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Abstract 

This study monitored particulates, gaseous and bio-aersosol pollutants in 211 indoor sites 

across residential farm settlements in Southwestern, Nigeria between December 2017 to 

July 2018 covering dry and wet seasons. Gaseous and particulate pollutants were monitored 

with potable active air samplers for gaseous and particulates, and open-plate 

sedimentation technique for bacteria and fungi. Data were analyzed using both descriptive 

and inferential statistics (Duncan multiple range test) at p ≤0.05. The mean seasonal range 

were: CO (9.22±2.14 – 21.5±3.39 ppm), CO2 (3093.84±603.71 – 4687±1868.06 ppm), PM2.5 

(9.27±5.89 – 25.44±8.99 µg/m3), bacteria (202±1.13 – 2770.24±1.27 CFU/m3) and fungi 

(216±1.13 – 1530.08±1.27 CFU/m3) while the temporal ranges were NO2 (0.03±0.05 – 

0.11±0.14ppm), NH3 (0.05±0.05 – 0.15±0.27ppm), PM10 (15.73±7.66 – 35.82±18.28 µg/m3), 

bacteria (35657.6±18362.4 – 45953.2±8591.07 CFU/m3) and fungi (40477.8±21632.8 – 

47913.8±22534.9 CFU/m3).The highest VOCs, NH3, CO2, PM10 and fungi were observed 

during the wet season while CO, CO2, SO2, TSP, PM10 and PM2.5 displayed the highest in the 

evening time. Mean VOCs, NH3, CO, O3, CO2, PM10, PM2.5, Bacteria and fungi showed 

significant variation with season while VOCs, CO, NO2, and TSP varied significantly with 

time. Settlements with extensive animal husbandry displayed higher NH3, TSP, PM10 and 

PM2.5, bacteria and fungi load in contrast to where extensive cropping is common. Further 

research to ascertain the species of bacteria and fungi isolated to serve as early warning 

system against epidemics is recommended. 
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Introduction 

Extensive agricultural activities is an 

important source of air pollution due to 

large scale emission from livestock 

buildings, manure storage facilities, 

manure spreading and even free range 

systems. Grain processing, fruit and 

vegetable sorting, meat packaging and 

processing and other types of post-harvest 

operations in the conventional agricultural 

production practices; in addition to agro-

industries have resulted in the emission of 

various pollutants especially particulates 

of diverse dimensions (Hartung, 1994).  

Hartung et al. (1990) and Ecetoc, (1994) 

identified agricultural gaseous pollutants 

such as ammonia, methane and nitrous 

oxide as contributing to soil acidification 

and global warming. Apart from 

environmental pollution, the health of 

farmers and animals may be compromised 

due to regular bio-aerosol emissions from 

farm buildings and endo-toxins emission 

from animal houses (Hartung, 2005) 

which play critical roles in respiratory 

disorders in people living in the vicinity of 

animal enterprises (Seedorf, 2004) and 

thereby be transmitted between poultry 

houses and farms through the air (Schulz 

et al., 2005). 

Hence, with the current shift in 

attention to agriculture due to the national 

economic recession, inadequate 

employment opportunities for youth and 

lack of both experience and skill, there is 

tendency that the achievement of 

Sustainable Development Goals (SGDs) 

and global one health might become a 

mirage if this aspect of industrial 

development and advancement is not 

adequately monitored.  

This study will serve as baseline report 

on the quality of indoor air within farm 

settlements because low attention is 

placed on agricultural impact on air 

relative to same on water and soil. It is 

important to assess agriculture as an 

industry which has potential to impact 

negatively on environment and health 

exactly with the same eye by which 

industrial and vehicular emissions in order 

not to underestimate any of the 

environmental media.  

