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Purpose: To analyze and characterize a multidisciplinary, integrated indoor air quality checklist for
evaluating the health risk of building occupants in a nonindustrial workplace setting.

Design: A cross-sectional study based on a participatory occupational health program con-
ducted by the National Institute of Occupational Safety and Health (Malaysia) and Universiti
Putra Malaysia.

Method: A modified version of the indoor environmental checklist published by the Department
of Occupational Health and Safety, based on the literature and discussion with occupational
health and safety professionals, was used in the evaluation process. Summated scores were given
according to the cluster analysis and principal component analysis in the characterization of risk.
Environmetric techniques was used to classify the risk of variables in the checklist. Identification
of the possible source of item pollutants was also evaluated from a semiquantitative approach.
Result: Hierarchical agglomerative cluster analysis resulted in the grouping of factorial compo-
nents into three clusters (high complaint, moderate-high complaint, moderate complaint), which
were further analyzed by discriminant analysis. From this, 15 major variables that influence
indoor air quality were determined. Principal component analysis of each cluster revealed that
the main factors influencing the high complaint group were fungal-related problems, chemical
indoor dispersion, detergent, renovation, thermal comfort, and location of fresh air intake. The
moderate-high complaint group showed significant high loading on ventilation, air filters, and
smoking-related activities. The moderate complaint group showed high loading on dampness,
odor, and thermal comfort.

Conclusion: This semiquantitative assessment, which graded risk from low to high based
on the intensity of the problem, shows promising and reliable results. It should be used as an
important tool in the preliminary assessment of indoor air quality and as a categorizing method
for further IAQ investigations and complaints procedures.

Keywords: office, indoor environment quality, indoor air quality assessor, Industry Code
of Practice on Indoor Air Quality, indoor guideline, sick building syndrome, odor, IAQ

assessment

Introduction

In tropical regions such as Singapore, Thailand, and Malaysia, indoor air quality
(IAQ) issues are very challenging in building design, engineering, and facility
management. The high humidity and temperatures experienced in countries near the
equator increase the risk of thermal discomfort, moisture problems, and other indoor
air issues.! In Malaysia, a published updated legislation was implemented in 2010
when the Department of Occupational Safety and Health (DOSH) under the Ministry
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of Human Resources launched the Industry Code of Practice
on IAQ (ICOP-IAQ), with the primary aim of ensuring that
employers work voluntarily in assessing risks of IAQ in the
workplace.? Generally, good T1AQ is required for a healthy
indoor work environment. Poor IAQ can lead to variety of
short-term and long-term health problems. Health problems
commonly associated with poor IAQ include respiratory
problems, eye irritation, sinusitis, allergic reactions, pneu-
monia, and bronchitis. IAQ problems occur in buildings
that are commonly served by a mechanical ventilating and
air conditioning (MVAC) system (called a heating, ventila-
tion, and air conditioning system in four-season countries;
the heating element is not useful in tropical regions), eg,
air-cooled split unit.?

There are many sources of indoor air pollutants; one of
the most common sources is environmental tobacco smoke
emitted from the burning of tobacco products. Environmental
tobacco smoke is one of the major issues discussed among
researchers in Malaysia that directly affect the indoor air
in the office.’> Beside environmental tobacco smoke, other
various chemical substances may directly influence the qual-
ity of air served by an MVAC system, eg, volatile organic
compounds emitted from the use and application of solvents,
ozone emitted from photocopiers and laser printers, and
formaldehyde emitted from furnishings.'#>

In recent years, many occupational health and safety
(OSH) professionals have been aware of, and concerned
about, the IAQ issues in their nonindustrial workplace.
However, a challenge arose when OSH professionals had
difficulty in “predetermining” the air quality served by
MVAC. The ICOP-IAQ standard was drawn up to ensure that
employees and occupants are protected from poor IAQ that
could adversely affect their health and wellbeing and thereby
reduce their productivity. As stipulated under section 15 of the
Malaysian OSH Act 1994, the code (ICOP-IAQ) functions as
the general duties of employers and self-employed persons
to their employees; however, section 17 stipulates that it
is also the general duties of employers and self-employed
persons to persons other than their employees. Based on this
justification, some difficulties and challenges arose for OSH
professionals in regards to determining whether or not their
building is healthy.

Therefore, a way to easier quantify risk elements indoors
is needed. Besides the preventive medicine approach, IAQ
issues as stated in [COP-IAQ also emphasize the duties of
an occupier of a place of work to persons other than his
employees, as stipulated in section 18 of the OSH Act 1994.
An occupier is a person who has management or control of

the place of work. This stipulation covers persons who are
not employees but go to an occupier’s premises to carry out
work. Compliance to this ICOP can be used as evidence of
good practice in a court.>?

As governments seriously implement this code and
standard, many engineers and OSH professionals encounter
a big challenge in determining the [AQ risk. Some research-
ers suggest that engineers and building owners should take
positive/preventive action by installing ultraviolet germi-
cidal irradiation devices to reduce the risk of microbial
contaminants,® and implement a good plan of preventive
maintenance, surface treatment, and air purifiers.” Many
engineers suggest OSH researchers should come up with a
scoring method that quantitatively correlates with the level
of indoor pollutants.®

Therefore, there is a need to quantify the risk element
for indoor air pollutants by using a published checklist that
is validated according to the existing occupational exposure
samples. To understand the pollutants in the indoor envi-
ronment, researchers suggest that common pollutants exist
indoors for several reasons, eg, occupant activities, inad-
equate material or material with technical defects used in the
construction of the building, work performed in the indoor
environment (eg, carpet cleaning), excessive or improper
use of normal products (eg, pesticide, disinfectants, products
used for cleaning and polishing), combustion gases (eg, from
smoking), and cross-contamination coming from other poorly
ventilated zones.®®

