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Obijectives: The purpose of this study was to analyze the relationship of airborne chemicals
and the physical work environment risk element on the indoor air symptoms of nonindustrial
workers.

Design: A cross-sectional study consisting of 200 office workers. A random selection of
200 buildings was analyzed for exposure and indoor air symptoms based on a pilot study in
the Klang Valley, Malaysia.

Methods: A set of modified published questionnaires by the Department of Occupational
Safety and Health (DOSH), Malaysia and a previous study (MMO40NA questionnaire) per-
taining to indoor air symptoms was used in the evaluation process of the indoor air symptoms.
Statistical analyses involving logistic regression and linear regression were used to determine
the relationship between exposure and indoor air symptoms for use in the development of an
indoor risk matrix.

Results: The results indicate that some indoor air pollutants (carbon monoxide, formaldehyde,
total volatile organic compound, and dust) are related to indoor air symptoms of men and women.
Temperature and relative humidity showed a positive association with complaints related to
the perceived indoor environmental condition (drafts and inconsistency of temperature). Men
predominantly reported general symptoms when stratification of gender involved exposure
to formaldehyde. Women reported high levels of complaints related to mucosal and general
symptoms from exposure to the dust level indoors.

Conclusion: Exposure to pollutants (total volatile organic compounds, carbon monoxide,
and formaldehyde) and physical stressors (air temperature and relative humidity) influence
reported symptoms of office workers. These parameters should be focused upon and graded
as one of the important elements in the grading procedure when qualitatively evaluating the
indoor environment.

Keywords: sick building syndrome (SBS), regression analysis, environmental climate factor,
occupational exposure, asthma, allergy

Introduction
The indoor environment has been a growing focus for environmental and public health
professionals including occupational safety and health professionals. Due to the imple-
mentation of the current Code of Practice in Malaysia in 2010, many employers and
building managers have taken a positive response towards determining, monitoring, and
quantifying the risk of indoor air pollutants existing in their premises or buildings.
In a tropical climate country like Malaysia, industrial hygienists and indoor air
quality assessors have been extensively involved in indoor air quality (IAQ) diagnosis

submit your manuscript
Dove

http:

Therapeutics and Clinical Risk Management 2013:9 87-105 87
© 2013 Syazwan et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.


mailto:rafee@medic.upm.edu.my
mailto:syazwan.ismail.upm@gmail.com
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/TCRM.S39136
http://dvpr.es/KAo2dY
http://dvpr.es/THQsay.qrcode
http://dvpr.es/THQsay

Syazwan et al

Dove

and remediation in occupational environments for the past
5 years.? Professionals in air pollution, ventilation, engineer-
ing, microbiology, architecture, and other fields are called
upon to respond to resolve IAQ problems.

No matter how extensive or bad the situation of the indoor
environment that negatively influences the health condi-
tion of the occupants is, a multidisciplinary approach from
skilled professionals with knowledge on the maintenance,
construction, ventilation system, and sources of biological or
chemical contaminants and their potential health effects,
together with the perception of the building occupants, IAQ
guidelines, standards, and Codes of Practice, should be able
to address the problems.'

The development of Malaysia has led to the major con-
struction of buildings, which fully depend on air condition-
ing systems to control the perceived environmental factors
related to thermal comfort; however, certain other parameters
have frequently been neglected by the building owner until
a problem strikes.*

A lack of information regarding the influence of
gender differences, chemicals, and physical indoor pol-
lutants that can influence health symptoms of Malaysians
has presented scientists with a challenge to identify and
mitigate the TAQ issues before they become catastrophic.
Therefore, an extensive study regarding these issues
should be conducted to provide indoor air scientists and
the indoor air industry with information concerning the
effects of pollutants and their relationship with common
indoor air symptoms.

IAQ is one of the big issues being addressed in Malaysia.
Concerns about health have led workers (nonindustrial) to
participate in most of the activities concerning awareness of
health-related issues in the workplace.* Good IAQ is desired
by most workers and visitors, especially in public offices such
as government offices.

The current Code of Practice has been updated and
focuses on eleven main parameters that are suspected of
influencing pollution of the indoor air environment.? Previous
studies suggest that a checklist is one of the preliminary tools
needed to evaluate the condition of the indoor environment
in the workplace.® Hitherto, scientists have suggested that
ventilation influences most of the indoor environmental
issues in tropical climates, which are most likely related to
the high number of cases of sick building syndrome being
reported after exposure to poor ventilation and also thermal
comfort issues.’

In addition, the indoor environment is considered by most
engineers to be challenging because of the need to design in

the tight space above the ceiling to ensure sufficient fresh air
and efficient ventilation that is able to provide a sufficient
level of comfort and dilute pollutants that have already been
introduced from air handling units.

Working in a healthy environment is important to the
individual as the environment, especially indoors, is per-
ceived through individual appraisal.®’” Some mediating
factors between the work environment and physiological
reactions and the individual’s perception are related to the
process of establishing an individual appraisal of environ-
mental functions. Various negative effects on health can be
caused by a combination of mental factors including low
job control, low job support, and high demand or workload.?
Serious health problems — anxiety, mental distress, high rate
of absence, multiple sickness, high mortality rate,” and high
turnover!® — can occur due to multifactorial problems related
to working indoors.

Recently, there has been an interest in multidisciplinary
research to identify health problems related to the indoor
environment.® Nonspecific symptoms that affect the skin,
eyes, nose, and throat and nervous symptoms such as head-
ache, dizziness, tiredness, and feeling heavy-headed have
been previously reported as being due to poor IAQ in the
workplace. Collectively, these have been termed as the sick
building syndrome.'"'?

Exposure to various indoor air pollutants has been sug-
gested as being the cause of such symptoms. These include
dampness,' inconsistency of temperature and thermal
comfort issues,>'*!> and indoor particle pollutants.'® In addi-
tion, other factors that significantly influence the symptoms
reported among occupants include chemical dispersion
and chemical reaction indoors,!” thermal condition (which
involves the temperature and relative humidity [RH] in the
workplace),'®? ventilation rate issues,’ ergonomic issues (eg,
video terminal display), working with the photocopier,?! envi-
ronmental tobacco smoke, total volatile organic compounds
(TVOCs), formaldehyde, material containing aldehydes, and
combustion products.?

Many researchers suggest that indoor environmental
problems seem to be multifactorial, which are probably
caused by mental stress at work,*>*?* the psychosocial
work environment, and the relationship between physical
and mental factors.® Gender differences in reporting indoor
air-related symptoms has been debated but discussion
pertaining to tropical climate regions is lacking.” Many
four-season countries have conducted numerous studies
that focused on observing subjective health symptoms.?
Population and general studies in other countries also show
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similar results relating to gender differences as well as
organ-specific symptoms from exposure to the indoor envi-
ronment.?*?’ Previous clinical studies of airway symptoms,
airway caliber, bronchial hyperreactivity, and factors such
as hormonal fluctuations suggest possible causes of gender
differences.?® However, scientists are still unable to identify
the real causes of these differences, thus several studies
have suggested certain elements and factors that need to be
considered when studying gender differences in indoor air
symptoms.?’

This study aimed to evaluate the relationship and asso-
ciation between reported health symptoms, subjectively
evaluate the physical indoor environmental stressors, as
well as objectively evaluate the chemical airborne and
physical indoor environment. Gender differences were also
evaluated.

Materials and methods

Study design

A cross-sectional study was performed on 200 buildings (in
25 different postcodes) that had been selected from a pilot
IAQ study in the Klang Valley, Malaysia. Employees in each
of these buildings during the study period were invited to
participate (data had been modeled to spatially represent
200 buildings due to insufficient complete questionnaires
gathered by the end of the study period). They were all
informed in a general meeting and briefed by the building
owners, safety and health officers, or building management
who were present. Both written and oral information was
given and all participants gave written informed consent.
The study was conducted between March and June 2012,
after the monsoon season and before the fasting season.
All participants were questioned at their own workplace.
A summary of the data collection process is described in
Figure 1.

