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Abstract

This study, sponsored by the Business Environmenn€il, investigated people’s
perceptions of indoor air quality (IAQ) in shoppinmlls certified under the Hong Kong IAQ
Certification Scheme and uncertified Hong Kong ghing malls. Questionnaires were utilized to
collect people’s opinions and data were analyzdl statistical tests. Questionnaire results
indicated no statistical difference between peapterception of IAQ in certified and uncertified
malls. Questionnaire results may be an indicatiomalls not maintaining IAQ standards post-
certification. An update of Hong Kong’'s IAQ Objeats was recommended after comparison
with international IAQ guidelines. Summaries of sai the latest IAQ technologies were
included in this report to be used as a potenti@iré resource.
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Executive Summary

Indoor air quality (IAQ) is the comfortable rangeparameters that influence the quality
of the air such as the temperature, relative hugidind concentration of gases. Buildings
designed to keep outdoor air out of the buildinysenergy efficiency coupled with inadequate
ventilation can lead to the accumulation of indamrpollutants. In Hong Kong, air ventilation is
often controlled by mechanical ventilating air ciifmehing systems, or MVAC systems, MVAC
systems can have poor ventilation contributing @aorpdAQ. Poor IAQ can lead to two major
health threats, Sick Building Syndrome (SBS) anddiwy Related llinesses (BRIs). Around the
year 2000, the government of Hong Kong conductediss that showed that Hong Kong’s IAQ
was very poor. A major contributor to Hong Kongsor IAQ is the ease with which fungi and
bacteria can grow in Hong Kong due to its high hdityj temperatures, and crowded spaces.

The Hong Kong Environmental Protection DepartmdiP[) established the 1AQ
Management Group to confront the IAQ issue in H&wng. The IAQ Management Group
initiated four main tasks of the IAQ ManagementdPaonme in 2003 to define satisfactory IAQ
levels and raise the awareness of IAQ. Of the foain tasks of the IAQ Management
Programme, two were focused on in this project,|&@ Certification Scheme for Offices and
Public Placesand the IAQ Objectives that provided guidelineuesl for a number of air
pollutants. The latest study done on people’s viawd experiences with 1AQ in Hong Kong
released in March 2010, revealed that the majofityeople were dissatisfied with the IAQ and
were suffering from ilinesses linked to indoor pallution (Ipsos, 2010). In 2011, the tasks of
the IAQ Management Programme were reviewed by thiegHKong government’'s Department
of Audit Commission, which gave recommendationstifi@ improvement of initiatives carrying

out the tasks (Audit Commission, 2011).
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This project was another study on people’s expeasmwith IAQ. The effectiveness of
the Certification Scheme in improving the 1AQ of ifpKong shopping malls and the public’s
awareness of the Scheme was evaluated based ome’pegpestionnaire responses. The
guestionnaires were printed in English and in CégneThe IAQ Objectives were compared to
the World Health Organization’s (WHO) and variousuctries’ recommended I1AQ guidelines.
In addition, the project involved researching newbleased or developing products and
technologies created to improve IAQ. Through t&earch, a few technologies were identified
as potentially beneficial to Hong Kong buildings.

Questionnaires were conducted for a five-week peramd data were analyzed.
Comparisons of certification classes and certifocastatuses of shopping malls were conducted
through Pearson’s chi-square test, Mann-Whitneyeskt, tKruskal-Wallis test, and pairwise
comparisons. Analyses of questionnaires can bedfaurthe Results section and a copy of the
guestionnaire has been included in Appendix B.

In order to compare Hong Kong’'s IAQ Objectives ltode of other countries and WHO
(World Health Organization), research was condudsline and the standards for different
airborne contaminants were put into tables wheeg tould be easily compared. Conclusions
were then drawn after evaluating the tables andmetendations were made to update Hong
Kong’s IAQ Objectives.

Research was also conducted in order to choosatrés® products and technologies
that might benefit Hong Kong buildings. After raseh was completed, products were
compared according to the needs of Hong Kong mgklso that the most relevant technologies

could be recommended for the Hong Kong building emsrio further review.
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The results of this study showed that data coltectepeople’s opinions of the IAQ of
uncertified and certified shopping malls were ntatistically different and therefore people
perceived the IAQ of uncertified and certified msatb be of the same quality. Within the
certification classes of ‘Excellent,;” “Good,” andaertified, the results showed that people
reported the IAQ of ‘Excellent’ class shopping malb be worse than that of ‘Good’ and
uncertified shopping malls. From these resultsyas concluded that certified Hong Kong
shopping malls might be letting their IAQ worsentvixen certification inspections. The
recommendation followed that the physical measurgsnef the twelve IAQ parameters be
taken in certified shopping malls to validate thanclusion. If the measurements support the
conclusion, then it is recommended that the IAQti@extion Scheme request more frequent
inspections of malls that are certified. From ge@popinions of IAQ in uncertified malls, it
was also concluded that uncertified malls may nieetrequirements to become certified, and it
was therefore recommended that uncertified malist thave not yet gone through the
certification process do so.

Researching the IAQ Objectives resulted in obsemat that Hong Kong's 1AQ
Objectives are on par with those of other countaied WHO for the most part. Nevertheless, it
was still recommended that the EPD update Hong komf§Q Objectives due to three
parameters that were significantly higher than ¢hok other countries or WHO’s. The three
parameters were RSP (respirable suspended pardigylaTVOC (total volatile organic
compounds), and airborne fungi.

Lastly, researching the latest IAQ technology resliin a synopsis of Enhanced Media
Filtration (EMF) technology, Photocatalytic Oxidat, and the Honeywell IAQPoint2. Hong

Kong shopping mall owners were advised to look foutupdates and more research done on
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EMF technology and Photocatalytic Oxidation. Thallnowners should also determine if
investing in the Honeywell IAQPoint2, or similarctenologies, would be an asset for them after
completing a cost-benefit analysis.

This project, consisting of three objectives, eattd aspects of the IAQ Management
Programme through analysis of questionnaire das®arch on the IAQ Objectives, and research

on technology that would help Hong Kong shoppindisrzetter adhere to the IAQ Objectives.
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1. Introduction

It is not uncommon to spend most of the day insitelilding between school, work, and
family time. Recently, an investigation of timedgets found that United States residents spend
an average of 88% of their day inside buildings @dof their day inside vehicles. This meant
that only 5% of the residents’ time was spent oatsd@dRobinson and Nelson, 1995). In 2010,
the World Health Organization (WHO) estimated tfwatr million people die every year from
causes relating to indoor air pollution which is remmothan the death toll of acquired
immunodeficiency syndrome (AIDS) and malaria conebin(Bruce, Perez-Dapilla, Albalak,
2010).

Indoor air quality (IAQ) is defined as the comfdie range of “the temperature,
humidity, ventilation and chemical or biological taminants of the air inside a building”
(NDSU, n.d.). IAQ is a measure of air cleanlinesthin a building and is important because
people spend most of their time indoors. When ia@Qnsatisfactory, a condition known as Sick
Building Syndrome (SBS) can occur in building ocaots along with Building Related llinesses
(BRIs). SBS has been reported in many countmesyding the United Kingdom, United States,
China, Sweden, Denmark, Australia and the NethddarSymptoms of SBS consist of
headaches, eye, nose, and throat irritation, cogghnausea, dizziness, and difficulty in
concentration (EPA, 2013; Godish 1995). Buildimgupants experience these symptoms within
buildings but the symptoms disappear or improveniB@antly after the occupant leaves the
building. Because the symptoms of SBS disappeamprove significantly after the building
occupant leaves, SBS is hard to diagnose and tiea.difficult to determine if SBS is caused
by “insufficient ventilation or thermal control, adequate maintenance of building systems,”

lighting, noise, or another factor but it can béedained that SBS is linked to specific buildings
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(Godish, 1995). Though the exact cause of SBSatdmn determined, one major cause of the
symptoms has been determined to be poor IAQ. Gifteas, building occupants don’t have
control over the indoor environment around themjctvHeads to recurring health problems
among building occupants. In addition to healtlobgms stemming from SBS, building
occupants affected by BRI experience worsened §Bftoms. BRIs are diagnosable illnesses
whose sources can be traced back to specific dutaots. Examples of BRIs include allergic
reactions, hypersensitivity pneumonitis, humidifiever, asthma, fiberglass dermatitis, and
Legionnaires’ Disease. Unlike SBS, BRI symptones rawn-specific and cannot be traced back
to specific buildings (Godish, 1995).

The effects of SBS not only cause symptoms buthzare additional consequences as
well. The Cooperative Research Centres in Austratimated that because of the lack of
concentration and absence from work due to SBSAtlstralian economy suffers a loss of $12
billion a year (CRC Association, 2012). In additioghe United States Environmental Protection
Agency (EPA) found that, within its company, theAERas losing up to $2 million per year due
to SBS among its employees. It is estimated thaffice workers in the United States lost “an
average of 6 minutes productive concentration pr, dhe national impact on productivity
would be projected to be on the order of $10 hillloyear” (Godish, 1995). A national impact
on the order of $10 billion per year means thathegear the United States loses $10 billion
assuming that each day every office worker is udpctive for six minutes due to SBS. This
estimation only includes United States office weskand does not take into account other
professions and their loss of productivity from SB&oncerns for IAQ span worldwide as
people’s health is affected by the unsatisfactaryrabuildings. In 2000, indoor air pollution

accounted for approximately 41,000 deaths due gpinatory diseases in Africa. Also, in the
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year 2000, indoor smoke caused 118,000 deathsikalst-Mediterranean region: 22,000 from
respiratory diseases and 95,000 from respiratdeciions. In the East-Mediterranean, much of
the indoor air pollution can be attributed to indsmoke from cooking. Similarly, in the same
year, 26,000 Americans died from respiratory digsasd infections attributed to indoor smoke
(WHO, n.d.). In China particularly where it is kmo to have bad outdoor air pollution, the
improvement of IAQ is essential.

In China, outdoor air pollution is a problematisuse. Smog generated from factories,
vehicles, and coal-burning enshrouds many citieedestrians wear dust masks to help shield
themselves from harmful air particles. Without mmsticcess, Beijing has made many actions to
curb the smog problem, such as shutting down pofutactories, limiting the number of
vehicles on the road, and banning outdoor barbecie2013).

Even still, days when cities are blanketed in sramgnot uncommon. On October 21,
2013, the city of Harbin was shut down by severegmThe airport, elementary and middle
schools, and some public bus routes were forcetbge as visibility was reduced to ten meters.
An index that measures particulate matter §gMwhich consists of small airborne particles
posing the greatest health risk, reached a le&tiBies greater than the hazardous level. The
smog was blamed on the first day of heating beitagted for winter (Rose, 2013). On
November 7, 2013, Shanghai’s air quality reacheyége pollution” levels as smog covered the
city, forcing many to stay indoors. Shanghai's edion authorities warned students to avoid
outdoor activities and to stay indoors hoping tot@et them from exposure to harmful outdoor
air pollutants (Li, 2013).

With more people staying indoors to protect thereslfrom the outdoor pollution, the

demand for cleaner indoor air has significantlyréased. Many businesses, such as Central
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China Television and China Telecom, and Beijingisal government have sought to install
equipment for air pollution control in their offiseo lower the concentration of BM The
Chinese market for air purifiers is expected tongB%1% per year over the next five years, as of
2013 (Shao, 2013).

With a greater demand for cleaner 1AQ, the Hong ¢k@overnment recognized the
problems of IAQ after office building breakoutsiliesses were reported by employees. After
some investigation, the cause of these office sknbreakouts was traced back to 1AQ issues.
The Total Exposure Assessment Methodology (TEAMpgtconducted by the United States
EPA determined that concentrations of air pollidamere significantly higher in indoor air than
outdoor air (Wallace, 1987). The fact that in Hdfgng, approximately 40% of citizens are
students while another 30% are office workers wiendg most of their time indoors, made the
results of the TEAM study a major concern (Chang Guee, Li, 2002). In 1986, the Hong Kong
Environmental Protection Department (EPD) was eckéito co-ordinate and carry out pollution
prevention and control activities.” The EPD’s visis to create a Hong Kong

which enjoys an environment that is both healthyg @feasant; in which the

community places a premium on sustaining such aira@mment for both

themselves and future generations, and pursuesirsaisie development; and in

which the community enjoys a reliable and safe gnesupply at reasonable

prices, while improving energy efficiency, promatienergy conservation and

minimizing the environmental impacts from the proiiion and use of energy
(HKEPD, 2005).

The Hong Kong EPD set in motion investigations waleate IAQ within its region and the
results confirmed unsatisfactory I1AQ including ualtley levels of airborne bacteria in many of
its buildings.

The Hong Kong government has taken some major stepddress the issues of IAQ in

Hong Kong. Under the management of the EPD, theemmnent established the IAQ
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Management Group comprised of three governmentabsreand ten departments in 1998
(Burnett, 2005; The Government of the HKSAR IAQ Mgement Group, 2003b). This
management group produced guidelines for IAQ iniows enclosed places, including
commercial buildings. Under the EPD, the IAQ Objexs was initiated in 2003 to define
acceptable levels of twelve parameters that affe@® and to improve IAQ by creating tHAQ
Certification Scheme for Offices and Public PlaceBhe Certification Scheme is a voluntary
program for buildings to obtain a certificate then be displayed to show that they have
acceptable IAQ should the buildings fulfill the IAQbjectives. As of February 2014, the
scheme had 420 buildings participating, 57 of whigdre shopping malls (Indoor Air Quality
Information Centre, 2014).

The 1AQ in Hong Kong shopping malls is very impaoitta Many people spend much
time working or shopping in malls, and malls playaege role in Hong Kong'’s tourism and
economy. Forty-eight million visitors entered Hodgng in 2012 and accounted for 33% of
retail sales. There were approximately sixty-fthousand establishments in the retail industry
in 2012 (Hong Kong Economy, 2013). Retail induststablishments include supermarkets,
electrical goods, medicine, furniture, optical,tistaary and gift shops, jewelry, clothing, and
shoe stores, all of which can be found within Héfang malls (Cheung, 2011). Through the
style and structure of Hong Kong malls, visitore aapable of buying a wide variety of goods
and products in a centralized location. The coreree of the shopping malls makes them
popular among tourists as well as Hong Kong locaRetail trade accounts for nearly nine
percent of Hong Kong’s total employment, which mumd 320,000 people, and about four
percent of Hong Kong’s gross domestic product (HEogg Economy, 2013). Since malls are

an important aspect in Hong Kong’s economy and gimgpis not only a tourist attraction but
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also part of the local culture, good IAQ needs éontmintained in shopping malls to protect the
health and comfort of mall occupants.

One cause of poor IAQ in Hong Kong buildings, imtthg shopping malls, is inadequate
ventilation rates of mechanical ventilating air-dgioning (MVAC) systems. MVAC systems
are widely used in Hong Kong and can trap bacteridheir air ducts, allowing for the
proliferation of colonies of airborne bacteria afithgi if not properly maintained or cleaned
(Atencio, 1999; EPA, 2012, 2013). The MVAC systeogmntributions to poor IAQ as well as
the previously mentioned irritants, such as smaic @utdoor air pollution, are important issues
that should be addressed through emerging updateemotechnology.

Technology is ever changing and being updated &l important for Hong Kong to
know of the latest technology in IAQ improvemenBeing well informed in the latest IAQ
technology will allow building owners to make a waformed decision when an upgrade or
new part is needed. New technology may be moreggrefficient, saving money and better
serving the needs of building occupants. The EPPO0O3 recommended MVAC systems as the
most effective way to achieve good IAQ. Since 2008re advanced technologies relating to
IAQ have been developed with some technologieshkdapaf being incorporated into MVAC
systems. Advanced air conditioners and upgradiksnake for even better IAQ in Hong Kong
buildings. Certain shopping malls in Hong Kong éatarted using new technology to create
environments with good IAQ for their patrons. Axample of up-to-date technology used in a
Hong Kong shopping mall is a carbon dioxide ¢ @etector that adjusts the level of g@the
air to a healthy level if it detects a g@oncentration that is too high. It is important t

investigate the technology Hong Kong shopping maiks currently using and to research the
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latest IAQ technology to investigate if there ismmechnology Hong Kong mall managements
might be interested to learn more about.

This project, sponsored by Business EnvironmentnCibuLimited sought, through
surveying, to evaluate public awareness of the @éptification Scheme in Hong Kong and to
investigate whether there is a difference in pésperceptions of IAQ in shopping malls that
are certified and those that are not. The purpafséhis project included researching and
comparing Hong Kong’'s IAQ Objectives to internabhAQ guidelines to determine if Hong
Kong’'s IAQ Objectives are out of date. This projatso included examining the most recent
IAQ technology and providing summaries of the tedbgy to be used as a future resource.
Summaries of the IAQ technologies are not intentdelde recommendations to shopping malls
but to serve as a brief description for shoppindjsrta determine whether they want to conduct

further research on the technology.

2. Background
2.1. Indoor Air Quality (IAQ) & its Significance

As people are dependent upon the oxygen in thdoalive, the air quality directly
impacts a person’s health and comfort. On avermagadult breathes 12 — 16 breaths per minute
totaling up to 17, 289 — 23, 040 breaths per dahr{3Hopkins Medicine, n.d.). Most of these
breaths are taken in an indoor environment as pesgple tend to spend the majority of their
time indoors between school, work, and their hom&atisfactory indoor air quality (IAQ)
contributes to a person’s comfort because it resldlbe risk of a person becoming sick from
indoor air pollutants. Achieving satisfactory I1Agphances the health of building occupants by
lowering the amount of or removing harmful air p&dints in the air that would otherwise be

inhaled.
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Unsatisfactory IAQ can arise from pollutants amndiadequate ventilation. The types of
pollutants vary from building to building but incle combustion gases from cooking techniques,
emissions from paint, cleaning or maintenance seppbuilding material odors, and interior
decorations (BEAM Society Limited, 2012). Inadeguaentilation further enhances the
problems caused by pollutants as they are nottefég circulated out of the building or diluted
by fresh outdoor air coming in. In certain casbks,outdoor air may be polluted and can worsen
the indoor air as it is circulated inside building&ir ventilation within commercial buildings is
typically controlled by MVAC systems in Hong Kon§yIVAC systems control the 1AQ through
a series of heating, cooling, humidification, de¥tdification, filtration, and air flow (Atencio,
1999). After the oil crisis in the late 1970's,eegy conservation building techniques were
adopted. These techniques further inhibited vdrdila throughout buildings. Energy
conservation techniques affected “the design, cocisbn, and management of buildings” and
thus, the buildings were dubbed with the term ftidfuilding syndrome.” Tight building
syndrome refers to buildings “that ha[ve] been giesdl and constructed to attain and maintain
low air infiltration conditions regardless of therpentage of outside air used for ventilation”
(Godish, 1995). Buildings with tight building symodne are energy efficient in that unwanted
outside air cannot penetrate througtBuildings with tight building syndrome are common
nowadays as the world faces an imminent energiscriBuilding designs contribute to energy
savings because if the frigid, winter air cannakl¢hrough windows and gaps in the walls then
less energy will have to be spent on heating thiding. Despite the savings, these building
designs along with inadequate ventilation can tesuhe accumulation of indoor air pollutants.

The accumulation of indoor air pollutants posealthethreats and causes discomforts

such as SBS and BRIs. Health problems can range fminor to major depending on the person
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and amount of exposure. SBS can be categorizedrunohor health problems which include
irritation of eyes and nose, dizziness, headaothreasthma attacks. BRIs can be categorized
under major health problems which include respisatiiseases, heart conditions, and potentially
cancer depending on the pollutants present in thesawell as the person and amount of
exposure (US EPA, 2013). Table 2.1 below lists esarammon indoor air pollutants, their
sources, and their contributing health impacts.

Table 2.1: Examples of Pollutants, Sources andthidalpacts (POST, 2010; The Audit
Commission, 2011)

Pollutant Sources Health Impacts
Nitrogen dioxide (NO) Heat_lng and cookl_ng Resplrato_ry_ sy_mptoms & eye
appliances, smoking irritation
Heating and cooking Headaches, chest pain,
Carbon monoxide (CO) | appliances, smoking, vehicle confusion, rapid breathing,
emissions lethal at high levels
Reduced lung function and
Particulate matter (PM) Cooking and aerosols| increased risk of heart and

respiratory disease

Ground gases, granite

Radon (Rn) building materials

Lung cancer

Volatile organic compounds Cleaning products, paints,| Respiratory tract irritation,
(VOCs) printers, furniture, smoking| possible chances of cancef

Cleaning products, paints, Respiratory tract irritation,

Ozone (Q) photocopiers, and printers sore throat3 tearing, burning,
and pain in the eyes
Carbon Dioxide (C@) Smoking and cooking Headaches, dizziness, and
appliances nausea
Smoking, paints, furniture,| Eye and respiratory irritation,
Formaldehyde (HCHO) certain wood products, lung tissue damage if high
adhesives concentrations

Outbreaks of SBS and BRIs around the world in #te 1900s led to the development of
investigative protocols in many countries suchtes Wnited States and Canada. Investigative

protocols in the United States include the Natidnatitute of Occupational Safety and Health
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(NIOSH) Protocol, USEPA/NIOSH Protocol for In-Hou&otocol, California Protocol, and
American Industrial Hygiene Association (AIHA) Poobl. In Canada, the Public Works
Canada (PWC) Protocol and Ontario InterministeCiamnmittee (OIC) Protocol were developed
as standardized procedures for federal governnféotats to investigate the 1AQ of buildings.
Similarly, in Europe IAQ investigations are condecttthrough public services such as the
Danish Building Research Institute (DBRI) Protocahd the N\ordic Ventilation Group
(Nordtest Protocol). IAQ can be assessed in tainmsany parameters such as temperature (T),
relative humidity (RH), airborne bacteria count8@), carbon dioxide (C&), carbon monoxide
(CO), and respirable suspended particles (RSP).ofAlhe mentioned protocols consist of an
initial background assessment followed by an oa-givestigation and in cases where the
problem is particularly hard to pinpoint or resqlaesecond more thorough on-site investigation
is performed. The protocols are typically carriedt by a team of industrial hygienists,
epidemiologists, and professionals with extensimewedge on heating and ventilating air-
conditioning (HVAC) systems. In addition to goverent efforts to evaluate IAQ, private
companies such as the Honeywell Indoor Air Qudliggnostics and Clayton Environmental
Consultant were founded and are capable of progithrir services nationally within the United
States and internationally (Godish, 1995).

In addition to the development of investigativetpomls, as more outbreaks and cases of
SBS and BRIs occurred, studies on the effects lamdauses of the symptoms followed. In the
1980s and 1990s, many studies on SBS and BRIs pudrieshed with their results. The studies
could not pinpoint a single perpetrator for SBSowdver, studies on the exposure of humans to
VOCs published by Taylor and Francis Ltd. haveteelair pollutants contributing to poor IAQ

to illnesses or signs of SBS, i.e. low productiviigoren, Graham, & Devlin, 1992; Otto,
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Hudnell, House, Mglhave & Counts, 1992). As forI8Rn 1991 the United States EPA
reported that BRIs could be traced back to airbdymagding contaminants (EPA, 1991). In
1978, WHO held the first International Symposiumlodoor Climate where it recognized the
importance of indoor air pollution and the likeld of it being a major cause of the adverse
health effects that broke out in the 1970s. Anoslyenposium on IAQ followed in 1981, taking
place in Amherst, Massachusetts, as well as a thistockholm, Sweden in 1984. Following
each symposium, a Working Group addressing the #&Qblem was formed. The third
Working Group met from the 37to the 3% of August in 1984 and in the report on their
meeting, they related excessive complaints fronpjeeeho spent prolonged time in buildings to
IAQ issues. The third Working Group also proposetiitions to the problems found from the
people’s complaints (WHO, 1986). As the world wigscovering the causes of SBS and BRIs,
so was Hong Kong, and its Environmental Protecb@partment (EPD) was prepared to take

action to evaluate its individual 1AQ situation.

