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Abstract

Air pollution is the reduction in the outdoor or indoor environment quality by any physical, biological or chemical
agents above the ambient level that can modify the natural characteristics of the atmosphere. Air pollution can
cause long-term and short-term health effects. In this paper air quality of an institutional environment was
evaluated and presented based on selected air pollutants, air quality indices (AQI), hazard ratio and lifetime
cancer risk. Air quality measurements were conducted at Obafemi Awolowo University Road 1gate for three
months. The Air quality indices were computed using standard methods and procedures. The study revealed that
mean, skewness and kurtosis of temperature, relative humidity, total organic compounds (TVOC), Carbon dioxide
(CO,) and HCHO were temperature (34.2, 34.3°C; 0.6 and 0.6, -0.4 and -0.4); relative humidity (35.46 and 39.23
%, 1.52 and 1.54; and 1.67 and 1.73),TVOC (0.753 ppm and 0.660 ppm; 1.501 and 1.541; and 1.331 and 1.116),
CO,(926.77ppm and 803.77 ppm, -0.70 and -0.63; -1.27, and -1.22) and HCHO (0.051 ppm and 0.048 ppm; 1.123
and 1.51; and 0.504 and 1.69), respectively. AQI for CO,, TVOC and HCHO were between 135 and 336, 16.72 and
173.02, 12.37, and 2191.42, respectively. Life cancer risk for CO,, TVOC and HCHO were between 2.42 x 10° and
6.02x10°, 2.36x10°and 9.06x 10°, 2.63x 10" and 2.36x 10° respectively.

It was concluded that AQI in-term of CO, was high (poor and polluted) but fair for TVOC and HCHO. There is a
need to reduce CO, concentration as an increase in CO concentration has been associated with cardiovascular
diseases, high blood pressure and chronic kidney disease.

Keywords: Carbon dioxide, formaldehyde, outdoor air quality, total volatile organic

compounds, air quality indices and lifetime cancer risk

Introduction
Atmospheric pollution results from natural causes as

Air pollution has been dependably linked to
considerable burdens of ill-health in developed and

well as from man's activities and the results of
increasing environmental pollution due to the
anthropogenic activities of man are of great concern
worldwide (Yaru, 2021). Air pollution is both an indoor
and outdoor universal environmental problem that has
effects mostly on the health of the urban population
(Gorai and Goyal, 2015). Over the past few years,
epidemiological research has established adverse
health effects of air pollution due to higher
concentrations than ambient concentrations of these air
pollutants (Gorai and Goyal, 2015; Baris et al., 2019).
Research has indicated that repeated exposures to these
ambient air pollutants over a protracted period of time
increase the risk of being susceptible to airborne
diseases, such as (cardiovascular disease, respiratory
disease, and lung cancer (Gorai and Goyal, 2015; Baris
etal., 2019).

developing countries (Gorai et al., 2014a,2014b; Bruce
et al., 2000; Smith er al., 2000). Air pollution is
becoming a topic of intense research at all levels
because of the increased level of anthropogenic
activities and climatic changes (Njoku ef al., 2016). It
has been reported that air pollution in the urban centre
has increased rapidly due to high population-density,
such as increased numbers of motor vehicles, use of
fuels with poor environmental performance, poorly
maintained transportation systems and above all,
ineffective environmental regulations and policies
(Komolafe et al., 2014). Air pollution is believed to
have killed more people worldwide than AIDS, malaria,
breast cancer, or tuberculosis (WHO, 2014). Airborne
particulate matters are, especially detrimental to health
(Beelen et al., 2013), and have previously been
estimated to cause between 3 and 7 million deaths every
year, primarily by creating or worsening cardio-
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respiratory disease (Hoek et al., 2013; Baris et al.,
2019). Air pollutants sources include electric power
plants, industrial facilities, automobiles, biomass
burning, and fossil fuels used in homes and factories for
heating. Air pollutants can be in the form of solid
particles, liquid droplets, or gases (Njoku et al.,2016).
Globally, many cities and institutions are continuously
assessing air quality using monitoring networks
designed to measure and record air pollutant
concentrations at several points deemed to represent the
exposure of the population to these pollutants (Njoku e?
al., 2016). The World Health Organization (WHO)
estimates that 25 % of all deaths in the developing world
can be directly attributed to environmental factors
(Gorai and Goyal, 2015). The problem of air pollution
and its corresponding adverse health impacts have been
aggravated due to increasing industrial and other
developmental activities. The monitoring
concentrations of air pollutants in the residential,
institutional commercial, and industrial areas are used
for the calculation of air quality index (AQI) or air
pollution index (API), which are indications of air
quality levels. These air quality indices were so varied
that it was necessary to develop a system to classify
indices according to four Criteria (Ott and Thorn, 1975;
1976) as follows: a number of variables; calculation
method; calculation mode; and descriptor categories
reported with the index (Ott and Thorn, 1976).

