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ABSTRACT

This study was done to investigate the relationgtd@fween Indoor Air Quality (IAQ) and prevalence of
Sick Building Syndrome (SBS) in two different offie (old and new) in Selangor. Hundred and seventy
workers were selected consist of 85 office worerseach building. Questionnaire based on Indoar Ai
Quality and Work Symptoms Survey, NIOSH, Indoor Eowmental Quality Survey, 1991 was used to
record prevalence of SBS. Measurement of indoor cpiality was performed using instruments
recommended by IAQ Code of Practice, Departmen®odupational Safety and Health, Malaysia. 1AQ
supplied air was significantly higher in new buildi with the median 22.49 cfm/person while 15.79
cfm/person in old building (z = -6.23, p<0.001).eTprevalence of SBS in old building was signifitant
higher compared to the new building € 30.6, p<0.001). Levels of indoor air pollutantsdld building
were significantly higher compared to new buildifoy: CO, (z = -4.62, p<0.001); TVOC (z = -2.71,
p<0.05); PMo (z = -2.11, p<0.05); P4 (z = -2.35, p<0.05), meanwhile for UFP (z = 4.20.001) and
THI value (z = -4.57, p<0.001), new building wagngficantly higher compared to old building. Thevas
significant association between the prevalence B$ &nd the indoor air pollutants in the old buitgin
namely CQ (OR = 3.56, 95% CI = 1.327-9.548); CO (OR = 495% Cl = 1.740-14.127); TVOC (OR =
4.71, 95% CI = 1.571-14.151); RMOR = 6.23, 95% CI = 2.278-17.065) and RNOR = 4.18, 95% CI =
1.564-11.199), while in the new building, the plemae of SBS showed significant association with an
indoor air pollutant namely UFP (OR = 6.53, 95%=C1.757-24.327). After controlling the cofounders;
age, medical condition, smoking and having petaahéy the results showed that £QO, TVOC, PMo,
PM, s influenced SBS in old building while UFP influernt&BS in the new building. This study suggested
that when there was an increase in the ventilatives per person in office building, it would siggantly
reduced prevalence of SBS, even though both bgiddmeet the existing ASHRAE ventilation standards
for office building. Reduction in prevalence of SB®uld depend on the increase in ventilation rates,
ventilation effectiveness and reduction in indoiopallutants that can cause SBS.

Keywords. Indoor Air Pollutants, Indoor Air Quality (IAQ), Ne Building, Old Building, Sick Building
Syndrome (SBS)

1. INTRODUCTION workers to be exposed to indoor air contaminants is
increased which can lead to various type of bugdin
Nowadays, most of people spent their time up to 80%illnesses. In addition, the usage of electricalilitées
in the office equipped with systems such as heating (e.g., computers, photocopy machine or printerd) b
ventilation and air-conditioning. By having all g® an additional factor to increase the exposure among
systems, it could give thousands of benefits to theworkers to air pollutants. The U.S Environmental
workers but from the other sight, the tendency of Protection Agency (EPA) stated that office workers
Corresponding Author: Juliana Jalaludin, Department of Environmental @sdupational Health, Faculty of Medicine and He&8tences,
Universiti Putra Malaysia (43400), Serdang, Malaysi
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spent their time in indoor environment up to 90%l an
inadequate ventilation due to the increasing thabar
of workers in the building leads to sick building
syndrome (Apteet al., 2000).

One of well-known health effect resulted from the
exposure to indoor air contaminants was sick bugdi

building). Building A was selected as old buildiag it
was occupied more than 15 years while Building B wa
considered as new building as it was occupiedthess 4
years. These buildings were chosen as both buddisgd
the same centralized air conditioning system arel th
offices were completely dependent only on the gener

syndrome. The sick building syndrome was a majorentjlation to provide sufficient air for occupants

concern as many people were potentially at riskvads
defined by the World Health Organization (WHO) as a
excess of work-related irritations of the skin andcous

membranes and other symptoms, including headache,

fatigue and difficulty concentrating, reported bgrkers
in modern office buildings. Besides, there wereows

2.2. Socio-demographic Information, Health
Status and Prevalence of Sick Building
Syndrome

A set of questionnaires were used to obtain th@&soc

symptoms that can be seen on those who were verglemographic background of the respondents such as

sensitive to moulds which lead to sick building
syndrome; eye irritation, nasal stuffiness whilemso
people with chronic lung illnesses such as obstrect

personal information, health status and job pasit®BS
symptoms questions were based on the Indoor
Environmental Quality Survey and Work Symptoms

lung disease may develop mould infections in their Survey, National Institute Occupational Safety and

lungs. Other symptoms were cough, tight chest, adee
and difficulty in breathing (Aptet al., 2000).