2.2. 1AQ of Hong Kong

Within Hong Kong buildings, MVAC systems are commuue to Hong Kong’s hot and
humid climate. The humid, tropical climate elimiesthe need for Hong Kong buildings to heat
the air, resulting in the use of MVAC systems iast¢dVAC systems. In addition to causing
increased air-conditioning use, Hong Kong’'s hot &oenid climate amplifies the growth of
mildew and other fungi inside buildings as theitio@l growth environment is warm and moist.
The rate of proliferation of airborne bacteria nereased with an increase in temperature and
relative humidity. The hot, humid and tropicalntéite of Hong Kong becomes the perfect
environment for airborne bacteria to build up ie #ir and further deteriorate IAQ. Airborne

bacterial and fungal counts are also increasedawded places, which are extremely common
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in Hong Kong. Hong Kong's dense population of agmnately 7.15 million, as well as its
booming economy and employment density, makesvirg crowded place (Yee, 2011; Hong
Kong Information Services Department, 2013). Whethn the city street, going shopping in a
mall, or on the job, there is bound to be a magseople around you doing the same. Over the
years, more sources of indoor air pollutants hasenhintroduced in workplaces and in public
spaces. These sources include modern office equipsuch as laser printers, synthetic building
materials, glues containing organic solvents, amehtcal-based cleaning agents. For schools
with limited budgets, air conditioning systems arstalled in windows limiting the supply of
fresh air into classrooms (Chan, Guo, Lee, & Li020 With decreased airflow from the
outside, air pollutants are capable of accumulatingassrooms without any means of dilution,
thus exposing children to high levels of bacteittbong Kong schools are examples of a building
type that can be affected by poor ventilation aigth levels of indoor air pollution.

Another type of Hong Kong building that can be efféel by poor ventilation and high
levels of indoor air pollution are shopping malBased on its history, Hong Kong has long been
seen as a trading port for goods from all ovemibdd (Carroll, 2007). Even today, Hong Kong
is known for its endless opportunities for shoppargl numerous shopping malls. It is not
uncommon for shopping malls to be connected to Masssit Railway (MTR) stations, offices,
or residential buildings (MTR, 2011). The ease andvenience of shopping mall locations
encourage shopping and tie residential and comalesiceas together. Shopping is not only a
key to Hong Kong’s tourism and economy but als@d pf the Hong Kong culture. Due to the
popularity of Hong Kong shopping malls, they casilgabecome overcrowded resulting in the
guestion of whether the shopping malls’ MVAC sysseame providing enough ventilation. If the

MVAC system is not providing enough ventilationncentrations of indoor air pollutants will
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increase, especially carbon dioxide levels fromeklealation of mall patrons (Li, Lee, & Chan,
2001). Therefore, it is important for mall mana@eits to ensure that MVAC systems and other
technologies used are capable of providing satisfadAQ.

In November 1993, the Hong Kong Environmental Burescognized the importance of
IAQ and its resulting consequences on public healiter reviewing theSecond Review of the
1989 White Paper on Pollution in Hong Ko(®janning, Environment and Lands Branch, 1993).
The 1989 White Paper on Pollution in Hong Komgas a government publication recognizing
Hong Kong's serious pollution problem as the gowsnt estimated that 5, 000 tons of trash
was produced per day in 1989. Ti889 White Paper on Pollution in Hong Koagtlined Hong
Kong'’s ten year plan to combat pollution throughiséation and for the first time ever, planning
with respect to the environment (EPD, 1989; 200%).combat the issue of IAQ within Hong
Kong, the 1995 Consultancy Study completed in 189The Environment Bureau provided a
list of recommendations to improve the IAQ and &esl the need to educate the public on the
importance of IAQ. The responsibility of carryingut the 1995 Consultancy Study
recommendations fell upon the inter-departmentalQ IManagement Group created in
September 1998. The IAQ Management Group was aseatpof three government bureaus and
ten government departments headed by the Deputgtdec of the Planning, Environment and
Lands Bureau (Burnett, 2005; The Government of HHESAR IAQ Management Group,
2003b). The IAQ Management Group proposed the Mé&pagement Programme in November
1999 to fulfill the 1995 Consultancy Study recomuiaions. The overall goal of the
Programme was “to improve IAQ in buildings and palplaces, protect public health in indoor
environment and promote public awareness of theitapce of IAQ” (The Audit Commission,

2011). Program tasks were assigned to governmgpartments ENB, EPD, Electrical and
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Mechanical Services Department, and Architecturarvises Department (The Audit
Commission, 2011). Program tasks included:
a. Educating the public to increase IAQ awarenessdsttibuting IAQ information at
an IAQ information center
b. Publishing guidance notes for the management of I@in offices and public
places
c. Determining IAQ objectives to be used as assesshamhmarks

d. Creating an IAQ certification scheme

This project focused primarily on two tasks: IAQrtifecation Scheme and IAQ Objectives. A
diagram of the tasks under the IAQ Management Rrogre is provided in Figure 2.1, followed

by descriptions of each program task.

D

IAQ Management
Programme

'.“"""'---—--"'"."II

A = PN 2

1AQ Information Guidance Notes far |AQ Obiecti 1AQ Certification
Centre IAQ Management JeCtives Scheme

Figure 2.1: IAQ Management Programme and its T&Bke Audit Commission, 2011)

2.2.1. 1AQ Information Centre
Under the EPD, educational and informative matenatre created to inform the public
about IAQ and its importance. EPD efforts includetyertisements, mass media promotions,

seminars, and school visits among others. In,ttdtal EPD has published two booklets, twelve
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information leaflets, and twenty posters on IAQurtRermore, in 2001 the EPD created an I1AQ
Information Centre in Kowloon Tong and online (bMpww.iap.gov.hk). The published
booklets, leaflets, and posters can all be viewdohe at the IAQ Information Centre. The IAQ
Information Centre serves to promote good IAQ amitregpublic and school children through
distribution of informational materials and schaudits. The IAQ Information Centre is also

responsible for processing and maintaining IAQ iGeation Scheme records.

2.2.2. Guidance Notes for the Management of Indoor Air Quality in Offices and Public

Places (GN)

The publicatiorGuidance Notes for the Management of Indoor Air Iipuan Offices and
Public Places(GN) developed and endorsed by the IAQ Manager@atip, gave voluntary
guidelines for the management of IAQ and providefdrmation for the public to understand
IAQ. The GN was derived from international stamdarsuch as WHO and the American
Society of Heating, Refrigerating and Air Condiiiogn Engineers (ASHRAE). The GN
addressed IAQ topics including the factors affertiAQ, IAQ Objectives, IAQ Certification
Scheme, strategies to achieve the IAQ Objectiva®, hanagement and investigation strategies,
mitigation strategies and professional assistaride GN is not legally binding and is voluntary

(The Government of the HKSAR IAQ Management Grd&gf)3b).

2.2.3. Hong Kong IAQ Objectives

To accomplish the assessment benchmarks, the Hong KKQ Objectives was initiated
in 2003 to quantify acceptable IAQ parameters araimpte IAQ awareness (Burnett, 2005).
The IAQ Objectives were published and explainethen GN (The Government of the HKSAR
IAQ Management Group, 2003b). Derived from healtisddl air quality standards such as

WHO, United States EPA and various countries’ IAQdglines, the IAQ Objectives were
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intended to lower the chances of inducing Sick éind Syndrome and improve the comfort and
well-being of all building occupants. The IAQ Oti@es established benchmarks to define
satisfactory levels when measuring IAQ parametes @eated guidelines for measuring and
assessing IAQ. The IAQ Obijectives assigned spegifideline values to twelve parameters that
affect 1AQ; three physical (temperature, relativeridity, air movement), eight chemical (gO
carbon dioxide, carbon monoxide, respirable suspérmhrticulates, nitrogen dioxide, ozone,
formaldehyde, total volatile organic compounds,orgdand one biological — airborne bacteria
count (The Government of the HKSAR IAQ Managemenup, 2003b). Values for each of
the twelve parameters were created as benchmarkgxcellent’ and ‘Good’ class (see Table
2.2 and 2.3). ‘Good’ class values are the maximallowable values for each of the IAQ
parameters. Values measured greater than ‘Goods clalues are considered unsatisfactory.
The purpose of the IAQ Objectives was to estalthehAQ Certification Scheme for Offices and

Public Spacesa voluntary certification for buildings to shohat they have satisfactory IAQ.
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Parameter

Count (ABC)

meter (CFU/M)

Units ‘Excellent’ ‘Good’
Temperature (T) Celsius (°C) 20-255 <255
Relatl\zg:)umdlty % 40 — 70 <70
Air Movement meters per second (m/s) <0.2 <0.3
Carbon Dioxide (C@) parts per million (ppm) <800 <1000
Carbon Monoxide ppm <17 <8.7
(CO) ng/m® < 2,000 < 10,000
Respirable Suspended microgram per cubic meter
Particulates (RSP) 9 ( gl:;m3) <20 < 180
(PMyo) K
Nitrogen Dioxide pg/m’ <40 <150
(NOy) parts per billion (ppb) <21 <80
/m® < 50 <120
Ozone (Q) hg
ppb <25 <61
Formaldehyde ug/m’ <30 <100
(HCHO) ppb <24 <81
3
Total Volatile Organi ng/m < 200 < 600
Compounds (TVOC) ppb <87 <261
Radon (Rn) becquer(eég/enr?():ublc meter <150 < 200
Airborne Bacteria | colony forming units per cubic <500 < 1,000
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Table 2.3: Measurement Devices for IAQ Parametusrett, 2005)

Parameter Measurement Device
T Electronic thermometer
RH Electronic psychrometer
Air Movement Electronic anemometer
CO; A real-time monitor, such as a non-dispersive mgtla NDIR) analyze
CO or electrochemical oxidation device
RSP Optical scattering or piezoelectric real-timmnitor
Tedlar bag with analysis by chemiluminescence bakedanalyzer;
NO absorbent filter containing triethanolamine andiysia by
2 spectrophotometry at wavelength of 545 nanométens; or real-time
portable analyzer
Real-time instruments, such as heated metal oxchecenductors,
O3 electrochemical, ultraviolet (UV) photometric orechiluminescence
detector
HCHO High performance liquid chromatography (HPLC) fotiee or passive
sampling and analysis; colormetry for passive sarg@nd analysis
Passivated canisters or solid sorbents followeditgct flame
TVOC S .
ionization detection
RN Electronic monitor that complies with the devicefpemance test
specified by the EPA National Radon ProficiencygPamn Handbook
Samplers such as Andersen multi-hole impactor, &etentrifugal
ABC Sampler (RCS) Surface Air System (SAS) bioaerosalolone

scribbler. Soy agar plates for culture and analysarborne bacteria

2.2.4. IAQ Certification Scheme

A Guide on Indoor Air Quality Certification Scherfoe Offices and Public Places

government publication, explained the IAQ Certifioa Scheme including the steps on
obtaining and maintaining the certification and #éwaluation process (The Government of the
HKSAR IAQ Management Group, 2003a). The CertificatiScheme has two classes of

acceptance, ‘Excellent’ and ‘Good’, and it pertaimsbuildings or totally enclosed areas for the
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use as offices or public places” that have MVACteys such as “office buildings, shopping

malls, hotels, restaurants, theatres cinemas avetduparlours” (The Government of the HKAR

IAQ Management Group, 2003a). Participation in sckeme is free and voluntary, but the
building owner is responsible for the costs asdediavith the evaluation and maintenance
process, such as hiring IAQ Certification Issuingdigs (CIBs) to assess the IAQ of the
building. To obtain the certificate, the averadgeeach of the twelve IAQ parameters must not
exceed the guideline value for satisfactory levdsing evaluation. For the evaluation, the
parameters are measured on an eight-hour basist idfnot feasible to take an eight-hour

continuous measurement, another measuring strategged. In the alternate strategy, the
measurements are taken in four 30-minute time-slotge certificate lasts for twelve months; to
renew it, all of the parameters must be evaluatex® @very five years, and for the four years in
between, only carbon dioxide and respirable susgzbnmhrticulates (RSP) must be evaluated
every year if there are no alternations to theafstne building that may negatively impact the

IAQ and if there is no major change to the mainteeaof the MVAC system. The certification

generally certifies the building as a whole, buiiding owners can certify specific parts of the

building (The Government of the HKSAR IAQ Managem@&noup, 2003a).

Buildings are only certified if all the IAQ paranees$ fulfill the ‘Good’ class guideline
values. The unsatisfactory values are values wéiiehgreater than the values listed for ‘Good’
class (Chan et al., 2010There is an alternative measurement of TVOC fer@vood’ class; the
TVOC criterion ‘Good’ value can be substituted wiidues of ten commonly found individual
volatile organic compounds (VOCs). If the levelT8fOC in a building exceeds the guideline
value specified in Table 2.2 then the individual @ausing the parameter to be over the

‘Good’ class value may be measured. If the amofietach of the VOCs in the building is less
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than the guideline values given in Table 2.4, ttenTVOC objective for ‘Good’ class can still
be considered met. The values and names of th&/@@Ds are located in Table 2.4 (The
Government of the HKSAR IAQ Management Group, 2003Another parameter, airborne
fungi, will be included in the next review of thesf@fication Scheme. Research studies have
shown that airborne fungi are capable of produchmegabolites that are toxic to human cells.
These toxins can cause various effects in humareb@iich as suppressing the immune system
and causing cancer (Rao, Burge, & Chang, 1996).

Table 2.4: Criteria for individual VOCs for ‘Goodlass for TVOC objective of IAQ
Certification Scheme (The Government of the HKSAR) IManagement Group, 2003a)

Compound Good Class
Benzene 16.jg/m’
Carbon tetrachloride 108y/m’
Chloroform 163ug/m®
1,2-Dichlorobenzene 5Q0y/m’
1,3-Dichlorobenzene 200y/m’
Ethylbenzene 144ig/m®
Tetrachloroethylene 250y/m°
Toluene 109219/m°
Trichloroethylene 770g/m’
Xylene (0-, m-, p-isomers) 144%/m’

In addition to obtaining a certificate that candigplayed on the doors or windows of the
building, fulfilling the certification parameter gairements will award the building with five
Building Environmental Assessment Method (BEAM)dite. The BEAM scheme, established
in 1996, is a voluntary assessment for residentammercial, institutional, and industrial
buildings. The purpose of BEAM is to “enhance ¢puality of buildings in Hong Kong” and to

make buildings more sustainable and environmentaigndly. BEAM awards a label that
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represents a building’s quality level with regatdssafety, health, and comfort as well as the
building’s performance level with regards to enuwmgental and social aspects. According to
BEAM, “a certified BEAM building is safer, healthiemore comfortable, more functional, and
more efficient than a similar building that doeg aohieve the level of performance prescribed
in BEAM” (BEAM Society Limited, 2012). BEAM creditare awarded for complying with the
guideline values of different IAQ parameters in tA€ Objectives: one credit for complying
with the CO, NQ, and Q guideline, one credit for complying with the RSKHdgline, one credit
for complying with the VOC guideline, one creditr faomplying with the formaldehyde
guideline, and one credit for complying with thel@a guideline. The areas subjected to BEAM
examination are site aspects, material aspectsgense, indoor environment quality, and water
use. Each area contributes differently to the al/dwilding performance and so BEAM has
accordingly taken into account the impact and §igamce of each area by assigning credit
weights. The credit weights of site aspects, mataspects, energy use, indoor environment
quality, and water use are 25%, 8%, 35%, 20% and te&pectively. Each credit awarded for
complying the IAQ Certification Scheme will fall dar the BEAM category of indoor
environment quality and be weighted at 20%. Amalhghe areas looked at by BEAM, indoor
environment quality falls in the middle in termsiwfportance after energy use and site aspects.
BEAM credits are valuable to shopping malls becabseoming BEAM certified grants
shopping malls more saleable area. BEAM certifibdpping malls can advertise more square
footage and gain more profit per square foot. Cgmg@ with the IAQ Certification Scheme will
not only guarantee better IAQ but will also helpuon a profit after becoming BEAM certified

(BEAM Society Limited, 2012).
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2.3. International IAQ Programs
There are various IAQ programs comparable to Hoogd&s IAQ Certification Scheme
in that they encourage the assessment, monitaaimgfor promotion of IAQ. Some programs

also have set up IAQ guidelines similar to Hong &snAQ Obijectives.

2.3.1. European Commission

For example, the European Commission launchedltbe/ést concentration of interest”
approach in 2010. Through this, professionals laresidered the lowest concentration above
which a pollutant may affect people in the indoovieonment. The initiative was coordinated
by the Institute for Health and Consumer Protectiome of seven scientific institutes in the
European Commission’s Joint Research Center. Emec provides scientific and technical
support for European Union policies regarding fommhsumer product chemicals, and the public
health of European citizens. The center condutedarch for the European Environment and
Health Strategy, a government initiative startedh®/European Union in 2004 to understand the
correlation between environmental factors and pEsplealth. The center’s research resulted in
the “Lowest concentration of interest” policy whidefined the maximum safety level for IAQ
parameters (European Commission, 2013). The “Lowescentration of interest” policy was
geared towards children. The studies focused omrlating environmental factors to childhood
respiratory diseases, asthma and allergies, nevetogenental disorders, childhood cancer, and
disruption of the endocrine system. The EuropeavirBnment and Health Strategy also aimed
to set up a community information system where feeopuld easily access information on the
link between the environment and health, to laupidjects to collect data and monitor select
environmental pollutants and their effects, anddévelop policies based on the conclusions

drawn from the projects. The policies were mearibtwver health risks for European habitants
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by monitoring environmental factors that correlsdepoor health (Europa, 2005). The policy
using the “Lowest concentration of interest” apgifoanvolved a list of more than 100 volatile
organic compounds that were often detected in eomigests of building materials and indoor
products. A group of toxicologists and expertsemission testing had the responsibility of
establishing the lowest concentration of each efblatile organic compounds, above which the

indoor environment could be negatively affectedr@ean Commission, 2013).

2.3.2. United States

Various states in the United States have creat€ddfgrams and guidelines that
provide the public with educational services ald&@ and exposure limits for airborne
contaminants. Certain states have funded air tguatperts and different stakeholders to create
the guidelines, such as Texas, while others havedd their guidelines as variations of the
United States’ federal guidelines under the Ocaapat Safety and Health Act.
23.2.1. State of Texas

The IAQ Program in Texas distributes information ttee public about indoor air
pollutants and methods to decrease the amountrd&iconants in the air. It answers questions
about health risks associated with certain indeoc@ntaminants, sources of the contaminants,
and ways to improve IAQ and indoor ventilation.also conducts IAQ seminars for the public
and provides information on resources the public gge to get more information (Texas
Department of State Health Services, 2012). ValyntAQ Guidelines for Texas Government
Buildings became effective on December 22, 2002llogovernment buildings, including public
school buildings. The Texas Department of StataltHeServices monitored the creation of the
guidelines. The department organized groups ofinteker stakeholders to help develop the

guidelines. The guidelines, as well as the infdromaand seminars provided through Texas’

EVALUATION OF HONG KONG'S INDOOR AIR QUALITY MANAGEMENT PROGRAMME: CERTIFICATION SCHEME, OBJECTIVES, AND TECHNOLOGY



37

IAQ Program, are voluntary. The guidelines, infation, and seminars serve as resources that
can be utilized by any government building or Texasident that is interested in I1AQ (Texas

Department of State Health Services, 2010).

2.3.2.2. State of California

Under the California Department of Public Healtie tAQ Program was started in 1983
as the first state IAQ program in the United Stat&ke purpose of California’s program is to
promote and coordinate the investigation of IAQtaslates to causes, effects, and prevention of
poor IAQ (CDPH, 2014; CDPH, n.d.). The state fuadsinterdisciplinary team that includes
five fulltime research scientists and chemistsfa®0d4. The team uses the funding to conduct
research studies aimed at discovering causes ofways to control indoor air pollution in
California. Through the program, a working growgsled the California Interagency Working
Group on IAQ organizes activities on IAQ for keyvgonment agencies, academic institutions,
and industry stakeholders (CDPH, 2014). The stdteCalifornia has also developed an
occupational safety and health program through greeanent with the United States
Occupational Safety and Health Administration (OSHA14a). The program set exposure
limits for chemical airborne contaminants in wodg#s in California and enforces these
standards with an enforcement unit. The standareise based on recommendations from
technical support and the exposure limits for aimleqollutants set by other states and countries;
California air pollutant standards are updatechasstate deems necessary (Occupational Health
Branch, 2014; OSHA, 2014a). Airborne contaminamtide carbon dioxide, carbon monoxide,
and formaldehyde. The enforcement unit has legakdiction over every workplace in
California and conducts inspections if the uniterees a report or complaint about an

occupational safety and health hazard. The usd@ alns an inspection program that focuses on
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industries with the most occupational hazards. if@ala’s occupational safety and health
program is based off of the United States Occupati®&afety and Health Act enacted in 1970

(OSHA, 2014a).

23.2.3. United States Federal Government

The Occupational Safety and Health Act providesdgards that employers in the United
States must comply with to ensure safe and healtitkplaces for employees. These standards
include exposure limits for airborne contamina@SHA, 2014c). Under the Act, the Secretary
of Health and Human Services is tasked to estaldisth supervise education and training
programs in which employees and employers learn towecognize and prevent unhealthy
working conditions. The Act also mandates that$eeretary consult with and provide advice
for employers, employees, and organizations on kovprevent occupational illnesses and
injuries (OSHA, 2004). In addition to the Secrgtmtraining programs, the Occupational Safety
and Health Administration provides educational male and grants to help businesses and
employers train their workers themselves. The Q@atianal Safety and Health Administration’s
website provides links to training courses and neteand to important information regarding

the training programs (OSHA, 2014d).

The Occupational Safety and Health Administratiofoeces the standards of the Act by
conducting inspections of workplaces without adeamotice (OSHA, 2014b). However, a
company or employer identified as implementing pohees to prevent occupational hazards
and providing training for employees in strated@achieve a safe working environment may be
exempt from random inspections for up to one ydger ahe company’s last consultation
(OSHA, 2004). The Administration also conductpagions in response to worker complaints

and referrals and targets industries with high eyg® injury or iliness rates, such as chemical

EVALUATION OF HONG KONG'S INDOOR AIR QUALITY MANAGEMENT PROGRAMME: CERTIFICATION SCHEME, OBJECTIVES, AND TECHNOLOGY



39

facilities. In this way, the Administration is giar to California’s occupational safety and

health program’s enforcement unit (OSHA, 2014Db).

2.3.3. United Kingdom (UK)

In Europe, IAQ UK is an independent organizatioat tvorks for the promotion of good
IAQ in people’s homes and at their places of woilkhere are no standards or regulations on
IAQ in the UK as of February 2014, so IAQ UK doest renforce IAQ standards. The
organization rather focuses on education and proyichformation for anyone who wishes to
learn more about IAQ. The organization hosts ess@mtwhich employers can learn about the
latest research in IAQ and ways to maintain healémyironments in their workplaces.
Employers are also informed of resources that camige them with more information about
IAQ. The events, as well as the latest news regardQ are posted on the IAQ UK website.
The IAQ UK website also provides helpful resoursash as a chart indicating which harmful
chemicals can come from common products in peogleisseholds. In addition, the website
provides detailed descriptions of every chemicataminant mentioned in its resources and the
history, production, chemical structure, and heaftacts of the contaminant (IAQUK, 2014).