Several types of research have been conducted on
assessing air quality in traffic-dense areas, industrial
zones, classrooms, in academic environments of
institutions (primary, secondary and tertiary) in a
selected part of Nigeria, but there seems to be a paucity
of information on monitoring considering the
contribution of pollutants from vehicular traffic and
other activities at the entrance of tertiary institutions.
Hence, the objective of this study is to present the air
quality monitoring data of selected gaseous pollutants
(Carbon — dioxide (CO,), total volatile organic
compounds, Formaldehyde) and environmental
parameters (temperature, relative humidity) at the

Obafemi Awolowo University entrance (gate) and to
highlight the ecological and health associated
problems. It is equally hoped that the AQI rating for
ambient air quality will generate data for further
research on air quality control and management.

Materials and Method

Measurement of air quality was undertaken at Obafemi
Awolowo University, Ile — Ife, Nigeria Road 1(known
as Aderemi Adesoji Road) gate (Figure 1, located at 7°
30' 16” N, 4° 31' 32” E with an elevation of 261 m)
between March and May 2021 on weekdays (Monday
to Friday) and weekends (Saturday and Sunday), for
approximately (limited by visibility and safety factors)
12 hours per day (6:30 a.m. to 6:30 p.m.). Road 1 gate is
a section of busy Ife-Ibadan or Ife-Ede Road. The
intensities of vehicular movement and other
commercial activities are very high. These activities
give room for the emission of gases and air pollution.
Temperature and relative humidity were measured
using 556- HTC-1 for temperature and relative
humidity. Air quality detector JSM-131SC was used for
the measurement of Carbon — dioxide (CO,), total
volatile organic compounds (TVOC), Carbon -
monoxide (as CO,, Equation 1) and Formaldehyde
(HCHO).

co - éﬂ: - o, (L)

Effects of time and season of the air pollutant level were
evaluated statistically using analysis of variance
(ANOVA). Descriptive statistical analysis (mean,
standard error, median, standard deviation, kurtosis,
skewness, minimum and maximum) was used to
express the results. Kurtosis and skewness were
determined to establish the concentration distribution
ofthe air pollutants during the selected period.
Skewness is a measure of symmetry or, more precisely,
the lack of symmetry. The data set is said to be
symmetric if it looks the same to the left and right from
the centre point. The Skewness for a normal
distribution is zero, and any symmetric data should
have dkewnecc near 7zern
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Figure 1: Aerial View Obafemi Awolowo University and Road 1 gate (Goggle map, 2021)
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Negative values for the skewness indicate that data are
skewed to the left and positive values for the skewness
indicate that data are skewed to the right. The literature
reported that Skewness greater than zero (Right skewed
distribution - most values are concentrated on left of the
mean, with extreme values to the right). When
Skewness is less than zero (Left skewed distribution -
most values are concentrated on the right of the mean,
with extreme values to the left) and when Skewness is

equal to zero (mean = median, the distribution is

symmetrical around the mean). Skewness was

computed as follows (Equation 2):

N cand
>(r-7)
¥ = -—---—‘—':-J
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Where; v is the skewness, §1s the standard deviation,

Y is the year rainfall: Y is the mean rainfall and
N is the number of samples.

Kurtosis (B) is a measure of data peakedness or flatness
relative to a normal distribution. That is, data sets with
high kurtosis tend to have a distinct peak near the mean,
decline rather rapidly, and have heavy tails. Data sets
with low kurtosis tend to have a flat top near the mean
rather than a sharp peak. The standard normal
distribution has a kurtosis of zero. Positive kurtosis
indicates a peaked distribution and negative kurtosis
indicates a flat distribution. The literature stated that
when Kurtosis is greater than 3, it is leptokurtic
distribution, sharper than a normal distribution, with
values concentrated around the mean and thicker tails.
This means a high probability of extreme values. When
Kurtosis is less than 3, it is a platykurtic distribution,
flatter than a normal distribution with a wider peak. The
probability for extreme values is less than for a norma
distribution, and the values are wider spread around the
mean. When Kurtosis is equal to 3, it is then ¢
mesokurtic distribution (normal distribution). It was
computed as follows (Equation 3):

¥ (r-F)

.\l.-l.-; v {3')

Air quality levels were computed using standard air
quality indices (Oak Ridge Air Quality Index (ORAQI),
Air Quality Index (AQI), hazard ratio and total hazard
ratio, lifetime cancer risk and the global lifetime cancer

risk).

