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ABSTRACT

Introduction: Indoor air quality significantly impacts public health due to extensive indoor activity and the pres-
ence of hazardous substances. This study examines the association between indoor air quality parameters (fine
particulate matter less than 2.5 microns [PM, ], respirable particulate matter less than 10 microns [PM, |, nitrogen
dioxide [NO,], volatile organic compound [VOCs]) and heavy metal concentrations (chromium [Cr], manganese
[Mn], nickel [Nil, lead [Pb], arsenic [As], and cadmium [Cd]) in indoor air particulate matter and dust from school
environments, with students” respiratory health and lung inflammation in Kota Kinabalu, Sabah, Malaysia. Mate-
rials and methods: Data were collected from 332 students across 24 Form 2 classrooms in six secondary schools.
Data on respiratory symptoms and health were collected by questionnaire, while lung inflammation was assessed
using fractional exhaled nitric oxide (FeNO) measurements. Dust from classrooms was vacuumed using specific
filters, digested for heavy metals with the aqua regia method, and analysed with inductively coupled plasma mass
spectrometry (ICP-MS). Results: From the questionnaire, 13% reported wheezing for the past 12 months, 51.5%
throat dryness, 60.8% influenza symptoms, 50.6% sore throat, 27.7% irritating cough, 23.8% breathing difficulty,
11.4% asthma, and 55.1% respiratory infections. Heavy metals concentrations in the indoor air particulate matter
in descending order is Cr>Pb>Mn>Ni>As>Cd, while in the settled dust was Mn>Pb>As>Ni>Cr>Cd. Approximately
49.4% of students exhibited lung inflammation, with FeNO levels exceeding 20 parts per billion (ppb). Conclusion:
Air Mn, Pb, As, PM10, CO2, and VOCs are related to lung inflammation and reported respiratory symptoms among
school students especially among male.
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INTRODUCTION
Over the past decades, there has been an increasing

concern about the exposure of people, especially among
vulnerable groups such as students, to indoor air (1),

and measures should be implemented to reduce human
health risks (2). Heavy metals may come from many
different sources in urbanised areas, including vehicle
emissions, industrial discharges, and other activities
(3). Therefore, indoor air quality is an increasing public
health concern due to the amount of time people spend
indoors (4), besides the presence of chemical and
biological contaminants that might pose health effects.

Evidence shows that indoor air quality plays an integral
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part in a student’s life due to the time spent in the
classroom (5). In Malaysia, guidelines such as the Code
of Practice on Indoor Air Quality were established to
ensure indoor air quality and exposure standards to
protect workers (6). However, no guidelines have yet
been developed that apply specifically to the school
environment with susceptible students. Students are
considered the population group that deserves the
highest level of protection as they are more vulnerable
to the effects of air pollutants than adults (7).

Many studies on dust have focused on heavy metal
concentration, distribution, and source in the last
decades. However, the problem of heavy metal
contamination of classroom dust in Malaysian schools
received less attention, especially in the state of Sabah.
Therefore, this study aims to identify the relationship
between fine particulate matter less than 2.5 microns
[PM, .1, respirable particulate matter less than 10 microns
[PM, ], nitrogen dioxide [NO,], carbon dioxide [CO,],
volatile organic compound [VOC], and formaldehyde)
and heavy metal concentrations (chromium [Cr],
manganese [Mn], nickel [Ni], lead [Pb], arsenic [As],
and cadmium [Cd]) in indoor air and dust from school
environment, and the reported respiratory symptoms
and lung inflammation of the students. Heavy metals
are neurotoxins that can affect the cognitive functions
of the young population. Previous studies (8,9) showed
that blood Pb influenced the intellectual and cognitive
capabilities of school children. Studies have also revealed
that As impaired the neurobehavioural performance and
academic achievement of Cambodian children (10,11).
Therefore, the monitoring and assessment of the presence
of these toxic heavy metals in the environment are
crucial since they are detrimental to the development of
the cognitive and behavioural performance of the young
population. The level of fractional exhaled nitric oxide
(FeNO) is an early indication of lung inflammation in
students since their lungs are still developing at a young
age. Immediate mitigation and preventive measures
must be formulated to prevent FeNO from exceeding the
standard level (12,13).