IAQ UK uses its website and other tools to compfate major objectives. Objective 1
is to provide the public with a clear referencearelgng I1AQ. The IAQ UK website lists
resources for learning more about IAQ and its éffen health, comfort, and productivity. All
of the information and resources presented on tkbsite are accessible to every person
worldwide without any requirements such as memiyersh subscription. Objectives 2 and 3
are related. Objective 2 involves providing praactiers and students with training through a
course in which they gain a deep understandind\Qf. | Objective 3 involves making sure 1AQ

practitioners are as knowledgeable as possibl&@ before they influence 1AQ through their
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jobs. Objective 3 can also be achieved throughcthese. Upon completing the course, the
practitioners and students are awarded with “Thewess,” a training certificate. The training
certificate is a small token to represent the cetimh of the IAQ Awareness Course. However,
the real reward of completing the course is thewkadge and skills gained that help the
practitioners better do their jobs and studentehawre awareness of IAQ. The course teaches
how to achieve satisfactory 1AQ in the workplacegthods for identifying, evaluating, and
monitoring ventilation systems, and outlines IA@istation. The fourth objective consists of
staying in correspondence with the government awmdw@waging the government to initiate I1AQ
programs and practices for the betterment of 1A&nally, the fifth objective involves pooling
the knowledge from practitioners and 1AQ expertthvdifferent backgrounds to come up with

the best ways to improve 1AQ (IAQUK, 2014).

2.3.4. Comparisons of International IAQ Programs with Hong Kong'’s IAQ Certification

Scheme

The IAQ programs mentioned above are similar to (Hétong’'s IAQ Certification
Scheme. The Scheme assigned guidelines valuesQaopharameters and created a voluntary
program in which office and commercial buildingsultb become certified if IAQ parameter
guidelines are met. Comparatively, the European m@isgion’s “Lowest concentration of
interest” policy assigned critical values to ov@0Yolatile organic compounds above which the
volatile organic compounds could cause people hgathblems in an indoor environment. In
the same way, Texas created the Voluntary IAQ Gimee for Texas Government Buildings.
Both California’s occupational safety and healtbgsam and the US Occupational Safety and
Health Act provide exposure limits for airborne taminants in workplaces. Just as Hong

Kong’s IAQ Objectives are supposed to be reviewsdl gpdated periodically, the United States’
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and California’s exposure limits are updated asessary to keep up with the most recent
information about IAQ.

The IAQ programs also compare to Hong Kong's IAQti@ieation Scheme in the fact
that they promote awareness of IAQ. When the fistion Scheme is advertised for shopping
malls and other office or commercial buildingsisitconsequently publicizing the issue of IAQ
and encouraging the building owners to take stepgmprove the 1AQ of their buildings. The
European Commission’s community information systehg distribution of information on
indoor air pollutants and conduction of IAQ sem@mdy Texas IAQ Program, and IAQ
activities coordinated by the California Interaggei¢orking Group are all examples of ways the
programs spread awareness of IAQ. In addition,ethgcation and training programs on I1AQ
established under the US Occupational Safety amaltiHé\ct and the IAQ events, training
course, and information provided by the IAQ UK arigation help to increase the public’s

knowledge of IAQ.

2.4. Review of Hong Kong’s IAQ Management Programme

In 2011 the Audit Commission, a government depamtmeonducted reviews of
government initiatives intended to complete th&das the IAQ Management Programme. The
Audit Commission reviewed the IAQ Management Progre’s tasks and evaluated the
initiatives taken by the Environment Bureau, theDEEhe Electrical and Mechanical Services
Department, and the Architectural Services DepartmeThe initiatives were evaluated to
determine the progress of fulfilling the tasks loé 1tAQ Management Programme. Comments
and recommendations were given by the Audit Comomnsso the previously mentioned
government departments (Environment Bureau, EP[@ctBtal and Mechanical Services

Department, and Architectural Services Department improve the initiatives.
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Recommendations for the four main tasks of the IM&agement Programme as previously

stated are discussed in the following sub-sections.

2.4.1. 1AQ Information Centre

Though the IAQ Information Centre serves good inters, the Audit Commission
Review revealed that “only about one group visitegl Centre every two days and less than one
individual visited the Centre a day” (Audit Commas 2011). A group visit to the 1AQ
Information Centre had on average, 29 people peumr Below shows Table 2.5 with the

number of visitors to the IAQ Information Centrerr 2007 — 2010.

Table 2.5: Visits to the IAQ Information Centre (@0to 2010) (The Audit Commission, 2011)

Group Visit
Year Total Number of Numb(\e/risoiIOI?Sd Vidual
Number of Groups Visitors from Groups
2007 179 4,950 407
2008 117 3,575 176
2009 123 3, 556 35
2010 116 3, 609 84
Total 535 15, 690 702

The Audit Commission considers the number of vigdits the IAQ Information Centre

unsatisfactory. A survey conducted as part of20@6 Consultancy Study by the EPD showed
that “only 27% of respondents heard about the 1A@nkgement Programme, only 13% of
respondents heard about the IAQ Certification S&hemly 19% of respondents considered that

the promotion of public awareness of IAQ was adegjuand 81% of respondents preferred the
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mass media for obtaining information about improeamof IAQ” (The Audit Commission,
2011). Despite survey responses on responderggrpnce for obtaining IAQ information,
from 2007 — 2010 there were only three instancefAQf advertisements in newspapers and
none on television or radio. Overall, the Auditn@uaission saw a need for the EPD to increase
efforts in promoting and educating IAQ to the pabli

Educating the public on IAQ included teaching stutd and scheduling school visits. In
2001, control of the IAQ Information Centre opesa8 and maintenance was signed to a
contract service provider. Within the contracg ®ervice provider was required to conduct a
specified number of school visits. Looking througbcuments and old files, the Audit
Commission found that from 2007 — 2010, the nundieschool visits completed by the IAQ
Information Centre was significantly lower than thember specified in the contract. The
number of contract-specified school visits compacethe number of completed school visits is

shown in Table 2.6 below.

Table 2.6: Required and Completed School Visit$Afy Information Centre
(The Audit Commission, 2011)

School Visits
Year
Contract Requirement  Completed
2007 — 2008 20 0
2008 — 2009 50 25
2009 - 2010 40 18
2010 - 2011 22 42
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The Audit Commission recommended the EPD supethse&ontract service provider to ensure
that contract requirements are fulfilled. In aghit recommendations that formal letters be sent
to primary and secondary Hong Kong schools to sdeefbrmal presentations on IAQ were
made as the IAQ Information Centre could be useteretfectively to promote IAQ awareness

(The Audit Commission, 2011).

2.4.2. Guidance Notes for the Management of Indoor Air Quality in Offices and Public

Places (GN)

After observations and review of ti@&uidance Notes for the Management of Indoor Air
Quality in Offices and Public Plac€&N), the Audit Commission noted that some aspeictse
GN were unsatisfactory and had room for improvem&ampliance with the GN was voluntary
and building managements or owners were not redjumecomply with the GN. The Audit
Commission noted that the GN was valid only foicaffbuildings and public places ventilated
with MVAC systems. The Audit Commission recommeahdeat the EPD include childcare
centers and schools in the GN as well as the IA(@@es to protect the health of the youth.
The Audit Commission also noted that the EPD hadcneated feedback mechanisms. There
was nothing in place to see how many people adogmeldfollowed the GN, or mechanisms to
ask those who had not adopted the GN for theirorea$or not doing so. For those who did
follow the GN, there was no mechanism to ask fairttopinions and comments on the
improvement of the GN. Procedures to determine tanidings were not complying with the
GN or procedures to determine the difficulty in gdywing with the GN for those that had
adopted the GN were missing. The Audit Commissemommended that the EPD create and

put in place mechanisms to obtain feedback on the G
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Recommendations for improving the GN on how to nwniAQ for offices and public
places and making them more appealing for buildittggdopt them followed. The Audit
Commission encouraged the EPD to increase thetietfeess of the IAQ Certification Scheme
by investigating reasons for low participation amdninding participants to renew their 1AQ
certificates before the expiration dates. For duods to renew their IAQ certification, the
department filling out the certification report sk ensure that there is (1) no change in the
operation of the building that could harm the IAQhda(2) no alterations to the
operation/maintenance of the building's MVAC systémat could negatively affect the 1AQ.
The departments were also urged to assess the 14AQbdic places, not just during weekdays,
but also on weekends, when there is high occupenttye buildings (Audit Commission, 2011).
All of these recommendations were for the improvenad IAQ in all commercial buildings and

public places in Hong Kong.

2.4.3. IAQ Certification Scheme

Critics have questioned the effectiveness of thdifidation Scheme. Comments have
been made that the simple, yet harsh, criteridferparameters can backfire on the EPD’s goal
of informing and educating the general public ada@ (Burnett, 2005). In 2005, John Burnett,
a professor in the Department of Building ServiEegjineering at the Hong Kong Polytechnic
University, commented, “The perception of manyhattthe pollutant levels as presented become
‘standard’ which, if exceeded, will lead to ‘dir@rsequences™ (Burnett, 2005; Hong Kong
Housing Authority, 2004). The Certification Schetm@&s caused a situation in which people
believe that adverse health effects will resultthE IAQ parameters were to exceed the
‘standard’. An example of a pollutant commonly geved to have dire consequences if its

concentration exceeds the ‘standard’ is carbonideoXCQ). Burnett explained how CQs
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confusing in terms of its relevance in IAQ becausebelieves that COs not an important
pollutant with respect to adverse health effectsaybuilding with no harmful pollutants can fail
certification because the average Lévels are greater than 1000 ppm. Pilot studegeh
shown that the complexity and cost of the evalmafiar the certification would be a great
deterrent (Burnett, 2005). Although there havenbissues with the Certification Scheme, the
average office IAQ has improved since the schemgdementation (Hui et al., 2007).

Review of the IAQ Certification Scheme brought tght the inconsistencies in the
certificate issuing bodies. There was a gray areehich measured values were ‘equal to or less
than’ the standard value for ‘Excellent’ or ‘Goodass. This gray area allowed certificate
issuing bodies to issue excellent certificatesaiathan good certificates if measured values were
“equal to” the standard value for Excellent or Gatakss. For example, if a certificate issuing
body was measuring temperature and got a temperatt5.5 °C, looking back at Table 2.2, it
would be ambiguous as to whether 25.5 °C belonged’Excellent’ or ‘Good’ class.
Recommendations from the Audit Commission includarifying the gray area between
Excellent and Good class and including an ‘equaldtue.

Given the number of the buildings in Hong Kong, fedit Commission considered the
number of buildings certified by 2010 to be low antsatisfactory. In 2002, the Home Affairs
Department of the Government of the HKSAR createldtabase of all the private buildings in
Hong Kong including commercial, industrial, andidestial. The disclaimer from the Home
Affairs Department of the Government of the HKSARtss that the database is not 100%
accurate and does not guarantee that every buildiegpbeen taken into account but the database
gives a rough estimate of 40, 070 privately owneiidbngs (Home Affairs Department of the

Government of the HKSAR, 2002). Even though thenmegion includes privately owned
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residential buildings, the number of certified biinigs still seems to be significantly small in
comparison considering how the number of publicgdas not included in the estimation. From
2003 — 2010, a total of 559 buildings were cetdifées either ‘Excellent’ or ‘Good’ class. Of the
550 buildings, 319 were office buildings and 24Qevpublic places. At the end of 2010, there
were 124 buildings certified as ‘Excellent’ clagsda435 buildings certified as ‘Good’ class.

Provided below in Table 2.7 is the number of cedifbuildings for each class from 2003 —

2010.
Table 2.7: Participation in the IAQ Certificatiogt®&me from 2003-2010
(Audit Commission, 2011)

As of Type of Building — Certification Class
December|  Office Public Builcéliigs Excellent Total
31st of the| Building Place [#] | (office + [#] Good [#] | (Excellent

year [#] . + Good)

public)

2003 26 1 27 2 25 27

2004 60 21 81 10 71 81

2005 61 69 130 11 119 130

2006 74 96 170 27 143 170

2007 171 92 263 42 221 263

2008 263 152 415 61 354 415

2009 312 211 523 99 424 523

2010 319 240 559 124 425 559

2.4.4. Hong Kong IAQ Objectives

More importantly, the Audit Commission noticed tHeng Kong IAQ Objectives have
not been updated since they were established i8.20the acceptable levels for the twelve
parameters have not been reviewed and updatedoanewn parameters have been added. From
2006 — 2010, WHO has published three IAQ documentsiding information valuable to

adding airborne fungi as a new parameter to the Bi§ectives. In addition, PM is an
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important aspect of air quality and is currentlynigeused as an indicator for poor outdoor air
guality but has yet to be incorporated into IAQgmaeters. The EPD has agreed to review the
acceptable levels for the parameters in comparisointernational standards and refer to
published WHO guidelines to make recommendationagidiorne fungi to the IAQ Management
Group. As of the start of the year 2014, no updié&€) Objectives have been published by the

EPD.

2.5. Project Purpose, Goal & Objectives

Research on IAQ in Hong Kong has made much proglegsthere are still additional
studies to be performed. In particular, it is intpat to note that the latest research completed
on people’s views and experiences with IAQ in Hétang was released on March 19, 2010.
For the study, 1,010 respondents were intervieweltlae results were quite concerning. About
80% of the interviewees had suffered from SBS spmyst (Ipsos, 2010). Four in five of the
respondents were living with illnesses linked talaar air pollution, while one-third of
respondents believed poor IAQ had negative effectstheir health (Hong Kong Standard
Newspapers Ltd., 2010). Reports of the study ledethat 90% of respondents were unsatisfied
with the IAQ in Hong Kong and approximately 30% ulgbt of the air quality as “bad” or “very
bad” (Ipsos, 2010). The Hong Kong Audit Commissiamgovernment department that evaluates
other government departments and provides recomaiend to improve efficiency and overall
performance, set out to improve IAQ in responseh® negative feedback from the surveys
(Audit Commission, 2005).

This project seeks to study people’s views on IA@ avaluate the IAQ Management
Programme tasks. Mainly, this project focusedhlmnpublic awareness and effectiveness of the

IAQ Certification Scheme, the status of the HongngdAQ Objectives, and relevant I1AQ
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technology. Project objectives included evaluatmudplic opinion in certified and uncertified
shopping malls and reviewing current Hong Kong IAGQpjectives as well as the latest

technology relevant to 1AQ.

3. Methodology

For this project, three objectives were complet®tjective 1 involved collecting the
general public’s opinion of IAQ in six certified @fiour uncertified shopping malls. Objective 2
involved the comparison between current Hong K@@ Dbjectives and international IAQ
guidelines. Objective 3 involved researching ttedt technology in IAQ and providing brief
summaries of each technology to be used as a m@stuBusiness Environment Council
Limited. For objective 1, questionnaires were agra&d by mall patrons and responses were
compiled and analyzed using Microsoft Excel and SBtistics 22 (IBM Corp., 2013). For
objectives 2 and 3, extensive research was condluici¢he following sections, more in-depth

procedures for completing each objective are desdri

3.1. Objective 1: Surveying Shopping Malls and Data Anajsis

The methodology of Objective 1 is divided into sections. The first section discusses
the mall selection process for distributing questaires. The second section explains the data
entry process. Sections three through six desthi@rocedure of analyzing the data to
compare the survey locations, the certificatiotustas, the certification classes, and the ten
shopping malls.
3.1.1 Selecting Shopping Malls & Surveying

In order to do comparison between the generaligaldpinion of IAQ in certified and

uncertified shopping malls, a sampling frame ofq@as and employees within selected certified
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and uncertified shopping malls was chosen. A totakn shopping malls were chosen within
the three regions of Hong Kong: Kowloon, Hong Kdslgnd, and the New Territories. Lantau
Island was considered to be part of the New Teteiso The three regions of Hong Kong are

shown in Figure 3.1 below.

Figure 3.1: Map of Three Regions in Hong Kong
Figure 3.1 is a derivative of “Hong Kong districtgp”, by Peter Fitzgerald, used under CC BY

3.0.

Four shopping malls were certified as ‘Good’ classl two shopping malls were certified as
‘Excellent’ class. The remaining four shopping realtere uncertified in the IAQ Certification

Scheme. It is important to note that malls reféne as uncertified does not mean that they
failed the 1AQ certification but rather they havet yo go through the certification process. A

‘Good’ class, an ‘Excellent’ class, and an uncedifshopping mall were chosen in each of the
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three regions of Hong Kong.The malls were later modified to consist of five li;mxdrom

Kowloon, two from Hong Kong Island, and three frtme New Territories. There were only two
malls that were in the ‘Excellent’ class in Hong i§olsland and surveying at these malls
presented challenges that were unable to be overaothe time frame of this project. Certified
‘Good’ and ‘Excellent’ shopping malls were choseont the IAQ Information Centre website
randomly. The uncertified shopping malls were emosandomly from a map of Hong Kong
regions. The shopping malls were checked aganesligt of certified premises available on the
IAQ Information Centre website to ensure that theyre uncertified. The location of the ten

malls as well as their certification status isddsin Table 3.1 below.

Table 3.1: Certification Class and Locations of 8ipping Malls

Shopping Mall | Certification Status Location

1 Excellent New Territories
2 Excellent Kowloon

3 Good Kowloon

4 Good Kowloon

5 Good Hong Kong Island
6 Good New Territories
7 Uncertified Kowloon

8 Uncertified New Territories
9 Uncertified Kowloon

10 Uncertified Hong Kong Island
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The questionnaires were conducted from January2014 to February 15, 2014.
Approximately fifty questionnaires were distributedl nine of the shopping malls and 100
guestionnaires were distributed at Mall 3, totalingb26 questionnaires. To check whether or
not taking the survey inside or outside the mald len effect on questionnaire data, 100
guestionnaires were distributed at Mall 3; fiftyegtionnaires inside the mall and fifty outside
the mall entrance. Generally, the questionnaire® wenducted in the early afternoon and late
evening during shopping mall peak hours from Wedagshrough Saturday.

Through a series of questions designed to obtaicepgons on the IAQ, the general
public answered questions providing their opiniondactors that affect the 1AQ in the shopping
mall they were in, such as odors in the air. Thestjonnaire also investigated how familiar the
public was with the IAQ Certification Scheme andhié public thought that the IAQ in certified
shopping malls was better than that of uncertifiedpping malls.

Questionnaires were distributed outside of the shathain entrance or outside an
entrance with a lot of traffic flow. For some nsaljuestionnaires were distributed inside. The
general public’s opinion was determined throughvemience sampling, “a technique in which a
sample is drawn from that part of the populatioattls close to hand, readily available, or
convenient” (Bhattacherjee, 2012). The generalipuas solicited to answer the questionnaire.

Obtaining formal permission from mall managementsirvey inside their malls was
difficult because the malls wanted to provide th@atrons with the best shopping experience
possible without outside interference. Anotherscgamall managements may not have been
willing to give formal permission was because thalsnmight not have been fulfilling the IAQ

Certification Objectives despite being certified.
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3.1.2. Inputting Data & Calculating Weighted Scores

The raw data of each question in the questionnagee the answers circled on the
guestionnaire prior to modification for data anaysThe raw data for each question were
inputted into a Microsoft Excel file. The raw dathathe first six “Air Quality” questions were
also modified into weighted data that could be swarfor an overall score for the shopping

mall.

In order to calculate the weighted data, the faist “Air Quality” questions were
designed on a scale of one to seven. The firstAixQuality” questions are shown below in

Figure 3.2.

Air Quality

1. How does the air quality in this shopping mall affect you?
Very positively — 1 2 3 4 — No effect 5 6 7 — Very negatively
2. How is the air flow in this shopping mall?

Too strong — 1 2 3 4 — Perfect 5 6 7 — No flow

3. How are the odours in the air of this shopping mall?

Very fragrant — 1 2 3 4 —No smell 5 6 7 —Very smelly
4. How is the humidity in this shopping mall?

Too humid -1 2 3 4 - Perfect 5 6 7 —Toodry

5. How does the temperature in this shopping mall affect you?

Very positively — 1 2 3 4 — No effect 5 6 7 — Very negatively

6. How is the temperature in this shopping mall?

Toowarm -1 2 3 4 — Perfect 5 6 7 —Too cold

Figure 3.2: First Six “Air Quality” Questions inglQuestionnaire

To determine the weighted data, “4” was given ai@abf “0” for neutral or no effect. For
numbers that deviated away from “4”, depending dretler the deviation correlated with a

positive or negative response, a weighted valuegiesn accordingly. For questions that had a
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positive response associated with “1” and a negatgponse associated with “7” (“Air Quality”

guestions 1 and 5), the values “3”, “2”, and “1"r&aveighted as “1”, “2”, and “3” respectively.

The values “5”, “6”, and “7” were weighted as “-1-2”, and “-3” respectively. For questions

that had negative responses associated with “1™&hAir Quality” questions 2, 3, 4, and 6),

the values “3” and “5” were weighted as “-1”, th@lwes “2” and “6” were weighted as “-2”, and

the values “1” and “7” were weighted as “-3”.

data for “Air Quality” questions 1-6.

krg 3.3 explains how to calculate weighted

+3 +2 +1 -1 -2 -3
Neutral
| 0 |
1. How doss the air quality in this shopping mall affect you?
Very positively —1 2 3 4 — No effect 5 =) 7 —Very negatively
Positive < mall affect you? Negative
2 2 4= No effect = =
-3 -2 -1 Neutral -1 -2 -3
1 o |
2. How is the air flow in this shopping mall?
~—— Toostrong-1 2 3 4 — Perfect 5 6 7—-Noflow —
3. How are the odours in the alr of this shopping mall?
Very fragrant — 1 2 3 4— No smell 5 5] 7 —Very smelly
Negatlve —< 4, How is the humidity in this shcpping mall? e Negatlve
Too humid -1 2 3 4 —Perfect 5 6 7—Toodry
6. How is tha temperature in this shcpping mall?
Toc warm — 1 2 3 4 - Perfect 5 6 7 —Toocold

Figure 3.3: Calculating Weighted Scores of “Air (ya Questions 1-6

The weighted data of the six “Air Quality” questsowere totaled to a weighted-score sum. This

way, the highest weighted-score sum a shopping ¢oalld receive was a “6” and the lowest

EVALUATION OF HONG KONG'S INDOOR AIR QUALITY MANAGEMENT PROGRAMME: CERTIFICATION SCHEME, OBJECTIVES, AND TECHNOLOGY



55

score a shopping mall could receive was “-18". Bl@ngquestionnaires of the highest score and
lowest score are given in Figures 3.4 and 3.5.Wéighted data were summed because this
enables the “Air Quality” ordinal scale data totkeated as interval scale data and to give a

guantitative measurement instead of a relative areazent of IAQ perception (Boone & Boone,

2012).
Air Quality
1. How does the air quality in this shopping mall affect you?
+3
Very positively — 1 2 3 4 — No effect 5 6 7 — Very negatively
2. How is the air flow in this shopping mall? +0
Too strong — 1 2 3 5 6 7 - No flow

3. How are the odours in the air of this shopping mall?

+0
Very fragrant — 1 2 3 5 6 7 —Very smelly
4. How is the humidity in this shopping mall? +0
Too humid -1 2 3 5 6 7 —Too dry
5. How does the temperature in this shopping mall affect you?
+3
2 3 4 — No effect 5 6 7 —Very negatively
6. How is the temperature in this shopping mall? +0
Too warm —1 2 3 4 — Perfect 5 6 7 —Too cold

Total score: +6

Figure 3.4: Sample Questionnaire of Best Weighteak&Sum
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Air Quality

1. How does the air quality in this shopping mall affect you?

Very positively — 1 2 3 4 — No effect 5 6 — Very negativel

2. How is the air flow in this shopping mall?

either answer will result in a weighted score of -3
Too strong —1 2 3 4 — Perfect 5 6

]
‘ )

3. How are the odours in the air of this shopping mall?

]
O w

ery fragrant — 2 2 4 —No smell 5 6
4. How is the humidity in this shopping mall?