Environmetrics is an important branch in environmen-
tal sciences, analytical chemistry, and modern statistical
modeling that uses multivariate techniques to analyze
data — described by some researchers as chemometrics.’
Environmetrics is a cost effective technique with good
strategies and scientifically sound statistical interpretation
of complex environmental monitoring data.' Environ-
metric analysis can be used to develop more meaningful
information from public, environmental, and occupational
health monitoring data. Environmetric methods can provide
sufficient informative classification of samples (observa-
tions) or identification of pollution sources and sampling
locations. 13

Environmetrics has also been used to evaluate and char-
acterize environmental quality data (water, air, land) and to
detect spatial variations caused by environmental or natural
factors.!®!7 Recently, environmetric techniques have become
a significant device in environmental and occupational health
to evaluate and reveal complex relationships of data in a
wide discipline of public, environmental, and occupational
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hygiene applications.'®!"” Hierarchical agglomerative cluster
analysis (HACA) and the principal component analysis
(PCA) with factor analysis (FA) are the common environ-
metric methods used in the evaluation of environmental
monitoring data.”® Besides PCA and FA, discriminant analy-
sis (DA) is commonly being used as a supporting analysis
to make a confirmatory analysis for HACA and PCA, and
sometimes for statistical pattern recognition.?! Dissimilar
pattern recognition methods help to reduce the complication
of data and to ensure that the analysis will better interpret
the environmental data.?>?

The objective of this study was to evaluate and char-
acterize the risk element of IAQ using the IAQ checklist
and environmetric methods. The environmetric evaluation
includes clustering the pollutants according to its group
and PCA for assessing the correlation between items in the
checklist.

The data in this study are taken from the IAQ monitor-
ing program (semiqualitative assessment) of 2010-2011.
Environmetric methods were used to identify the influence of
itemized pollutants on the IAQ checklist. From the informa-
tion obtained in this study, a critique on the IAQ checklist
methodology will be further used as a reliable instrument
to predict the IAQ index in an indoor environment. This
specific article will focus on clustering, managing, and
identifying the element of risk of itemized pollutants that
influence indoor environmental quality issues, whether good,
moderate, or bad. By using three components of multivariate
analysis — HACA, DA, and PCA, the major influence of the
pollutants will be summarized and further analyzed with
the quantitative data. Comparison of the quantitative data
(indoor air monitoring data) and the semiquantitative data
will be presented elsewhere.

Material and methods

Description of the IAQ checklist

The TAQ checklist was firstly developed by Syazwan et al
using a multidimensional action checklist to evaluate and
suggest important criteria that may influence a building’s
IAQ.? The new multidimensional TAQ checklist that was for-
mulated consists of seven core areas, nine technical areas, and
71 essential items.® In addition to the technical areas covered
from the previous ICOP checklist, several new areas were
suggested to improve the IAQ checklist. The constructed IAQ
checklist, based on the literature and discussion with OSH
professionals, identified the main items characterizing risk
to IAQ: pollution, ventilation, human exposure to pollutants,
and other factors.

Description of study samples

The checklist was distributed and given to OSH practitioners,
architects, engineers, general workers, and occupational
health researchers at the National Institute of OSH
(Malaysia). In Malaysia, most OSH practitioners, general
workers, architects, and engineers need to update their
knowledge on safety and health through continuing educa-
tion at the National Institute of OSH. About 130 checklists
were distributed at the center and 102 completed checklists
were successfully obtained.

Complete IAQ assessment was proposed to each of the
102 respondents (ie, 102 buildings), and the quantitative
and health-related complaint data were further collected.
Additional samples of the IAQ assessment program were
also collected from a different type of predetermined indus-
try under the OSH Act 1994 to further develop the IAQ
risk matrix. Data on the quantitative and risk matrix will be
presented elsewhere.

The checklist evaluation

The evaluation of the checklist aimed to determine how
occupants complain about the general IAQ condition in
their workplace (nonindustrial setting such as office) and
the quantitative level of pollutants conducted by the TAQ
assessor. The general idea of this exercise was to score each
checklist (published by DOSH; scoring method suggested
by previous researcher) and compare it with the quantita-
tive level of the pollutants. This mechanism will help small
and medium enterprises and other general office areas to
predetermine the condition of IAQ as good, moderate, or
bad, and thus initiate a detailed quantitative testing of the
airborne pollutants indoors.

This checklist evaluation will cluster the total perceived
complaints, discriminate the level associated with the clus-
ters, and determine the factors influencing the complaints.
This method will allow a general overview of the suspected
source of pollutants to be further compared with the quantita-
tive data gathered using scientific instruments, and the risk
matrix of [AQ to be produced.

Statistical analysis

Environmetric methods — namely, HACA, PCA, FA, and
DA — were used to study the variations and major fac-
tors that influence the level of IAQ variables (from the
checklist) and to determine the possible origin of pollu-
tion generated indoors or elsewhere. HACA, DA, PCA,
and FA were conducted using XLSTAT-Pro 2010 for
Microsoft Excel® (Addinsoft, New York, NY) and IBM®
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SPSS version 15.0 for Windows (IBM SPSS, Armonk,
NY). All variables were found to be significantly different/
correlated if P < 0.05.

Cluster analysis

HACA was used to explore the combination of the sites
(spatial) to represent the condition of the occupants’ facility.
It has been previously suggested that HACA is commonly
used for classifying and categorizing cases or variables
(observations/samples) into different clusters by comparing
their homogeneity level within class and the heterogeneity
level between classes, with inclusion and exclusion criterion
selected by the researcher.?** Ward’s method is commonly
used with the application of Euclidean distances as a mea-
suring point of similarity within HACA.?>?%?" The results
from HACA are usually illustrated with a dendogram, which
presents the arrangement of clusters.?® The Euclidean dis-
tance (linkage distance) is typically reportedas D, /D __,ie,
linkage distance divided by maximal distance. The amount
is frequently multiplied by 100 as a strategy to regulate the

linkage represented by the Y-axis.!>!

