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Abstract

Poor Indoor Air Quality (IAQ) and non-conformity with acceptable 
sanitary practices compromise integrity of food and people's health. 
Studyon nature of indoor air required to institute indoor air quality 
control regime is lacking in University College Hospital (UCH), 
Ibadan. This study assessed IAQ and sanitary conditions in selected 
food vending premises at UCH, Ibadan. A descriptive cross-sectional 
design involving fourteen consented food premises was adopted. 
Indoor air (kitchen and dining hall) was monitored for Relative 
Humidity (RH) and temperature using Multi-Tester N21FR. 
Particulate matter (PM ), carbon monoxide (CO), carbon dioxide 10

(CO ), Total Bacterial Counts (TBC) and Total Fungal Counts (TFC) 2

were measured using Single Channel Particle Counter, CO-meter, 
and CO -meter and TE–10–890 Single Stage air sampler 2

respectively. Measurements were taken thrice daily for 8 weeks. Data 
obtained were compared with WHO guideline limits.Using an 
observational checklist, building facilities were assessed; while 
hygiene characteristics were scored on a 50-point scale as 
unsatisfactory (=25) and satisfactory (>25). Data analysis involved 
descriptive statistics, ANOVA, and Pearson correlation at p = 0.05. 
Mean RH, temperature, PM  and CO at kitchen (73.1±7.0%, 10

o 328.7±2.2 C, 59.3±30.2µg/m  and 10.1±12.9ppm) and dining hall 
o 3(72.4±7.6%, 29.1±2.3 C, 58.7±29.4µg/m  and 0.1±0.7ppm) 

respectively exceeded guideline limits. Mean CO TBC and TFC at 2,
3k i t chen  (472 .3±131 .4ppm,  198 .0±114 .5c fu /m  and  

357.9±17.7cfu/m ) and dining hall  (461.7±127.6ppm, 
3 3189.2±84.0cfu/m  and 57.6±17.2cfu/m ) respectively were within 

acceptable limits. The premises lacked toilet (85.7%); potable water 
(42.9%); appropriate refuse bin (28.6%) and hand-washing 
equipment (35.7%). About 29.0% of the premises had unsatisfactory 
hygiene score. Significant negative correlation existed between 
hygiene score and CO (r = -0.111), CO  (r = -0.064), TBC (r = -0.144) 2

and TFC (r = -0.136). Unsatisfactory sanitary conditions contributed 
to higher levels of indoor air quality parameters. Routine air 
monitoring programmes and sanitary inspection of the premises are 
advocated.
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Table 1: Building Structures and Materials as Observed in the Selected Food Vending Premises

 
 
Floor Characteristics  

Concreted floor  
 

11 (78.6%)  

Floor cover:  
Terrazzo  
Tiles  
None  

 
5 (35.7%) 
6 (42.9%) 
3 (21.4%) 

 
 
 
 
 
Wall Characteristics  

Plastered concrete:  
Entire (highly)  
Partly (less)  

 
5 (35.7%) 
8 (57.1%) 

Wooden:
 

Entire (highly)
 Partly (less)

 

 
2 (14.3%)

 8 (57.1%)
 

Tiled:
 Partly (less)

 
 3 (21.4%)
 Painted:

 Entire (highly)
 Partly (less)

 

 10 (71.4%)
 1 (7.1%)
 

Roof/Ceiling Characteristics Roof covered:

 Entire (highly)

 Partly (less)

 

 5 (35.7%)

 8 (57.1%)

 
Ceiling board:

 PVC rod

 
Wooden

 
Thick carton
Decken

 6 (42.9%)

 
1 (7.1%)

 
1 (7.1%)

5 (35.7%)

Table 2: Sanitary Facilities available in the Selected Food Vending Premises

Running tap for water supply Functional/in good 
condition 
 
Absent 

8 (57.1%) 
 
 

6 (42.9%) Drainage ditch
 Functional/in good 

condition 

 Absent 

8 (57.1%) 
 

 6 (42.9%) 
 

Solid waste storage 
bin

 
Functional/in good 
condition  
Absent 

10 (71.4%) 
  

