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Abstract: The association between Indoor Air Quality (IAQ) and adverse health effects was studied. Sick
Building Syndrome (SBS) phenomenon is a collection of health problems caused by indoor pollution.The indoor
concentrations of PM  in the living rooms were measured at two multistory residential buildings during summer10

2010 in the Damietta City, Egypt. Information on possible particle sources and SBS outcomes were obtained
from questionnaires. The concentrations of PM  varied significantly. The concentrations of PM  may be10 10

affected by the surrounded traffic density. In addition to tobacco smoking, household cleaning was the
predominant indoor activity associated with increased concentrations of PM  within a home. The main SBS10

symptoms prevailed on different floors of the study sites based on occupant's response in the questionnaire
were tiredness, fatigue, or drowsiness; followed by headache; and runny nose, or sinus congestion.The linear
relationship between PM  concentration and SBS score showed that PM  might be categorized as an10 10

‘indicator’ of IAQ, indicating likely presence of indoor air pollutants. Mean SBS symptoms per person ranged
between 1.2 and 4.7 for occupants in the age groups of < 10 and  60 respectively. Females showed more SBS
symptoms (2.5) as compared to males (2.0) on all the floors. Questionnaire was also incorporating questions
to evaluate the awareness of occupants towards indoor environmental conditions. In all 35% of the occupants
were aware of indoor air pollution, 60% were not but they showed concern to know about it and 5% was
completely ignorant to it, indicating the need for awareness programmes by concerned authorities as human
spend most of their daily life indoors.
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INTRODUCTION characteristic of SBS to the physical indoor environment,

The association between indoor air quality (IAQ) and between questionnaire-based responses to SBS
adverse health effects is now well established. Sick symptoms and measured indoor exposures in homes has
building syndrome (SBS) was first recognized by the been investigated [9-14].
World Health Organization as a medical condition [1]. It is Indoor air pollution may pose greater exposure than
a collection of health problems caused by indoor chemical outdoor air pollution as people spend the majority of their
and biological  pollution,  uncomfortable  temperature  and time indoors where dispersion of pollutants may be poor
humidity, or other factors in buildings [2]. SBS is [15, 16]. Certain population groups such as seniors,
characterized by a variety of nonspecific subjective elderly and children are most susceptible to particle
symptoms, including irritation of the eyes, blocked nose pollution. Generally, women report more SBS than men
and throat, headache, dry skin, fatigue, sinus congestion, [17-21]. However, it has not been clear whether  this is
skin rash, irritation and nausea [3-5]. due to biological differences, or work and life-style

Many studies have shown the association between differences. In a study in England, it was suggested that
indoor air pollution and adverse health effects in women reported more symptoms than men did because
developed and developing countries [6, 7]. A number of they typically work in less favorable physical and
epidemiologic studies have been attributed symptoms psychosocial conditions [22]. However, a German study

especially poor indoor air quality [4, 8]. The association
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demonstrated that the gender difference in SBS- the home. If the participants were too young or old to read
prevalence cannot be explained by different working
conditions, different job characteristics and the indicated
demographic and psycho-social factors in general [18].

Many studies have found that the concentrations of
suspended particulate matter are higher indoors than
outdoors [23, 24]. Cooking [25, 26], smoking [26, 27] and
indoor combustion sources [28] are the predominant
activities associated with elevated concentrations of the
indoor particulate levels. In addition to cooking and
smoking, indoor particle concentrations also depend on
housekeeping activities such as sweeping and vacuuming
[26, 29].

This study attempted to provide more information
about the association between IAQ and the health effects.
The indoor PM  concentrations were measured and10

possible particle sources and SBS outcomes were
obtained from questionnaires.

MATERIALS AND METHODS

Study Area:  The  study  was  conducted  at  Damietta
City,  the  capital  of Damietta governorate, which is
located  northeast  of  Cairo  on  the  eastern  branch  of
the Nile and is surrounded by The Mediterranean Sea to
the North. Two multistory residential buildings, building
(A) and building (B) were recruited for the study. Each
ofthem has four floors and therefore has four sampling
sites. The building (A) is located at high traffic density
area and their sampling sites were designated as A1-A4,
while the building (B) is located at relatively low traffic
density area and their sampling sites were designated as
B1-B4.