Health (NIOSH) Indoor Environmental Quality Survey,
1991. The questionnaires asked on worker’s hetdths

Studies have demonstrated that SBS was influencend symptoms of SBS such as dry and itchy eyeghgou

by the type of ventilation system, with the prevake of
SBS being higher in buildings with mechanical
ventilation systems compared to normal ventilaggstem
(Burge et al., 1995). New building normally reported to
have high concentration of Total Volatile Organic
Compounds (TVOC) while old building recorded poor
ventilation rate with the increasing of Carbon Duex
(CO) level. Inadequate ventilation per occupants dmed t
elevated indoor chemical pollutants concentrat@arslead
to SBS prevalence (Aptet al., 2000). This study was
conducted in order to determine indoor air quadity its
association with sick building syndrome among tffee
workers in two different buildings in Selangor.

2. MATERIALSAND METHODS

2.1. Subject Recruiting and Selection

chest tightness, runny nose and shortness of breath
Zoning of each worker’s workstation was categorized
accordingly with the reference of floor plan. Repdr
SBS symptoms were given to the respective respasiden
on each day of IAQ assessment conducted and the sco
given in the analysis of data commence. Based en th
study by Ooiet al. (1998), building occupants also must
report symptoms occurrence of at least 1-3 days per
week during four weeks past and the symptoms shown
improvement when she/he away from work. Office
workers will be defined as having SBS if they had a
least one symptom of SBS symptoms and the symptoms
appear at least once in a week.

2.3. Indoor Air Quality Measurements

Assessment of Indoor Air Quality (IAQ) in Buildindy
and B was conducted according to Malaysia Indoar Ai

To recruit the study subjects, lists of name were quality Code of Practice (IAQ, COP), Department of
obtained from the Human Resource Department in bo”bccupational Safety and Health (DOSH), Malaysi®/80

buildings’ office. From the list available, 85 afé
workers in office at Media Prima Berhad (MPB) binlgl
was recruited and categorized under old buildingugr
named as Building A. The other 85 office workerfow
fulfill the stated criteria and matched as a growpre
recruited from Ministry of Energy, Green Technology

Duration of each sampling point was 40 min to repné
the selected area and it was depending on thegzariéa to
the 1AQ sampler. Workers closest to the air samptauld
be the first priority and the selection continueddhe total
number of available office workers was achievean@ar

and Water building as new building group named Was located in the center of the location in tHe®farea

Building B. All respondents were explained about th
procedure of the study and consent letter was mdxdai
from all respondents before the study begins

75-120 cm above the ground.
Two instruments were used in order to measure level
of indoor air quality; TSI 8554 Q-Trak Plus and TSI

This cross-sectional comparative study was conducte 8386 Velocicalc Plus (Velocicalc). The TSI 8554 @l

between Building A (old building) and Building B gw
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(%RH), Carbon Dioxide (C§), Carbon Monoxide (CO) IAQ supplied air into the indoor environment in oub
and ventilation rate. Concentration of £0n this  feet minute per person (cfm/person). Carbon dioxide
research was used as a ventilation indicator #shfrair ~ (CO,) gas was used as the main indicator for detecting
supply, supply air from diffuser, return air andtside  efficiency of supplied air ventilation. Indoor ajuality

air. TSI 8386 Velocicalc Plus (Velocicalc) was used  sypplied air and ventilation measurement were
assess air movement, air flow, velocity, volum@ssure  conducted and measured according to zoning of indoo
different and ventilation rate in both building. dation sampling location. According to ASHRAE (2001),
of all parameters sampling spot was recorded on th&neian value of the indoor air quality level wascts

|5_‘y0lf: planl and then _?" instrt:jmentz Y,Z\ere Croug per person.Table 2 shows the differences between
simultaneously using specific procedure by 1AQ, cfm/person levels in both buildings. The result of

(DOSH, 2005) and ventilation measurement us'ngMann-Whitney U Test showed Building B had

guideline given by ASHRAE (2001). There were five . .. : . . : . ;
important variables in this study. For the £QCO significantly higher indoor air quality supplied rai
' ! compared to Building A.