Questionnaire

The participants were asked to complete a modified
extended MMO40NA questionnaire that has frequently
been used for the investigation of indoor air symptoms.*°
The questionnaire also contains items similar to those
published by the Department of Occupational Safety
and Health (DOSH), Malaysia in their Code of Practice
on TAQ for Malaysian use.” This questionnaire contains
twelve questions concerning sick building symptoms that
are known to be related to indoor air problems and twelve
other questions about perceived factors in the physical work
environment over the previous 3 months. Symptoms and

environmental factors were recorded in statistical analy-
sis as “yes, often (more than once a week)” = two, “yes,
sometimes (once a week)” = one, and “no, never” = zero.
These were then totaled, giving scores for symptoms (zero
to 24) and perceived physical work environment (zero to
24), respectively. The symptoms asked in this questionnaire
included five questions on general symptoms (fatigue;
feeling heavy-headed; headache; nausea or dizziness; and
difficulty concentrating), four questions on mucosal irrita-
tion (itching, burning, or irritation of the eyes; irritated,
stuffy or runny nose; hoarse, dry throat; and cough), and
three on skin symptoms (dry or flushed facial skin; scaling
or itching scalp or ears; and dry, itching, red skin). These
were totaled, giving three additional scores for general
(zero to ten), mucosal (zero to eight), and dermal symptoms
(zero to six), respectively.

The participants also answered questions about gen-
der, age, race, marital status, job category (private or
government), workstation, smoking (yes/no), working
hours in a week (hours), and working days in a week (days).
Additional questions also included the perception of the
indoor environment in their office, such as using chemicals
with strong odor (yes/no), workstation covered with carpet
(yes/no), new carpet (yes/no), new furniture (yes/no), new
partition (yes/no), new wall covering (yes/no), new water
damage (yes/no), and using office equipment such as pho-
tocopier, fax machine, glue, and chemicals with strong odor
(yes/no).

Based on a previous study conducted using a checklist,’
some remarks were made by trained occupational hygienists
from the National Institute of Occupational Safety and Health,
Malaysia and Universiti Putra Malaysia to give the score for
five to six important elements (with 14 key questions) in
the indoor investigation using the environmetric technique.’®
These items included the general condition of the indoor
environment (fungal index; blockage ventilation index; haz-
ardous substances index), health effect (radiant heat index;
air dead index; occupant change index), source of pollutants
(furniture index; off gassing index), ventilation (outside air
index; air conditioning schedule index), IAQ perception
(noise index), and industry Code of Practice on IAQ (general
index; conduct TAQ test index; IAQ interest index). This
checklist is scored from zero to five for each index in which
the highest number indicates the higher risk available indoors
based on subjective perception. The scores were totaled and
divided by the overall scores, giving scores in the form of
the index from zero to one. The evaluation will be discussed
and analyzed elsewhere. The checklist item is registered
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1280 buildings were monitored including
— houses (single, multiple, landed, apartment)
— offices (government, public)
— public spaces (library, museum)
— public areas (hotel, shopping mall)

Il

Office IAQ study (building) (n = 531)

igh

igh

Air conditioned new office buildings
(n=510)

Air conditioned old office buildings
(n=21)

g

Selection of permitted buildings
(n =480)
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(n = 413)

Selection of office/s in the selected building
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(n = 400)

Monitoring of IAQ status within the selected office/s

Il

buildings

Self-administered questionnaire related to the health and
perceived environmental factors staying within the office
environment (n = 200). Results remodeled to represent 200

JL

Analysis of the data

JL

Descriptive statistics

outcome (specific symptoms)

Exposure outcome analysis (chemical)
Exposure outcome analysis (physical factors)
Regression analysis for determining exposure and

Figure | Flow diagram of the study related to exposure and outcome of indoor air pollutants.

Abbreviation: IAQ, indoor air quality.

as an evaluation variable with the quantitative airborne and
physical work environment measurements.

Objective indoor environmental
exposure monitoring (chemical

and physical)

Indoor climate was assessed in 200 buildings in differ-
ent postcodes (25 postcodes): 73 small offices (approxi-
mately 3000—-10,000 sq ft), 54 medium-sized offices
(10,000-20,000 sq ft), and 73 large offices (>20,000 sq ft).
The offices were randomly selected from the available

rooms/permitted areas provided by the building owner of the
buildings. Measurements were performed at a logging point
in each office, close to the worker, 110 cm from the floor. To
obtain representative samples, a number of points per floor
were selected based on the suggested standard published by
DOSH.? Table 1 below shows the recommended minimum
number of sampling points for IAQ assessments suggested
by DOSH.?

Air temperature (°C), RH (%), and air movement
(m/second) were used for physical work environment
monitoring. Carbon dioxide (CO,; ppm), carbon monoxide
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Table |
according to the floor area served by mechanical ventilation and
air conditioning system

Suggested minimum number of sampling points

Total floor area served (m?) Minimum number

of sampling points

<3000 | per 500 m?
3000 to <5000 8

5000 to <10,000 12

10,000 to < 15,000 15

15,000 to <20,000 18

20,000 to <30,000 21

>30,000 | per 1200 m?

(CO; ppm), TVOCs (ppm), formaldehyde (ppm), ozone
(ppm), and airborne dust — assessed as particulate matter with
an aerodynamic diameter of 10 pg/m?* (PM10; ug/m?) — were
monitored. Data were logged according to the occupational
hygiene technique, namely surrogate partial period grab
samples.® The samples were collected in 30 minutes at four
time slots (morning, afternoon, evening, and late evening)
to avoid spatial temporal differences in the data collection
process (making the data more representative). Data were
logged continuously using the following instruments:

e Temperature (air): AQ 200 air quality monitoring with
Data Logger-10 software (KIMO, Montpon, France).

e RH (air): AQ 200 air quality monitoring with Data
Logger-10 software (KIMO).

e CO, and CO (air): AQ 200 air quality monitoring with
Data Logger-10 software (KIMO) with multifunction
probe (SCO2T and SCOT; KIMO) for temperature,
humidity, and CO, (with measuring range of approxi-
mately —20°C to 80°C for temperature, 5%—-95% RH for
humidity, and 0-5000 ppm for CO,).

e Air velocity and draft: VT 200 draft sensor (hot wire)
with Data Logger-10 software (KIMO) (measuring range
of air velocity 0.01-3.00 m/second).

e Airborne dust (PM10; pg/m?): DustTrak™ II Aerosol
Monitor 8532 with TrakPro™ software (TSI Inc,
Shoreview, MN, USA).

e Chemical airborne monitoring (direct reading): YESAIR
8-Channel IAQ Monitor with multiple sensors (formal-
dehyde, ozone, and TVOCs) with YES Viewer software
version 7.0 (Critical Environment Technologies Canada
Inc, Delta, BC, Canada).

The instruments were calibrated according to the stated
procedures from the instrument suppliers and manufac-
turers’ specification. For real-time monitoring, a special
sensor — photoionization detector — was used in the YESAIR
monitoring devices. Precautions were taken when using the

real-time photoionization detector instrument as the readings
could be affected by the presence of other non-VOCs, such
as anesthetic or disinfecting gases. For calibration of the
real-time monitors, isobutylene (2-methylpropene) was used
as the reference calibration gas.?

Measurements were registered as 5-minute averages
throughout the monitoring period. The results for each room
were calculated as mean figures (8-hour time-weighted
average) from the work hours defined as between 8:00 AM
and 5:00 PM for monitoring days. Because not all offices
in the buildings were monitored, the results were modeled
according to the building and office size or dimensions to
assign data for the worksite for all participants. The concen-
trations of the airborne chemicals were calculated using the
following equation:

8-hour time-weighted average (ppm or mg/m”)
CT +CT, +ClT, ...

8 hours

In this equation, C represents the concentration of con-
taminant during an incremental exposure time and T repre-
sents the incremental exposure time.

Statistical procedure

Categorical values were compared in the groups using
Pearson’s chi-squared test, and continuous variables were
compared using Student’s #-test. As the dust levels (PM10),
formaldehyde, and TVOCs were highly skewed in the mate-
rial, log-transformed data for this variable were used in the
analysis. Linear regression analysis was performed using
scores as dependent variables, adjusting for smoking, chronic
illness, age, gender, job category, new furniture, new parti-
tion, and workstation. Unadjusted and adjusted betas (partial
regression coefficient) were calculated.

Logistic regression was performed for dichotomized
responses concerning symptoms and perceived indoor envi-
ronments, univariate and controlling for gender, smoking,
chronic illness, age, gender, job category, new furniture,
new partition, and workstation. Analysis was also stratified
by gender. SPSS version 13.0 (SPSS Inc, Chicago, IL, USA)
was used for the analysis, and the significance level was set
at 0.05. The potential cofounders found in the analysis were
controlled statistically.