DA and index summated score

DA is a multivariate statistic for determining the variables
that discriminate among two or more naturally happening
clusters/groups. It develops a discriminant function for each
category as described by Johnson and Wichern.? Discriminant
functions are calculated using the following equation:

F(G) =k +Y w,P,
j=1

In this equation, 7 is the number of categories/classes/
groups (G), k, is the constant factor in each group,  is the
parameters used to classify the data set into a predetermined
group, and w; is the weight coefficient, known as discriminant
function analysis to a given parameter (Pl_j). In this study, DA
was applied to establish whether the groups fluctuate with
regard to the mean of a variable, and to use that variability
to forecast group membership.

The multivariate DA was then analyzed using raw data
in standard, forward stepwise, and backward stepwise
modes. These methods were used to obtain the discriminant
function value and then evaluate their variations in the IAQ
checklist items. The location/type/name of the building
(spatial) represented the dependent variables, while all the
measured parameters (IAQ checklist questions) represented
the independent variables. In the forward stepwise mode,

variables were added step by step, starting with the most
important variable until no significant changes were obtained
(P > 0.05). In the backward stepwise mode, variables were
removed step by step, starting with the less significant
variable until no significant changes were obtained.

Three groups, classified by cluster analysis, were
selected for spatial analysis (complaints perceived by OSH
personnel — high complaint [HC], moderate-high complaint
[MHC], and moderate complaint [MC]). Justification for the
classification of the complaint was based on the summated
score obtained for each sample divided by the highest risk
available, eg, summated score of 25 divided by 25 [total
score for worst scenario — five complaints, score of five
for the worst situation], to form an index.?*3! Based on this
method, the index can be calculated which shows the relative
difference between each cluster. Based on the evaluation
of the index, the HC group scored between 0.41-0.56 with
mean =+ standard deviation of 0.46 = 0.057 (the high mean
indicates that the level of complaint will be the highest, ie,
more than 50%), the MHC group scored between 0.19-0.47
with mean + standard deviation of 0.34 £ 0.069 (consider-
able high mean, but below the highest), and the MC group
scored between 0.28-0.43 with mean + standard deviation
0f 0.34 £ 0.026 (based on the mean projection near to MHC;
however, other classification considered due to variation of
the standard deviation). The classification of HC, MHC,
and MC was solely based on the perceived complaint index
(suggested by the previous checklist)® developed during the
analysis of the whole data set.

PCA/FA

PCA is the most useful blueprint recognition technique in
the evaluation of this specific IAQ checklist that is usually
tied with HACA. It gives important information on the
most significant parameters (most prominent values, thus
P < 0.05) due to variations that occur in the data set by
excluding the less important parameters.'>'” The PCA can
be expressed as:
Zz/ = al.lxll. + aizxz/, + -0+ al.mxm/.

In this equation, z is the factor score, « is the factor load-
ing, x is the calculated value of the variable, i is the factor
number, j is the section number, and m is the total number
of variables. FA is usually applied to interpret complex data
matrix (large numbers) and offers a promising detection of
similarities among variables or samples.* The principal
components generated by PCA are sometimes not really
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interpreted; rotation of the principal components is needed,
eg, by varimax rotation. Eigenvalues greater than one are
considered to be significant,® which is one of the key ele-
ments in the varimax rotation for forming a new group of
variables named varimax factors (VFs). VF coefficients
greater than 0.75 are considered as “strong,” 0.75-0.50 as
“moderate,” and 0.50-0.30 as “weak” significant factor
loadings.'®** Identification of the factors that influence the
TAQ of the indoor environment was made on the basis of
different activities in the building and previous literature.
The basic concept of FA is expressed as:

Zy = a/‘lfli + a/'zfzi toeet ajmfmi te;

In this equation, z is the calculated value of a variable, a is
the component loading, fis the factor score, e is the excess
term accounting for errors or other sources of deviation, 7 is
the sample number, j is the variable number, and m is the
total number of factors.

In this study, PCA/FA was used to analyze the data sets
(23 variables) independently for the three different spatial
IAQ conditions (complaints) — HC, MHC, and MC — as
classified by cluster analysis. The input data matrices
(variables X cases) for PCA/FA were 68 x 9 for HC, 68 x 120
for MHC, and 68 x 44 for MC.

Results
Semiquantitative score classification
based on the IAQ checklist

This section discusses the present values of IAQ parameters,
using the IAQ checklist,® in order to classify the factorial
IAQ parameters/components based on HACA. HACA was
performed on the TAQ semiquantitative data set to evaluate
variation among the respondent responses. A summary of the
buildings being assessed is shown in Table 1.This analysis
resulted in the grouping of factorial components into three
clusters/groups (Figure 1). The cluster analysis shows the
grouping of three important categories, merged into one
significant group (Figure 1). This group represents cluster 1/
HC (due to the highest index number scored by respondents),
cluster 2/MHC (due to the pattern of the index number scored
by respondents that was nearly the highest scored; this was
to ensure the correct classification can be made upon further
multivariate testing), and cluster 3/MC (due to the lower
index summated scores recorded among respondents; this
cluster was categorized as medium class due to its potential
numerical model to achieve high values). Cluster 1 represents
the HC from early observations, cluster 2 represents the MHC

Table | General building characteristics of the study samples

Variables Item Frequency (%) Mean (SD)
Age 7.36 (3.81)
Sector Construction 3(29)
Factory 10 (9.8)
Services 10 (9.8)
Education 18 (17.6)
Government 21 (20.6)
Local authority 9 (8.8)
Healthcare facilities 13 (12.7)
Private sector 3(29)
Agriculture 9 (8.8)
Oil and gas 6 (5.9)
Ventilation Split unit system 23 (22.5)
Centralized unit system 68 (66.7)
Mix (centralized and I1(10.8)
split unit system)
History of Minor/no issues 21 (20.6)
complaint Moderate/medium 62 (60.8)
Major/many episodes 19 (18.6)
Carpeting No 60 (58.8)
Yes 42 (41.2)
Other IEQ- No issues 29 (28.4)
related issues  Minor issues 58 (56.9)
Moderate issues 15 (14.7)

Abbreviations: |[EQ, indoor environmental quality; SD, standard deviation.

from observations in the middle, and cluster 3 represents the
MC from observation end.