temperature and humidity detection, the TSI 855frgk
Plus was used. TVOC were recorded by using MiniRAE 3.3, Comparison of Indoor Air Pollutants in
PGM-7600. For the particulate matter (RNnd P_M_s), Both Building

the TSI Model 8520 Dust TrakTM Aerosol Monitor and

TSI Side PackTM (Side Pack) were respectively tised Building B had 17 sampling points while 14
this study. TSI Model 8525 P-Trak® Ultrafine Pdgic ~sampling points in the Building A. Normality test
Counter (UFP) was used in this study to capture UFPwere performed and both data were not normally

concentration on selected location in both building distributed. Building A showed significantly higher
) ) parameter of CQ TVOC, PMy, and PM s compared
2.4. Ethical Issues and Quality Control to Building B. However, the Building B showed

Approval from Medical Researcher Ethic Committee, Significantly higher UFP concentration and THI
UPM was obtained. Pre-test of the questionnaire was/@/ués compared to the Building Agble 3).
performed on 10% of the sample size to maximize the
reliability of the questions. All instruments were Tablel. Socio-demographic characteristics of Building A and

calibrated before the measurement started and &thnd Building B respondents

Operating Procedures (SOP) was followed strictiyrisure Study groups n (%)
quality of the data taken by the instruments. édljpondents

were guided by the researcher himself to avoid ases . Building A Building B
that might occur. Standard Code of Practice IAQI@SH, ~ Variables (n = 85) (n = 85)

Malaysia was used to compare the result from theSeX

: Male 48 (56.5) 34 (40.0)
assessment to ensure the quality of the results. Fomale 37 (43.5) 51 (60.0)
Race
3. RESULTSAND DISCUSSION Malay 51 (60.0) 74 (87.1)
. . . Chinese 20 (23.5) 1(1.2)
3.1. Socio-Demogr aphic I nformation Indian 10 (11.8) 10 (11.8)
Table 1 shows the descriptive statistics of the Others 4(4.7) 0(0.0)
Marital status
respondents. Percentage of male workers (56.5%) wag,ried 73 (85.9) 63 (74.1)
higher compared to female in Building A while gjngle 12 (14.1) 22 (25.9)
percentage of female (60.0%) was higher than nrale i gqucation level
Building B. Malay workers made up the highest Malaysian certificate of education 0 (0.0) 48 (56.5
percentage in Building A (60.0%) as well as in Binj Degree 60 (70.6) 32 (37.6)
B (87.1%). Majority of the respondents were married Master 8(9.4) 0(0.0)
) ) ) ) Others 17 (20.0) 5(5.9)
3.2. Comparison of Indoor Air Quality Supplied Smoking status
Air and Ventilation M easur ement Never Smoked 44 (51.8) 60 (70.6)
Former Smoker 6 (7.1) 2(2.4)
Indoor Air Quality Supplied Air and Ventilation Current Smoker 35 (41.2) 23 (27.1)

Measurement were measured by the adequacy of theN = 170)
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Table 2. Comparison of the IAQ in Building A and Building B

Building A (n = 85) Building B (n = 85)
Variables Median (IQR) Median (IQR) z p
CFM/person 15.79 (13.65-17.31) 22.49 (19.81-25.93) 6.230 0.001**

** Significant at p<0.001 (N = 170)

Table 3. Comparison of the concentration of indoor air paliis between Building A office workers and BuildBgffice workers

Median (IQR)
Parameter Building A (n = 85) Building B (n = 85) z p
CO, (ppm) 704 (631-719.5) 456 (428-478.5) -4.62 0.001*
CO (ppm) 1.7 (1.4-2.1) 1.3 (1.1-1.9) -1.63 0.102
TVOC (ppm) 0.1 (0.05-0.2) 0 (0.0-0.1) -2.71 0.007*
UFP(pt/c) 759 (621.5- 993.5) 1660.5 (1556.5-1785) -4.72 00"0
PMyo (Lg/nT) 57 (30.5-73.5) 36.5 (26.5-39.25) -2.11 0.036*
PM, 5(pg/nt) 57 (35-70) 37 (29.75-41.00) -2.35 0.019*
THI (°C/RH%) 36.52 (33.96- 40.57) 49.96 (48.16-51.00) -4.57 0.001**

