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ABSTRACT 

POLLUTANTS AND HEAVY METALS CONCENTRATION IN INDOOR 
AIR AND DUSTS FROM SCHOOL ENVIRONMENT IN KOT A KINABALU, 

SABAH : ASSOCIATION WITH LUNG INFLAMMATION AND OTHER 
RELATED HEALTH SYMPTOMS AMONG THE STUDENTS 

NUR HASL YNA BINTI MOHD HAMIZUL 

Introduction: Indoor air quality is an increasing public health concern due to 
amount of time people spend indoors and presence of chemical contaminants that 
might pose health effects. Heavy metals may come from many different sources 
including vehicle emissions, industrial discharges, mining and other activities. 
Objective: To study the relationship between air quality parameters [PM2.s, PM10, 
nitrogen dioxide, volatile organic compound (VOCs) and heavy metals 
concentrations (Cr, Mn, Ni, Pb, As, & Cd)] in indoor air and dusts from school 
environment with the respiratory health and lung inflammations of the school 
children. Methodology: A total of 332 randomly selected students from 24 Form 2 
classrooms from 6 randomly selected secondary schools in Kota Kinabalu, Sabah, 
Malaysia. Information on reported respiratory symptoms and health was collected 
through questionnaire. FeNO was measured by NIOX VERO (50 ml/min). The 
classroom were inspected and dust was collected by vacuuming on special filters and 

were digested for heavy metals concentration by using aqua regia method and further 
analyzed by using ICP-MS. Multi-level logistic regression were used after adjusting 
for demographic data, environmental data and reported respiratory symptoms. 
Results: About 13% reported wheezing for past 12 months, 51.5% had dry throat, 
60.8% had influenza symptoms, 50.6% had sore throat, 27.7% had irritating cough, 
23.8% had breathing difficulty, 11.4% doctor diagnosed asthma and 55.1 % had 
respiratory infection. Heavy metals concentration in indoor air in descending order 
was Cr>Pb>Mn>Ni>As>Cd. Meanwhile, the heavy metals concentration in settled 
dusts were Mn>Pb>As>Ni>Cr>Cd. There were 49.4% had lung inflammation with 
FeNO values above 20 ppb. Conclusion: Heavy metals concentration (Mn, Pb & As) 
and indoor air pollutants [PM10 (Gravimetric), CO2 & VOCs] were related to lung 
inflammation and reported respiratory symptoms among the schools children. 

Keywords: Pollutants, heavy metal concentration, indoor air, dusts, FeNO 
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Confounding factors: 
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The samples were then digested in the 1nicrowave digester system model in 

Multiwave Pro. After the digestion, the digested samples were then filtered through 

Whatman filter paper No 1 into 50 ml volumetric flask then make up to the volume 

with distilled water. For the dusts in indoor air, the PVC filter was soaked in 4mL of 

nitric acid, and were digested in Rotor 8NXQ8O with 700W Multiwave Pro 

microwave digester system. 

Calibration standards was prepared from the stock solution of the elements to be 

determine by serial dilution and were matrix match with the acid concentration of the 

digested samples. The digested samples were then be analyzed for heavy metals by using 

Inductively .Coupled Plasma-Mass Spectrometry (ICP-MS). 

3.8.4.1.3 Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) 

Sampling Interface 

Ion Source Ion Lens 

Figure 3.2: ICP-MS Structure
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In overall, the order of the 1nean heavy 1netals concentration for the total of 6 

different schools were Cr>Pb>Mn>Ni>As>Cd. In conclusion, the Cr concentration 

has the highest in almost all of the schools sampled. This 1nay because of the atomic 

weight of the Cr was the lightest as compared to the other elements and very likely to 

suspend in the indoor arr. 

Overall 
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Figure 4.1: Heavy Metals Concentration in Indoor Air (mg/kg) 
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Overall 
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Figure 4.2: Heavy Metals Concentration in Settled Dusts (mg/kg) 
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4.5 Comparison of Indoor Air Parameters and Heavy Metals between 6 

Different Schools 

4.5.1 Indoor Air Parameters between 6 Different Schools 

The indoor air parameters which consists of PM2 .s, PM10, PM10 (gravimetric), 

NO2, CO2, VOCs, formaldehyde, temperature and relative humidity at 6 different 

schools were measured. Table 4.5 shows the distribution of indoor air parameters in 

different schools. Results shows that School B has the highest median of PM2.s, PM10

and PM10 (gravimetric measurement) which is (29.00 µg/tn3), (41.00 µg/m3) and 

(8050.00 µg/m3) respectively. School C recorded the highest 1nedian for NO2 (25.00 

µg/m3) while School A has the highest median of CO2 (540.00 µg/m3) and relative 
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Exposure to tobacco smoke can cause several health hazards include higher risk 

of getting asthma among children (Pietinalho, Pelkonen, & Rytila, 2009). Children are 

especially the most vulnerable to the harmful effects of tobacco smoke as they were also 

exposed as passive smoker at home where mother, father and other family members were 

also smoking. People who were smoking was strongly associate with the respiratory 

health problems (Lindstrom et al., 2001 ). There were higher percentage of cigarette 

smoking of national average for men as compared for women (Higgins, Keller, & 

Metzner, 1977). 

As regard to children, one of the most harmful elements that was associate with 

the respiratory problems was tobacco smoke (Pietinalho et al., 2009). Moreover, there was 

study found that children whom parents were smoking was at approximately twice the risk 

of having a serious respiratory infection (Li et al, 1999). In addition, tobacco smokes were 

the risk factors of similar magnitude of chronic productive cough and the association 

between smoking with chronic productive cough were also well known in the study 

(Lindstrom et al., 2001). 
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Quantitative Analysis - Summary Report
Sample ID: D-2 SH
Sample 
Date/Time: Thursday, March 21, 2019 16:44:53 
Dua I Detector 
Mode: Dual 

Method File: C: \Ela ndata \Meth od\Qua ntitative Analysis. mth 
Dataset File: C:\Elandata\Dataset\MAC 2019\D-2 SH.971 
Summary 

Concentration Results 

Analyte Mass 

Cr 52 

Mn 55 

Ni 60 

Pb 208 

As 75 

Cd 111 

Quantitative Analysis - Summary Report 

Sample ID: D-2 SK 

Sample 

Net lntens. 

Mean 

2937849 

31786194 

668865.8 

21672500 

1282049 

52831.79 

Date/Time: Thursday, March 21, 2019 16:46:29 

Dua I Detector 

Mode: Dual 

Cone. 

Mean 

867.845 

4829.29 

6 

566.34 

1764.29 

9 

1220.08 

7 

15.757 

Method File: 

Dataset File: 

C:\Elandata\Method\Quantitative Analysis.mth 

C:\Elandata\Dataset\MAC 2019\D-2 SK.972 

Summary 

Concentration Results 
Net lntens. Cone. 

Analyte Mass Mean Mean 

Cr 52 2412964 712.793 

4051.55 

Mn 55 26667117 1 

Ni 60 609600.1 516.159 

Pb 208 24787584 2017.89 

1183.59 

As 75 1243705 6 

Cd 111 51542.42 15.373 

202 

Cone. Cone. Sample 

SD RSD Unit 

9.53 1.1 ppb 

12.96 0.3 ppb 

4.05 0.7 ppb 

8.15 0.5 ppb 

39.61 3.2 ppb 

0.13 0.8 ppb 

Cone. Cone. Sample 

SD RSD Unit 

9.53 1.3 ppb 

32.86 0.8 ppb 

1.73 0.3 ppb 

32.63 1.6 ppb 

45.37 3.8 ppb 

0.2 1.3 ppb 
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