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ABSTRACT

The air pollution in construction site had become great concern to the workers as it can
significantly affect their respiratory healthhe aim of this study was to investigate the
inhalable dust exposure and its effect toward respiratory system amongrsvamk
construction industryThere werel3 workers randomly selected for indoor activities
which include concrete breaking, hacking of wall and drilling. Méale, another 13
workers participateds respondents for outdoor construction activities suopestion

of backhoe and dump truck, housekeeping activity and construction of drain. Personal
air monitoring was conducted using air sampling pump with flow rateldfmin. All

the workers were interviewed by usifg George Respiratory Questionnairé Q).
Resuls show that the average concentration for outdoor activities was Higlean=
4.98ng/nt; SD= 2.72ng/nt) than indoor activities(mean= 4.19mg/nt) (SD=
2.22mg/nT). Most of inhalable dustoncentration irthe construction sitavere below

the OSHA(15 mg/nt) and ACGIH (10mg/nt) standard limi except foroperation of
heavy vehicles activity (backhoe =10.56 md/mThe prevalence of respiratory
symptomswas in the range d30.8% to 92.3%amongindoor workers,while outdoor
workers ranged of 23.1% t@6.9% There was a significant correlatidmetween
personal concentratioaf inhalable dustnd respiratory symptom&ven though the
concentration ofinhalable dust below the exposure limit, however, workers still
experience soe of the respiratory symptoms such as coughing, phlegm secretion and
shortness of breathTherefore, the employer must provide appropriegspiratory
protective equipment (RPE) with assign protection factor (APF) of 20 for the
construction workersRescleduling and limitthe working time for workers with
respiratory symptomsanalsobe practicd in order to reduce the risk



ABSTRAK

Pencemaran udara di tapak pembinaan memjedialahbesar kepada pekerja kerana
dapat memberi kesanuruk kepadakesihatan pernafasan mereKaijuan kajian ini
adalah untuk mnyiasatpendedahan udara dan kesan terhadgmpernafasakepada
pekerja dalam industri pembinadrerdapat 13 pekerja yang dipilih secara rawak untuk
aktiviti kawasan tertutuptermasukah akiviti pecah konkrit, penggubahsuaian
permukaan dindingdan penggerudian. Sementara itu, 13 pekerja lain mengambil
bahagian sebagai respondertuk aktiviti pembinaan kawasan luar sepeperasi trak
pengorek lori sampah, aktiviti pengemasan dan jugmpmaan longkangemantauan
peribadiuntuk tahapudara dilakukan menggunakan pam pensampettma dengan
kadar aliran 1L/min. Semua pekerjguga ditemubual dengan menggunakan Soal
Selidik Respiratory St Georg&Keputusan menunjukkan bahawa kepekatan taura
untuk aktivitikawasan luaadalah lebih tinggimean=4.98mg/m3) (SD=2.72mg/m3)
daripada aktivitkawasan tertutugmean=4.19mg/m3) (SD=2.22mg/m3Kebanyakan
kepekatardebudi tapak pembinaan berada di bawah tahiapraianOSHA (15 mgh?)

dan ACGIH (10 mgm® kecuali aktiviti operasi kenderaan ks (trak pengorek=
10.56ng/m3).Kelaziman simptom pernafasan adalah dalam lingkungan 30.8% hingga
92.3% untuk aktiviti kawasan tertutupmanakala pembinaan kawasan luafalam
lingkugan23.1% hingga 6.9%. Terdapatperkaitanyang tinggi antara kepekataebu

dan gejala pernafasanwalaupun kepekatandebu di bawah tahap piawaian
bagaimanapun, pekerja masih mengalami beberapa gejala pernsépsati batuk,
rembesan &hak dan sesakafas Oleh yang demkian, majikan mestah menyediakan
peralatan perlindungan pernafasan dengan menetapkan faktor perlindungan sebanyak
20 untuk pekerjduruh binaanPenjadualarsemuladan pengurangawaktu kerja bagi
pekerjayang mengalami gejala pernafasholeh dipraktikkan untuk mengurangkan
risiko tersebut

vi
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

This chapter served to introduce the study about the exposure of inhalable dust
and lung function impairment among workers in construction industry. Some of the
elemants include in this chapter abackground of study, rearch objectives, research
hypothesis, and significance of study and scope of study. It is hope that from this

chapter, readers can get a brief idea and can understand more about this study.

1.2 BACKGROUND OF STUDY

Inhalable dustan be generated from various human anthropogenic activities.
The sources of exposure for particulate matter are associated with many industries such
as restaurant, manufacturing industry, agriculture and also construction industry that
can contribute t@ high risk of emission fanhalable dustConstruction industry can
contributes about 4% of particulate emissions that include pollution for air, water and
soil (Gray, 2017). Air pollution usually attributed with construction site which can

significantlya f f ect wor ker 6s heal t h.

The activities in construction site caeleasedust particleswith size smallin
diameter and invisible to the naked aykich include inhalable dust [particles diameter
<10 rh coarse particles perodynanic diameter <1€ m] fne fherodynamic
di ameter < 2. 5¢gm] Tha bxpasurd o ihhalable tdusta&dn effect 2 0 1 3
construction workers which working indoors and outdobisually, the dusemission
exposureto workers for indoor and outdoor constructiman bedifferent based on the



environment. This emission of particulate matter usually varying in degrees, different
durations and frequenci¢r outdoor construction, the exposure to dust can be high
due to the sources from several type of activities suabpastion of heavy vehicles
such as tractor, loader abdckhoe, mechanicaictivities like grinding or drilling and
also transportation of building equipment and materials within the site. Meanwhile, the
exposure for indoor construction activities can be high due poor air ventilation from
dust emission of several constructiortiates. Those construction activitiassually
involved housing or building modifying work su@s hackingof concrete, brick or
stone crushing, tiles cuttingy also insllation of piping system (Governme@Quality,
2001) which can cause the releasgalfutant emission to the aiAll the construction
activities of indoor and outdoor carause theexposure of particulate matter such as
fumes, aerosol, smokes and combustion particles whicpatane the surrounding air.

Some previous studies stdtthe sources and impact ddfistfrom the activities
in construction industry whichre study fromBoumann et al(2017), Kromhout et al,
(2009 and Robert et al2018) had explained about the relevahexposure dustio
construction workers. Asonstruction workers usually working in a long duration at the
construction site until the building project finished, the risk of exposure to particulate
matter will become very high. The emission of total inhalable dust can affect the health
of people livng and working in the surrounding area of the site.

Moreover, it has been found that particulate matterge a greatmpact on
human health (Xing et al, 2016). Construction workers can be infected by various
respiratory diseases that are bronchitis aadcer but the most common respiratory
illness is chronic obstructive pulmonary disease (COPD) and asthma. Workers at
construction site can high risk of exposure to COPD disease and occupational asthma
which cause from the emission fume, aerosol and filast construction activities.
There are many previous studies showed the relevance of dust exposure at construction
site with these two respiratoiiinesses Construction workers can get severe health
problem of asthma when they breathe in or having startact with dust, gases, fumes,
and vapours (Walton, 2017). According to Health and Executive (HSE), (2017),
occupational asthma is an allergic reaction which workers will experience when
exposed to certain substances in the workplace such as constdusgionMoreover, a

study from Bergdahl et al., (2004) found that the mortality among construction workers

2



can increases due occupational exposure of chronic obstructive pulmonary disease
(COPD), even though the workers were never smoke. Constructionra/esiqeerience

a wide spectrum of exposures and are at increased risk for COPD and @&
mortality (Dement et al., 2015). Construction workers are also exposed-gpecific
construction dustand thereforepotentially exposed to inhalable dust wabothe
occupational exposure limit and may have an increased risk of developing COPD
(Borup, 2017).

Workers in the construction industry could be exposed to particulate matter
which cause from various activities associated with environmental air \pbithted
from the emission of construction heavy vehicle and other equipment. Actually, this
emission ofparticlescan be harmful to the workers as when the inhalable dust were
breath intoo frequently, they will getung function impairment. This is beca
construction workers usually will be at construction site in a very long duration until the
building project finish. Therefore, in this study, flegels of exposure of inhalable dust
along with the lung function status werevestigated. From the reseh, the control
and management option whalable duswill be investigated so that the exposure later

can be reduced.



1.3 PROBLEM STATEMENT

Nowadays, as the urban development and modernization accelerated
significantly, air pollutionbecome worse and its impact on human health has become
primary research topic. The air pollution which consists of particulate matteal$ad
become worsén construction sitelt has been reported thtte air pollution cause by
dustin the atmospherrom construction cocentrations would be respobks for 0.54
attributable deaths which ar@®.13 cardiovascular and 0.Cir respiratoryillness
(Boumann et al., 2017)This slows that construction workers which exposeditst
concentration that exceed the limits have high chance of getting the respiratory disease
which can lead to premature dedgurthermore, usually, indoor construction exposure
levels are not considered agyh as outdoor construction, but, actually it may give
greater effect to the workers. Although indoor construction did not exposure to high
emission of dust, unlike outdoor construction, but, the poor air ventilation can make the

exposure level become ig

Inhalable dustemission which generate in construction industry pase a
health concerio human aghey can be inhaled intthe lungand accumulate in the
respiratory systemParticulate matter usually attributed with the air pollution in
construction industry. They amanall size particlesthat could effectively act as a gas
andcould pose great health concern because the fine particlgsenatrate deemto
the lungsThemain problem is thexposure to high concentrationsaistcan result in
numeroushealth impactsuch aschronic obstructive pulmonary disea@OPD) and
aggravation of asthmé#Suring et al., 2016)This is because various construction
activities can cause the emission of dust, fumes, smoke and aerosol whichiodh&in
dust. Many previous research had identify this problémat were in thestudy from
Dement et al.(2015, Bergdahl et al.,(2004, Borup et al.,(2017), Walton, (2017,
Health and Executive (HSER017 which emphasize about construction activities that

related with respiratory disease.

As construction workers spend long duration with environment polluted with
dust,they can easily expose to COPD and occupational asthma. Construction workers
usuallydid not aware of the dangerous effectirdfalable dusto human healtlas this

matter wasnot taken seriously by therdvorkers in this industrjnad get use working



under the environment which exposed to the polluted air that make them tend to ignore
the fact that they could get significant health effect from the exposure of this inhalable
dust Some of symptoms which associatedth COPD are breathing difficulty,
wheezing coughand sputumproduction(Mayo Clinic, 2018)while for occupational
asthma areasthma attack, such as breathing difficuttgughing,chesttightnessand
shortness of breafWeb Medical, 2015) Furthermore, most of the study about air
pollution in construction industry only associated with silica exposure from mechanical
activities such as grinding the rocks twick, jack hammering, rock drilling, concrete
drilling, grit blasting and concrete block cutting or sawing but only a few studies can be
found for the exposure afhalable dustThis is because many people only aware the
fact of the silica particles whic can cause silicosis among construction workers
(Ediagbonya, 2015) That researchwas about particulate matter emission from
construction industry still not widely been study yet. The problenniodlable dust
exposwe within construction industry can be associated directly to the ais
construction equipment and machinery which release exhaust diesel emission. It is also
can be related to several construction activities which include the use of this equipment
and heavy vehicle such as earthworks activities, materials handlingsanmtath

activities using light equipment or transportation building materials within the site.

