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Public Health Risk Assessment of Bio-aerosols Associated with Soot Pollution in Port
Harcourt, Nigeria
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Abstract: An assessment of outdoor bio-aerosols and particulate exposure was carried out to study and
determine the association of the particulates and the organic matter. This was carried out at Trans Amadi
industrial area of Port Harcourt where most outdoor sources of atmospheric particles are emitted, due to
industrial activities. Seven locations were established for sampling which consist of Azuabie Market, Abuloma
Jetty, Jenny & Jessy Street, Mother Cat, Rivoc Road, Royal Palm Estate, and Slaughter/Coca Cola Axis. The
condition of temperature, humidity, cloud cover, wind speed and other air pollutants such as carbon monoxide
(CO), nitrogen monoxide (NO), nitrogen dioxide (NO,), sulphur dioxide (SO;), ozone (O3), ammonia (NHj3),
and particulate matter (PM 2.5) and (PM 10) were considered. Bio-aerosols were determined by open plate
sedimentation technique where a prepared culture media plate was opened for 20 minutes for microbes to
settle. The study showed abundance and diversity of microorganisms in the atmosphere of the industrial
polluted area. PM 10 was significantly higher than other pollutants with 610.97 at Jenny & Jessy Street and
Rivoc Road while PM 2.5 was 498.96 at Jenny & Jessy Street and Rivoc Road, followed by Royal Palm Estate
with 386.6. The minimum and maximum temperature values in all sampling sites was between 25-35°C during
the sampling time, while the relative humidity was within 37-72%. Wind speed in all sampled sites was 0.78-
1.9 m/s. Cloud cover was 47-76% while ozone (O%) was higher at 131.1 ug/m’ at Jenny & Jessy Street and
Rivoc Road followed by Azuabie Market which was 114.4 ug/m3. The result revealed isolation of four fungal
isolates and nine bacterial isolates including Aspergillus niger, Aspergillus flavus, Aspergillus fumigatus,
Penicillum sp, and Micrococcus sp, Klebsiella sp, Streptococcus sp, Pseudomonas sp, Staphylococcus sp,
Bacillus sp, Shigella sp, Enterobacter sp, Escherichia coli, were observed.
This study has presented evidence of biological aerosols in soot deteriorated outdoor ambient air.
Keywords: Bioaerosols, Soot-pollution, PM, 5.;, concentration, Public-Health, Bacteria, Fungi.

INTRODUCTION Bio-aerosols are particulate matter of

Port Harcourt, the capital of Rivers State,
Nigeria has been experiencing series of air
pollutions (The Guardian, 2017; CNN, 2018).
This has been attributed to increased
formation of soot from the actions of artisanal
refining of crude oil and the incomplete
combustion of hydrocarbon remains being
serious health implication to the peoples
(Nrior and Esther, 2018; Nrior and Adiele,
2015).

microbial, plant and animal origin released
from terrestrial and marine ecosystem into the
atmosphere (Morris et al., 2008; Ambrose et
al., 2015). They consist of pathogenic and
non-pathogenic live or dead bacteria, fungi,
high molecular weight (HMW) allergens,
endotoxins, mycotoxins, peptidoglycan  (1-3)
— glucans, pollen and plant residue fibres
(Frohlich-Nowoisky et al., 2016; Peccia and
Hernandez, 2006; Udochukwu et al., 2015).
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The study of biological aerosols has advanced
because of their ability to transmit microbial
pathogens, endotoxin, and allergens in both
outdoor and indoor environments associated
with wide range of public health effects with
adverse health impairment issues which has
led to many deaths, contagious infections,
respiratory diseases, acute toxic effects, and
cancer (Eames er al, 2009; Moretti et al.,
2018; Cavalazzi et al., 2018; Clark et al.,
2018; Drommond et al., 2019; Hogerwerf et
al., 2017; Nrior and Chioma, 2017).
Components of bioaerosols range in size from
0.01 pm to 100 pum in diameter (Wang, Chi-
Hsun et al., 2015). Bio-aerosols are highly
effective for the distribution of pathogenic
organisms, allowing genetic exchange
between habitats and increasing geographic
shift of biomes which can lead to increase
antibiotic resistance in bacteria and the
potential effects of airborne transmission of
genetically modified organisms (Angevin et
al., 2008; Folloni et al., 2012; Kawashima and
Hama, 2011; Kabir et al, 2016; Ewa and
Izabela, 2019).

