dry seasons, respectively. Other factors
that influence aeropollen include vegetation, topography
and altitude of study sites, and demographic variables.
Following are the three areas of aeropalynological research
crucial for its success and/or validity: (i) efficient pollen
trap, (ii) robust counting and identification methods; these
are aimed at reducing any errors, and (iii) application of
aeropollen data in the medical field of allergy and respi-
ratory diseases and environmental monitoring, which has
remained underdeveloped till now.

Three main pollen type straps have been employed
for pollen sampling in Nigeria, namely (i) any type of
container, plastic or metal, with an opening to trap pal-
ynomorphs; (ii) a Tauber or modified Tauber pollen trap,
which more or less functions as the above-mentioned
container trap, except that it is fitted with a >250-pym
mesh at the top or opening or mid-way into the con-
tainer; and (iii) Agwu M6-5;? and Gbenga-2 samplers—
both are modified forms of above-mentioned Tauber
trap. The first pollen trap is set up as follows: A plastic
or metallic container of 10-30 cm in height and 10-20 cm
in diameter is selected. Glycerol and either glacial ace-
tic acid (GAA) or a mixture of formaldehyde and phenol
are added in this container. Glycerol is used to prevent
the drying up of the container and its contents, while
any one of the latter compounds, that is GAA or form-
aldehyde and phenol, prevents decaying of organic mat-
ter and ensures minimal or no insect attack on organic
material. The Tauber pollen trap was designed as a
gravity sampler to sample particles in air-flow, that is
to say, for pollen deposition." In 1965, it was used to
trap pollen.” Subsequently, it was adopted for aeropaly-
nology research. The Agwu Mé6-5 and Gbenga-2 samplers
are modified Tauber traps. For a long time, the Tauber
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Table 1
chronological order.

History of aeropalynological research, duration of sampling, and purpose of each research (only published sources) in

Region in Mode/duration of
Investigator(s) Nigeria sampling Purpose and results of research
Agwu & Osibe (1992)*°  Southeast February-April Survey; the recovered palynomorphs reflected the climatic
1990 (3 months) conditions and floristic composition of Nsukka and environs.
Agwu et al. (2004)* Southeast November 1991- Survey; pollen and other palynomorphs were recovered in
February 1992 high quantity.
(4 months)
Njokuocha & Osayi Southeast September 1999- Survey; recovered pollen grains of plants around the study
(2005)* February 2000 location.
(6 months)
Njokuocha (2006)" Southeast February 1993-January Survey; recorded the highest pollen in the late rainy season-

1994 (12 months)

Adekanmbi & Ogundipe Southwest February-May

(2010)% 2007 (4 months)
Adeonipekun & John Southwest March 2010
(2011)%
Adeonipekun (2012)®  Southwest March 2011

Essien & Agwu (2013)% March-December

2012

North-Central

Adeniyi et al. (2014)*  Southwest January-December
2013
Ajikah et al. (2015)° Southwest April-June 2014
(3 months)
Adekanmbi et al. Southwest July 2015-June

(2018)% 2016 (1 year)

Alebiosu et al. (2018)® North-Central July 2015-June
2016 (1 year)
June 2011-May

2012 (1 year)

Ezike et al. (2016)¥ North-Central

Orijemie & Israel
(2019)%°

Some parts of

Nigeria 2016 (5 months)

December 2015-April

early dry season.

Survey; total aeropollen abundance was highest in the rainy
season.

Survey; study revealed the presence of savanna and derived
savanna pollen grains.

Survey; dominance of Poaceae and Amaranthaceae was
observed.

Their study provided a template used to monitor the
frequency and intensity of fungal allergies and various
disease conditions of plants, animals, and man in the
surrounding Savanna environment, and provide adequate
restoration and conservation measures for safety and
health and environmental sustainability.

Survey; pollen counts were highest in dry season (October)
and lowest in rainy season (June).

Survey; recovered pollen types showed a correlation with
the surrounding vegetation.

Pollen allergy studies: differences were observed between
the levels of certain hematological and serological
parameters elicited by each test group and sensitization
periods. Hair loss (alopecia) was observed on the skin of a
Mus musculus in the Alchornea cordifolia test group.

Survey; Findings revealed seasonal distribution patterns of
various airborne pollen types at the study locations.

Survey; they provided insight about the relationship
between the prevalence of aerospora and meteorological
parameters.