The objectives of the study are to assess the relationship
between air quality parameters (PM, ., PM, , NO,, CO,.
VOC, formaldehyde) and heavy metal concentrations
(Cr, Mn, Ni, Pb, As, and Cd) in indoor air particulate
matter and dust from the school environment with the
respiratory symptoms and lung inflammation in school
students.

MATERIALS AND METHODS

Study Design and Location

This study involved a cross-sectional design. The study
was conducted for six weeks at Kota Kinabalu, Sabah,
Malaysia. The fieldwork was performed during the
regular school sessions, excluding school holidays and
weekends. Kota Kinabalu was purposively selected

since it is the most densely populated urban area with
high transportation and commercial activities. Most
schools are located within 0.5 km of the main road,
where commercial activities such as shopping areas,
businesses, and offices are located. Most of the sources
of air pollutants would be from motor vehicles.

Sampling Method and Sample Size

Six schools were randomly selected from sixteen
secondary schools in the city. Year 2 (Form 2) students
were selected as they were in the non-examination
classes. The students were 14 years old and were old
enough to fill out the questionnaire with some guidance
from the researcher. Four classes of Year 2 (Form 2) in
the school were randomly selected to be used as the
sampling frame, and the name list was obtained from
the school administration. A total of 20 to 25 students
were selected randomly from the name list from each
selected class. Overall, 80 students were chosen from
each school, giving a total of 320-480 students from 6
schools.

The minimum sample size calculated according to
Lemeshow et al., (1990) was 142 students; thus,
the sample size used was more than the minimum
calculated value (14). Written consent from the parents
was obtained for their participation, and they had to be
in the same school for at least one year. Students with
illnesses such as heart disease, hypertension, chronic
asthma, and congenital physical chest abnormality were
excluded from the study.

Questionnaire Use

The questionnaire used was modified from a validated
questionnaire adopted from ISAAC and was translated
from English to the Malay language. It was pre-tested
on about 10% of the total sample size of students with
similar backgrounds. The questionnaire was divided into
six parts, i.e., (A) the student’s background information,
(B) the existence of asthma and allergies in students, (C)
the student’s current health status, (D) allergies among
family members, (E) childhood medical history, and
(F) reported respiratory symptoms by the students. The
questionnaires were given directly to the students to be
completed with the assistance of the researcher.

Statistical Analysis

Descriptive statistics were used to describe the
characteristics of the studied children using Statistical
Package for the Social Sciences (SPSS) 25.0. The 2-Level
Hierarchic Multiple Logistic Regression (school and
student) was used to evaluate the association between
FeNO levels with personal characteristics, lung
performance and indoor air pollutants exposure. Then,
the final risk prediction models were generated on the
significantly associated predictors from the primary
analysis steps carried out before. Regression analysis
was performed with the STATA 14.0 statistical package
using a two-tailed test and at a 5% significant level.
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Environmental Measurement
Selected chemical pollutants such as NO,, PM,,
o CO,, formaldehyde, indoor particulate and dust
containing heavy metals (Cr, Mn, Ni, Pb, As, and Cd),
as well as indoor climate parameters, such as room
temperature, relative air humidity, and pressure were
measured. Indoor PM, = samples were collected near
the student’s breathing zone (approximately 0.7-1.5 m
above the floor). Other indoor environmental sampling
locations were carried out in the middle of the classrooms
and as far away as possible from the blackboard. The
environmental samplings were conducted during
regular class activities in the four selected classrooms
with the study subject in each school. The samplings
were performed three times on alternate days (Monday,
Wednesday, and Friday).

PM, . was sampled using real-time measurement with
Dust-Trak DRX (Model: TSI 8534) for 45 minutes in
each class. Meanwhile, the gravimetric method using
a personal air sampler with a cyclone fitted with PVC
filter paper was used to measure PM10 in the indoor
air for six hours. The PVC filters were then weighed
before and after sampling. The weighed filter papers
were then soaked in 4 mL of nitric acid and digested in a
rotor (BNXQ8O with 700 W Multiwave Pro microwave
digester) system. The decanted solutions were then
analysed using ICP-MS.