Recent studies have shown the emerging
threat of bio-aerosol spores to animals, plant
and the ecosystem (Fisher et al., 2012; Chmiel
et al., 2015). Atmospheric bio-aerosols can
also have a direct radioactive coercing
because they scatter and absorb solar and
infrared radiation in the atmosphere posing as
cloud condensation nuclei and ice nucleating
particles which promote cloud dewdrop
freezing that can modify the formation and
precipitation efficiency of liquid water, ice
and mixed phase clouds, thereby causing an
indirect radiative forcing. The changes in
cloud properties can exert a significant effect
on the climate (Kanji et al., 2017; Boucher et
al., 2013; Amato et al., 2015; Christner et al.,
2008; Morris et al., 2004; Bauer et al., 2002;
Sattler et al., 2001). Diseases transmitted by
etiological agents in the atmospheric air
include, bronchitis, pneumonia, rhinitis,

pulmonary tuberculosis, diphtheria, whooping
cough, sclerosis, lung aspergillosis, lung
mucormicosis, lung criptococcosis, bronchial
mycosis, lung geotrychosis, fungal
pneumonia, pleural mycosis and others
(Chmiel et al., 2015; Ebisz et al., 2016).
Several studies have been conducted to
investigate the characteristics of airborne
microorganisms and their association with
anthropogenic activities in Port Harcourt city,
especially under soot pollution, to elucidate
the microbial diversity and potential effects on
public health (Nrior and Chioma, 2017). The
public health menace caused by inhalation of
various types of biological aerosols and
particulate matter can mostly depend mainly
on their size, chemical composition,
microbiological properties and the place of
their deposition in the respiratory system
(Balasubramanian et al, 2011). This study
was conducted to assess bacterial and fungal
communities associated with anthropogenic
activities at Trans Amadi, Port Harcourt,
Rivers State which is essential for public
health benefits.

MATERIALS AND METHODS

Study Area

The present study was carried out in Port
Harcourt the capital city of Rivers State
Nigeria located in the South-South Niger
Delta region. The study area was Trans Amadi
industrial area (Latitude: 4.812842 Longitude:
7.063289) with a thousand hectare (2,500
acre), the neighbourhood supports a strong
manufacturing sector.

Bacterial and Fungal Isolation

Fungal spores and bacteria were cultured from
several locations at Trans Amadi using open
plate sedimentation technique at 1-meter
height above the ground for 20 minutes at
each sample site to avoid contamination from
soil degradation, after which the petri dishes
were covered and transported to the laboratory
for incubation.
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The culture media used for isolation of
bacteria were selective culture medium of
Mannitol Salt agar (MSA) and Standard Plate
Count agar (PC) while Potato Dextrose agar
was used for fungi isolation from Oxoid. The
petri plates exposed at various sampling sites
were incubated at 37°C for bacteria and 25°C
for fungi. Bacterial growth was carried out for
48 hours and fungal growth for 72 hours.
Colony counts was expressed as the number of
colony forming units and calculated using the
formula described by Omeliansky.

N =5ax 10" (bt)”

Where:

N= microbial CFU/m’ of outdoor air

a= number of colonies per petri dish

b= surface area of the petri dish (cm?)

t= exposure time (min) Ambrose et al,
(2015).

Identification of Microorganisms

Bacteria isolated were characterised by
cultural, morphological and microscopically
with several biochemical tests such as Citrate,
Catalase, Oxidase, Indole, Urease, Voges
Proskaur, Methyl Red, according to Bergeys
Manual of Determinative Bacteriology
(Bergey & Holt, 2000). Fungal colonies were
identified based on macroscopic and
microscopic examination of the spore and
hyphae as described by (Yeasmin et al,
2018).

Data of Environmental Parameters

Air pollution and meteorological data were
determined by (AQI) online application
system
(https://www.igair.com/nigeria/rivers/port-
harcourt). The data collected correspond at the
same temporal interval to when the sampling
was carried out in each sampling site. The
urban aerosol level corresponds to an

industrialized city whose contamination
mostly comes from hydrocarbons and
manufacturing  activities.  Environmental

parameters monitored include temperature,
relative humidity, cloud cover, and wind
speed. Types of air pollutants monitored are
carbon monoxide (CO), sulfur dioxide (SO,),

nitrogen monoxide (NO), nitrogen dioxide
(NO,), ozone (0O3), Ammonia (NH;3) and
particulate matter (PM 2.5) and (PM 10).