Air Quality Index (AQI): Air Quality Index (AQI) is
used for describing ambient air quality. The indices for
each of the pollutants were derived using the
mathematical formula as follows (Njoku et al., 2016,

Equation4):

l{]'{]'[E
C

5

401 = “

Where; AQI is the air quality index, C, is the pollutant
standard concentration and C; is the pollutant

concentration reading from the device.

Lifetime cancer risk and the global Lifetime cancer
risk: Lifetime cancer risk and the global Lifetime
cancer risk attributed to inhalation exposures of the air
pollutant were computed as follows (Tracey et al., 2000,
Wisitetal., 2017, Gianluigi et al.,2013, Equation 5):

LCR, = CxUR, (5)

Relationship between ppm and concentration can be
express as follows (WHO, 2017; Yaru, 2021):

3
2445 « Concentration({mgm )

Mbolecular Mass

Where; LCR; is the Lifetime cancer risk of air pollutant

I, and UR; is the unit risk of air pollutant I (Equation 6).

LCR, = 2 (C<UR) ©)

N
=l
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Where; LCR,, is the global lifetime cancer risk of air
pollutants

The Integrated Risk Information System (IRIS) is an
Environmental Protection Agency (US EPA) database
of human health effects that may result from exposure
to various substances found in the environment
suggested a unit risk of 2.9x10” (ug/m’)" of HCHO
concentrationand 3.0x10” (ug/m’)" of TVOCs and CO,
concentrations (Wisit ezal., 2017, WHO, 2017).

Hazard ratio (HR) and total hazard ratio (THR):
Hazard ratio (HR) and total hazard ratio (THR)
attributed to inhalation exposures of the air pollutants

were computed as follows (Gianluigi et al., 2013,

Equations 7 and 8):
G
— o Tj
HR, C (
N
THR = S HR . (8)
r=g

Oak Ridge Air Quality Index (ORAQI) is one of the
equations for the nonlinear (Type A) index, which is
express as follows (Ott and Thorn, 1976, Tiwari, 2015,
Fezarietal., 2015, Equation 9):

¥ V137
ORAQI = IsT‘T‘ HE, (%
L H

]

It is well stated that air quality index (AQI) is a rating
scale for outdoor air. The lower the AQI value the better
the air quality. AQI rating A stand for Very good (0 -15),
B for Good (16 -31), C for Moderate (32 — 49), D for
Poor (50 — 99) and E for Very poor (100 and over)
(Njokuetal.,2016)

Results and Discussion
Results and discussion from the study are presented
as follows:

a. Temperature: Table 1a presents a statistical

summary of temperature (weekdays and weekends)
during the study. The study revealed that the minimum,
maximum and mean of the temperatures (weekdays and
weekends) were (31.4, 31.5°C), (38.1, 38.2°C) and
(34.2, 34.3°C). In addition, Kurtosis, Skewness,
Median and Standard Deviation are presented in Table
1. Table 2 presents an ANOVA of the temperature. The
table shows the effects of time, days and weekends on
temperature. The table revealed that there is a
significant difference between the temperature within
the time (F,, ,, = 11519.92; p = 1.97 x 10 ™, less than
0.05) and within the weekend and days (F, ,, =
129.6771; p = 8.65 x 10 *, less than 0.05). The table
revealed that temperatures were higher during the
weekend than during the weekday. These results may be
attributed to social and religious activities at the Gate
(take-off and stopping or returning points for social and
religious activities during the weekend using common
buses). These results agree with the literature Leal-
Junior et al. (2018) and Gupta and Patel (2017) on
significant differences in the temperature in relation to
climate.

b. Relative humidity: The degree of saturation,
may be expressed as the relative humidity of the air,
which is the ratio of the actual water vapour pressure of
the air to that at saturation for the same temperature.
Table la presents a statistical summary of the relative
humidity during the study. The study revealed that the
minimum, maximum and mean values of the relative
humidity were 27.00 % and 30.81 %, 58.00 and 60.74
%, and 35.46 % and 39.23 %, (weekdays and weekends)
respectively. These results revealed that the
environment was dry and of moderate temperature. The
relationship of temperature and relative humidity is as
presented in the Relative Humidity table (Irgum, 1983;
Dymond, 2007; Pinto et al., 2015; Zhao et al., 2014; Da
Cunba, 2015; Hird and Bolton, 2016; Murmu and
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Mishra, 2016 and Shin et al., 2017; Figure 2), there are weekdays and weekends on relative humidity. The
some disagreements between the values on the Table  table revealed that there is a significant difference
and instrumental readings. This indicated thatthereisa  between the relative humidity within the time (F, , =
need to calibrate the equipment for higher levels of ~ 1173.234; p=1.76 x 10 ", less than 0.05) and within
accuracy. Table 3 presents an ANOVA of the relative  the weekend and days (F, ,, = 626.39;p=1.00x 10",
humidity. The table shows the effects of time,  lessthan0.05).