Study Design: The indoor concentrations of PM  in the10

living rooms were measured at each floor of the two
multistory residential buildings during summer 2010. Since
most households had young children, homes were
typically occupied throughout the sampling period. Inlets
for the indoor samplers were placed at breathing level for
a typical adult. The residents have been instructed to
keep the windows closed two hours before the
measurements. The doors were opened only for entering
or leaving the room. Nobody was present during the
measurements and the door of the room was kept close.

Information on possible particle sources and SBS
outcomes were obtained from questionnaires. The
questionnaire also included queries about age, gender,
number of persons living in the home, time spent in
cooking place, smoking and the occurrence of dust  inside

or write, another family member answered the
questionnaires  on  their  behalf.  Participation  in  the
study was voluntary. 

Environmental Sampling of PM : Indoor sampling of10

PM was carried out for 8-h duration. Indoor samplers10

were placed in the middle of the living room approximately
1.5m above the floor. The sampling equipment was
housed such that it was as compact as possible and
positioned indoors to cause minimal intrusion to the
occupants. PM  concentrations were measured using the10

filtration method [30]. Particles were collected on
Whitmann 47 mm Teflon filters with 2µm pores size. Filters
were weighed in temperature and relative humidity
control. Weighing methods are detailed elsewhere [31].
All samples were collected in duplicate. Field blanks were
used and analyzed simultaneously with the exposed
samples for quality control during the study. 

Particle Sources: Information on possible particle
sources was derived from questionnaires. Data from
completed questionnaires comprised information on
smoking behavior of the parents and housing conditions.
Indoor PM  sources were mainly cooking, smoking and10

cleaning activities. 

The SBS Score: Questionnaire data were used to assess
the occurrence of SBS outcomes. The SBS score is an
integrated index which indicated directly the number of
different types of SBS symptoms that were analyzed on a
scale of 0-6 [5]. It was also used by Gupta et al. [14] and
Seppanen and Jaakkola [32]. The six main symptoms of
the SBS driven from questionnaire are itching or irritated
eyes; headache; sore or dry throat; unusual tiredness,
fatigue, or drowsiness; stuffy or runny nose, or sinus
congestion; and dry or itchy skin. The answers might be
always, sometimes, or never. They were assigned the
scores of 1.0, 0.5 and 0, respectively. Always symptoms
were defined as occurring 3 times or more per week and
sometimes symptoms as occurring once or twice per week
[14].

Statistical Analysis: All analyses were performed using
SPSS, v. 17.0 (SPSS, Inc., Chicago, IL).The descriptive
statistics (i.e. arithmetic means, standard deviations,
maxima and minima) were used to present the data. Linear
regression was performed to determine the relationships
between PM  concentration and SBS score. In analysing10

the SBS symptoms, chi square test and student's t test
were used.
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RESULTS AND DISCUSSION them spent 3 hours and 12.5% spent 4 hours or more in

The Study Population: The study population comprised
37 participants. The basic description of the study
population including interviewer information and particle
sources was given in table 1. The average age of
participants was 25.6 years (range 2-80). More than half of
the participants (54%) were aged less than 19 years.
Overall, they comprised 62.2% females and 37.8% males.
About 37.5% of homes occupied by number of persons
between 1 and 4 persons whilst a 62.5% of them have 5 or
more occupants. Approximately 37.5% of the subjects
smoked.

Questionnaire Derived PM Sources: Table 1 listed the10

potential sources of indoor particles according to
questionnaire evaluation. Almost 37.5% of subjects were
exposed to smoke inside. Half of the women spent
between 1 and 2 h in the cooking  place  whilst  37.5%  of

Table 1: The basic description of the study population

Factor Category % N

Age < 10 37.8

10- 19 16.2

20-29 5.4

30-39 13.5

40-49 10.8

50-59 8.1

 60 8.1

Gender Female 62.2

Male 37.8

Persons number in a home  2 12.5

3 12.5

4 12.5

 5 62.5

Time spent in cooking place  1 hr 25.0

2 hrs 25.0

3 hrs 37.5

4 hrs 12.5

Smoking Yes  Daily 37.5

No or rarely 62.5

Dust inside a home Always 50

Sometimes 37.5

Never a lot 12.5

Table 2: The descriptive statistics of the measured indoor concentrations of

PM10

Mean SD Max Min Median

793.0 131.0 992.3 605.6 801.9

this location, although cooking was not always taking
place. Approximately half of the women reported a lot of
dust inside. Gas was the fuel used at building (A), while
LPG was the fuel used at building (B). The homes of
building (A) were located in a street with traffic density
higher than that of building (B). Therefore, traffic may
affect the indoor sources of PM .10