2 3 4 — Perfect 5 6

é¢

5. How does the temperature in this shopping mall affect you?

Very positively — 1 2 3 4 — No effect 5 6 7 —Very negatively

6. How is the temperature in this shopping mall?

2 gl 4 — Perfect 5 6

1,

edo

Total Score: 6 questions x -3 = -18

Figure 3.5: Sample Questionnaire of Worst Weigl8edre Sum

3.1.3. Data Analysis: Comparing Survey Locations

To determine whether or not conducting questiomsainside or outside of shopping
malls affected the data, Mall 3 data were analyae8PSS Statistics 22 (IBM Corp., 2013). Fifty
guestionnaires were collected inside and outsidslaf 3 allowing a comparison between the
two sets of questionnaires. The statistical tesed to determine whether surveying location
affected data were independent-samples t-test, Mdémitney U test, and the chi-square test for
association. These three tests determined if twasea statistical difference between data from
the two survey locations — inside and outsidea sfatistical difference was present then it can be
concluded that conducting questionnaires insidecanside shopping malls mattered in terms of
results. For all three of these tests, surveytiooavas the independent variable which could be

divided into two independent groups — inside andide. The weighted-score sum from the first
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six “Air Quality” questions was the dependent vakafor the independent-samples t-test and
the Mann-Whitney U test. “Air Quality” questions6] 10, and 11 from the questionnaire were
each dependent variables in the Mann-Whitney U tast Quality” questions 8 and 9 were each
dependent variables in the chi-square test. Thepewdent groups (inside and outside) were
compared to each other through the three stalistests using their respective dependent
variables.

The independent groups, with respect to the depgndeiable of the weighted-score
sum, were analyzed with the independent-samplesttif no assumptions were violated.
According to Laerd Statistics, a website of stetsstesources for students and academics, “[tlhe
independent-samples t-test is used to determiaalifference exists between the means of two
independent groups on a continuous dependent Varigbaerd Statistics, 2013c). Some
important assumptions of the t-test are that tlaeeeno outliers in any of the groups and that
each group’s data are normally distributed (Laetati§ics, 2013c). Explanation of the t-test
and outlier is located in Appendix C. The indepartdyroups were checked to ensure that no t-
test assumptions were violated before the dependmrmdble of the weighted-score sum was
analyzed with the t-test. Results of the indepetixdamples t-test determined if questionnaires
conducted inside and outside were statisticallfeceiht based on the averages of the weighted-
score sum of the questionnaires. If any of thest-assumptions were violated, the Mann-
Whitney U test was used to analyze the dependemdbla of the weighted-score sum. The
Mann-Whitney U test is used for ordinal or contineadata to determine whether there is a
statistical difference between the medians of tiiependent groups. The Mann-Whitney U test
has fewer restrictions and assumptions than thstt{towry, 2013c). In addition to analyzing

the dependent variable of the weighted-score s@pemtent variables “Air Quality” questions
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1-6, 10, and 11 were also analyzed using the Mahifdy U test. Results of the Mann-
Whitney U test also determined if questionnairesdeeted inside and outside were statistically
different but based on the median of the weightades sums of the questionnaires rather than
the average in the t-test. “Air Quality” questidhand 9 were analyzed with the Chi-square test
for association, which tests whether two nominalialdes (survey location and either “Air
Quality” question 8 or 9) are associated or indeleen (Laerd Statistics, 2013a). Results from
the chi-square test for association determinedsfieers to “Air Quality” questions 8 and 9 were
associated to the survey location or if the answerse independent of survey location. More
detailed explanations of the statistical tests tamths used in the methodology are located in

Appendix C.

3.1.4. Data Analysis: Comparing Certification Statuses

All the questionnaire data from every mall werelgred to determine whether people
could perceive a difference in IAQ between cedifiand uncertified shopping malls. The
certification status was the independent variableldd into two independent groups — certified
and uncertified. The independent-samples t-testhrv&hitney U test, and the chi-square test
for association were again used to determine ifettveas a statistical difference between the
public’s opinions of IAQ in uncertified and cer&fi shopping malls. The dependent variables
used in the three statistical tests remained the s the previous section (3.1.3. Data Analysis:

Comparing Survey Location).

3.1.5. Data Analysis: Comparing Certification Classes
To investigate the IAQ Certification Scheme furthtbe data were analyzed to determine
whether there were statistical differences in qoasaire responses in regards to the certification

classes. The three certification classes are lerdeclass, ‘Good’ class, and uncertified. The
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One-way analysis of variation (ANOVA), a statistitast, was utilized to determine if the three
certification classes of shopping malls differedA®Q based on the public’s opinion. Similar to
the t-test used previously to compare survey looatiand certification statuses, the one-way
ANOVA determines whether there is a statisticafedldnce among the means of the three
independent groups (Laerd Statistics, 2013f). Redtom ANOVA showed if there was a
statistical difference between the public’s opisiaf the IAQ in the three certification classes of
shopping malls based on the means of the weigltee sum. The certification class was the
independent variable with three independent groupexcellent, good, and uncertified. The
dependent variable was again the weighted-scorefsamrmthe first six “Air Quality” questions
from the questionnaire. ANOVA was valid if the ip@mdent variable, with respect to the
dependent variable of the weighted-score sum, waBrmed to have satisfied the assumptions
of ANOVA. The most important assumptions of ANOV£Aedhat “[tlhere are no outliers in any
of the groups,” “[e]lach group’s data is normallystdbuted,” and “[tihe groups have equal
variances” (Laerd Statistics, 2013f). If none oé tassumptions of ANOVA were violated,
ANOVA was performed. Results from ANOVA showed Ifete was a statistical difference
between the average weighted-score sum of the tertification classes. However, ANOVA is
not capable of showing which two certification cles differed if there was statistical difference.
To find which two certification classes differedhet Tukey’'s HSD test, a post-hoc test, was
performed after ANOVA (Verial & Demand Media, n.d.)f the assumptions of ANOVA were
violated, the Kruskal-Wallis test was conductedcéyding to Laerd Statistics, “the Kruskal-
Wallis test is the non-parametric alternative te tme-way ANOVA and is used to determine
whether there are any statistically significantfediénces between the distributions of three or

more independent (unrelated) groups” (Laerd Siedist2013d). If the Kruskal-Wallis test
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showed a significant difference, a pairwise congmrs post-hoc test was performed to see
which certification classes differed. “Air Qualitgjuestions 1-6, 10, and 11 were analyzed using
the Kruskal-Wallis test and, if applicable, therpase comparisons test showed which pair with
the three independent groups statistically diffeféd Quality” questions 8 and 9 were analyzed

by the Chi-square test for association.

3.1.6. Data Analysis: Comparing the Ten Shopping Malls

The data were also analyzed to rank the malls baisgatople’s perception of IAQ. The
mall was the independent variable divided into itatependent groups — Malls 1 through 10.
The weighted-score sum, calculated for each questioe from each of the ten malls, was
attempted to be analyzed with ANOVA and Tukey's H@®Bt. If ANOVA and Tukey's HSD
test could not be used because assumptions welaedp the Kruskal-Wallis test and the
pairwise comparisons test were used instead. TaBlsummarizes the tests used for each “Air
Quality” question with respect to the analyzed peledent variables.

“Air Quality” questions 7, 7a, 12, and 13 were gual in Excel by calculating
percentages of each answer of each question w#bece to all the surveys collected. “Air
Quality” question 12a was analyzed in Excel by glatting the question’s arithmetic mean with
respect to all the surveys collected. These questiwere separate from the other analyses
because these questions were used to gauge the'putierest and knowledge in IAQ.

A summary of the independent variables and thaipeetive independent groups used |
the statistical tests are shown in Table 3.3. Pigrte and bar graphs were created in SPSS
Statistics 22 to show the demographics of the medpats (IBM Corp., 2013). The arithmetic

mean of the time spent in malls was calculated.
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Table 3.2: Summary of Statistical Tests Used foalgsis of Independent Variables

Independent Variable

“Air Qua_llty" Surv_ey Certification Certification Class Mall
Question Location Status
Statistical Tests
1
2 :
3 Mann-Whitney U Test K”fSk?‘"Wa”'S Te_st &
2 Pairwise Comparisons| N/A
= Post-Hoc Test
6

% Independent Samples t-Test; or ANOVA & Tukey's HSD Test, or
@ | Sum of Weighted b : pes | ' Kruskal-Wallis Test & Pairwise
= Mann-Whitney U Test if t-Test . ;
f>6 Score of 1-6 assumptions were violated Comparisons Post-Hoc Test if
= P ANOVA assumptions were violate
S 7 N/A N/A
c
Q 7a
8 8 Chi-Square Test for Association Chi-Square Test for
. N/A

9 Association

10 . Kruskal-Wallis Test &

1 Mann-Whitney U Test Pairwise Comparisons| N/A

Post-Hoc Test

12

12a N/A N/A

13

Table 3.3: Summary of Analyzed Independent Varsbled their Independent Groups

Independent Variable

Independent Groups

Survey Location

Inside, Outside

Certification Status

Certified, Uncertified

Certification Class

Excellent, Good, Uncertified

Mall

Mall 1, Mall 2, Mall 3,..., Mall 10
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3.2. Objective 2: Researching IAQ Parameter Guiglines

To complete the comparison between Hong Kong's I8Qjectives and the IAQ
guidelines of other countries, research was donéercurrent IAQ Objectives used in Hong
Kong. Nine of the twelve parameters in the IAQ €ives were chosen to be researched
excluding the three physical parameters: temperafti), relative humidity (RH), and air
movement. Each of the nine parameters (carbonidéipxcarbon monoxide, formaldehyde,
ozone, total volatile organic compounds, radorhaime bacteria count, nitrogen dioxide, and
respirable suspended particulates) chosen weraroksa individually to find international
guidelines. Recommended guidelines from five coesmtwere selected to compare with Hong
Kong’s IAQ Objectives because of the countries’ignclimate with Hong Kong or because of
Hong Kong’s past references to the country’s IAQigies. The five countries are Canada,
Singapore, Malaysia, Australia, and China. A takés created for each of the nine parameters
listing Hong Kong’'s guidelines and recommended glings from the five different countries.
The tables allowed for an easy comparison betweengHKong’'s IAQ Objectives and
international guidelines for each parameter. TherldvHealth Organization’s (WHO) latest
recommended guidelines were also included for e&athe nine parameters unless the parameter
was not included in WHQO’s most recent recommendatior assessing IAQ. Though, WHO is
not a country, Hong Kong’s current IAQ Objectivesre&/ derived from past WHO recommended
guidelines so it is helpful to compare Hong KontA€) Objectives to WHO’s most recently
recommended IAQ guidelines. Comparisons betweenirtternational guidelines and current
Hong Kong IAQ Objectives were made to determine ne#htdong Kong stood in comparison.
From the comparisons, Hong Kong's IAQ Objectiveseneonsidered to be too low, too high, or

on par with either WHO or internationally recommeddguidelines. Research was also
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conducted on international airborne fungi guiddibhecause airborne fungi was promised to be
added as an additional parameter in the next mevisf Hong Kong's IAQ Objectives. In total,

there were ten parameters compared.

3.3. Objective 3: Researching IAQ Technology

Based on email communication with mall manageméintes, it was determined that
some malls have installed carbon dioxdgectors to control ventilation (M. Tung, personal
communication, January 20, 2014). From this infation, IAQ detectors capable of controlling
ventilation systems were looked into to determineare efficient and accurate detectors were
available (Fantech Intelligent Ventilation, 2009;or¢ywell Analytics, 2012a; Lennox
International Inc., 2014; United Technologies Cogtion, 2013). More research was done in
regards to new technology in MVAC systems anddfiiitn methods. Research was focused on
technology that could replace or be incorporatdd miready installed MVAC systems (IEQ
Global, 2013c; PeakPureAir, 2013; White, 2009) Qlfechnology providers such as Honeywell
were looked into to determine the approximate cadtghe technology found (Honeywell
Analytics, 2012b). Research was done on diffeteshnological advances to make Hong
Kong's MVAC systems more efficient or upgraded.cAimologies were compared to determine
what would be the most valuable to Hong Kong (Sie§eZaatari, 2003; White, 2009).
Enhanced Media Filtration (EMF) filters, photocsted oxidation, and the Honeywell
IAQPoiInt2 were determined to be beneficial techge for Hong Kong, worth looking into.
Research was done on the technologies and a liguedtions meant to drive more thorough
research was developed (Environmental Energy Tdogies Division, 2014; Honeywell, 2012;
HubPages, 2014; IEQ Global, 2013b). The questiociaded, “how often do EMF filters need

to be replaced compared to High Efficiency Partitall Arresting (HEPA) filters?” and “is
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photocatalytic oxidation able to be used insideMWAC systems?”. HEPA filters were
recommended by the Hong Kong government at thdlestenent of IAQ Certification Scheme
and are most commonly used in MVAC systems (The eéBowent of the HKSAR IAQ
Management Group, 2003b). More research was coediut order to answer the questions that
came up during the previous research (Destaillatd,2012; Healthy Air, 2014; Honeywell,
2012). Finally, further research on informationtticauld not be found was suggested for the
EPD to look into, so that the EPD could concludany of these technologies would be of value

to Hong Kong buildings.

4. Results and Discussion / Analysis

4.1. Questionnaire Results

The questionnaire results are divided into sixieast The first section discusses the
demographics of the questionnaires. The secontbeemimpares survey location to determine
whether surveying inside or outside statisticaffg@ed the data. The third section compares
certification status to discover whether there waatistical differences in IAQ between certified
and uncertified malls based on people’s perceptidhs fourth section compares the
certification classes to explore whether peoplddaotice differences in IAQ among the
‘Excellent’, ‘Good’, and uncertified class mallshf fifth section compares each of the ten malls
to determine which mall had the best IAQ basedhenneighted-score sum. The sixth section

analyzed “Air Quality” questions 7, 7a, 12, 12a 413.

4.1.1. Demographics of Samples
Five-hundred twenty-six (526) questionnaires werkected at the ten malls. A majority
of the questionnaires (79.47%) were collected detshe malls, while 20.58% were collected

inside the malls. Figure 4.1 shows how many questioes were collected at each mall, and
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Figure 4.2 shows the percentages of surveyingensaisus outside the malls. The goal was to
collect 100 questionnaires at Mall 3, and 50 qoestaires at each of the other malls. Some
malls had a little more or less than 50 questiomsaidue to human error. Not all 50
guestionnaires were collected at Mall 2 becauseesurg at Mall 2 proved to be challenging.
Permission was not given to survey inside Mall i) anall security did not allow surveying
near the mall’s exits. The streets surrounding Mallere also very inconvenient for surveying

because they were very narrow and congested mgufti25 questionnaires being collected.
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Figure 4.1: Number of Questionnaires CollectedattEMall
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Figure 4.2: Survey Location Demographic

There were more responses from females and yoyreggaie than from males and older
people, respectively. Regarding gender, 54.30%uektionnaire respondents were female and
45.70% were male, as seen in Figure 4.3. Resptsmdader the age of 21 represented 50.38%
of the questionnaire total. Those in the age gaugil-35 years of age represented 40.08%, 36-
45 years of age represented 4.58%, 46-64 yeargeofegpresented 4.58%, and aged 65 and over
represented 0.28%. Figure 4.4 illustrates the agmodraphic, and Figure 4.5 shows the age
and gender demographics together. Based on anéstimias from respondents, malls tended
to be places where young people particularly higmosl and university students, especially
female students, convene for recreation, so magioralents were under the age of 36 and
female. Also, females and younger people underageof 36 were generally more willing to
stop to fill out the questionnaires. People over délge of 35 were less likely to stop to fill out
the questionnaire because they were more in a landyor had children with them who were

unwilling to stop. There was not much response fitbwwse aged 65 and older because the

EVALUATION OF HONG KONG'S INDOOR AIR QUALITY MANAGEMENT PROGRAMME: CERTIFICATION SCHEME, OBJECTIVES, AND TECHNOLOGY



67

elderly generally did not go to malls often. Thei@ge time people spent in the shopping malls

was 86.30 minutes with a standard deviation of 87a6d the median was 60 minutes.

Gender
m Male
® Female

Figure 4.3: Gender Demographic

24, 4.58%
| 2,038%

24, 4.58% Age Group
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m36-45
m46-64
H 65+

Figure 4.4: Age Demographic
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Figure 4.5: Age and Gender Demographics

There were more Hong Kong residents surveyed thamsts. Of those who responded,
21.61% were tourists and 78.39% were residents.yMaurists came from the United States
(27.45%), China (22.55%), United Kingdom (7.84%jwan (6.86%), and Australia (5.88%).

Figure 4.6 illustrates the residency demographng Rigure 4.7 shows which countries the

tourists were from.
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Figure 4.7: Tourist’'s Country Demographic
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4.1.2. Comparing Survey Location — Inside and Outside

Since most of the data collected were from sungeybuitside, it was important to
determine if the location of surveying (inside artsidde of the mall) statistically affected the
data. Mall 3 data was used to analyze whether parmhfference in data results occurred from
surveying inside versus outside the mall. The tsp was to check whether the independent-
samples t-test could be used with the weightedessom. This was done by checking whether or
not the data violated the assumptions of the -testh as the data do not contain outliers (Laerd
Statistics, 2014c). To check, a boxplot of the safrthe weighted scores with respect to survey
location was created, as seen in Figlu& According to Figure 4.8, there were threeierslin

the data. Therefore, the t-test could not be usddl@e Mann-Whitney U test was used instead.

94

o

Sum of Weighted Question

BESE 47
o

T T
Inside Outside

Survey Location

Figure 4.8: Boxplot of the Sum of Weighted Sconed Survey Location

EVALUATION OF HONG KONG'S INDOOR AIR QUALITY MANAGEMENT PROGRAMME: CERTIFICATION SCHEME, OBJECTIVES, AND TECHNOLOGY



71

The weighted-scores sum and “Air Quality” questi@rs, 10 and 11 were analyzed with
the Mann-Whitney U test. The Mann-Whitney U testegi a Mann-Whitney test statistic (U)
value. The U value is converted into a z-score dmjl in turn a p-value (Graham, 2011). A
significance level ) of 0.05 was used for all statistical tests. Tinisans that if the test result
gives a p-value less than 0.05, then there iststatal difference between the groups (e.qg. inside
and outside). Definitions of statistical termsglsas significance level and p-value, are located
in Appendix C. The test results and p-values paxh question are located in Table 4.1, and
medians of the raw data of “Air Quality” questiohs, 10, and 11 and the weighted-score sum
are located in Table 4.2. In the tables and figufAQ” is an abbreviation for “Air Quality”
question; for example “AQ1 raw” means “Air Qualitguestion 1 before being weighted. Also,
“Sum of Weighted Quest.” represents the weightetessum. Before a conclusion can be made
regarding the medians of the raw data of “Air Qualiquestions 1-6, 10, and 11 and the
weighted-score sum, the distributions of the dagrewchecked if they violated a critical
assumption of the Mann-Whitney U test. The crit@ssumption is that the two distributions of
the independent groups (survey locations inside @urdide) have the same or similar shape
(Laerd Statistics, 2013e). Distribution graphstitg questionnaire data with respect to survey
location were created, as seen in Figurestd.9.17. As assessed by visual inspection, the
distributions of the questions for inside and algswere similar. The median scores of “Air
quality” question 1, U=13475, z=0.747, p=0.455; ggiee 2, U=1093, z=-1.139, p=0.255;
question 3, U=1275, z=0.190, p=0.849; question 41229, z=-0.156, p=0.876; question 5,
U=1157.5, z=-0.677, p=0.498; question 6,U=13528).756, p=0.450; question 10, U=1141,
z=-0.788, p=0.431; and the weighted-score sum, 4Y&13=0.690, p=0.490 were not

statistically different between outside and insifiee score for “Air Quality” question 11 was
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statistically different between inside (Mediavidn)=4.00) and outsideMdn=3.00), U=828, z=-

2.848, p=0.004. Since none of the p values fronstagstical tests was less than 0.05, there was

no statistical difference between data collectesidm and outside the mall. The U and z values

also have a critical value to show if there isatistical difference but for this project, the fscu

is on p value. These results show that surveymsidée or outside did not statistically affect

guestionnaire data, except for question 11.