Dust samples collected from the floor, tables, and
windows using a 400 W vacuum cleaner with special
filters, were combined in a standardized measurement
of one square foot. The settled dust collected by the
vacuum cleaner filter was dried in the oven for 24 hours
at 100°C. Then, 0.5 g of the dust was weighed and put
in the rotor 24HVT50 with 3 mL of nitric acid (HNO,)
and 9 mL of hydrochloric acid (HCI) to digest the dust
particles. Addition of HCI helped in the digestion, since
the dusts were bigger and contained more materials
than the PM, . The 1000 W Multiwave Pro microwave
digester system was used for digestion. All the digested
samples of indoor air PM,  and settled dust were then
further analysed for heavy metal concentrations in the
laboratory using an ICP-MS.

An air velocity meter (Model: TSI 9565-P) was used
to measure CO, and VOCs. MultiRae Lite (Model:
PGM-6208) was used to measure the formaldehyde
concentrations in indoor air for 45 minutes. The NO, was
measured using a passive sampler for seven days and
was analysed in the Swedish Environmental Research
Institute Laboratory, Sweden (Spectrometry method with
the standard of SS-EN 1SO 13395:1997 mod).

Health Assessment
The FeNO test was performed using the portable
instrument NIOX VERO, with a flow rate of 50 mL/min.

The FeNO level is an indicator of airway inflammation.
The test is non-invasive and suitable for students as it
is instantaneous, repeatable, and safe (15,16). Absolute
FeNO values were expressed in parts per billion (ppb),
and the changes in FeNO were expressed as the
percentage of the initial value (A %). The FeNO level in
expired breath is frequently increased in some airway
inflammation processes, such as asthma.

Quality Control

Field Sampling

All instruments used were calibrated before the field
sampling. Blank filter papers were brought to the
classroom when heavy metal sampling of PM10 in
indoor air and dust. These filters were analysed in the
laboratory to ensure that the filter papers were not
contaminated during the environmental sampling. All
containers were washed with HNO3 acid to remove any
traces of heavy metals.

Laboratory Analysis

Blank assessment was conducted throughout the entire
sample preparation and analytical process for every
batch of analytical samples. These blanks were useful
in determining if samples were being contaminated and
obtaining accurate measurements of heavy metals.

Graphs were plotted for each metal to construct the
calibration curves. The calibration curve was obtained
by the graph of heavy metal concentrations against
the absorbance of the standard solution. The linear
regression coefficient (R?) will determine the range of
linearity. The R* obtained for each heavy metal was
more than 0.995 to ensure the accuracy of the results.

The recovery was conducted as one of the quality
control methods to validate the analytical procedure.
Three replicates of spikes using ultrapure water were
prepared. The percentage of recovery was calculated by
comparing the concentration of each heavy metal spiked
before and after sample filtration in the same sample
matrix. Recovery of more than 80% was recorded for
each heavy metal analysis.

Ethical Consideration

The study protocol (JKEUPM-2018-189) was approved
by the Ethics Committee for Research Involving Human
Subjects Universiti Putra Malaysia (JKEUPM). All school
children were informed about the study procedures
(questionnaire and clinical assessment) and given a
formal consent form for the guardian’s approval before
the data collection. The consent states that participation
in the study is voluntary and any participant could
withdraw from the study at any time. It also states the
purpose of the study, the steps they need to undergo,
the benefits, and possible risks. The data or information
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obtained are confidential.
RESULTS

Reported Respiratory Symptoms of the Students

Table | shows the prevalence of the reported respiratory
symptoms from the questionnaire. Influenza symptoms
have the highest prevalence (60.8%), followed by dry
throat (50.6%) and sore throat (51.5%).

Table 1: Reported respiratory symptoms of students

Variables Frequency, n (Percentage, %)

Respiratory Symptoms

Wheezing for past 12 Months 43(13.0
Dry Throat 171 (51.5)
Influenza Symptoms 202 (60.8)
Sore Throat 168 .6)

Irritating Cough 92 (27.7)
Breathing Difficulty 79 (23.8)
Diagnosed Asthma 38(11.4)
Respiratory Infection 183 (55.1)

N (respondents) = 332

Prevalence of FeNO Levels Among Students

The FeNO levels indicate lung inflammation in the
pulmonary systems. The level is categorized as abnormal
for values of 20 ppb or more and normal for values
below 20 ppb (12). The results showed that 50.6% of the
students have a normal FeNO value of less than 20 ppb,
while the other 49.4% have FeNO values exceeding 20
ppb, indicating inflamed lungs.