This result shows that a single assessment of IAQ by
semiquantitative approach, only one complaint risk index in
each cluster, is needed to correspond to a logically accurate
TAQ assessment for the whole assessment exercise. Cluster
analysis reduces the need for extended hygiene sampling and
quantitative assessment. Monitoring from three complaint
indexes is sufficient for a clear understanding of pollutants.

Figure 1 shows the cluster of the three main complaints
given by HACA and the possible pollution sources within
the study classification (according to building complaints).
The clustering method produced three groups/clusters in a
very simplified way, as the respondents in these groups have
similar distinctiveness when using semiquantitative evalua-
tion. All items in Figure 2 indicate a summary of the findings
in the evaluation of spatial DA by respondents scored.

To study the variation among OSH representatives, DA
was analyzed on the raw data of the IAQ checklist and divided
into three main groups defined by cluster analysis. Groups
of HC, MHC, and MC were defined as dependent variables,
while TAQ checklist parameters were treated as independent
variables. DA was analyzed using standard, forward stepwise,
and backward stepwise methods. The accuracy of classification
using standard, forward stepwise, and backward stepwise mode
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Figure | Dendogram of the observation result of cluster analysis using Ward’s method.

Abbreviations: D, , linkage distance; D__, maximal distance.

link”

discriminant function analysis was 96.08% (15 discriminant
variables), 98.04% (20 discriminant variables), and 96.08%
(28 discriminant variables), respectively (Table 2).

Using standard DA, fungal (Figure 2A), air freshener
(Figure 2B), hazardous substance (Figure 2C), radiant
heat (Figure 2D), window heat index (Figure 2E), dead
air (Figure 2F), occupant change (Figure 2G), furnishings
odor (Figure 2H), gas (Figure 21), supply (Figure 2J), noise
(Figure 2K), general (Figure 2L), conduct (Figure 2M),
TAQ assessment conducted (Figure 2N), and interest in
IAQ (Figure 20) were found to be the significant variables
(variables were found to be significant at P < 0.05).

Forward and backward stepwise modes included another
5-13 parameters with high variation. Fifteen selected IAQ
checklist parameters that gave high variations (P < 0.05) by
standard stepwise DA were then used for further discussion
and testing for PCA and FA.

PCA was used on the data set to observe the pattern
between the IAQ checklist and the factors influencing each
of the identified complaint classifications (HC, MHC, and
MC). Seven principal components were obtained for HC
and seventeen principal components were obtained for the
other two complaint classifications (MHC and MC), with
eigenvalues larger than one summing 95.44%, 86.73%, and
88.74% of the total variance in the data set, respectively. Cor-
responding VFs, variable loadings, and variance explained
are presented in Table 3.

Discussion

Variation of |AQ checklist numerical
index calculation

General variation of the study demonstrated by environmetric
techniques is described elsewhere.*>3¢ The spatial element
of the data represents the condition of the building and is
a major indicator for the IAQ analysis condition, ie, could

Table 2 Classification matrix for discriminant analysis of spatial
variations in indoor air quality checklist evaluation

Sampling % correct Group assigned by DA
complaint HC MHC MC
Standard DA mode (15 variables)

HC 87.50 7 0 |
MHC 93.75 0 45 3
MC 100 0 0 46
Total 96.08 7 45 50
Forward stepwise mode (20 variables)

HC 100 9 0 0
MHC 95.83 0 46 2
MC 100 0 0 45
Total 98.04 9 46 47
Backward stepwise mode (28 variables)

HC 100 9 0

MHC 93.75 0 45 3
MC 97.78 0 | 44
Total 96.08 9 46 47

Abbreviations: DA, discriminant analysis; HC, high complaint; MC, moderate
complaint; MHC, moderate-high complaint.
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Figure 2 Box and whisker plots of some parameters separated by spatial discriminant analysis associated with the indoor air quality checklist. The parameters include:
(A) fungal, (B) air freshener, (C) hazardous substance, (D) radiant heat, (E) window heat index, (F) dead air, (G) occupant change, (H) furnishings odor, (I) gas, (J) supply,
(K) noise, (L) general, (M) conduct index (IAQ issues in company), (N) indoor air quality conduct, and (O) interest.

Abbreviations: HC, high complaint; IAQ, indoor air quality; MC, moderate complaint; MHC, moderate-high complaint.

predetermine IAQ-related symptoms in buildings. To evaluate
the cluster, the data was computed to produce an index score
as described by Syazwan.>®

HC description of response

from IAQ checklist

Among the seven VFs, VF1 explaining 30.64% of the total
variance, had strong positive loadings for complaints on
discoloration, drain pan condition, ventilation, intended
use of building, detergent, renovation, renovation during
working hours, prescribed activities, alteration of air flow,
kitchen/pantry condition, cleanliness, dustiness, dusty
ventilation, MVAC turning off, outside air near carpark,
heavy industries nearby, odor, general IAQ (poor), IAQ
condition (poor), and IAQ assessment. These factors show

strong linkage between [AQ issues and human response.
Building deterioration, ventilation, cooling coil, and drain
pan condition is a good indicator of a building having IAQ
issues. It has been suggested that the problems of most
buildings is due to the ventilation.*” Intended usage of
the building has also been shown to be a good indicator.
Insufficient evaluation by the previous owner of building
usage and cleanliness leads to the high scoring of pol-
lutants and complaints from occupants due to the health
risk threat when working inside. Renovation also creates
a possible link between health risk and comfort,*® which
suggests that work permits and hazard identification prior
to renovation or activities that pose a health risk should
be conducted by OSH professionals. Another aspect influ-
encing the HC group classification in VF1 was the intake
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Table 3A Factor loadings after Varimax rotation for HC