4 (28.6%) Toilet
 Functional/in good 

condition 
 
Absent 

2 (14.3%) 
 
 

12 (85.7%) 
washing basin
Conventional hand  

 Functional/in good 
condition 
 
Absent 

9 (64.3%) 
 
 

5 (35.7%) 
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Figure 1: Percentage Use of Different Types of Cooking Facility in the Selected Food 
                Vending Premises

Table 3: Sanitary and Hygiene Scores Across the Selected Food Vending Premises

Food 
Vending 
Premises 
(FVP)

 

Indicators  Total 
score

Building
 

condition
 

Food 
preparation 
& handling

 

Dishwashing 
area

 

Provision 
for 
personal 
hygiene

 

Site and
neighbourhood

FVP 01

 
9

 
3

 
4

 
4

 
20

 
40

FVP 02

 

4

 

2

 

3

 

2

 

8

 

19
FVP 03

 

10

 

5

 

3

 

3

 

18

 

39
FVP 04

 

9

 

4

 

3

 

4

 

13

 

33
FVP 05

 

7

 

3

 

2

 

2

 

9

 

23
FVP 06

 

10

 

6

 

3

 

5

 

17

 

41
FVP 07

 

10

 

3

 

2

 

4

 

13

 

32
FVP 08

 

9

 

2

 

1

 

3

 

9

 

24
FVP 09

 

8

 

2

 

2

 

2

 

10

 

24
FVP 10

 

10

 

4

 

2

 

4

 

18

 

38
FVP 11

 

10

 

5

 

4

 

3

 

20

 

42
FVP 12

 

9

 

4

 

3

 

4

 

17

 

37
FVP 13

 

10

 

5

 

1

 

1

 

13

 

30
FVP 14 10 5 3 5 22 45
Score 
obtainable

11 6 4 6 23 50



Figure 2:  Daily Mean Temperature across the 
                  sampling locations

Variations in Monitored Air Quality 
Parameters in the Selected Food Vending 
Premises

Generally, the levels of each measured physico-
chemical parameters across the food vending 
premises vary so much between the locations 
(i.e. kitchen, dining hall and outdoor) such that 
patterns are easily discernible.

Temperature and RH together are 
important determinants of people's perceptions 
of thermal comfort (WHO, 2007). As shown in 
Figures 2 and 3 respectively, this study found 
mean temperature and relative humidity 
frequently to exceed the WHO guidelines of 25 
oC and 60% respectively in all the food 
premises kitchens, dining halls and outdoors. 
Ghasemkhani and Naseri (2008) reported that 
an active humidity system provided better 
ventilation than systems without active 
humidity control and led to improved comfort. 
In addition, relative humidity above 60% may 
support growth of pathogenic or allergenic 
microorganisms (WHO, 2007). Similarly, this 
study revealed a significant positive correlation 
between RH and total fungal counts, implying 
that RH accounted for certain percentage of 
variance in indoor TFC concentrations.

Figure 3:  Daily Mean Relative humidity across 
                  the sampling locations

As depicted in Figure 4, this study revealed 
mean daily indoor PM  concentrations 10

higher than the outdoor air levels, though the 
dining concentration was lower than the 
kitchen concentration. It is therefore 
suggested that indoor concentrations are 
strongly influenced by activities and 
movement of occupants, which may allow 
resuspension of previously deposited 
particles or their delayed deposition or 
settling. This is consistent with the study 
findings of Célia et al., 2014; Lee and Chang, 
2000; Ekmekcioglu and Keskin, 2007; 
Fromme et al., 2007; Diapouli et al., 2008, 
which all reported higher levels of indoor 
PM  concentration than the outdoor 10

concentrations.

Figure 4: Mean Particulate matter (PM ) 10

                Concentrations across the sampling 
                locations
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The results presented in Figures 5 and 6 showed 
that the mean kitchen concentrations of CO in 
nine (64.3%) of the food vending premises 
exceeded WHO guideline limit established as 10 
ppm whereas the mean concentrations at the 
dining hall and outdoor were below the standard 
across all (100%) the food premises. 
Comparison of average values across the 
sampled locations revealed that indoor CO 
concentration (at kitchen) was more than the 
dining and outdoor concentrations. Similar to 
studies reported by Lee et al., (2001) and 
Ghasemkhani and Naseri (2008), the higher 
CO levels at kitchen were probably due to the 
use of various types of cooking facilities in the 
kitchens.

