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ABSTRACT
Plasmids play a key role in the horizontal spread of antibiotic resistance
determinants among bacterial pathogens. The microbial quantity and quality of
air around a dumpsite at Erifun, Ado - Ekiti was investigated for a period of 2
months (October - December, 2018) using standard microbiological culturing
techniques. Antibiotic assay was done using disc diffusion method, plasmid
profile of the isolates were determined using alkaline lysis method and agar gel
electrophoresis while amylase and lipase activity and optimization were done
using enzyme assay. The microbial load decreased with distance from the
dumpsite and the microbial loads were higher than regulatory limits. The total
bacterial count at different sampling points and intervals (morning, afternoon
and evening) for the period of four weeks were estimated. It ranged from 3.8 ×
103 to 7.4 × 103 (for morning), 2.4 × 103 to 3.5 × 103 (for afternoon) and 3.3 × 103 to
5.5 × 103 (for evening). The fungal growths for morning periods were high with
each day having 4.8 × 105, 4.1 × 105, 4.5 × 104 and 5.2 × 103 fungal spores/mL. The
fungal growth measured at 50 and 100 m away from the dumpsite was low (4.2 x
105 spores/mL) and lower (3.9 × 105 spores/mL), respectively. The prevalence of
bacteria isolated were Staphylococcus sp. (12%), Streptococcus spp. (14%),
Bacillus sp. (16%), Pseudomonas spp. (22%), Escherichia coli (34%), and
Klebsiella spp. (18%). However, multi-drug resistant pattern revealed that
Staphylococcus aureus and Pseudomonas aeruginosa were resistant to most of
the antibiotic agents used. The plasmid profile and enzymatic assay carried out
on Pseudomonas spp. and Staphylococcus spp. revealed that the dumping of
refuse in a neighbourhood is a risk to sound health and this is fully discussed.
©2021 Blue Pen Journals Ltd. All rights reserved

INTRODUCTION
The menace of environmental pollution has been
haunting the human world since early times and is still
growing due to the increase in population of the
developing countries. Municipal solid waste (MSW)
normally termed as “garbage” or “trash” is an inevitable
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by-product of human activity. Population growth and
economic development lead to enormous amounts of
solid waste generation by the dwellers of the urban areas
(Omar, 2015). Urban MSW is usually generated from
human settlements, small industries and commercial
activities (Singh et al., 2011). An additional source of
waste that finds its way to MSW is the waste from
hospitals and clinics. In the majority of countries most of
the smaller units do not have any specific technique of
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managing these wastes. When these wastes are mixed
with MSW, they pose a threat to health and also they
may have a long term effect on the environment (Pattnaik
and Reddy, 2009).
Many studies show evidence of the seriousness of
hazards caused by open waste dumping ultimately
affecting the plant life on the planet leading towards an
irreversible erosion trend unless this act of land usage is
checked (Phil-Eze, 2010). Solid waste pollutants serve as
an external force affecting the physico-chemical
characteristics of soil ultimately contributing to the poor
production of vegetation (Grantina et al., 2011). The
pollutants, in the first place, hinder the normal metabolism of plants which is an invisible injury and owing to
which the visible injury appears in the aftermath. It is
depriving our ecosystem of the natural balance and bear
result beyond any repair. Assessment of air and soil
pollution becomes difficult when contaminants belong to
different sources and their products are variably
distributed (Partha et al., 2011). The disturbances of
higher intensity sometimes endanger the survival of some
species and yield to low richness (Hazra and Goel,
2009). In this regard, developing countries are even
deeper into the chaos as having poor financial resources
to upgrade their disposal facilities and turned out to be
more vulnerable to the hazards of dumping refuse in their
environment (Williams and Hakam, 2016).
Odeyemi (2012) reported in his study that in Nigeria as
well as in most developing countries, the urban
landscapes are littered with garbage, plastics, bottles,
disposable cups, discarded tires and even human and
live-stock faeces. These wastes are aesthetically
unpleasant, constitute eyesores, produce unpleasant
odour especially when their organic compositions are
acted upon by putrefying bacteria. These refuse dumps
thus constitute a habitat for vector and other nuisance
organisms capable of transmitting or causing diseases
such as typhoid, infantile diarrhoea and cholera in
humans and animals (Williams and Hakam, 2016).
It is known that vector such as insects and rodents can
transmit various pathogenic agents of diseases like
amoebic and bacillary dysentery, typhoid fever,
salmonellosis, cholera, plague and so on. A good
percentage of these infections are caused by bacteria
that are suspended in the air around these refuse dumps
which may later settle and cause contamination. Activities
involving the disposal of solid wastes even if properly
controlled with proper precautionary measures adopted
may have an adverse impact on the environment
especially air since most of the dumps are open
(Odeyemi, 2012).
In Ado-Ekiti in particular and in Nigeria in general,
modern landfill facilities are not found in these municipal
dumpsites, hence the sorting-out of solid wastes into
degradable, non-degradable and recyclable precious
materials cannot be achieved. Poor management of
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dumpsites could create a number of adverse
environmental impacts, including wind-blown litter, the
attraction of mice and pollutants such as leachate, which
can pollute underground soil bed, and/or aquifer. Landfill
gas mostly composed of methane and carbon (IV) oxide
is produced through biodegradation of such waste
(Abduls-Salam, 2009).
Waste management has not been rigorously assessed
in terms of the potential danger to the immediate
environment and public health. The municipal waste
dump site at Erifun in Ado-Ekiti, Ekiti State, Nigeria is of
environmental interest because of the closeness of this
dumpsite to residential houses, school, shops, etc. as a
consequence of urbanization and the lack of preclassification and sorting-out of wastes prior to disposal.
Failure to remove wastes as/and at when due, allows
for the widespread of litters in the environment.
Accumulation and spread of wastes in the area will
constitute pathogenic airborne microorganisms and this
could endanger the health of the residents, therefore this
study will isolate and characterize microorganisms
around the neighbouring sites from the dumpsite.
Pathogenicity of the organisms would lead to recommendation of total and immediate removal of waste in order to
avoid widespread of airborne organisms.
The single most important property of enzymes is the
ability to increase the rates of reactions occurring in living
organisms, a property known as catalytic activity.
Because most enzymes are proteins, their activity is
affected by factors that disrupt protein structure, as well
as by factors that affect catalysts in general. Factors that
disrupt protein structure, include temperature and pH;
factors that affect catalysts, in general, include reactant
or substrate concentration and catalyst or enzyme
concentration. The activity of an enzyme can be
measured by monitoring either the rate at which a
substrate disappears or the rate at which a product
forms. Hence the objective of this study is to determine
the plasmid profile of multidrug-resistant pattern of
bacterial strains and to examine the enzymatic activities
of the bacterial strains.