Environmental monitoring; the study provided data of
travel history and routes of vehicles; the dominant
palynomorphs were those of Poaceae, secondary forest,
and herbaceous taxa.

trap was used for aeropalynology research. However,
there were concerns about the accuracy of pollen data
so derived as well as the effect of contamination of the
trap itself. Peck observed that Tauber pollen sampler
trapped smaller size pollen less efficiently compared
to larger ones. Krzywinski” challenged accuracy of the
results obtained from Tauber sampler during the rainy
season, because it was observed that rain splash trans-
ferred pollen from the ground onto the traps, thereby
compromising integrity of the results.

In recent times, Behling, Oldfield, and Burkard pol-
len traps have been used for daily pollen records because
they provide more accurate and error-free data. The most

common and effective of such traps is the Burkard pollen
trap.”® Levetin et al.”® have stated that both Tauber and
Burkard traps record pollen types, reflecting the local ane-
mophilous vegetation of their study sites; hence, these both
are effective in trapping pollen. However, no contamina-
tion challenge has been associated with the Burkard trap.
The Burkard pollen trap was designed in 1952 by Dr James
Hirst. The Burkard trap is a suction slit impactor, wherein
air is drawn into a 14 x 2-mm orifice at a rate of 10 L/min;
the head rotates into the oncoming wind by means of fins
and the 10-mm x 3.7-uym pollen-trapping orifice traps the
smallest spores efficiently. (see Table 1 for an overview of
historical aeropalynological research)."”
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Challenges/limitations to the study of
aeropalynology in Nigeria

As stated above, some success has been recorded in the
field of aeropalynology in Nigeria. However, following are
the constraints to the study in different parts of Nigeria.

1. One of the major problems associated with the study of
aerospora in Nigeria is the considerably vast diversity
of species. Oftentimes, one finds that plant distribution
within the same genus and family occurs across a wide
geographical region. Therefore, vegetation is a major
contributor to the array of pollen types recovered in the
atmosphere of any location.'>'*?® Qwing to its variable
geographic and climatic attributes, Nigeria has a rich
plant diversity, in which almost 7895 plant species have
been documented.?" Basically, the Nigerian vegetation
is controlled by climate, with special reference to the
mean annual rainfall and extent of dryness in a season,
suitably determined by minimum relative humidity and
the period of no rainfall.?? The climax vegetation in the
southern part of the country is a wetter rainforest, while
that in the northern part is a woodland-type sandwiched
by grasses, implying a primary composition of forest and
savanna zones.*? In view of this immense plant diversity,
collaborative efforts by Nigerian taxonomists assist in
acquiring a sufficient understanding of the flora in differ-
ent parts of the country. This consequently aid palynol-
ogists in collecting and analyzing polleniferous material
from different identifiable plants. This provides more
taxonomic information about pollen types and their dis-
tinct features for easy identification in aeropalynological
studies. Once this is achieved, there would emerge more
pollen libraries (print and electronic) comprising reliable
pollen albums, atlases, and type slides as well as other
reference material for the future use.

2. Another drawback in the practice of aeropalynology in
Nigeria is the lack of accessibility to advanced micros-
copy for achieving an elucidated pollen ultrastructure.
The modern trend in technology has undoubtedly helped
in the advancement of microscopy that is greatly rele-
vant in the process of capturing, identifying, character-
izing, and interpreting the recovery of palynomorphs,
considering their well-detailed morphological features
of diagnostic value. Presently, one major problem faced
by scientists in Nigeria and several other parts of Africa
is the short supply and access to scanning electron
microscopes. These are found and operational at very
few places within the continent and elsewhere in the
world. This may be due to their relatively expensive
cost and difficulty in maintaining them. This has greatly
affected research outputs in the continent, as there is
likely to be a dearth of alternatives if the palynomorphs
become obscure under the light microscope.

However, few pollen morphological studies have been
done in Nigeria using both light and scanning elec-
tron microscopes; this has contributed to the knowl-
edge of various morphological properties exhibited
by palynomorphs. These include the study conducted
by Sowunmi,?* involving the use of scanning electron
microscope in studying pollen grains of about 40 plant

species; this has aided tremendously in further exam-
ining pollen types with undetectable characters under
light microscope. In addition, Adekanmbi et al.>* pro-
vided additional characters as a guide to plant taxon-
omy as well as reference material for routine-based
analytical studies in palynology.