Table 4.1: Mann-Whitney U Test Results for Survegation

MHull Hypothe=sis Te=t Sig. Oeci=sion
Independent
The distribution of 2021 raw is the Samples Fetain the
1 =zame across categories of rdann- 5SS null
Outsidefinside. ihitrey L hywpothesis.
Test
Independent
The distribution of A2 raw iz the Samples Fetain the
2 =ame across categaries of hdann- 255 null
Outsidefinzide. ihitrey L hypothesis.
Test
Independent
The distribution of A3 raw is the Samples Fetain the
3 same across categories of rdann- 249 null
Outsidefinside. ihitrey L hywpothesis.
Test
Independent
The distribution of 2024 raw is the Samples Fetain the
4 same across categories of rdann- 8BTS null
Outsidefinzide. ihitrey L hypothesis.
Test
Independent
The distribution of A5 raw iz the Samples Fetain the
5 same across categories of rdann- A28 null
Outsidesinside. Wrhitney 1 hypothesis.
Test
Independent
The distribution of AQG5 raw isthe Samples Fetain the
E same across categories of rdann- 50 null
Outsidefinzide. ihitrey L hypothesis.
Test
Independent
The distribution of 2210 is the Samples Fetain the
T s=ame across categories of rdann- 21 null
Outsidefinside. ihitrey L hywpothesis.
Test
Independent
The distribution of 2211 is the Samples Feject the
2 same across categories of rdann- 004 null
Outsidefinzide. Wihitrey L hypothesis.
Test
Independent
The distribution of Sum of vweighteBamples Fetain the
9 quest. isthe zame across hdann- 90 nuall
categoaries of Outsides/Inside. ihitrey L hywpothesis.
Test

Asymptotic significances are displayed. The significance level is 05,
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Table 4.2: Median of Dependent Variables with Respe Survey Location

T
200 100 oo 100

T
200 300

Frequency Frequency
Total N 100
Mann-Whitney U 1,347 500
Wilcoxon W 2622.500
Test Statistic 1,347.500
Standard Error 130.485
Standardized Test Statistic T47
Asymptotic Sig. (2-sided test) 455

Sum of
AQl [ AQ2 | AQ3 | AQ4 | AQ5 | AQS6 weighted
Outside/Inside] raw | raw | raw raw raw raw [ AQ10 | AQll| quest.
Inside N 50 50 50 50 50 50 50 50 50
r'\]/'ed'a 400 400 4.00 400 400 350 4.00 4.00 -2.00
Outsi N 50 50 50 50 50 50 50 49 50
de i
r'\]/'ed'a 4.00 400 4.00 400 400 4.00 350 3.00 -1.00
Total N 100 100 100 100 100 100 100 99 100
?]/Iedla 400 4.00f 4.00f 4.00f 4.00f 4.000 4.000 4.00 -2.00
Independent-Samples Mann-Whitney U Test
Qutside/Inside
Inside Outside
N=50 N=50
6 Mean Rank = 4B.55 Mean Rank=52.45 i
A
&
0 !l

Figure 4.9: Results for “Air Quality” Question 1tWwiRespect to Survey Location
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Independent-Samples Mann-Whitney U Test
Qutside/Inside

Inside Outside
10 0
N=50 N=50
8- Mean Rank=53.64 Mean Rank = 47.36 e
3 © 3
- L)
2 H
2 2
0 o
25|.D 25|.D
Frequency Frequency
Total N 100
Mann-Whitney U 1,093.000
Wilcoxon W 2 ,368.000
Test Statistic 1,093.000
Standard Error 137.875
Standardized Test Statistic -1.139
Asymptotic Sig. (2-sided test) 255

Figure 4.10: Results for “Air Quality” Question 2tiwRespect to Survey Location

Independent-Samples Mann-Whitney U Test
Qutside/Inside

Inside Outside

N=50 N=50
Mean Rank=50.00 Mean Rank=51.00

AQ3 raw
d L 4P
me1 £oY

Frequency Frequency
Total N 100
Mann-Whitney U 1,275.000
Wilcoxon W 2 550.000
Test Statistic 1,275.000
Standard Error 131.502
Standardized Test Statistic 180
Asymptotic Sig. (2-sided test) 549

Figure 4.11: Results for “Air Quality” Question 3tivRespect to Survey Location
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Independent-Samples Mann-Whitney U Test
Qutside/Inside

Inside Outside

M=50 N =50
8- Mean Rank=50.92 Mean Rank=50.08

AQ4raw
d 3 444
mea poy

Frequency Frequency
Total N 100
Mann-Whitney U 1,229.000
Wilcoxon W 2.504.000
Test Statistic 1,229.000
Standard Error 134.962
Standardized Test Statistic -.156
Asymptotic Sig. (2-sided test) .B76

Figure 4.12: Results for “Air Quality” Question 4tivRespect to Survey Location

Independent-Samples Mann-Whitney U Test
Qutside/Inside

Inside Outside

N=50 N=50
Mean Rank= 52.35 Mean Rank= 4B.65

AQS raw
L)
mel soy

Frequency Frequency
Total N 100
Mann-Whitney U 1,157 500
Wilcoxon W 2432500
Test Statistic 1,157.500
Standard Error 136.584
Standardized Test Statistic -B7T
Asymptotic Sig. (2-sided test) 498

Figure 4.13: Results for “Air Quality” Question 5tivRespect to Survey Location
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Independent-Samples Mann-Whitney U Test
Qutside/Inside

Inside Outside
N=50 N=50
6 Mean Rank= 4B.45 Mean Rank=52.55 e
3
-
0 !l
25|.D 200 250
Frequency Frequency
Total N 100
Mann-Whitney U 1,352,500
Wilcoxon W 2627 500
Test Statistic 1,352,500
Standard Error 135.600
Standardized Test Statistic 756
Asymptotic Sig. 2sided test) 450

Figure 4.14: Results for “Air Quality” Question 6tivRespect to Survey Location

Independent-Samples Mann-Whitney U Test
Qutside/Inside

Inside Qutside
g N=>50 N=250 e
Mean Rank = 52.68 Mean Rank = 48.32
e
= k-
5 ™2
< H
2
o
T — 2
200 250
Frequency Frequency
Total N 100
Mann-Whitney U 1,141.000
Wilcoxon W 2 416.000
Test Statistic 1,141.000
Standard Error 138.345
Standardized Test Statistic -788
Asymptotic Sig. (2-sided test) 431

Figure 4.15: Results for “Air Quality” Question #ith Respect to Survey Location
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Independent-Samples Mann-Whithey U Test

Qutside/Inside

Inside Outside
107
N =150 N=49
g Mean Rank=57.94 Mean Rank=41.90
5|
5 4
<

=]

EIEE
Hov

200
Frequency Frequency
Total N 939
Mann-Whitney U 823.000
Wilcoxon W 2053.000
Test Statistic 526.000
Standard Error 139.402
Standardized Test Statistic -2.848
Asymptotic Sig. (2sided test) 004

Figure 4.16: Results for “Air Quality” Question With Respect to Survey Location

Independent-Samples Mann-Whitney U Test

Qutside/Inside

Inside Outside

, 15 5

3 N=50 N=50 g
£ 10 Mean Rank=48.52 Mean Rank=52.48 o 3
3 2
3 57 ™ =
E | e,
S 0 o &
B =
2 5| s &
5 o
E-10 105
=

# 157 15"

Frequency Frequency
Total N 100
Mann-Whitney U 1,349.000
Wilcoxon W 2624.000
Test Statistic 1,349.000
Standard Error 143.439
Standardized Test Statistic B30
Asymptotic Sig. (2-sided test) 490
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Figure 4.17: Results for the Sum of the Weightedr& with Respect to Survey Location
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To analyze “Air Quality” questions 8 and 9, croabulations of their data were made and

the chi-square statistical test was conducted.ré&kelts for question 8 are located in Tables 4.3

and 4.4, and the results for question 9 are lodatd@ble 4.5 and 4.6.

Table 4.3: Cross Tabulation of “Air Quality” Questi8 and Survey Location

AQ8
Better Worse Total

Outside/Inside Inside Count 1 0 1
Expected Count 3 .8 1.0

% within Outside/Inside 100.0% 0.0%| 100.0%

% within AQ8 100.0% 0.0% 25.0%

% of Total 25.0% 0.0% 25.0%

Outside  Count 0 3 3

Expected Count .8 2.3 3.0

% within Outside/Inside 0.0%| 100.0% 100.0%

% within AQ8 0.0%| 100.0% 75.0%

% of Total 0.0% 75.0% 75.0%

Total Count 1 3 4
Expected Count 1.0 3.0 4.0

% within Outside/Inside 25.0% 75.0%| 100.0%

% within AQ8 100.09%9 100.0% 100.0%

% of Total 25.0% 75.0% 100.0%

Table 4.4: Chi-Square Test of “Air Quality” QuestiB with Respect to Survey Location

Asymp. Sig. (2-| Exact Sig. (2-| Exact Sig. (1-
Value df sided) sided) sided)
Pearson Chi-Square 4.000 1 .046
Continuity Correction 444 1 .505
Likelihood Ratio 4.499 1 .034
Fisher's Exact Test .250 .250
N of Valid Cases 4
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Table 4.5: Cross Tabulation of “Air Quality” Questi9 and Survey Location

AQ9
Don't
Yes No Know Total
Outside/Inside Inside  Count 33 13 4 50
Expected Count 35.0 11.5 3.5 50.0
oé‘)u‘;‘gitgg}msi i 66.0% 26.0% 8.0%| 100.0%
% within AQ9 47.1%| 56.5% 57.1%| 50.0%
% of Total 33.0% 13.0% 4.0%| 50.0%
Outside Count 37 10 3 50
Expected Count 35.0 115 3.5 50.0
z’u‘i‘;tgg;msi e 74.0% 20.0% 6.0%| 100.09
% within AQ9 52.9% 43.5% 42.9%| 50.0%
% of Total 37.0%| 10.0% 3.0%| 50.0%
Total Count 70 23 7 100
Expected Count 70.0 23.0 7.0 100.0
% within 70.0% 23.0% 7.0%| 100.0%
Outside/Inside
% within AQ9 100.0% 100.0% 100.09% 100.0%
% of Total 70.0%| 23.0% 7.0%| 100.0%

2 cells (33.3%) have expected count less than &.niinimum expected count is 3.50.

Table 4.6: Chi-Square Test of “Air Quality” Questi® with Respect to Survey Location

Value

Df

Asymp. Sig. (2-sided)

Pearson Chi-Square
Likelihood Ratio
N of Valid Cases

.763
764

100

.683
.682
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The results in Tables 4.3 and 4.5 showed that @@ for both questions 8 and 9 violated
a condition for using the chi-square test. Theatsd condition was that “no more that 20% of
the expected counts are less than 5 and all ingVieixpected counts are 1 or greater” (Weaver,
2013). All of the expected counts for question 8eMess than five, and 33.3% of the expected
counts for question 9 were less than five. Anrafidve method to analyze questions 8 and 9
was to conduct bootstrapping, which “is a compbiEsed method for assigning measures of
accuracy to sample estimates” and “generate[s] stimate of the sampling distribution of
almost any statistic” (Cross Validated, 2012; Viari&005). Bootstrapping is beyond the
capabilities of this project team because it ineslcomputer coding, so no further analysis was
conducted on questions 8 and 9 (Varian, 2005).

Analyzing Mall 3 data revealed that for “Air Quglitquestions 1-6 and 10 and the
weighted-score sum there was no statistical diffegein surveying indoors and outdoors.
However, for “Air Quality” question 11, which istrag the outdoor air quality, there was a
statistical difference in conducting questionnairesde and outside the mall. Analysis of “Air
Quality” questions 8 and 9 could not be performedause of there was not enough data to

satisfy the assumptions of the chi-square test.

4.1.3. Comparing Certification Status — Certified and NotYet Certified

Objective 1 is compare the general public’s opindddAQ in certified and uncertified
malls. To accomplish the objective, all 526 questares from the ten malls, separated by
certification status — certified and uncertifieder& analyzed to determine whether people can
distinguish the difference in IAQ in certified andcertified malls. The first dependent variable
to be analyzed was the sum of the weighted scdies.sum was checked if it violated the

assumptions of the independent t-test. Figure ght8ved that the sum had five outliers, thereby
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violating the t-test assumption of having no outtlata. Since the t-test could not be conducted,

the Mann-Whitney U test was used to analyze theisgtead.
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Figure 4.18: Boxplot of the Sum of Weighted Scared Certification Status

The sum of the weighted scores and “Air Quality’egtions 1-6, 10, and 11 were
analyzed with the Mann-Whitney U test. The testltesfor each question are located in Table
4.7, and the medians of the data are located iteTaB. The distributions of the questions were
examined if they violated they assumption thatdtstributions of the two independent groups
(certified and uncertified) have the same or sim#hape (Laerd Statistics, 2013e). The
distributions of the questions are located in Fegu#.19 to4.27. By visual inspection, the
distributions of “Air Quality” questions 1-6 and Ehd the weighted-score sum for uncertified
and certified were determined to be similar, betdistribution for “Air Quality” question 11 for
uncertified and certified were determined to bekenlThis meant that the results of the Mann-

Whitney U test for question 11 could not use theliare but rather the mean ranks to determine
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whether there was a statistical difference betwhercertification status groups (Laerd Statistics,
2013e). Mean ranks are explained in Appendix C.

Table 4.7: Mann-Whitney U Test Results for Ceréifion Status

Hypothesis Test Summany
Mull Hypothesi=s Test Sig. Decision
Independeant-
The distribution of AQ21 raw isthe Samples Fetain the
1 zame across categaries of hann- A5 null
Cerified/Uncertified. Whitneay U hypothesis.
Test
Independent-
The distribution of A0Z2 ram isthe Samples Retain the
2 zame across categaries of Mann- 078 null
Cerified/Uncertified. Whitney U hypoth esis.
Test
Independent
The distribution of AQ2 raw isthe Samples Retain the
3 same across categories of bann- B21 null
Cerified/Uncertified. Wikitray U hypothesis.
Test
Independeant
The distribution of AQ4 raw isthe Samples Fetain the
4 zame across categaries of hMann- B90 null
Cerified/Uncertified. Whitray U hypothesis.
Test
Independent-
The distribution of A05 ram isthe Samples Retain the
5 zame across categaries of Mann- 232 null
Cerified/Uncertified. Whitney LU hypoth esis.
Test
Independent
The distribution of AQS ram isthe Samples Retain the
E zame across categories of bann- B44  null
Cerified/Uncertified. Whitney U hwpoth esis.
Test
Independent
The distribution of AQ10 iz the Samples Fetain the
T same across categories of hann- S92 null
Cerified/Uncertified. Wihitnay U hypothesis.
Test
Independeant
The distribution of AQ11 isthe Samples Reject the
2 zame across categaries of Mann- 002 null
Cerified/Uncertified. Whitney U hypoth esis.
Test
Independent
The distribution of Sum of weightedamples Retain the
3 quest isthe same across hann- 2941 null
categories of Cedified/Uncerified. Mihitney U hypoth esis.
Test

Azymptotic significances are displayed. The significance level iz .05,
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Table 4.8: Median of Dependent Variables with Respe Certification Status

Sum of
AQl | AQ2 | AQ3 | AQ4 | AQ5 | AQ6 weighted
Certified/Uncertified raw [ raw | raw | raw | raw | raw |AQL1O[AQ11l| quest.
Certified 400 | 400 | 400 | 400| 4.00| 4.00 | 3.50 | 4.00 -2.00
Uncertified 4,00 | 400 | 400 | 400 | 4.00| 4.00 | 3.00 | 4.00 -2.00
Total 4.00| 400 | 400 | 400 | 400 | 4.00 | 3.00 | 4.00 -2.00
Independent-Samples Mann-Whitney U Test
Certified/Uncertified
Certified Uncertified
o N
W
5] !
N -

T
2000

T T T T
150.0 100.0 500 0o 500 100.0

T
1500

Frequency Frequency
Total N 526
Mann-Whitney U 34 879.000
Wilcoxon W 55 585.000
Test Statistic 34 875.000
Standard Error 1,580.853
Standardized Test Statistic 1.325
Asymptotic Sig. (2-sided test) 185

T
2000

Figure 4.19: Results for “Air Quality” Question litiwRespect to Certification Status
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Independent-Samples Mann-Whitney U Test

Certified/Uncertified
Certified Uncertified
10 1o
N=323 N=203
g Mean Rank= 254 76 Mean Rank= 27740 &
z 6 G
=
o 4 =
g
o Lo
0 ]
1 T T T T T T2
150.0 100.0 500 0o 50.0 100.0 150.0
Frequency Frequency
Total N 526
Mann-Whitney U 35 606.500
Wilcoxon W 56,312,500
Test Statistic 35 606.500
Standard Error 1 B05. 154
Standardized Test Statistic 1.758
Asymptotic Sig. (2sided test) 079

Figure 4.20: Results for “Air Quality” Question 2tiwRespect to Certification Status

Independent-Samples Mann-Whitney U Test

Certified/Uncertified
Certified Uncertified
8- N=320 N=203 K
Mean Rank= 263.87 Mean Rank= 258.05

67 G
H
E 44 R
g
< 2 =2

07 ]

-2 2

T T T T T T T
2000 1500 100.0 S0.0 | 500 1000 150.0

Frequency Frequency
Total N 523
Mann-Whitney U 31,880.500
Wilcoxon W 52 586.500
Test Statistic 31,880.500
Standard Error 1,507 405
Standardized Test Statistic -.398
Asymptotic Sig. (2-sided test) 631

T
2000

MEI ZDY

MEI EDY

84

Figure 4.21: Results for “Air Quality” Question 3tiwRespect to Certification Status

EVALUATION OF HONG KONG'S INDOOR AIR QUALITY MANAGEMENT PROGRAMME: CERTIFICATION SCHEME, OBJECTIVES, AND TECHNOLOGY



85

Independent-Samples Mann-Whitney U Test

Certified/Uncertified
Certified Uncertified
107 1}
MN=322 N=202
84 Mean Rank= 262.44 Mean Rank= 262.58

AQ4raw
=
|
EIEEE
mes poy

T T T T 1 T T T T
200.0 150.0 100.0 s0.0 0o s0.0 100.0 150.0 200.0

Frequency Frequency
Total N 524
Mann-Whitney U 32 540500
Wilcoxon W 53,043 500
Test Statistic 32,540,500
Standard Error 1508.418
Standardized Test Statistic 02
Asymptotic Sig. 2-sided test) 990

Figure 4.22: Results for “Air Quality” Question 4tiwRespect to Certification Status

Independent-Samples Mann-Whitnhey U Test

Certified/Uncertified
Certified Uncertified
10 o
N=1323 N=202
g Mean Rank= 264.01 Mean Rank= 261.38 e
61 &
3 2
e 47 B
(=} ]
€ 7 o 2
0 o
-2 =2

T T T T T T T T
2000 1500 1000 500 | s0.0 1000 1500 2000

Frequency Frequency
Total N 525
Mann-Whitney U 32,298.000
Wilcoxon W £2.801.000
Test Statistic 32,298.000
Standard Error 1586.214
Standardized Test Statistic -.2058
Asymptotic Sig. (2-sided test) .838

Figure 4.23: Results for “Air Quality” Question 5tiwRespect to Certification Status
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Independent-Samples Mann-Whitney U Test

Certified/Uncertified
Certified Uncertified
107 o
N=321 N=1202
8- Mean Rank= 261.06 Mean Rank = 263.50 i
51 &
H 2
e 4] 3
& =
< o+ 2 #
0 o
-2+ -2

T T T T 1 T T T T
200.0 1500 1000 500 0o S0.0 1000 150.0 2000

Frequency Frequency
Total N 523
Mann-Whitney U 32,723.500
Wilcoxon W 53 226.500
Test Statistic 32723.500
Standard Error 1535.860
Standardized Test Statistic 87
Asymptotic Sig. (2-sided test) 844

Figure 4.24: Results for “Air Quality” Question 6tiwRespect to Certification Status

Independent-Samples Mann-Whitney U Test

Certified/Uncertified
Certified Uncertified
10 0
N=1322 N=201
g Mean Rank = 264.66 Mean Rank=257.74

AQ10
i

d 3 4 d s D
0oV

T T T T T T T T T T
1200 1000 800 600 400 200 OO0 200 400 600 80O 1000 1200

Frequency Frequency
Total N 523
Mann-Whitney U 31 ,505.500
Wilcoxon W 51 ,806.500
Test Statistic 31,505.500
Standard Error 1623.684
Standardized Test Statistic =827
Asymptotic Sig. [2-sided test) 898

Figure 4.25: Result for “Air Quality” Question 10ttv Respect to Certification Status
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Independent-Samples Mann-Whitney U Test

Certified/Uncertified
Certified Uncertified
107 o
N=320 N=201
g Mean Rank= 24597 Mean Rank= 284.93

Ao
EEEEEEE
Loy

T T
800 1000

Frequency Frequency
Total N 521
Mann-Whitney U 36 970.500
Wilcoxon W 57 271500
Test Statistic 36 ,970.500
Standard Error 1 635.886
Standardized Test Statistic 284
Asymptotic Sig. (2sided test) .003

Figure 4.26: Results for “Air Quality” Question ®dth Respect to Certification Status

Independent-Samples Mann-Whitney U Test

Certified/Uncertified
Certified Uncertified

% N=317 N= 201 g
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1200 1000 BOO 6&0O 400 200 OO0 200 400 600 8OO 1000 1200

Frequency Frequency
Total N 518
Mann-Whitney U 33,788.500
Wilcoxon W 54089 500
Test Statistic 33,788.500
Standard Error 1 645,997
Standardized Test Statistic 1.173
Asymptotic Sig. (2sided test) 241

Figure 4.27: Results for the Sum of the Weightedr&s with Respect to Certification Status
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The median scores of “Air quality” question 1, U839, z=1.325, p=0.185; question 2,
U=35606.5, z=1.758, p=0.079; question 3, U=3188%5;0.398, p=0.691; question 4,
U=32540.5, z=0.012, p=0.990; question 5, U=32288) 205, p=0.838; question 6, U=32723.5,
z=0.197, p=0.844; question 10, U=21505.5, z=-0.5250.598; and the weighted-score sum,
U=33788.5, z=1.173, p=0.241, were not statisticdlfferent between certified and uncertified
malls since the p values were all greater than.OlG% meant that the temperature, air quality,
air flow, and humidity between certified and undextl malls were perceived to be the same.
The score for “Air Quality” question 11 for cergfi (mean rank=245.97) was significantly lower
than uncertified (mean rank=284.93), U=36970.5,.242, p=0.003. This meant that people
perceived the outdoor air quality around certifiadlls to be better than the outdoor air quality
around uncertified malls. Since there was a stedilstlifference between surveying inside and
outside of malls for question 11, it was importemverify that the percentages of questionnaire
surveyed inside and outside at certified and uifisgltmalls were similar to ensure that the
result was not skewed. Figures 4.28 and 4.29 shewpércentage of questionnaires surveyed
inside and outside at certified and uncertifiedImalhe percentage of questionnaires surveyed

inside certified malls (22.29%) seemed similar he fpercentage of questionnaires surveyed

inside uncertified malls (17.73%).
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Figure 4.29: Graph of Number of Questionnairesatddtified Malls with Respect to
Survey Location
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“Air Quality” questions 8 and 9 were analyzed witioss tabulations and chi-square test
for association. Since the cross tabulation resiatsquestions 8 and 9 did not violate the
assumptions of the chi-square test for associasoshown in Tables 4.9 and 4.11, respectively,
the chi-square test was used to analyze the qusest&8hown in Tables 4.10 addl2, the chi-
square test revealed that there were no statigtsiginificant associations between certified and
uncertified malls for question 8, Pearson chi-squgh) (2)=1.566, p=0.457, and for question 9,
v4(2)=3.121, p=0.210. The chi square-test gives as®aachi-squareyf) value, and the? value
is converted to a p-value (McLaughlin, 1996). Thealues were greater than 0.05, and

therefore the results for questions 8 and 9 melaat the responses to the questions were

independent of the certification status of the mall

Table 4.9: Cross Tabulation of “Air Quality” Questi8 and Certification Status

AQ8
Better Similar Worse Total
Certified Count 31 43 11 85
Expected Count 28.9 43.7 12.5 85.0
% within Status 36.5% 50.6% 12.9%| 100.0%
% within AQ8 83.8% 76.8% 68.8% 78.0%
% of Total 28.4% 39.4% 10.1% 78.0%
Uncertified Count 6 13 5 24
Expected Count 8.1 12.3 3.5 24.0
% within Status 25.0% 54.2% 20.8%| 100.0%
% within AQ8 16.2% 23.2% 31.3% 22.0%
% of Total 5.5% 11.9% 4.6% 22.0%
Total Count 37 56 16 109
Expected Count 37.0 56.0 16.0 109.0
% within Status 33.9% 51.4% 14.7%| 100.0%
% within AQ8 100.0% 100.09% 100.09%d 100.0%
% of Total 33.9% 51.4% 14.7%| 100.0%
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Table 4.10: Chi-Square Test of “Air Quality” Questi8 with Respect to Certification Status

Value df Asymp. Sig. (2-sided|)
Pearson Chi-Square 1.566 2 457
Likelihood Ratio 1.555 2 460
Linear-by-Linear Association 1.548 1 213
N of Valid Cases 109
Table 4.11: Cross Tabulation of “Air Quality” Quiest 9 and Certification Status
AQ9
Don't
Yes No Know | Total
Certified/Uncertifiec Certified  Count 235 52 34 321
Expected Count 236.60 46.2 38.2| 321.0)
% within
Certified/Uncertified 73.2%| 16.2%| 10.6%)]100.0%
% within AQ9 61.2%| 69.3%| 54.8%| 61.6%
% of Total 45.1%| 10.0% 6.5%)| 61.6%
Uncertified Count 149 23 28 200
Expected Count 147.4) 28.8 23.8| 200.0
% within
Certified/Uncertified 74.5% 11.5%  14.0% 100.0%
% within AQ9 38.8%| 30.7%| 45.2%| 38.4%
% of Total 28.6%| 4.4% 5.4%| 38.4%
Total Count 384 75 62 521
Expected Count 384.00 75.0 62.0 521.0|
% within
Certified/Uncertified 73.7% 14.4%  11.9%9 100.0%
% within AQ9 100.09% 100.0%9 100.0% 100.0%
% of Total 73.7%| 14.4%| 11.9% 100.0%
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Table 4.12: Chi-Square Test of “Air Quality” Questi9 with Respect to Certification Status

Value df Asymp. Sig. (2-sided|)
Pearson Chi-Square 3.121 2 210
Likelihood Ratio 3.157 2 .206
Linear-by-Linear Association 116 1 733
N of Valid Cases 521

The statistical tests for “Air quality” questions6land 8-10 and the weighted-score sum
showed that there were no significant differencepeaoples’ perception of IAQ of certified and
uncertified malls. The statistical test for “Air &lity” question 11 determined that people

thought the outdoor air quality was better arouedifted malls than around uncertified malls.