RESULTS

This study was carried out to assess bio-
aerosol associated with soot pollution and to
quantify and identify bacteria and fungi in
seven different sites at Trans Amadi Port
Harcourt. The studied sites were Azuabie
Market, Abuloma Jetty, Jenny & Jessy Street,
Mother Cat, Rivoc Road, Royal Palm Estate,
and Slaughter/Coca Cola Axis. The minimum
and maximum temperature values in the
sampling sites was between 25-35°C during
the sampling time, while the relative humidity
was within 37-72%. Wind speed in all the
sampled sites was 0.78-1.79m/s. cloud cover
was 47-76% while ozone (O3) was higher
(131.1 ug/m3) for Jenny & Jessy Street and
Rivoc Road followed by Azuabie Market
(114.4 pg/m’). Shown in Table 6. The account
of heterotrophic bacteria, enteric bacteria, and
heterotrophic fungi, a colony forming unit
(CFU) was used, equivalent to the number of
colonies observed on each agar plate. Table 1-
3 shows the microbial loads at all sampling
sites. Four fungal isolates and ten bacterial
isolates  including  Aspergillus  niger,
Aspergillus  flavus, Aspergillus fumigatus,
Penicillum sp, and Micrococcus  sp,
Klebsieella sp, Streptococcus sp,
Pseudomonas sp, Staphylococcus sp, Bacillus
sp, Shigella sp, Enterobacter sp, Escherichia
coli were identified. The fungal species were
stained with lactophenol cotton blue stain and
identified macroscopically and
microscopically shown in Table 4, while the
bacterial species were gram stained with
biochemical tests prior to identification shown
in Table 5. Environmental parameters such as
carbon monoxide (CO), sulfur dioxide (SO,),
nitrogen monoxide (NO), nitrogen dioxide
(NO,), and ammonia which are the
contributors of particulate matter (PM) was
reported due to the public health risk and the
data are presented in Table 6.
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Table 1: Total Heterotrophic Bacteria Count at Trans Amadi, Port Harcourt

Sample Location (CFU/M?)
Azuabie 3.6x10"
Market

Abuloma 2.2x10°
Jetty
Jenny & Jessy Street 2.9x10*
Mother-Cat 2.0x10°
Rivoc Road 1.3x10°
Royal Palm Estate 2.9x10*
Slaughter/Coca Cola 1.3x10°
Table 2: Total Enteric Bacteria Count at Trans Amadi, Port Harcourt
Sample Location (CFU/M?)
Azuabie 1.7x10°
Market
Abuloma 4.2x10°*
Jetty

Jenny & Jessy Street 5.1x10*
Mother Cat 8.9x10"
Rivoc Road 3.6x10*

Royal Palm Estate 3.1x10"

Slaughter/Coca Cola 1.6x10°

Table 3: Total Heterotrophic Fungi Count at Trans Amadi, Port Harcourt
Sample Location (CFU/M?)
Azuabie 7.6x10"
Market
Abuloma 6.7x10°
Jetty

Jenny & Jessy Street 4.9x10*
Mother Cat 6.9x10*
Rivoc Road 2.2x10°*

Royal Palm Estate 6.7x10°

Slaughter/Coca Cola 4.0x10*
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Table 4: Macroscopic and microscopic characterization of fungal species

Macroscopic characteristics Microscopic characteristics Probable sp

Initially white, which quickly turns ~ Smooth colored conidiophores and conida.  Aspergillus niger
to black The conidiophores are protrusions from a
septate and haline hyphae. The conidial
heads appear radial and they split into
columns (biseriate). The conidiophore
vesicle produces sterile cells known as
metulae which support the phialides on the
conidiophores
Spreading yellow-green colonies  Vesicles bearing phialides over their entire ~ Aspergillus flavus
surface, biseriate or uniseriate,
conidiophore stipes are hyaline and
coarsely roughened, conida are globose to
subglobose and pale green in color
Gray-green with a slight yellow Hyphae are septate and hyaline. Conidial Aspergillus
reverse heads are strongly columnar in an Sfumigatus
undisturbed culture. Conidiophores are
smooth-wallet, uncolored

Velvety green colonies, spreading  Short conidiophores with chains of single Penicillum sp
with white margin and yellow called conidia are produced in besipetal
bottom succession specialized conidiogenous cell

called a phailide produced singly in groups
or branched metulae, giving a brush like
appearance

