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CHILDREN’S VULNERABILITY

1. Outdoor activity

• Their increased exposure, as children in tropical climate spend less than 80% of their time indoors. 

• They exert themselves harder than adults when playing outside. 

2. Size and physiological development

• Children are growing and developing. 

• Their lungs are developing, therefore, physiologically not matured.

• Exposure during infancy or childhood could hinder the development of the respiratory 

system, resulting in decreased lung capacity or size.

3. Metabolic rate

• Their metabolic rates are fast, most organs and bodily systems are not matured.

• Children take in more air per unit body weight. 

• Asthmatic children in areas with high levels of O3 and particles, and participate in >3 competitive 
sports are at greater risk of increased asthma symptoms and attacks

4. Early exposure

• Environmental exposure of children starts in the womb and can have affect throughout

their lives
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FGD on Priority List of EH Issues for Malaysia (9 Aug 2018)

• 1st FGD at UPM (9 Aug 2018)
• 2nd FGD at KKM (22 April 2019)
• 12 + 8 = 20 FGD participants
• 7 TWG10 members (did not 

participate in ranking)

20 FGD members
• 3 Environmental physicians
• 2 Occupational physicians 
• 1 Family health physician
• 1 Paediatrician
• 3 Environmental health officers
• 4 Public/environmental health 

engineers
• 1 Environmental engineer
• 2 Environmental managers
• 1 Vector control specialist
• 1 Air quality specialist
• 1 Disaster scientist
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2nd FGD on Priority List of EH Issues for Malaysia
(22 April 2019)
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Old
Rank

New 

Rank
Top 10 Environmental Health Issues in Malaysia Total Score

1 1

Children environmental health (birth cohort study, impact of indoor 
environment). Formulate intervention strategies on how to manage, e.g. 
schools/homes/childcare centres.

169

4 2
Vector borne diseases (e.g. dengue and Aedes breeding in junk yards/abandoned 
places/no man’s land; re-emergence of malaria).

168

3 3

Contamination of drinking water sources and emerging water pollutants [e.g. 
endocrine disrupting chemicals (EDCs), pharmaceutical drugs (antiseptics, 
antimicrobials)]. 

167

2 4
Urban health issues (housing and sanitation, poor drainage, air pollution, migrants, 
urban poor, crime and security, related diseases).

166

9 5 Climate change adaptation strategies and neglected health issues. 162

5 6

Food safety and contamination issues (e.g. recycled cooking oil, untrained food 
handlers especially foreigners, incomplete food labelling on food allergens, non-
compliance to food standards).

160

6 7 Pesticides contamination in air, water and food. 155

8 8
Human exposure to environmental chemicals (e.g. e-waste, industries and lead in 
paint/consumer products).

155

7 9
Zoonotic diseases (use ecosystem approach on malaria (Plasmodium knowlesi), 
rabies, leptospirosis, melioidosis).

152

10 10 Exposure to ionizing and non-ionizing radiation1. 144

1 Issue added during first FGD



Researches on Indoor Air Quality in Malaysian Schools

This presentation will discuss on the findings of studies conducted on secondary 
schools students in the areas of :

• Kuala Lumpur, WP (PM10 and school air lead)

• Kajang and Bangi, Selangor (school indoor air, respiratory health and allergy)

• Kota Kinabalu, Sabah (school indoor air, respiratory health and allergy)

• Island and Mainland, Penang (school indoor air, respiratory health and allergy)

• Johor Baru, Johor (school indoor air, respiratory health and allergy)

• K. Terengganu, Terengganu (school indoor air, respiratory health and allergy)

• Tanjung Karang, Selangor (pesticides, IQ and neurobehavioral performance)

• Kuantan, Pahang (bauxite, respiratory health and allergy and bioaccumulation)

• Pasir Gudang, Johor Baru (school indoor air, respiratory health)

In Malaysian schools, the indoor air quality is almost the same as the ambient 
outdoor air because the classes were open air and equipped with fans for 
ventilation without having any air conditioning system



School environment

• Poor IAQ in schools can affect 
students’ health, productivity and 
ability to perform specific mental task 
requiring concentration

• They may appear sleepy, coughing, 
dizzy and experienced other 
respiratory illnesses (Moglia et al. 
2006)

9



• Urban asthmatic children 
also had significantly higher 
respiratory symptoms than 
those in suburban areas 
(Zailina et al. 2004, Khairul 
Nizam et al. 2020). 