Table la: A statistical summary of temperature and Relative Humidity (weekdays and weekends) during the study

Temperature Relative humidity
Time of the Day (°0) (%)
Weekdays Weekends Weekdays  Weekends
6.30 am 31.4 31.5 41.0 44.1
7.30 am 32.6 32.7 29.0 32.3
8.30 am 342 343 29.0 32.4
9.30 am 33.6 33.7 30.0 334
10.30 am 35.6 35.7 29.0 32.6
11.30 am 35.8 359 31.0 34.6
12.30 pm 37.6 37.7 28.0 31.8
13.30 pm 38.1 38.2 27.0 30.8
14.30 pm 34.6 34.7 36.0 39.5
15.30 pm 34.1 343 51.0 54.4
16.30 pm 33.1 333 37.0 40.3
17.30 pm 32.4 32.6 58.0 61.2
18.30 pm 31.8 32.0 35.0 38.2
342 343 35.46 39.23
Mean
Median 34.1 343 31.00 35.28
Standard Deviation 21 21 9.51 9.09
Kurtosis -0.4 -0.4 1.67 1.73
Skewness 0.6 0.6 1.52 1.54
. 31.4 31.5 27.00 30.81
Minimum
. 38.1 38.2 58.00 60.74
Maximum
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Table 2: ANOVA for Temperature

Source of  Sum of Degree of  Mean

Variation  Square Freedom Square Frvalue P-value Ferit
Time 104.8313 12 8.735938  11519.92 1.97x 10 2.686637
Days 0.098338 1 0.098338  129.6771  8.65x 10"  4.747225
Error 0.0091 12 0.000758
Total 104.9387 25
a. Carbon dioxide: Outdoor pollutant population), but people with heart or breathing

properties of CO and CO, at a global scale are well
documented, but in outdoor environments, CO, cannot
be considered a pollutant, but represents an important
proxy indicator of air quality. Table 1b presents the
statistical summary of relative humidity during the
study. The study revealed that the minimum values, the
maximum values and the mean of CO, were 592 ppm
and 449 ppm, 1199 ppm and 1044 ppm, and 926.77
ppm and 803.77 ppm for weekdays and weekend,
respectively. Table 4 presents ANOVA of the CO and
CO,. The table shows the effects of time, days and
weekends on these pollutants. The table revealed that
there is a significant difference between the pollution
level of these pollutants within the time (F,, ,, = 121.47;
p=1.32x 10", less than 0.05) and within the weekend
and days (F, ,, = 129.6771; p = 8.65 x 10 *, less than
0.05). Previous studies revealed that indoor to the
outdoor ratio of these pollutants is greater than one in
most of the classrooms, indicating the internal source
prominent, with a low level of outdoor intrusions;
levels of 600—1000 ppm is normally registered in the
literature, indicative of inadequate ventilation rates
(Apte et al., 2000, Yaru, 2021), with peaks of 4,000
ppm (Daisey et al., 2003; Clements-Croome, 2006).
Exposure to these pollutants is associated with asthma
(Mi et al. 2006) and values of 1,000 ppm are associated
with a 10-20 % increase in student presence in schools
(Shendell et al., 2004), thus indicating CO,
concentrations is a primary variable in the health risk
assessment of people in school (Rudnick and Milton,
2003). Baris et al., (2019) reported that an increase in
CO and CO,concentration as air pollutant is associated
with an increased risk of chronic kidney disease,
estimated glomerular filtration rate decline and end-
stage renal disease. Table 5 presents the standard air
quality index of CO and CO,. The results revealed that
AQIwasintherange of 135 to 336, HR and OAQI were
between 1.35 and 3.36, while LCR was between 2.42 x
10 * and 6.04 x 10 * Figure 3 presents the relationship
between the concentration of CO, CO, and time. The
figure revealed that there was a non-linear relationship.
These results indicate that the quality of air in the
environment was moderate and exposure to this
environment for a long time is dangerous to asthmatic
patients. The health messages are that there is no need
to modify your usual outdoor activities (general

problems, and experience symptoms, should consider
reducing physical exertion outdoors or rescheduling
activities to times when the index is lower.