Fig. 1 shows the FeNO values of students which indicated
airway inflammation in six schools. In general, all
schools have a similar trend of data, except for School B,
with a high percentage (64.3 %) of FeNO normal value.
School A has 50% normal and 50% abnormal FeNO
values. Overall, School D has the highest percentage
(56.6%) of airway inflammation abnormality.

@ Abnormal (220ppb) @ Normal (<20ppb)

5
566

4%
34

SCHOOL A

SCHOOL B SCHOOL € SCHOOL D SCHOOL E SCHOOL F

Fig. 1: Percentage distribution of FeNO values in six schools

The Order of Heavy Metals Concentrations in Indoor
Air Particulates and Dust

The order of the mean concentrations of heavy metals
in the indoor air particulate matter in six schools was Cr
> Pb > Mn > Ni > As > Cd. The high concentration of
Cr most likely came from the catalytic converter erosion
and asbestos brakes of motor vehicles. Meanwhile, the

mean concentrations of dust in six different schools
were Mn > Pb > As > Ni > Cr > Cd in descending order.
High Mn concentration is due to gasoline combustion
from automobile exhaust. The findings are anticipated
as all the schools are located near main roads in the
urban areas.

The Relationship Between Respiratory Symptoms with
Indoor Air Parameters (PM,,, PM , NO,, CO,, VOCs
and Formaldehyde)

The summary of the study results revealed a significant
correlation between wheezing over the past 12 months
with PM, . (p = 0.043) and PM, , (p = 0.033). The PM, .
data were obtained from the real-time measurement
using Dust-Trak DRX. Meanwhile, the PM,  were
measured using a gravimetric measurement of a PVC
filter. Significant relationship were identified between
the presence of CO, and both irritating cough (p < 0.001)
and influenza symptoms (p = 0.024). Furthermore,
significant relationships were found between respiratory
infections and levels of VOCs and formaldehyde (p
= 0.008 and p = 0.026, respectively). However, no
significant relationship between NO, levels and the
reported respiratory symptoms among the students was
observed.

2.5/ 10/

The Relationships Between Respiratory Symptoms with
Heavy Metals (Cr, Mn, Ni, Pb, As, and Cd) in the Indoor
Air Particulate Matter and Dust

The summary of this study results showed that diagnosed
asthma and respiratory infection had significant
relationships with both Cr (p = 0.030 and p = 0.030) and
Mn (p = 0.001 and p = 0.005) in indoor air particulates.
The occurrence of wheezing over the past 12 months
was significantly related to indoor air concentrations
of Ni (p = 0.046). Significant relationships were also
observed between dry throat and respiratory infections
with indoor air levels of As (p = 0.028 and p = 0.003).
For settled dusts, diagnosed asthma were significantly
related to Cr (0.037) and Cd (p = 0.030). Meanwhile,
influenza symptom was significantly influenced by
Mn (p = 0.001), Pb (p = 0.029) and As (p = 0.003) in
dust. Additionally, dust Pb (p = 0.025) was significantly
related to respiratory infection and dust As (p = 0.008),
was significantly related to irritating cough.

Relationship Between Lung Inflammation (FeNO
Levels) with Heavy Metals in Indoor Air Particulate
Matter and Dust

This study results showed a significant relationship
between lung inflammation and Pb in the air particulate
matter. Meanwhile, significant relationships were
observed between lung inflammation with Ni (p =
0.047), Pb (p = 0.034), and As (p = 0.047) in settled dust.

Table Il shows the relationship between student
background characteristics with lung inflammation.
Multilevel logistic regression was used to identify
the risk factors that were significantly related to lung
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inflammations (FeNO). Risk factors such as gender and
smoking status of the participants showed a significant
relationship with lung inflammation. Meanwhile, Table
Il shows that only the indoor air Pb was significantly
associated with lung inflammations among the students.

Table II: Association between lung Inflammations (FeNO)
with background characteristics

FeNO
Variables
OR (95% CI) p
Gender (male) 1.866 (1.175 - 2.963) 0.008**
Smoking Status 2.830(1.186 - 6.752) 0.019*

The model was analyzed by a Multilevel Logistic Regression with mutual adjustment keep-
ing gender, race, smoking status (participant) and family smoking status in the model.