 

Methodology 

Description of Study Area 
Ogun State in South-western Nigeria 

was created in 1976 bordering Lagos State 

to the South, Oyo and Osun States to the 

North, Ondo to the East and the Republic 

of Benin to the West. The state lies 

between latitude 6.9075° N and longitude 

3.5813° E. Total population of 3,751,140 

residents (1, 864, 907 males and 1,886,233 

females)  with a land area of 16,409.26 

km2. The State is endowed with a 

favorable climate and soil suitable for the 

cultivation of cash and food crops (OGSG, 

2017). Farm Settlement Scheme (FSS) is 

modeled following the Israeli 

Moshavim’s concept (Adegeye, 1974) 

involving acquisition of large expanse of 

land and demarcation of same by the 

government in order to promote rural 

development, provide farmers with 

resources and land for commercial farm 

operations and increase their standard of 

living in a cost-effective manner. 
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Fig. 1: Farm settlements and control site 

 

Study Design and Sampling Technique 
There are eight locations comprising 

seven residential farm settlements and a 

rural settlement as Control was 

purposively selected. A total of 211 indoor 

sites based on the Yamane (1967) formula 

were selected systematically from farm 

settlements by random picking especially 

those of willing occupants: 

 

� =
�

�� + ���	
 

 

where n is the sample size, N is the size of 

population (454) and e is the error of 5 % 

point (0.05). 

Meteorological Parameters Monitoring 
The temperature and relatively 

humidity at each sampling points were 

measured using the appropriate in-situ 

equipment as listed on Table 1. 

Air Quality Monitoring 
Seasonal (December, 2017 - February 

2018; May - July, 2018) and temporal (8 

am – 10 am; 5pm – 7pm) air quality 

samplings were carried out. During the 2 h 

monitoring, measurements were taken at 

5 min intervals. All equipment was 

adequately calibrated before sampling and 

following standard procedures. The 

instruments used for the measurement of 

the air quality parameters are presented in 

Table 1. 
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Table 1: Types of Equipment and Uses 
Equipment      Parameters 

Sulfur dioxide meter Z-1300 SO2 

Nitrogen dioxide meter Z-1400 NO2 

EXTECH Instruments CO 

GRI Instruments Co. Ltd (JY15090019) WASP-XM O3 

TVOC SP 2000 (15063564) VOCs 

Industrial Scientific iTX Multi-Gas Monitor  

Tester iSP Sample Pump 

 

NH3, CO2 

BGI Instruments Thermo Scientific pDR 1500 (0115248103) TSP, PM2.5, PM10 

 

Bio-aersosol Sampling 
The sedimentation/open plate 

technique using prepared sterile Nutrient 

Agar enriched with glucose and Potato 

Dextrose Agar supplemented with 

antibiotics for the isolation of bacteria and 

fungi respectively poured in labeled petri-

dishes following Napoli et al. (2012) and 

incubated following the Wemedo et al. 

(2012) techniques. The number of 

colonies expressed as cfu/m3 was 

estimated using the Settle Plate Technique 

according to Koch’s sedimentation 

method of (Polish standard 89/Z04008/08 

and described by (Morakinyo et al., 2015) 

as: 

 


��/�� =
� × 10,000

� × � × 0.2
 

 

a = number of colonies counted on the 

Petri plate, p = the surface area of the Petri 

plate in cm2, t = time of exposure of the 

Petri plate in minutes.  

 

Data Analysis 
Data were analyzed using simple 

descriptive (means, standard deviation 

(gaseous and particulate) and standard 

error (bio-aersosols) and inferential 

statistics (analysis of variance using 

Duncan Multiple Range Test as Post Hoc). 

 

Results and Discussion 

Meteorological Conditions of Sampled 

Indoor Locations 
The generally low temperature and 

high humidity (Figure 2) may be due to 

leaks in the buildings and the presence of 

forest plants usually characterized by rural 

areas. Indoor temperature and humidity 

levels are the key determining factors of 

the overall behaviour of air pollutants in 

terms of stability and dispersion 

(Camuffo, 2014). Leaky roof and high 

moisture content demonstrated by high 

percentage of humidity have been 

identified as important risk factors for the 

increased population of indoor fungi and 

sick building syndrome corroborated by 

trend reported by CCOHS, (2009).  
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Fig. 2: Meteorological conditions of indoor air in sampled location. 