Therefore, the focuses of this study are to identify the level exposiurkatéble
dustin construction industry and also to investigate Ifumgtion impairment through
FEV1 & FVC. From that, the correlation between of the inhalable dust exposure in

construction industry and respiratory diseases can be concluded.



1.4 RESEARCH QUESTIONS

1. Which type of construction activities between indoors or outdoors construction
activities will produce higher exposure levelimfialable dusamong the workers?

2. Do the workerswhich exposed tanhalable dusin the construction site have the
symptoms ofespiratory disease?

3. What is the lung function status (FE¥hd FVQ among construction workers?

4. |Is there any correlation between level whalable dustand lung function

impairment?

1.5 RESEARCH OBJECTIVES

1. To comparethe exposure level oinhalable dustamong workers fronmindoor
construction activities and outdoor construction activities.

2. To determine the prevalence of respiratory symptoms among workers exposed to in
the construction site.

3. To assess the correlation between the leveinbhlable dustand respiratory
symptom among construction workers.

4. To assessung function statusfrced expiratory volume in one secqiEV1) and
(forced vital capacityFVC)) among construction workers

5. To assess the correlation between the leveinbalable dustnd lung function

status (FEV1 an#VC) among construction workers.

1.6 HYPOTHESIS

1. Outdoor construction activities generated higher exposure leviehafable dust
among the construction workezempared to indoor construction

2. There is significant correlation between level iohalable dustand respiratory
symptom among construction workers.

3. There is a significant correlation between the levelinbfalable dustand lung

function impairment among construction workers



1.7 SCOPEOF STUDY

This studywill be a significant endeavour in investigating the exposure
level of inhalable dusamong construction workers. The study only limits the scope at
construction site only. Although there are many other industries which produce
particulate emission of inhalable dust, but construction industry is one of the common
industry in Malaysia that hown for the release of dust and contribute to poor air
quality. Actually, there ardots of sources in construction site which might release
emission ofdustbut in the study will cover onlactivities which are for indoor and
outdoor constructionTherebre, in order to identify the highest exposure level of the
inhalable dust, personal air monitoring will be conduct. From the monitoring, the level
of dust particlescan be identify whether it is still in controllable amount of dust or

exceed the permisddexposure limit by New Malaysia Ambient Air Quality Standard.

Moreover, thestudy also aim$o determine the respiratory symptom among
construction workersParticulate matter can dangerously affect human respiratory
system when the worker inhale aihieh contain the inhalable dust. Alse size of
inhalable dust is smaller thah O O gitnean depositinto the lung andaffect human
respiratory system. Therefore, in this study, the lung function status of the worker will
be identifying by using spirometerSpirometrytest can be used to monitor the lung
condition and the test can assess how well lungs work by measuring how much air
inhale, exhale and how quickly can exhale. Questionnaire will be conduct limit to
construction workers to identify the conditi of respiratory symptom.

Furthermore, the scope of study will cover the lung function status (forced
expiratoy volume in one second (FEV1) ardrced vital capacity (FVC)) among
construction workers. The FEV1 and FVC will be measure to identifyutig flunction
status among the construction workers. The lower the measurement of FEV1 and FVC,
it means that the workers haglffered respiratory illness. Next, the study also
investigates the correlation between the levetiugt and lung function statugFEV1
and FVC) among construction workers. This is very important to know whether the
exposure level oinhalable dustcan affect lung function status among workers in

construction industry.



1.8 SIGNIFICANCE O F STUDY

As nowadayspeople already aware of the human health effect from the
exposure of inhalable dust, many researches had been conducted to identify about this
problem. Although lots of previous research had already find out about lung function
impairment from expose of airborne particlesbut most of the stly did not focus to
inhalable dusexposure and lung function effect to construction workers. So, in this
study, the level of inhalable dust and lung function status will be measure among
construction workersActually, this matter had been widely investigated through the
world before. However, in Malaysia, the research about inhalable dust exposure and

respiratory disease from construction industry were not widely studied yet.

Moreover, most opreviousresearch in construction filed conducted to identify
the silica dust pollution from construction s{teilica, 2014)and only a few study can
be found about the release iohalable dusin construction industry. The silica dust
usually associated with medaheals activity such as grinding ahe brick, concrete
drilling, grit blasting and concrete block cuttindowever, the emission of particulate
matter of total inhalable dust usually produces from the emission of construction
machinery of heavy vehicle dralso equipment and also emission from other activities.
Most of the activity can exposed workers to particles of the inhalable dust. So, from this

study, levebf dustfrom variousactivitiesat construction site can be identified clearly.

Next, the significant of the study can find out whether the exposure level at
construction industry along with the activities still in control or not that are below the
permissible exposure limit. This matter is very important to make sure thwor ker 6 s
health can still be maintain, so they did not easily infected to lung function impairment
such as occupational asthma and chronic obstructive pulmonary disease (COPD).
Therefore, this study can contr iabdhunoted t o

affected from the exposure to high concentratiodustt particles.



1.9 CONCEPTUAL FRAMEWORK

Figure 1.6 shows the conceptual framework of this study. There are two type of
construction which are buildingpnstructiorand road construction but in this study will
only covers the exposure afhalable dustrom building construction.

Building construction can be indoor and also outdoor. The activities for indoor
and outdoor can be different as indoor constructiorvides involved mechanical
activities such aslrilling the wall, block breaking hammering plumbing and piping
system. Meanwhile, for outdoor construction usually involved activities which use
heavy vehicles such dsackhoedump trucks and semi tractorailler. Housekeeping
activities in construction also can be categories as outdoor as the workers also exposed

to inhalable dust while keeping the construction area clean.

All of these activities can release inhalable dust into the air. As example, the
opeation of heavy vehicle can produce diesel exhaust emission which cantelotst
particles. Moreover, the use of construction equipment such as drilling machine,
blasting and concrete cutting can release the emission of smokes or fumes which will

contamnate theair whichcanmix up with the environment air.

These activities can affect workers when they inhale the polluted air. This can
significantly impact the health of worker which can cause lung function impairment.
Usually, lung function impairment can be categorized into obstructive and restrictive.
Obstuctive iswhen greater pressumeedwhen breathingapidly to overcome the
resistance to flow while restrictive is whéime decreased irompliance of the lung
which can cause thacrease®f stiffnessfor the lung and limits expansio@bstructive

lung disease includes asthma and chronic obstructive pulmonary disease (COPD).
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Figure 1.6: Flow chart of conceptual framework
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1.10 CONCEPTUAL AND OPERATIONAL DEFINITION

Particle emission

Particle emission refers to the rate of emission of the particle number concentration
of dust.In this study, the particle emission come from several construction activities
like vehicle movement in construction site and other construction process such as
earthmoving, demolition, grit and sand blasting or spray pairfBayernment &
Quiality, 2001)

Road construction

Road construction which requirgadoduction of bonded pavement of structure. The
processes of road construction are quite the same with building construction which
requires earthwork, area scrapping and also grazing. Road construction also

involved the usef construction heavy machinefieil, 2002)

Building construction

Building construction is a process that involved adding construction to a building or
construction of that building. It can be either big construction or small construction
project. Small scale construction only makesalh renovation such as adding a
room or bathroom while big scale construction involved commercial building
construction or residential construction practice. This type of construction uses
several types of equipment and maeny during the building pross (Swenson,
2017)

Indoor and outdoor construction

Indoor constructions are activities which are done in enclosed space. Usually,
indoor construction is after the construction during the stages between
superstructure and infrastructure which involved mechanical activities. Indoor

construction alsadone during modify of buildingYuan et.al, 2018).

Outdoor construction are the activities which done at gpaice. Usually, outdoor
construction involved activities which use heavy vehicles such as backhoe, dump
truck or semitractor trailers to transport buildingnaterial and equipment to the
construction site(Canadian Cente OSH, 2018Housekeeping activities also
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involved in outdoor construction as they also exposed to inhalable dust from this

sources.

V. Mechanical activities
The examples of mechanical activities are grinding, drilling, blasting and block
breaking. Usually, these activities only involved the usearfstructionmachine.
The machine use in mechanical activities also can contribute to the reledisst of
particles to the air(Government Quality, 2001).

vi.  Transportation of materials
Transportation of materials asdpplieswithin the site involved operation dieavy
vehicles. As the heavy vehicles carries the materials around construction site, the
release of partidate matter to the agan cause harmful effect to workers in the site
because it can release diesel exhaust fumes or soot which contains partiattiate

(Government Quality, 2001T.his condition will pollute the surrounding air.

vii.  Housekeeping actities
Housekeepin@ctivities inconstruction siteefer to the managememteasurements
which are to design and implementation feduang the discharge of pollutants
from the site Some examples of housekeeping activities are to\keépareas neat
and clean by removing waste materialat the heavy vehicles route and also
maintainthe construction sitplacefree of slip and trip hazardqCanadian Cente
OSH, 2018)

viii.  Exposed workers
Exposed workers aneorkers who are fully exposed to the emission of particulate
matter of total inhalable dust at the sfocock, 2012)The type of construction
included construction site labourers, siteegiors and also site managers or
engineers. Usually, exposed workers are workers who working within the

construction site for 8 hours or more.
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ix.  Lung function impairment
A term used to describe any loss or abnormality of psychological, physiological or
anatomical structure or function on the lungs work in helping a person breathe
(Sheena an@arter, 2018)During breathing, oxygen is taken into the lungs, where
it passes into the blood and travels to
product made by the bodyds tissues, i's ¢
(NCI Dictionary of Cancer Terms, 201Mung function impairment is the problem

occur when people breathing.

X.  Respiratory system
Respiratorysystem is asystemwhich carries out respiratory functions, based on
gaseous exchanges. It allows the intake of tairdeliver oxygen to organs and
tissues, and the expulsion of carbon dioxide. The respiratory system begins at the
mouth and nosgnd therpasses through thgharynx, larynx, and trachea, ending in
the bronchial tubes and pulmonary alveoli, which cdntine exchange between

oxygen and carbon dioxid®espiratory system, 2013)

Xi.  Obstructive Lung Diseases
Obstructive lung diseases (OLD) describe progressive lung diseases which include
in the Chronic Obstructive Pulmonary elsse (COPD) and asthma. The respiratory
diseases characterised blyaracterized increasing breathlessness characterized by

persistent airflow restriction and chronic airway inflammafigieira et al,2016)

xii.  Restrictive Lung Disease
Restrictive lung diseasmight becomeproblens to workerswhen they are having
difficult time to fill the lungs with airas thelungs are restricted from fully
expanding.The symptom ofestrictive lung diseases delicatelung tissue stiffens
will occur most of the time This sometimeshappensbecause of the excessive

stiffness in the chest wall, weak muscles or damagedes (Lung Institute, 2018).
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Xiii.

Xiv.

XV.

XVi.