Formaldehyde (HCHO): HCHO is defined as a
human carcinogen on the basis of a sufficient evidence
of carcinogenicity from studies in animals and humans
and of supporting data on mechanisms of
carcinogenesis. Table 1 presents statistical summary of
HCHO during the study. The study revealed that
minimum, maximum and mean of HCHO were 0.001
ppm and 0.007 ppm, 0.177 ppm and 0.183 ppm, and
0.051 and 0.048 ppm for weekdays and weekend,
respectively. The kurtosis and skewness were 0.50 and
1.69, and 1.23 and 1.51 for weekdays and weekends,
respectively. Table 6 presents the ANOVA of the
HCHO. The table shows the effects of time, days and
weekends on these pollutants. The table revealed that
there is a significant difference between the pollution
level of these pollutants within the time (F, ,, = 146.81;
p=>5.74x 10", less than 0.05) and within the weekend
and days there was no significant difference but the
days had effects on the pollution level in respect of
HCHO (F, ,, = 1.114; p = 0.312, which greater than
0.05). Table 7 presents the standard air quality index of
HCHO. The results revealed that AQI was in the range
of 0.001 to2.26, HR and OAQI were between 0.00 and
0.02, while LCR was between 3.56x 10 "and 6.51x 10
" These results indicate that the quality of air in the
environment was moderately good and exposure to this
environment for a long time is not dangerous to
asthmatic patients. The health messages are that there is
no need to modify your usual outdoor activities
(general population) and people with heart or breathing
problems, and experience symptoms, should not
consider reducing physical exertion outdoors or
rescheduling activities as the index is lower in respect
to HCHO. In recent years, scientific papers published
during the last 10 years reported experimental results
obtained from the investigation of HCHO and other
carbonyl compounds in school buildings (Gianluigi et
al., 2014, Sofuoglu et al. 2010; 2011; Yamashita et al.
2012; Pegas et al. 2010; 2011a and b; 2012). Pegas et
al. (2011a) measured indoor and outdoor
concentrations of HCHO and other carbonyls in 14
elementary schools in Lisbon, Portugal. In all the
investigated environments, indoor aldehydes' levels
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were higher than those observed outdoors. Pegas et
al.(2011b) carried out a further measuring campaign in
school buildings in order to evaluate seasonal variation
in indoor and outdoor levels. Most of the assessed
carbonyls occurred at input-to-output ratios above
unity in all the seasons, and this evidence showed the

influence of indoor sources and building conditions on
indoor air quality. However, it was observed that
carbonyls' levels were higher during the warm months.
Sofuogluetal. (2011) reported HCHO levels measured
in primary school classrooms and kindergartens in

Turkey.

Table 1b: Statistical summary of the air quality parameters measured

Carbon . Dioxide TVOC HCHO
Time of the Day (ppm) (ppm) (ppm)
Weekdays  Weekends  Weekdays  Weekends ~ Weekdays =~ Weekends
6.30 am 1096 1033 0.586 0.4764 0.183 0.17714
7.30 am 1117 1044 1.945 1.8333 0.132 0.11255
8.30 am 1119 1036 0.638 0.5261 0.001 0.00738
9.30 am 1092 999 0.572 0.4628 0.001 0.00672
10.30 am 875 772 0.59 0.5025 0.052 0.0461
11.30 am 1000 887 0.941 0.841 0.001 0.01041
12.30 pm 738 615 0.478 0.4042 0.056 0.05122
13.30 pm 1012 879 0.981 0.8798 0.002 0.01181
14.30 pm 592 449 0.313 0.2538 0.017 0.01387
15.30 pm 620 467 0.25 0.188 0.015 0.0125
16.30 pm 1009 846 0.296 0.1951 0.052 0.04904
17.30 pm 1115 942 1.905 1.7935 0.126 0.10695
18.30 pm 663 480 0.294 0.2277 0.026 0.02306
Mean 926.77 803.77 0.753 0.660 0.051077 0.048365
Median 1009.00 879.00 0.586 0.476 0.026 0.02306
Standard Deviation 203.71 226.67 0.568 0.556 0.059592 0.052802
Kurtosis -1.27 -1.22 1.331 1.416 0.50481 1.694224
Skewness -0.70 -0.63 1.501 1.541 1.232926 1.507243
Minimum 592.00 449.00 0.250 0.188 0.001 0.00672
Maximum 1119.00 1044.00 1.945 1.833 0.183 0.17714
Table 3: ANOVA for Relative humidity
SO”TC? of  Sumof Degree of - Mean F-value P-value F crit
Variation  Square Freedom Square
Time 2074.728 12 172.894 1173.234 1.76 x 107 2.686637
Days 92.30847 1 92.30847  626.3918 1.00x 10" 4.747225
Error 1.768385 12 0.147365
Total 2168.805 25
Table 4: ANOVA for Carbon Dioxide
Sou{”ce' of  Sumof Degree of Mean F-value P-value F crit
Variation  Square Freedom Square
Time 1105393 12 92116.05 121.4717 1.32x107™° 2.686637
Days 98338.5 1 98338.5 129.6771 8.65 x10® 4.747225
Error 9100 12 758.3333
Total 1212831 25
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Time of