Ethics

The Universiti Putra Malaysia Medical and Health Sciences
Research Committee (under the Faculty of Medicine
and Health Sciences) approved the study (reference
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item: UPM/FPSK/PADS/T7-MJKEtikaPer/FO1[LEC[JKK]_
OO0GOS[10]03]; dated February 10, 2011).

Results

Questionnaire

A total of 200 (80%) of the invited workers participated
in the study (out of 531 office buildings), which included
81 men and 119 women who were mostly aged 2140 years
(Table 2). The women recorded a higher number of Malay
workers than the men, but this was not statistically signifi-
cant. A significantly higher percentage of women worked in
the government sector compared to the men. More men had
managerial positions, whereas more women were employed
as administrative/supporting staff , with corresponding
workstation differences leading to different complaints. The
genders did not differ significantly for working hours in a
week and working days in a week.

Men registered exposure to potential chemical dispersion
items in the indoor environment more often than women. The
differences were significant for the reporting of new furniture
and new partition (Table 3). Women had more complaints
concerning clinically diagnosed illness by a medical doctor
than men. The differences were significant for asthma,
migraine, and eczema (Table 4).

Exposure and building characteristics

The indoor chemistry of the air, described in Table 5, are
classified by the age and exposure level of the building.
Buildings were categorized based on an age of 5 years to
describe whether they were old or new (ie, >5 years occupancy
considered old).* The differences in indoor parameters were
higher in new buildings compared to old for RH and ventila-
tion rate. Due to the nature of the data collected and based on
the focus of the study objectives, new buildings in the Klang
Valley with an air conditioning system were focused on and
a sample of 200 respondents from these building was further
analyzed.

Airborne pollutants and reported

indoor symptoms
Men were exposed to significantly higher concentrations of
airborne chemicals compared to women, namely TVOCs
and CO. The physical parameters, namely air movement,
were recorded more often by men compared to the women
(Table 6). The temperature, RH, and dust (PM10) were
reported less by men compared to the women; however, the
level was not significant.

All registered symptoms were reported more often by
women than men. The differences were significant for feeling

Table 2 Sociodemographic and office environment status of respondents

Variables Men Women Total P
(n=8l) (n=119) (n =200)
Age
<20 years 8.6 21.0 16.0 0.060%*
2140 years 778 65.5 70.5
41-60 years 13.6 13.4 13.5
Race
Malay 89.9 92.3 91.3 0.779**
Chinese 7.6 5.1 6.1
Indian/other 2.5 2.6 2.6
Marital status
Single 432 49.6 47.0 0.372%*
Married 55.6 47.1 50.5
Divorced 1.2 34 2.5
Job categories
Government 61.7 68.1 65.5 0.006**
Private 383 31.9 345
Workstation
Private office 74 5.3 6.2 0.020%*
Shared private office 235 8.8 14.9
Open with partition 45.7 63.2 55.9
Open without partition 23.5 228 23.1
Smoking
Yes 9.9 2.5 55 0.053**
No 90.1 97.5 94.5
Working hours in a week” 4527 +11.80 4532+ 11.29 4530 + 11.47 0.977*
Working days in a week? 510+ 1.0 530+£09 5221091 0.134*

Notes: Values represent mean + standard deviation or %; *t-test; **chi-squared test; *question asked for the previous week.
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Table 3 Percentage (%) of reported (yes) perception of indoor
office environment between men and women

Table 5 Airborne chemical data between old and new buildings
(from pilot study)

Variables Men Women  Total P
(n=81) (n=119) (n=200)
Using strong odor 88.9 84.0 86.0 0.224
chemical
Workstation covered 53.1 45.4 48.5 0.177
with carpet
New carpet 17.3 10.1 13.0 0.102
New furniture 27.2 12.6 18.5 0.008*
New partition 27.2 14.3 19.5 0.020%*
New wall covering 16.0 8.4 1.5 0.076
Water damage 17.3 13.4 15.0 0.291
Using photocopier” 494 44.5 46.5 0.332
Using fax machine? 27.2 235 25.0 0.155
Using glue® 222 227 225 0.934
Strong odor chemical®  19.8 12.6 15.5 0.351

Notes: “Using material/equipment several times daily; *significant at P < 0.05
(chi-squared test).

heavy-headed and difficulty in concentrating (Table 7). More
women complained of these two general symptoms.
Women complained more frequently about the physi-
cal work environment, namely draft, temperature too high,
varying temperature, temperature too low, dry air, and
dusty environment. Men reported more complaints about
unpleasant odor, static electricity, passive smoking, noise,
and inadequate lighting. The differences were not statistically
significant for all registered complaints (Table 8).

Relationships between symptoms score,
chemical exposure, and subjectively

perceived physical work environment

Table 9 shows the results from the linear regression analysis,
with the symptom score as the dependent variable, and CO,,
CO, dust (PM10), formaldehyde, and TVOC:s (ie, IAQ chemi-
cal parameters), and the score for perceived physical indoor
air environment as independent variables. The analysis was

Table 4 Percentage (%) of reported illness by doctor

Variables Men Women Total P
(n=38l1) (n=119) (n=200)

Sinus 16.0 16.0 16.0 0.568
Pneumonia 8.6 6.7 7.5 0.403
Tuberculosis 13.6 16.0 15.0 0.400
Asthma 9.9 21.0 16.5 0.027*
Migraine 14.8 28.6 23.0 0.017*
Eczema 8.6 18.5 14.5 0.039*
Allergy to dust 23.5 31.9 28.5 0.289
Allergy to mould 12.3 85 10.1 0.484
Allergy to food 13.6 20.2 17.5 0.333
Allergy to pets 9.9 15.3 13.1 0.293

Note: *Significant at P < 0.05 (chi-squared test).

Parameters New Old Statistic P
(n=510) (n=21)
Mean SD Mean SD
Temperature® 26.37  3.88 26.74 330 -0.80I 0.425
Relative 6450 8.36 61.08 878 3.233 0.00**
humidity®
Formaldehyde: 0.071  0.16 0.051 0.16 1.061 0.289
TVOCs! 0.032 0.12 0.020 0.20 05I5 0.606
Ozone® 0.004 0.008 0.011 0307 -0.203 0.839
Carbon 587.1 1929 600.7 3152 -0.383 0.702
dioxide'
Carbon 1.33 .11 1.18 094 1.269 0.205
monoxides
Air 0.110 0.16 0.141 099 -0.233 0.816
movement"
Dust/ 0.077 0.16 0.069 0.10 0.696 0.487
respirable
particulate'
CFM/person 126.37 10543 3498 2543 7.464 0.00**
(ventilation
rate)

Notes: **Significant at P < 0.05 (t-test); standards applicable in Malaysia:
123°C-26°C (as per Department of Occupational Safety and Health); *40%-70%
(as per Department of Occupational Safety and Health); <8 hours exposure
< 0.1 ppm; ‘8 hours exposure < 3 ppm; °8 hours exposure < 0.05 ppm; 8 hours
exposure, the ceiling should not exceed 1000 ppm; 8 hours exposure < 10 ppm;
"0.15-0.50 m/second; '8 hours exposure < 0.150 mg/m’.

Abbreviations: CFM, cubic feet per minute; SD, standard deviation; TVOC, total
volatile organic compound.

adjusted for smoking, chronic illness, age, gender, job cat-
egory, new furniture, new partition, and workstation.

The results show that the subjective physical environ-
ment was significantly associated with the total, general,
and mucosal symptom score. The dermal symptom score
was not associated with the subjective physical environment.
CO showed the most significant association with the total,
general, and mucosal symptom scores (Table 9), while other
parameters did not show a significant association.

When analyzing men and women separately, the findings
were not similar and were stronger for the men between the
total symptom score and the subjective physical environ-
ment score and TVOC concentration (B = 2.819, 95% con-
fidence interval [CI] 0.234-5.404, standardized B = 0.698,
P =0.034). The association with TVOCs was not significant
for women (B=-0.364, 95% CI=-11.004-10.275, standard-
ized B =-0.038, P =0.942).