Table 5: Biochemical test results of nine isolates and their identification

Presumptive Cat Oxidase Ind  Methyl Voges Citrate HS Mot
organisms red proskaur

Micrococcus sp + ve —ve —ve —ve + ve —ve +ve —ve
Klebsiella sp +ve —ve - ve —-ve +ve +ve —ve —ve
Streptococcus sp —ve —-ve —ve +ve —ve —ve -ve —ve
Pseudomonas sp +ve + ve —ve - ve —ve +ve —ve +ve
Staphylococcus + ve - ve -ve + ve + ve -ve —-ve —ve
Sp

Bacillus sp + ve - ve -ve + ve -ve + ve -ve +ve
Shigella sp +ve —ve +ve - ve —-ve -ve —ve
Enterobacter sp +ve —-ve —ve —ve + ve +ve —ve +ve
Escherichia coli + ve —ve + ve + ve -ve —ve -ve +ve

KEY: + ve = Positive,~ve = Negative, Cat = Catalase, Ind = Indole Production, HS = Hydrogen
sulphide production, Mot = Motility
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Table 6: Air pollutant concentration and weather conditions that existed at the time of sampling

Source: https://www.iqgair.com/nigeria/rivers/port-harcourt

Sample Min. Max Relative Cloud Wind CO NO NO, SO, O3 NH; PM25 PM10
Location Temp Tem Humidit Cover Speed (ug/m3) (ug/m3) (ug/m3) (ug/m (ug/m (ng/ (ug/m3) (ug/m3)
) p y®%) (%) (M/S) ) %) m’)
&S)
Azuabie 25 35 37 58 0.78 727.6 0.5 4.76 8.11 1144 23 57.01 126.4
Market
Abuloma 25 34 43 76 1.2 714.3 0.55 4.5 697 9298 23 50.57 119.2
Jetty
Jenny& 25 32 63 60 2.3 5874.6 2.35 33.24 12.04 131.1 23 498.96 61097
Jessy Street
Mother Cat 25 34 43 76 1.2 714.3 0.55 4.5 697 9298 23 50.57 119.2
Rivoc Road 25 35 63 60 2.3 5874.6 2.35 33.24 12.04 131.1 23 49896 610.97
Royal Palm 26 35 72 47 2.28 5554 19.0 58.26 14.19 38.62 23 386.6 488.5
Estate
Slaughter/ 25 34 53 70 1.79 867.8 0.64 5.06 6.8 79.39 23 55.94 125.6
Coca Cola
DISCUSSION fungi pathogens and the development of respiratory diseases in

In this study, the presence of airborne bacterial and fungal spores
in the atmosphere of Trans Amadi the City of Port Harcourt was
investigated. The study examines the public health risk of
atmospheric suspended microbial species redistribution on
ecosystem health, and human health due to the deterioration of
the ambient air. This research was mainly conducted to
determine the levels of microorganisms (mainly bacteria and
fungi) in seven selected sites at Trans Amadi industrial layout to
characterize them to species level. In addition, the present study
tends to determine the relationship of these airborne bacteria and

association to soot pollution. These respiratory diseases in the
city were reported in various hospitals. The outcome of the study
showed that there was abundance of microbial spores in the air of
the city although there were significant dissimilarities in the
number of bacteria and fungi among the various sites.
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The concentrations of bacteria and fungi are
found to be associated to the population, soot
pollution, industrial activities as well as
anthropogenic activities caused by humans.
This was concluded due to the fact that the
crowded sites with industrial activities which
also include vehicle movement was compared
to less industrial site Royal Palm Estate.

Human activities seem to be the highest
contributing factor to bio-aerosol
concentrations in the ambient air. These
occurs through sneezing, coughing talking and
shedding of debris from skin. Sneezing is the
most effective mechanism by which air borne
pathogens are easily circulated in their
millions in the air (Krishna, 2004). In
addition, the particulate droplet from sneezing
can increase bacterial and fungal spores which
could result and enhance the survival of these
airborne pathogens. Both humans, animals and
plant released fragments can contain different
microbial species. Human activity can
generate up to 5,000 bacteria per minute into
the ambient air (Smith, 2006). The highest
concentration of heterotrophic bacteria was
detected in the atmosphere of Abuloma Jetty
with 222222 converted to 2.2 x 10° CFUm™
with the use of Plate Count agar. This area
was known for legal and illegal hydrocarbon
activities with sailing-boats, rowing-boats,
jetty, small-boats, boats, narrowboats and
barges. The highest concentration of enteric
bacteria was recorded in Azuabie Market with
168888 converted to 1.7 x 10° CFUm™ with
the use MacConkey agar and the highest
concentration of heterotrophic fungi in the
atmosphere was recorded in same Azuabie
Market with 75555 converted to 7.6 x 10*
CFUm™ using Potato Dextrose agar. These
figures may be attributed to the population
density in the market and other activities
associated with distribution of goods and
services. Dong and Yao, (2010) reported a
threshold concentration value for culturable
air borne bacteria. There suggestion was 5000-
10000 CFUm™. The concentrations of bacteria
in all the sampled sites in this study exceeded

