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ABSTRACT

This study assessed the levels of air pollutants emitted outdoor of farm settlements (FS), the seasonal
and temporal variations, and the relationship among the parameters monitored. Seven FS within Ogun
State were investigated, with 211 sampling points established across the FS. The concentrations of
VOCs, SO, NO2, CO, O3, NHz, CO,, TSP, PM2s and PM1o were monitored in replicates using active
potable samplers while bacteria and fungi were isolated using settle plate technique. Descriptive
(means and standard deviation) and inferential statistical tools (Pearson correlation) were used to
analyse the data. The mean ranges of VOCs, CO and CO: (ppm); 20.8+£10.53 - 48.67+19.05,
17.9546.65 — 21.5+3.93, 3562.15+1200.85 - 4266+1176.85, and for bacteria and fungi (cfu/m3);
548.98+1.18 — 2255.01+1.27 and 525.68+1.15 — 1282.38+1.27 respectively were above the threshold
limits. There were significant seasonal, spatial and temporal differences among observed means of
VOCs, CO; O3, TSP, PM2s, and fungi. The bacteria and fungi count increased as TSP, PM2s and
PMo increased. The study established that levels of air pollutants are dependent on the type of farm-

ing practice.
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INTRODUCTION
Extensive agricultural processes involve de-
forestation, slashing and burning, fertiliza-
tion, the introduction of agrochemicals,
vaccines, antibiotics, antimicrobials, pro-
cessing and packaging of farm produce for
sale (Bhandari, 2014) and mostly from bad
farming practices (Harizanova-Bartos and
Zornitsa Stoyanova, 2018). At some in-
stances, massive mechanization and labour

may be included. According to Rohila et al.
(2017), farming has a more significant impact
on the environment than any other single
human activity. Hinz (2002) reported that
agriculture is the source of various materials
that can affect all compartments of the eco-
system (air, water, soil, plants and humans),
while at the same time acting as the receptor
of many contaminants from different envi-
ronmental sources. The nexus that exists be-
tween agriculture and the environment is
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highly sophisticated than typically predicted
in chain-emission exposure and impact
transmission. Aneja et al. (2009) reported
that in the United States, agricultural emis-
sions play an essential role in multiple envi-
ronmental and public health issues process-
es with consequent impact on local and re-
gional environmental quality. Nevertheless,
Jager (2005) and Arslan and Aybek (2012)
identified significant hazards resulting from
organic and inorganic particulates, contami-
nants, pollutants, and infectious agents
(including public health concerns from the
burden of bio-aerosol emissions from farm
buildings). Seedorf (2004) believed that
these emissions play critical roles in respira-
tory disorders in those living near animal
industries, which can be transmitted from
and via animal houses (Schulz et al., 2005).

FAO (2015) noted the global impacts of fire
land clearing, plant residue burning; live-
stock methane; fertilizer and manure nitrous
oxide; and manure and urine ammonia,
which caused air pollution in tropical re-
gions far from the emission sources. The
studies of Dungan (2010) and Samadi et al.
(2013) on different agricultural activities,
especially animal husbandry and veterinary
practices with particular reference to atmos-
pheric pollutants including microorganisms
transport through the air have confirmed
occupational risk to farmers residing around
livestock buildings for pig, cattle and poul-
try farms (Eisenberg et al., 2010; Sowiak et
al., 2011; Brodka et al., 2012).

Hence, with the recent trend in the out-
break of air-related diseases especially those
of animal origin, and consistent lowering in

living standards, there is the need to assess
the levels of air pollutants in farm settle-
ments. Since previous studies have indicated
probable air pollutants related to agricultural
systems and activities, this study identified
the specific agricultural activities in each FS,
monitored outdoor air pollutants levels and
relate such pollutants to the main agricultural
practice in the specific FS.