Forced expiratory volume in one second (FEV1

The measuremento showthe amount of aithat can forcefully exhale in one
second of the FVC tesEEV1 measurememanhelps understandnd identifythe
severity of diseasdJsually, lower FEV1 scores show more severe stages of lung
diseasdLung Institute , 2018)

Forced vital capacity (FVC)

The measuremertb showthe amount of aithatcan forcefully and quickly exhal
after taking a deep breathhe result ofFVC can use taliagnose a chronic lung
diseaseand tounderstand the severity of the conditidine measurementf FVC
the will be compare withpredictedFVC based on weightageand height(Lung
Institute , 2018)

Chronic obstructive pulmonary disegd€#PD)

Chronic obstructive putonary disease (COPD) is a eise characterized by
airflow limitation but not fully reversible. The airflodimitation usuallyas®ciated

with an abnormal inflammatory response of the lungs to noxious particles and
gasegBoschetto et al., 2006 onstruction workers are exposed to these disease

from the inhalable or total dust from the pollution at construction site.

Occupational asthma

Work-related asthma can be triggered by expodarsubstances found in the
workplacethat cause the airways of the lungs to swell and narrow. ddmdeads

to the attacks of wheezing, shortness lofeath, chest tightness, and coughing
(Medical Plus, 2018Fpecific construction sitevhich causeasthmawill triggers
include from grout, cement, solvents, lime, paint, diesel emissions, epoxy resins,

adhesives, welding furseconcrete, mould, and smoKé/alton, 2017)
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CHAPTER 2

LITERATURE REVIEW

1.1 INTRODUCTION

This chapter presents the review of previous researches on the sinidglalble
dustexposureand lung function impairment among workers in construction industry.
Every elements or topics were stated clearly in this chapter by review several previous
research in order to make sure the details of the study can be understand. The topic
consist of imalable dustconstruction equipment and heavy vehicles, air monitoring
method (dust mate and personal air monitoring), lung function impairment, lung
function test, respiratory diseases (chronic obstructive pulmonary disease (COPD) and
occupational astha), correlationinhalable dustwith lung function, permissible

exposure limit (PEL).

2.2 PARTICULATE MATTER

Particulate matteis a collective group of very small solid particles, aerosols,
mist, smoke, dust, fibres and fum@simar, 2018) It is the sum of all solid and liquid
particles suspended in air many of which are hazardous. This complex mixture includes
both organic and inorganic particles, such as dust, pollen, soot, smoke, and liquid
droplets. These particles ryagreatly in size, composition, and origin. Particulate
matter can cause air pollution which will greatly cause serious health effect when inhale

the air with this particles.

2.21 Inhalable and Respirable Dust

Table 2.1shows the particulate emission from US Environmental Protection
Agency (USEPA). Particles are classified according to dygramic diameter as

inhalable, thoracic and respirabBased on size, particulate matter is often divided into
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three main groups which ar¢he inhalable contains the larger particles with a size
smaller than 10Qum, thoracicfraction containgarticleswith sizesmaller than 2Bm

and respirable particles are in diameter of smaller tham10

Table 2.1 Classification on size for particulate matter

Particle Type Aerodynamic Diameter
Inhalable <100pm
Thoracic <25um
Respirable <10 pm

SourcesUS Environmental Protection Agen¢}996)

Inhalable particulate dust can enter any part of the human respiratory tract upon
inhalation that can be breathed into the nose or mouth. Meanwhile respirable particles
dust can penetrate through the breathing airways to the pulmonary region of the lung
beyond the terminal bronchioles into the gagchange region of the lungs. Actually,
the small sizes of particulate mattemough toaffect the healthalthough it is not as
small asrespirableparticulates From the American Lung Association (199@) has
beenreported that over 60,000 people die prematurely in the USA (by up to two years)

from the exposure tdustpatrticles.
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2.3 CONSTRUCTION INDUSTRY

Construction industry had become an important role in contributing to
Malaysian economic development. The property construction sectors expanded rapidly
in the |l ate 198006s as a result of the hidg
the rapid construmn development, environmental issues of air pollution had become
significant concern in construction industfieng, 2011)When comparing with other
industries, construction has an important consumption. This is because marsg@soce
in the construction industry created large quantitiesotdl inhalable and respirable
dust. The uncontrolled emissions of the air pollution will give significant risks to

worker health at construction indusf{RBocock, 2012)
2.31 Stages of Construction Work

According toTeng, (2011) the stage in construction can be divided into two
phases that are preconstruction stage and construction. Preconstruction stage is the
preparation of the site before any construction project is start while construction stage is

the process when the construction kvbegins.

Some of major operation in preconstruction such as site clearance, building
setting out and earth works. The task during the site clearing are extent of the site
clearing works, grubbing out of roots, removal of rubbish or plants from site and
diversion of existing utilities. Next, building setting out include in the first stage of
construction which involves outlining the ground struct(ifeice & Kadir, 1996)

Lastly, for earthworks are works involved the soil. In earth work, the activities are

preparation of construction platform, drain system and foundations.

For construction stage, there are three stages which consist of substructure,
superstructure and infrastructyteendrickson,1998. Some of substructure examples
are retaining walls, ls®ments, foundations and pilings. Superstructure works involved
the process of building and tiling. For infrastructure the activities refers to last process

when the building finish such as trenching excavation and backfilling.
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2.32 Type of Construction

The type of construction can be categories as road construction and building
construction. Both of the construction work in road or building construction had
different type of working activities based on the project. As an example, road
constuction required to produce bonded pavement of struciGeol, 2012) The
processes of road construction will require earthwork, area scrapping and also grazing.
Road construction also involved the use of construction hewghinery to build the

road pavement structure.

Meanwhile, building constructiois a process that involved adding construction
to a building or construction of that buildif@wenson, 2017)Iit can be either big
construction or small construction project. Small scale construction only makes small
renovation such as adding a room or bathroom while big scale construction involved
commercial building construction or residential construction practice. This type of
corstruction uses several types of equipment and machinery during the building
process.

2.33 Indoor and outdoor construction activities

There are several type of activities in construction area but in this study will
only emphasize some of the construction activibesndoor and outdoor construction.
Indoor constructions are activities which are done in enclosed §paae et.al, 2018
Usually, indoor construction is during the stages between superstructure and
infrastructure which involved mechanical activities. Indoor construction also done
during modify of building.Mechanicalactivity of indoor construction involvethsk
such agyrinding, drilling, hammeringblock breaking and the installation of plumbing

and piping systerfGovernmenQuality, 2001)

Outdoor construction are the activities which done at open space. Usually,
outdoor construction involved activitig®r transporation of building material and
suppliesto the construction sitehich use heavy vehicles suak backhoe, dump truck
or semitractor trailers (Canadian Cente OSH, 2018Yloreover, another outdoor

constructionactivity is housekeeping activitiesuch as sweeping the dirt at the route of
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heavy vehiclessemoving waste materials and also maintain the construction sie plac

free of slip and trip hazards.

2.34 Inhalable Dust Emission from Construction Activities

The activities for indoor and outdoor construction eaposeworkers to the
particulate emission of total inhalable dust. For indoor construction, some of the
activities are mechanical activities such as drilling aackingthe wall, blockbreaking
and alsayrinding ceramic tilesAll of these activitiesvill release hugemission of dust
particles from construction equipment use during the activit{€sisan et.al, 2009)
Moreover, the activities which involved crushing the block or bdak produce high
dust emission. As indoor constructions are in enclosed areas, which have less

ventilation system of air, this can affect the respiratory health of construction workers

For outdoor construction activities involvedthe transpotation of building
materials tosites drainageinstallation andalso housekeeping activities. For the
activities of transportation of building materials, heavy vehicles umes that are
backhoe, dump truck and semi tractor trailers. As construction equiandnbeavy
vehicles are used frequently in each working activities in the site, it can be harmful to
the workers from the particulate emission of total inhalable dust. Actually, construction
machines can release diesel exhaust fumes which discharge ttireugh combustion
engine. The diesel exhaust fumes also contain huge amodustoparticlesvhich can
cause greater health effect to the exposed workers at the site. The use of heavy machine
in operation can release huge amounto$t. The emissions &m on road vehicles
associated with the construction site need to be frequently mon{{ol&eEC, 2016)

For housekeeping activities, although it did not invothe useany construction
equipment, but working under dusty environment around the site can make the workers
exposed more to the particulate matter emissidns is becauserg sweeping of
concrete dust and debris during housekeeping activities can producevegbfl dust
(Health and Safety Executive, 2017)
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24 AIR MONITORING METHOD

Air monitoring is an assessment for measuring the level of air pollutant. Air
monitoring is an integral part of an effective air quality management system. The data
are collected to assess the level of pollution, to provide air pollution data to the public
and to support the implementation of air quality standards. Moreover, air monitoring
can evaluate the effectiveness control strategies for pollutant emissions; provide
information and data for the evaluation of air quality models in order to support

reseach.

Before monitoring begins, some strategy should be applied for many options.
The monitoring strategy aim to determine the most appropriate methods, ensure correct
data are use, know the exactly costs for investment of equipment, and thgngpe
costs. There are several methods to measure air pollutant. One of the technique for the
measurement of airborraustby manual measurement meth@dbal & Kim, 2016)
This techniques use combination of filter sampling and gravimetric analysis by
microbalance. Then, a continuous determination for the amount of particulate deposited
on a filter tape during fixed sampling interval conduct by measurement of deposited

particles through the filter paper.

2.41 Personal Air Monitoring

Construction sites have high potential for the exposure of harmful dust and
particulate matter among the workei®his air monitoring is an air samplindpat
performed on an individual persoiersonal samplinig used to determine the actual
amount of exposure that person has had to a hazardous chemical, substance, or
particles. The most significant route for particulate terato enter the body are by
inhalation(Kaysen 2016) Total inhalable dust can enters the nose and mouth during
breathing and will be deposited anywhere in the respiratory t&axtthe monitoring of
air while they breathe is very important. The peeair monitoring with the sampler

will be mounted in the breathing zone.

According toNIOSH method 080 (1994)for total inhalable dust, theampling

filters must be placed inside the cassette and clipped at the clothing in breathing zone.
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Then, a perswal sampling pump for controlled rate of air is drawn through the filter
which has been preeighed. To get the result, filter is weighed after the sampling to
determine the amount of dust collected. This method can really determines the total
concentratia for construction workers that exposedrtalable dust.

2.5 LUNG FUNCTION TEST

Lung function tests are also known as pulmonary function tests. There are
several tests that measure the function of lungs. Spiroraetiyung volume tests was
use to measure lung size and air fliMets et al., 2012)Moreover, another lung test
measures how well oxygen get in and out from the blood. Next, fractional exhaled nitric
oxide (FeNO) which is onef dhe lung test measures nitric oxide level in the blood that

act as a marker for inflammation in the lungs.