4.1.4. Comparing Certification Class — Good, Exclgnt, and Uncertified

Although there was no difference in the perceptafnmall IAQ with respect to
certification status, there could be differencesween the certification classes — ‘Good,
‘Excellent,” and uncertified. This could have hapdsecause many more questionnaires were
taken at good malls as compared to excellent nald the test results could have been
influenced more by the data of the good malls. liogketween the certification classes allowed
the data for excellent malls not to be overshadolsethe data for good malls. The data were
analyzed to explore whether or not people couldgiee differences in mall IAQ in regards to
certification class. The first dependent variallebe tested was the weighted-score sum. Since
the data had outliers as seen in Figure 4.18, aisaty variance (ANOVA) could not be used to
analyze the sum (Laerd Statistics, 2013f). Instda&lsum was analyzed with the Kruskal-Wallis
test to determine whether there were statistidé¢rdinces among the certification classes with
respect to the weighted-score sum. Table 4.13 suinesathe results of the test and Table 4.14

shows the medians of the sum with respect to théication class. To ensure that the Kruskal-
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Wallis test was valid for analyzing the median lvé data, the shapes of the distributions of the
data of the sum with respect to the certificatitass were examined to see if they were similar
(Laerd Statistics, 2013d). Based on visual inspectof Figure 4.30, the shapes of the
distributions were the same; therefore, the KrudKallis test was valid and was used for
analysis. The Kruskal-Wallis test showed that thees no significant difference among the
excellent Mdn=-2.00), good dn=-2.00), and uncertifiedMdn=-2.00) certification classes,

v¥(2)=1.754, p=0.416.

Table 4.13: Kruskal-Wallis Test Result for the Sohthe Weighted Scores with Respect to
Certification Class

Hypothesis Test Summary
Null Hypothesis Test Sig. Decision

The distribution of Sum of weighted
1 quest. is the same across categories
Certification Class.

Asymptotic significances are displayed. The sigaifice level is .05.

Independent-Samples 416 Retain the null
Kruskal-Wallis Test | - hypothesis.

Table 4.14: Median of Sum of Weighted Scores widlspect to Certification Class

Certification Class N Median

Excellent 73 -2.00
Good 244 -2.00
Uncertified 201 -2.00
Total 518 -2.00
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Independent-Samples Kruskal-Wallis Test

5007

0.00—

-5.00

Sum of weighted quest.

OOUI

-10.007
o

T T T
Excellent Good Uncertifizd

Certification Class

Total N 518
Test Statistic 1.754
Degrees of Freedom 2

Asymptotic Sig. (2-sided test) 416

1. The test statistic is adjusted for ties.
2. Multiple comparisons are not performed because the overall test does not show significant
differences across samples.

Figure 4.30: Boxplot of Sum of Weighted Scores viRsspect to Certification Class

“Air Quality” questions 1-6, 10, and 11 were als@abyzed using the Kruskal-Wallis test.
The summary of the tests for these questions aadd in Table 4.15, and the medians of the
data for these questions with respect to certibcatlass are located in Table 4.16. Figures 4.31
to 4.37and 4.39 show the boxplots of the questions wiipeet to the certification class. By
visual inspection of the boxplots, the shapes efdistributions for each question were similar,
except for question 11. According to the KruskaliNgaest results, there were no statistical
differences with respect to the certification cés# the medians of “Air Quality” question 1,
v¥(2)=2.785, p=0.248; question 2°(2)=3.931, p=0.140; question 3*(2)=0.173, p=0.917;
question 4y%(2)=0.588, p=0.745; question §(2)=0.527, p=0.768; and question§(2)=0.162,

p=0.922. Question 10 was statistically differentween the certification classeg(2)=7.737,
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p=0.021. A pairwise comparisons post-hoc test, showFigure 4.38, was conducted, and it
revealed that there were statistical differencesvéen ‘Excellent’ Mdn=4.00) and ‘Good’
(Mdn=3.00) classes (p=0.019) and between ‘Excellent ancertified idn= 3.00) classes
(p=0.05%0.05) but not between ‘Good’ and uncertified class&his meant that people
perceived the IAQ of ‘Excellent’ malls to be wotban that of ‘Good’ and uncertified malls and
that they perceived the IAQ of uncertified and ‘@omalls to be the same. Question 11 was
also statistically different between the certifioat classesy?(2)=9.273, p=0.010. The post-hoc
analysis, seen in Figure 4.39, showed that therg avatatistical difference between ‘Good’
(Mdn=4.00) and uncertified Mdn=4.00) classes (p=0.007) but not between ‘Good’ and
‘Excellent’ (Mdn=4.00) classes or between ‘Excellent’ and uncediftlasses. This meant that
the distribution of question 11 was not statisticdhe same between ‘Good’ and uncertified
classes. From visual inspection of Figure 4.38retheas more distribution toward the lower
score (better outdoor air quality rating) for ‘Goathss than for uncertified class. The result for
qguestion 11 could be skewed since there was aststati difference between surveying inside
and outside of the malls. Also surveying insideoaected for 17.73% of questionnaires at

uncertified malls, 2.63% at ‘Excellent’ malls, a?8.34% at ‘Good’ malls.
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Table 4.15: Kruskal-Wallis Test Results for “Air glity” Questions with Respect to

Hypothesis Test Summary
Mull Hypothesis Te=t Sig. Decision
The distribution of AQ1 raw is thel 1=PEndent Retain the
same across categories of l{ruskl:.lal- 248 null
Cerification Class. \iallis T st hypothesis.
The distribution of ADZ raw is thel <P 2hdent Retain the
same across categories of l{ruskl:.lal- A40 null
Cerification Class. \iallis T st hypothesis.
The distribution of AQ3 raw is thel <P 2ndent Retain the
same across categories of l{ruskl:.lal- A17 null
Cerification Class. \iallis T st hypothesis.
The distribution of AQ raw is they o ePendent Retain the
same across categories of Hruskpal- 45 null
Cerifization Class. \italliz T ast hypothesis.
The distribution of AQS raw is they o cPendent Retain the
same across categories of Hruskpal- JE2 null
Cerification Class. \ialliz Tast hypothesis.
The distribution of AQS raw is they o 2Pendent Retain the
same across categories of Hruskpal- A22 null
Cerification Class. \italliz Tast hypathesis.
The distribution of AQ10 isthe §ockendent Reject the
zame acrosz categories of Hruskl:.lal- L0217 null
Cerificzation Class. \ialliz Tast hypothesis.
C . Independent- .
The distribution of AQ11 is the Samoles Reject the
same across categories of Hruskpal- 010 | null
Cerification Class. \italliz T est hypothesis.

Asymptotic significances are displayed. The significance level is 05,
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Table 4.16: Mean, Standard Deviation, and MediaafQuality” Questions

97

AQl | AQ2 | AQ3 | AQ4 | AQ5 | AQ6
Certification Class raw raw raw raw raw raw | AQ10 [ AQ1l1l
Excellent Mean 3.75 4.14) 3.88 4.09] 3.86f 3.89] 3.76[ 3.76
N 76 76 74 76 76 75 76 76
[S)ted\}iation 1.060 1.042] .859| .955[ 1.140 1.021] 1.094| 1.118
Median 4000 4.000 4.000 4.000 4.000 4.000 4.00 4.00
Good Mean 3.62] 4.01] 3.89] 4.01] 396 3.84 3.36/ 3.63
N 247 247 246 246 247 246 246 244
[S)ted\}iation 1.037] 1.063] .895| .855| 1.061] .920| 1.169] 1.453
Median 4000 4.000 4.000 4.000 4.000 4.000 3.00 4.00
Uncertified Mean 3.771 4.18| 3.86] 4.02| 3.93] 3.86] 341 4.01
N 203 203 203 202 202 202 201 201
[S)ted\}iation 975 .927| .809| .785 1.012] .841| 1.069 1.356|
Median 4000 4.000 4.000 4.000 4.000 4.000 3.00 4.00
Total Mean 3.69] 4.09] 3.88 4.03] 393 3.85 3.44| 3.80
N 526 526 523 524 525 523 523 521
[S)te(:j\}iation 1.018] 1.011] .856| .843| 1.053 .904| 1.127] 1.380
Median 400 4.000 4.00] 4.00f 4.00f 4.000 3.00] 4.00
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Independent-Samples Kruskal-Wallis Test

7.00 o o
6.00 o ° <
2 5.00
E
& 4.00
g4
3.00
2.007
1.00 ? s #
Excellent Good Uncertified

Certification Class

Total N 526
Test Statistic 2.785
Degrees of Freedom 2

Asymptotic Sig. (2 sided test) 248

1. The test statistic is adjusted for ties. o
2. Multiple comparisens are not performed because the overall test does not show significant
differences across samples.

Figure 4.31: Boxplot of “Air Quality” Question 1 ¥ Respect to Certification Class

Independent-Samples Kruskal-Wallis Test

7.00 o -
5.00
% 500
E
5 -
g 4.00
3.00
2.007 o o
1.00 . 5
Excellent Good Uncertified
Certification Class
Total N 526
Test Statistic 3.931
Degrees of Freedom 2
Asymptotic Sig. (2-sided test) 40

1. The test statistic is adjusted for ties. o
2. Multiple comparisons are not performed because the overall test does not show significant
differences across samples.

Figure 4.32: Boxplot of “Air Quality” Question 2 thi Respect to Certification Class
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Figure 4.33: Boxplot of “Air Quality” Question 3 thi Respect to Certification Class

Independent-Samples Kruskal-Wallis Test

7.00 *
5.007 * *

z 5.00 * *

z

g 400+

g4
3.00 * *
2.00 L] * *
1.00 T + T

Excellent Good Uncertified

Certification Class

Total N 524
Test Statistic 588
Degrees of Freedom 2

Asymptotic Sig. (2-sided test) 745

1. The test statistic is adjusted for ties. o
2. Multiple comparisons are not performed because the overall test does not show significant
differences across samples.

Figure 4.34: Boxplot of “Air Quality” Question 4 ¥ Respect to Certification Class
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7.007

6.007

5.007

4.007
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2.007
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1.00
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Excellent Good
Certification Class

Total N 525
Test Statistic 527
Degrees of Freedom 2

Asymptotic Sig. (2-sided test) 768

1. The test statistic is adjusted for ties.

2. Multiple comparisons are not performed because the overall test does not show significant

differences across samples.
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Figure 4.35: Boxplot of “Air Quality” Question 5 thi Respect to Certification Class

Independent-Samples Kruskal-Wallis Test

7.00 o o
6.00 o ] o
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z
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g4
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Excellent Good Uncertifiec

Certification Class

Total N 523
Test Statistic 162
Degrees of Freedom 2

Asymptotic Sig. (2 sided test) 922

1. The test statistic is adjusted for ties.

2. Multiple comparisons are not performed because the overall test does not show significant

differences across samples.

Figure 4.36: Boxplot of “Air Quality” Question 6 ¥ Respect to Certification Class
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1. The test statistic is adjusted for ties.
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Figure 4.37: Boxplot of “Air Quality” Question 10ith Respect to Certification Class
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Pairwise Comparisons of Certification Class

Excellent
ana.62

Each node shows the sample average rank of Cerification Class.

Test Std.  Std. Test .
Statistic  Error  Statistic Sig.  Adj.Sig.

Samplel-Sample2

Good Uncertified -5 435 13.878 =392 B35 1.000
Good-Excellent 52316 19.188 273 00B 013
Uncertified-Excellent 46.881  19.654 2.385 017 051

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions
are the same.

Asymptotic significances (2-sided tests) are displayed. The significance level is .
05,

Figure 4.38: Pairwise Comparisons Post-Hoc Te$AnfQuality” Question 10 with Respect to
Certification Class
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Independent-Samples Kruskal-Wallis Test
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6.007 T

2.00
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4.00

3.00

2.007

1.00
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Certification Class

Total N 521
Test Statistic 9273
Degrees of Freedom 2

Asymptotic Sig. (2 sided test) 010

1. The test statistic is adjusted for ties.

Figure 4.39: Boxplot of “Air Quality” Question 11lith Respect to Certification Class
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Pairwise Comparisons of Certification Class

Good
24233

Excellent
257.64

Each node shows the sample average rank of Certification Class.

Test Std. S5td. Test

Samplel-Sample2 Statistic  Error Statistic Sig. Adj.Sig.

Good-Excellent 15306 19.3H41 791 423 1.000
Good-Uncertified -42.601  14.024 -3.038 0oz oov
Excellent-Uncertified -27.295 19.526 -1.377 169 506

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions
are the same.

Asymptotic significances (2-sided tests) are displayed. The significance level is .
0s.

Certification Class
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Figure 4.40: Pairwise Comparisons Post-Hoc Te$AnfQuality” Question 11 with Respect to
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“Air Quality” questions 8 and 9 were analyzed byitimg their data in cross tabulations
and by the chi-square test for association. Tahl@g and 4.19 are the cross tabulations, and

Tables 4.18 and 4.19 show the chi-square testtsesul

Table 4.17: Cross Tabulation of “Air Quality” Quiest 8 and Certification Class

AQ8
Better | Similar | Worse | Total
Certification Excellent Count 7 6 3 16
Class Expected Count 54 8.2 2.3 16.0
% within Certification | 5 sorl 37,500 18.8% 100.0%
Class
% within AQ8 18.9%| 10.7%| 18.8%| 14.7%
% of Total 6.4%| 5.5%| 2.8%| 14.7%
Good Count 24 37 8 69
Expected Count 23.4 35.4 10.1 69.0
% within Certification 34.8% 5360 11.6% 100.0%
Class
% within AQ8 64.9% 66.1%| 50.0%| 63.3%
% of Total 22.0% 33.9%| 7.3%| 63.3%
Uncertified Count 6 13 5 24
Expected Count 8.1 12.3 3.5 24.0
% within Certification 25.0% 54.2% 20.8% 100.0%
Class
% within AQ8 16.2%| 23.2%| 31.3%| 22.0%
% of Total 5.5%| 11.9% 4.6%| 22.0%
Total Count 37 56 16 109
Expected Count 37.0 56.0 16.0] 109.0
% within Certification | 5 gorl 51,406  14.79 100.0%
Class
% within AQ8 100.09% 100.0% 100.0% 100.0%
% of Total 33.9%| 51.4%| 14.7%| 100.0%
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Table 4.18: Chi-Square Test of “Air Quality” Questi8 with Respect to Certification Class

Value Df Asymp. Sig. (2-sided|)
Pearson Chi-Square 2.984 4 .560
Likelihood Ratio 3.013 4 .556
Linear-by-Linear Association 1.154 1 .283
N of Valid Cases 109
Table 4.19: Cross Tabulation of “Air Quality” Quiest 9 and Certification Class
AQ9
Don't
Yes No Know Total
Certification Excellent Count 47 13 15 75
Class Expected Count 55.3| 10.8 89| 75.0
% within Certification| o> 206l 17.304  20.0%| 100.0%
Class
% within AQ9 12.2%| 17.3% 24.2%| 14.4%
% of Total 9.0%| 2.5% 2.9%| 14.4%
Good Count 188 39 19 246
Expected Count 181.3 35.4 29.3| 246.0]
% within Certification) ¢ oel 1590  7.79%| 100.0%
Class
% within AQ9 49.0%| 52.0% 30.6%| 47.2%
% of Total 36.1%| 7.5% 3.6%| 47.2%
Uncertified Count 149 23 28 200
Expected Count 147.4 28.8 23.8] 200.0]
% within Certification] 2, soel 11506  14.006 100.0%
Class
% within AQ9 38.8%| 30.7% 45.2%| 38.4%
% of Total 28.6%| 4.4% 5.4%| 38.4%
Total Count 384 75 62 521
Expected Count 384.0 75.0 62.0[ 521.0]
% within Certification| -5 204l 14 404 11.99% 100.0%
Class
% within AQ9 100.0% 100.099 100.0% 100.0%
% of Total 73.7%| 14.4% 11.9%| 100.0%
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Table 4.20: Chi-Square Test of “Air Quality” Questi9 with Respect to Certification Class

Value Df Asymp. Sig. (2-sided|)
Pearson Chi-Square 11.963 4 .018
Likelihood Ratio 11.842 4 .019
Linear-by-Linear Association 1.185 1 276
N of Valid Cases 521

The test showed that there was not a statisticsigyificant association between
certification class and questiony8(4)=2.984, p=0.560. The chi-square test for quasdienight
not be reliable because 22% of the expected commits less than five and the chi-square test
assumes no more than 20% of the expected coubs less than five (Weaver, 2013). The chi-
square test revealed that there was a statistisaiyificant association between certification
class and question 9%(4)=11.963, p=0.018. More people thought that th@ in ‘Excellent’
malls was unsatisfactory than in ‘Good’ or uncertifmalls. Also, when asked if the IAQ was
satisfactory, more people were unsure in ‘Excellenalls than in ‘Good’ or uncertified malls.

Statistical tests showed that there were no statistifferences in the certification
classes for the weighted-score sum and “Air Qualgyestions 1-6 and 8. The results for
guestion 8 might be unreliable since it violatedest assumption. There were differences in
certification classes for “Air Quality” questions 20, and 11. For question 11, there was more
distribution toward the better outdoor air quatiéging for good malls than for uncertified malls,
and there were no differences between ‘Excellent &ood’ malls and between ‘Excellent’
and uncertified malls. However, the results forsjiom 11 could be skewed. For question 9,
more people thought that the IAQ was unsatisfacébexcellent’” malls than at uncertified and

‘Good’ malls. For question 10, the IAQ at ‘Excellemalls was rated lower than the 1AQ at
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‘Good’ and uncertified malls, and the IAQ at ‘Goadalls was ranked the same as the IAQ at
uncertified malls. It seemed that people thougatl&kQ of ‘Excellent’ malls was worse than the

IAQ at ‘Good’ and uncertified malls.

4.1.5. Comparisons of Malls —Mall 1 — 10

The malls were ranked to determine which mall helliest IAQ according to people’s
perception by analyzing the weighted-score sum. Miedian and mean of the weighted-score
sum with respect to the malls are located in Tdl®24. Since the data of the weighted-score sum
had outliers (see Figure 4.41), the ANOVA test doobt be performed so the Kruskal-Wallis
test was performed instead. The Kruskal-Wallis séstwved that there were statistical differences
between the mallg?(9)=10.912, p=0.282. The post-hoc test, seen inrEig.42, revealed that
there were differences between Mall 1@df=-2.00) and Mall 9 Mdr=-0.50) (p<0.001),
between Mall 1 ¥dn=-2.00) and Mall 9 (p=0.049), and between Mall 8 &mall 9 (p=0.025).
The post-hoc test also revealed that there werestatistical differences between the other
combinations of malls. Since Mall 9 had the highesdian (better overall IAQ-score median)
and had statistical differences between mallgensed that people perceived Mall 9 to have the
best IAQ. The other malls could not be ranked bseaere were no statistical differences
between them. Mall 9 was an uncertified mall yetwas rated higher than ‘Good’ and
‘Excellent’ malls. This implied that, based on pks perceptions, uncertified malls can have

good IAQ even though they have not gone througtification.
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Table 4.21: Mean, Number, Standard Deviation, awediih of the Sum of the Weighted
Scores with Respect to the Malls

Mall Mean N Std. Deviation Median

Mall 1 -2.27 49 3.200 -2.00
Mall 2 -2.00 24 2.126 -2.00
Mall 3 -2.07 100 2471 -2.00
Mall 4 -1.88 48 2.922 -1.00
Mall 5 -1.83 48 2.337 -2.00
Mall 6 -2.25 48 2.547 -2.00
Mall 7 -1.74 50 2.302 -1.00
Mall 8 -2.00 50 2.821 -2.00
Mall 9 -.56 50 2.032 -.50
Mall 10 -2.82 51 2.242 -2.00
Total -1.95 518 2.570 -2.00

Sum of weighted quest.

Independent-Samples Kruskal-Wallis Test

NETSEIET
TP T

I I I I I I
Mal1 Mall2z Malld Mald4 Mal3 Mallé

MallHumber

I I
Mall 7 Mall &

Total N

518

Test Statistic

24.497

Degrees of Freedom

Asymptotic Sig. (2sided test)

.004

1. The test statistic is adjusted for ties.

Figure 4.41: Boxplot of the Sum of the Weighted i8savith Respect to the Malls

I !
Mall & Mall 10
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Pairwise Comparisons of MallNumber Mall 6-Mall 5 23802 30294 786 432 1.000
Vg Mall 6-Mall 7 -30.148  29.990 -1.005 315 1.000
203.33
/ ‘\‘ Mall 6-Mall 9 -96.068 29.990 -3.203 0o 061
i" Mall 9
34037
R Mall 2-Mall 3 5324 33734 - 158 875 1.000
Mall 7
e 74.45 -
Mall 2-Mall 8 -13.299  36.855 - 361 718 1.000
Mall 2-Mall 4 -19.615  37.103 -E29 Bay 1.000
Mall 2-Mall 5 -21.833  37.103 -.588 BEE 1.000
Each node shows the sample average rank of MallMumber. Mall 2-Mall 7 -28.179  36.855 - 765 A45 1.000
Test Std. Std. Test s -
Samplel-Sample2 b e Sig. Adj.Sig.
Sty B Mall 2-Mall 9 94099 36855 2853 .01 480
Mall 10-Mall 1 39895 29688 1.334 182 1.000
Mall 3-Mall 8 -7.975 25706 -310 TR 1.000
Mall 10-Mall 6 40,989 29845 1.373 170 1.000
Mall 3-Mall 4 -14.290  26.060 -E48 583 1.000
Mall 10-Mall 2 42,938 36737 1.169 242 1.000
Mall 10-Mall 3 48262 25537 1.890 .0s8 1.000 Mall 3-Mall 5 i -634 5% 1.000
Mall 10-Mall 8 56237 29536 1.904 057 1.000 Mall 3-Mall 7 -22.855 25706 -.883 374 1.000
Mall 10-Mall 4 B2.552  29.845 2.096 036 1.000 Mall 3-Mall 9 88775 25706 -3.454 .001 .025
Mall 10-Mall 5 B4.771 29.845 2.170 030 1.000 Mall 8-Mall 4 £315 29990 211 833 1.000
Mall 10-Mall 7 71117 29536 2.408 016 722 __
Mall 8-Mall 5 8534 29990 285 7B 1.000
Mall 10-Mall 9 137.037 29.536 4.640 .ooo .ooo
Mall 8-Mall 7 14.880 29.E82 01 E16 1.000
Mall 1-Mall 6 -1.374 30133 -.046 964 1.000
Mall 8-Mall 9 -80.800 29.G82 2722 008 292
Mall 1-Mall 2 -3.342 36978 -.020 928 1.000
Mall 4-Mall 5 2219 30294 -073 942 1.000
Mall 1-Mall 3 -8.BBE  25.880 -.335 738 1.000
Mall 1-Mall 8 -16.641 29833 -.558 577 1.000 R e | azlel il LU s
Mall 1-Mall 4 27957 30139 _7E2 448 1.000 Mall 4-Mall 9 -74.485  29.990 -2.484 013 585
Mall 1-Mall 5 -25.176  30.139 -.835 404 1.000 Mall 5-Mall 7 6346 29990 -212 832 1.000
Mall 1-Mall 7 -31.621 29833 -1.057 291 1.000 Mall 5-Mall 9 72966 29.990 2410 016 718
Mall 1-Mall 9 97 441 29833 -3.266 o1 049
' Mall 7-Mall 9 65920 29682 22221 026 1.000
Ll 1.969  37.103 053 958 1.000 Each row tests the null hypothesis that the Sample 1 and Sample 2
distributions are the same.
Mall 6.Mall 3 7993 26.080 280 a0 1.000 gs%rsn.ptotic significances (2-sided tests) are displayed. The significance level
Mall 6-Mall 8 -18.268 29.990 -.509 B 1.000

Figure 4.42: Pairwise Comparisons Post-Hoc Tedthi®iSum of the Weighted Scores with
Respect to the Malls
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4.1.6. Analysis of “Air Quality” Questions 7, 7a12, 12a, and 13

Based on the 510 responses for question 7, alittlmmore than a quarter of respondents
(28.2%) have heard of the IAQ Certification Schef®m discussing with a specialist in IAQ
and environmental education, the expected percentdgeople who have heard of the IAQ
Certification Scheme was around 10% (V. Chan, PedsGommunication, February 2014). Of
the 144 respondents who said that they have hdatideoscheme, 140 of them responded to
guestion 7a (what is the certification class of tiiall?). About one-third of the 140 respondents
(33.6%) got the certification class of the mallythveere in correct, 42.8% got the certification
class incorrect, and 23.6% did not know the cesdtfon class. The results for question 7 and 7a
demonstrated that people, especially the youngeplpe have learned about the I1AQ
Certification Scheme.