Using the three subscores for general, mucosal, and
dermal symptoms for both genders together in the adjusted
analysis, males showed that the score for general symptoms
was significantly associated with CO and TVOC concentra-
tion (B =-0.963, 95% CI =—1.887 to —0.038, standardized
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Table 6 Airborne chemical and physical data between men and
women in selected exposure building (results were taken for
n = 200 modeled exposure)®

Parameters Men Women Statistic P
(n=38l) (n=119)
Mean SD Mean SD
Temperature* 24.33  2.34 2451 24| —-0.532 0.596
Relative 56.40 856 58.60 8.50 -1.794 0.074
humidity®
Formaldehydes 0.15 0.40 0.10 0.26 0.904 0.367
TVOCs¢ 0.15 0.69 0.03 0.07 2.046 0.042%*
Carbon 678.88 180.64 679.38 224.68 -0.016 0.987
dioxide®
Carbon 1.56 0.98 1.29 0.88 2.020 0.045%*
monoxide'
Air movements  0.09 0.12 0.06 0.10 1.999 0.047**
Dust/ 0.057 0.063 0.071 0.133 —0.892 0.374
respirable
particulate®

Notes: **Significant at P < 0.05 (t-test); ozone was removed due to low
measurement (<0.001 ppm); ®because of the availability of the complete
responses (after randomization among new, air conditioned office buildings only),
the results were modeled according to building and office size to assign data for
the workstation of all complete participants; standards applicable in Malaysia:
123°C-26°C (as per Department of Occupational Safety and Health); ®40%-70%
(as per Department of Occupational Safety and Health); 8 hours exposure
< 0.1 ppm; 98 hours exposure < 3 ppm; °8 hours exposure, the ceiling should not
exceed 1000 ppm; 8 hours exposure < 10 ppm; £0.15-0.50 m/second; "8 hours
exposure < 0.150 mg/m3.

Abbreviations: SD, standard deviation; TVOC, total volatile organic compound.

B=-0.714,P=0.042 and B = 1.224,95% CI=0.054-2.393,
standardized 3 =0.636, P=0.041, respectively). However, no
association was observed among the female respondents.
The mucosal score only showed a significant association
with TVOC concentration among male respondents (3=0.721,
95% CI = 0.088-2.129, standardized B = 0.481, P = 0.035),
while females only showed an association in the dermal score

with the perceived work environment score (B = 0.307, 95%
CI=0.032-0.581, standardized B = 0.862, P = 0.031).

Relationship between symptom scores,
chemical exposure, and objectively

assessed physical work environment

The next step was to replace the perceived physical envi-
ronments (subjective perception score) with objective
assessments (airborne physical parameters such as air
movement, air temperature, and RH). The total symptom
score was analyzed as a dependent variable with five IAQ
chemical parameters and three objective physical environ-
mental factors (air temperature, RH, and air movement) in
the model at the same time.

A similar pattern of observations was gathered in the
analyses in which the total, general, and mucosal symptom
scores were significantly related to the CO level (Table 10).
CO was the only factor significantly associated with the
symptom score (total, general, and mucosal) when also
adjusting for smoking, chronic illness, age, gender, job cat-
egory, new furniture, new partition, and workstation.

Men and women were then analyzed separately, and
this finding (total symptoms score) was not significantly
associated with the objective measurement (chemical and
physical parameters) for men and women (3 = —2.380, 95%
CI = —5.009-0.249, standardized B = —0.841, P = 0.073
and B = —1.999, 95% CI = —-5.831-1.833, standardized
B=-0.718, P=0.278, respectively).

Using the three subscores for symptoms (general, mucosal,
and dermal) in the adjusted analysis for all workers, the
scores for general, mucosal, and dermal symptoms were not
significantly associated with the exposure to the chemical or

Table 7 Differences in reported air symptoms of men and women in buildings in the Klang Valley, Malaysia (200 randomly assigned

buildings)
Symptom Men Women OR 95% CI P
n % n %

Fatigue 6 74 17 14.4 2.104 0.792-5.592 0.129
Feeling heavy-headed 2 25 14 1.8 5.267 1.163-23.843 0.017
Headache 3 37 13 10.9 3.189 0.879-11.572 0.065
Nausea or dizziness | 1.2 7 5.9 5.000 0.603—41.441 0.100
Difficulty in concentrating | 1.2 6 5.1 4.286 0.506-36.294 0.039
Itching, burning, or irritation of the eyes 2 2.5 6 5.1 2.116 0.416-10.757 0.356
Irritated, stuffy, or runny nose 2 2.5 5 4.2 1.748 0.331-9.237 0.506
Hoarse, dry throat 2 25 5 42 1.732 0.328-9.155 0.513
Cough | 1.2 3 25 2.069 0.211-20.248 0.524
Dry or flushed facial skin 2 2.5 5 4.2 1.732 0.328-9.155 0.513
Scaling or itching scalp or ears | 1.2 4 341 2.783 0.305-25.361 0.344
Hand dry, itching, red skin | 1.2 2 1.7 1.368 0.122-15.337 0.799

Note: Values in bold show statistical difference between groups.
Abbreviations: Cl, confidence interval; OR, odds ratio.
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Table 8 Number and percentage of men and women working in office environments in the Klang Valley, Malaysia who answered “yes,

often” or “yes, sometimes” to questions about perceived environments related to twelve physical indoor climate factors pertaining to

the previous 3 weeks (n = 200)

Symptom Men Women OR 95% CI P
n % n %

Draft 9 .1 15 12.6 1.154 0.479-2.780 0.750
Temperature too high 7 8.6 13 10.9 1.296 0.494-3.405 0.597
Varying temperature 8 9.9 15 12.6 1.316 0.530-3.266 0.553
Temperature too low 5 6.2 12 10.1 1.705 0.577-5.039 0.330
Stuffy air 3 37 8 6.7 1.874 0.482-7.287 0.358
Dry air 2 25 6 5.0 2.097 0.413-10.661 0.362
Unpleasant odor 6 74 6 5.0 0.664 0.206-2.136 0.489
Static electricity 6 74 4 34 0.435 0.119-1.592 0.197
Passive smoking I 13.6 12 10.1 0.714 0.298-1.707 0.447
Noise 10 12.3 8 6.7 0.512 0.193-1.358 0.173
Inadequate lighting 6 74 3 2.5 0.323 0.078-1.332 0.102
Dusty environment 6 74 I 9.2 1.273 0.451-3.593 0.648

Abbreviations: Cl, confidence interval; OR, odds ratio.

physical objective parameters. Males showed a higher result
for exposure to CO; however, it was not statistically significant
(B=-1.104,95% CI=-2.311-0.102, standardized p =—0.819,
P =0.070). Analyzing men and women separately showed
no significant association with general, mucosal, or dermal
symptoms for men with exposure to CO. No associations were
found for women for all exposures and symptoms.

Additional analysis was performed by changing the
illness (asthma, migraine, and eczema) diagnosed by the doc-
tor in the dependent variable section (stratified by gender).
Only male respondents showed a significant relationship
with migraine complaint (B = —0.762, 95% CI = —1.386
to —0.138, standardized B = —0.663, P = 0.020). There was
no significant relationship with the complaints of asthma and
eczema among men and women.

Relationship between individual
symptoms and objectively assessed

physical work environment

Among the general symptoms, the three most prevalent
symptoms were fatigue, feeling heavy-headed, and headache
(Table 8). The relationship between each of these symptoms
and the objectively assessed physical work environment
was analyzed by logistic regression adjusting for smoking,
chronic illness, age, gender, job category, new furniture, new
partition, and workstation. Formaldehyde concentration was
significantly associated with feeling heavy-headed and head-
ache (odds ratio 0.474, CI 0.236-0.953 and odds ratio 0.430,
CI0.212-0.872, respectively), but no other relationships were
significant. Gender differences were not studied due to the low
numbers of people experiencing several of the symptoms.

Among the complaints, the three most prevalent (draft,
varying temperature, and passive smoking) were chosen.
The relationship between each of these and objectively
assessed physical work environment was analyzed by
logistic regression adjusting for smoking, chronic illness,
age, gender, job category, new furniture, new partition, and
workstation (Table 11). Perceiving the temperature as being
too inconsistent was associated with lower RH or higher RH
and consistency of the supplied air temperature. Only the
association with RH and air temperature were significant after
adjustment. Perception of draft and passive smoking showed
no association with lower RH/higher RH and higher/lower
air temperature in univariate analysis and the results indicate
no statistical significance after adjustment.