However, this study only uses spirometry testing. Spirometry testing measures
the amount of air that the lung can hold and how forcefully air filmenlung can be
empty. The test conduct by breathing multiple times through a tube that is connect to
computer. The effect from this spirometry test is some people might feel dizziness and
tired after multiple times of breathing effort. The result frortuea of forced expiratory
volume in first second (FEV1) and forced vital (FVC) capacity can identify the severity
workers respiratory disease and lung function impairment. Furthernvuiegja et al,.
(2018) state thathe measurement of forced expiratory volume in first second/forced
vital capacity ratio (FEV1/FVC) can predicted the severity of lung function and lung

obstruction.
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2.6 CORRELATION INHALABLE DUST W ITH LUNG FUNCTION

The release of dust to air can effect lung function impairment. Recent reviews of
the evidence on the relative toxicity of differehist particlesomponents and sources
by the EPA and the World Health Organization (WHO) European Office (WHO, 2013)
have oncluded that there are associations foundéah variablegAdamset al, 2015)
Moreover, the study fromf\radjo et a) (2014)state that the health impacts ddist
emissios is coarser dust whicheaparticulate matter between 100 pm ang@ritGn
diameter cameposited irthe lungs and therefore affect the health of people living and

working in the surrounding area of the site.

As inhalable dushas smaller sizecompare to other usual dust, it will cause
greater impact to human respiratory systearticles which less than @Gnicrometers
in diameter camleposited irthe lung, irritate and corrode the alveolar wall which can
cause lung function impairmeiiYukoja et al., 2018)Particulate matter have small
diameters, however large surface areas which capable of carrying vasausttdfs,
passing through the filtration of nose hair, reaching the respiratory tract with airflow.
The dust particlesan accumulate at respiratory track by diffusion and can damage the
other body parts through air exchange in the I(Xgsg et al.,2016)
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2.7 LUNG FUNCTION IMPAIRMENT

Lung function is about how well person breathing. Lung function process occurs
when oxygen passes through the alveoli and testo the capillaries and into the
blood. The oxygen will be carried to the heart and then pumped throughout the body
tissues and organs. When oxygen goes into the bloodstream, carbon dioxide passes
from the blood into the alveoli and then makes spread ghimut of the bodyLung
Function Test, 2018)For lung function impairment, it is a disease when people having
difficulty in breathing which can effect human respiratory system. Respiratory system is
a set of organs thatllows people to breathe and then exchange oxygen andncarb
dioxide throughout the bod{Respiratory System, 2018)n construction industry,
when workers are exposed to particulate matter from construction activities siogmis

from heavy machine and vehicles, they might get infect to the respiratory disease.

2.7.1 Respiratory Diseases

Exposure toinhalable dustcan give adverse effect to lung function or
respiratory systemXing et al.,(2016) state that the previous study from Scientists in
Canada and the US found that letegm exposure to particulate matter significantly
increased not only the chances of cardiopulmonary problems but also the mortality of
lung cancers case each year. Thgedrs study which is from 2000 to 2007 in the US
indicated that the average life span was extended by 0.35 years for every £0 pug/m
decrease of inhalable dushis show that the exposure of workers to particulate matter
can affected their life span whidause from respiratory diseases. Therefore, it can be
conclude that the exposureitthalable dustan affect the respiratory health symptoms
of workers. The examples of lung function impairment which cause from exposure to
particulate matter at construmti industry are chronic obstructive lung diseases and
occupational asthma.
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2.7.2 Chronic Obstructive Lung Diseases (COPD)

Chronic obstructive pulmonary disease (COPD) is a respiratory illness which
can cause limitation of airfloieira et al., 2016)The symptom of this disease such
as increasing breathlessness that related with persistent airflow restiatiazhronic

airway inflammation(Lin et al., 2018)

Workers that exposed to dust and particulate matter have high chance to get the
disease. Té study fromBoschetto et al., (200&tate that population attributable risk
for COPD associated with exposure from industrial work estimated to be at 1984 over
and 31% among never smokers. Moreover, the relevant of COPD and particulate
matter exposure from construction industry had been study previously. A cohort study
for Swedish male construction workers from 1971 to 1999 was done and the result
show thatCOPD fraction among worker with airborne exposure was estimated 10.7%
for overall and 52.6% among nevemokers. Although smoking had been related with
COPD disease, but the result show that construction workers that never smoke has high

percentage of CaPfraction.

2.73 Occupational Asthma

Asthma is one of respiratory illness which can affect airways at the Whgn
asthma attack occurs, the lining of the air passages swells and the muscles surrounding
the airways become tigtiMedline Plus, 2018)This condition can reduce the amount
of air that pass through lung. Asthma also a form of allergic lung disease that will cause
accumulation of inflammatory cells and mucus in the airwfBgmaldson et al., 2000)

Occupational asthma might happen when workerseaposed taerosol or dust
at thesurrounding. Construction workers which allergic to dust or emission from heavy
machine and vehicle at construction area has high chance to get asthma attadk. There
several previous studgbout occupational asthma among construction workers. A
study from USA state that the occurrence of-saforted asthma among construction
workers was lower compare to general working population. However, another study

that conducted in Singapore refgal, the risk from occupational asthma for
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construction and renovation workers had incregSadini et al., 2001 Moreover, there

are also some previous studies about the occurrence of occapatitmma from total
inhalable dust.Donaldson et lg (2000) describes about the average case in
occupational asthma. The result show that 2% of average increases in hospitalisations
and related health care visits, and 3% increase in asthma symptoms for each3.0 pg/m
rise industfrom various of studie Therefore, many workers get hospitalisation from
occupational asthma when they are exposed to allergens particles such as small particles
of dust or emission of aerosol from heavy equipment at industrial and other

construction activities.

2.8 PERMISSIBLE EXPOSURE LIMIT (PEL )

The permissible exposure limit (PEL) is one of legal limit for workers from
exposure a chemical substance or physical agent. Permissible exposure limits are
established by the exposure of particulate matter in the construictiostry can be
controlled when the regulation were followed by the management of the construction

company.

The PEL were made in order to control amount of dust in indoor space or
outside.The PEL will be referred t@®ccupational Safetyral Heath Administration
(OSHA) andAmerican Conference of Governmental Industrial Hygieni8iSGIH)
from NIOSH Manual Analytical Method (1994The PEL of OSHA state that the
exposure must be below 15 g while for ACGIH must be below 10mgAnThis
standard g really important to determine the limit exposure to workers to avoid any
effect on respiratory system or lung fuoctiimpairment from happen lat¢DOE,
2013)
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CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter highlighted the details of techniqmel procedures carry out in the
study. This chapter consistf study area, sample size, sampling frame, sampling unit,
sampling unit, sampling methods, sampling strategy, research instruments, sampling
procedure, data analysis, quality control, and study limitation. Key findings for
consideration in this study athe instrumentation and method by usingspeal air

sampling monitoring an8t George Respiratory questionnais&R Q.

3.2 STUDY AREA

This studywas conduced at construction sittn Taman Gambang Damé#iat
builds for semidetachedhousing. Besides thathd study area alseonduced in
Gambang Water Park arfdlafari areawhich construct modifying of buildingThe
constructionsites were selecteaccording to the suitable specification of surrounding
site and the number of workersaflable to get adequasand propesample size for this

study.

3.3 STUDY DESIGN

The study design usé was descriptive crossectional studybetweenindoor
constructionworkersand outdoor constructiomorkerswhich exposed to thearticulate
emission of total inhalable dust. Inferential analysis was also used to identify

relationship betweemhalable dust exposure with respiratory symptoms
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3.4 STUDY SAMPLE

In this study26 respondentsvererandomlyselectedo participateaccording to
the activities at construction sit€he chosen participampnsistsof 24 male workers
and 2 female worker3he group of sampling participant are based on the activities that
available at construction site such as mechanical activities, transportation of building

materials, housekeeping activities and construction of drainage.

Each type of activities oindoor and outdoor construction has different dust
exposure depends to the construction equipment use and also surrounding environment.
For example, transportation of building materials and supplies in the site require the use
of heavy vehicles such as lkhoe, excavators, dump truck and tractor. Meanwhile,
mechanical activities for indoor construction use equipment such as drilling machine,
grinding machineAll the workers which exposed to emissiondoist thatdoing related
activities for indoor and outwr construction were selected as the participant for this

study.

3.41 Exclusion Criteria

Some exclusion criteria for lung function test include s$heoking habit and
severe hdth issuerespondent age and work experien&maoking carbecome factors
which can effect on lung function impairmeithis is because smokirgan affect the
result for lung function testdowever, since most of the workers were smoking, so
these criteria cannot be foll@d due to unsuitable circumstances comdfitiMoreover,
workers withage more than @ years old were not chosen as their lung has lower
capability because of aging factoBesides thatfor the working experience, the
respondent must be working for two years or above to ensure the coverage of all
possible duration of exposure whevorking in construction site. Workersust also

engage with construction job within job duration.
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3.42 Sample Size

The calculation of sample siaeas very important to determine an adequate
sample sie for estimation of population prevalence with a good precision. In order to
determine the sample size, Daniel (1999) formula can be used. Some element in the
formula includes statistic for level confidence (Z), expected prevalence (P) and

precision (d).

In this study, the estimation of level confident was 95 percent of case sample
that is within 1.96 in the standard deviation. Actually, the acceptable precision for these
studies to get accurate sample size estimated to be 1 percent. Halvevee is a
resource limitdon, larger precision may ug@aing et al., 2006) So, five percent
(d=0.05) estimation of precision was used based on this reason. The esgpactzdd
deviation of2.5taken fromKinsey & Cowherd(2005)for theactivities at construction
area which involved the use of construction equipment and heavy veahiA€s5025) .

Therefore the equations for sample size are las\be

n=2° P (1-P) (3.1)
d2

Where;

n = sample size

Z = Z statistic for a level of confidence,
P = expected prevalence or proportion
d = precision

therefore, the calculation were shown below.

n=1.96 X (0.025 (10.025) (3.2)
0.05

n=37
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Based on this formula, at least 37 must be chosen for each group in order to
identify the 90 percent level of confident for the lung function impairment. But, to get

more pecise respondent must consider the 10% drop out from the total respondents.

10 (3.3)
— X 37

100

=3.7=4

37+4=41

Therefore, the number of respondents must be at least 41 workers after 10%
drop out were considered. However, because of some limitéteom refer to study
limitation), the samplesizes werereduced according to a suitable amount of

respondentsvhich were26 workers
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3.5 DATA COLLECTION

To get the participant for this study, several construction compavees
contacted to obtaiagreement of participation in the stufily workers at construction
site. Figure 3.4 shows the flowchartdzta collection procesBor sampling method, 26
respondents are selected. The criteria of workers that are selected must be exposed to
inhalable dst from the activities in the construction site for indoor and outdoor
construction. These workers must be working in construction site area within or more

than 8 hours and expose to inhalable dust.

All the chosenrespondents werandergoingtwo type of test whichs air
monitoring fortotal inhalable dustising personal air pumgnd questionnaireBefore
the conducting the monitoring and questionnaire, walkthrough observations were done
to identify workers which can be participate according to the types of activities in the
construction site. The activities for indoor and outdoor construction iedlud
mechanical activities, transportation building materials using heavy vehicles and also
housd&eeping activities. Theselections of respondent webased on the types of
activities which required in the studyhe age and working experience of workersewer
identified by interviewing the worker3.herefore, the construction workers that meet

the criteria will be chosen to recruit as the participant for the study.