Based on the 516 responses for question 12, alotfifths of respondents (40.5%) said
that the IAQ of shopping malls affected the amamtnoney they spent. One hundred nineteen
(119) of the 209 respondents that answered yesuéstigpn 12 answered question 12a which
asked the amount of increase in spending shoult®iQeof the mall improve. For question 12a,
the average percentage of more money they woulddspas +15.5%, the median was +20%,
and the mode was +20%. This illustrated that IAG wartinent to malls and improvement of
IAQ in malls would generate more sales.

For question 13 which asked about interest in @uon 1AQ, out of the 526 responses,
12.9% were interested in management, 23.6% in iwgnent, 4.8% in principle, 9.9% in
standards, 16.0% in malls, and 8.4% in offices. ihwo-fifths (40.9%) were not interested in
any IAQ courses. Courses on IAQ in hotels and honere suggested. The results revealed that

a majority of people had some interest in lear@bgut IAQ.
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4.2. Comparing Hong Kong’s IAQ Obijectives & International IAQ Guidelines

Objective 2 consisted of reviewing current Hong BdAQ Objectives and performing
comparisons with five countries’ IAQ guidelines.hel guideline values of Hong Kong's IAQ
Objectives are all given as eight hour time avesag8uidelines have units of parts per million
(ppm) or parts per billion (ppb) of the parameterasured, microgram per cubic meter (ud)/m
or becquerel per cubic meter (Bqjm If Hong Kong provided guideline values for thame
parameter in two different units, both guidelinesravincluded in the tables. Even though the
units are different, the guideline values were as=iito represent the same concentration and
are equivalently converted by the EPD. For the ganison, of the two classes (‘Excellent’ and
‘Good’) the guideline values of the parameters fBood’ class were used. ‘Good’ class
guidelines values were used because the valuessesyrthe maximum allowable values for
each of the parameters before the parameter isdawved unsatisfactory. As with Hong Kong, if
any parameter guidelines from WHO, Canada, Singgpdalaysia, Australia, or China were
given in two different units, both guidelines weneluded in the tables. The guidelines were
again assumed to be equivalently converted aneésept the same concentration. International
guidelines are all given as eight hour time avesagdess specified differently in the tables.

Carbon monoxide concentrations can be measuredits af ppm or pug/fh  Hong
Kong’s carbon monoxide guideline value for ‘Goodass is 8.7 ppm or equivalently 10,000
Hg/nt. Canada’s guideline values for carbon monoxi@e2s-ppm and 10 ppm for one hour and
24 hours respectively. Alternatively, Canada’sboar monoxide guideline values in units of
Hg/nt are 28,600 and 11,500 for one hour and 24 hospentively. Despite having guidelines
in the same units, it is difficult to compare Hakgng's carbon monoxide guideline to Canada’s
because the relationship between the concentrafioarbon monoxide over time is unknown. It

can be observed that Hong Kong’s eight hour timeraye guideline is between Canada’s
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guidelines for one hour and 24 hours. WHO, Singafamd Australia share the same guideline
value of 9 ppm or equivalently 10,000 pgfor carbon monoxide. Similarly, Malaysia, China,
and Canada share the same guideline value of 10opmmuivalently 11,500 pgfexcept for a
minor difference from Canada. The carbon monoguiéeline from Canada was specified as a
24 hour average rather than an eight hour aven&geMalaysia and China. Comparisons
indicate that Hong Kong’s guideline is on par willtee of the countries and better than the
guidelines of two countries. Table 4.22 below shdkes carbon monoxide guidelines for each
country and WHO. Values with an asterisk (*) weomerted and are equivalent to guidelines

established by the country or organization.

Table 4.22: Carbon Monoxide (CO) Guidelines

Country / Organization CO Guideline Tirrroei Qi\éit[ar?res)(if
Hong Kong?® 8.7 ppm 10,000 pg/m
WHO™’ *8.7 — 9 ppm 10,000 pg/m
25 ppm 28,600 pg/m 1 hr
Canad&® *°
10 ppm 11,500 pg/m 24 hrs
Singaporé 9 ppm 10,000 pg/m
Malaysi&® 10 ppm *11,500 pg/ni
Australia* 9 ppm 10,000 pg/m
China* 10 ppm *11,500 pg/ni

Respirable suspended particulate (RSP) guidelihgesawere all provided in units of
Hg/nt. RSP guideline valudsr Hong Kong, Singapore, Malaysia, and Australia 280, 50,

150, and 90 pg/frespectively. Singapore’s guideline was changewh f150 pg/mto 50 pg/n
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in 2009, a relatively low concentration in compansvith Hong Kong, because the government
of Singapore believed that this could be achievéth Wwetter air filtration systems (National
Environment Agency, 2010). No RSP guideline valwese recommended by WHO, Canada,
and China (see Table 4.23). Hong Kong’'s RSP gueelalue is the highest followed by

Malaysia, Australia, and Singapore.

Table 4.23: Respirable Suspended Particulates (B8@lglines

Country / Organization RSP Guideline
Hong Kond® 180 pg/m
WHO™’ N/A
Canada™ ™ N/A
Singapor& 50 pg/ni
Malaysi&® 150 pg/m
Australia* 90 pg/ni

China” N/A

Ozone concentrations can be measured in units mfgEm, or pg/mdepending on the
country. The Hong Kong guideline value for ozo@ood’ class is 61 ppb or 150 pgim
Canada’s recommended ozone concentration is 2@pH0 pg/m, three times lower than Hong
Kong's guideline. Malaysia and Singapore havehdistzed 120 pg/fhas the guideline value for
ozone which can be considered on par with Hong Kuith a difference of 30 pgfn
Australia’s ozone guideline value is 240 pghvhile China’s is 384 pg/fn both of which are
higher than Hong Kong's ozone guideline. Hong Kengzone guideline value is the third
highest among guidelines compared after China (8§47) and Australia (240 pgfp Hong
Kong’s guideline values along with internationaldglines converted to their equivalent values

in units of ppb, ppm, and pgfrare presented in Table 4.24 marked with an aktétjs
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Table 4.24: Ozone (§pGuidelines

Country / Organization O3 Guideline

Hong Kong?® 61 ppb *0.061 ppm | 150 pg/ni
WHO’ 60 ppb 0.06 ppm 150 pg/ni
Canadd™ *° 20 ppb *0.020 ppm 50 pg/m
Singapor® *49 ppb 0.05 ppm 120 pg/nd
Malaysig&® *49 ppb 0.05 ppm *120 pg/nt
Australid® *98 ppb *0.1 ppm 240 pg/n
China* *156 ppb 0.16 ppm *384 pg/nt

The guideline value for formaldehyde ‘Good’ clagddong Kong is 81 ppb equivalent to
100 pg/m. WHO also recommends a guideline value of 100nig/hile Canada recommends a

guideline value half of Hong Kong and WHO'’s guideli Singapore and Australia established a
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guideline value of 120 pgfinfor formaldehyde which when converted to unitsppin, is

equivalent to Malaysia and China’s recommended ejune value of 0.1 ppm. Comparisons
indicate that Hong Kong’s formaldehyde guidelin@mspar with WHO, worse than Canada, and
better than Singapore, Malaysia, Australia, andn&hiormaldehyde guidelines. Table 4.25
below shows the recommended formaldehyde guideforesach country and WHO. Guidelines

that were converted to units other than that preidy the country are marked with an asterisk

(*).
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Table 4.25: Formaldehyde (HCHO) Guidelines

Country / Organization Formaldehyde Guideline

Hong Kond?® 81 ppb *0.081 ppm 100 pg/m
WHO™’ *81 ppb *0.081 ppm 100 pg/m
Canad&® *° 40 ppb *0.040 ppm 50 pg/ni
Singapor& *96 ppb 0.1 ppm 120 pg/m
Malaysi&® *96 ppb 0.1 ppm *120 pg/nt
Australia* *96 ppb *0.1 ppm 120 pg/m
Chind* * 96 ppb 0.1 ppm *120 pg/nt

Radon’s guideline value for ‘Good’ class in Hongrigois set at 200 Bg/in Canada
established a recommended guideline value of 20tnBgs well making it on par with Hong
Kong's. Australia’s radon guideline of 200 Bd/is established as the annual average rather
than an eight hour average making it difficult twarately compare and draw conclusions. Hong
Kong and Australia’s radon guideline of 200 Bg/im double the WHO recommended radon
guideline of 100 Bg/th Singapore, Malaysia, and China currently haverempmmended
guideline values for radon.

Below, Table 4.26slidte radon guidelines for each country and

WHO.

Table 4.26: Radon (Rn) Guidelines

Country / Organization Rn Guideline
Hong Kong® 200 Bg/m
WHO™ 100 Bg/n
Canad®™ ™ 200 Bg/m?
Singapor& N/A
Malaysi&" N/A
Australid” 200 Bg/m (annual avg.)
China” N/A
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Total volatile organic compounds (TVOC) concentas can be measured in units of
ppb, ppm, or pg/f Hong Kong's ‘Good’ class guideline value for T@As set to 261 ppb or
600 pg/m. Canada provides two guideline values for TVOfe for target level and one for
action level. Canada’s target level, the TVOC coregion that should be aimed for, is 100
pg/nt. Canada recommends that action be taken at a TW@Eentration greater than 500
pg/nt. The two Canadian TVOC guidelines taken from @madian government department
Health Canada were observed to be relatively losomparison with Hong Kong. Hong Kong’s
TVOC guideline is above Canada’s target and acgomdelines. TVOC guidelines for
Singapore and Malaysia were taken from Singaporeergment Standard SS58bde of
Practice for Indoor Air Quality for Air-Conditioneduildings and Malaysian government
documentGuidelines on Indoor Environmental Quality (IEQ) f6overnment Office Buildings
and it was observed that the guidelines were higmpared to Hong Kong. A TVOC
concentration guideline value of 3,000 ppb is setSingapore and Malaysia which is over ten
times higher than Hong Kong’'s TVOC guideline, angfigant difference. The TVOC guideline
value for Australia is 250 pgfn When compared to Australia’s TVOC guideline, gdfong’s
guideline is more than double the concentration.HQVand China do not provide TVOC
concentrations for guidelines. Table 4.27 shows#dtommended TVOC concentration for each
country and WHO in the three different units. Gliltes converted to different units are marked

with an asterisk (*).
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Table 4.27: Total Volatile Organic Compounds (TVG&)idelines

Country / Organization TVOC Guideline
Hong Kong?® 261 ppb *0.261 ppm 600 pg/m
WHO™ N/A
*44 ppb (target |  *0.044 ppm 100 pg/m
level) (target level) (target level)
Canad& *°
*218 ppb (action|  *0.218 ppm 500 pg/n
level) (action level) (action level)
Singaporé& 3,000 ppb *3 ppm *6897 pg/ni
Malaysi&® *3,000 ppb 3 ppm *6897 pg/ni
14 . . 250 pg/m
Australia 109 ppb 0.109 ppm (target)
China” N/A

Carbon dioxide concentrations can be measured fim @pmg/mi. A concentration of
1,000 ppm for carbon dioxide is used for the Homané( ‘Good’ class guideline which is the
same as Malaysia’s recommended guideline value.ina®hrecommended carbon dioxide
concentration is 1,800 mg#mSince neither Hong Kong nor Malaysia provide ttiggiideline in
mg/nt, the conversion rate between mg/amd ppm is unknown. WHO, Canada, and Australia
currently do not have quantitative guideline valtmscarbon dioxide but recommend keeping

carbon dioxide levels as low as possible. Tab&8 helow shows the recommended carbon

dioxide concentration for each country and WHO.

Table 4.28: Carbon Dioxide (GPGuidelines

Country / Organization CO, Guideline
Hong Kong® 1, 000 ppm
WHO™’ N/A
Canada™ ™ N/A
Singapor& 700 ppm above outdoor concentrations
Malaysi&" 1, 000 ppm
Australid” N/A
China” 1, 800 mg/m
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Units for nitrogen dioxide concentrations can bé,pppm, or ng/m Hong Kong's
‘Good’ class guideline value for nitrogen dioxide80 ppb or equivalently 150 pgimWHO
recommended concentrations for nitrogen dioxider& hour and annually are 200 ug/amd
40 pg/ni respectively. Canada also provides short term lang term nitrogen dioxide
guidelines at one hour and 24 hours. At one h@anada recommends a nitrogen dioxide
concentration of 0.25 ppm equivalent to 480 fg/mAt 24 hours, Canada recommends a
nitrogen dioxide concentration of 0.05 ppm equimate 100 pg/m Again, a direct comparison
cannot be made between Hong Kong, WHO, and Canectaube of the difference in the time
averages but it is noted that Hong Kong’s guideforeeight hours is between the one hour and
24 hour guideline from WHO and greater than Carsadae hour and 24 hour guidelines. There
are currently no recommended nitrogen dioxide dundevalues for Singapore, Malaysia,
Australia, or China. Each countries’ and WHO’sagen dioxide guidelines are presented Table

4.29. Asterisked values (*) represent values trexevequivalently converted.

Table 4.29: Nitrogen Dioxide (N{pGuidelines

. o Time Average (if not
Country / Organization NO, Guideline eight hrs)
Hong Kong?® 80 ppb | *0.080 ppm | 150 pg/ni
*107 ppb | *0.107 ppm | 200 pg/m 1 hr
WHOlZ?
*20 ppb | *0.02 ppm | 40 pg/ni Annual
*250 ppb | 0.25ppm | 480 pg/m 1 hr
Canad&® *°
*50 ppb 0.05 ppm | 100 pg/nd 24 hrs
Singapor& N/A
Malaysi&" N/A
Australid” N/A
China” N/A
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Hong Kong dictates a maximum level of 1,000 CFfor airborne bacteria count in
order to be considered satisfactory. In Singapamd Malaysia, the maximum allowable
concentration for airborne bacteria is 500 CF¢)/half of the concentration dictated by Hong
Kong. WHO, Canada, Australia, and China currenditynot provide guidelines for airborne
bacteria count. Table 4.30 summarizes the airbbasteria guidelines for each country and

WHO.

Table 4.30: Airborne Bacteria Count (ABC) Guidesne

Country / Organization ABC Guideline
Hong Kong® 1,000 CFU/r
WHO™' N/A
Canad® © N/A
Singapor& 500 CFU/m
Malaysi&" 500 CFU/nt
Australia” N/A
Chind” N/A

Airborne fungi is the new parameter promised tartmduded in the next revision of the
IAQ Obijectives by the EPD so currently Hong Kong Im@ guideline value for airborne fungi.
WHO, Canada, Australia, and China also do not hgwieleline values for airborne fungi.
Singapore’s guideline value for airborne fungi @5CFU/nt and Malaysia’s is 1,000 CFU/m
(see Table 4.31).

Table 4.31: Airborne Fungi Guidelines

Country / Organization Airborne Fungi Guideline
Hong Kong® N/A
WHO™ N/A
Canad® © N/A
Singapor& 500 CFU/m
Malaysi&" 1, 000 CFU/m
Australia” N/A
Chind” N/A
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4.3. Recent IAQ Technology

The third and final objective of this project wasresearch and provide information on
the latest IAQ technology that seemed useful fondgdong shopping malls to use. This section
includes information on three different technolegieEnhanced Media Filtration (EMF)
technology, Photocatalytic Oxidation, and the Hamely IAQPoint2.

Mechanical Ventilation Air Conditioning (MVAC) syamis are used in commercial
buildings throughout Hong Kong, including shoppimglls. These MVAC systems typically
use High Efficiency Particulate Arresting (HEPA) flters to capture particles from the air. In
2003, theGuidance Notes for the Management of Indoor Air IiQuéGN) suggested that HEPA
filters be used in the MVAC systems that cool Hafang buildings (The Government of the
HKSAR IAQ Management Group, 2003b). HEPA air fidteare able to remove 99.97% of
airborne microorganisms as small as 0.3 micronke Standard size of particles air filters are
tested with is 0.3 microns because typically, thelest sized microorganisms in the air are
approximately 0.3 microns (IEQ Global, 2013b; Hup&s 2014). Despite HEPA filter's
impressive performance, it is useful to investightbere are more up-to-date air filters or other
products that could enhance the performance of M\&&€tems. This section discusses three
products that came up when investigating I1AQ tettuno Enhanced Media Filtration (EMF)

technology, Photocatalytic Oxidation, and the Hamely IAQPoint2.

4.3.1. Enhanced Media Filtration (EMF) Technology

EMF technology is more recent than HEPA technolaxgy there is a lack of professional
reviews done on the technology. However, from whanhufacturing companies that produce
and sell products with this technology have sam@, technology seems worth learning more

about. The following is a synopsis on the informatgathered about EMF technology from
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manufacturers’ websites and from sites where peapteable to buy products utilizing the
technology. EMF technology was developed with th8. Department of Defense in response
to the threat of germ warfare. EMF technology pies a media filter efficiency of 99.99% at
0.3 microns, while HEPA filters have an efficienafy99.97% at 0.3 microns. EMF filters also
kill microorganisms, getting rid of them for goolEQ Global, 2013c; HubPages, 2014). The
difference between HEPA and EMF filters is in thBFEfilter's sealed off filter chamber.
HEPA filters use a dense paper medium that camaldorne contaminants to build up around
a poorly sealed filter. A build-up of contaminaotcurs if the blower motor of the air handling
unit does not have enough power to effectively pushltered air through the HEPA filter.
These contaminants are then able to enter backhetair we breathe (HubPages, 2014). EMF
filters create airflow inside of a sealed filteraohber so that air particles get trapped insiddef t
chamber, with no chance of escaping back into tkeatbable air. After the chamber traps the
airborne contaminants, EMF Germicidal technologgats the contaminants. During the
germicidal treatment of the microorganisms the EMEr takes advantage of the high energy
field created by the air purification system td kiingi, bacteria, mold, and viruses by breaking
through their DNA (IEQ Global, 2013c; HubPages, 201

EMF technology has progressed from being a militachnology to being used in clean
room manufacturing processes where it is imporfantthe air to be completely free from
chemicals. Now, EMF technology is available fomit® office, and commercial use. The
United States Food and Drug Administration clasdifpurification systems that utilize the EMF
technology as Class Il Medical Devices. That metestechnology is advanced enough to
remove airborne particles for health and medicappses. HealthWay is a company that

produced the first air purification system with EMichnology (IEQ Global, 2013c).
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HealthWay tested its air purifier and real-timetjgég counters displayed reduction of airborne
pollutants in a room when the purifier was in ug) Global, 2013c).

Independent laboratories and organizations hawe telsted EMF technology, such as
Mount Elizabeth Hospital's Intensive Care Unit inn@apore and the National Indoor
Environmental Quality Research and Innovation, Indhe United States (IEQ Global, 2013b).
IEQ Global is the corporation that tested an EMFKifjmation system for Mount Elizabeth
Hospital. IEQ Global designs, manufactures, ampbes energy efficient products that adhere
to global standards (IEQ Global, 2013a). In respoto the test the hospital’s Chief Infection
Control Officer said:

The test results of the comprehensive air purificatrial and demonstration
for our Neonatal Intensive care unit proved tha EMF air purification

systems are able to improve the indoor air qudlitysignificantly reducing

small airborne particles and TVOC. The systemsade to trap and Kill

airborne organisms which are most beneficial to patients and staff
working in the ICU setting (IEQ Global, 2013Db).

The National Indoor Environmental Quality Reseaactl Innovation, Inc. is a for-profit firm
that researches IAQ and products meant to impréw@ (NIEQRI, 2004). The corporation
tested EMF Air Purification Systems to achieve 9%¢efficiency in the elimination of all virus-
sized (0.3 microns) airborne contaminants. Thwa fitso proved that EMF technology is capable
of breaking down the molecular structures of comamts, rendering them inert (IEQ Global,
2013b).

EMF filters can be purchased for about £68 onlindhaut buying an entire EMF Air
Purification System and they only need to be regmlaonce a year (Allersafe, 2014a;
BestBuysGroup, 2013). The EMF filter is 30 centieng or 12 inches in diameter (Allersafe,

2014b; Healthy Air, 2014).
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4.3.2. Photocatalytic Oxidation

Photocatalytic Oxidation is another new IAQ tedogg. It has been examined in and
written about in peer-reviewed journaBeétaillats et al., 2012; Kim & Yu, 2013)Photocatalytic
oxidation is a process in which UV light rays amaed at an air filter coated with titanium oxide
or another type of catalyst. When the UV lightgdyt the titanium oxide or catalyst, hydroxyl
radicals and super-oxide ions form. The super@xuhs are electrons that are highly reactive.
The ions hit other particles in the air, such astdr@a and volatile organic compounds (VOCSs)
and immediately combine with them. After the iotembine with their targets, chemical
reactions take place that oxidize the pollutanthisTbreaks down the pollutant’'s chemical
structure and results in by-products of carbon id@xand water molecules, making the air less
contaminated (PeakPureAir, 2013).

Photocatalytic oxidation is now the focus of Lamge Berkeley National Laboratory’s
Indoor Environment Department in the United Stat€ke department’s research aims to reduce
both VOCs in the air and energy use. The departnenéxperimenting with using the
Photocatalytic technology inside of HVAC systemsl gtans on doing studies with different
catalysts, other than the standard titanium oxitfevifonmental Energy Technologies Division,
2014).

Lawrence Berkeley National Laboratory, in conjumatwith Arizona State University in
the United States, did a research study on theatigitechnology. The goal of the study was to
evaluate the performance of a Photocatalytic Oladatir cleaner prototype under realistic
conditions such as, the presence of a VOC mixtundas to what is typically found in indoor
environments. The air cleaner prototype was algm®ad to flow conditions similar to those

experienced inside of buildings, i.e. the air védles created by heating, ventilating, air-
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conditioning (HVAC) systems. The study reported thmoval efficiencies of the major VOCs
that reside inside of buildings. Photocatalytiedaxion was reported to remove different VOCs
from the air with as much as 90 - 100% efficiendyhis efficiency may be increased after more
studies are done using different types of filtefie study also supported the feasibility of using
the oxidation technology inside of HVAC systerDg4taillats et al., 2032

A downside to the photocatalytic oxidation techiggias that the chemical reactions may
result in harmful byproducts. However, this tedogg is continuously being studied and

improved to address this setbabkegtaillats et al., 2012).