MATERIALS AND METHODS

Description of the study area

Ogun State was created in 1976 and located
in the Southwest region of Nigeria. It bor-
ders Lagos State to the South; Oyo and
Osun States to the North; Ondo to the
Southeast; and the Republic of Benin to the
Northwest, and lies on latitude 7°00"N and
longitude 3°35°E. Abeokuta is the capital
and the largest city in the State. The total
population of 3,751,140 residents was regis-
tered in 2006, comprising 1,864,907 males
and 1,886,233 females (NPC, 2006) occupy-
ing a land area of 16,409.26 kmz2. The State is
blessed with a favourable climate and good
vegetation throughout the year with ever-
green forest vegetation and soil suitable for
growing cash and food crops such as oll
palm, rice, kola nut, cocoa, cassava, cocoyam
and vegetables in the southern part of the
State; while in the north, there is a large sa-
vannah region suitable for animal husbandry
(OGSG, 2017). There are eight farm settle-
ments distributed across the State. These
include Ado-Odo, Ago-lwoye, Ajegunle,
Coker, Ibiade, Ikenne, Illewo-Orile, and
Sawonjo. All the FS except llewo-Orile were
selected for this study (Figure 1) because as
at the time of this study, the llewo-Orile FS
was not in operation.
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Fig. 1: Map of Ogun state showing the locations of selected farm settlements

Sources and types of data

In this study, both secondary and primary
data sources were employed. Secondary da-
ta was collected from Farm Officers em-
ployed by the Ogun state government, and
it included all necessary and available infor-
mation about each farm settlement. In con-
trast, the primary data sources included in-
formation collected through observation,
field measurements and laboratory analysis
concerning the objectives.

On-site observation

A walk-through and on-site physical obser-
vation of the FS was carried out to ascertain
the information given by the Farm officers
on the type of agricultural activities.

Air quality monitoring

Air quality monitoring was conducted for
the dry season (December 2017 and Febru-
ary 2018), wet season (May and July 2018);

between 8 am — 10 am for morning and 5
pm — 7 pm for the evening samplings. Meas-
urements were taken at 5 minutes intervals
during the two-hour monitoring. Active
hand-held in-situ samplers were used for
both the gaseous pollutants and PM moni-
toring. The Thermo Scientific MIE pDR-
1500 model particulate counter has three
cyclones specific for each particle size (TSP,
PMio, PM25) cut-off. Each of the parameters
was monitored after changing the filter paper
to take a new reading at different sampling
points. The equipment was adequately set-up
before sampling to ensure the accuracy of
the readings displayed.

Bioaerosol sampling

Two types of solid media — Nutrient Agar
(NA) for bacteria and Potato Dextrose Agar
(PDA) for fungi were prepared according to
manufacturer’s specifications and poured
into labelled 92 mm Petri dishes. The NA
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was enriched with glucose, and PDA was
supplemented with antibiotics to inhibit the
growth of unwanted organisms). These me-
dia were left open for 30 minutes for gravity
settling/collection (sedimentation/open
plate) of bioaerosol at the height of 1 m
from the floor and at a distance of about
1m from the wall or any object as described
in Napoli et al. (2012). The main precaution
taken during the sampling time was to avoid
talking, sneezing and walking. The dishes’
lids were replaced at the end of the expo-
sure period. The plates were transported in
a clean container to the laboratory and incu-
bated at 37°C for 18-24 hours for bacteria
and 27°C for 48-72 hours for fungi
(Wemedo et al., 2012). The number of colo-
nies expressed as CFU m -3 was calculated
by using the Koch’s sedimentation method
of Settle Plate Technique (Polish standard
89/204008/08) described by Stryjakowska-
Sekulska et al. (2007) and Morakinyo et al.
(2015).

Methods of data analysis

Data were manipulated for descriptive and
inferential statistical analysis. Descriptive
statistics such as mean = standard deviation
(SD) and range were used to summarize
data. Inferential statistics observed were
analysis of variance to identify significant
variations, t-test to test for variation be-
tween seasons and time of monitoring and
Pearson correlation matrix to assess the re-
lationships among monitored parameters
during the different seasons at both 0.01
and 0.05 confidence levels.

RESULTS
Agricultural activities across the FS
In terms of land area the FS are in this or-
der Ado-Odo > lbiade > Ago-lwoye =
Sawonjo > lkenne >Ajegunle > Coker.
The Coker FS, which has the least land area,

has the highest number of settlers. Ado-
Odo, Sawonjo and Coker FS deal majorly in
crops especially cassava and other staple
crops. The settlers in Ado-Odo and Ikenne
FS also deal with cash and tree crops like
cocoa, rubber and timber. Palm oil produc-
tion is common at Ado-Odo, Sawonjo and
the largest scale is at Ibiade. Considering ani-
mal production, the largest scale of poultry
production is at Ikenne, while the largest pig-
gery production is at Ajegunle and small
scale piggery is at Ago-lwoye.