All chosenparticipantmust undergo personal aampling test to access the
level of exposure to inhalable dust. Each participant must wear peesosampling
pump and the cassette with PVC filter papeasre locatedat breathing zone The
personal air samplingest wasconducted for six hours and above.

At the sane time, to identify the respiratory symptoms, a set of questionnaire
were given to each of the participants. Theestionnaires consisbf general
background, working history and current respiratory problsiext, questions about
respiratory health assessent werealsoincludingin the questionnairé identify their
symptoms get from the exposuredafst The questionnaires given &achparticipant
that meet the requirementnheeded based on the suitable activiti®shough the
important criteria were ladthy nonsmokers participant, but since the amount of

workers at the site were limited, the criteria are not included in this study.
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Figure 3.4  Flowchart of data collection process
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3.6 INSTRUMENT AND METHOD

A set of questionnaire and three types of instrumend us¢his study which
are dust mate, personal air sampling and spirometer. Dast and personal air
sampling wee usel for air monitoring while questionnaire and spirometer are for the

lung function inpairment test.

3.6.2 Personal Air Monitoring

The purpose of conducting the air monitoring is to evaluate the concentration of
total or inhalable dust at the construntiarea. The instrumentation use referfiehn
NIOSH 0500 (1994jor measurement dbtal inhalable dustccording to this method,
personal sampling pump were used with sampler equipment. The sampler use 37
millimetre of PVC filter with Smicrometrepore sze membrane accompanied with and
supporting pad in 3millimetre cassette filter holder.

"The sampling pump were calibrated first to ensure that the sampling accurate.
Calibration of the sampling pump must be 0.1 to 2 mg per sample followed the NIOSH
0500 measurement. Before begin the personal monitoring, some step were taken to
ensure accurate weight of the filter later. Firstly, filter papers were placed in desiccators
for 24 hours before carry out the paeight. During the sampling, filter paper ineth
cassette filter hol der mu s t be placed at
monitoring sampling was taken within 8 hour time. Lastly, all the sampling filter papers
were weight and calculation of samples were contparth the blanks. The calculan
for inhalable or total dust dsllow:

(34)

(Wo1 W1) i (B2i B1) x 10° mg/nt?
\

C=

Where;

W= tare weight of filter before sampling (mg),

W, = postsampling weight ofamplecontaining filter (mg),
B1= mean tare weight of blank filters (mg),

B, = mean possampling weight of blank filters (mg),

V = volume as sampled at the nominal flonerat
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3.6.2 Questionnaire

Questionnaire is a research instrument consisting of a series of questions for the
purpose of gathering information from respondenghle 3.1show the division part in
thequestionnaireThequestionnairavasdivided intofour part which are paA, partB,
part 1 and part 2Part A consistsof demographic dataf respondent angart B was
about their lifestylePart 1 andpart2 which is about the respiratory health impairment
are takerfrom St George Respiratory QuestionnaiRart 1(questiors 1-8) are about
the frequency ofhealth related symptoms experiendeyl the workers while grt 2
(questiors 9-16) address participant current state and activities which disturb their

respiratory system.

Table 3.1:The division part in the questionnaire

Part A Part B Part 1 Part 2
(Demografic data ( Lifestyle) ( helath related ( current state)
symptoms)
T Name 1 Smoking habit f Cough 1 Chest condition
1 Nationality 1 Alcohol 1 Phlegm 1 Breathless
1 Gender 1 consumption 1 Breath shortnes:  Exhausted easily
1 Weight 1 Wheezing 1 Activity effect
1 Height 1 Chest breathing
1 Years employed discomfort 1 Medication
1 Occupational 1 Unpleasant
history chest attack

SourcesAmerican Thoracic Society (1978)
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3.6.2.1 The Scoring for ST George Respiratory Questionnaire (SGQR)

The scoring for SGRQonsists othree componerthat are symptoms, activity
and also impactSymptoms component is about &féect of respiratory symptoms, the
frequency and also severity. The activity component concern aboutiestwhich can
cause peopldreathless and lastly impact component is about social function and
physiological disturbances which can disturb the airwig@n the three components, a
total score calculation summarises overall health status. The tota scer in
percentage form for overall impairmenrfotal scorenear 1006 indicatesthe worst
health status while scoringf 0% representdest health statu€lones, 2009)Each
answer from tB component had different valu€he total score camentify lung

impairmentfor asthma and COPDisease.

The principle of calculation was based on the formula below:

Score = 100 XSummed weights from positive items in the questionnaire (3.5)
Sum of weights foall items in the questionnaire

The weights in formulgresent thalifferent amount of score in each question.
Each component was scored separabedyn the sum of all positive respond in each
guestions, deduct missed items from maximum possible weight of each component and
also by divide the sum of weightr all items.Total score also used the same method

for the calculation.

To make the calculation easidnetquestionnairdata can be insetd theSGRQ
calculator in excel form or SGRQ applicati®o, in this study, the SGR§pplications
were usedto find out the score amount becauseaite less time compare to excel

calculators
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3.7 DATA ANALYSIS

The dataanalysis will be performed using computer softwareStdtistical
Package for Social Scien¢&PSS)version 25 Descriptive analysis and inferential

analysis were performed to present the result obtained.

3.7.1 Descriptive analysis

Descriptive statistiovas usedo present the result ithe term of frequency,
percentagewhich represented by the mean and standard devialiba analysis
involved demographic data, concentratmair in different type of activities anthe
list of lungfunction symptoms.

3.7.2 Inferential Analysis

Before conducting validity test, normality test must be done to make sure the
pattern of data each datdormality test was conducted to identify whether the test was
parametric or noarametric(Razaliand Wah, 2011)In the normality testShapiro
Wilk test are more suitabl® use as the study only hadall number of participant
(<50) compard to KolmogorovSmirnovthat is for large number of participant (1,000
samples). For the hypothesis testingt-test was used for comparisotetween
concentration of inhalable dust for indoor and outdoor construction wi#ghson
correlationwas usal to determine correlation of data fooncentration inhalable dust
and respiratory syptomsAll the datawereset intoSPSSor analysed.
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3.8 ETHICAL CONSIDERATION

The approval letter from the Universiti Malaysia Pahang (UMP) from Faculty of
Engineering Technologpbtained before the data wecellected. A letter andhort
proposal were sg to the construction comparasking for the consent to recruit the
respondents and for the consent to done the entire sampling test and also in answering
the questionnaire. The participation in this research must be a voluntary. The
explanations on theuppose of this research and the description of the procedure been
explained to them. They also had been informed that this study will not give any harm
to them because it does not involve any invasive procedure. The description on the
possible benefits fra this research was also explained. They also had right and can
contact the responsible person as stated in the consent form if they had any inquiry from
this research. All of workers private information was explained as private and
confidential.

Researb e r need to respect peopl eds right
rather than harm or harass them, maintain confidentially and minimize intrusion on
privacy, disclose confidential information only as mandated by law and explain any
constrains on confiddially to clients, and others (American Psychological
Associationb6s (APAOGs) ethic Codeitmear392) .
that they are agreeing to participate in this study. Finallg, participation of the
workers was/oluntary without being forced by the researcher. Furtherntméng the
session on answering the questionnaires, workers have their own freedom to answer the

guestions honestly without being affected by researcher or their friends.
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3.9 QUALITY ASS URANCE

Quality assurance is really important in the study to ensure precise and accurate
data from the sampling of spirometer and also personal air sampling. The purpose was
to prevent any bias or imprecise data collection.

3.91 Quality Assurance for Spirometer

Before samplings were taken, the spirometer must be calibrated to ensure
accurate data collection. Moreover, to take the measurement of spirometer, it used
disposal mouthpieces and each worker or participant used differeathpiece to
ensue cleanliness of the spirometigst. This is very important for hygiene issue and

also accuracy of the data later on.

3.9.2 Quality Assurance for Personal Air Sampling Pump

Each air sampling pumwascalibrated before and aftérwasused. According
to NIOSH analytical method 050Q994) the air sampling pump, the flow rate range
must be fixed to 0.1 to 2 mgCalibrations weralone in order to obtain accurate data

collection.
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3.10 STUDY LIMITATION

The limitations for this stug were about the respondents, activities and also
instrument.The limitations of respondent are small number of sample Acaally, to
get more accurate result must add 10% drop out, but, as the respondent which willing to
cooperate with this studyvere limited, the number of respondeget less than the
actual sample sizé&or this study, only 26 workemgerewilling to give cooperation to

become the respondent.

Actually, during the data collection, the activitiescanstruction site are very
limited. Some of the activéés arealso not suitabléor workersto become participant
such as working activis that need to go into drain or climb to high plaeeause of
the unsuitable condition to wear the personal am@ing pump. Some of workers
which do the activities also refuse to be participant as it could burden NMha@over,
the actualcriteria of respondents must be remoker for spirometer test and personal
air monitoring but as nowadays it is really hard to find-sprokers at construction site,
so, these criteriare excluded. Nextthe criteria for respondent must léthout any
respiratory health for the test. These criteria become the limitation for this study
becausesome of the construction workerslready had resmtory health such as

asthma.

Furthermore, this study actually required the used of spirometer to test lung
function test that aréforced expiratory volume in one secofEV1) and {orced vital
capacity(FVC)) among construction workerBuring the data collection process, rine
are problem occur witepirometerasit cannot give the accurate result of lung funttio

status. Because of this condition, spirometer cannot be used in the study.
Therefore, although the result from this study might not be too acdtoatdhe

limitation which had been stated abovhis study still contributeso identify the
exposure of inhalable dust arespiratorysymptoms to workers.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 INTRODUCTION

This chapter present the result and discussion from data collection about
demographic data, personabncentration andalso respiratory symptoms. All the
collected data weranalysed usin@g software namely Statistical Package $ucial
Science (SPSS) w&on 25 In this study,descriptive analysis were used to determine
the frequency of demographic data gender, weight or height, age, activities in indoor or
outdoor construction site, years employed, smoking habit and alcohol habit.
Furthermorecomparisorfor indoor and outdoor construction use independent t test as
the data normally distributed. The correlation between personal inhalable dust and

respiratory symptoms used Pearson correlation test from normal pattern of distribution.