Relationship between subjective
perceptions and objectively assessed

physical work environment

The results stratified by gender (Table 12) reveal that the total
and general symptom scores were highly significant among
male respondents. The concentration of CO caused a high
number of complaints related to total and general symptoms
(fatigue, feeling heavy-headed, and headache) among male
respondents. Exposure to TVOCs influenced the overall
condition of men compared to women. Men reported having
all types of complaint (total, general, mucosal, and dermal)
after exposure to TVOCs or aldehyde content while women
only reported having mucosal discomfort from exposure to
this chemical. The most common complaints related to the
exposure of TVOCs were fatigue and cough (Table 13). Dust
exposure influenced the total symptoms reported by women
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Table 9 Linear regression study of workers in office areas in the Klang Valley, Malaysia (subjective work environment)

Factor Unstandardized 95% ClI for B Standardized B P
Model of total air symptoms score and subjective physical work environment

Carbon dioxide (ppm) -0.006 -0.014-0.001 —-0.231 0.086
Carbon monoxide (ppm) —1.705 -2.989 to —0.421 —0.455 o.0ll
Formaldehyde (log ppm) -1.297 -3.704-1.111 —-0.203 0.283
TVOC:s (log ppm) 1.494 —-0.927-3.915 —-0.242 0.220
Dust (log mg/m?) 0.155 -2.836-3.146 0.015 0917
Subjective physical work environment 0217 —-0.070-0.505 0.200 0.135
Model of general air symptoms score and subjective physical work environment

Carbon dioxide (ppm) —0.003 —0.006-0.001 —-0.209 0.107
Carbon monoxide (ppm) -0.819 —1.433 to —0.205 —-0.442 0.010
Formaldehyde (log ppm) —0.740 —-1.891-0.412 -0.234 0.202
TVOC:s (log ppm) 0.500 —0.658-1.658 0.163 0.389
Dust (log mg/m?) 0.741 0.689-2.172 0.141 0.302
Subjective physical work environment 0.090 —0.048-0.227 0.167 0.196
Model of mucosal air symptoms score and subjective physical work environment

Carbon dioxide (ppm) —-0.002 —0.006-0.001 -0.222 0.128
Carbon monoxide (ppm) —-0.630 —1.188 to —0.072 —-0.420 0.028
Formaldehyde (log ppm) -0.422 —1.469-0.625 —0.165 0.420
TVOC:s (log ppm) 0.795 —-0.258-1.848 0.321 0.135
Dust (log mg/m?®) —0.604 —1.905-0.697 —0.142 0.354
Subjective physical work environment 0.068 —0.057-0.193 0.157 0.278
Model of dermal air symptoms score and subjective physical work environment

Carbon dioxide (ppm) —0.001 —0.003-0.001 —-0.188 0.215
Carbon monoxide (ppm) -0.256 -0.558-0.047 -0.329 0.095
Formaldehyde (log ppm) -0.135 -0.703-0.432 —0.102 0.633
TVOC:s (log ppm) 0.200 -0.371-0.770 0.156 0.483
Dust (log mg/m?) 0.018 -0.687-0.723 0.008 0.960
Subjective physical work environment 0.059 —0.008-0.127 0.264 0.084

Notes: The result was modeled according to the respective response from the complete response (n = 200) adjusted for smoking, chronic illness, age, gender, job category,
new furniture, new partition, and workstation. Values in bold show significant correlation between exposure and outcome.

Abbreviations: Cl, confidence interval; TVOC, total volatile organic compound.

while no significant association was observed among the
men. Symptoms from exposure to dust caused complaints
of headache and feeling heavy-headed.

The physical indoor climate condition showed that male
workers suffered from mucosal symptoms due to exposure
to inconsistent air temperature while women showed a sig-
nificant association with the perceived physical subjective
complaint from exposure to air temperature and air movement
(Table 13). RH showed a significant effect on the subjec-
tive perceived physical symptoms between both genders
but there was no association between stratified genders. Air
movement influenced the mucosal symptoms for both men
and women.

The overall condition showed that temperature and RH
strongly influenced the reported symptoms (total, general,
mucosal, dermal, and subjective perceived indoor air climate)
for both genders. Women showed more sensitivity to differ-
ent air temperature conditions compared to men (Table 13).
No association or relationship was observed for other condi-
tions between exposure and complaints.

Discussion

This study shows an association between symptoms and
chemical exposure in the indoor environment of nonindustrial
workplaces (office buildings) in one of the busiest locations
in Malaysia (Klang Valley). In addition, the physical work
environment was found to be related to these symptoms for
both the perceived physical environment and objective assess-
ment, such as air temperature, air movement, and RH. Men
had more symptoms and complaints than women although
women’s symptoms and complaints had stronger associations
to air temperature, air movement, and RH.

Generally, women’s but not men’s complaints about
varying temperature of air were significantly associated with
lower changes of air temperature. A lower RH was associated
with the perception of too many changes of air temperature
for both genders.

Gender differences
This study shows a different pattern of complaints between
genders, in which men had a higher prevalence of symptoms
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Table 10 Linear regression study of workers in office areas in the Klang Valley, Malaysia (objectively measured physical work

environment)

Factor Unstandardized 95% ClI for Standardized B P
Model of total air symptoms score and objective physical work environment

Carbon dioxide (ppm) —0.006 —0.014-0.002 -0.217 0.125
Carbon monoxide (ppm) -1.801 —3.209 to —0.393 —0.481 0.013
Formaldehyde (log ppm) -1.015 —-3.821-1.790 —-0.159 0.469
TVOC:s (log ppm) 1.714 —2.117-5.546 0.277 0.371
Dust (log mg/m?) 0.026 —3.730-3.781 0.002 0.989
Air temperature (°C) -0.243 —1.692—1.205 -0.114 0.736
Relative humidity (%) —-0.044 —0.201-0.114 —0.085 0.578
Air movement (m/second) —4.153 —16.228-7.921 —-0.099 0.491
Model of general air symptoms score and objective physical work environment

Carbon dioxide (ppm) —0.002 —0.006-0.001 —-0.176 0.197
Carbon monoxide (ppm) -0.816 —1.491 to —0.142 —0.440 0.019
Formaldehyde (log ppm) -0.701 —2.045-0.643 -0.222 0.298
TVOC:s (log ppm) 0.548 —1.288-2.383 0.179 0.550
Dust (log mg/m?) 0.782 —-1.018-2.581 0.149 0.385
Air temperature (°C) -0.077 -0.771-0.617 —-0.072 0.825
Relative humidity (%) 0.005 —0.070-0.081 0.020 0.893
Air movement (m/second) -0.840 —6.625-4.946 —0.041 0.771
Model of mucosal air symptoms score and objective physical work environment

Carbon dioxide (ppm) -0.003 —0.006-0.001 —-0.237 0.111
Carbon monoxide (ppm) -0.719 —1.313 to -0.126 —0.479 0.019
Formaldehyde (log ppm) -0.149 —1.332-1.034 -0.058 0.800
TVOC:s (log ppm) 1.096 —0.520-2.712 0.443 0.178
Dust (log mg/m?) —-0.561 —2.145-1.023 —0.132 0.478
Air temperature (°C) -0.214 -0.825-0.397 -0.249 0.483
Relative humidity (%) -0.034 —0.100-0.033 —0.165 0.308
Air movement (m/second) -2.374 —7.467-2.719 —-0.142 0.352
Model of dermal air symptoms score and subjective physical work environment

Carbon dioxide (ppm) -0.001 —0.003-0.001 —-0.167 0.294
Carbon monoxide (ppm) -0.266 —0.598-0.067 —0.341 0.114
Formaldehyde (log ppm) —0.165 —0.828-0.497 —0.125 0.617
TVOC:s (log ppm) 0.070 —0.834-0.975 0.055 0.876
Dust (log mg/m?) -0.195 —1.082-0.692 —-0.088 0.659
Air temperature (°C) 0.047 -0.295-0.389 0.106 0.782
Relative humidity (%) -0.015 —0.052-0.022 -0.139 0.425
Air movement (m/second) -0.940 -3.791-1.911 —-0.108 0.509

Notes: The result was modeled according to the respective response from the complete response (n = 200) adjusted for age, gender, job category, new furniture, new
partition, and workstation. Values in bold show significant correlation between exposure and outcome.