4.3.3. Honeywell IAQPoInt2
Honeywell IAQPoint2 is a monitoring device capablecommunicating with MVAC

systems released by Honeywell Analytics in 2012e Tanufacturers of the product provide
information on the specifications and abilitiestibé 1AQPoint2. Although this product is not
peer-reviewed, the information provided by the nfaawrers is a source Hong Kong shopping
malls may use to determine if looking more into pineduct is advantageous. IAQPoint2 offers
simultaneous triple monitoring capabilities withilbin sensors to detect temperature, relative
humidity, and either carbon dioxide (@Oor volatile organic compounds (VOCs). The
temperature, relative humidity, and €0r VOCs can be set to a specified level. When the
IAQPoiInt2 detects a level greater than the spetigeel, the IAQPoint2 can send signals to the
MVAC system to turn on or increase ventilation. tBa other hand, if levels are lower than the
specified level or the building is closed, IAQP@intan send signals to turn off the MVAC
system. This allows for energy efficient MVAC syste that only need to be turned on when
there is a demand for it. IAQPoint2 can be sentwdase ventilation during peak hours of the

day as well. IAQPoint2 communicates with MVAC sysgethrough either Building Automation
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Control network (BACnet) or Modbus (Honeywell, 201BACnet is also referred to as
ANSI/ASHRAE standard 135-2008 or ISO 16484-5 and developed by the American Society
of Heating, Refrigerating, and Air-Conditioning BEngers (ASHRAE) in 1995 (ASHRAE, n.d.).
BACnet is a “data communication protocol developéd.standardize communications between
building automation devices from different manufmets, allowing data to be shared and
equipment to work together easily” (BACnet Interoaél, 2013). Modbus was developed by
Modicon in 1979 as a messaging structure “to comoat@ between intelligent devices and
sensors and instruments” (Modbus Organization, 2014

IAQPoInt2 is flexible and can be installed on thell or in the air ducts of ventilation
systems. IAQPoint2 not only meets the ASHRAE 62thn8ards on demand-controlled
ventilation and energy efficiency but also OSHA astdte of California regulations on air
guality/safety and volatile organic compounds mamilg. ASHRAE 62.1 Standards are
internationally recognized and accepted standaais designing ventilation systems and
achieving satisfactory IAQ (ASHRAE, n.d.). IAQPdinttan be ordered online and costs

approximately $215 USD.

5. Conclusions and Recommendations

Conclusions drawn from questionnaire results appgeademonstrate that the IAQ
Certification Scheme is ineffective for shoppinglishvand that the Scheme makes no noticeable
difference in IAQ from a mall patron’s point of we However, this may not be true since all of
the conclusions of this study are based on pulgioion and not from scientific observations.
Due to the fact that the gases and bacteria mewitthrough the Scheme were not physically
measured for this study, it is unknown if the Schamhelping to lower levels of harmful gases

and bacteria in malls that people cannot detech sgcradon, nitrogen dioxide, and carbon
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monoxide. Nevertheless, the IAQ of ‘Excellent’ nsallere subjectively rated the worst even
though they were supposed to have better IAQ tlaod’ malls objectively. This might show
that the ‘Excellent’ malls do not maintain the upgeof IAQ after being certified, and it is
recommended that the indoor air of the ‘Excellendlls be physically measured to verify this
claim. If this claim is true, then the IAQ Certifition Scheme should implement more stringent
and frequent post-certification measures to enthaethe certified malls maintain satisfactory
IAQ. After showing the survey results to a repreéatve of this project’s sponsor, Business
Environment Council Limited, it was concluded thpeople’s awareness for the IAQ
Certification Scheme was higher than expected. ,/Alsovas found that many people are
interested in learning more about IAQ. The EPD $thairive to raise more awareness of the
Certification Scheme and take initiatives to mahke IAQ Information Centre more publicized
and accessible. This way, people who want to leaore about IAQ can be informed about the
resources available for them to do so.

Another recommendation results from a large peege of people surveyed who said
that they would spend more money in malls if th@l& the mall were improved. This should
be motivation for shopping malls to improve thed@Q and become certified through the IAQ
Certification Scheme. Not only could improving tmall's IAQ increase the amount of money
many of the mall's customers spend, being certifiedld allow the mall to advertise that they
have satisfactory IAQ, and possibly attract morgt@mers. Uncertified malls that have not gone
through the certification process before shoul@rafit to become certified, since the public
perceives the IAQ of uncertified malls to be asdjas that of ‘Good’ class and better than that
of ‘Excellent’ class malls. The public’s opinion$ the IAQ in uncertified malls may indicate

that uncertified malls meet the requirements toobex certified through the IAQ Certification
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Scheme though this cannot be proven without phigicaeasuring the IAQ parameters. If
uncertified malls were to become certified, thewldopotentially increase their revenue by
advertising their certification and attracting marestomers. In addition, becoming certified
could increase the malls’ profits by awarding theith BEAM credits.

From the comparisons of the Hong Kong IAQ Objeciweth WHO, Canada, Singapore,
Malaysia, Australia and China, it is recommendeat tihe EPD update the Hong Kong 1AQ
Objectives. For the most part, Hong Kong's IAQ €utives are on par or better than the
guidelines compared but there are a few paramétetsshould be improved. Namely the
parameters that justify an update of the IAQ Olbjest are respirable suspended particulates
(RSP), total volatile organic compounds (TVOC), amtborne fungi.

Comparisons showed that Hong Kong's guideline vaifi@80 pg/m for ‘Good’ class
RSP parameter is higher than RSP guidelines inapmg, Malaysia, and Australia. Hong
Kong's RSP guideline value is twice the guidelinggested by Australia and over three times
the Singapore guideline. Keeping the RSP guidalalee at 180 pg/icould lead to negative
consequences such as reduced lung function and b#ath effects as described in the
Background section. It would be wise for the ERDcbnduct investigations and consider
lowering the maximum allowable concentration of R@tmitted in order to be considered
satisfactory.

Another parameter that should be considered upgldtinthe EPD is TVOC. TVOC
causes respiratory tract irritation and increases ¢hances of cancer so exposure to high
concentrations is not recommended. Hong Kong’s TVvguideline value for ‘Good’ class is
600 pg/m. The Canadian government considers a concemtratier 500 pg/fhfor TVOC to

be concerning and recommends that action be taketower the TVOC concentration.
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Buildings in Hong Kong are certified as satisfagtand awarded ‘Good’ class if the building
complies with the Hong Kong TVOC guideline value &0 pg/mi. This means that by
Canadian standards, all certified ‘Good’ class dinds that are supposed to have satisfactory
IAQ need to investigate and eliminate sources ofOC/ Canada’s target concentration for
TVOC is 100 pg/mwhich is six times the current TVOC guideline valneHong Kong. Hong
Kong’s TVOC guideline value is also over two tintee Australian recommended guideline of
250 pg/m. It is recommended that the EPD determine a safeé appropriate TVOC
concentration for Hong Kong in order to properlotect its people from increased risk of
cancer.

Lastly, it is recommended that the EPD updategd¢ong’s IAQ Objectives to include
airborne fungi as an IAQ parameter as promised(@32 The EPD stated that in the next
revision of the IAQ Obijectives, a guideline valifes60 CFU/nt would be included for airborne
fungi. Research on international airborne fungidglines provided Singapore’s guideline of
500 CFU/m and Malaysia’s guideline of 1,000 CFUnas references. From these two
countries’ guidelines, a concentration of 500 CFUsmems to be an appropriate concentration
of airborne fungi to be considered satisfactoryirbérne fungi should be included in Hong
Kong’'s IAQ Objectives as soon as possible to prehealth effects from the harmful toxins of
airborne fungi.

Furthermore, it would be advisable for Hong Kong@mbing mall owners to look into
whether using EMF filters instead of HEPA filters MVAC systems is feasible. Switching to
EMF filters would be achievable if the dimensiorighe filter fit that of MVAC systems and if
the EMF filter would be able to function the sama&ywin a MVAC system as it does in an EMF

air purification system. If a shopping mall doed find that it is feasible to use EMF filters in
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MVAC systems as of the beginning of year 2014 nfadl should continue to stay updated on the
latest developments in EMF filtration in case tiierfs are adjusted such that it becomes feasible
in the future.

The mall owners should also keep an eye on theophtalytic oxidation technology,
especially regarding the next research studies Ogrie@wrence Berkeley National Laboratories.
Once the technology is improved to release lessanted by-products and is adjusted so that it
can be used inside of MVAC systems, mall ownerddc@erform a cost analysis study and
decide if they want to invest in photocatalyticaaedion technology.

Furthermore, it would be advisable for the mallnews to perform a cost analysis study
for the Honeywell IAQPoint2. They should determifigvesting in the Honeywell IAQPoint2
or other devices that utilize Building Automationor@rol network (BACnet) or Modbus
communication technology is worthwhile for them.

This project was an evaluation of two tasks undeng Kong's IAQ Management
Programme, the IAQ Certification Scheme and IAQ €byes. These tasks were evaluated
through the distribution of questionnaires, anaiyraof questionnaire data, and research on
IAQ Objectives and recent IAQ technology. The dosions and recommendations drawn from
this study will hopefully serve as resources fa tmprovement of the Certification Scheme and

IAQ Objectives which in turn will help to improvae IAQ in Hong Kong.
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Architectural Services Department

American Society of Heating, Refrigeratiagd Air Conditioning Engineers
Building Environmental Assessment Method
Becquerel per cubic meter

Building Related Illinesses

Degrees Celsius

Colony Forming Units per cubic meter

Carbon Monoxide

Carbon Dioxide

Danish Building Research Institute

Electrical and Mechanical Services Department
Environmental Protection Agency

Environmental Protection Department

Guidance Notes for the Management of Indoor Air Ii@uan Offices and Public
Spaces

Null Hypothesis

Alternative Hypothesis

Formaldehyde

Hong Kong Special Administrative Region
Heating, ventilating air conditioning

Indoor Air Quality

Meters per second

Mechanical ventilating air conditioning

National Institute of Occupational Safety ahehlth
Nitrogen Dioxide

Ozone

Ontario Interministerial Committee

p-value

Airborne Particulate Matter with diameter lesartlor equal to 2.5 pm
Parts per billion

Parts per million

Public Works Canada

Relative Humidity

Radon

Respirable Suspended Particles

Sick Building Syndrome

Mann — Whitney's U statistic

Temperature

EVALUATION OF HONG KONG'S INDOOR AIR QUALITY MANAGEMENT PROGRAMME: CERTIFICATION SCHEME, OBJECTIVES, AND TECHNOLOGY



149

TVOC Total Volatile Organic Compounds
VOC Volatile organic compound

WHO World Health Organization

z z-score
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Appendix A: Mission and Organization of the Sponsoring Agency

Business Environment Council Limited (BEC) is adapendent, non-profit membership
organization, established by the business sectbloimg Kong. Since its establishment in 1992,
BEC has been at the forefront of promoting envirental excellence by advocating the uptake
of clean technologies and practices which reducsteyaonserve resources, prevent pollution
and improve corporate environmental and socialaesipility. BEC offers sustainable solutions
and professional services covering advisory, rebearssessment, training and award programs
for government, business and the community, thusblerg environmental protection and
contributing to the transition to a low carbon ewmy.

The purpose of BEC is reflected in its missiortesteent: “To advocate environmental
protection amongst our members and the broader cotyn the uptake of clean technologies
and practices which reduce waste, conserve resguprevent pollution, and improve the
environment”. BEC partners with the governmentaémvince business leaders to implement
changes that will improve the quality of air, energfficiency, waste management, and the
waterfront. BEC offers a variety of services sashadvisory, research, assessment, training, and
award programs to support member businesses. Ugatiaining courses are offered in subject
topics of Green Building & Energy Efficiency, IndoAir Quality, Environmental Management
& Policy, Environment, Social and Governance Rapgrtand Green Living. Specifically for
indoor air quality (IAQ) is the first accredited @&cate Issuing Body (CIB) under the Hong
Kong Inspection Body Accreditation Scheme (HKIA8)cbnduct assessment, certify and audit
premises under HKIAS003- 1IS017020.

BEC has a broad range of connections with netwgrkipportunities with over 20, 000

businesses. BEC's strategic direction is govelmg@ board of directors drawn from leading
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multinational and local corporations, which is unthe leadership of Chairman, Prof. John Chai.
The BEC'’s professional team is under the leadershipe Chief Executive Officer, Ms. Agnes

Li. Throughout this project, we worked with Dr. Maica Chan who is a specialist in IAQ and
Programme Manager — Education. Dr. Chan teacla#sirtg courses to businesses to help

improve their management of indoor air quality.
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Appendix B: Questionnaires

Indoor Air Quality (IAQ) Questionnaire

Personal Information

1. Gender O male [ Female

2. Age D<21 D21—35 D35—45 D 46 - 64 DZBS

3. Residency O HKresident [ Tourist ( country: )
4

How much time did you spend in this building today?

r Quality

1. How does the air quality in this shopping mall affect you?

Very positively — 1 2 3 4 — No effect 5 B 7 —Very negatively
2. How is the air flow in this shopping mall?

Too strong—1 2 b 4 — Perfect 5 6 7 — No flow
3. How are the odours in the air of this shopping mall?

Very fragrant — 1 v o 4 — No smell 5 6 7 —Very smelly
4.  How is the humidity in this shopping mall?

Too humid — 1 2 3 4 — Perfect 5 6 7 —Too dry
5. How does the temperature in this shopping mall affect you?

Very positively — 1 2 3 4 — No effect 5 [ 7 —Very negatively

6. How is the temperature in this shopping mall?

Too warm — 1 2 3 4 — Perfect 5 6 7i

—Too cold
7. Have you heard of the Indoor Air Quality Certification Scheme?
Yes No
a. If you answered yes to Q7, which class do you think this shopping mall belongs to?
Good Excellent Uncertified Don't know
8. TOURISTS ONLY: how does the air in this shopping mall compare to the indoor air of malls in your country?
Better Similar Worse
9. According to your personal standards, is the air in this shopping mall satisfactory?
Yes No Don't know

10. Rate the indoor air quality in this shopping mall (1 being the best & 7 being the worst):
Best—1 & 3 4 5 6 7 —Worst

11. Rate the outdoor air quality around this shopping mall (1 being the best & 7 being the worst):
Best—1 2 3 4 3 (5} 7 —Worst

12. Does the indoor air quality of shopping mall affect the amount of money you spend?
Yes No
a. Ifyou answered yes to Q12, if the indoor air quality were improved in this mall, how would it affect the amount of
money you spend? (circle one)

-20% -70% -50% -30% -10% +10% +30% +50% +70% +90%
l | | | I
[ | I I I | [ \ I [ |
-100% -80% -60% -40% -20% no effect +20% +40% +60% +80% +100%
13. Are you interested in courses on indoor air quality in (check all that apply):
Management D Improvement D Principle D Standards
[ schools | Shopping Malls Ooffices Oothers

Additional Comments (i.e. how to promote or improve indoor air quality):

Figure B.1: Questionnaire English Version
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7 -RE
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+80% +100%

Figure B.2: Questionnaire Chinese Version
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Appendix C: Summary of Inferential Statistics

Explanation of inferential statistics

“Inferential statistics are the statistical procestuthat are used to reach conclusions
about associations between variables” (Bhattach@(4.2). They make conclusions, or
inferences, about a population from observatiors gdmple. In inferential statistics, “the results
of an analysis using a sample can [be] generalizefal the larger population that the sample
represents” (Crossman, 2014). Inferential stagstare explicitly designed to test hypotheses”
(Bhattacherjee 2012). Hypotheses can only betegjegith contrary evidence and also cannot
be accepted. Because a hypothesis of interest, alternative hypothesis, cannot be accepted, a
null hypothesis is created as the opposite of lieerative hypothesis. Evidence is used to reject
the null hypothesis to support indirectly the aitgive hypothesis. Inferential statistics are never
deterministic but always probabilistic becausedependent variable could be affected by many
extraneous factors (Bhattacherjee, 2012). Thestitai tests described in the methodology are

based on inferential statistics.

Explanation of descriptive statistics

Descriptive statistics are statistical procedunas visualize, describe, or summarize data
(Crossman, 2014; Laerd Statistics, 2013b). Deseestatistics include measures of central
tendency and measures of spread. Measures of lciemti@ncy describe “the central position of
a frequency distribution for a group of data” (ergean, median, mode) (Laerd Statistics, 2013b).
Measures of spread summarize “a group of data bgrieng how spread out the scores are”
(e.g. range, quartiles, range, variance, standarhtion) (Laerd Statistics, 2013b). Descriptive
statistics can only describe the data collectedcamiiot make any conclusions past the data

(Crossman, 2014; Laerd Statistics, 2013b).
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Explanation of statistical terms:

Significance leveld)

The significance levela, is “a fixed probability of wrongly rejecting theull
hypothesis...if it is in fact true (Easton & McColi,d.a). In other words, it is “the
maximum level of risk that we are willing to takkat our inference is incorrect”
(Bhattacherjee, 2012). The standard convention &et the significance level t6=0.05

(Easton & Mccoll, n.d.a).

p-value (p)

The p-value, or p, is “[tlhe probability that atstcal inference is caused [by] pure
chance.” If the p-value is less than the signifaalevela=0.05, there is “enough
statistical evidence to reject the null hypothesid thereby, indirectly accept[ing] the
alternative hypothesis.” If the p-value is gredalema=0.05, there is not enough
statistical evidence to reject the null hypothé¢Bisattacherjee, 2012).

Independent variable & dependent variable

“In an experiment, thendependent variables the variable that is varied or manipulated
by the researcher, and tliependent variablas the response that is measured. An
independent variablas the presumed cause, whereas diependent variables the
presumed effect” (Collier, n.d). The dependentalde is a variable that depends on an
independent variable (Laerd Statistics, 2013Q).

Independent sample & dependent sample

“Independent samples imply that the choice of sutbjéor one group, or sample, does
not depend on who is in the other group, or sanipdpendent samples occur when there

is a natural matching between the subjects in anepke and the subjects in the other
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sample.” For example, if the same individual isveyed at two different malls, the
scores for the two malls would be dependent (Hgymnd.).

Null hypothesis (k) & alternative hypothesis (¥
“The alternative hypothesis,;Hs a statement of what a statistical hypothessisis set

up to establish.” “The null hypothesisg,Hepresents a theory that has been put
forward...because it is to be used as a basis fonaggt, but has not been proved”
(Easton & McColl, n.d.a). kifor Objective 1 of this project is that people ©an
distinguish a difference in IAQ of certified andoantified malls. H is that people can
distinguish a difference in IAQ of certified andaantified malls. The results of the
statistical tests are always shown in terms ohthlehypothesis. klis either rejected in
favor of H, or is not rejected. If Klis not rejected, “this does not necessarily mean t
the null hypothesis is true, it only suggests thate is not sufficient evidence againgt H
in favour of H.” If Hg is rejected, this means that therHight be true (Easton &
McColl, n.d.a).

Variance
“The (population) variance of a random variableison-negative number which gives

an idea of how widely spread the values of the samdariable are likely to be; the larger
the variance, the more scattered the observationaverage.” Variance is the squared
value of the standard deviation (Easton & McCaldl.In)

Post-hoc test
Post-hoc is a Latin phrase meaning “after this.5tHwc tests are performed after tests

that determined the distribution of groups areidiaally different. The post-hoc tests
determine which pairs of values are statisticaliffecent from one another (Fernald,

2012)
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Parametric test & nonparametric test
“A parametric statistical test is one that makesuagptions about the parameters

(defining properties) of the population distributt{s) from which one’s data are drawn,
while a non-parametric test is one that makes b flssumptions.” Some parametric
tests, such as t-tests and ANOVA, assume that tuecs population is normally
distributed. A non-parametric test does not makeh sassumptions. Some examples of
non-parametric tests are the chi-square test faocsion, Kruskal-Wallis test,
Wilcoxon-Mann-Whitney test (Lowry, 2013b).

Ouitlier
“An outlier is an observation that lies outside theerall pattern of a distribution”

(Renze, 2014)

Cross Tabulation
A cross tabulation, also known as a contingencletab used to analyze categorical data.

It is a two dimensional table that records the digtcy of response (Qualtrics, 2011).
Examples of cross tabulations are Tables 4.17 &l 4

Mean Ranks
Mean Ranks are used in the Mann-Whitney test. berdening mean ranks, all the

values are ranked from low to high, disregardingvkich group each value belongs. The
lowest value is assigned a rank of “1.” The grdatesnber is a signed a rank of “n,”

where “n” is the total number of values in bothgse. The ranks are averaged in each
group, and the averages are the mean ranks. &g ranks of both groups have a large

difference, the p-value will be small (GraphPadt®afe, 2013).
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Explanation of statistical tests

Analysis of variance (ANOVA)
The one-way ANOVA a statistical test used to deteemwhether or not there are

statistical differences among the averages of thmeee independent groups. However,
the one-way ANOVA cannot determine which groups statistically different, and
Tukey’'s HSD test is required to do so (Laerd Stiags2013f). ANOVA assumes that the
dependent variable has propertied of an intenakesthat the samples are randomly and
independently collected from the population; thaiche group’s data are normally
distributed; that the groups have approximatelyavaes; and that there are no outliers in
any of the groups (Laerd Statistics, 2013a; Lo\&13a).

Tukey’s HSD test

The Tukey’s HSD test is a post-hoc test that isdooted after there are statistical
differences found among the groups by ANOVA. The&kd@yls HSD test determines
which two groups are statistically different (La&thtistics, 2013f).

Kruskal-Wallis test & pairwise post-hoc test

“The Kruskal-Wallis test is the non-parametric altgive to the one-way ANOVA and is
used to determine whether there are any statistisajnificant differences between the
distributions [or medians] of three or more indegmmt (unrelated) groups.” The only
assumption for the Kruskal-Wallis test to give didraesult is that “the shape of the
distribution of scores in each group should besdr@e” or similar. If the Kruskal-Wallis
test determined that there are significant diffeesn a pairwise comparisons post-hoc test

was conducted to see which pairs differed (Laedd3d).
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Independent t-test
Similar to ANOVA, “[tlhe independent-samples t-te used to determine if a

[statistical] difference exists between the meafstweo independent groups on a
continuous dependent variable. The independent lsanrt@st assumes that the variable is
continuous and dependent; that the independenablaris categorical with only two

groups, that the samples were independently ardbraly selected; that there are be no
outliers in the two groups of the independent \@Heawith respect to the dependent
variable; that the dependent variable is approxetgahormally distributed for each

independent group; and that the variance is theesareach independent group (Laerd,
2013c).

Chi-square test for association

“The chi-square test for association tests for Wwhettwo categorical variables are
associated. Another way to phrase this is thattdss determines whether two variables
are statistically independent” (Laerd, 2013a). @hksumptions chi-square test are that the
two variables being tested are nominal; that theme two or more groups in each
variable; that each sample is independent; and fibamore than 20% of the expected
counts are less than 5 and all individual expectathts are 1 or greater” (Laerd, 2013a;
Weaver, 2013). If the p-value is less than the iB@ance level, then there is a
statistically significant association between theables (Laerd, 2013a).

Mann-Whitney U test

The Mann-Whitney test is the non-parametric alteveaest to the independent-samples
t-test. The assumptions of the test are that thezeonly two variables, one dependent
variable continuous or ordinal and one independariible that has two categorical and

independent groups; that the samples were indepdgpdad randomly drawn; and that
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the distributions for both independent groups hsiaglar shape. The test determines if a
statistical difference exists between the mediahswo independent groups on a
continuous dependent variable, if the assumptioasiat violated. If the only assumption
that distributions of the two groups are similavislated, the test determines whether the

mean ranks/distributions are statistically différ@raerd, 2013c).
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