MATERIALS AND METHODS
Study area
The study area was a municipal dumpsite at Erifun, an
Ebira Community not far away from the Federal
Polytechnic, Ado-Ekiti, Nigeria. This community lies
between Latitude 7° 60N and Longitude 5° 28E. The
major occupation of indigenous people of this community
is farming. Shops where petty trades occur and schools
are also located within this community. The sample
collection location (municipal dumpsite) was in close
proximity to the shops and a school in the community

Odeyemi et al.

20

Figure 1. 3D Satellite view of the Erifun community (Google Map Data, 2018).

(Figure 1).
The people of the community have been using this site
as a dumpsite for a very long time without clearing or
burning this particular site (Figure 2). Most of the wastes
dumped at this site are majorly domestic and household
wastes such as food residues from the kitchen, hair and
dead skin cells from bath/shower water, and human
excreta (urine and faeces).

Collection of samples
The method described by Odeyemi (2012) was adopted.
Twenty millilitre (20 mL) of nutrient agar and potato
dextrose agar (PDA) media were prepared separately
and poured into sterile Petri-dishes and allowed to
solidify. The plates were then sealed and labelled
appropriately and taken to the dumpsite where each was
exposed for about five minutes at the selected locations.
The plates were afterwards covered and taken into the
laboratory for incubation at 37°C for 24 h for nutrient
agar, and at room temperature (±25°C) for 72 h for PDA
plates. The isolates were collected from different
locations in and around the dumpsite; including
dumpsites A (0 m at the dumpsite), B (50 m away from
the dumpsite) and C (100 m away from the dumpsite; the
closest point to neighbourhoods). This procedure was

repeated three times a day (morning, afternoon and
evening) once a week for a period of one month during
the dry season.

Microbiological analysis
The bacterial isolates were identified on the basis of their
morphological and biochemical tests. The pure cultures
of the bacterial isolates were subjected to various
morphological and biochemical characterization tests
such as colour, shape, elevation, consistency, margin,
catalase test, fermentation of sugars, Kovacs citrate,
indole, hydrolysis of starch, and sensitivity tests (Olutiola
et al., 2000). In order to determine the identity of bacteria
isolates, results were compared with standard references
of Bergey’s Manual of Determinative Bacteriology 2nd
edition (Buchanan and Gibbons, 1974).

Antibiotic sensitivity tests
The antibiotics susceptibility of the bacteria isolates were
determined by the disc diffusion method on MuellerHinton agar according to CLSI (2005). The antibiotic
discs were aseptically, carefully and firmly placed on the
inoculated plates using sterile forceps. The plates were
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Figure 2. Municipal dumpsite at Erifun Community, Ado-Ekiti.

then inverted and incubated for 24 h at a temperature of
37°C. After incubation, the plates were examined for
growth and the diameters of the zone of inhibition were
measured and the results were interpreted with reference
to CLSI (2005). For Gram-negative isolates, resistotyping
was done using the following disks which comprise
chloramphenicol (CH 30 µg), sparfloxacin (SP 10 µg),
ciprofloxacin (CPX 10 µg), amoxacillin (AM 30 µg),
augmentin (AU 25 µg), gentamycin (CN 10 µg),
pefloxacin (PEF 10 µg), tarivid (OFX 30 µg), streptomycin
(S 30 µg), and septrin (SXT 30 µg). Resistotype disks for
Gram-positive isolates contained additional constituent
such as tetracycline (TET 30 µg), ofloxacin (OFL 10 µg),
penicillin (PEN 10 µg), erythromycin (ERY 15 µg),
clindamycin (CLN 2 µg), ampiclox (APX 10 µg),
levofloxacin (LEV 5 µg), amoxil (AMX 10 µg), and
rifampicin (RD 5 µg).
Plasmid Isolation
Plasmid DNA was purified by modification of the
technique described by Dutta et al. (2002). Plasmids
were isolated using the QIAGEN Plasmid Purification
mini kit. The culture of multiple antibiotic-resistant
bacteria (P. aeruginosa and S. aureus) was harvested by
centrifuging at 6000 × g for 15 min at 4°C. The bacterial

pellet was re-suspended in 0.3 mL Buffer P1. 0.3 mL
Buffer P2 was added and thoroughly mixed by vigorous
inversion for 4–6 times and then incubated at room
temperature (15–25°C) for 5 min. Prechilled Buffer P3
(0.3 mL) was added and thoroughly mixed by vigorous
inversion for 4–6 times and then incubated on ice for 5
min. It was then centrifuged at 14,000–18,000 × g for 10
min at 4°C to obtain clear supernatant.
QIAGEN-tip 20 was equilibrated by applying 1 ml Buffer
QBT, and the column was allowed to empty by gravity
flow. The supernatant was then applied to the QIAGENtip and allowed to enter the resin by gravity flow. The
QIAGEN-tip was washed with 2 × 2 mL Buffer QC. And
the Buffer QC was allowed to move through the QIAGENtip by gravity flow.
DNA was eluted with 0.8 mL Buffer QF into a clean 2
mL tube The DNA was precipitated by adding 0.56 ml
(0.7 volumes) room-temperature isopropanol to the
eluted DNA and mixed. It was centrifuged at ≥15,000 × g
for 30 min at 4°C. The supernatant was carefully
decanted. The DNA pellet was washed with 1 ml roomtemperature 70% ethanol and centrifuged at ≥15,000 × g
for 10 min. The supernatant was carefully decanted. The
pellet was air-dried for 5–10 min and DNA was redissolved in a suitable volume of appropriate buffer (TE
buffer, pH 8.0).
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Enzyme production by isolates
Amylase assay
Amylase activity was assayed by the methods of Bernfeld
(1955). 0.5 mL of the properly diluted enzyme was added
into a tube containing 1.5 mL of 2 % (w/v) of potato
starch solution and 1 mL of 0.05 M acetate buffer, pH 5.0.
The reaction mixture was incubated at 40°C for 15 min.
Then, 1 mL of the mixture was transferred to a new tube
containing 1 mL of 3, 5-dinitrosalicylic acid and kept in
boiled water for 10 min. The colour density was
determined spectrophotometrically at 540 nm. One unit
was defined as 1 μmol of glucose released per minute by
1 mL of the enzyme.