 

Seasonal and Temporal Gaseous, 

Particulate and Bio-aersosol Pollutants 
Table 2 and 3 displayed the seasonal 

and temporal concentrations of the 

parameters monitored. The mean 

concentration of VOCs varied from 

24.02±13.18 ppm in the evening at Ado-

odo to 51.45±11.09 ppm in the morning at 

Ajegunle. All the locations including 

control and during both time of 

monitoring exceeded the FEPA (1991) 

threshold limit of 3 ppm implying that the 

source of VOCs in the indoor environment 

is not really extensive agricultural 

activities. VOCs are known to degrade air 

quality while their oxidants are threats to 

both ecosystem and human health (Molina 

et al., 2007). The high values measured in 

this study may be due to the effect of 

organic constituents of farm materials like 

tobacco smoke, chemicals and fertilizers 

which can affect humans through 

inhalation (ATSDR, 2001). Prolonged 

exposure to VOCs may lead to acute 

(conjunctivitis, irritation, nose and throat 

discomfort, headaches, sleeplessness, 

allergic skin reaction, nausea, fatigue and 

dizziness) and chronic effects such as loss 

of coordination, leukemia, anaemia, 

cancer, cancer and damage to liver, kidney 

and central nervous system (Kim et al., 

2001; Pohl et al., 2003).  

Although, this study reported 

considerably low levels of O3, it is worth 

noting that O3 can react with some 

unsaturated hydrocarbons to form 

secondary pollutants which are more 

irritating than the original reactants (Rohr 

et al., 2003). 

The lowest NH3 (0.01±0.03 ppm) was 

measured in the evening at Ibiade, in 

contrast the highest was measured in the 

morning at Ikenne and turning out to be 

the only location to exceed the permissible 

limit (0.28 ppm) during both the morning 

and evening monitoring. The threshold 

limit value of NH3 (0.28 ppm) of FEPA 

(1991) was exceeded only during the wet 

season at Ikenne. Generally, the wet 

season values were higher than dry season 

across all the locations. The lowest NH3 

(0.01±0.03 ppm) was measured in the 

evening at Ibiade, in contrast the highest 

was measured in the morning at Ikenne 

and turning out to be the only location to 

exceed the permissible limit (0.28 ppm) 

during both the morning and evening 

monitoring.   

The highest (21.5±3.39 ppm) mean 

CO concentration was observed at Ibiade 

during the dry season, while the lowest 

(9.22±2.14 ppm) was at the Control during 

also the dry season. All the locations 

except Control exceeded the threshold 

limit WHO (2005) of 10 ppm, there are 
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significant variations among the values 

measured during both seasons.  

The high CO concentration 

determined during the wet season might 

not be unconnected to the high moisture 

content of wood usually used as cooking 

fuel for household, farm produce 

production and processing in the indoor 

environment (Oguntoke et al., 2010). 

Nevertheless, the low levels measured 

during the dry season exceeded the 

permissible standard. Consequently, this 

might be due to the use of coal, biomass in 

the form of wood, dung and crop residues 

in rural areas (Oyebanji et al., 2013) and 

developing countries which are typically 

characterized by incomplete combustion 

(Bruce et al., 2000).  

The mean values monitored for CO2 

were generally higher than threshold 

standard of 1000 ppm set by ASHRAE 

(2010), especially during the dry season. 