N (respondents) = 332

*Significant at p<0.05

**Significant at p<0.01

Table IlI: Association between lung inflammations (FeNO)
with heavy metals from indoor dust or particulate matter

Variables FeNO
OR (95% CI) p
Chromium (Cr) 0.683 (0.381 - 1.222) 0.199
Manganese (Mn) 1.089 (0.616 - 1.924) 0.769
Nickel (Ni) 1.065 (0.567 - 2.002) 0.845
Lead (Pb) 1.971 (1.049 - 3.703) 0.035*
Arsenic (As) 0.923 (0.458 - 1.862) 0.823
Cadmium (Cd) 1.696 (0.676 - 4.257) 0.261

Multilevel Logistic Regression
N (variables) = 24
*Significant at p<0.05

Relationship Between Respiratory Symptoms with
Background Characteristics, Air Quality Parameters
and Heavy Metals in Indoor Air Particulate Matter and
Dust

The relationships between respiratory symptoms with
the students’ gender, race and smoking status are shown
in Table IV. Significant relationships were observed
between the gender (male) with influenza symptoms
(p = 0.049), sore throat (p < 0.001), and breathing
difficulty (p = 0.011). Meanwhile, smoking status were
significantly associated with dry throat (p = 0.004), sore
throat (p = 0.004), irritating cough (p = 0.003), breathing
difficulty (p = 0.012), and also respiratory infection (p
= 0.016). However, no significant relationship between
race with any respiratory symptoms were found.

Table IV: Association between respiratory symptoms with
background characteristics

Gender (Male) Race Smoking Status
Variables OR OR OR
(95% p (95% p (95% p
Cl) Cl) Cch
rl/h‘ft’f 1.262 1.129 0.892
pagst 12 (0.626- 0.516  (0.912- 0.264 (0.236- 0.866
Months 2.544) 1.397) 3.370)
Dr 1.511 1.049 4.388
Thzloat (0.842- 0.087 (0.908- 0.517 (1.608- 0.004**
2.423) 1.211) 11.973)
CONTINUE

Table 1V: Association between respiratory symptoms with
background characteristics (CONT.)

Gender (Male) Race Smoking Status
Variables OR OR OR
(95% p (95% p  (95% p
Cl) Cl) Cl)
Influenza 1.612 1.017 2.267
Symp- (1.002- 0.049* (0.879- 0.817 (0.913- 0.078
toms 2.593) 1.177) 5.626)
Sore 2.952 <0.0 1.059 3.742
Throat  1:817- glewe  (0.916- 0.439 (1.525-  0.004*
4.795) 1.224) 9.188)
leritatin 1.307 1.069 3.864
Coush J (0.757- 0.336  (0.907- 0.422 (1.582- 0.003**
8 2.257) 1.261) 9.441)
Breathin 2.139 0.996 3.238
Difficultg (1.192-  0.011* (0.842- 0.963 (1.295- 0.012*
Y 3.836) 1.177) 8.093)
Diag- 0.979 1.255 0.243
nosed (0.478- 0.955 (0.997- 0.053 (0.031- 0.183
Asthma 2.005) 1.580) 1.942)
Respi- 1.253 1.125 3.399
ratory (0.761- 0.374 (0.967- 0.124 (0.780- 0.016*
Infection 2.061) 1.309) 2.076)

Multilevel Logistic Regression

Each model was adjusted for gender, race and smoking status of participants
N (respondents) = 332

N (environmental data) = 24

*significant at p<0.05

**significant at p<0.01

***significant at p<0.00

Table V shows the relationship between respiratory
symptoms with air quality parameters. A significant
relationship was found between PM10 with diagnosed
asthma (p = 0.040). Likewise, CO2 concentrations
were significantly related to influenza symptoms (p =
0.048) and irritating cough (p = 0.004). VOC showed
a significant relationship with respiratory infection (p =
0.045).

Table V: Relationship between respiratory symptoms with
the air quality parameters.

