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ABSTRACT

Artefacts are continuously exposed to adverse climatological conditions such as the
high concentration of Particulate Matter, unstable Temperature and Relative Humidity.
These adverse climatological conditions can cause varieties of mechanical, chemical
and biological damages to the exhibits in a museum and cultural heritage building
collections. As such, this research is aimed at determining the rate of soiling in order
to reduce the hazardous effect caused by climatological conditions on artefacts in
Gallery A and Gallery B of the National Museum, Kuala Lumpur, Malaysia. The
researchers collected data for 40 days. The mass concentration of PM in terms of
Respirable and Total Inhalable particles were obtained at various sample stations using
Cyclone sampler heads and 7-Holes head, respectively. Average mass concentration
results were subsequently analysed by comparing the weekdays and weekends results
and with the Department of Safety and Health (DOSH) guideline stated in the industrial
code of practice on Indoor Air Quality 2010 edition, and Department of Environment
(DOE) guidelines on Ambient Air Quality (Iterim-2018). HOBO data loggers were
placed at respective sample stations to determine the state of the microclimate
conditions, and the possible effects on the exhibits in Gallery A and Gallery B. The
obtained microclimate parameters at various stations were further evaluated by
comparing with required fluctuation limits stipulated in the 2015 ASHRAE Handbook
and lItalian Standards (UNI 10829/99). Relationship between average 8 hours
microclimate parameters and mass concentrations values were computed using the
Pearson Correlation and Multiple Linear Regression methods. Furthermore, the
elemental composition of short-term dust-fall sample were collected on artefacts at the
various sampling station. The average mass concentration results at most of the sample
stations were more than the required standard set by DOE and DOSH, with the highest
value of 0.4688 mg/m?® obtained at the metal and ceramic showcase at weekdays, a result
213 times above the required standard. The result of respirable dust to the total inhalable
dust were 55.4 % and 59.7 % for weekdays and weekends, respectively. The
microclimate results show that there is an unwanted variability in most of the sample
stations during the period of this research in both Galleries. The variation can cause
several damages to artefacts present in both Galleries. The temperature measured in the
Museum was between 20°C and 30.5 °C and relative humidity varied from 50% and
71%, in both Galleries. Most of the temperatures and relative humidity results in Gallery
A and Gallery B were also found to be beyond the acceptable fluctuation limits set by
ASHRAE and the UNI 10829/99 standards. The result of correlation and regression
indicates that the hygrothermal microclimate of the indoor area of Gallery A and Gallery
B has a significant effect on the mass concentration of dust particulates, with Gallery A
being significantly affected. A total of fourteen (14) elements (Al, Cr, Fe, Cu, Zn, Pb,
Bi, Ti, Co, Ni, Si, V, Mn, and Mg) were observed, most of which are detrimental to
artefacts present in the museum and mostly originates from a man-made source. The
elements dominating Gallery A and B are Zn, Cr, Al, and Fe, with percentage elemental
composition of 15.95 %, 9.64 %, 7.56 % and 6.55 %, respectively. Therefore, it can be
concluded that the climatological conditions of Gallery A and Gallery B of the National
Museum Malaysia are above required standard and urgent attention needs to be
arranged to reduce the damages it can cause.
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CHAPTER ONE
INTRODUCTION

11 BACKGROUND OF THE STUDY

Air pollution occurs virtually through every stage of our modern life. The manners in
which we build our cities, the waste remaining from manufactured goods, combustion
process in automobiles and machines, and burning of fossil fuel used in generating
energy to heat up and light-up the places we work, live and play all constitute an
enormous amount of harmful emission to the atmosphere. These emissions do not only
pose a threat to human health but also damages artefacts in buildings such as museums,
historic houses, libraries and other institution housing cultural or natural collection
(Cassar, 2013; Shamzani, Nur Baiti, & Rashidi, 2018).

The problem of airborne particulates is not something new, and complaints can
be traced back to the investigation done by Faraday and Eastlake’s on-air pollution in
the National Gallery of London which results to the soiling of artefacts. Soiling of
objects refers to a phenomenon when dark deposits build up on the surface of artefacts
and disturb the value of the colour or form, increasing acidity and damaging the fibre
of the attached part (Cassar, 2013; Fall et al., 2003; Heritage, 2012).

Several health effects have been linked to exposure to airborne particles when
been inhaled by building occupants. Among them are increasing respiratory symptoms
such as cough, sneezing, shortness of breath, and asthma attack, as well as chronic
obstructive pulmonary disease (COPD), cardiovascular disease, and lung cancer

(Pluschke & Schleibinger, 2018; Salthammer & Morawska, 2003)



Because of the impact mentioned above of airborne particles toward museums artefacts
and human health, this dissertation thus presents a case study approach by identifying
the particulate matter (PM) from airborne particle dispersed from various sources at the
National Museum in Kuala Lumpur, Malaysia. This dissertation further compares the
mass concentration of airborne particulate (mg/m?) and illustrates the effect of airborne
particulates toward human and artefacts. The ratio of respirable dust towards total
inhalable dust (%) is compared with the standard emission PMs Guideline by
Department of Environment (DOE) and Department of Occupational Safety and Health
(DOSH). Elemental composition of settled dust was observed using the portable XRF,
and particle number and size distribution and discussion on sight analysis and

distributions.

1.2 STATEMENT OF THE PROBLEM

Different researchers have proposed several definitions of air pollution. However, in a
general term, air pollution refers to the presence in the outdoor or indoor atmosphere
one or more contaminants or mixtures of contaminants. Thereof in such quantities, and
of such duration as may be or may tend to be hazardous to human, animals, plant, and
property or which interfere with the satisfaction of life or property or the conduct of
business. The cause of these contaminants are several human activities, including
industrial process and driving motor vehicles, or natural events such as bushfires and
windstorms.

Interestingly, airborne contaminants vary from country to country depending on
varieties of factors such as climatic condition, population, the kinds of industries

available and type of fuel burned. The Primary contaminants in Malaysia atmosphere



as highlighted by the DOE, (2015) are Carbon Monoxide (CO), Nitrogen Dioxide
(NOy), Sulphur Dioxide (SO2), PM1o, Total Suspended Particulate (TSP), Lead (L), and
Ground-level Ozone (O3). Moreover, the primary sources of air pollution in Malaysia
are industry, development activities, motor vehicles, power generation, land clearing,
and open burning and forest fire.

The Department of Statistics Malaysia Press (DSMP) release compendium of
environment statistics in 2018. It presents the statistics of the pollutant from various
sources to the atmosphere in Malaysia to be 3.2 million tonnes, with the latest report for
2017, as illustrated in Figure 1.1. Motor vehicles emitted 2.3 million tonnes (70.4%) of
contaminants, which is the most significant from all sources. Hence, the various means
of transportation such as cars, trucks, train, ships, planes and other vehicles produce
carbon dioxide to the atmosphere by combustion of fuel in the internal engines. Other
sources of air pollution are power plant (24.50%), industries (2.90%) and Others

(2.10%).

Legend:
Motor Vehicles

= Industrial

= Others

24.50% Power Plant

70.40%

3.2
MILLION

2.10% [—TONNES
2.90%

Figure 1.1: Contribution of Pollution in Malaysia.
Source. Mei Kei, (2018)