Lipase assay
The crude enzyme preparation was the culture broth after
the separation of cells and particles. The enzyme was
stored at 4°C until used. Lipolytic activity was determined
by colorimetric method using methods employed by
Lotrakul and Dharmsthiti (2007) based on the activity in
cleavage of p-nitrophenylpalmitate (p-NPP) at pH 8.0.
The reaction mixture contained 180 μL of solution A
(0:062 g of p-NPP in 10 mL of 2-propanol, sonicated for 2
min before use), 1620 μL of solution B (0.4% triton X-100
and 0.1% gum Arabic in 50 mMTris-HCl, pH 8.0) and 200
μL of properly diluted enzyme sample. The product was
detected at 410 nm wavelength after incubation for 15
min at 37°C. Under this condition, the molar extinction
coefficient (410 nm) of p-nitrophenol (p-NP) released
from p-NPP was 15000 M−1. One unit of lipase activity
was defined as 1 μmol of p-nitrophenol (p-NP) released
per minute by 1 mL of the enzyme.

was carried out by adding different carbon source to the
production medium while keeping other components of
the basal medium constant. The medium was autoclaved
at 121°C at 15 atm for 20 min. The culture was incubated
in a rotary shaker incubator at 30°C for 36 h at 150 rpm
for 36 h. The samples collected were centrifuged at 5,000
rpm at 4°C for 20 min. The supernatant collected after
centrifugation was preserved at 4°C until required while
the residue was discarded. The supernatants were used
as crude enzyme and used for the assay of enzymes.

Effect of temperature on enzyme production
The effect of temperature on the production of the
enzyme was carried out by the method of Kumar et al.
(2016). Inoculum from 18 h seed culture was inoculated
into the basal medium containing 10% substrate at
different temperatures varying from 30 to 90°C. The
culture was incubated in a Rotary shaker incubator at
30°C for 36 h at 150 rpm for 36 h. The samples collected
were centrifuged at 5,000 rpm at 4°C for 20 min. Enzyme
activity was assayed to find the optimum temperature of
the enzyme.

Effect of pH on enzyme production
The effect of pH on the production of the enzyme was
carried out by the method of Femi-Ola and Ibikunle
(2013). Inoculum from 18 h seed culture was inoculated
into the basal medium containing 10% substrate and the
pH of the medium was adjusted to different pH varying
from 3 to 9. The culture was incubated in a Rotary shaker
incubator at 30°C for 36 h at 150 rpm. The samples
collected were centrifuged at 5,000 rpm at 4°C for 20
min. Enzyme activity was assayed to find the optimum
temperature of the enzyme.

Effect of nitrogen source on enzyme activity
The effect of nitrogen source on the production of
enzymes was carried out by adding different nitrogen
source to the production medium while keeping other
components of the basal medium constant. The medium
was autoclaved at 121°C at 15 atm for 20 min. The
culture was incubated in a rotary shaker incubator at
30°C for 36 h at 150 rpm for 36 h. The samples collected
were centrifuged at 5,000 rpm at 4°C for 20 min. The
supernatant collected after centrifugation was preserved
at 4°C until required while the residue was discarded.
Enzyme assays were conducted on the supernatants.

Effect of carbon source on enzyme activity
Effect of carbon source on the production of pectinase

RESULTS
The total bacterial counts at different sampling points (A –
Dumpsite, B – 50 m away from the dumpsite, and C –
100 m away from the dumpsite at Erifun community in
Ado-Ekiti, Ekiti State, Nigeria) and intervals (morning,
afternoon and evening) for the period of four weeks are
depicted in Table 1. The total bacteria count of morning
samples at week 1 range from 3.8 – 7.4 × 103. Colony
count at 100 m away from the dumpsite was low (3.8 ×
103); while it was high (7.4 × 103) at the dumpsite. The
bacterial colony counted for afternoon samples was lower
than evening sample ranging from 2.4 × 103 to 3.5 × 103
and 3.3 × 103 to 5.5 × 103 respectively.
The total colony-forming unit (CFU) of fungal isolates is
shown in Table 2. The fungal counted for morning
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Table 1. Total bacteria counts (CFU/g) at different sampling points.

Periods
Week 1
Morning
Afternoon
Evening
Week 2
Morning
Afternoon
Evening
Week 3
Morning
Afternoon
Evening
Week 4
Morning
Afternoon
Evening

A
7.4 × 103
3.3 × 103
5.5 × 103

Sampling points
B
4.7 × 103
2.4 × 103
4.8 × 103

C
3.8 × 103
3.5 × 103
3.3 × 103

9.4 × 104
2.3 × 104
5.5 × 104

47 × 104
3.3 × 104
3.3 × 104

28 × 104
3.6 × 104
5.1 × 104

6.2 × 103
3.4 × 103
4.9 × 103

7.3 × 103
2.8 × 103
5.5 × 103

4.5 × 103
1.8 × 103
10.8 × 103

9.2 × 103
5.0 × 103
8.3 × 103

8.1 × 103
4.1 × 103
5.8 × 103

6.4 × 103
4.7 × 103
8.4 × 103

A – Dumpsite; B – 50 m away from the dumpsite; C – 100 m away from the dumpsite.

Table 2. Total fungi counts (CFU/g) at different sampling points.