Gaseous pollutants levels

The mean values for gaseous pollutants
across the FS are presented in Table 2. The
highest ~ concentrations  for  VOCs
(48.67+£19.05 ppm) and NH; (0.44%0.27
ppm) were observed at lkenne, for NO;
(0.13+£0.24 ppm) at Ajegunle, CO;
(4266+1176.85 ppm) and SO, (0.02+0.08
ppm) at Sawonjo, and for CO (21.5+3.93
ppm) was at Ibiade. The maximum limits of
FEPA (1991) for VOCs, and WHO (2005)
for CO, and ASHRAE (2010) for CO;,, were
exceeded at all the sampled locations. How-
ever, only lkenne exceeded the limit of
FEPA (1991) for NHs. There are significant
variations among the values recorded across
the locations at different sites of monitoring
for VOCs at p < 0.05. The seasonal levels of
gaseous pollutants (Table 3) shows that the
highest for VOCs, CO, and CO; were ob-
served during the wet season while the high-
est NH; was recorded during the dry season.
It was also noted that there were significant
variations (p > 0.05) in the means of VOCs,
COy, O3 and fungi across the season. Table 4
shows the concentration of pollutants be-
tween the time of monitoring. VOCs, NHjs,
and NO; displayed the highest values in the
morning while CO and CO, displayed the
highest in the evening. A significant differ-
ence was observed only in the means of Os.
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PM pollutants levels

The highest particulates levels across the FS
(Table 2) for TSP (47.05+24.09 pg/m3) was
at Ikenne, while for PMyo (18.31+£12.6 pg/
m3) and PM,s (17.43+8.6 ppm) were at
Coker. There are significant variations
among the values recorded across the loca-
tions at different sites of monitoring for
TSP, PMy, PMys at p < 0.05. Table 3
shows that the highest particulate matter
levels were observed during the dry season.
Besides, the temporal concentrations of PM
(Table 4) shows that TSP and PM,s dis-
played the highest in the evening while
PMyo had the highest in the morning. There
was no significant temporal variation
among the average values of particulate
matter measurements. Tables 5 and 6 pre-
sent the relationships among the parameters
during the wet and dry seasons, respective-
ly. The associations observed during the dry
season were significant and positive but
low. The strong positive and significant cor-
relations were among TSP and PMyg (r2 =
0.822; p<0.01) and TSP and PMys ((r2 =

0.909; p<0.01), TSP and Bacteria((r2 = 0.310;
p<0.01) during the dry season.

Bioaerosol pollutants levels

The highest Bacteria (225.01+1.27 CFU/
m3), and fungi (1282.38+1.27 CFU/m3) were
recorded at lkenne (Table 2); also, all the
locations had bacteria and fungi loads above
the threshold of AIHA (2001) of 500 cfu/
m3. There were significant differences in the
mean values of fungi across the FS at p <
0.05. The highest bacteria and fungi were
observed during the wet season (Table 3).
There are significant seasonal variations
among the mean values recorded in fungi
load at p < 0.05. Table 4 shows that bacteria
and fungi displayed the highest in the even-
ing. There was no significant temporal differ-
ence observed in the mean bioaerosol load.
Figures 2 - 4 show a directly proportional
relationship among particulate components
and bio-aerosol load. In other words, the
higher the concentration of TSP, PM;, and
PM_s, the higher the bacteria and fungal
load.
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Table 1. Major crops and activities in FS

Local Govt

FS

Observation and Information

Ado-Odo

Ikenne

Ago-lwoye

Yewa North

Ogun Water-
side

Abeokuta
South

Ifo

Ado-Odo

Ikenne

Ago-lwoye

Sawonjo

Ibiade

Ajegunle

Coker

The Ado-Odo FS is situated within the Ado-Odo/Ota
Local Government (LG) on 6°41'N 3°41'E. This FS is
the largest with about 3190 hectares of land and about
100 houses. The settlers’ deal majorly in crop produc-
tion such as cocoa, kola nut, palm oil, cassava, timber,
maize and vegetables with small scale animal produc-
tion.