The mean values of the CO2 were 

predominantly high in the evening.  CO2 

is usually not considered a pollutant but it 

is used as a proxy to measure ventilation 

efficiency and quality. The extremely high 

values of CO2 measured in this study may 

be an indication of insufficient ventilation 

and congestion in the study area in the 

residences. NO2 was not detectable 

(<0.01) at Sawonjo and Control site 

during both seasons, and at Ibiade only 

during the dry season. The observed value 

varied from 0.03±0.1 ppm at Ibiade during 

the wet season to 0.18±0.25 ppm at 

Ajegunle during the dry season. The 

observed value varied from 0.03±0.1 ppm 

at Ibiade during the wet season to 

0.18±0.25 ppm at Ajegunle during the dry 

season. The threshold standard (0.04 ppm) 

of WHO (2002) was exceeded at different 

times at Ado-odo, Ikenne, Ago-iwoye and 

Ajegunle.  

The mean SO2 were generally below 

detectable limit (<0.01 ppm) and were 

within the WHO, (2000) however, Coker 

during the wet season and evening had 

0.02 ppm and 0.03±0.09 ppm respectively 

which exceeded WHO (2000) threshold 

limit. The concentrations of pollutants 

(VOCs, O3 and NO2) in the dry season 

were found to be higher than those 

obtained in the raining season 

corroborating pollutants’ dispersion 

ability which is highest in the dry season 

and lowest in the rainy season (Gocgeldi 

et al., 2011: Bhatia, 2002), the scavenging 

activity of the atmosphere of pollutants by 

heavy rainfall (NADP, 1982), and 

cleaning effect (Abdullah et al., 2011). In 

contrast, this was disregarded in the levels 

of CO, SO2 and NH3 observed to be 

highest during the wet season.  

All the observed values TSP, PM10 

and PM2.5 were within the permissible 

limit except for PM2.5 during the dry 

season at Ado-odo and Ikenne. The peak 

PM10 values measured in the wet season is 

in contrast to similar studies by (Abdullah 

et al., 2011; Ana and Umar, 2013; Massey 

et al., 2009) in Nigeria, Malaysia and 

India. This might be as a result of the 

indoor storage of poultry feed which 

usually emit dust of different microns and 

are probably not season specific (Molina 

et al., 2007). In the opinion of Arhami et 

al. (2009), caution should be exercised in 

interpolating particulate pollutants 

because the resultant health risk 

associated is compounded by the presence 

of gaseous co-pollutants. Though, the 

values of PM2.5 measured in this study 

were within the permissible limit, indoor 

cooking and smoking should be avoided 

as these can geometrically raise the levels 

of particulate (He et al., 2004), because 

the presence of dust particles on heated 

surfaces like local stoves can emit 
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inorganic gases such as CO, CO2, NO2 and 

NH3 at high temperature of about 150◦C 

(Kavouras and Stephanou, 2002). 

It was observed that except at Ado-odo 

and Sawonjo, the fungi load was 

consistently higher during the wet season 

while bacterial load reduced from 

morning to evening that is morning > 

evening at 50% of the location (Ado-odo, 

Ikenne, Ago-iwoye and Sawonjo) except 

at Ado-odo and Sawonjo while reverse is 

the case that is morning < evening at the 

remaining locations. Similar trend was 

observed in the fungal load where 62.5% 

of the locations (Ado-odo, Ikenne, 

Ajegunle, Coker and Control) increased 

form morning to evening that is morning 

> evening. Both the bacteria and fungi 

load showed no significant variations 

across the locations and time. The high 

bacteria and fungi load measured in this 

study are not unexpected because of the 

underlying factors which include 

construction materials, housing type, 

occupants’ lifestyle, poor housekeeping 

which was corroborated by Mandal 

(2011). The domestication of animals as 

pets usually increase airborne 

microorganisms due to the possibility of 

them being carried on the fur and skin of 

such animal pets, if this is coupled with 

poor ventilation system, it might lead to 

high risk of infection. Depending on 

distance to animal houses, Seedorf et al., 

(1998) already reported poultry farming to 

have highest bacteria and fungi load and 

ACGIH, (1989). The higher mean bacteria 

load for both seasons in the morning 

contradicts the study of Yesufu et al., 

(2013), while fungi count was higher in 

the evening wet and morning dry, but the 

highest was seen in the evening wet 

contradicting the study of Hyvarinen et al. 