Abbreviations: Cl, confidence interval; TVOC, total volatile organic compound.

compared to women.®?3! Men reported the effect of chemi-
cal exposure on indoor air symptoms more than women
and similarly in respect to perceived physical factors. This
study indicates that men are more sensitive to environmental
factors, they tend to perceive their health problems more
intensely, and tend to report them more frequently than
women.*? However, a previous study indicated that women
were more sensitive than men.® This might be due to the
differences in hormonal levels, which could result in a dif-
ferent physiological threshold for observed symptoms.?®
The other possible explanation is the multiple exposure
of chemical pollutants elsewhere (outdoors/other places/
outdoor intense exposure). Men usually ride motorbikes

to the office or use public transport, whereas most women
prefer to use a personal car. In addition, the difference in
reported complaints might be caused by a reporting tradi-
tion between the genders.? It is suggested that men have
a more health seeking behavior and technical understand-
ing in respect to IAQ issues for perceiving and reporting
health problems. Previous research indicated that women
reported more frequently than men due to progesterone
and estradiol, which, although postulated as being linked
to asthmatic symptoms,* is not in keeping with the find-
ings of this study.

However, the differences found might also be due to
the actual gender difference in the physical or cultural work
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Table |1 Relationship between subjective perception and objective assessment (temperature, relative humidity, air movement, and
dust measurement) by logistic regression

Perceptions Independent Univariate P Adjusted P
variables OR (95% CI) OR (95% CI)

Draft* Temperature 1.125 (0.990-1.277) 0.071 1.121 (0.983-1.277) 0.087
RH 10% 1.027 (0.991-1.063) 0.139 1.029 (0.992-1.068) 0.130
Air movement 0.200 (0.010-3.950) 0.290 0.207 (0.009-4.710) 0.323

Varying temperature* Temperature 1.203 (1.057-1.368) 0.005 1.245 (1.087-1.426) 0.002
RH 10% 1.045 (1.009-1.083) 0.014 1.043 (1.005-1.083) 0.025
Air movement 0.916 (0.060-13.942) 0.950 1.314 (0.071-24.375) 0.855

Passive smoking* Temperature 1.098 (0.950-1.270) 0.207 1.108 (0.950-1.292) 0.190
RH 10% 0.996 (0.960-1.033) 0.819 0.995 (0.958-1.034) 0.795
Air movement 3.570 (0.217-58.816) 0.373 3.435 (0.180-65.404) 0.412
Dust 0.926 (0.367-2.339) 0.872 1.004 (0.370-2.724) 0.993

Note: *Higher reported complaints selected.
Abbreviations: Cl, confidence interval; RH, relative humidity; OR, odds ratio.

environment, as supported by the spatial exposure data
(200 separate buildings). In the current study population,
the men undertook different types of work to the women,
as more men had scientific positions (based on the type of
workstation). This means that the men spent more of their
work time in their offices, because of their higher position
in the company, and, in addition, they also participated in
activities outside the office buildings more than the women.

A previous study suggests that the different hierarchical
positions in the office certainly influences the physical indoor
environment and thus affects the reporting of symptoms by
workers.?

Previous studies suggest that women report symptoms
more frequently.?*3! Although men and women similarly
reported psychosocial work factors, their perceived
physical factors were quite different. This study’s findings

Table 12 Results stratified for gender: regression analyses of total, general symptoms, mucosal, dermal, and perceived physical

complaint
Factor All Men Women
Indoor air symptoms
Carbon dioxide (ppm) T*G*M*D* T*G*MADA T*G*M*DA
Carbon monoxide (ppm) THGHMEHD* T+*GHM*D* T*G*M*DA
Formaldehyde (log ppm) T*G*MADA T*G*M*D* T*G*MADA
TVOC:s (log ppm) T*G*M*DA THREGHM*FFD** T*G*MADA
Dust (log mg/m?) TAG*M*DA T*G*M*D* T*GF*M*DA
Subjective environment
Air‘ temperature (OC) T*G*MI\D/\PI\ T*G*M**D*P* TI\GI\MI\D/\P**
RH (%) TI\G*MADI\P** TAGI\MADI\P* TI\GI\M*DAP*
Air movement (m/second) TAGAM*DAP* THGHMHDHP* THGHMHHDAP*
Environmental complaints
Draft
Temperature * *
RH * * *
Air movement A *
Varying temperature
Temperature ok * ok
RH Hok * *
Air movement A * *
Passive smoking
Temperature * * A
RH A A A
Air movement * * A
Dust (log mg/m’) A A A

Notes: *P < 0.5; **P < 0.05; **P < 0.01; Ano association.

Abbreviations: D, dermal; G, general symptoms; M, mucosal; P, perceived physical complaint; RH, relative humidity; T, total; TVOC, total volatile organic compound.
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Table 13 Result stratified for gender: regression analyses of
individual complaints (12 symptoms)*

Factor All Women Men
Parameters/indoor air symptoms
Carbon dioxide (ppm) C A HD
Carbon monoxide (ppm) F, FHH, H, SN, A IE, SN
DT, C
Formaldehyde (log ppm) A A A
TVOC:s (log ppm) C F F
Dust (log mg/m?) A FHH, H A
Temperature (°C) A A A
Relative humidity (%) A A A
A A A

Air movement (m/second)

Notes: The symptoms included general symptoms (F, FHH, H, ND, and DC), four
questions on mucosal symptoms (IE, SN, DT, and C), and three on skin symptoms
(FS, SE, and HD); adjusted for age, gender, job category, new furniture, new partition,
and workstation; *P < 0.05; *no association.

Abbreviations: C, cough; DC, difficulty concentrating; DT, hoarse, dry throat;
F, fatigue; FHH, feeling heavy-handed; FS, dry or flushed facial skin; H, headache;
HD, red skin; IE, itching, burning, or irritation of the eyes; ND, nausea or dizziness;
SE, scaling, itching scalp, or ears; SN, irritated, stuffy, or runny nose; TVOC, total
volatile organic compound.

contradicted those of a previous study in Europe.** The
differences in reporting symptoms might be influenced
by an understanding of the IAQ issues in the workplace.
Men tend to have more knowledge, awareness, and alert-
ness compared to women as the the IAQ codes have been
embedded in the Occupational Safety and Health Act in
Malaysia since 2005.'?

Although the association between RH, air velocity,
and symptoms as well as complaints was more prominent
among men than women, women had more sick building
syndrome symptoms and complaints than men. Few studies
have stratified for gender in the analyses of the association
between exposure and effects. This study suggests that the
high number of symptoms and exposure to environmental
parameters, including temperature, CO, aldehydes, and
particulates, are similar to the findings for men in US com-
mercial office buildings.*

Air temperature was the only parameter associated to
mucosal symptoms among men and associated with per-
ceived physical symptoms among women. RH was the only
parameter associated with perceived physical symptoms in
both genders.

This study’s findings differ to a previous study
conducted by Scandinavian researchers who found a strong
association between the increased number of symptoms
scales for women, but not for men.® The current results
might support the hypothesis that the differences in illness
perception or reported symptoms may be due to a report-
ing bias in which men are more likely to perceive and
report symptoms more freely than women, who possibly

underreport symptoms. In future studies, it is suggested
that the influence of gender on exposure, symptoms, and
perception of the indoor environment should be differenti-
ated and should be specific to the separate targets of the
investigation.

Stratifying for gender analysis reveals that there were
some major differences in reporting symptoms and expo-
sure to the chemical or physical condition of the working
environment. Men had a positive association of mucosal
complaints while women did not. TVOCs, however, had a
positive association among men for all types of complaint
(whether general, mucosal, dermal, or total symptoms)
compared to women who only reported general symptoms
(probably related to the difficulty in concentration and feel-
ing heavy-headed). This symptom’s prominence among men
may be due to the fact that the exposure of such pollutants is
prominent among men compared to women.