DI D2 D3 D4 D5 Dé6 D7

G_ | Perception_Odor —-0.06 0.15 0.46 0.79 0.36 —-0.05 0.07
G_20dor —0.52 0.82 0.18 —-0.12 0.0l 0.02 0.12
G_3Dirty —-0.53 0.47 —-0.07 0.45 0.02 0.40 0.37
G_4Fungal -0.09 -0.86 0.17 0.26 -0.24 0.26 0.19

G_5Discoloration -0.79 -0.33 -0.24 0.45 —-0.02 0.06 -0.03
G_é6Drainpan_Cooling —-0.85 -0.37 0.11 -0.19 0.05 0.27 0.11

G_7Ventilation —-0.82 0.05 0.24 —-0.01 —-0.21 0.03 0.47
G_8BlockageVent -0.16 0.04 0.09 0.20 0.19 0.93 0.17
G_9Temperature 0.29 0.68 0.15 0.07 0.30 0.33 0.47
G_100vercrowding —-0.40 0.63 -0.24 -0.09 0.47 -0.35 -0.20
G_| IFilters -0.33 0.07 0.18 0.01 0.06 0.01 0.92
G_12 AirCleaners —-0.54 0.14 0.36 0.00 -0.10 -0.10 0.74
G_ I13HazardousSub -0.52 —-0.07 0.62 0.10 -0.42 0.27 0.29

G_14Mechanical_Room -0.13 0.10 0.10 0.56 0.06 0.31 0.74
G_|5DampnessProb -0.21 -0.74 —0.43 0.29 —0.18 0.30 0.11

HE_2 WorkHours -0.43 -0.42 —-0.32 0.69 0.22 0.13 0.06

HE_3Thermostat 0.15 0.94 0.02 0.16 -0.20 0.15 0.02
HE_4ThermoStat_Regulate -0.08 0.68 0.11 0.22 -0.33 -0.59 0.10
HE_5HeatRadiant 0.02 —0.42 0.37 0.63 —0.11 -0.30 0.44
HE_6HeatFrom_Window -0.34 0.57 0.04 -0.08 0.31 —-0.65 0.18
HE_7RHTemp_Check —-0.04 0.84 —0.44 0.08 -0.17 -0.23 0.12
HE_8 AirDead —-0.50 —0.34 0.19 0.08 -0.38 -0.24 0.63
HE_9IntendedUse 0.88 0.21 -0.22 0.26 0.07 —-0.08 -0.23
HE_10 Partition 0.38 -0.76 0.46 0.12 0.19 —0.04 0.12
HE_ 1 1Occupnt_Change 0.59 -0.20 0.32 —-0.04 0.32 -0.13 -0.63
SR_ISmoking -0.20 —-0.09 0.89 -0.15 0.17 0.31 0.11

SR_2Furnish_Odor —0.16 0.91 0.31 0.05 0.16 0.00 0.14
SR_3Detergent 0.95 0.12 0.00 0.26 —-0.05 0.12 —-0.02
SR_4Reno 0.80 0.29 -0.20 —-0.38 0.28 -0.13 —-0.06
SR_5Reno_WorkHour 0.88 -0.38 0.02 -0.29 0.05 0.00 0.02
SR_6Prescribe 0.62 —0.44 —0.47 -0.25 0.35 —0.11 —0.08
SR_7 AlterAirFlow 0.93 0.03 0.17 -0.23 —-0.06 —0.14 —0.17
SR_8 Kitchen 0.93 0.03 0.17 0.23 —-0.06 -0.14 -0.17
SR_9Clean —-0.66 0.41 0.44 -0.23 —0.14 0.17 0.33

SR_10Dust 0.55 0.54 0.28 0.04 0.46 0.34 -0.07
SR_I'1Vacum 0.32 —-0.09 0.22 0.07 0.91 0.02 —-0.04
SR_120ffGases —-0.34 —-0.64 0.15 0.18 0.23 0.15 —-0.59
VE_IType 0.24 0.44 —-0.02 —0.01 0.83 -0.23 0.08
VE_2SuppDif 0.30 —-0.02 -0.29 0.28 —0.44 —-0.30 -0.67
VE_3Blockage —-0.06 —0.01 —0.28 0.80 -0.13 —0.18 —0.47
VE_4Dust —-0.85 0.09 0.33 —-0.32 —0.11 0.02 0.19

VE_5TurnOff_Day 0.80 —0.51 0.26 -0.02 0.18 -0.02 0.07
VE_6TurnOff_OutOffice 0.14 -0.01 0.96 0.08 0.07 -0.22 0.02
VE_70A_Intake —0.07 0.88 —0.04 —-0.43 —0.18 —0.03 —0.05
VE_80OA_Duct_NearBuild 0.59 0.75 —0.19 0.00 —-0.09 0.20 0.06

VE_9OADuct_Street 0.41 0.30 0.08 0.79 —-0.25 0.24 —-0.02
VE_I0OADuct_Obstruct 0.11 0.89 0.00 0.39 0.00 0.19 0.10
VE_IIOA_Duct_CarPk 0.96 0.01 0.12 0.13 0.24 —-0.02 0.01

VE_I3Heavylnd_Near 0.99 0.05 —-0.03 0.07 0.02 0.07 —0.02
VE_ |4Constuction_Near 0.10 0.68 0.20 0.03 0.58 0.08 0.37
VE_I50AGolnside -0.11 -0.03 0.43 0.35 0.66 0.46 0.19

VE_|6Schedule 0.28 0.70 0.18 0.01 0.50 -0.35 —0.14
VE_17CheckLeak —0.10 0.89 0.33 0.26 0.14 -0.07 0.02
VE_18 AHU_housekeep —-0.17 —0.07 0.91 0.22 0.22 —0.11 0.18

(Continued)
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Table 3A (Continued)