(2001) for time and corroborated for 

season. This can be attributed to the level 

of indoor activity which usually increases 

in the evening after each day’s work, 

outdoor infiltration and domestic animal 

rearing within the indoor environment. 

The highest bacteria and fungi loads were 

observed during the evening for both 

seasons, in contrast to the study of 

Wemedo et al. (2012).
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Table 2: Seasonal concentration of gaseous and particulate matter 
Location Season VOCs (ppm) NH3 (ppm) CO (ppm) CO2 (ppm) O3 (ppm) NO2 

(ppm) 

SO2 

(ppm) 

TSP (µg/m3) PM10 (µg/m3) PM2.5 

(µg/m3) 

 Bacteria 

(cfu/m3) 

Fungi (cfu/m3) 

Ado-odo Wet 24.76±17.05d 0.1±0.31bcde 17.15±4.02 3722.33±1704.1bcde 0.01±0.01ab 0.05±0.17 <0.01 28.59±23.5 16.2±12.03cde 9.37±7.33ef 737.94±1.11cd 728.82±1.11de  

 Dry 31.93±14.32cd 0.06±0.13de 19.43±3.63 3782.85±754.4bcde <0.01 0.04±0.09 <0.01 35.92±15.15 14.42±6.84de 25.44±8.99a 737.94±1.11cd 763.25±1.11de  

Ikenne Wet 39.96±22.8bc 0.61±0.16a 19.75±2.49 3975.5±160.86abcd 0.01±0.01abc 0.09±0.13 <0.01 57.96±32.24 44.09±25.67a 14.32±8.22cde 1584.37±1.27b 1530.08±1.27ab  

 Dry 52.33±9a 0.19±0.22b 18.5±9.93 4230.13±618.66abcd 0.01±0.01abc 0.14±0.18 <0.01 61.18±24.87 11.71±9.4e 25.28±21.87a 2770.24±1.27a 1254.98±1.27abc  

Ago-

iwoye 

Wet 44.87±16.49ab 0.17±0.21bc 19.3±2.39 3477.7±1254.09de 0.01±0.01abc 0.04±0.1 0.01±0.04 37.21±23.95 24.62±15.52b 15.46±12.33cde 899.18±1.16c 1439.45±1.16ab  

 Dry 52.77±6.52a 0.11±0.25bcde 16.25±8.54 3952.5±815.83abcd <0.01 0.09±0.18 0.01±0.02 29.84±21.03 12.86±9.41e 20.16±14.42abc 710.08±1.16cd 682.1±1.16de  

Sawonjo Wet 32.18±15.09cd <0.01 19.29±2.97 4470.67±1402.08ab <0.01 <0.01 <0.01 28.88±14.81 22.39±12.17bcd 13.58±8.66cde 1128.77±1.15b

c 

897.17±1.15cde  

 Dry 34.05±13.92cd <0.01 19.08±4.28 3932.58±702.54bcd 0.02±0.03a <0.01 0.02±0.08 29.99±14.22 13.88±9.6e 14.34±6.69cde 280.08±1.15fg 1621.21±1.15a  

Ibiade Wet 52.62±18.57a 0.01±0.03e 19.81±2.83 4687±1868.06a 0.01±0.01abc 0.03±0.1 0.01±0.05 30.08±17.24 17.72±9.73bcde 11.87±7.8de 761.06±1.18cd 1288.69±1.18abc  

 Dry 37.43±18.56bc <0.01 21.5±3.39 4032.69±888.18abcd 0.02±0.03a <0.01 <0.01 27.63±10.01 14.02±4.19e 17.85±6.21bcd 481.47±1.18de 731.97±1.18de  