PM,
(Gravimetric) co, VOCGs
Variables OR OR OR
(95% p (95% p (95%  p
Cl) Cl) Cl)
Influenza 0.679 0.506 1.354
Symp- (1.287- 0.099 (0.258- 0.048* (0.798- 0.261
toms 2.777) 0.993) 2.297)
Irritating  0.785 0.382 0.937
Cough (0.432- 0.333 (0.200- 0.004** (0.531- 0.824
1.328) 0.730) 1.655)
Diag- 0.443 1.629 1.510
nosed (0.203- 0.040* (0.529- 0.395 (0.657- 0.332
Asthma 0.965) 5.019) 3.473)
Respi- 1.254 0.651 0.538
ratory (0.680- 0.469 (0.306- 0.264  (0.294- 0.045*
Infection 2.314) 1.382) 0.985)

Multilevel Logistic Regression
N (environmental data) = 24
N (respondents) = 332
*significant at p<0.05
**significant at p<0.01
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Table VI shows the relationship between respiratory
symptoms and heavy metals in settled dust. Significant
correlations were observed between Mn with influenza
symptoms (p = 0.043), Pb with irritating cough (p =
0.031), and As with irritating cough (p = 0.031) and
respiratory infection (p = 0.003).

Table VI: Relationship between respiratory symptoms with
heavy metals in settled dusts

Variables Manganese
(Mn) Lead (Pb) Arsenic (As)
OR OR OR
(95 % p (95 % p (95 % p
Cl) Cl) Cl)
Influen- 1.879 0.680 1.664
za Symp- (1.020- 0.043* (0.326- 0.305 (0.891- 0.110
toms 3.462) 1.421) 3.108)
leritatin 1.101 0.411 2.142
conot & (0.555- 0.783 (0.183- 0.031* (1.074- 0.031*
8 2.182) 0.923) 4.275)
Respi- 0.678 1.205 2.615
ratory (0.359-  0.232 (0.562- 0.633 (1.387- 0.003**
Infection  1.281) 2.583) 4.930)

Multilevel Logistic Regression
N (environmental data) = 24
N (respondents) = 332
*significant at p<0.05
**significant at p<0.01

DISCUSSION

This study revealed the significant relationships between
air quality parameters and heavy metal concentrations in
indoor air particulate matter and dust with the reported
respiratory symptoms and lung inflammation among the
school students in Kota Kinabalu. Students exposed to
indoor air pollutants might be at a higher risk of health
problems since their lungs are still developing, hence the
susceptibility and sensitivity to pollutants (17). Therefore,
exposure to indoor air pollutants is detrimental and can
result in illness, leading to the increased absenteeism of
students (18).

The sources of particulate matter include fuel
combustion from motor vehicles, construction sites, road
and agriculture dust, industrial activities, and mining
operations (19-21). The delayed deposition of fine or
coarse particles induced by turbulence created by the
occupant’s movement with the reduced ventilation of
the classroom could also affect the dispersion of fine
and coarse particles (22). Most of the schools are close
to heavy-traffic roads and construction sites. Hence,
motor vehicles are the primary sources of particulate
matter, which comes from the burning of fossil fuels and
the wear of vehicle components such as tires and brakes
(23).

The increased PM1  levels are significantly associated
with respiratory symptoms, such asregularcough, chronic
cough or phlegm, and wheezing and breathlessness. A
study reported that schools located near heavy-traffic

areas (< 500 m) and close to a car park (< 100 m)
contributed to increased indoor air particulate matter
in the classrooms (22). Health problems associated with
particulate matter are shortness of breath (dyspnea),
chest discomfort and pain, and also coughing and
wheezing (24,25).

Madureira et al. (2015) revealed that the total VOC
concentration is related to chronic airway ailments,
asthma, and allergic rhinitis (22). VOCs found in
indoor settings could also affect the respiratory system,
leading to asthma and bronchitis (26). A study focusing
on the respiratory effects of formaldehyde exposure in
indoor air demonstrated an increased risk of asthma
that is related to the elevated concentration of indoor
pollutants (27). Moreover, the asthma-like symptoms,
including wheezing in the past 12 months and irritating
cough, are related to indoor exposure to formaldehyde
(22). In addition, chronic airway ailments are related to
the total VOCs in indoor air concentration (28).