• Significantly higher lung 
function impairment, more 
frequent asthmatic attacks 
and lung inflammation in 
urban children than the sub-
urban areas (Junaidah et al. 
2012, Khairul Nizam et al. 
2021 )
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Respirable particulate PM10: Urban vs rural



Indoor air Quality of a Selangor School (Khairul et al 2021)

N=32

**p <0.001 

Parameter
Urban 

(Median±IQR)
Sub-urban 

(Median±IQR) p

n=16 n=16

Temperature (°C) 29 (28-30) 27 (27-28) <0.001**

Relative Humidity

(%)

74.6 (67.7-77.2) 80.4 (79.6-87.1) <0.001**

CO2 (ppm) 452 (425-458) 456 (435-462) 0.068

NO2 (µg/m3) 32 (30-35) 20 (18-47) <0.001**

PM10 (µg/m3) 41.00 (37.60-44.90) 36.70 (34.80-37.50) <0.001**

PM2.5 (µg/m3) 24.30 (23.10-25.60) 21.90 (21.20-23.30) <0.001**

Formaldehyde

(mg/m3)

13.45 (10.20-17.75) 3.10 (2.60-9.00) <0.001**



NO2

VOC 
Formaldehyde

Microbe Sampling
Environmental equipment



RESPIRATORY HEALTH 

Asthma in Malaysia

• Air pollution has been recognized as one of the 
major concerns that have high potential for 
deleterious effects on asthmatic children’s 
health (Junaidah et al. 2010, Junaidah et al. 
2012, Jamal et al. 2004, Juliana et al. 2002,  
Zailina et al. 2004, Zailina et al. 1997, Zailina et 
al. 1996b, Khairul Nizam et al. 2020  and 2021). 
)

• A study on asthmatic children in Kuala Lumpur 
showed more asthmatic attacks on days with 
high PM10 and NO2 (Zailina et al. 1997).



Table 2 : Final model of the risk factors associated with respiratory symptoms 
and allergies among secondary students in Selangor

OR (95% CI) p
Wheezing

Atopic 2.33 (1.41-3.83) 0.005*
Female 2.62 (1.19-5.78) 0.024*
Diagnosed asthma 6.55 (4.22-10.16) <0.001**
PM10 1.37 (0.65-2.90) 0.354

Daytime breathlessness
Diagnosed asthma 2.56 (1.55-4.23) 0.003*
Urban schools 0.34 (0.17-0.68) 0.008*
NO2 1.42 (1.12-1.80) 0.010*

Nocturnal attacks of breathlessness

Diagnosed asthma 4.57 (1.49-13.97) 0.015*
Rhinitis in the past 12 months

Parental asthma/allergy 1.60 (1.18-2.19) 0.009*
Formaldehyde 1.47 (1.09-1.99) 0.018*

Skin allergic in the past 12 months

CO2 5.54 (0.82-37.43) 0.072

PM10 2.66 (1.33-5.30) 0.012*



Variables

Indoor

(N=24)

Outdoor

(N=6)
Z p

I/O  

ratio
Median (IQR)

PM2.5 (µg/m3) 22.0(8.0) 20.5(8.0) -1.862 0.063 1.07

PM10 (µg/m3) 30.79(8.98) 26.0(12) -2.233 0.026* 1.18

Total VOC (ppm) 0.56(0.22) 0.55(5.67) -0.083 0.934 1.01

CO2 (ppm) 464(85) 401(16) -4.304 <0.001*** 1.16

Formaldehyde

(ppm)

0.007(0.024) 0.008 -0.625 0.532 0.88

NO2 (µg/m3) 18.0 (6.0) 15.0(9.0) -1.032 0.302 1.19

Temperature (ºC) 26.3(4.9) 26.5(6.40) -0.851 0.393 0.99

Relative Humidity

(%)

66.4 (6.4) 64.4(9.4) -1.237 0.216 1.03

Table 3: Air pollutant levels in indoor and outdoor in Kota Kinabalu 
secondary schools (Zailina et al., 2022)

Levels of  

pollutants in  

indoor air  

were mostly  

higher  

compared to  

outdoor
(USEPA,2017).