*: Significant at p<0.05; **: Significant at p<0.@0

. S the minimum allowable rates recommended for the
3.4. Prevalence of Sick Building Syndrome (SBS) office building was 15 cfm/person and since both of

Building A was operated more than 15 years while 4 the buildings have recorded higher mean value wif cf
years for Building B. The score of the SBS had kdmme  person than the standard, this could be the reasyn
according to the positive response, if one symptomthe significant association between the prevalesice
recorded nearly every day, the mark given to thé& SB sick building syndrome and the level of indoor air
scale. If two symptoms reported every day, two ecor quality could not be obtained.
were given and so on (Oet al., 1998). As showed in Similar study has been conducted by Syazeataal.
Table 4, number of respondents that had been categorizeq2009) who reported that there was a significant
as having SBS using above criteria given, the Bglch association between the prevalence of sick building
recorded 68.2% office workers having SBS compaced t syndrome and the level of indoor air quality b thain
25.9% of office workers in the Building. difference was both of the buildings were combined

Based on the results showed from this studytogether in order to get the association of it el this
(Table 5A and 5B), there was no significant study, the association was determined to each ihgild
difference in the prevalence of sick building syome Building A and Building B.

between high level of indoor air qualityand From Table 6A, there were five parameters that
low level of indoor air quality for both buildings shown significant associations between the precaler
Although there was a significant difference on lgneel sick building syndrome and the indoor air pollugaim

of indoor air quality between the new building ahe Building A; CO,, CO, TVOC, PM, and PM s, while in
old building but after the buildings have been satel Building B, there was only one parameter has shihen
in order to find the association between the prved  significant association which was UFP. Similar sthds
of SBS and the level of indoor air quality for each been conducted by Syazwam al. (2009) that stated
building, the results have shown the opposite way. CO,, CO, TVOC and THI have shown significant
This result was contradicted with study conductgd b associations between the prevalence of sick bugjldin
Stenberget al. (1995) who stated that the prevalence of syndrome and the indoor air pollutants.
the sick building syndrome would be getting higher  Based on the result, there was a significant astogi
among workers who worked in low level of indoor air between the prevalence of sick building syndromd an
quality but there was a suspected association legtwe CO, concentration in the Building A (OR = 3.56, 95% ClI
SBS and air humidification, recirculation of exhaas = 1.327- 9.548). This showed that the office wosk&ho
at high outdoor-air flow rates but not at low outdair worked in the office environment with high level GO;;
flow rates and with natural or mechanical exhaustabove 672 ppm, have 7.2 times risk likely to depedirk
ventilation systems. According to the ASHRAE building syndrome than those who worked in theceffi
Standard 62 for Natural and Mechanical Ventilation, environment with level of C&below than 672 ppm.
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Table4. Comparison of the prevalence of Sick Building Symagq SBS) between Building A office workers and BuitfdB office

workers
Prevalence of SBS N = 170 (100%)
Variables Yes No 12 p
Building A (n = 85) 58 (68.2) 27 (31.8)
Building B (n = 85) 22 (25.9) 63 (74.1) 30.6 0.001**

** Significant at p<0.001; N = 170

Table 5A. Association of the Prevalence of Sick Building Syimde with the Level of Indoor Air Quality in BuildinA
Prevalence of SBS N = 85 (100%)

Variables Yes (n = 58) No (n = 27) OR 95%ClI
High 1AQ level 30 14 0.99 0.399-2.481
Low IAQ level 28 13

* OR significant at 95% CI>1

Table 5B. Association of the Prevalence of Sick Building Symde with the Level of Indoor Air Quality in Building
Prevalence of SBS N = 85 (100%)

Variables Yes (n = 22) No (n =63) OR 95%ClI
High 1AQ level 12 31 1.23 0.468-3.280
Low IAQ level 10 32

Table 6A. Association between Prevalence of Sick Building $gnmk with the Level of Indoor Air Pollutants in Biing A
Prevalence of SBS N = 85 (100%)

Parameters Parameter category Yes (n = 58) Na2@) = OR 95%ClI
CO, High 46 14 3.56* 1.327-9.548
Low 12 13
(6{0) High 34 6 4.95*% 1.740-14.127
Low 24 21
TVOC High 30 5 4.71* 1.571-14.151
Low 28 22
UFP High 31 9 2.29 0.886-5.950
Low 27 18
PMyo High 42 9 6.23* 2.278-17.065
Low 16 18
PM, s High 37 8 4.18* 1.564-11.199
Low 21 19
THI High 25 10 1.28 0.504-3.291
Low 33 17