The Ikenne FS is situated within the Ikenne LG on 6°
52'N 3°43'E. This FS has about 835 hectares of land
and about 22 houses. The settlers’ deal in poultry pro-
duction on a very large scale and rubber plantation.

The Ago-lwoye FS is situated within the Ijebu North
LG on 6°57'N 4°00'E. This FS has about 1508 hectares
of land and about 52 houses. The settlers’ deal in large
scale Cassava production with medium-scale poultry
and piggery production.

The Sawonjo FS is situated within the Yewa North LG
on 7°14'N 3°02'E. This FS has about 1508 hectares of
land and about 62 houses. The settlers’ deal in large
scale Cassava production with medium scale palm oil
production.

The Ibiade FS is situated within the Ogun Waterside
LG on 7°00'N 3°35'E. The LG is a coastal and bound-
ary community. This FS has about 1600 hectares of
land and about 35 houses. The settlers’ deal in large
scale cassava and other seasonal crops with extremely
large scale palm oil production.

The Ajegunle FS is situated within the Abeokuta Soth
LG on 7°9'39"N 3°20'54"E. This FS has about 497
hectares of land and about 63 houses. The settlers’ deal
in large scale cassava and other seasonal crops with
large scale piggery.

The Coker FS is situated within the Ifo LG on 6°49'N
3°12'E. This FS has about 473 hectares of land and
about 120 houses. The settlers’ deal in large scale Cas-
sava and other seasonal crops.
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Fig. 2: Relationship among concentration of TSP, bacterial and fungal load
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Fig. 3: Relationship among concentration of PM, bacterial and fungal load
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Fig. 4: Relationship among concentration of PMz5, bacterial and fungal load

DISCUSSION
The various sites have peculiarities in loca-
tion, the predominant agricultural activities
and different kinds of emissions observed.
Ajegunle FS is situated close to the express
road with a nearby quarry site and heavy-
duty trucks in and out of the quarry sites
increasing the vehicular gaseous emission in
the FS. Important gases produced from ve-
hicular emissions are VOCs, TSP, SO,
NO; and CO, which can have adverse ef-
fects on the exposed population (Ingle et al.,
2005). VOC:s are critical surface ozone pre-
cursors (Li et al., 2017). Ibiade is character-
ized by large scale palm oil productions that
require burning of wood for fuel. Wood
burning is a dirty cooking energy source
which produces elevated concentrations of
CO;,, NO; and CO in the indoor and out-
door environment. According to Ohimain
and lzah (2013), palm oil production re-
quires boiling and digestion activities. Ibiade

being a border town and very close to water-
fronts, has the tendency of increased humidi-
ty which support the growth of fungi as cor-
roborated by the findings of Afzal et al.
(2004).

Ikenne is a very small FS and highly congest-
ed, in addition to storage of poultry feed in-
door and nearby scattered animal houses.
These observations further justified the ele-
vated concentrations of TSP, PMj, and
PM_s which is in line with the studies of Xu
et al. (2016) in China; Winkel et al. (2016) in
the Netherlands and Mostafa et al. (2016) in
Germany. High NHs; concentrations were
also reported outdoors, possibly due to large
-scale animal husbandry, which is known to
account for most of the total emissions of
ammonia. The highest level of pollutions
from the agricultural sector is by methane,
ammonia and carbon dioxide (Harizanova-
Bartos and Zornitsa Stoyanova, 2018). Am-
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monia is released majorly from the birds
through the excretion of unused nitrogen in
the form of 80% uric acid, 10% ammonia,
and 5% urea (Karimi, 2017). Ammonia gas
reacts with moisture to form a simple, cor-
rosive solution called ammonium that can
damage birds and humans by corroding the
respiratory tract of chickens, thereby para-
lyzing or even destroying the epithelial cells.
Under such conditions, the cilia can not
clear the mucus on the mucosal surface of
the trachea and thus trapping bacteria, en-
tering the lungs or air sacs and causing in-
fection (Karimi, 2017). High bacteria load in
Ikenne is probably as a result of the intense
animal husbandry as corroborated by Zuck-
er et al. (2000) who reported diverse bacteria
isolated in animal houses; and presence of
animal pets especially dogs increase the bac-
terial load (Dunn et al., 2013). According to
Harizanova-Bartos and Zornitsa Stoyanova
(2018), the biggest environmental polluters
in livestock husbandry are cattle-breeding,
buffalo-breeding, the pig sector, sheep and
goat farming. It appears that three locations
(Ikenne, Ago-lwoye and Ajegunle) where
extensive and large scale animal husbandry
is predominant showed increased outdoor
bacterial concentration, while fungal con-
centration reduced in the outdoor relative
to indoor. In the urban areas, the presence
of factors of globalization; industrialization
and transportation have been studied exten-
sively and proven as the significant sources
of air pollutants (Power et al., 2014). These
factors are relatively absent in rural areas,
although there exist other activities which
tend to emit and increase the ambient con-
centration of air pollutants (Oyebaniji et al.,
2016). The global health burden from air
pollutions falls largely on the rural populace
(Karambelas et al., 2018) where agriculture
is the predominant occupation.