Level of PM10

& CO2 were

significantly

different in

indoor and

outdoor air

Mann-Whitney U Test

* Significant at p<0.05

***Significant at p<0.001 12



Variables

Air Pollutants

PM10
PM2.5 NO2

r p r p r p

FVC(liter) -0.104 0.054 -0.001 0.988 -0.053 0.365

FEV1(liter) -0.002 0.976 -0.093 0.085 0.019 0.742

FEV1/FVC (ratio) -0.141 0.009** -0.125 0.020* 0.125 0.032*

FVC% predicted 0.081 0.135 0.060 0.264 -0.121 0.037*

FEV1% predicted -0.041 0.445 -0.055 0.305 -0.032 0.582

FEV1/FVC%

predicted
-0.155 0.004** -0.140 0.009** 0.132 0.023*

Table 3: Association between air pollutants level and lung function

in Kota Kinabalu school children (Nor Syahira et al., 2019)

Spearman Correlation

* Significant at p<0.05

**Significant p<0.01

Sources of the  

pollutants were  mainly 

released  from the 

outdoor  activities

primarily mobile

sources.

Particulate matter  

significantly  

correlate with the  

FEV1/FVC%

predicted of the

student.

Kampa & Castanas (2008)
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β= Standardized Coefficient  

S.E= Standard Error  

Negelkerke R2 value=0.053

Table 6: Risk factors which contributed to the reported  
respiratory infection among the Kota Kinabalu students (Nur 
Syahira et al., 2019)

β= Regression Coefficient  

S.E= Standard Error  

Negelkerke R2 value=0.08

Table 5: Risk factors that influenced FEV1/FVC%  

predicted among the Kota Kinabalu students (Nur 

Syahira et al., 2019)

B

Independent

Variables
B S.E p 95% CI

Constant 107.719 4.600 <0.001 98.666-116.772

PM2.5 1.413 0.712 0.048* 0.012-2.813

PM10 -1.484 0.553 0.008* -2.572-(-0.395)

NO2 -0.033 0.186 0.860 -0.399-0.333

Independent

Variables(
β S.E p OR 95% CI

Constant -0.547 0.185 0.003 0.578 -

Total VOC 0.473 0.230 0.04* 1.604 1.022-2.517

Formaldehyde 0.887 0.223 <0.001*** 2.427 1.567-3.758

A
RISK FACTOR

Particulate matter  

were the risk factor  

to the reduction of  

children’s lung  

function

PARTICULATE MATTERS

These pollutants were  

smaller enough to  

reach lower airway of  

the lung and  

irritate/inflame the lung

SOURCES
Mainly contributed

by construction  

activities and mobile  

sources

A
RISK FACTOR

SOURCES
The sources may

originated from  

indoor such as the  

wood furniture  

used, painted wall,  

cleaning agent and  

permanent marker  

(Kampa&  

Castanas, 2008).

Exposure to the  

TVOC and  

formaldehyde were  

the risk factor for the  

respiratory infection  

reported by the  

students.

17
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Results shows that there were 50.6% Kota
Kinabalu students had a normal value of FeNO
which is less than 20 ppb while the other 49.4%
of the respondents had lung inflammation
which the FeNO values exceeded 20 ppb
(Zailina et al. 2022)

49.4

50.6

Prevalence of FeNO Levels among the 
KKinabalu Students

Abnormal (≥20ppb)

Normal <20ppb)

The FeNO level indicated the
lung inflammation in the
pulmonary systems. The FeNO
level were categorized as
abnormal if it is 20 ppb or more
and normal if it is below than 20
ppb (Norbäck, et al., 2017).