4.2 BACKGROUND OF THE RESPONDENTS

Table 4.1 showdemographic data fd6 respondentamong the workers in the
selected construction sit®lost of them are male (92.3%) which consist of 24 workers
while only 2 workers are female (7.7%). This is because construction industry usually
dominated by male workers only. Based on Construction Industry Training Board
(2003), it stated that only 9% wwen involved in construction work force. Female
workers are facing many barriers in construction induGmaratunga.et al, 2006)
such as lack of skills, wage discrimination, gender harassment and also problems

related to construction workKalpana et al 2013)
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Table 4.1: Demographic data of respondents

Characteristic Frequency Percet (%)
Gender Male 24 92.3
Female 2 7.7
Nationality Indonesia 13 50.0
Bangladesh 11 42.3
Malaysia 2 7.7
Age Young adult (1835) 10 38.5
Adult ( 36:55) 13 50.0
Senior( >56) 3 115
Education Level Secondary 3 11.5
Primary 23 88.5
Smokers Yes 21 80.8
No 5 19.2
Alcoholic No 26 100.0
N=26

Most of the workers are foreigners from Indonesl2.6%) and Bangladesh
(42.3%) whileonly 2 of them are the local workers from Malaysia (7.7%). Nowadays,
the construction industry in Malaysia are conquere@%o foreign workersrom total
employment opportunitieBom total work force§Rahman et al, 2012). Malaysian
citizen demanithg in choosng work and refuseo become construction labours
(Jamadi, 2012)This caused foreign workerfom Bangladesh, Indonesia and also
Myanmarbeenemployed inconstructionndustry. Respoxent age are categorized into
threethat were young adult@e betwen 18 to 35 years old) adudtge between 35 to
55 years old) and seni¢aige 56 above). They are mainly consist of adult (50%) and 10
workers are young adult (38.5%) and only 3 workersenior group (11.5%)lhe
suitable age for anstruction workers are around 35 t6 $ears old becausdder
workers has higher injury related cost compared to younger wdi&ehsvatka et al,
2012).

Construction industries are known as unattractiveness to people due to poor
working environment andow wages.Rahmanet al (2012) stated that most of
construction workers had low education level and skills which made them willing to
work under those poor condition. In this study, the education level were asked to the
workers wheather they had primary education (school educdgvel), secondary
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education ( certificate level ) and tertiary educatiaol{age or university graduated)

The result for education level found out that only 3 worlkexd secondary education
(11.5%) while the rest of 23 workers only had primary etlong88.5%).Moreover,

the lifestyle data show that among 26 workers, 21 of them are smokers (80.8%) and
only 5 workers did not smoking (19.2%}¥-ortunately, 100% of the workers did not
consume any alcohol as in the interview the workers statedltohbls arenotallowed

in their faith. Smoking habit had become common problem in construction industry.
For instanceFoust & Kaspar (2010)stated that construction workers has the highest

prevalence for smoking with 38.8%

The longest duration of smoking for the construction workers are 15wb#des
minimum duration of 0 years which is for the remokers.Smoking canincrease the
severity of respiratory health to workerbecause theyare working under dusty
environment.The averageduration of smoking(meanZ.85 years) (SD=3.94 year9
were lowwhich show that not too many workers had long duration of smoKing.
high SD valuendicates that theanges of data adarge. This showsthat only few of
themhavelong duration smoking and the rest hawert duration of smoking. Actually,
smoking can affect the respiratory symptoms among workers but since the majority of
construction workers are smoking, this exclusion criterion cammaeisbd. Contrary to
this matter,low mean valuemight not affect much to the result for respiratory
symptomsThelongest duration of working experiences are 10 years wiéelortest
amounts are 2 year$avakol et al.(2017) stated that the longer duration of working

years, the higher the exposure will be.
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43 WORKS ACTIVITIES OF THE RESPONDENT

The activities in costruction site can be catogorizedo indoor and outdoor
construction. The sammmberof sample were taken for indoor and outdoor categories
there werel3 sampledor both indoor and outdoofFigure 4.1 show the freqgency of

indoor group according to the type of activities

Concrete breaking Drilling Hacking

Frequency
o o N w A~ ol (o]

Figure 4.1: Activities for indoor construction

The activities for indoor construction are done in an enclosed space which
modifying construction of building take place. As the type of working activities are
limited, only three relatedactivities whichcan cause the exposure of inhalable dust
were choosen for personal air sampleigong the workers thatonsist ofconcrete
breaking, drilling and hacking Concretebreaking is the activity which required
demolishing certain part ofoncrée wall building using sledge hammer jack
hammer. Drilling means creating smooth holes at the wall or concrete while hacking in
construction is about roughening of concrete surface before plastering with new layer of
concretg(Haq, 2017)As the indoor activity samples are taken during modifying of the
building, so, all the activities was carried out before new structure was build up
Appropriate amount of construction workers were selected as participant for indoor
activities to get 13 samples which consistfiee workers forblock breakingandfour

workers fordrilling and hacking.

Figure 4.2 showthe frequency of outdoor group according to the activities.
Outdoor constructions are the activities which were done in an open space. Usually, the

sources of inhalable dust come from the use of heavy vehicles around the site. During
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data collection, the constructions are in the stage of superstructure whicheasspob
building of walls, drain and tilingTherefore, there are limited activities for outdoor
construction and the related activities available aperation of backhoe and
dumpturck, housekeeping activities and also the construction of drainage.

45
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Backhoe Dump truck Housekeeping Drain construction

Figure 4.2: Activities for outdoor construction

Actually, backhoe and dump truck are used during the activity of transportation
of construction equipment and materials. As the storage area and building place are
quite distance, so the use béavy vehicles were needed to easily transported the
needed materials. Fbermore, housekeeping activity wasbout keeping the
construction site from hazardous waste. Housekeeping activity include sweeping the
dust or dirt at the sitegather and removeetiris and also keeping the workplace tidy
(Canadian Cente OSH, 2018)Drain construction activity about building drainage
system.Therefore,13 sample are taken for the outdoor construction that consist of four
people in opett#gon of backhoe and housekeeping activities follow by three person

doing drainage construction and two person managepdration of dump truck.

To summarize, there are quite limited amount of activities available for both
indoor and outdoor. This is because usually construction activities follow by the stages
and during data collection, only some activities related are available. So, among all the

workers, only total of 26 workers agree to participate in the study.
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44 PERSONAL AIR CONCENTRATION FOR INHALABLE DUST

The total concentration ohhalable duséxposure among construction workers
had beemmeasuredased on the activities thate for indoor and outdoor type of work.
The values are shown by mean and standard devidiaire 4.3 showthe analysis of

data for activities in indoor construction site.

Table 4.2: Personal air concentration of dust for indoor activities

Activities Minimum Maximum Mean (SD)

N (mg/nT) (mg/nT) (mg/nt)
ConcreteBreaking 5 1.28 5.89 4.0 (1.69)
Drilling 4 0.77 5.38 3.14 (2.45)
Hacking 4 2.65 8.20 5.47(2.45)
N=13

Workers rform hacking has the highest (me&rmg/nt) (SD=2.48ng/nT)
for air concentration compare to others because the dust will directly exposed to them.
When hacking, the mobile hacker machine can produce large amount of dust to roughen
the concrete surface. However, taue still not exceedsmit of OSHA (15mg/nf)
and ACGIH (10mg/m). The lowest concentration a@fir was found amongrilling
activities (mean3.14 mg/nt) (SD=2.46ng/nT) as it were not continuously done, only
at certain time which did not exposed workers to high amount of Gustheother
hand, the minimum and maximum concentration afust for indoor activity
(min=0.77mg/m3, max= 8.28g/m3) still not exceed the limit of OSHA and ACGIH.
Consequently, theoncentratiorfor indoor construction site istill under control limit

and will notexposehazardougonditionto the workers.

Basal on table 4.3which show inhalable dustconcentrationfor outdoor
construction, the operation of béwde (mean8.07mg/nt) (SD 2.53=mg/nT) and dump
truck (mean2.44mg/nt) (SD=1.5"ng/nT) has the higast meanSimilar result was
found in the study from Kiyoung et.al (2012) which shows high concentration of
particulate matter from the use of heavy vehicles in construdilusis because heavy
vehiclesuse diesel and gasoline fuel whican contribute to the higconcentration of
dustto the environment aifEPA, 2006) The concentration value did not exceed the
limit of OSHA (15mg/nf) and ACGIH (10mg/r).
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Table 4.3: Personal air concentration of dust for outdoor activities

Activities N Minimum Maximum Mean(SD)
(mg/nt) (mg/nt) (mg/n?)
Backhoe 4 4.77 10.% 8.07 (2.53
DumpTruck 2 3.33 5.5 4.4 (1.57
Housekeeping 4 1.5 4.62 3.15 (1.31)
Drain Construction 3 2.3 5.3 3.68 (1.57)

N=13

Furthemore, housekeeping activities (me&rtamg/nt) (SD=1.5Tng/nT) and
corstruction of drain (mear8=68mg/nt) (SD=1.57mg/nT) show low average oflust
concentration. Both of the concentration did not exceed OSHA and ACGIH limit. Drain
construction need thsignificant use of cement in building the drainage system which
can cause exposure to the inhalable @Msisa, 2017)Study from Susaet al, (2009)
statedworkers in construction site can be exposed halable dustoncentrationgrom
activity which related to the use oément Moreover, br the housekeeping activities,
working under dusty environment can make them indirectly exposed to dust from work
equipment, work method and working area its@fanadian Centre OSH, 2018)
However,the maximum concentration dfistfor outdoor (10.56 mg/fy is higher than
10mg/n? which was the standard limit of OSHA and ACGIH. This means that the
workers are exposed to high concentration level of dursthie outdoor activities and

can posealangerous health effect.
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4.4.1 Comparison of PersonalConcentration of Inhalable Dust from Indoor and

Outdoor Activities

Table 4.4shows the normality test of personal concentratmninhalable dust
between indoor and outdoor activiti€Shapire Wilk test show that the -palue for
indoor concentration (0.956) and outdoor concentration (0\8BE higher than 0.005.

The result indicated normal distribution of data.

Table 4.4 Normality test forpersonalconcentratiorof inhalable dusbetween indoor

and outdoor activities.

Variables KolmogorowSmirnov ShapireWilk
Statistic df p-value Statistic df p-value
Indoor concentration 0.109 13 0.200 0.976 13 0.956
Outdoor concentration  0.193 13 0.200 0.931 13 0.355
N=26

*, This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Table 4.5shows the personal concentratioof dustbetweenindoor and outdoor
activities Outdoor activities (mean.19 mg/nT) (SD=2.22ng/m°) has higher average
concentration ofinhalable dustcompared toindoor activities (mean4.98ng/nT)
(SD=2.73ng/n? Therefore, it can be conclude that workers in outdoor construction are
exposed more talust concentration tharindoor constructionactivities However,
research from Spee et al, (2007) found different result which get higher concentration
for indoor construction than outdoor. This happen because during data collection, the
construction was already in superstructure stalgasare amost finished which cause

outdoor construction to have low exposure to dust.