the suggested concentration of Dong and Yao,
(2010). However, caution should be taken
during the assessment of different studies due
to dissimilarities in geographical area, level of
environmental deterioration, season and time
of sampling, human actions, the media used
for cultivation, and meteorological dynamics
that can influence the growth of organisms
(Abdel Hameed et al., 2009; Dong and Yao,
2010). Nrior and Sampson, 2018 reported
several number of bacteria (200-8250 CFUm
observed in the morning and 2650-11850
CFUm™ observed in the evening in Port
Harcourt. The Port Harcourt city environment
is considered by being among the highest
density and intensity of human activity after
Lagos and Kano city. Furthermore, ten
bacterial species and four fungal species were
isolated from the outdoor air environment of
the seven sampled sites at Trans Amadi. The
level of culturable fungi was suggested as
5000-10000 CFUm™ by Dong and Yao,
(2010). The data of this study revealed that the
reported level of fungi in the sampled areas
are generally higher than the suggested value
limit by Dong and Yao, (2010). Based on our
findings, the value of certain physicochemical
factors is closely comparable, including the
temperature and humidity throughout the
whole study. These findings indicated that the
concentration of fungi might be due to human
population density and activities followed by
environmental contamination. The data from
this study revealed that Aspergillus niger,
Aspergillus flavus, Aspergillus fumigatus and
Penicillum sp., were the identified fungi
species in the atmosphere of these assessed
sites. Aspergillus niger and Aspergillus
fumigatus are usually associated with two
respiratory diseases in humans, which are
known as allergic and invasive aspergillosis.
These species seem to be the most recurrently
isolated airborne fungi species in several
cities. For example, the most frequent genera
of fungi isolated from hospital ambient air in
Nigeria were Aspergillus and Penicillum
Agwaranze et al., (2020). Similar Aspergillus
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and Penicillum was reported by Nrior and
Chioma, (2017). Study also revealed that the
genera Aspergillus, Penicillum, and Candida
were isolated from the outdoor air of Uyo
Urban area in Akwa Ibom State, Nigeria by
Ambrose et al., (2015). Adeyinka et al.,
(2020) used open plate sedimentation during
their study of microflora of fungi in outdoor
ambient air in Lagos State, Nigeria and
discovered that Aspergillus and Penicillum
spores are abundant in the atmosphere of
Lagos State. Thus, these findings are in
agreement with our findings. In addition, these
and our findings proposed that the possible
source of these fungi species is likely to be
related. However, a closer investigation of the
aforementioned sites revealed that some of the
environmental factors might differ. It is worth
mentioning that the concentration and
distribution of air borne bacteria and fungi
species among the various sampled sites were
not even or alike. Various environmental
factors can influence microbial presence in the
atmosphere. These factors include
temperature, humidity, wind speed, cloud
cover and human activities and population.
The type of media used for cultivation,
sampling location and height from which the
samples are collected can significantly
influence the concentration and distribution of
these air borne pathogens. A closer look at
these seven assessed sites revealed that there
were  high  similarities regarding the
aforementioned factors, with exception of
human population, and type of activities as
well as the deterioration of the atmosphere.
Therefore, the observed concentrations and
distribution of these airborne pathogens are
more likely due to human population density
and activities as well as due to the level of
anthropogenic activities in the assessed sites.
Based on the findings of this present study, a
small number of outdoor airborne bacterial
and fungal species were identified in the
selected sampled sites by using cultivation-
dependent methods. Therefore, it is probable
to guess that the exact number of the species