Periods
Week 1
Morning
Afternoon
Evening
Week 2
Morning
Afternoon
Evening
Week 3
Morning
Afternoon
Evening
Week 4
Morning
Afternoon
Evening

A
4.8 × 105
3.7 × 105
4.3 × 105

Sampling points
B
4.2 × 105
3.1 × 105
3.8 × 105

C
3.9 × 105
2.5 × 105
2.9 × 105

4.1 × 106
3.8 × 106
5.5 × 106

4.3 × 106
2.5 × 106
4.5 × 106

3.7 × 106
4.2 × 106
4.2 × 106

4.5 × 104
3.1 × 104
3.6 × 104

3.7 × 104
4.7 × 104
4.3 × 104

2.3 × 104
2.0 × 104
3.8 × 104

5.2 × 105
3.5 × 105
3.9 × 105

4.7 × 105
2.8 × 105
3.3 × 105

3.2 × 105
2.5 × 105
3.1 × 105

A – Dumpsite; B – 50 m away from the dumpsite; C – 100 m away from the dumpsite.

periods during the four weeks was high at the point of the
dumpsite with each day having 4.8 × 105, 4.1 × 105, 4.5 ×
104, and 5.2 × 103 fungal counts respectively. The fungal
colony counted at 50 m away from the dumpsite was low
(4.2 × 105) and it was lower (3.9 × 105) at 100 m away
from the dumpsite. There was a slight reduction and
increase in afternoon and evening samples for the entire

four weeks respectively in the fungal colony counted.
The distribution of the biochemically identified bacterial
isolates is presented in Table 3. The number of bacteria
(35 isolates) isolated from the dumpsite (A) was the
highest; followed by (B) 50 m away from the dumpsite (B)
and 100 m away from the dumpsite (C) having 12 and 11
isolates respectively. E. coli were recorded to have the
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Table 3. Distribution of bacterial isolates.

Isolates
Bacillus spp.
Escherichia coli
Pseudomonas spp.
Staphylococcus spp.
Klebsiella spp.
Streptococcus spp.
Total

A
6
11
7
3
5
3
35

Number isolated
B
2
4
1
1
2
2
12

A – Dumpsite; B – 50 m away from the dumpsite;

highest frequency of occurrence (17) among the isolated
bacteria, followed by Pseudomonas spp., (11) and
Klebsiella spp. (9). The other bacteria are Bacillus spp.,
Streptococcus spp. and Staphylococcus spp. having
frequency of occurrence of 8, 7 and 6 respectively.
The sensitivity of each bacterial isolates was also
enumerated using appropriate antimicrobial agents based
on their gram reactions. Tables 4 and 5 showed the
antibiotic resistance pattern for all the bacteria isolated
from the air around the dumpsite at Erifun community in
Ado-Ekiti. Isolates 1 – 17 are E. coli, 18 – 28 are
Pseudomonas spp., 29 – 37 are Klebsiella spp., 38 – 45
are Bacillus spp., 46 – 51 are Staphylococcus spp., and
52 – 58 are Streptococcus spp. High levels of resistance
were observed among bacterial isolates against
augmentin and erythromycin.
The fungi species isolated from the air around the
municipal dumpsite at Erifun, Ado-Ekiti is depicted in
Table 6. The isolated fungi species include Alternaria,
Aspergillus,
Cladosporium,
Mucor,
Penicillium,
Neurospora and Rhizopus. The macroscopic examination
revealed that some of the colonies were cream powder,
velvety, woolly, yellowish and greenish spores. Also, the
microscopic examination of the isolated fungi species
showed a septate and septate hyphae while some of the
sporangiophores ranged from erect to branch.
The percentage frequency of occurrence of fungal
isolates from dumpsite is depicted in Figure 3. It was
observed Rhizopus spp. and Aspergillus spp. showed the
highest frequency of occurrence. The lowest frequency of
occurrence of below 5% was observed with
Cladosporium spp. Other fungi isolated from the
dumpsite at a percentage of between 8 and 19% included
Alternaria spp. (8.9%), Neurospora spp. (12.6%), Mucor
spp. (15.6%) and Penicillium spp. (17%).
The multi-drug resistance pattern of the 58 bacterial
isolates are depicted in Table 7; showing only 3.5% of the
isolates were resistant to five of the ten antibiotics used,
15.5% of the isolates showed resistance to four of the
antibiotics, and 10.3% of the isolates were resistant to

C
0
2
3
2
2
2
11

Frequency of
occurrence (%)
8
17
11
6
9
7
58

C – 100 m away from the dumpsite.

three of the antibiotics.
Electrophoresis gel picture of the plasmid DNA
amplification in the bacterial isolates is shown in Plate 1.
It shows the presence (lanes 2 and 3) and absence (lane
1) of plasmid DNA amplification lane M: hind III DNA
standard marker, lane 1 – Klebsiella spp., lane 2 –
Pseudomonas spp., lane 3 – Staphylococcus spp. These
bacterial isolates were selected on the basis of their
multi-drug resistance pattern.
The effect of culture time on the growth and enzyme
production in P. aeruginosa and S. aureus is depicted in
Figures 4, 5 and 6. The enzymes produced are amylase
and lipase; protein concentration was also observed.
The effect of different nitrogen sources on lipase and
amylase activities in P. aeruginosa is presented in Figure
6. It was observed that yeast extract and ammonium
chloride sources provided a high degree of lipase activity
followed by varying degree of activity provided by
ammonium nitrate, potassium nitrate and sodium nitrate
respectively; while it was evident that yeast extract and
ammonium chloride were the sources that produced
nitrogen that increased the activity of amylase to 17.9
and 17.7 mmol/min respectively. However, there was a
slight variation of amylase activity from nitrogen derived
from ammonium nitrate (16.5 mmol/min), potassium
nitrate (15.6 mmol/min) and sodium nitrate (14.9
mmol/min); which produced the lowest protease activity.
The effect of different carbon sources on lipase and
amylase activities in P. aeruginosa is presented in Figure
7. It was observed that groundnut oil source provided a
high degree of lipase activity followed by varying degree
of activity provided by olive oil, goya oil, palm oil and
soybean oil respectively; and was observed that maltose
and corn starch sources provided a high degree of
amylase activity followed by varying degree of activity
provided by glucose, mannose and fructose respectively.
The effect of pH on cellulose production in P.
aeruginosa by lipase and amylase activities is presented
in Figure 8. It was observed that as the pH increases
from 4 – 7 the production increases correspondingly
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Table 4. Antibiotic resistance pattern of the Gram-negative isolates.