Table 6B. Association between Prevalence of Sick Building $gntk with the Level of Indoor Air Pollutants in Bding B
Prevalence of SBS N = 85 (100%)

Parameters Parameter category Yes (n = 22) NB@) = OR 95%ClI

CcO, High 9 35 0.55 0.207-1.482
Low 13 28

(6{0) High 8 16 1.67 0.595-4.737
Low 14 47

TVOC High 8 22 1.06 0.387-2.928
Low 14 41

UFP High 19 31 6.53* 1.757-24.327
Low 3 32

PM;g High 15 34 1.82 0.656-5.093
Low 7 29

PM,5 High 14 41 0.93 0.342-2.582
Low 8 22

THI High 15 46 0.79 0.276-2.276
Low 7 17

* OR significant at 95% CI > 1(N = 85)
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Other parameter that shown significant associdtion human’s heart and induce breathing problem espetial
Building A was CO (OR = 4.95, 95% CI = 1.74-14.127) the susceptible group. It was supported by Riedikei.
and from the result, office workers who worked et  (2004) who stated that it has been reported thaisexe to
areas with CO concentration above 1.75 ppm have 8.1PM;, and PMs can cause cardiovascular implications on
times risk likely to develop sick building syndrome healthy young office workers in North Carolina, US.
compared to those who were working in the office Based on the result, there was only one parameter
environment with the level of CO below than 1.7%mpp that has shown a significant association between th

Next, TVOC was one of indoor air pollutants thas ha prevalence of sick building syndrome and levelnafoior
shown significant association regarding the as$iocia  air pollutants in Building B; UFP, (OR = 6.53, 95% =
between the prevalence of sick building syndromeé an 1.757-24.327) Table 6B). As a result,the office workers
the indoor air pollutants in Building A (OR = 4.795% who worked in the office environments with levelldfP
Cl = 1.571-14.151). In this study, it has clearhown exceeded 1642.5 pt/érwould have the risk of developing
that office workers who worked in areas with TVOC sick building syndrome 13.8 times more likely conguh
concentration of indoor air environment exceedel?9. to office workers who worked in the areas with lesk
ppm were approximately had 9.0 times more likely to UFPconcentration below than 1642.5 pticm
develop sick building syndrome than office workeittso The confounders involved in this study were age,
worked in office environments with the level of T€O  medical condition, smoking and having pets at hame
concentration below 0.124 ppm. The acute effecthef the logistic regression was run in order to getatigisted
volatile organic compounds were often associateith wi value regarding to the association of the prevalercsick
sick building syndrome and it was a collection @hn  building syndrome and the level of indoor air palhts. All
specific symptoms (mucous membrane irritation, skin parameters in the Building A that have shown sicguift
irritation, fatigue, headache, nausea, poor conaton, associations were analyzed by using logistic regresin
rhinitis, wheezing, rashes and other symptoms)nofte order to control the confounders involved in thiadg
associated with poor indoor air quality (Stolwilg91). In (Table 7A). At this point, the OR for Phbihas decreased to
addition, studies in adults have shown an increase 4.117. Although there was a decrement on the \&l@R
asthma symptoms related to exposure to increasedbut office workers who worked in the areas with Bid, 5
concentrations of VOCs (Norbaekal., 1995). concentration above 53.88 pgnhave the tendency to

On the other hand, there was a significant diffeeen develop the sick building syndrome 8.9 times likely
between the prevalence of sick building syndromeé an compared to those who worked in the office envirenim
the level of PM, concentration in the Building A (OR =  with level of PM sbelow than 53.88 pg‘r?l
6.23, 95% CI = 2.278-17.065). The office workersowh On the other hand, value of OR for £i@ Building A
worked in office environments with level of RM  has increased to 4.744. This turn in has shownatfiae
exceeded 53.94 pgfrwould have 7.5 times more likely workers who worked in the areas with £ncentration
risk of developing sick building syndrome compated above 672 ppm have the tendency to develop the sick
office workers who worked in areas with level of M  building syndrome 10.8 times likely compared tcsthavho
concentration below than 53.94 pg®m_ee and Chang Worked in the office environment with level of glelow
(2000) stated that illegal smoking inside in thélding ~ than 672 ppm. The result from this study regardnthe
would be the caused of the high concentration ofoM  indoor air pollutant; C@ the mean of it was higher