DI D2 D3 D4 D5 D6 D7
IAQP_IOut_Odor 0.30 —-0.04 0.38 0.65 0.33 0.28 0.39
IAQP_2 dayOdor 0.82 0.14 —-0.26 0.08 —0.41 0.24 -0.07
IAQP_3Freshness -0.39 0.66 -0.14 -0.13 0.06 0.58 0.17
IAQP_4InOdor 0.44 0.82 -0.20 0.25 0.14 0.00 -0.09
IAQP_5In_dayOdor 0.29 0.00 0.05 0.05 -0.88 -0.35 0.13
IAQP_6Freshness_In —0.66 0.61 0.18 0.13 -0.06 0.24 0.29
IAQP_7noise 0.06 0.91 0.0l -0.22 0.19 0.13 0.25
IAQP_8lighting -0.31 0.37 0.78 0.14 —0.07 0.16 0.33
ICOP_IGeneral -0.85 —-0.01 0.41 —0.06 0.10 -0.30 -0.09
ICOP_2ConductlAQ 0.04 0.54 0.40 0.70 -0.15 0.14 0.04
ICOP_3IAQCond -0.55 0.41 0.36 0.28 -0.43 -0.18 0.33
ICOP_4ConductlAQWhy -0.76 -0.25 0.22 0.08 0.27 0.20 0.44
ICOP_5Interest 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ICOP_6SBS -0.24 -0.91 0.04 -0.25 -0.01 0.10 0.20
Eigenvalue 20.53 17.71 9.21 6.43 5.44 4.62 v3.05
Variability (%) 30.64 26.44 13.75 9.60 8.12 6.90 4.56
Cumulative% 30.64 57.08 70.82 80.42 88.54 95.44 100.00

Abbreviations: G, General; HE, health effect; SR, source of contaminants; VE, ventilation; IAQP, indoor air quality perception; ICOP, industry code

of practice (ICOP-IAQ).

of “fresh air.” Limited understanding of the IAQ and air
handling unit (AHU) as the main source of fresh and clean
air can lead to them being the major source of pollutants.’**
Odor-related complaints is a very good example of human
senses indicating the existence of chemical pollutants in
the indoor environment.*’

VF2, explaining 26.44% of the total variance, had
strong positive loading for complaints on fungal-related
issues, namely, odor, fungal, temperature, overcrowding,
dampness, thermostat, partition, fresh air intake, and
other freshness-related complaints (Table 3B), thus
representing the influence of fungi, mold growth, and
temperature/humidity issues inside the building. Com-
plaints related to dampness, sick building syndrome,
temperature, and humidity are a precursor to mold
growth. The basic principle of microbial agent growth
consists of five important elements: mold spores (which
are already in the air), nutrients (cellulose dust and starch),
temperature (5°C —50°C), relative humidity (>70%), and
oxygen. Humidity and temperature above or below the range
of the suggested guideline indicates that the MVAC needs
to be inspected.?*1:4?

VEF3, explaining 13.75% of the total variance, had
strong positive loadings for complaints on hazardous
substance, smoking, AHU housekeeping, and ergonomic
factors — lighting. VF3, within the HC classification, can
be credited to the lack of policy and awareness of TAQ
and its effect on people. For example, in Malaysia, the
smoking ban policy has not been regulated successfully

in commercial establishments and, as a result, the major-
ity of OSH complaints (as presented in this paper) related
to HC might be due to smoking. In government buildings
nowadays, strong implementation of a smoke-free environ-
ment has been established and enforced by the Ministry of
Health, local authorities, and occupational health-related
authorities.

VF4, explaining 9.60% of the total variance, had strong
positive loadings for complaints on radiant heat, ventilation
blockage, location of building, and IAQ awareness. This can
be explained by taking into consideration the large number
of people in Malaysia who do not really understand the TAQ
concept and the majority of workers who do not care about
the indoor environment they stay and work in.® Not only is
radiant heat influenced by poor building design, it reflects
the poor understanding and implementation of “green” ideas
among architects and engineers.

VF35, explaining 8.12% of the total variance, had strong
positive loadings for complaints on vacuuming/cleaning activi-
ties in the office, ventilation diffuser status (dirt and block),
and odor-related fresh air. This reflects the poor management
of cleaning activities in the use of green products to clean the
office environment, ducting, and diffuser. Researchers have
shown that the diffuser condition (dusty) indicates poor filtra-
tion causing excess dust to be deposited on the diffuser, which
can lead to sickness and absenteeism if not cleaned.**#

VF6, explaining 6.90% of the total variance, had strong
positive loadings for complaints on window heat and
ventilation blockage. VF7, explaining 4.56% of the total
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variance, had strong positive loadings for complaints
on filters, air cleaners, and mechanical room. These factors
are mainly due to poor response and maintenance by
building owners/facilities managers, who are not making
the health and safety of their occupants their main priority.
This is supported by previous studies that showed poor
response of facilities managers to IAQ, only responding
once a problem had occurred.>** Therefore, a proactive
and enhancement program is needed for owners/managers
to understand the concept of IAQ and the effect of poor
building management.