Among women, dust is highly associated with the general
reported symptoms, with dust levels > 0.071 mg/m? having
a very high positive relationship with the general symptoms
reported by women. However, there was no association
among men. This indicates that the risk of exposure is greater
among women (due to the fact that their workstations had
more particulates than men).*

Relationship between symptoms

and indoor climate factors

In the current study, exposure to factors in both the
airborne chemical and physical work environments seem
to be important for symptoms to occur. This may fit a
theoretical model postulating that occupational exposure to
chemical or physical stressors may function as a modifying
factor between the environmental factors and symptoms,
increasing the individual’s sensitivity to factors in the
physical work environment.?73

As the study design was cross-sectional, the causality or
cause and effect cannot be determined. Nevertheless, this
study helps to provide some indication that certain aspects
of this theory (exposure to chemical airborne pollutants and
their effect on health) might be present even in the exposure
of low chemical dispersion (as demonstrated in the stratified
gender analyses), which is supported by findings from a
previous study in Finland.*

Improvement to this study can be made by evaluating the
personality factor by inserting it into the model of indoor air
symptom development.* This has been suggested by numer-
ous researchers who have observed that high occurrences of
indoor air symptoms are related to personality factors.!
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The current study does not evaluate the psychosocial
effects, such as strain, demand, and control, as described pre-
viously by Scandinavian researchers.® In addition, this study
had no information concerning the personality of workers,
and could not evaluate this aspect. The authors would like to
suggest that future researchers include psychosocial aspects
by using appropriate tools for assessing strain, demand, and
control among workers, which probably have some effect
on the health of workers (mental/psychological aspects).
Previous studies have examined physical environmental fac-
tors, psychosocial factors, and indoor air symptoms at the
same time, which successfully addressed certain problems
related to sick building syndrome.?>#% This is important as
a previous study of buildings in Finland, which examined
aspects of the psychosocial work environment by an interview
and questionnaire with three types of indoor environmental
problems, showed that psychosocial factors can be used to
determine mental strain and stress at work, which might
influence the perceived symptoms.*

A previous study in Sweden proved their hypothesis
that psychosocial work factors, such as work stress, work
cooperation, and work satisfaction, are important in studying
symptoms related to indoor environment problems.? This
is supported by another study, which suggested that the
physical environment appeared to be less important than the
psychosocial work environment in comparing the prevalence
of symptoms.*

Even though the psychosocial effect was not measured,
the current study has strength in terms of showing the rela-
tive exposure to indoor air pollutants (including the physical
indoor climate) and their effect on general or specific sick
building syndrome symptoms. This is supported by previ-
ous findings in which measuring the exposure of airborne
chemicals and physical indoor climate at the same time is
important to predict the prevalence of sick building syndrome
and perceived symptoms.** The present study also has other
strengths in that the comprehensive investigation included
the evaluation of quantitative airborne chemical dispersion,
subjective measurement, qualitative assessment (described
elsewhere), and objective measurement of physical work
indoor climate (especially in a tropical climate country),
unlike a previous study.®

Air temperature had a positive association with the
mucosal complaints among men and perceived complaints
among women. This difference might be due to the hormonal
changes in women, which make them more sensitive than
men.*? Stratified regression showed no association between
gender and the RH changes for all types of complaint except

for total complaints in respect to perceived environmental
condition. This suggests that neither men nor women per-
ceived differently in reporting RH. Gender might not be an
important aspect when predicting RH problems in an indoor
environment. A previous study showed that RH is one of the
important parameters that influence reported symptoms,
chemical dispersion, and indoor climate.'

The air movement and indoor climate showed a positive
association among men and women for mucosal symptoms.
This is supported by a previous study that suggests that the
olfactory gland is easily affected by the effect of air, whether
strong or low.!"* Low air movement leads to a stagnant air
effect and creates “dead air spaces,” while high air movement
leads to dryness of the nose and dry skin. Women tend to
complain more compared to men in respect to thermal com-
fort issues. This study is supported by previous findings.*

Prevalence of symptoms

Most of the general symptoms, such as fatigue, feeling
heavy-headed, headache, nausea/dizziness, and difficulty
concentrating, were more prevalent in the current study
population compared with a reference population from nine
“healthy buildings” in Sweden.* In addition, the current
study recorded a greater prevalence of symptoms when
compared to a large study in Finland.* The best explana-
tion for this might be due to the reporting culture, climate
factors, understanding of IAQ issues, building design,*
health awareness, and personality traits.?*#’ Furthermore, the
materials used for indoor furnishings might also contribute
to the indoor air symptoms as well as the real problem of
the indoor environment, as several responses to the ques-
tions about sick building symptoms problems had a high
prevalence. It has been demonstrated that the current study
recorded a 20% higher prevalence of sick building syndrome
in the workplace than previous studies on buildings in four-
season countries,* and 15% higher than for previous studies
on buildings in tropical countries.>*

Physical work environment

As CO, is used as the standard in Malaysia to identify ventila-
tion efficiency, the parameter is considered as a physical work
environment factor.” The daily temperature and CO, level
were similar among men and women. The CO, level was low,
which shows that the offices were well ventilated even though
air movement/velocity was low and clearly below the recom-
mended level of 0.15-0.5 m/second, as suggested by DOSH.
The air temperature (mean 24.35°C, range 19.60°C—32.30°C)
was not within the levels recommended in the Malaysia
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Occupational Safety and Health guidelines.? Complaints about
air velocity were low, but significantly higher among men
than among women. The RH was low (mean 57.71%, range
30.0%—78.6%) due to the high outdoor temperature combined
with a low ventilation rate. This study recorded higher RH
compared to other four-season countries (mean 21.9%, range
15%—35%).8 The sensation of the temperature being perceived
as too low was associated with low RH, as demonstrated by
researchers in Finland in their experimental study.*

Humidification of the air resulted in the RH increasing
from 12% to 39%, which then led to fewer complaints
about thermal discomfort at temperature settings below
22.0°C. Data from this study suggest that RH was negatively
associated with the sensation of dryness when RH was in
the 30.0%—78.6% range, but might lead to complaints of
stuffiness/excessive sweating in accordance with the experi-
mental humidification field studies.'*!>* The high RH in
tropical countries causes the evaporative mechanism of the
sweat from the skin to be less efficient as the water vapor
composition indoors is too great (which cannot “pick up” the
excess water vapor from the sweat). If the RH setting is above
the level recommended by DOSH (70%), possible thermal
discomfort will occur as suggested in previous indoor air
studies using a checklist.**

It was also found that a higher RH that exceeds the rec-
ommended range by DOSH might increase the perception
of stuffiness. Complaints about air velocity were higher for
men than for women, and women complained more about
drafts, inconsistent temperature, and temperature being too
low. The air velocity was always lower than the recommended
maximum values of 0.15 m/second (DOSH),? and was not
associated with the symptoms or complaints about perceived
drafts. This physical unstable indoor climate can influence
the dispersion of chemicals, and imbalances in the ventilation
can create a localized episode of sick building syndrome.
A previous study in commercial buildings suggests that the
ventilation rate together with poor thermal comfort balance
influence the sick building syndrome in office workers.?

The current study shows that air movement was associ-
ated with complaints about varying temperature indoors.
With sedentary lifestyles and activities, occupants gener-
ally feel thermally neutral or cooler, with air movement
being perceived as unacceptable at a temperature of up to
26°C-32°C, even at low air movement, as suggested by pre-
vious researchers.” This study shows a similar pattern with
a previous study, in which a cool overall thermal sensation
influenced the subjective perception of air movement in a
backward condition (negative influence).® However, another

report showed that women tend to report feeling cooler
and are more sensitive than men. Unfortunately, this study
did not identify any effect of gender on perception of
drafts similar to a previous study.’ This situation suggests
that when air movement was set to a lower level, it could
help to remediate action for feeling too cold among office
workers.

Chemical airborne work environment
(modifiable agent potentially influences

health symptoms)

Complaints about dust (PM10) were significantly higher
among women than among men. This suggests that women
are more responsive than men, which indicates the fatigue/
general symptoms are associated with the exposure of PM10
among women rather than men. Women tend to be more reac-
tive/sensitive to smoking activities, which might be associated
with higher concentrations of PM10 in their workstation.
The reaction of positive symptoms among women suggests
that PM10 can easily cause women to complain, especially
in respect to symptoms pertaining to the upper respiratory
condition and other related sick building syndrome symp-
toms. This is supported by previous findings which reported
that women are more likely to complain than men in indoor
environments with higher particulate matter levels.'