The last parameter that has shown the significantcompared to previous study conducted by Syazetiaah.
association between the prevalence of sick building(2009). In addition, increasing level of €@ each building
syndrome and level of indoor air pollutants in Budlding ~ showed positive association to the occurrencesialf s
A was PM5s(OR = 4.18, 95% Cl = 1.564-11.199). From bU|Id.|ng syndrome thus increases in certain lower
the result, it showed that office workers who warkethe ~ respiratory syndrome (Apeal., 2000). .
areas with PMs concentration above 53.88 pg*have the Carbon monoxide (CO) was the other parameter in the
tendency to develop the sick building syndrometifi@s ~ Building A that influenced the prevalence of siakiding
likely compared to those who worked in the office syndrome in this study. After controlling the camfiders;
environment with level of Pk below than 53.88 pgrh age, medical condition, smoking and having petsoate,
Studies showed that Bpfor indoor and outdoor air for a the adjusted value gotten has increased to 5.13 tdim in
wind-induced natural ventilated airspace depenttedgly has shown that office workers who worked in theseith
on the ambient particles’ distribution and the gesif the CO concentration above 1.75 ppm have the tendemcy t
building openings (Liaet al., 2003) and study conducted develop sick building syndrome 10.5 times likelyngared
by Schwartz and Dockery (1996) stated that pastides  to those who worked in the office environment étbel of
than 10 micron and 2.5 micron from any origin canwsgn CO below than 1.75 ppm.
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Table 7A. Logistic Regression for association between theceomations of CQ CO, TVOC, PM, and PM s and SBS among
office workers from Building A

Prevalence of SBS N = 85 (100%)

Parameters Parameter category Yes (n = 58) OR (95%Cl) *OR (95%Cl)

Co, High 46 14 3.56 4.74

Low 12 13 (1.327-9.548) (1.446-15.561)
Cco High 34 6 4.95 5.17

Low 24 21 (1.740-14.127) (1.602-16.743)
TVOC High 30 5 4.71 5.38

Low 28 22 (1.571-14.151) (1.431-20.227)
PMy High 42 9 6.23 6.29

Low 16 18 (2.278-17.065) (1.993-19.890)
PM, 5 High 37 8 4.18 4.11

Low 21 19 (1.564-11.199) (1.373-12.346)

*. Adjusted OR for age, medical condition, smokimgldaving pet at home

Table 7B. Logistic Regression for association between the eoinations of CQ CO, TVOC, PM, and PM ;s and SBS among
office workers from Building B

Prevalence of SBS N = 85 (100%)

Parameters Parameter category Yes (n = 58) Na2(f) = OR (95%Cl) *OR (95%Cl)
UFP High 19 31 6.53 6.46
Low 3 32 (1.757-24.327) (1.702-24.576)

* Adjusted OR for age, medical condition, smokimgldaving pet at home

Although there would be a very high tendency of the office workers who worked in the areas withelev
developing sick building syndrome in Building A, tbu of PM,, concentration below than 53.94 ug—>m
the mean value of CO concentration was still belbey Particulate matters in the air would be inﬂuend[gd
maximum limit, 10 ppm (DOSH, 2005). ~ various factors such as wind-speed, air temperatnde
Next, the third parameter that has shown significan re|ative humidity, atmospheric stability and others
association with the_ prevalence of sick building (sham, 1987). In addition, studies showed that Fivt
syndrome in the Building A was TVOC. The value of jndoor and outdoor air for a wind-induced natural

OR has increased to 5.38 and this turn in showad th yentilated airspace depended strongly on the arhbien
office workers who worked in the areas with TVOC particles’ distribution and the design of the birilgl

concentration of indoor air environment exceedd®®.  gpenings (Liacet al., 2003).
ppm were approximately had 14.1 times more likely t |4 gyilding B, there was only one parameter that ha
develop the sick building syndrome than the office gho\yn a significant association with the prevalente
workers who worked in the office environments with g building syndrome; UFPT@ble 7B). The value of
level —of .TVOC concentration be'O.W 0424 OR has decreased to 6.46 and although there was a
ppm.According to DOSH (2005), the maximum limit decrement on the value of the OR but the officekers
for the exposure to_the TVOC was 3 ppm and thewho worked in the office environments with level of
mean value from this study has shown lower valueUFP exceeded 1642.5 ptamwould have the risk of
Ithough th Id b high tend f ) ; ;
gevgll:)?oing o?iﬁe ggg symstoras '9 endency o developing sick building syndrome 14.4 times more
The last parameter that haé shown significant"kely compared to the office workers who workedlie
areas with the level of UFPconcentration below than