Table 6 : Association between respiratory health among students in Penang 
and fungal DNA and dust in the classroom. (Norback et al., 2017)



Discussions on urban vs rural areas

• The health impact of indoor air pollution from these studies include 
respiratory symptoms, lung function impairment, lung inflammation, 
allergies and dermal problems.

• The indoor air pollutants in urban schools were not only made up of 
chemical substances but were also microbiological (bacteria, virus, 
fungus) in nature.

• Urbanization is good for the economic development and employment 
but the most pressing problems facing the cities today are poverty 
and environmental degradation. With the rapid urbanization, 
industrialization and transportation, there is a concern if our 
environmental development is sustainable.



Sabah School Study 

Questionnaire responses, 
Allergy and Lung Function Test 
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Lung inflammation (FeNO) test Lung function test 
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MAAQG guideline for PM10
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Figure 1 : Level of PM10(µg/m³) within mining areas (2016) in Kuantan and comparison with 
Malaysian Ambient Air Quality Guidelines.



Figure 2:  Number of Reported Respiratory and Dermal Symptoms among Study Group 
with Different Level of Particulate Matter in Mining Areas, Kuantan
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• Nor Husna et al. (2011) found high 
indoor bio-aerosol conc. in Selangor 
schools which reflected poor indoor air 
quality and over crowdedness.

• 56% of the indoor bacteria conc. 
exceeded the ACGIH and WHO 
recommended level of 500 CFU/m3

• 33.8% of the indoor fungal samples 
exceeded the recommended level of 
200 CFU/m3

• Fungal DNA was common in the 
studied Malaysian schools and there 
was high prevalence of both doctor-
diagnosed asthma and respiratory 
symptoms among the pupils (Cai, et al. 
2011)

28

Microbes in classroom
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Figure 3: Mean indoor and outdoor fungi concentrations with
and without indoor occupants 

Mold/fungus on ceiling

Fungus in schools



30

• This study provided epidemiological evidence 
that higher FeNO levels among asthmatic school 
children than non-asthmatic which reflect a 
higher degree of airway inflammation (about 35 
ppb).

• Similar results were observed in Peninsular 
Malaysia (Ma'pol et al., 2019; Norbäck et al., 
2017a; Norbäck et al., 2017b, Zailina et al. 2022) 
and China (Xu et al., 2011).

• In summary, findings on the exploratory analysis 
showed the relative abundance of A. clavatus, 
B. acaciae, C. parapsilosis, H. aloes, H. 
multicystidium, H. shearii, S. meliponinorum, V. 
prosopidis and PM2.5 conc. were significant 
predictors of increased lung inflammation 
among asthma group (Khairul Nizam et al. 
2022). 



.

RELATIONSHIP BETWEEN BLOOD 

CHOLINESTERASE LEVELS AND LEARNING 

ABILITY (IQ) 

OF CHILDREN IN A PADDY FARMING AREA, 

SELANGOR, MALAYSIA

Prof. Dr. Zailina Hashim
Dept. of Environmental and Occupational Health

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia



Pesticide Exposure:
Environmental settings in homes and schools

Drift

• Off-target physical 

movement of pesticide 

sprayed through air (Lu et 

al, 2000), 

Take-home 

• Contaminated clothing

• Pesticide containers 

brought home (Curl et al, 

2002). 

Agricultural children is 
more vulnerable compare 
to non-agricultural children 
due to multi pathway



LOVIBOND 412670 AF267 Cholinesterase Test Kit

• Rapid test cholinesterase test kit Model LOVIBOND 412670 AF267

• Required 0.01 ml of blood sample

• The finger prick technique-medical assistant.