Table 4.5 Personal concentration of inhalable dust between indoor and outdoor

activities
N Mean (SD) Mean differences T statistic p-valué
(mg/nt) (95% CiI) (df)
Indoor 13 4.19(2.22 -0.80 (-2.81,1.21) -0.82(24 042
Outdoor 13 4.98(2.72

®Independent ttest
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Theindependensample 1 testcanfind out the significantifferencesbetween
the two groups ofindoor and outdoor constructionactivities The p-value of
independent t test (0.242.05), so the null hypothesis can be accepted. T statistic value
(-0.8% 0.09 indicate same meaning asvalue. This can show that there are no
significart different between both grouphis result wiere similar to the finding from
Josef et al., (2004)urthermore, the lower bound of 95% confident interval is 1.21 and
upper bound o0f2.81. The means dérent for both group wa.80mg/nt. Thus, 95%
confident thatlustconcentration will fall betweeh.21 mg/m3 ane2.81 mg/mi.
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4.5 RESPIRATORY SYMPTOMS

Table 4.6show respiratory symptoms among workdirise number of workers
which had the symptoms several days a week can show the severity attack of the
disease. Among all the symptoms of respiratory impairment, highest amount of workers
of 5 participants had coudh9.2%)follow by 4 workers brought up phleg(5.4%) 3
workers had shortness of breath (11.5%) and 1 workers had attack of wheeze (3.8%).
Several days a week means that they had really frequent symptoms of respiratory illness

such as asthma and COPD.

Besideshat, not at all means that the workers do not have any symptoms of the
respiratory impairment. Most of the workers that are 26 of them did not have any attack
of wheezing (61.5%), 9 workers does not had shortness of breathing (34.6%) and 7
workers did nobrought up phlegm (26.9%). Only 4 workers did not have symptoms of
cough during the past few months. Therefore, cough is the most common symptoms
among workers follow by phlegm, shortness of breath and lastly wheezing attack.
Previous study about occupata respiratory diseases had find out that chronic cough
is one of the most frequent related airway diseases among the workers (David et al.,
2006).

Other than that, the chest attack also had lowest symptoms among the workers
with only 7 person had attiaevhile another 19 people (73.1%) did not had any attack
during the past 8onths. Thusas many workers did not have artyest attack my 7
workers (26.9%) had worst chest troublssl¢han a day9 workers stated thahey did
have attack of wheezing bohly 7 of them get worst wheezing during the morning.
Wheezing can get worst in the morning due to nocturnal asthma which usually worst
during night and mornin@renstein, 2013) People with asthma will get the wheezing

symptoms in the morning.
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Table 4.6 Respiratory symptoms among workers

Characteristic Frequency Percent (%)
Cough Several 5 19.2
Few 14 53.8
Only 3 115
Not 4 154
Phlegm Several 4 154
Few 10 38.5
Only 5 19.2
Not 7 26.9
Shortness of breath Several 3 115
Few 10 38.5
Only 4 15.4
Not 9 34.6
Attack of wheezing Several 1 3.8
Few 4 154
Only 5 19.2
Not 16 61.5
Chest attack 3attack 1 3.8
1 attack 6 23.1
None 19 73.1
Duration of worst chesttrouble No 19 73.1
Less thara day 7 26.9
Good days without chestrouble  Nearly every 15 57.7
day
Every day 11 42.3
Wheezing worstin morning No 19 73.1
Yes 7 26.9
N= 26
Indicator:

Several several days a week
Few a few days a month
Only- only with chest infection
Not- not at all

To concludeworkers thahadthe symptomsuch asough, brought up phlegm,
shortness of breath, attack of wheezing and chest attack have high prphatbilit

suffering respiratory lihess such as asthma and COPD.
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4.5.1 The Prevalence of Respiratory Symptoms among Construction Workers.

Table 4.7shows the prevelence of respiratory symptoms among indoor activities
and outdoor activitiesThe result shows that he prevelence of respiratoryrsgtoms
among workers perform indoor activities is higher compare to outdoor actites.
ventilation for indoor air can result in high concentration of air pollution (Jiang et al.,
2016). For indoor aavities group, there were 92.3% stated having cough, 92.3%
having phlegm problem, 84.6% suffer breathless, 42.6% had wheezing and 30.8% get
chestattack. Only pvalue for phlegm(0.027) and breathles$0.039) were less than
significant value of 0.05.

From the result can be conclude that the prevalence of respiratory symptoms
among indoor activities and outdoor activities are sigaiftly different for phlegm
(p=0.227) and breathless (p=0.03%fudy from Xiping and Lihua (1993) stated both
indoor and otdoor emission of particulate can effect in developing respiratory disesase.
Thus, there were statistically significanssociationbetween respiratory symptoms

(phlegm and also breathless) wiitldloor activties and outdoor activities.

On the contrast, based on the frequency, coughing (n=22), phlegm (n=19) and
breathless (n=17) has highest prevalence of respiratory symptoms compared to
wheezing (n=10) and chest attack (n=7). So, based on the objective, the prevelence of

respiratory symmms only in coughing, phlegm and breathless symptoms.
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Table 4.7: Prevelence of respiratory symptoms among indoor activities and outdoor

activities.
Variables Frequency %
Indoor activities Outdoor activities c?? p-value
Yes No Yes No

Coughing 12 1 10 3

(92.3) (7.7) (76.9) (23.1) 1.182 0.277
Phlegm 12 1 7 6

(92.3) (7.7) (53.8) (46.2) 4.887 0.027
Breathless 11 2 6 7

(84.6) (15.4) (46.2) (53.8) 4.248 0.039
Wheezing 6 7 4 9

(46.2) (53.8) (30.8) (69.2) .650 0.420
Chestattack 4 9 3 10

(30.8) (69.2) (23.1) (76.9) 0.195 0.658

N=26
@ Chi-square test

Furthermore, he scoring were in percentage form which indicate best health
status when near® (low prevelencepnd the score of 100 indicate the worst heatlh
statug(high prevelencejPaul, 2009) Table 4.8how theanalysiscomponent of scoring
for SGRQ.

Symptoms scoring is about the frequency and severity of respiratory symptoms
which cover the effect of the illness. The minimum score of symptoms wasaf%
show thatthe best possible of health tsts which means that the workers did not get
any symptomsof respiratory impairment at all. Meanwhilepaximum score was
69.19% can show that the worker suffer very bad symptomssepfratory health. The
mean (mearn29.626) (SD=18.38%)wvas not too highndicate that the symptoms of
overall workers are stilh goodcondition. The component of activity is about activities
which can cause limitation of breath and impact component concenrned the effect of
airway disease@aul, 2009) The mean of activity (33.97%) and impact (22.55%) were
not high that can indicate the workers did not suffer respiratory effect from the impact

and activity in their daily life.
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Table 4.8: Scoring components of SGRQ

Minimum Maximum Mean(SD)
Symptomg %) 0.00 69.19 29.62 (18.38)
Activity (%) 5.25 65.75 33.97 (16.82)
Impacts(%) 3.74 64.77 2555 (16.72)
Total (%) 5.07 63.46 28.82 (15.44)

Moreover, the total scoring in SQRG questionnaire can summarize the whole
respiratory health status for asthma and C{PBomaset al, 2012). The minimum
score for total are 5.07% indicate that the worker are healthy without significant health
problems while the maximum @@ are moderate that is 63.46% which show that
the workers had frequent respiratory problems but still can be contréhedmean of
total score is 28.82% which indicate moderate health status among all the construction
workers. Thereforethe means of three componensyriptoms, activity and impact)
and also total score are stiw which can indicatedoodhealth effec{Mariko et al.,
2016) For overall, the prevalence of lung function impairment and respiratory

symptoms are still low and their health status are in good condition.
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4.5.2 The Correlation Between Concentrationof Inhalable Dustand Respratory
Symptoms.

Table 4.9shows normality test for personal concentratimindustandrespiratory
symptoms All p-value forpersonalconcentratiorof inhalable dus{0.22), respiratory
symptoms (total score=0.332, symtoms score=0.8@8¢ above significant value 0.05
indicated data normally distributed. Hence, parametric test of Pearson correlation was
used to identify correlation between the variables.

Table 4.9 Normality test for concentration ofhalable dusand respiratory syptoms

KolmogorowSmirnov! ShapireWilk
Statistic df p-value  Statistic df p-value
Total score 0.105 26 0.200 0.957 26 0.332
Total concentration 0.109 26 0.200 0.949 26 0.220
Symptons Score 0.087 26 0.200 0.969 26 0.596

*, This is a lower bound of the true significance.

a. Lilliefors Significance Correction

To analyse the correlation between concentrationdast and respiratory
symptoms, Pearson Correlation was used to identify the validity of theTdda. 4.10
shows the correlation between concentratafrdustand respiratory symptoms.

Table 4.10: Correlation between concentration of inhalable dust and respiratory

symptoms
Correlation p-value
Concentration of Inhalable du:  0.761 0.0006
Respiratory sysmtoms
N=26

A Pearson Correlation
**Correlation at sigificant 0.QL level (2 tailed)
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The pvalue forconcentration oflustand respiratory symptoms is 0.0006 which
is less than 01 When the pvalue less tan 0.0lindicate that there are a strong
correlation between concentratiari dust and respiratory symptoms. According to
PearsorCorrelation, the value of 0.76heans that strong correlation between the both
variables. The relation between concentrataunst and respiratory symptom was
significant at 0.0level. This means that the hypothesis and objective of the study are
accepted.Figure 4.3 show the correlation between concentratiami dust and

respiratory symptoms.

Concentration of Inhalable Dust and Symptoms

12.000
L 2
10.000 .
8.000 *
6.000 R?linear = 0.580

4.000

*
2.000 ¢ ¢
*

concentration of Inhalable Dust

0.000
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

Symptoms

Figure 4.3: Correlation of inhalable dust and respiratory symptoms

Based on the scattered pkitow strong statically significant relationship between
concentratiorof dustand respiratorsymptoms.R? linear (0.580) show thahere are
small positive linear association because only some of the point are close to the linear
line while the others are far from the lind8ased on study fromLiu et al., (2017)
stated that high concentration of particulate matter has stong associated with the
reduced in respiratory function and increase in COPD prevelence. Thus, this study can
prove thatthere were correlation between concentrationdakt and respiratory

symptons.
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4.5.3 The Correlation between Concentration ofinhalable Dustand Overall
Respiratory Impairement Status

The relationship between concentrationndfalable dusandoverall respiratory
impairement statuszas investigated througPearson Correlation through the total score
of SGRQ questionnaire of each workeFstal respiratorystatus data were taken from
the total score of the three components in the questionnatde 4.11show the
correlation between concentrationinhalble dustand overall respiratory impairement

status.

Table 4.11 Correlation between concentration of inhalable dust and overall respiratory

impairment
Correlation p-value
Concentration ofnhalable Dust 0.922 0.00@1
Total respiratory status

N=26
A Pearson Correlation
**Correlation at sigificant 0.01level (2 tailed)

According to table 4.7, the-yalue is0.0021 which is less than 0&1id means
that the hypothesis is acceptedhe significant Zailed test showcorrelation at 0.0
level, so the result will be compared to 0.01. As 0.00021 is less than 0.01, this show
the correlation between concentration and respiratory irmpat status has strong
relationship. Moreover, the value of correlation are 0.992 mdicated the significant
relationship between the to variableéSame resultan be found from study by Hamdy
(2011), Norby et al, (2011) and Carta et al., (1996). The research also found out positive
relationship between dust exposure and respiratopasés among workers in various
field such as cement production, mill, and miner industrgure 4.4 show correlation
of inhalable dustconcentration with total respiratory status.
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Concentration Inhalable Dust and Total Respiratory
12.000 Status

10.000
8.000
6.000
4.000
2.000

0.000
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

Total

L 4

R?linear = 0.851

concentration of inhalable dust

Figure 4.4: Correlation of inhalabtiist and total respiratory status

Based on the scattered plot from figure 4.4, the correlation between both
variables of concentration of inhalable dust and total respiratory status has significant
relationship because most of the value closes the linearTlivee are large positive
linear association based on tidimear value of 0.851Therefore this study can prove
that there were correlation between concentration of dugbéaddespiratory status
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 INTRODUCTION

This chapterdiscuses about the conclusion and recommendation from based on
the finding from objectives and hypothesis of the study. From the conclusion,
appropriate recommendation and suggestion wrpdainedin order to ensure that the

respiratory health &ct from the exposure of inhalable dust can be reduced.