Ajegunle Wet 40.79±23.4bc 0.16±0.21bcd 19.04±3.28 3500.96±1172.85de 0.01±0.01abc 0.08±0.24 <0.01 34.2±27.54 19.43±18.07bcd

e 

18.46±19.59bcd 1001.97±1.15c 993.81±1.15bcd  

 Dry 53.57±3.46a 0.08±0.2cde 17.13±6.27 4432.92±459.68abc 0.01±0.03abc 0.18±0.25 <0.01 32.6±21.93 10.97±10.29e 16.78±11.35cd 374.56±1.15ef 367.76±1.15f  

Coker Wet 51.88±4.21a 0.02±0.08e 18.48±4.05 4130.27±762.14abcd <0.01 0.05±0.14 0.03±0.09 34.88±24.22 23.17±18.28bc 11.98±7.47de 925.2±1.1c 654.25±1.1de  

 Dry 46.19±5.88ab 0.01±0.03e 19.38±3.16 4072.85±765.73abcd 0.01±0.02abc 0.03±0.08 <0.01 32.3±15.31 15.45±6.64cde 23.52±8.09ab 926.56±1.1c 574.84±1.1e  

Control Wet 26.36±12.88d <0.01 9.47±1.87 3700.38±756.5cde <0.01 <0.01 <0.01 9.85±4.05 0.61±0.99f 4.08±1.52f 202.63±1.13g 220.76±1.13g  

 Dry 32±27.31d <0.01 9.22±2.14 3093.84±603.71e <0.01 <0.01 <0.01 9.07±8.23 0.67±1.11f 4±1.68f 237.94±1.11g 216.29±1.13g  

FEPA (1991) 

ASHRAE (2010) 
WHO (2005) 

WHO (2002) 

WHO (2000) 
AIHA  

3 0.28  

 
10 

 

1000 

 

 
0.1 

 

 
 

0.04 

 

 
 

 

0.02 

-          50           25  < 500 < 500    

p value  <0.0001 <0.0001 0.0156 0.0012 0.0027 0.2062 0.2294 0.4999 <0.0001 <0.0001 <0.0001 <0.0001  

Different superscript (alphabets) in the same column indicates significant difference at p < 0.05 
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Table 3: Temporal concentration of gaseous and particulate pollutants 
Location Time VOCs  

(ppm) 

NH3 

 (ppm) 

CO  

(ppm) 

CO2  

(ppm) 

O3  

(ppm) 

NO2  

(ppm) 

SO2  

(ppm) 

TSP  

(µg/m3) 

PM10  

(µg/m3) 

PM2.5               

(µg/m3) 

Bacteria 
(cfu/m3) 

Fungi 
(cfu/m3) 

Ado-odo Morning 32.68±17.61 0.12±0.31 17.5±3.81 3799.55±1497.24 0.01±0.02 0.03±0.09 <0.01 37.22±23.4 16.75±11.98 19.45±12.97 796.04±1.11 753.83±1.11 

 Evening 24.02±13.18 0.04±0.09 19.08±4.02 3705.63±1108.47 0.01±0.02 0.06±0.18 <0.01 27.28±14.54 13.88±6.75 15.36±9.5 690.87±1.11 737.92±1.11 

Ikenne Morning 43.05±20.45 0.4±0.36 19.5±9.32 3831.63±325.83 0.01±0.01 0.11±0.15 <0.01 49.4±34.26 26.05±28.66 19.12±12.32 2218.56±1.27 1233.67±1.27 

 Evening 49.24±15.74 0.4±0.21 18.75±4.3 4374±414 0.01±0.01 0.11±0.16 <0.01 69.74±15.92 29.74±22.75 20.48±21.49 1978.36±1.27 1556.5±1.27 

Ago-iwoye Morning 50.04±11.94 0.15±0.27 19.35±5.52 3449±1102.03 0.01±0.01 0.08±0.18 0.02±0.05 27.73±22.68 15.54±11.07 15.78±14.52 830.1±1.16 1150.52±1.16 