Reaction of acetylcholinesterase
Cholinesterase is a family of enzymes 

that catalyzes the hydrolysis of the 

neurotransmitter acetylcholine (ACh) 

into choline and acetic acid, a 

reaction necessary to allow a 

cholinergic neuron to return to its 
resting state after activation.

The primary role of AChE is to 

terminate neuronal transmission and 

signaling between synapses to 

prevent ACh dispersal and activation 

of nearby receptors. AChE is inhibited 

by organophosphates and is an 

important component of pesticides and 
nerve agents



Variables Blood Cholinesterase (%)

Study Group 

(n=150)

Comparative 

Group (n=100)

Combine Group 

(n=250)

r p r p r p

Verbal (V) 0.155 0.058 0.046 0.652 0.344 <0.001*

Perceptual (P) 0.181 0.027* 0.008 0.939 0.359 <0.001*

Quantitative (Q) 0.261 0.001* 0.040 0.690 0.300 <0.001*

General Cognitive 

Index (V+P+Q)

0.238 0.003* -0.112 0.267 0.263 <0.001*

Memory (Mem) 0.202 0.013* -0.018 0.862 0.252 <0.001*

Motor (Mot) 0.176 0.031* 0.114 0.582 0.329 <0.001*

The correlation between blood cholinesterase level with 

learning ability.



Selected variables that influenced the learning ability scales.

Variable p-value

Verbal Perceptual Quantitative Gen-Cognitive Index Memory Motor

Father’s Education

Degree/Master/PhD - - -

Diploma/STPM 0.836 0.622 - - - 0.103

SPM 0.253 0.624 - - - 0.186

PMR 0.575 0.917 - - - 0.316

Primary School 0.555 0.854 - - - 0.310

Mother’s Education -

Degree/Master/PhD - -

Diploma/STPM 0.683 0.513 - - 0.329

SPM 0.739 0.871 - - 0.265

PMR 0.770 0.929 - - 0.562

Primary School 0.574 0.521 - - 0.173

Father’s Occupation - <0.001* 0.915 <0.001* 0.122 0.003*

Mother’s Occupation - 0.115 0.092 - 0.273 0.293

Household income

>3000 

2001-3000 0.338 0.485 0.561 0.156 0.804 0.103

1000-2000 0.047* 0.116 0.226 0.830 0.666 0.898

<1000 0.007* 0.377 0.160 0.583 0.773 0.460

No. of Siblings 0.294 0.479 - 0.379 0.040* 0.542

Low Blood Cholinesterase <0.001* <0.001* <0.001* 0.004* <0.001* 0.002*



Laboratory analysis

Blood sample by pricking children’s finger



Neuro-core Test Battery (NCTB)

• Recommended by World Health 
Organisation (WHO)

• Conducted in series to monitor the 
neurobehavioral performance of samples 
exposed and unexposed group.

• Pencil and Paper Test and Physical 
Movement

Neurobehavioral Core Test Battery(NCTB): 
Santa Ana Manual Dexterity



NCTB: Tests & Function

Test Function

1. Simple    

Reaction Time

Measures simple visual reaction time 

response and attention

2. Digit Span Measures immediate, short term auditory 

memory and attention.

3. Santa Ana 

Manual 

Dexterity

Measures manual dexterity which requires 

rapid hand speed of dexterity and 

coordination between the hands and the eye

4. Digit Symbol Measures immediate auditory memory and 

perceptual motor speed which requires 

learning of associations. 

5. Benton Visual 

Retention

Measures short term visual memory, 

organizing geometrical patterns in space 

and working memory to memorize them.

6. Pursuit Aiming Measures ability of motor steadiness to 

make quick and accurate movements with 

that hand. 