of bacteria and fungi in ambient air are likely
to be underestimated due to the fact that
cultivation method cannot cultivate all the
microbial species because there is abundance
of microbes that might not grow on agar plates
but rather can be identified using
metagenomics assessment. Several studies
concentrated on aquatic and soil environment
for antibiotic resistant genes because these are
regarded as essential reservoirs of antibiotics
resistant genes due to their direct association
with human events. Although airborne
antibiotic resistant genes may be linked to a
known source, numerous studies proposed that
the microbial community in the source might
be different from those in atmospheric
environment (Lin et al., 2018; Yoo et al.,
2020). Several studies also recounted the
abundance of aerosolized Pseudomonas and
Staphylococcus in the air that can survive
harsh atmospheric environment (Gauthier-
Levesque et al., 2016; Perrott et al., 2013).
Pathogenic organisms and antibiotic resistant
genes in bio-aerosol are Dbelieved to
intermingle with each other. Research also
stated that pathogens such as Pseudomonas
and Klebsiella contain antibiotic resistant
genes that can cause meningitis, pneumonia,
bacteremia, corneal inflammation, and eye
antibiotic resistance. Furthermore, prospective
pathogenic organisms such as E. coli,
Pseudomonas and Staphylococcus which are
mostly detected in the ambience, and reported
in this study can contribute to the airborne
distribution of antibiotic resistant genes, and
their transmission of antibiotics resistance
gene through horizontal gene transfer has also
been reported by (Kalwasinska and
Burkowska, 2013; Yu et al., 2021; Hsu et al.,

2022). Aerosol bacteria are believed to
possess multi-drug  resistant  capabilities
(Dijkshoorn et al, 2007), besides their

increase in human respiratory diseases is
hypothetically connected to the prevalence of
biological aerosol and antibiotic resistant
genes ascending through horizontal gene
transfer (Wang et al., 2014).
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Although, substantial data on direct antibiotics
resistant gene infection through biological
aerosols is limited, but it is continually stated
in several studies that inhalation through the
respiratory tract is the main route through
which antibiotics resistant genes enters the
human body (Wei and Li, 2016; Wang et al.,
2019; Asadi et al., 2020). The detection of
airborne distribution of antibiotic resistant
genes usually originate from the direct
emission of antibiotics resistant bacteria or
their reaerosolization due to natural airstreams
and various anthropogenic activities Li et al.,
(2018). Airborne inhalation of antibiotics
resistant genes is usually affected by the
particulate matter concentration, antibiotics
resistant gene, horizontal gene transfer, and
environmental deposition (Jin et al., 2021; Xie
et al., 2018; Xie et al., 2019; Xie et al., 2021).
Several studies proposed that airborne
particulate matter is a unique pathway for the
environmental distribution of antibiotics
resistant genes, and their results show that
multiresistant plasmids of pTAir-3 (containing
26 horizontal gene transfer and 10 antibiotics
resistant genes), which promotes horizontal
gene transfer, can possibly spread antibiotic
resistance  through conjugative transfer
induced inhalable particulate matter (Ling et
al., 2013; Zhou et al., 2021). Furthermore,
particulate matter can selectively increase the
pathogen levels, through anthropogenic
activities like soot pollution and such
pathogens are more likely to rapidly spread
antibiotic resistance. This study showcases the
abundance of microorganisms in deteriorated
ambient air. The study recorded diverse
bacterial and fungal species adapting to soot
pollution which can lead to modification of
their structural characteristics which can make
them more virulent and pathogenic to human
hosts. The bacterial species identified are
Micrococcus sp., Klebsiella sp., Streptococcus
sp., Pseudomonas sp., Staphylococcus sp.,
Bacillus sp., Shigella sp., Enterobacter sp.,
and Escherichia coli, while the fungal isolates

are Aspergillus niger, Aspergillus flavus,
Aspergillus fumigatus and Penicillum sp.
Association between these microbes and
pollutants can further escalate the burden upon
the Rivers State government and the Nation at
large. The rapid response to the 2014-2015
EVD in Nigeria by Government provides a
good template for addressing the current
environmental menace in Port Harcourt and
the entire Niger Delta region. There is need
for policy makers to make regulations
concerning indoor and outdoor bio-aerosol
limit in Nigeria due to public health
implications that will pave a way for proper
legislative frame work to regulate and
implement environmental protection laws with
enforcement of prosecuting offenders for
public health improvement.

CONCLUSION

In this study, the outdoor bacteria and fungi
concentrations at Trans Amadi were
determined. The study results can be
summarized that the presence of biological
aerosols in Port Harcourt and their association
with anthropogenic activities and soot
pollution can be linked as the cause of various
human  diseases covering not only
infectious/respiratory symptoms but also
cancer. Result of this study revealed that
ambient air in Port Harcourt is highly
deteriorated by biological aerosols of bacterial
and fungal spores. Continuous exposure to this
biological aerosols and soot in Port Harcourt
poses a significant health risk among
residents. Future work to examine the factors
that predict the cycles of microbial spore
abundance in the air may pave way for
reliable information to public health agencies.
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