Higher concentrations of CO; exceeding the
ASHRAE (2010) permissible limit across all
monitored locations, seasons, time and site
(indoor/outdoor) is probably due to indirect
emissions from deforestation and land culti-
vation and soil preparation (Gilbert, 2012).
CO; are likely to impact global climate and
the growth, biology, and chemistry and me-
tabolism of plants (Dusenge et al., 2019).

The location-based analysis revealed that CO
concentrations at all the farm settlements
exceeded that threshold limit. This might not
be unconnected to the various household
cooking activities (Oyebanji et al., 2013);
slashing and burning of unwanted plants
(Rohila et al., 2017) and tractors usage
(Rashid et al., 2013). CO is a noxious gas
whose existence affects the levels of other
greenhouse gases including carbon dioxide,
methane and tropospheric ozone by interact-
ing easily with the hydroxyl radical (OH) to
form stronger greenhouse gas CO,).

Considering particulate matter concentra-
tion, only Ikenne exceeded the PM;5 thresh-
old limit.

Due to the ability of PMys to penetrate un-
filtered into the lungs and blood vessels, in-
halation of this fine particulate matter can
cause severe respiratory disease and heart
disease aggravating disease, leading to irre-
versible DNA mutations, heart attacks and
subsequent death (Ojekunle et al., 2018). The
study by Raaschou-Nielsen et al. (2013)
across  seventeen  European  countries
showed a significant association between risk
for lung cancer, PMyo and PM3s.

The relationship recorded among the partic-
ulate matter (TSP, PMyo and PM;s) and bio-
aerosols (bacteria and fungi) clearly show
that the contents of particles are diverse. Alt-
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hough the pathogenicity of the bacteria and
fungi isolated was not determined, Kalisa et
al. (2019) already ascertained that significant
and dominant fractions of airborne PM are
bio-aerosols.  Similarly, bio-aerosol levels
are usually determined by the levels of par-
ticulate matter as reported by Grzyb & Le-
nart-Boron (2019).

CONCLUSION

This study monitored the ambient concen-
tration of gases, particulates matter and bio-
aerosol load within farm settl#ements dur-
ing the wet and dry seasons respectively,
including the morning and evening. The
burden of gaseous and particulate pollutants
was assessed using potable hand-held active
air samplers while bio-aerosols were isolated
following gravity settling and standard plate
-count procedure. The mean concentrations
of VOCs, CO,, CO, bacteria and fungi
across all the sampled locations were above
the standard threshold, while only Ikenne
exceeded the standards NHs;. There were
significant positive relationships among the
PM microns monitored and bio-aerosol
concentration. The levels of air pollutants
varied across the FSs due to the different
farming expertise across the settlements.
Gaseous pollutants were higher in FS with
extensive crop farming and processing
while particulate matter and bio-aerosols
were relatively higher in FS with extensive
animal husbandry and related activities.
Farmers should be advised to protect them-
selves with the use of nose mask against
direct inhalation of air pollutants during
their daily work. There is a need to reduce
burning activities, locate farm produce pro-
cessing generating air pollutants away from
the residences and maintain proper hygiene
practices when handling animals.
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