7. Trail Making Measure visual conceptual and visual motor 

tracking. To measure visual motor and 

visual scanning and also measure the 

attention

1 2

3 4

5

7



Variable

Blood Cholinesterase Level

Studied (n=150) Comparative (n=100)

r p r p

Benton Visual Retention 
Test

0.140 0.088 0.075 0.461

Pursuit Aiming Test 0.164 0.044* 0.012 0.907

Simple Reaction Time 0.256 0.002* 0.175 0.081

Santa Ana Dominant 
Hand

0.229 0.005* 0.178 0.077

Santa Ana Non-
Dominant Hand

0.179 0.029* 0.176 0.080

Trail Making Test 0.014 0.805 0.060 0.953

Digit Span Test 0.014 0.864 0.097 0.336

Digit Symbol Test 0.017 0.865 0.097 0.336

The relationship between the blood cholinesterase levels and the neurobehavioral performance



Micronuclei Assay 

• Tests that detect and identify the micronuclei in the
cytoplasm of interphase cells.

• MN are either acentric chromosome fragments or
whole chromosome that are left behind during mitotic
cellular division and appear in the cytoplasm of
interphasic cells as small additional nuclei (Surrales et
al, 1995).

• The biological sample used was buccal cell.



Micronuclei frequency (per 1000 cells) 

http://www.google.com.my/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=XBk5Gqxf728nMM&tbnid=NFE-YPfDdBOI4M:&ved=0CAYQjRw&url=http://www.gentronix.co.uk/product/micro-nucleus-test/&ei=ickpU_-2FMfLrQf-7YHYAQ&bvm=bv.62922401,d.bmk&psig=AFQjCNFqH6jHvlESCugEF-EIj9u1OqZWvg&ust=1395333731852107
https://www.google.com.my/imgres?imgurl=http://www.crios.be/genotoxicitytests/foto_mn.gif&imgrefurl=http://www.crios.be/genotoxicitytests/micronucleus_test.htm&docid=7N840YSp67C6FM&tbnid=nMDDzina51yQiM:&w=468&h=336&ei=NMkpU8K9EojYrQfCvYCgDg&ved=0CAIQxiAwAA&iact=c


Comet Assay

• The single cell gel electrophoresis or 
comet assay is a state of the art 
technique for quantitating DNA damage

• Technique that directly measures DNA
damage in individual cells

• Analysis of comets, in order to
determine the level of DNA damage,
includes measurement of such
parameters as: comet tail length
(Collins A.R, 2008).

• The biological sample used was buccal
cell.



Comet Assay-DNA damage

http://www.google.com.my/imgres?sa=X&biw=1216&bih=569&tbm=isch&tbnid=ZvaFvv7i4uz-RM:&imgrefurl=http://www.hindawi.com/journals/bmri/2012/385245/fig1/&docid=duPCQQsaMISOPM&imgurl=http://www.hindawi.com/journals/bmri/2012/385245.fig.001.jpg&w=600&h=720&ei=q8YpU9j7B8WFrAeA9oCYBg&zoom=1&ved=0CJgCEIQcMD8&iact=rc&dur=1030&page=5&start=63&ndsp=17
http://www.google.com.my/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=tKZITPgPoFqlvM&tbnid=mrpUGkc1Npy-CM:&ved=0CAYQjRw&url=http://sydney.edu.au/medicine/bosch/news/image-month/2012/&ei=DMgpU-KoI4XkrAeR3IDoCQ&bvm=bv.62922401,d.bmk&psig=AFQjCNGcXV0cxE9hux286YRpA5HFcnj2Rg&ust=1395333163588911