3. There is also a problem of pollen polymorphism that
occurs when the pollen of a plant species exhibit more
than one morphological feature, particularly shape and
apertural status. Consequently, in some cases this has
caused pollen identification cumbersome, leading to a
few uncertainties in palynological inferences. Instances
include Elaeis guineensis and some other members of
the same family Arecaceae, which produce morphologi-
cally dissimilar monosulcate pollen;3 members of differ-
ent plant families of Cucurbitaceae and Rutaceae also
produce morphologically similar colporate and prolate
pollen types.3%

More so, setbacks in allergenicity studies of potential pol-
len allergens in Nigeria include (i) inadequate understand-
ing of phenological shifts among plant species?® during
collection of pollen samples; (ii) difficulty in accessing
human subjects; and (iii) its accompanying complexities
of ethical issues. Adekanmbi et al.? cited the work of
Conejero et al.,’® and stated that an important limitation in
their study of allergenicity was the subcutaneous route of
Mus musculus sensitization. This phenomenon varied from
that of human sensitization and accompanied by probably
differential immune responses and disease manifestation.
With the use of human subjects, pollen allergenicity
tests have been conducted in other parts of the world. In
India, previous researcher, including Acharya® and Agashe
and Anand,* have rendered credence to Albizia lebbeck,
Artemisia scoparia, Ricinus sp., and Salvadora sp. as
important pollen allergens. Singh et al.* recorded positive
skin reactions to Pinus roxburghii obtained from the foot-
hills of Himalayas in 16.9% of patients administered with
it. High sensitivity to Cocos nucifera has been reported
by Karmakar et al.*? In France, Caillaud et al.** conducted
a panel study in 10 towns and observed that ocular and
respiratory symptoms were less frequent than nasal symp-
toms. In the United States, Galant et al.** detected during
sensitization of aeroallergens in California patients with
respiratory allergy that asymptomatic control subjects
responded to only 4% of all allergens tested. In Bratislava,
Scevkova et al.* examined relationship between pollen
exposure of selected allergenic plants and concentration
of allergen-specific Immunoglobulin E (IgE) in the sera
of patients with seasonal allergy. They observed in their
findings that the patients were most frequently sensi-
tized to Poaceae and Ambrosia sp., and commented that
pollen allergens affecting the immune system for a more
extended period may induce some tolerance, character-
ized by a lower specific IgE level. Bastl et al.* investigated
relationship between measured allergen content of birch
and grass pollen types, pollinosis symptom load in allergy
sufferers and airborne pollen concentrations in Australia,
Germany, France, and Finland. Their investigations noted
that allergens of these plants vary with seasons and regions
of study but increased with an increase in symptom load.
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Efficient pollen trapping: drawbacks in the
use of volumetric pollen traps in Nigeria

The Burkard Hirst-type volumetric spore trap* has been
recommended and employed to achieve local and regional
aerobiological sampling in many parts of the world.®® It
has been used extensively to conduct continuous airborne
pollen monitoring in Europe, compared to other discontin-
uous or nonvolumetric samplers, such as Rotorod, Cour,
and Durham.?*? In Nigeria, most aerobiological research
studies are completely dependent on the use of nonvolu-
metric, modified Tauber samplers," inarguably providing
a view of pollen and spore depositional rates at selected
study sites. Previously, workers in Nigeria employed these
samplers, thereby drawing inferences based on dominant
pollen types.

Faegri and Iversen affirmed that the use of Tauber
trap could provide an insight into pollen distribution and
deposition but also opined that the depositional processes
are inaccurate and not natural. However, the Burkard vol-
umetric spore traps possess a higher advantage of provid-
ing absolute pollen concentrations (in cubic meters), unlike
the use of Tauber trap, wherein pollen levels are estimated
based on a more tedious analysis of microscopic counts.

Difficulties in the successful use of volumetric spore
traps for continuous and standardized monitoring of pollen
levels in Nigeria and indeed most of the Third World coun-
tries include high cost of procurement, insecurity of equip-
ment, unavailability of constant power supply, and limited
technical know-how.