association regarding to the prevalence of sickding : i

the cofounders, the OR value has increased frot2@  Particles would give higher toxicity compare toger
and this showed that office workers who workedhia t Particles and this was because the ultrafine pestic
office environments with the level of Pyexceeded Wwould be able to penetrate deeply into the respiyat
53.94 pgri® would have the risk of developing sick tract and due to a large surface area; as a réstat/ses
building syndrome 9.9 times more likely compared to greater inflammatory response (Seagbal., 1995).
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4. CONCLUSION DOSH, 2005. Code of Practice on Indoor Air Quality.
1st Edn., Department of Occupational Safety and
This study suggested that when there was an irereas  Health, Putrajaya, ISBN-10: 9832014514,
in the ventilation rates per person in office bimly it Lee, S.C. and M. Chang, 2000. Indoor and outdoor ai
would significantly reduced prevalence of SBS, even quality investigation at Schoold in Hong Kong.
though both buildings meet the existing ASHRAE Chemosphere, 41: 109-113. DOI: 10.1016/S0045-

ventilation standards for office building. Reductiin 6535(99)00396-3

prevalence of SBS would depend on the increase injao, C.M., JW. Chen and S.J. Huang, 2003. Size-

ye_ntilation rates, ventilation effectiveness anduction dependent PM indoor/outdoor personal

in indoor air pollutants that can cause SBS. _ relationships for a wind-induced naturally vengtgt
SBS symptoms were significantly associated higkllev airspace. Atmospheric Environ., 37: 3065-3075.

of several indoor air parameters which were cadioxide, DOI: 10.1016/S1352-2310(03)00291-7

carbon monoxide, Total Volatile Organic Compound an Norhack, D., E. Bjornsson, C. Janson, J. Widstrom

particulate matters (PMand PMsg). Ultrafine particle was and G. Boman, 1995. Asthmatic symptoms and

a common significant pollutant found in new buigliand it volatile organic compounds, formaldehyde and

was a concern as it can also influenced SBS. carbon dioxide in dwellings. Occupat. Environ.

Exposure to inadequate supplied air and continuous  \ed., 52: 388-395. DOI: 10.1136/0em.52.6.388
exposure to indoor air pollutants might elevat& 6 Qoj, P.L., K.T. Goh, M.H. Phoon, S.C. Foo and H.M.
getting health problems. Many types of correcting Yap, 1998. Epidemiology of sick building
strategies can be recommended to reduce or sale®iin syndrome and its associated risk factors in
air quality problems. Firstly, regular housekeeptan singapore. Occupat. Environ. Med., 55: 188-193.
help to eliminate residues of air pollutants mainly DOI: 10.1136/0em.55.3.188

particulate matters either at source or at worlgtagion. Riediker, M., W.E. Cascio, T.R. Griggs, M.C. Herbst

Prompt clean-up of spills, regular and thorouglawieg and P.A. Brombergt al., 2004. Particulate matter
of all areas of the office was essential to mamtaalthy exposure in cars is associated with cardiovascular
indoor air.Then, staff should be trained to notngoany effects in healthy young men. Am. J. Respiratory
activities that can increase level of indoor aifiygants Critical Care Med., 169: 934-940. DOL:
such as smoking in indoor area. Training and adeéze 10.1164/rccm.200310-14630C

help to increase level of consciousness among ibgild Schwartz, J. and D.W. Dockery, 1996. Is daily midxta
occupants on the exposure of indoor air pollutants. associated specically with fine particles? J. Air

Finally, installation of effective ventilation sgsh was Waste Manage. Assoc., 46: 927-939. DOL
essential to maintain healthy indoor air qualitywas to 10.1080/10473289.1996.10467528
ensure all contaminant can be expelled out effijen  Seaton, A., D. Godden, W. MacNee and K. Donaldson,
Recirculation of air containing contaminants toldiaig 1995. Particulate air pollution and acute health
occupants must also be avoided. effects. Lancet, 345: 176-178. DOI: 10.1016/S0140-
6736(95)90173-6
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