AQI HR OAQI LCR

the Day Weekdays  Weekend Weekdays Weekend Weekdays ~ Weekend  Weekdays ~ Weekend
6.30 am 329 310 3.29 3.10 3.29 3.10 592x10°  5.58x10°
7.30 am 335 314 3.35 3.14 3.35 3.14 6.03 x10°  5.64 x107°
8.30 am 336 311 3.36 3.11 3.36 3.11 6.04x10° 559 x107
9.30 am 328 300 3.28 3.00 3.28 3.00 5.90x10°  5.39x10°
10.30 am 263 232 2.63 2.32 2.63 2.32 472 x10°  4.17x103
11.30 am 300 266 3.00 2.66 3.00 2.66 5.40x10° 479 x10°
12.30 pm 222 185 2.22 1.85 2.22 1.85 398 x10°  3.32x10°
13.30 pm 304 264 3.04 2.64 3.04 2.64 546 x10°  4.75x10°
14.30 pm 178 135 1.78 1.35 1.78 1.35 3.20x10°  2.42x107
15.30 pm 186 140 1.86 1.40 1.86 1.40 335x10°  2.52x10°
16.30 pm 303 254 3.03 2.54 3.03 2.54 5.45x10°  4.57x10°
17.30 pm 335 283 3.35 2.83 3.35 2.83 6.02x10°  5.09 x10°
18.30 pm 199 144 1.99 1.44 1.99 1.44 3.58 x10°  2.59x107
Total 36.18 31.38 36.18 31.38 0.07 0.06
OAQI 1481.34 1218.80

Experimental data revealed that HCHO was one of the
most abundant indoor pollutants and that
concentrations were related to both spatial and seasonal
variability. Similar HCHO levels between urban and
suburban schools, but different HCHO levels between
two urban schools can be explained by the relative
strength of the indoor HCHO sources compared with
the outdoor ones. The HCHO concentrations measured
in classrooms were in the literature range (10400
ng/m’) although the results are high if compared with
data related to schools in Sweden (Smedje et al. 1997a,
1997b; 2011) China (Lee ef al. 2004) and Australia
(Zhang et al., 2006; Zhang and Zhu, 2012; Zhu et al.,
2010). Furthermore, HCHO levels in classrooms were
lower than the concentrations measured in homes and
offices (Mentese and Gullu 2006; Vaizoglu ef al., 2003)
but similar to those in libraries (Righi ef al., 2002;
Hanoune et al, 2006). Regarding kindergartens,
HCHO levels were higher than those measured in
classrooms and the difference in urban and suburban
concentrations was not significant. It can be asserted
that there were consistent sources of HCHO inside

Table 6: ANOVA for HCHO

kindergartens because neither seasonal nor spatial
differences were significant. The overall average of the
concentrations measured in this study (85 pg/m’) was
clearly higher than the Dutch kindergartens (from 6 to
11 pg/m’) (Kotzias 2005) and in the range of the Danish
and Korean kindergartens (Yang et al. 2009). Figure 4
shows the relationship between CO,, HCHO and time.
All these results revealed that HCHO is not a major
outdoor air pollutant but rather an indoor air pollutant
that must be taken care of.

a. Volatile organic compounds (VOC): Total
volatile organic compounds are widely present in
school environments as they are emitted from multiple
both internal and outdoor sources. Among the VOC, the
high priority pollutants that are regulated in indoor
environments and that significantly affect human's
health are Benzene, Naphthalene, Formaldehyde,
Toluene, Xylenes, Styrene, Limonene, Alpha-pinene
and Dichloromethane. Benzene, Toluene, Xylenes and
Styrene can be emitted from solvent-based paints and
consumer products (Kotzias, 2005; Canha et al., 2012;
Gianluigietal., 2014).

Source of  Sum of Degree of Mean

Variation ~ Square Freedom  Square Frvalue P-value Ferit
Time 0.075556 12 0.006296 146.814 43 x10"  2.686637
Days 478 x10° 1 478 x107 1.114352  0.311928  4.747225
Error 0.000515 12 429x107°

Total 0.076119 25
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Table 7: Standard air quality index for HCHO