Figure 5: Mean Carbon monoxide (Co) 
                Concentrations across the sampling 
                locations

Figure 6: Variation in Kitchen Carbon monoxide 
                (Co) Concentrations across the food 
                vending premises versus the WHO 
                maximum guideline limit

The mean indoor concentrations of carbon 
dioxide differ significantly among food 
vending premises using different types of 
cooking facilities (including those with high 
and less potential for smoke emission). 
Contrary to the study findings of Milz et al., 
(2007) however, the mean indoor carbon 
dioxide levels in all cases were within the 
criterion level of 1000 ppm as set by the World 
Health Organization (WHO) and the American 
Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE). Thus, this 
study had indicated adequate fresh air supply, 
which might have diluted the smoke emission 
from potential cooking facilities in the selected 
food vending premises. Similar to the findings 
of Palanivelraja and Manirathinem (2009), this 
study indicated significant positive correlations 
between kitchen and dining Co concentration 2 

2
(R  = 0.393) as depicted in figure 7; kitchen and 

2
outdoor Co concentration (R  = 0.040); dining 2 

2and outdoor Co concentration (R  = 0.047), 2 

implying a source relationship within the food 
premises.

Figure 7:  Relationship between Kitchen Co  and 2

                Dining Co concentration2

From the perspective of food industry, an 
increased concentration of microbes in the air 
may reduce the shelf life of the processed food. 
In other words, there is an increasing concern 
over the role of air as a vector of food 
contamination. As obtained from studies by 
Osimani et al., (2013) and Yusup et al., (2014) in 
restaurants, this study revealed a higher burden 
of bacteria than fungal load. However, average 
values of both TBC and TFC were quite low 



compared with the American Conference of 
Governmental Industrial Hygienists (ACGIH) 

3standard value of 500 cfu/m . These are shown in 
Figures 8 and 9. In addition, this study revealed a 
strong positive correlation between PM and 10 

microbial concentrations. This is consistent with 
the findings of Abdel Hameed and Habeeballah 
(2013) and Yusup et al., (2014).

Figure 8:  Mean Total Bacterial Counts (TBC) 
                  across the sampling locations

Figure 9: Mean Total Fungal Counts (TFC) across 
                the sampling locations

Conclusion and Recommendations

In general, it can be concluded that not all the 
food vending premises at University College 
Hospital were found to be well maintained with 
good sanitary condition. Specifically, the study 
identified major deficiencies including poor 
repair conditions of building structural layout, 
non-availability of toilet facility, inadequate 
portable water supply, inappropriate refuse 
storage bins, inappropriate hand washing 
equipment, and unsatisfactory hygiene score in 
a few number of the food vending premises.

On the other hand, indoor air quality 
assessment of the food vending premises 
revealed discernible pattern of variations in the 
levels of each of the measured air quality 
parameters across the food vending premises 
such as:

– Higher levels of relative humidity, 

temperature, PM  and carbon 1 0

monoxide concentrations than the 
corresponding guideline limits.

– Lower levels of both total bacterial and 

total fungal counts than the guideline 
limits.

– Possible influence of relative humidity 

and temperature on the variations of 
other air quality parameters.

Generally, the unsatisfactory hygiene 
score, indicating poor sanitary condition have 
potential for contributing to the higher levels of 
indoor air quality parameters in the food 
vending premises.

Based on these study findings, the following 
are suggested to the UCH Environmental Health 
unit, which is the regulatory body in charge of 
supervision of established food vending 
premises:

– Ensuring routine and regular update of 
the register for available food vending 
premises, so as to keep them in check.

– Routine educational programmes 

should be organised to improve 
awareness of food handlers and other 
food premises workers on the 
importance of improved sanitary and 
hygiene practices which contribute to 
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air quality.
– Routine air monitoring programmes 

and sanitary inspection of the premises 
are advocated in order to maintain 
indoor air quality and sanitary 
conditions at safe and acceptable level.
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