 Evening 47.6±14.2 0.13±0.18 16.2±6.92 3981.2±996.72 <0.01 <0.01 <0.01 39.32±21.43 21.93±16.07 19.84±12.34 769.17±1.16 853.4±1.16 

Sawonjo Morning 33.44±15.13 <0.01 18.38±3.95 4013.79±968.58 0.01±0.03 <0.01 <0.01 29.88±16.89 20.51±12.7 12.47±6.5 592.62±1.15 1227.53±1.15 

 Evening 32.79±13.94 <0.01 20±3.19 4389.46±1264.39 <0.01 <0.01 0.02±0.08 28.98±11.68 15.76±10.24 15.45±8.55 533.46±1.15 1184.9±1.15 

Ibiade Morning 43.44±21.33 <0.01 19.94±3.38 4019.06±915.51 0.01±0.03 0.03±0.1 0.01±0.05 29.64±13.49 16.48±8.83 13.53±7.13 566.88±1.18 1031.39±1.18 

 Evening 46.61±18.75 0.01±0.03 21.38±2.92 4700.63±1849.57 0.01±0.01 <0.01 <0.01 28.07±14.75 15.26±6.38 16.19±7.99 646.39±1.18 914.58±1.18 

Ajegunle Morning 51.45±11.09 0.08±0.21 19.17±4.5 4191.13±810.83 0.01±0.02 0.22±0.31 <0.01 35.54±26.48 19±17.61 20.2±19.26 610.48±1.15 603.17±1.15 

 Evening 42.91±22 0.15±0.2 17±5.41 3742.75±1130.35 0.01±0.02 0.04±0.09 <0.01 31.26±23.01 11.39±11.38 15.05±11.38 614.75±1.15 605.94±1.15 

Coker Morning 48.95±5.29 0.03±0.09 17.85±4.46 4026.98±827.05 0.01±0.02 0.04±0.11 <0.01 34.67±17.22 18.91±11.81 17.42±8.93 914.98±1.1 596.85±1.1 

 Evening 49.12±6.39 <0.01 20±2.13 4176.15±688.12 <0.01 0.04±0.11 0.03±0.09 32.5±22.92 19.71±16.39 18.09±10.45 936.91±1.1 630.12±1.1 

Control Morning 26.98±9.57 <0.01 9.63±1.84 3564.59±770.32 <0.01 <0.01 <0.01 11.91±6.89 0.65±0.97 3.74±1.31 197.67±1.13 199.47±1.13 

 Evening 26.68±11.79 <0.01 9.06±2.12 3229.63±689.44 <0.01 <0.01 <0.01 7.01±4.96 0.63±1.12 4.34±1.8 232.81±1.13 239.36±1.13 

FEPA (1991) 

ASHRAE (2010) 

WHO (2005) 

WHO (2002) 

WHO (2000) 

AIHA 

3 0.28  
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P value  0.0496 0.2503 0.0037 0.0533 0.4896 0.0029 0.1295 0.0154 0.0674 0.0877 0.9094 0.7652  

Different superscript (alphabets) in the same column indicates significant difference at p < 0.05 
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Conclusion 

It was discovered that Ikenne 

displayed the highest values in NH3, TSP, 

PM10 and PM2.5 based on season and time. 

Mean VOCs, NH3, CO, O3, CO2, PM10, 

PM2.5 and Bacteria showed significant 

variations with season while VOCs, CO, 

NO2, and TSP varied significantly with 

time. In addition, locations with extensive 

animal husbandry displayed very high 

NH3, TSP, PM10 and PM2.5, bacteria and 

fungi load. There are other possible 

sources of VOCs and CO2 because even 

the control site exceeded the threshold 

limit.  

 

Recommendations 

Continuous public health inspection 

including proper house-keeping is 

encouraged and stringent policies 

regarding domestication of animal pets 

and practice of animal husbandry should 

be employed. 
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