Time of

AQI HR 0AQI LCR

the Day Weekdays Weekend Weekdays Weekend Weekdays  Weekend  Weekdays Weekend

6.30 am 2.26 2.19 0.02 0.02 0.02 0.02 6.51x 107 6.30 x 1077
7.30 am 1.63 1.39 0.02 0.01 0.02 0.01 470 x 1077 4.00x 107
8.30 am 0.01 0.09 0.00 0.00 0.00 0.00 3.56x 107 2.63x10°
9.30 am 0.01 0.08 0.00 0.00 0.00 0.00 3.56x 107 239x 10
10.30 am 0.64 0.57 0.01 0.01 0.01 0.01 1.85x 107 1.64x 107
11.30 am 0.01 0.13 0.00 0.00 0.00 0.00 3.56x 1078 3.70x 1078
12.30 pm 0.69 0.63 0.01 0.01 0.01 0.01 1.99x 1077 1.82x 107
13.30 pm 0.02 0.15 0.00 0.00 0.00 0.00 7.12x 107 420x 108
14.30 pm 0.21 0.17 0.00 0.00 0.00 0.00 6.05x 1078 494 % 10°
15.30 pm 0.19 0.15 0.00 0.00 0.00 0.00 534x 108 445%x10°®
16.30 pm 0.64 0.61 0.01 0.01 0.01 0.01 1.85x 107 1.74 x 107
17.30 pm 1.56 1.32 0.02 0.01 0.02 0.01 4.48 x 107 3.81x 107
18.30 pm 0.32 0.29 0.00 0.00 0.00 0.00 925x%x10°% 821x10°%
Total 0.08 0.08 0.08 0.08 236x 10 224x10°
OAQI 0.35 0.33 651x107  6.30x107

Dichloromethane is found in adhesives, spray paints,
while the presence of Limonene and Alpha-pinene is
more related to the emission from cleaning products
(aerosol and liquid) (Priscilla et al.2010 ; Canha et al.,
2012; Gianluigi et al., 2014). Polymeric materials that
are used for construction, decoration and furnishing of
schools are high VOC emitters due to their composition
and large surface areas. Moreover, wood-based
products used for construction of writing desks and
cabinets are important sources of these pollutants in
these environments. Some TVOCs are associated with
a variety of serious health effects (Shendell ez al. 2004 ;
Canha et al, 2012; Gianluigi et al., 2014) and
symptoms such as asthma and allergic reactions
(Sofuogluezal. 2011). Several studies reported a strong
association between mucous membrane irritation,
central nervous system symptoms and total exposure to
VOC; these symptoms are similar to those that are
frequently attributed as a cause of sick-building
syndrome (Canha et al., 2012; Gianluigi ef al., 2014 ).
In case of extreme concentrations, some VOC may
result in impaired neurobehavioral function (Burton
1997). Exposure to high concentrations of several
VOCs commonly found in indoor air is associated with
cancers in laboratory animals (Jones 1999 ; Canha et
al., 2012; Gianluigi et al., 2014). Table 1 presents a
statistical summary of TVOC during the study. The
study revealed that the minimum, maximum and mean
of HCHO were 0.250 ppm and 0.188 ppm, 1.833 ppm
and 1.945 ppm, and 0.660 and 0.753 ppm for weekdays
and weekends, respectively. The kurtosis and skewness
were 1.331 and 1.416, and 1.501 and 1.541 for
weekdays and weekends, respectively.  Table 8
presents the ANOVA of the TVOC. The table shows the
effects of time, days and weekends on these pollutants.

The table revealed that there is a significant difference
between the pollution level of these pollutants within
the time (F,, , = 3048.039; p = 5.74 x 10 ", less than
0.05) and within the weekend and days there was no
significant difference but the days had effects on the
pollution level in respect of TVOC (F, ,,=269.072;p =
1.39 x 10 ”, less than 0.05). Table 9 presents the
standard air quality index of HCHO. The results
revealed that AQI was in the range of 0.001 t02.26, HR
and OAQI were between 0.00 and 0.02, while LCR was
between 3.56 x 10 ” and 6.51 x 10 ™ These results
indicate that the quality of air in the environment was
moderately good and exposure to this environment for
a long time is not dangerous to asthmatic patients. The
health messages are that there is no need to modify your
usual outdoor activities (general population) and
people with heart or breathing problems, and
experience symptoms, should not consider reducing
physical exertion outdoors or rescheduling activities as
the index is lower with respect to TVOC. Volatile
organic compounds monitoring campaigns conducted
in different school environments of several cities
(Michigan, Catania, Athens, Arnhem and Nijmegen,
Brussels, Milan, Thessaloniki, Nicosia) highlighted
that indoor sources, micrometeorological parameters
and building conditions might have negative effects on
indoor air quality (Pegas et al. 2010, 2012). Moreover,
it was found that increasing ventilation rates and using
low-emission materials improve indoor air quality
(Pegas et al. 2010). Godwin and Batterman 2007,
monitoring VOC concentrations over one workweek in
64 eclementary and middle school classrooms in
Michigan, found that most VOC had low
concentrations (mean of individual species 4.5 pg/m")
also if they were higher than outdoor air concentrations
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(mean of individual species 0.51pg/m’) higher indoor
levels of many VOC were registered in two studies
involving 14 elementary schools in Lisbon, Portugal
(Pegas et al.,2010; 2012). Almost all identified VOC
(up to 40 compounds) showed Input to Output ratios
higher than one. The same results were found by
Kotzias (2005) in schools and kindergartens of several
cities in Southern and Central Europe: the sum of
indoor concentrations ranged from a few micrograms
(0.8) to 281 pg/m’, while outdoor levels ranged from 7
to 153 pg/m’. VOC concentrations two to four times
higher than the outdoor concentrations were detected in
kindergartens and schools of Arnhem and Nijmegen
and in [zmir (Turkey) (Shendell e al., 2004; Sofuoglu