Isolates

CH

SP

CPX

AM

AU

CN

PEF

OFX

S

SXT

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
% of resistance

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
R
R
R
S
S
S
R
R
S
S
S
S
S
S
S
R
18.9

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
R
S
S
S
R
R
S
S
R
R
S
S
S
S
R
18.9

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
R
R
R
S
10.8

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
R
R
R
S
S
S
S
S
S
R
S
S
S
R
S
S
R
S
18.9

S
S
S
R
R
S
S
S
S
S
S
S
S
R
S
S
S
S
S
R
R
R
S
R
S
S
S
R
R
R
R
S
S
S
S
S
S
29.7

S
S
R
S
S
S
S
S
R
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
R
13.5

S
S
S
S
S
R
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
R
R
R
R
S
R
S
S
S
S
S
S
S
S
S
S
18.9

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
R
S
S
S
S
S
S
S
S
R
S
S
S
R
S
R
S
13.5

R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
R
S
S
S
S
S
R
S
S
S
R
S
S
R
S
S
R
S
18.9

S
S
S
S
S
S
R
S
S
S
S
R
S
S
S
S
S
R
S
R
S
S
R
S
R
S
S
R
S
S
S
S
S
S
S
S
S
18.9

Phenotype of
resistance pattern
S
CN
AU
AU
PEF
SXT
CN

SXT
PEF
AU
AM
CN
SXT
CH, SP, OFX, S
AM, AU, S, SXT
AM, AU, OFX
CH, AM, AU, PEF
CH, SP, PEF, SXT
CH, AU, PEF
PEF, SXT
S
SP, PEF
CH, SP, AU, SXT
CH, AM, AU
AU, OFX, S
SP, AU, CN
SP, CPX
AM, S
CPX, OFX
CPX
CPX, AM, OFX, S
CH, SP, CN

CH – Chloranphenicol; SP – sparfloxacin; CPX – ciprofloxacin; AM – amoxacillin; AU – augmentin; CN – gentamycin; PEF – pefloxacin; OFX –
tarivid; S – streptomycin; SXT – septrin; R – resistant; S – sensitive; Isolate 1 to 17 – E. coli; Isolate 18 to 28 – Pseudomonas spp.; isolate 29 to
37 – Klebsiella spp.

Table 5. Antibiotic resistance pattern of the gram-positive isolates.
Isolates

TET

OFL

CPX

PEN

ERY

CLN

APX

LEV

AMX

RD

38
39

S
S

S
S

S
S

S
S

R
R

S
S

S
S

S
S

S
S

R
R

Phenotype of resistance
pattern

ERY, RD
ERY, RD
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Table 5. Contd.

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
% of resistance

S
S
S
S
S
S
R
R
R
S
R
S
S
S
S
S
S
S
S
19.1

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
-

S
S
S
S
S
S
S
R
S
S
S
R
S
S
S
S
S
S
S
9.5

R
S
R
S
S
S
R
R
S
S
R
S
S
S
S
S
S
S
S
23.8

R
R
R
S
R
S
R
R
R
R
S
S
S
R
S
R
S
R
R
66.7

S
S
S
S
S
S
S
R
S
S
R
R
S
S
R
S
S
R
S
23.8

S
S
S
S
S
S
R
S
S
S
R
S
S
S
S
S
S
S
S
9.5

S
S
S
S
S
S
S
S
S
S
S
R
S
R
S
S
S
S
S
9.5

S
S
S
S
S
R
R
S
R
R
S
R
R
S
R
S
R
S
S
38.1

S
R
S
S
R
S
S
S
R
S
S
S
S
S
S
S
S
S
R
28.6

PEN, ERY
ERY, RD
PEN, ERY
ERY, RD
AMX
TET, PEN, ERY, APX, AMX
TET, CPX, PEN, ERY, CLN
TET, ERY, AMX, RD
ERY, AMX
TET, PEN, CLN, APX
CPX, CLN, LEV, AMX
AMX
ERY, LEV
ERY, AMX
ERY
AMX
ERY, CLN
ERY, RD

TET – Tetracycline; OFL – ofloxacin; CPX – ciprofloxacin; PEN – penicillin; ERY – erythromycin; CLN – clindamycin; APX – ampiclox; LEV –
levofloxacin; AMX – amoxil; RD – Rifampicin; R – resistant; S – sensitive; isolate 38 to 45 – Bacillus spp.; Isolate 46 to 51 – Staphylococcus spp.;
isolate 52 to 58 – Streptococcus spp.

Table 6. Identification of fungal isolates.

S/N

1

2

3

4

5

6

7

Macroscopy
Grayish-green or black colonies
with gray edges rapidly swarming
over entire plate. Aerial mycelium
not very dense, appearing grayish
to white
White colonies became greenishblue, black/brown as culture
matures
Colonies are typically colour white
to grey, older colony become grey
to brownish colour due to
development of spores
Mature cultures usually greenish
or blue-green
Profuse cotton-like growth with
orange colour on the surface
Rapidly growing white, aerial,
cottony and fuzzy coloured
mycelium swarming over entire
plate
Small, greenish/black powdery
colonies

Microscopy

Suspected organisms

Multi-celled pear-shaped conidia
attached to single conidiophores
arising from a septate mycelium
conidia

Alternaria spp.

Single-celled conidia in chains
developed at the end of the sterigma
with septate mycelium
Oval spores, non-septate mycelium
giving to single sporangiophores with
globular sporangium containing a
columella
Single-celled condia in chains at the
end of the sterigma with the
conidiophores arising from a septate
mycelium
Conidiophores are smooth-walled
Oval spores, colourless/brown nonseptate mycelium gives rise to straight
sporangiophores that terminate with
black sporangia containing columella
Conidia developed at the end of
conidiophores with septate brownish
mycelium

Aspergillus spp.

Mucor spp.

Penicillium spp.

Neurospora crassia

Rhizopus spp.

Cladosporium spp.
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Figure 3. Percentage frequency of occurrence of fungal isolates from dumpsite.

Table 7. Multidrug resistance pattern of the bacterial isolates.

Isolates
Pseudomonas spp.

No. of antibiotics

Klebsiella spp.
3

Pseudomonas spp.

Staphylococcus spp.