The relationship of CO to the symptoms suggests that
the infiltration of the air conditioning system highly influ-
ences the reported symptoms of workers, especially those
related to general and mucosal symptoms. This hypothesis
is supported by a previous theory concerning the heating,
ventilation, and air conditioning system industry and other
mechanical engineers, which suggests that the infiltration
of CO influences the efficiency of the heating, ventilation,
and air conditioning system, thus indicating the ability of
the indoor climate to remove pollutants and dilute pollut-
ants indoors.*” The mixture of phenol and dust is probably
caused by smoking/passive smoking activity.® A significant
amount of CO infiltration indicates poor arrangement of the
fresh air intake and a significant amount of outdoor air being
introduced indoors. These gases (CO,, CO, and particulate)
are modifying factors (based on the fact that these pollutants
can be controlled and managed properly) that can be managed
by engineers, architects, and building management prior to
development, maintenance, and occupancy. Therefore, this
building health-related information should be stringent and
considered by building professionals before the design and
development begins, especially in a humid and temperate
climate such as Malaysia.
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TVOCs, which are from the aldehyde group, indicate
formaldehyde dispersion. The temperature and RH influence
the dispersion of formaldehyde and other aldehyde com-
pounds, as demonstrated by a formaldehyde study conducted
previously.’® The aldehyde group of chemicals can be suc-
cessfully controlled and managed by the proper selection of
chemical-related products. The sensible selection of coating
materials on the furniture, wall, and office equipment will
make a considerable difference.

Temperature is related to chemical dispersion indoors.
Based on the results shown, the temperature in new build-
ings is slightly lower at 26.4°C compared to old buildings
(based on the pilot study data). This might be due to the poor
efficiency of the maintenance on the mechanical ventilation
and air conditioning (MVAC) system. This temperature
issue might lead to chemical dispersion of formaldehyde
or other aldehydes containing material, as suggested by
previous researchers.’*> Many possible formaldehyde
dispersion models have been suggested by researchers. The
dispersion and exposure may depend on the potency of the
formaldehyde-emitting products present, the extent of their
use, and the loading factor (m?/m?), which is described by
the surface area (m?) of formaldehyde-emitting materials
relative to the volume (m?®) of interior spaces.*® Other reasons
might include environmental factors (formaldehyde emis-
sions and their level increase with increasing temperature
and RH) and material age (formaldehyde emissions and
their level decrease with time).>* Other factors include the
interaction effects, which suggest the formaldehyde sources
will interact or react with the most potent source suppress-
ing emissions from less potent sources. Other explanations
concerning formaldehyde emissions may be due to the ven-
tilation condition where the lowest levels are experienced in
cold conditions and the possible infiltration rates are high on
warm days when occupants open windows.**>3* The most
important source in this developing country is probably the
effect of smokers, who are exposed to significant formalde-
hyde concentrations.>?

This study shows that formaldehyde and TVOCs are
prominent in triggering mucosal- and general-related indoor
air symptoms, which suggests that exposure to TVOCs leads
to headaches, fatigue, and other neurological disorders and
symptoms. This is supported by a previous study.*® Therefore,
the management of exposure to indoor air pollutants within
tropical climate buildings is important to reduce such symp-
toms that may lead to chronic health effects and prominent
repeated mucosal and general symptoms within the building
community.

Due to the limitations of the study design, the causality
shown between exposure to TVOCs in respect to neurological
disorders or associated chronic diseases cannot be estab-
lished; however, the pattern of recognition of the important
sources could help epidemiologists or IAQ professionals pre-
dict the future effect of TVOCs and aldehyde contents on the
health of workers. Current technology, such as interior design
for healthy living and green buildings, should be integrated
to improve the quality of air indoors. Chemical dispersion
coming from interior surfaces, such as paint, wallpaper, and
ventilation,*3¢ should be considered by engineers, architects,
and industrial hygienists to ensure that air quality issues can
be maintained to higher standards.

TVOCs or formaldehyde are believed to be associated
with neurological symptoms such as fatigue. This is sup-
ported by previous findings.’® Dust is positively associ-
ated with neurological symptoms among women, which
indicates that women are more susceptible and sensitive to
dust than men. Proper management of filters in the MVAC
system should be improved in order to reduce the number
of complaint-related symptoms among women, as suggested
by Syazwan et al.*3

Consideration of the use of low emitting VOCs, espe-
cially on coated wall areas can prevent over accumulation
of the VOCs material indoors. Suitable air movement, air
temperature, and RH can help maintain the indoor environ-
ment in a healthy condition. The coated/material that reflects
heat (especially radiant heat, ie, from outdoor sun) needs to
be well planned so that the heat is not introduced indoors,
preventing the effect of chemical dispersion of the indoor
furniture, especially in tropical climate countries.

Stratification of gender and related symptoms revealed
that some symptoms were associated with exposure to
chemicals indoors. CO, is associated with reported cough
symptoms among men and women. This reflects the effi-
ciency of the MVAC maintenance, which in turn influences
the ventilation of the indoor climate.>!®!” In addition, men
reported feeling heavy-headed when CO, is a prominent
indicator. CO showed the highest reported symptoms in the
exposure symptoms analysis. This is supported by previous
researchers who linked CO with infiltration problems, which
constitute the main indicator of MVAC efficiency and pertain
to the location of its fresh air intake.>’

From analysis of the exposure symptoms, there are a
few parameters that should be focused on in the develop-
ment of the TAQ index as the main indicators of problem-
atic buildings.**> Temperature and RH should be the best
evaluation in predicting the quality of the air being served by
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mechanical ventilation. Air movement should be monitored
on a periodic basis to identify potential dead space, which can
accumulate chemicals indoors. CO, should be an indicator of
the efficiency of the ventilation. CO should be monitored as
the main sign of outdoor air intrusion or smoking activities.
TVOCs, formaldehyde, or chemical-based materials should
be evaluated, especially in strong odor areas, which are sus-
pected of being responsible for more complaints of fatigue
or neurological-related complaints. Dust should be evaluated
more stringently in areas used by women as they appear to
be more sensitive, as demonstrated by the 20% reporting of
symptoms.

Methodological considerations

This study was performed in an office setting, and some
bias might be present as information on the symptoms and
perception of the work environment was collected using
the same questionnaire. However, the study has a major
strong point in that the perceived physical work environ-
ment and airborne chemical monitoring with perception
on odor was supplemented with objective measures. This
study also has other major strengths in that it monitored
the main indoor environmental factors (gases, chemical
and physical indoor environment) for the analysis, which
probably reflects the main possible problems in an indoor
work environment (psychological factors, microbiological
agents, and stress level). Further, the participation rate was
high, reducing the probability of selection bias. This study
was performed in a population of office staff. The results
are probably representative of other offices (new buildings
and air conditioned offices) in the Klang Valley (Malaysia
as a tropical climate country) and similar workplaces in any
tropical region that has a similar pattern of high humidity
and temperature. However, other types of workplaces may
have different challenges, such as the psychosocial work
environment, different outdoor climate, different build-
ing design, ventilation, interaction of different races, and
different gender—environment interactions. In this study,
the statistical evaluation considered some confounders,
which were controlled statistically during the data analysis
process.’ The confounders included workstation status,
prescribed activities, and chronic diseases reported by the
occupants.

This study had certain limitations in terms of the chemical
monitoring, due to the use of surrogate measurements in the
partial period grab sampling method. Overall changes in the
temporal patterns of the chemical and physical parameters
may exist.

Conclusion

The physical work environment, such as air temperature
and RH, assessed as a combination of chemical dispersion
of TVOCs, formaldehyde, and outdoor intrusion of CO,
can be associated with symptoms and perceptions of
indoor environments. Moreover, objectively assessed indoor
environments might differ between genders in office buildings.
The higher prevalence of environmental symptoms and com-
plaints among men does not necessarily indicate a stronger
association with climate factors. Chemical airborne disper-
sion (CO, formaldehyde, and TVOCs) factors and physical
environmental factors as well as gender differences should be
considered when evaluating an indoor environment. A holistic
approach, which should consider other elements, such as
psychological factors and personality factors is advisable in
dealing with indoor occupational environments.

Recommendations/suggestions

In order to maintain or create a suitable indoor environment to
prevent the occurrence of severe indoor, repeated symptoms
that will reduce productivity, some important recommenda-
tions should be considered by the facility managers, main-
tenance workers, building designers, architects, and interior
designers. New buildings should be using low-emitting VOC
paint. Improvement of the fresh air intake should be consid-
ered during the planning stage of the building construction
to avoid infiltration of CO within the facilities.

From this study, a model of exposure symptoms can be
established in which temperature, RH, and air movement
should be modeled as primary indicators. Any changes to the
range suggested by the current standard are likely to cause
IAQ problems. Due to the nature of the chemicals/gases,
TVOCs and formaldehyde should be treated as secondary
parameters to be evaluated and scored. Others include CO,),
CO, dust, and microbial contaminants.
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