MHC description of response
from IAQ checklist

VF1, explaining 27.75% of the total variance, had strong
loadings for complaints on ventilation, filters, air cleaners,
dampness, dead air, air flow, and leak, and weak/moderate
positive loadings for complaints on furnishings odor, general
odor sense, offgassing material, and lighting (Table 3B).
These factors could be caused by chemical components from
various indoor activities and poor management of diluting
the pollutants through maintenance of the AHU/mechanical
rooms.”** VF2, explaining 9.10% of the total variance,
showed strong positive loadings for complaints on fungal,
radiant heat, smoking, fresh air intake, and highly congested
street. These factors are related to fungal/microbial airborne
contaminants and particles related to the IAQ. Congestion,
high traffic, and poor positive pressure from inside the build-
ing can lead to the outdoor air being introduced into the indoor
environment. VF2 shows moderate/weak loading on ventila-
tion blockage, which is described as keeping the indoor air
intact with no outdoor air seeping in.>*#! Outdoor air pollut-
ants can seep into the indoor environment, as suggested by an
epidemiologic study regarding IAQ in public transport.*

VF3, explaining 6.08% of the total variance, had strong
positive loadings for complaints on odor, temperature, and
outside air, and moderate positive loading for complaints on
temperature. Strong positive loadings on odor, temperature,
and outside air is suspected to originate from poor testing,
adjusting, balancing, and commissioning of the building,
which can be happen when the system is altered after changes
in occupancy or management.>*-3

VF4, explaining 5.80% of the total variance, had posi-
tive loadings for complaints on renovations and prescribed
activities, and moderate/weak loading for complaints on odor.
These complaints related to projects conducted indoors that
posed a health risk and lacked good engineering management,
eg, renovation within occupied buildings and renovation

without exhaust fans. This can lead to strong odors and
may cause discomfort for building occupants. It has been
suggested that renovation increases the risk of developing
irritation from prescribed activities conducted when a build-
ing is occupied by two to four times.®*¢!

VF5, VF6, and VF7, explaining 5.31%, 4.47%, and
4.01% of the variance, respectively, had strong positive
loadings for complaints on freshness of air, general IAQ, TAQ
assessment conducted, mechanical room/s, reason for TAQ
assessment, odor, dirty, and drain pan. All these elements
strongly suggest a poor IAQ program and poor management
of AHU in the buildings. Poor AHU maintenance can lead to
the accumulation of dust, poor retrofitting of the filters, and no
suitable treatment to stop slime growth on the cooling coils,
all of which lead to the poor efficiency of air flow from the
main duct.® As a result, occupants will receive insufficient
fresh and clean air from the supply diffuser. This will lead
to sick building syndrome and related airborne illnesses such
as dry throat, eye irritation, and discomfort.

VE8 and VF9, explaining 3.65% and 3.16% of the total
variance, respectively, had strong positive loadings for
complaints on discoloration, cleanliness, and IAQ assess-
ment conducted, and weak/moderate negative loadings for
complaints on working hours and duct obstruction. High
loading on discoloration related to poor housekeeping.
Management should ensure that the building cleaning
program is in order and advise the cleaners to maintain a
good indoor environment.

VF10, explaining 2.76% of the total variance, had strong
positive loading for complaints on hazardous substance
detergent. This issue is highly related to the use of strong
detergent with a chemical composition that is hazardous to
health. Building owners and safety officers should be aware
of chemicals even when used for cleaning purposes, and
mitigate and manage their use accordingly through chemical
health risk assessment monitoring.

VF11,VF12,VF13, and VF 14, explaining 2.42%, 2.33%,
2.32%, and 2.13% of the total variance, respectively, had
strong loadings for complaints on ventilation type, industrial
area nearby, noise, and odor, and weak loading for complaints
on air freshness. Strong loading for complaints on ventilation,
industrial, noise, and odor are suspected to originate from old
or inefficient AHU/mechanical rooms. Proper testing, adjust-
ing, balancing, and commissioning of the AHU is needed
to maintain efficiency in diluting pollutants and removing
outdoor pollutants.’383%34

VF15, VF16, and VF17, explaining 2.04%, 1.81%, and
1.69% of the total variance, respectively, had strong loadings
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for complaints on temperature check, construction nearby, duct
location, interest in IAQ), and sick building syndrome (Table 3B).
These elements are suspected to influence the loading due to
rapid development growth with poor management of IAQ in
existing buildings. In a developing country, new buildings,
an increasing number of cars, and rapid movement of people
increase the chance of pollutants dispersing into the indoor
environment, especially from nearby sources. Good monitoring
practice and continuous environmental monitoring with data
logging is crucial in helping building managers alert the nearby
construction site/authorities to regularly inspect and check for
factors that can affect other buildings’ TAQ.%

MC description of response
from IAQ checklist

VF1, explaining 12.52% of the total variance, had strong
positive loadings for complaints on fungal, discoloration,
and dampness, and moderate positive and negative loadings
for complaints on ventilation blockage, kitchen, construction
nearby, and diffuser blockage. The presence of high loadings
on fungal, discoloration, and dampness are highly corre-
lated with high humidity and temperature in the buildings.>
Negative loadings of diffuser and ventilation blockage are
highly correlated with the awareness of the occupants who
adjust the diffuser of the air conditioning system to control
the air flow, thus disturbing the centralized flow. Previous
studies have suggested that air flow is related to the diffuser
performance and better efficiency is strongly associated with
testing, adjusting, balancing and commissioning.>¢’

VF2, explaining 10.67% of the total variance, had strong
positive loadings for complaints on IAQ odor and indoor odor.
This is highly associated with fungal-related chemical disper-
sion, as described by previous researchers in regards to mold
volatile organic compounds that can be emitted through the
growth of fungal and other microbial contaminants.”#+5%5

VF3, explaining 9.34% of the total variance, had strong
positive loadings for complaints on thermostat and type of
ventilation, and negative loading on the condition of ventila-
tion after office hours. This is highly related to poor air condi-
tioning and mechanical ventilation management. Thermostat
and ventilation type are highly correlated, with many diffuser
designs focused on being above the ceiling, which is why new
floor diffusers were introduced to maximize air flow being
distributed through occupied office zones 38343

VF4, VF5, and VF6, explaining 8.47%, 6.91%, and 5.65%
of the total variance, respectively, had strong positive loadings
for complaints on occupancy changes, thermostat regulation,
outside air near carpark, drain pan, mechanical room, and AHU

housekeeping. VF4, VF5, and VF6 looked into the condition
of the AHU, which reflects the complaint components of the
IAQ investigation. Drain pan, mechanical room, AHU, and
thermostat were significantly associated with each other and
were easily influenced by poor maintenance management. Basic
parameters such as carbon dioxide and carbon monoxide can
be easily monitored by facility management/building manage-
ment personnel, and are usually neglected because the focus
is only on the temperature and humidity of the building. This
can lead to sick building syndrome, as mentioned previously by
European researchers on IAQ and AHU performance.®*!