Variable B COR 95% CI p B AOR 95% CI p

Lower Upper Lower Upper

Low Blood 

Cholinesterase

0.619 1.858 1.049 3.290 0.034* 0.371 1.449 0.800 2.625 0.221

Distance from 

house to paddy 

field

>1000m (Ref) 1 1

500-1000m -0.590 0.554 0.134 2.295 0.415 1.478 4.383 1.110 17.302 0.035*

100-500m 1.277 3.584 1.383 9.288 0.009* 1.114 3.045 1.117 8.305 0.030*

<100m 0.780 2.180 1.020 4.662 0.044* 0.755 2.128 1.957 4.731 0.006*

Distance from 

house to school

>1000m (Ref) 1

500-1000m - - - - - 0.298 1.347 0.618 2.936 0.453

100-500m - - - - - 0.316 1.371 0.639 2.944 0.418

<100m - - - - - 0.329 1.389 0.570 3.383 0.469

Transportation to 

school 

Car 1 1

Motorcycle 0.247 1.280 0.667 2.458 0.457 -0.015 0.985 0.503 1.929 0.966

Bicycle 0.160 1.173 0.464 2.964 0.736 -0.777 0.460 0.166 1.276 0.136

Walking -0.403 0.668 0.062 7.210 0.740 -0.578 0.561 0.045 6.983 0.653

Micronuclei Frequency Comet tail length





CURRENT ISSUES:
Implications on COVID 19 control of transmissions

in schools among teachers, students and support staff.



• Students must clean their hands with 
soap or hand sanitizer .

• Do not touch the eyes or nose unless 
hands are clean Places to clean their hands

1.Behavioral, 2.Physical, 3.Vaccination, 4.Sanitization and 5.Ventilation 

Comprehensive  Control of COVID19 Transmissions

1.Behavioral 1.Behavioral



2. Physical Aspect of Control 3.Sanitization of school classes, library, 
canteen, toilets etc
- Carry out sanitization everyday or alternate days if possible.
- Moping of floors and wiping all surfaces every day.



4. Vaccination:
School children, teachers & support staffs in schools.



Behavioral, Physical, Vaccination, Sanitization and Ventilation 

Comprehensive  Control of COVID19 Transmissions:

Ventilation:
Most important but 

neglected

Cai et al. (2011), stated that 
the inspections showed that 
no school in the study had any 
mechanical ventilation 
system, but all classrooms had 
openable windows that were 
kept open during lectures (



Ventilation: 
since the COVID19 virus is transmitted through minute particulates (PM10 and 
PM2.5) and droplets.

• Increase the introduction of outdoor air:
o Open windows and doors, when weather conditions allow, to increase outdoor air 

flow.. 
• Use fans to increase the effectiveness of open windows:

o Vary based on room configuration. Avoid blowing contaminated air directly from 
one person to another. 

o Ensure ventilation systems operate properly and acceptable indoor air quality for 
occupancy level (CO2 <1000 ppm)

• Generate clean-to-less-clean air movement by repositioning as necessary, the supply
louvers, exhaust air grilles, and/or damper settings.

• Ensure restroom exhaust fans are functional and operating at full capacity when the
building is occupied.

• Inspect and maintain exhaust ventilation systems in areas such as canteens, toilets, etc.
• Adjust HVAC systems in air conditioned teachers, office,

to increase total airflow.
• Use portable high-efficiency particulate air (HEPA) fan/filtration systems to enhance air

cleaning (especially in higher risk areas)



Conclusion

• From previous findings, there are existing challenges with regard to 
the school indoor air quality and children’s exposure, in term of 
particulate matters, volatile organics and microbes.

• The health impacts of indoor air pollutant exposure ranged from 
respiratory symptoms, allergy, lung inflammation, impaired lung and 
cognitive functions, neurobehavioral performance deficit and 
genotoxicity. 

• With the emergence of COVID 19, the children’s health are at higher 
risk. If we are able to improve the air quality, which are threats to 
their health, as shown in our studies, then, we will not have problem 
in controlling COVID 19 transmission.



Recommendations
1. Zoning due to open air system in schools. Avoid heavy traffic and

industrial areas.
2. Improved ventilation with fans, exhaust fans, open windows etc
3. Frequent cleaning, moping and wiping of surfaces to eliminate particulate 

and dust
4. Prevent leaking as dampness will promote fungal and microbes growth
5. Annual environmental monitoring for chemical and biological agents in

schools
6. Annual health check for asthmatic children or those with chronic

respiratory diseases with lung function or lung inflammation tests
7. Profiling techniques to characterize rare and unculturable indoor fungi

which may influence airway inflammation.
8. Future studies, for a better understanding of long term airway

inflammatory response due to variability of exposure patterns
(geographical, seasonal and latitudes)







THANK YOU