The possible sources of heavy metals are traffic
and industrial emissions, waste incineration, city
construction, demolition activities, and residential
burning (29-32). In addition, the primary route for long-
distance transport of heavy metal pollutants is through
the atmosphere (33). A copper-nickel mine located
in Ranau, which is only 117 km from Kota Kinabalu,
might also be a significant contributor to heavy metal
contamination in the air. The particulates from the mine
could be borne to Kota Kinabalu by the prevailing wind.

Heavy metals can affect the human body upon ingestion,
inhalation, and dermal contact (34-36). The heavy
metals in indoor air particulate matter are from fine dust
particles that may be inhaled into the lungs of school
students through wind and air suspension (37). Harmful
effects such as cancers could be due to the widespread
of environmental pollutants, including heavy metals like
As, Cd, Cr, and Pb (38-41). Studies have revealed that
exposure to heavy metals is associated with lower lung
function and a higher prevalence of respiratory symptom
problems (42,43).

Evidence has shown that Cu, Cd, and Pb from road traffic
and heavy metals are mainly derived from the brake wear
rather than the combustion itself (44). Furthermore, Cd,
Cu, and Pb are good indicators of soil contamination as
they appear in gasoline, car components, oil lubricants,
and industrial and incinerator emissions (45). Pb is
one of the cumulative heavy metal toxicants and is
ubiquitous in the environment. It can be absorbed into
the human body through inhalation and food, water, or
soil ingestion (46,47). The use of leaded fuel in many
urban areas led to the increase of air Pb which came
from a resuspension of previously Pb contaminated soil
(48). Cd is a cumulative toxic metal, and the kidney
is the main target of Cd toxicity health effects (49).
Meanwhile, lung cancer is the result of chronic effects
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of Cr that can cause tissue damage in the lungs (50).

This research has several strengths which contribute to
its credibility and significance of its findings. First, the
study design is comprehensive, i.e., examining multiple
air quality parameters, including PM, , PM,, NO,,
VOCs, and heavy metals (Cr, Mn, Ni, Pb, As, and Cd), in
both indoor air particulate matter and dust from school
environments. This multi-dimensional approach allows
for a comprehensive analysis of potential health effects
related to indoor air pollution. Moreover, the research
employed meticulous procedures, including the use of
questionnaires and environmental measurements, along
with FeNO tests, a non-invasive and reliable method for
assessing lung inflammation. These rigorous approaches
significantly enhance the robustness and reliability of
the research. Additionally, the use of multilevel logistic
regression analysis reinforces this study, as it allows
for the adjustment of potential confounding factors by
considering individual and environmental variables.
The statistical approach enhances the accuracy of
the results. Lastly, the research addresses a gap in
the existing literature by focusing on heavy metal
concentrations in classroom dust, particularly in the
state of Sabah, Malaysia. This geographical specificity
provides valuable insights into the potential health risks
faced by students in the region.

Future studies in this area should consider employing
longitudinal designs to explore causal relationships
between indoor air pollutants and respiratory symptoms,
extend the study duration to capture seasonal variations
in indoor air pollution and its health effects, and
incorporate control groups to better attribute reported
health symptoms to indoor air pollution. Additionally,
implementing more objective measures for respiratory
symptoms beyond self-reporting could further enhance
research validity.

CONCLUSION

In conclusion, this study revealed significant associations
between lung inflammation (FeNO) among the male
students with their own or their fathers’ smoking
status. This study also showed a significant association
between indoor air Pb and FeNO levels. Significant
associations were also noted between the male students
and influenza symptoms, sore throat, and breathing
difficulty. Likewise, the students’ smoking status was
significantly associated with dry throat, sore throat,
irritating cough, breathing difficulty, and respiratory
infection. The PM,  concentrations were significantly
associated with diagnosed asthma. Interestingly,
CO, level was significantly associated with influenza
symptoms and irritating cough, while VOCs showed a
significant association with respiratory symptoms. The
findings also showed a significant association between
diagnosed asthma and influenza symptoms with air Mn,
irritating cough with air Pb, and irritating cough and

respiratory infection with As in settled dust.

Future studies should include the proper zoning of
schools from busy urban activities and dense motor
vehicle traffic to avoid high exposure to various air
pollutants. Health surveillance, medical check-ups,
and health education should be conducted in schools
to educate the students on the importance of being
healthy, good personal hygiene, and avoiding unhealthy
practices of smoking or consuming alcohol and drugs.
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