VF7,VF8, and VF9 explained 5.00%, 4.43%, and 4.33%
of the total variance, respectively. Positive loadings observed
on VF7 relates to the use of hazardous substance detergent,
which shows that the method of cleaning may jeopardize [AQ.
The United States Environmental Protection Agency suggests
that more than 25% of regular housekeeping detergents used
are hazardous to health.*”$2 Many cleaners also lack chemical
training.** Negative loading observed on the outside air intake
relates to AHU design; in Asia, the main source of pollutants
is sometimes not taken into consideration in the design/plan of
AHU. Previous researchers have suggested that the office [AQ
might be influenced by the intake of outdoor air.* Loading of
VF9 contributed to the dirty condition of the building.

VF10,VF11,VF12,and VF13, explaining 3.89%, 3.52%,
3.03%, and 2.47% of the total variance, respectively, had
strong positive loadings for complaints on renovation, odor,
supply diffuser, radiant heat, and window heat, and negative
strong loading for complaints on the outside air near the adja-
cent building. The strong loading of VF10 to VF13 relates
to thermal comfort issues within the building. The optimum
thermal condition of the building relates to thermostat regula-
tion, clothing factors, and thermal radiation from the sun.*

VF14,VF15,VF16, and VF17, explaining 2.45%, 2.30%,
1.97%, and 1.80% of the total variance, respectively, had
strong positive loadings for complaints on dust, renovation,
prescribed activities, and overcrowding. All these factors
relate to the poor management of work that is hazardous
to health. Prescribed activities that involve dust, paint-
ing, and cleaning, in particular, pose a threat to building
occupants.*

The application of IAQ for building-
related symptoms status classification

The DOSH started the IAQ monitoring program in
2005. There have been recent updates to the COP, with
parameters added in and upgraded to ICOP. This means
that the IAQ checklist can be used in court as evidence of
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good practice conducted by an employer. IAQ assessment
data were used to determine the health risk status and
to classify the building based on hazard identification,
risk assessment, and risk control and the interim [AQ
standard for Malaysia.*** Some employers need a simple
validated checklist to categorize their level of risk before
engaging a professional IAQ assessor, despite the use of all
parameters in the IAQ risk calculation. AHU quantitative
element is not listed in the standard; however, a recent
study reported that 20% of buildings are polluted by the
AHU.*%% Thermal comfort is another parameter that is not
monitored in the DOSH-approved programs, but the level
of thermal comfort that originated from AHU increases
during overcrowding.

Results from the current study indicate that maintenance,
indoor source, and AHU condition significantly influence
IAQ variations. Looking at the IAQ checklist, IAQ parameters
have not been considered in the equation. Taking these into
consideration, a better classification strategy of the IAQ
status using semiquantitative parameters should be reviewed.
IAQ assessment currently conducted is less sensitive to the
changes in pollutant types.

Based on this pilot study, researchers suggest that there
will be at least 15 major factors that can contribute to
building-related sickness and the possible issues that gener-
ally affect a building. This study suggests that the tropical
climate condition has demonstrated some of the indicators
of building-related illness or sickness. Therefore, future
quantification of risk elements related to the indoor environ-
ment should be emphasized as the impact of the building and
health are very much related.

Recommendations

In this study, it was shown that using at least 15 variables
from the standard DA will give a distinctive pattern of early
recognition of the building indicator problem. This technique
should be used in future studies, which will correlate with
the analysis of analytical airborne measurements with a large
number of samples to show that early signs and indicators
can be determined using 15 important items and selected
pattern recognition in PCA. Analysis of the IAQ checklist
will help the building owner to predetermine the degree of
hazards and significance of risk before deciding to conduct
comprehensive IAQ measurement.

Further analysis will be conducted (data will be published
elsewhere) to represent the important 15 parameters in IAQ
issues. Based on this cross-sectional study of IAQ checklist
health risk evaluation, several recommendations should be

heeded by building owners to prevent their building from

becoming a source of sickness for workers:

1. Properly maintain the AHU according to the specifications
of the manufacturer/ IAQ assessor/engineers.

2. Properly conduct planned preventive maintenance using
approved chemical/bioenzymatic mechanism to treat the
fins and cooling coils.

3. Regularly update the thermostat and check outside air
intake, and conduct conditional appraisal for the AHU/
split unit system.

4. Based on this indoor air analysis, the best system of air
conditioning will be centralized air conditioning, and
proper maintenance of the AHU should be a priority.
However, if budget constraints are an issue, a split unit
system with dedicated fresh air intake (with good filtration
and regulator to ensure the introduction of sufficient fresh
air) can replace the centralized system.

5. From the engineering perspective, a holistic approach of build-
ing design should be integrated with the industrial hygienist/
IAQ professionals, especially when designing a commercial
mix type of building to avoid cross-contaminants.

Conclusion

In this study, environmetric methods were used to investigate
the spatial variations of an TAQ checklist® of the selected
facilities. Cluster analysis protocol successfully classified
the 102 buildings into three different groups — HC, MHC,
and MC. With this classification, optimal IAQ quantitative
monitoring can be further decided by management which
is believed to be associated with high costs. For spatial
variations, DA shows encouraging results in discriminating
the 102 locations/buildings, with 15 discriminant variables
assigning 96.08% cases correctly using standard modes.
Spatial variations from the IAQ checklist also suggest that
15 important items should be investigated for general IAQ
condition. Application of PCA coupled with FA on the
available data for each of the identified regions resulted in
seven parameters responsible for major variations in IAQ
complaints, especially in the HC areas, and 15 parameters
in the MHC and MC areas. This technique can be used in
other environmental health analyses, eg, the determination
of pollutants for indoor or outdoor purposes.
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