Way forward to successful pollen monitoring
in Nigeria

A deep understanding of the cyclicity of annual, diurnal,
and seasonal fluctuations in fungal spores and pollen types
in any geographical area is mandatory for the effective
diagnosis and treatment of pollen allergies.® A national
network of pollen and spore traps in Nigeria as a collab-
orative exercise between allergists and botany or paly-
nology departments of Nigerian universities has become a
necessity.>*

Aeropalynology research and health practitioners

The majority of aeropalynology research in Nigeria, as
part of their goals, has the following: (i) construction of
a pollen calendar, and (ii) identification of possible aller-
gen pollen and/or spores for pollinosis. The first goal is
significant because pollinosis has an “annual periodic-
ity, with symptoms usually occurring at the same time
of the year, during pollination.”® Pollen data collected
from different localities from a few months to 1 year in
Nigeria,!213,20,21,242628:49-52.%6 gggest that some pollen and/or
spore types, based on their abundance or otherwise, could
be responsible for allergenic reactions among patients of
hay fever. For instance, it has been reported that Poaceae
grains have a high possibility of stimulating pollinosis reac-
tion in patients,? but neither this has been tested nor there
are any proofs of such relationships in Nigeria. The idea

seems to have been borrowed from Europe,® Australia,’
and Asia,”® where several grass pollen types have been
identified clinically to possess allergenic properties. In
other words, there is no clinical basis for claiming that cer-
tain pollen and spore types could be allergenic. In other
cases, pollen contents of the atmosphere have been identi-
fied from unusual media,> and a few have been suspected
as allergens. Njokuocha et al.?? and Ezike et al.?® suspected
that some fungi could be implicated in allergic diseases,
yet these suggestions were not subjected to clinical trials.

Probably, Adeniyi et al.?® were the first to compare
aeropollen data with hospital records regarding the inci-
dences of pollinosis (hay fever). In their study, they used
pollen data to identify pollen types with allergenic poten-
tial and indicated that in Shomolu, Lagos, Ludwigia and
Cyperaceae had positive correlation with the occurrence
of asthma/rhinitis,”® and went a step further by collect-
ing records of 3826 patients who were diagnosed with
allergy-related diseases. Maximum incidences occurred
in October and July, as both months yielded the highest
amount of aeropollen. However, no skin prick or provoca-
tion test was conducted in case of both months. Therefore,
in Nigeria, huge lacuna is detected between the gener-
ated aeropollen data and the incidence of pollinosis. This
could be connected to the lack of hospital and/or clinical
pollinosis data, or cooperation of medical staff as well as
the bureaucratic process required to secure such medical
data for aeropalynology research. This challenge could
be taken care of by having appropriate hospital or clinic
department and staff, especially otolaryngologists, at the
planning stage of aeropalynology research, active partici-
pation in the field work and collection of data, and joint
presentation at conferences and in publications. Adeniyi et
al.’ were the first to report allergenic proteins and their
impact on the health of allergen-susceptible individuals in
Nigeria. Allergenic proteins were isolated from Alchornea
cordifolia, Amaranthus hybridus, Casuarina equisetifolia,
and Terminalia catappa, the pollen types of which were
previously recovered in abundance from aeropollen data
in the study location of Lagos State. A major result of the
above-mentioned research was that “the allergenicity
ranking of pollen grains is dependent on the type of aller-
genic proteins in the pollen and the nature of the suscep-
tibility of the individuals selected for the study.”®® Hence,
Adeniyi et al.®® suggested that in Nigeria, the isolated aller-
genic proteins could be explored to develop immunother-
apy drugs to treat allergies.

Aeropalynology and environmental monitoring

A few of aeropalynology studies have focused on environ-
mental monitoring, climate change, and generation of data
for making other palynological implications.¢"2 These stud-
ies suggested that routine aeropalynological monitoring
could provide early signals of vegetation response to cli-
mate change. Therefore, a synergy of all aspects of aero-
palynology research is required with clearly defined goals
in the form of a national pollen monitoring program. The
main goals of such a program could be to: (i) understand
the aeropollen of certain regions with a view to produc-
ing a national or regional pollen calendar, (ii) understand
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pollen rain of local vegetation and their dependence on
meteorological effects data, (iii) conduct an evaluation
of the effect of aeropollen impact on allergic individuals,
and (iv) decipher the effect of climate change on flowering
seasons, diversification of vegetation, and biogeography
of a particular region. In Nigeria, aeropalynology research
has included climate change as part of its goal.’?43
Adeonipekun and John? studied an unusual dust that swept
across Nigeria in March 2010; they found that the dust was
from a late Harmattan period. This late occurrence of the
Harmattan dust indicated a delayed inter-tropical continen-
tal zone whose position should have moved further north
but maintained it until the month of March 2010. This study
suggested a climate change experience resulting in a lon-
ger and/or highly seasonal dry period in southern Nigeria.”
Adeonipekun™ further confirmed the inferences made by
Adeonipekun and John# Similarly, Orijemie and Israel*®
sampled the air filters of 20 vehicles that travelled to sev-
eral parts of Nigeria with the aim of using the associated
palynomorphs to reconstruct their routes. Reconstruction
of the routes was successful in 75% of vehicles. A significant
aspect of the study was the occurrence of pollen type of
a Mediterranean plant (Alnus cf. glutinosa) in the north-
western areas of the country. Alnus glutinosa does not
grow in Nigeria; hence, its occurrence indicated the sig-
nificance of wind activities prevalent in that region. It was
also a reflection of changing climate® reporting the trans-
port of pollen type of the Guinea savanna mosaic ecolog-
ical region from localities distant from their study sites in
Ondo State, which is in the forest zone of southern Nigeria.