4

Staphylococcus spp.
5

Combination of antibiotics
AM, AU, OFX
CH, AU, PEF
CH, AM, AU
AU, OFX, S
SP, AU, CN
CH, SP, CN
CH, SP, OFX, S
AM, AU, S, SXT
CH, AM, AU, PEF
CH, SP, PEF, SXT
CH, SP, AU, SXT
CPX, AM, OFX, S
TET, ERY, AMX, RD
TET, PEN, CLN, APX
CPX, CLN, LEV, AMX
TET, PEN, ERY, APX, AMX
TET, CPX, PEN, ERY, CLN

No. of occurrence (%)
1
1
1
1
1
1
6(10.3)
1
1
1
1
1
1
1
1
1
9(15.5)
1
1
2(3.5)

CH – Chloranphenicol; SP – sparfloxacin; CPX – ciprofloxacin; AM – amoxacillin; AU – augmentin; CN –
gentamycin;
PEF – pefloxacin; OFX – tarivid; S – streptomycin; SXT – septrin; TET – tetracycline; PEN – penicillin; CLN – clindamycin;
LEV – levofloxacin; APX – ampiclox; ERY – erythromycin.
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Plate 1. Electrophoresis gel picture of plasmid DNA amplification of the multi-drug
resistance bacterial isolates.

Figure 4. Effect of culture time and enzyme production on growth of Pseudomonas spp.
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Figure 5. Effect of culture time on growth and enzyme production of S. aureus.

Figure 6. Effect of different nitrogen sources on lipase and amylase activities.
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Figure 7. Effect of different carbon sources on lipase and amylase activities.

Figure 8. Effect of pH on cellulase production.
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Figure 9. Effect of temperature on cellulase production.

while at a pH above 7, a decrease of cellulose production
was observed to pH 9. And was observed that as the pH
increases from 3 – 5 the production increases
correspondingly while at a pH above 7, a decrease of
cellulose production was observed to pH 9.
The effect of temperature on cellulose production in P.
aeruginosa by lipase and amylase activities is depicted in
Figure 9. It was observed that at a temperature of 50°C
the amount of cellulose produced was high (about 100%).
At a lower temperature of between 30 and 40°C the
production of cellulose was low, while at temperatures
higher than 50°C; the production of cellulose decreases
gradually. However, at 80°C, the production decreases
tremendously to below 10%. And it was observed that at
a temperature of 60°C the amount of cellulose produced
was high (about 100%). At a lower temperature of
between 30 and 40°C the production of cellulose was
low, while at temperatures higher than 60°C; the
production of cellulose decreases gradually. However, at
70°C, the production decreases.
The effect of different nitrogen sources on the activities
of lipase and amylase in S. aureus is presented in Figure
10. It was evident that yeast extract and sodium nitrate
were the sources that produced nitrogen that increased
the activity of lipase to 4.2 and 3.8 mmol/min
respectively. However, there was a slight variation of
lipase activity from nitrogen derived from ammonium
chloride (3.2 mmol/min), ammonium nitrate (3.4

mmol/min) and potassium nitrate (3.3 mmol/min); which
produced the lowest protease activity; while it was
observed that yeast extract and ammonium chloride
sources provided a high degree of lipase activity followed
by varying degree of activity provided by ammonium
nitrate, sodium nitrate and potassium nitrate respectively.
The effect of different carbon sources on lipase and
amylase activities in S. aureus is presented in Figure 11.
It was observed that groundnut oil source provided a high
degree of lipase activity followed by varying degree of
activity provided by palm oil, goya oil, olive oil and
soybean oil respectively; while it was clearly evident that
only the carbon from corn starch source provided activity
above 25 mmol/min for amylase. Other sources like
glucose, mannose, and fructose were also provided
amylase activity between 15 and 20 mmol/min.
The effect of pH on cellulose production in S. aureus by
lipase and amylase activities is presented in Figure 12. It
was observed that as the pH increases from 4 – 7 the
production increases correspondingly while at a pH
above 7, an increase of cellulose production was
observed to pH 8; decrease in production was again
observed at pH 9. And for amylase activity, it was
observed that as the pH increases from 4 – 7 the
production increases correspondingly.
The effect of temperature on cellulose production in S.
aureus by lipase and amylase activities is depicted in
Figure 13. It was observed that at a temperature of 50°C
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Figure 10. Effect of different nitrogen sources on lipase and amylase activities.

Figure 11. Effect of different carbon sources on lipase and amylase activities.
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Figure 12. Effect of pH on cellulase production.

Figure 13. Effect of temperature on cellulase production.
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the amount of cellulose produced was high (about 100%).
At a lower temperature of 30°C the production of
cellulose was low, while at temperatures higher than
50°C; the production of cellulose decreases gradually.
However at 80°C the production decreases tremendously
to below 10%. And for amylase activity it was observed
that at temperature of 40°C the amount of cellulose
produced was high (about 100%). At a lower temperature
of 30°C the production of cellulose was high, while at
temperatures higher than 60°C the production of
cellulose decreases gradually.

DISCUSSION
The microbial quantity and quality of air around dumpsite
at Erifun, Ado-Ekiti was investigated for a period of 2
months (October - December, 2018). The result of the
total bacterial count obtained from the point closed to the
dumpsite was relatively higher than those obtained at 50
and 100 m away from the site. This correlates with result
obtained by Noah et al. (2008) in the short-term temporal
variability in airborne bacterial and fungal populations
where he claimed that airborne bacterial and fungal
populations are of higher microbial value at the close
proximity to dumpsite. The prevalence of the
microorganisms isolated from this environment is
indicative of the proliferation of the bacteria and fungi due
to the favourable environment created by the various
domestic wastes (both liquid and solid) dumped therein.
The high value of bacteria which are majorly pathogens
at the dumpsite can be attributed to the various and
diverse human activities in the area which included
uncontrolled disposal of solid wastes, sewage and
unethical faecal disposal.
This dumpsite is naturally rich in both organic and
inorganic matter which provides the basal components
for growth of various microorganisms. Most bacteria and
fungi undergo reproduction asexually by sporulation
(exospores or endospores formation) which is easily
carried by air current to be dispersed into the
environment. The decrease in microbial load as we move
away from the dumpsite, precisely, 50 m away can be
attributed to dispersal from the site resulting in reduction
in concentration. It was claimed by Maus et al. (2001)
that the trend of survival of bacterial spores carried by air
current is as a result of combined effect of spore
rehydration and diffusion of fiber substances into the
spores which rendered the spores prone to air flow and
air toxics. This information authenticates the findings of
this study.
The observed increased trend in the bacterial counts in
the study area might be lack of rainfall in the months of
October, November and December leading to reduced
water activity. These results agree with the reports of
Obire et al. (2002), who stated that seasonal variations