5.2 CONCLUSION

This study was about the effect of respiratory symptoms from exposure of
inhalable dust among construction workeree meanfor concentratiorof inhalable
dustof indoor activities and outdoor activities were wittie acceptable limitAll the
personal concentratiorof dust below the limit, however, only the maximum
concentrationfrom outdoor activity (operation of backhoexceededhe limit. The

average concentration dtistfor outdoor wee higher than indoor

Further to thisthe prevalence of respiratory symptoms was in the range of
30.8% to 92.3% indoor activities while outdoor range falls between 23.1% until 76.9%.
For overall, the prevahce of respiratory symptoms among the workereot too high
accordng to the mean of total scor8trong correlation from both variables can be seen
based on the analysis of Pearson Correlation. It can be codthadevhen the workers
are exposed toigh amount ofdustconcentration, so, the respiratoryrggtoms among

them will increase
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Moreover, the significant correlation found between inhalable dust
concentration and respiratory symptortshowsthat wherthe workers are exposed to
high concetration of dust the probability to suffer respiratory impairment also
increasesThus, workers are at risk to get respiratory impairment sucstasna and

chronic obstructive pulmonarZ OPD.

Even though the concentration dst below the exposure limit, however,
workers still experience some of the respiratory symptoms such as coughing, phlegm
secretion and shortness of breaflowever, the small amount of participant might limit

the result for the study.

58



5.3 RECOMMENDATION

Based on the result frortine study, several recommendations cardbeein
orderto ensureetter working environment at construction sitee recommendation to
reduce the concentration for outdoor activities by usisag of respiratory ptective
equipment (RPE)@and control amount of dust for outdoor site. The prevalence of
respiratory symptoms can be control by rescheduling work task and exposure of dust

must be control to reduce respiratory symptoms.

As the concentration for outdoactivities are high, the use of respiratory
protective equipment (RPE) can control the exposure to inhalable dust. RPE can
protect the workers against directly inhaling the dust from contaminated air around
construction area. Actually, the uses of RPE taeelast resort for choices in line of
protection. The elimination of dust must be implementing first along the use of RPE.
Suitable respiratory protective equipment must be use to avoid ineffective protection.
For example, disposal mask only can be fasehe workers that deal with exposure in
short duration of working hours. Powered RPE are suitable for workers which work in a
long hours and must be fit to them accordinGhSE, 2013) The RPE must follow
assign protectiorfactor (APF) of 20 which is suitable for construction site dust
exposure. @mpany mustlso provide enough RPE for construction site workers and
must ensure them to comply with the rule to wear during working hours so that the

exposure to inhalable dustrche reduced.

In order to control the risk at construction site, the amount of dust can be
reduced and control from the use of tool and heavy vehicles. Appropriate and suitable
tools must be use according to the work activities. As an example, ussolesgul
tool instead of cut off saw which can produce high amount of dust. To reduce dust
exposure, right building material can bsedsuch as in tiling activity so that less
cutting activity are needed (HSE, 2013). Heavy vehicles can also contribute to the
release of inhalable dust. So, limit the movement of heavy vehicles in construction site
by only allowing the use for important agties which need the use of it. This can

reduce amount of dust at construction site.
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Moreover, the prevalence of respiratory symptoms can be conlnpl
rescheduling work task for workers with respiratory symptoder identifying
workers with respir@ry symptoms, the management can reschedule working period
and task among the workers which was suffering from respiratory symptoms or health
impairment.The duration of working time can be reduced to minimize the exposure to
inhalable dust. Management ncalso change the working task for workers with
respiratory symptoms to simpler working task that not required high level of exposure

at the construction site.

Besides that, from the result faiout high correlation betwearoncentration
of inhalable distand respiratory symptom. Therefore, the company management need
to control the exposure of dust to reduce the symptoms by using water system and
improving the ventilation systeifiRodriguez, 2018)The method can be done bging
water tanker to spray the water to the construction area which effected by the dust. This
method did not have high cost for implementation and can produce good result.
Moreover, for indoor construction area, the use of on tool extraction can be
implementedto improve the ventilation system. On tool extraction are fitted directly to
the construction tool use to minimize the release of stk Safe, 2017)It is one of
the typesin local exhaust ventilatiosystems whiclconsistof severalpartssuch as

capture hood, toohnd hoseand capture unit.

Actually, this study also cover about lung function impairment by using
spirometry test, but since the spirometer no longer can be used, the analysis are only
done by usig SGRQ questionnaire to find out the symptoms and using personal air
sampling pump to identify exposure level. Spirometry test can identify the lung
function status (forced expiratory volume in one second (FEV1) and (forced vital
capacity (FVC)) among cotraction worker¥. As suggestion, further study can include
spirometry test to ensutke result can be more reliable and accuirat® lung function
status dataAlthough this study are not too complete, because of the problem that occur,
but it still can become reference to others for effect of respiratory symgtoms
exposure to inhalable dudto conclude, the recommendation that had been suggest can
be implenent into construction industry to ensure the risk of inhalable dust at the site

can be controlled
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APPENDIX A

GANTT CHART
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The title and contents of study
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Find and create questionnaire

Finalize proposal FYP & presentation

Identify study location

Finalize Instrumentation & questionnai

Data collection

Air monitoring & spirometry test

Interview respondent

Analysis of data collection

Finalize FYP 2

Final presentatio& poster
presentation

Final hardcover thesis submission
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NIOSH Method 0500
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PARTICULATES NOT OTHERWISE REGULATED, TOTAL 0500

DEFINITION: total aerosol mass CAS: NONE RTECS: NONE
METHOD: 0500, Issue 2 EVALUATION: FULL Issue 1:15 February 1984
Issue 2:15 August 1994
OSHA: 15mg/m’ PROPERTIES: contains no asbestos and quartz less than 1%
NIOSH: no REL

ACGIH: 10 mg/m?, total dust less than 1% quartz

SYNONYMS: nuisance dusts; particulates not otherwise classified

SAMPLING MEASUREMENT
SAMPLER:  FILTER TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT)
(tared 37-mm, 5-um PVC filter)
ANALYTE: airborne particulate material
FLOW RATE: 1to 2L/min
BALANCE: 0.001 mg sensitivity; use same balance
VOL-MIN: 7L @ 15 mg/m? before and after sample collection

-MAX:  133L@ 15mg/m’
CALIBRATION: National Institute of Standards and
SHIPMENT: routine Technology Class S-1.1 weights or ASTM
Class 1 weights

SAMPLE
STABILITY:  indefinitely RANGE: 0.1to 2 mg per sample
BLANKS: 2to 10 field blanks per set ESTIMATED LOD: 0.03 mg per sample
BULK PRECISION (5):  0.026 [2]
SAMPLE: none required
ACCURACY
RANGE STUDIED: 8to 28 mg/m?
BIAS: 0.01%

OVERALL PRECISION (§,): 0.056 [1]

ACCURACY: +11.04%

APPLICABILITY: The working range is 1 to 20 mg/m? for a 100-L air sample. This method is nonspecific and determines the
total dust concentration to which a worker is exposed. It may be applied, e.g., to gravimetric determination of fibrous glass
[3] in addition to the other ACGIH particulates not otherwise regulated [4].

INTERFERENCES: Organic and volatile particulate matter may be removed by dry ashing [3].

OTHER METHODS: This method is similar to the criteria document method for fibrous glass [3] and Method 5000 for carbon
black. This method replaces Method S349 [5]. Impingers and direct-reading instruments may be used to collect total dust
samples, but these have limitations for personal sampling.
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EQUIPMENT:

1. Sampler: 37-mm PVC, 2- to 5-um pore size membrane or equivalent hydrophobic filter and
supporting pad in 37-mm cassette filter holder.

. Personal sampling pump, 1 to 2 L/min, with flexible connecting tubing.

. Microbalance, capable of weighing to 0.001 mg.

. Static neutralizer: e.g., Po-210; replace nine months after the production date.

. Forceps (preferably nylon).

. Environmental chamber or room for balance (e.g., 20 °C £ 1 °C and 50% + 5% RH).
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SPECIAL PRECAUTIONS: None.

PREPARATION OF FILTERS BEFORE SAMPLING:

1. Equilibrate the filters in an environmentally controlled weighing area or chamber for at least 2 h.

NOTE: An environmentally controlled chamber is desirable, but not required.

2. Number the backup pads with a ballpoint pen and place them, numbered side down, in filter
cassette bottom sections.
3. Weigh the filters in an environmentally controlled area or chamber. Record the filter tare weight, W,

(mg).

a. Zero the balance before each weighing.

b. Handle the filter with forceps. Pass the filter over an antistatic radiation source. Repeat this step if
filter does not release easily from the forceps or if filter attracts balance pan. Static electricity can
cause erroneous weight readings.

4. Assemble the filter in the filter cassettes and close firmly so that leakage around the filter will not
occur. Place a plug in each opening of the filter cassette. Place a cellulose shrink band around the
filter cassette, allow to dry and mark with the same number as the backup pad.

SAMPLING:

5. Calibrate each personal sampling pump with a representative sampler in line.

6. Sample at 1to 2 L/min for a total sample volume of 7 to 133 L. Do not exceed a total filter loading of
approximately 2 mg total dust. Take two to four replicate samples for each batch of field samples for
quality assurance on the sampling procedure.

SAMPLE PREPARATION:

7. Wipe dust from the external surface of the filter cassette with a moist paper towel to minimize
contamination. Discard the paper towel.
8. Remove the top and bottom plugs from the filter cassette. Equilibrate for at least 2 h in the balance
room.
9. Remove the cassette band, pry open the cassette, and remove the filter gently to avoid loss of dust.
NOTE: If the filter adheres to the underside of the cassette top, very gently lift away by using the dull
side of a scalpel blade. This must be done carefully or the filter will tear.

CALIBRATION AND QUALITY CONTROL:

10. Zero the microbalance before all weighings. Use the same microbalance for weighing filters before
and after sample collection. Maintain and calibrate the balance with National Institute of Standards
and Technology Class S-1.1 or ASTM Class 1 weights.

11. The set of replicate samples should be exposed to the same dust environment, either in a laboratory
dust chamber [7] or in the field [8]. The quality control samples must be taken with the same
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