A major part of Goal 3, that is, “Good Health and Well-
being,” a critical part of the United Nations Sustainable
Development Goals (SDG), is air quality. Employing environ-
mental monitoring as a tool in assessing environmental con-
ditions and trends is not very popular in Africa, although it
is quite common in Europe and Asia. Aeropalynology offers
an exciting opportunity to contribute to the emerging
data on air quality, necessary to support policy develop-
ment and implementation at national and regional levels.
Air pollutants have adverse effects on human health and
ecosystems. The key is to use aeropollen data as air pol-
lutant indicators, and employing the same to provide or
advocate for national environmental policy. In cases where
these are already available, they could be adjusted or
improved based on aeropollen and pollutant and/or envi-
ronmental degradation indicators. A new direction in which
pollen identification and counts are heading is automatic
pollen sampling.®* It has been shown that the Swisens digi-
tal pollen monitoring technology identifies particles within
seconds and allows for the calculation of actual local pol-
len-taxa concentration with a time resolution of minutes.
Preliminary results revealed that “more than 87% of 15
different pollen species were correctly classified.”®* It is,
however, not clear as to how this would work in a tropi-
cal setting where palynomorph diversity often ranges from
30 to 65 pollen grains, excluding (pteridophyte and fungal)
spores and other cells! In a similar vein, several aeropal-
ynology studies have wrong identification of pollen and
spore types. This is a serious issue that must be tackled
because of the dangers of wrong identification in any aero-
palynology research.

The International Association for Aerobiology (IAA)
is a global body that coordinates all national aerobiolog-
ical programs. Founded on September 11, 1974 in The
Hague, The Netherlands, today IAA has about 800 mem-
bers. It publishes the biannual International Aerobiology
Newsletter and organizes training and short basic- and
advance-level courses in aerobiology. These courses are
predominantly conducted in Europe and seldom in the
United States. The palynology community of Nigeria must
take advantage of these opportunities for a better under-
standing of the subject and collaborations with countries
having advanced knowledge of aerobiology (adapted from
https://sites.google.com/site/aerobiologyinternational/).
In 2019, the first worldwide network of automatic pollen
monitoring station (Electronic Pollen Information Network
[ePIN]), which could recognize different pollen species, was
launched online in Bavaria, Germany.% ePIN is a hybrid sys-
tem comprising eight automatic and four manual Burkardt-
type pollen traps. According to Buters et al.,®® the project
was sponsored by the Bavarian Ministry of Health and Care
and the Ministry of Environment and Consumer Products,
and established by the Bavarian Health and Food Safety.
The ePIN recorded birch pollen at the end of May 2019, an
occurrence that had hitherto not been recorded.

Future goals and recommendations for Nigeria

1. Expansion of pollen monitoring in the northwestern
parts of Nigeria as well as in the neighboring coun-
tries of Cameroon, Benin Republic, Togo, and Ghana in
West and West-Central Africa. This would assist to pro-
duce a database of aeropalynological and health- and/
or environment-related issues in Nigeria and West and
West-Central Africa.

2. Rural areas of Nigeria also need to be covered. The cit-
ies and towns also need to be monitored, particularly in
the oil-rich Niger Delta where gas flaring has been going
on for years. Other areas where air pollution and risk of
asthma are high should not be left out.

3. There is a need for collaboration and synergy within
African nations in all the four regions—north, west,
east, and south.%

4. Collaboration with hospitals and other healthcare facil-
ities is essential. The training and knowledge exchange
of students and researchers should be conducted in
countries where pollen monitoring has been established
firmly. This would aid the improvement of methods,
including automated counting.
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