favour dispersal of the microbial cells. The fungal load for
the air samples from dumpsite at Erifun as shown in
Table 2 indicated that the fungal load decreased with
distance from the dumpsites. This could be attributed to
reasons as observed for bacterial load. These results
agreed with the report of McCarthy (2001) who reported
that microbial load tends to decrease with distance from
the source of air contaminants. The observed trend in the
fungal load could be due to spore formation favoured by
reduced amount of rainfall in the months of October,
November and December. Obire et al. (2002) also
reported that microbial community of waste dumpsites
were affected by seasonal variations which has a
significant effect on atmospheric accumulation of fungal
and bacterial spores. The bacterial and fungal genera
encountered in this study had been reported by Ryan et
al. (2004), as the possible microbial isolates from polluted
air. The presence and prevalence of some of these
species of bacteria in the dumpsite could be resulted
from the ability of the bacteria to proliferate and survive in
the presence of damp organic materials, waste from food
and food products and spores of microorganisms that
possess the ability to survive adverse environmental
conditions and being propelled through the air. The
results agree with the report of Osha (1999) and Sola
(2000), that these are possible sources of air microflora.
These bacteria can cause airborne diseases like
pneumonia, influenza and upper respiratory tract
infections (Douwes, 2003).
The investigation revealed general trend of abundance
of the isolates to be seasonal dependant. This could be
as a result of various climatic and demographic factors
like reduced rainfall leading to reduced water activity
which favours germination of spores; which could also be
the wind action and harsh weather conditions
experienced during the season. Cladosporium spp.,
Penicillium spp., Mucor spp., Alternaria spp., Aspergillus
spp., Rhizopus spp. and Neurospora spp. were observed
to be predominant in the air samples during this season.
These results agreed with the report of Prescott et al.
(2005) who listed fungi amongst the most common
allergenic moulds associated with man and animal. Obire
et al. (2002) also identified Aspergillus spp. as one of the
most common fungi isolated in most dumpsite
environment.
The bacterial species isolated were identified to be
among those commonly encountered in leachate and
runoff from the waste pile. This agreed with Obire et al.
(2002) with the exception that the other few found in
leachate but not encountered in this study may be due to
their survival and settling time. The high number of
bacteria from the family Enterobacteriaceae and
considerable number of coliform bacteria is an indication
that the environment could be hazardous, constitutes
serious health risk and threat to both the waste disposal
workers and residents of the community. According to
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Scarpino and Quinn (2010) people in close proximity to
the dumpsite complained of serious odours emanating
from the site, personal discomfort due to the odours, loss
of sleep (insomnia), possible allergic manifestations and
respiratory difficulties. Out of the genera of organisms
isolated, E. coli has the highest frequency of occurrence,
this agrees with the reports of Lewis et al. (2002) where it
was stated that E. coli is able to withstand competition
with the other indigenous microorganisms with higher
growth rates.
According to this study, antibiotics resistant bacteria
were widespread and were resistant to most of the tested
antibiotics. This may be due to either the intrinsic
resistance of many microorganisms to antibiotics or
acquired resistance of the organisms enabled by the
transfer of drug resistance plasmids amongst members of
the isolates. The predominance of E. coli is an indication
of faecal deposit which could be due to open defecation
or lack of toilet facilities in the community.
Resistance plasmids carry one or more antibiotic
resistance genes. They are frequently accompanied by
the genes encoding virulence determinants or specific
enzymes. It has been discussed by Bennett (2008) and
Schultsz and Geerlings (2012) that plasmids confer
resistance to antibiotics. The antibiotic resistance genes
found on the plasmids confer resistance to most of the
antibiotic classes used nowadays, like beta-lactams,
fluoroquinolones and aminoglycosides. According to the
results obtained, it was observed that only Pseudomonas
spp. isolate harbored plasmid with the size of
approximately 2.3 kilo base pair. The presence of this
resistance plasmid in this bacterium can be related to
their ability to be multidrug-resistant. This is of great
concern because management and treatment of
infections caused by this resistant plasmid possessed
bacteria, may lead to therapeutic failure.
Plasmids play a key role in the horizontal spread of
antibiotic resistance determinants among bacterial
pathogens (Mayer, 2008). When an antibiotic resistance
plasmid arrives in a new bacterial host, it produces a
fitness cost, causing a competitive disadvantage for the
plasmid-bearing bacterium in the absence of antibiotics
(Gonzalez and Escudero, 2012). On the other hand, in
the presence of antibiotics, the plasmid promotes the
survival of the clone. The adaptations experienced by
plasmid possessed bacterium in the presence of
antibiotics during the first generations of coexistence is
crucial for the establishment of the infection and keeping
the record of plasmid-mediated resistance once the
treatment is over (San-Millan et al., 2015).
Physiochemical factors like temperature and pH has a
great influence in the production of lipase and amylase.
The most important nutrient for lipase and amylase
activity is nitrogen and carbon sources, because lipase
and amylase are inducible enzymes. In comparison with
inorganic carbon sources and nitrogen sources, organic
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carbon sources and nitrogen sources are rich in nutrition
which could be utilized by all kinds of bacteria such as
Pseudomonas, Staphylococcus spp., Serratia spp.,
Bacillus, and so on (Sun and Xu, 2008).
The lipase and amylase production is also influenced
by the typeand concentration of carbon and nitrogen
sources, pH and the growth temperature (Elibol and
Ozer, 2001). Among the different carbon sources such as
groundnut oil, goya oil, olive oil, soybean oil, palm oil
(lipase); casein, meat extract, yeast extract, cheese, milk
(protease); corn starch, maltose, glocuse, mannose, and
fructose (amylase) were used for the present study.
Groundnut oil, casein and maltose are considered to be
the most appropriate source and subsequently olive oil,
yeast extract and corn starch play crucial role in inducing
the enzyme production (Figures 3 and 7). Apart from
carbon source, the type of nitrogen source in the site also
has influence on the lipase, amylase and protease
production. In this work, yeast extract and ammonium
nitrate were found to be the most suitable source and
maximum production was found with its use (Figures 2
and 5). The most important factor for the expression of
lipase and amylase has always been carbon, since the
lipase enzymes are inducible enzyme (Lotti et al., 2008).
They are synthesized only in the presence of lipid source
such as oil or any other inducer which includes fatty
acids, hydrolysable ester, tweens, triacylglycerols, bile
salts and glycerol. However their production is
extensively influenced by other carbon sources such as
sugars, polysaccharides and other complex sources. The
results obtained in this study are similar to the previous
study by He and Tan (2006), Kaushik et al. (2006) and
Prasanna et al. (2015) which states that natural oils
stimulate lipase, amylase and protease production.
Lipase and amylase production increased in thermophilic
P. aeruginosa and S. aureus tremendously during the
presence of groundnut oil, casein and maltose as
carbonsources in the culture medium, this findings
correlates with that of Eltaweel et al. (2005).
Production of extracellular cellulase has been shown to
be sensitive to repression by different nitrogen sources.
The effect of nitrogen sources was studied in the growth
medium, where peptone was replaced by ammonium
sulphate, urea, and yeast extract. Among the various
nitrogen sources tested, ammonium sulphate was found
to be the best nitrogen source for cellulase production.
Nitrogen is one of the major cell proteins and stimulation
of cellulase activity by ammonium sulphate salt might be
due to their direct entry in protein synthesis as
emphasized Mandels (2005).
Other research also suggested that the glucose
supplementation to the basal medium inhibits the
production of lipase and amylase due to the catabolic
repression (Lotrakul and Dharmsthiti, 2007). High
glucose concentration gradually reduced lipase and
amylase production. This was clearly observed and
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reported in the present study. Apart from carbonsources,
the type of nitrogen sources in the medium also had
influence over the lipase and amylase production. In
general, microorganism gives high yields of lipase and
amylase when organicnitrogen sources are provided,
such as peptone and yeast extracts.
It was reported by Ishihara et al. (2002) that various
sources of carbon such as starch, fructose, maltose, and
sucrose were used to replace glucose which was the
original carbon source in growth media. Results obtained
showed that glucose brought the highest cellulase
production compared to other carbon sources at 24 h
incubation. Lactose and fructose also showed high
cellulase production at 24 h of incubation. Hence, glucose
was found to be the best source for cellulase production.
Glycerol is the best substrate for cellulase production with
the efficiency of 28.7% on the added substrate weight.
They also studied the utilization of D-xylose as carbon
source for the production of cellulase membrane and
deduced that xylose is not well metabolized by any
bacterial strains that exhibited high cellulose production
in glucose medium, whereas sucrose, glucose, and
mannitol were found to be suitable for optimum levels of
cellulase production.
Prasanna et al. (2015) deduced that the temperature
preference of these enzymes reveals higher activity at
temperature 40 and 50°C. It shows that P. aeruginosa
and S. aureus lipases and amylases are mesophilic
enzymes. Acomprehensive review of all bacterial lipase
and amylase stated that themaximum activity of lipases
and amylases at pH values higher than 7has been
observed in many cases. This corresponds to the result
obtained in this study. Even though few studies
suggested that P. aeruginosa and S. aureus are capable
of withstanding high temperature (Chen et al., 2012), the
lipases and amylases produced by these organisms are
not thermostable and have activity only at 40 and 50°C.
Enzyme activity recorded at different temperatures
revealed that the bacteria isolate yielded maximum
cellulase production at 40°C. The temperature was found
to influence extracellular enzyme secretion, possibly by
changing the physical properties of the cell membrane.
Optimum temperature for maximum growth of
Pseudomonas spp. and S. aureus was 40°C (Jansová et
al., 1993).
These results are close those of Bakare et al. (2005)
who found that the cellulase enzyme produced by
Pseudomonas spp. was activated at 30 to 35°C showing
the optimum temperature at 35°C. It was reported by Ray
et al. (2007) that minimum cellulase yield was observed
when fermentation was carried out at 45°C, while
maximum yield was obtained at 50°C by Pseudomonas
spp. and S. aureus.
The bacterial lipase and amylase may be either active
in acidic or alkali condition. In the present study the
lipase, amylase and protease obtained from P.