Table 8: ANOVA for TVOCs

et al.,2011; Stranger et al., 2008). Among monitored
VOC, benzene, toluene, ethylbenzene and xylenes
were the most abundant compounds with Input to
Output ratios exceeding unity. A huge increase in
indoor VOC concentrations was also observed when
artworks or science activities were undertaken
concurrently or just prior to the measurements
(Shendell et al. 2004; Godwin and Batterman 2007,
Pegas et al., 2010). In particular, Pegas et al. (2010)
found that there was an increase in VOC concentrations
reaching 13 ppm, when glue and paints were used in
pupil's art class. Figure 5 shows a relationship between
TVOC, HCHO and the time of the day.

Source of  Sum of Degree of Mean

Variation  Square Freedom Square F-value P-value Ferit
Time 7.589105 12 0.632425  3048.039 574 x10™" 2.686637
Days 0.055829 1 0.055829  269.0716 1.39x 10 4.747225
Error 0.00249 12 0.000207

Total 7.647423 25
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Figure 2a: Relationship between Temperature and
Relative Humidity
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Figure 2c: Relationship between Temperature and
Relative Humidity (3.4 to 6.4 Temperature difference)
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Figure 2b: Relationship between Temperature and
Relative Humidity (0.2 to 3.2 Temperature difference)
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Figure 2d: Relationship between Temperature and
Relative Humidity (6.6 to 10.0 Temperature difference)

Y@l FUTAJEET (https://doi.org/10.51459/futajeet2022.16.2.343)



N
P —— L]

|_:z Tl U E—=IF -x_-|

| N 000 TN 005 EENC i EELE CO 03 e o
Figure 3: Relationship between time, CO, and CO

Figure 4: Relationship between time, CO, and HCHO

Tl

RE Giwe armnitian

D

Figure 5: Relationship between time, HCHO and TVOC Concentrations

m FUTAJEET (https://doi.org/10.51459/futajeet2022.16.2.343)



Asani et al. /[FUTA Journal of Engineering and Engineering Technology /16(2), 58-72, 2022

Table 9: Standard air quality index for TVOC

Time of AQI HR OAQI LCR
the Day Weekdays Weekend Weekdays Weekend Weekdays ~ Weekend ~ Weekdays ~ Weekend
6.30 am 52.13 42.38 0.52 0.42 0.52 0.42 542x10° 441x10°
7.30 am 173.02 163.08 1.73 1.63 1.73 1.63 1.80x10°  1.70x10°
8.30 am 56.75 46.80 0.57 0.47 0.57 0.47 590x10°  4.87x10°
9.30 am 50.88 41.17 0.51 0.41 0.51 0.41 529x10° 428x10°
10.30am  52.48 44.70 0.52 0.45 0.52 0.45 546x10°  4.65x10°
11.30 am 83.71 74.81 0.84 0.75 0.84 0.75 8.71x10° 7.78x10°
1230pm  42.52 35.96 0.43 0.36 0.43 0.36 442x10°  3.74x10°
13.30 pm 87.27 78.26 0.87 0.78 0.87 0.78 9.08x10° 8.14x10°
1430pm  27.84 22.58 0.28 0.23 0.28 0.23 290x10° 235x10°
1530pm  22.24 16.72 0.22 0.17 0.22 0.17 231x10°  1.74x10°
16.30 pm 26.33 17.36 0.26 0.17 0.26 0.17 2.74x10° 1.80x10°
17.30pm  169.46 159.54 1.69 1.60 1.69 1.60 1.76x10°  1.66x10°
18.30 pm 26.15 20.26 0.26 0.20 0.26 0.20 2.72x10°  2.11x10°
Total 8.71 7.64 8.71 7.64 9.06x10°  7.94x10°
OAQI 210.49 175.83

Conclusion O. and Mehmet, K. (2019). Air Pollution and

Kidney Disease: review of current evidence.
It can be concluded that Clinical Kidney Journal,12 (1), 19-32.
a. AQI in-term of CO, was poor (polluted) but Beelen, R., Raaschou-Nielsen, O., Stafoggia, M.,
Andersen, Z.J. and Weinmayr, G. (2013). Effects
fair for TVOC and HCHO; of Long-term Exposure to Air Pollution on
b, There is the need to reduce CO, Natural-cause Mortality: an analysis of 22

concentration as an increase in CO concentration has
been associated with cardiovascular diseases, high

blood pressure and chronic kidney disease
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