aeruginosa and S. aureus showed that the maximum
activityin pH 6 and 7. The lipase and amylase range has
proved to bepotentially acidic and can be used in many
reactions which are acidic.

Conclusion
From this study, it can be concluded that the open dump
system of waste disposal is indeed a potential
environmental quality problem which takes the form of
unsightliness, land and water pollution, it reduces the
quality of air by the emission of foul odours and different
gases derived from the anaerobic decomposition as well
as occasional burning. It also serves as a potential
source of air pollution and contamination as it promotes
the dispersion of bacterial pathogens either as free
entities or attached to particles into the air. These
pathogens when suspended in air are of less importance
but become a source of immediate concern when they
settle on surfaces as they cause varying kinds of
infectious diseases, respiratory symptoms and lung
function impairment which can range from acute mild
conditions that hardly affect daily life to severe chronic
respiratory diseases, cancer, and so on.
In order to enhance the quality of air and protect the
lives of people, the following recommendations need to
be considered and implemented.
i. Landfill waste disposal system should replace the open
system of waste disposal as this will ensure the
effective control and prevention of microorganisms from
escaping into the air.
ii. In case of limited land availability, the wastes can be
incinerated under high heat in a controlled
environment.
iii. Encouragement of waste management practices of
waste reduction, waste re-use and recycling.
Government should also encourage small and medium
scale industries that can convert these wastes into
useful products by creating enabling environment.
iv. Legislative laws and regulations on land use and
effective waste disposal and management should be
made to control the location of dumps which should be
far removed from the community.
v. Hazardous wastes from industries and hospitals
should be treated or detoxified before disposal.
vi. Government should control the settlement patterns of
individuals and communities and ensure that
residential are far removed from dumpsites.
vii. Public health organizations and other relevant bodies
should
embark
on
public
awareness
and
enlightenment campaigns to enlighten individuals on
the hazards of indiscriminate waste disposal and the
open dump system of waste disposal.
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