Indoor Measurements of PM : The descriptive statistics10

of the measured indoor concentrations of PM  were10

shown in table 2. The median concentration of PM  was10

801.9 µg/m  whereas the mean concentration of PM  was3
10

793.0 µg/m . The maximum concentration of PM  was3
10

992.3 µg/m  measured at A2 while the minimum3

concentration of PM  was 605.6 µg/m  measured at B1.10
3

The standard deviation was 131.0 µg/m .3

The indoor concentrations of PM  measured in the10

living rooms at each floor of the two multistory residential
buildings were presented in Fig. 1. The concentrations of
PM  varied significantly. As shown in Fig. 1, the indoor10

concentrations of PM  at building (A) were slightly10

higher than that at building (B). The concentrations of
PM  may be affected by the surrounded traffic density.10

El-Batrawy [31] reported that the concentrations of PM10

are higher in areas with higher traffic density.
In homes where people smoke as A2, B2 and B3, the

mean indoor levels of PM  recorded were higher than10

those measured in homes with no smokers. In addition to
tobacco smoking, household cleaning was the
predominant indoor activity associated with increased
concentrations of PM  within a home. It was found that10

higher levels of PM  recorded in the living areas of10

homes were probably associated with the infrequent
housekeeping. Lee et al. [33] reported thatthe average
indoor levels of homes with and without smokers were 155
and 148 µg/m , respectively. 3

The Sick Building Syndrome: Fig. 1 presented the SBS
score at each floor of the two multistory residential
buildings based on occupant's response in the
questionnaire. The B1 was having maximum SBS score
(4.75) while A2 and B3 were having minimum (1.90). It
implied that occupants of the first floor of the building (B)
were having, on an average, four SBS symptoms out of six
that creating an unhealthy indoor environment. Gupta et
al. [14] studied the SBS at a multistory building in India
and found maximum SBS score of 3.01 as compared to the
control tower (0.97).
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Fig. 1: The measured indoor PM  concentration and corresponding SBS score at each floor of the two multistory10

residential buildings based on occupant's response in the questionnaire.

Fig. 2: The prevalence of SBS symptoms at each floor of the two multistory residential buildings. 

The prevalence of various SBS symptoms on symptoms and one out of four reported mucosal or skin
different floors of the study sites based on occupant's problems. Takigawa et al. [9] reported the prevalence of
response in the questionnaire was presented at Fig. 2. The SBS to be about 15% of the studied population.
main SBS symptoms prevailed were tiredness, fatigue, or Bachmann and Myers [34] investigated the influences of
drowsiness; followed by headache; and runny nose, or SBS symptoms and reported that eye symptoms, dry skin
sinus congestion. Dry, itching or irritated eyes symptom and sneezing are relatively common in all buildings,
was prevailed at A4 and B4. Headache was prevailed at whereas lower respiratory tract symptoms, facial and hand
A1 and B1. Unusual tiredness, fatigue, or drowsiness was rashes, dizziness and nausea are all relatively uncommon.
prevailed at A2, B1 and B4. Stuffy or runny nose, or sinus The prevalence's of specific symptoms were
congestion was prevailed at B2 and B3. Both sore or dry compared using student's t test and chi square test. The
throat and dry or itchy skin symptoms were not common results of t test (Sig. (2-tailed) = 0.737) indicated that there
at any sampling sites. Gupta et al. [14] concluded that the is no differences of IAQ of the both studied buildings.
main symptoms prevailing at a multistory building in India The results of chi square test (x = 8.222) showed that the
were headache (51%) and tiredness (50%). prevalence of specific symptoms are not similar in each of

Sun et al. [17] carried out a study of dorm the two buildings. Therefore, this may indicate that there
environment and college students’ health in China and is no direct influence of PM  sources on the presence of
found that one out of three students reported general SBS SBS symptoms in both buildings.

2

10
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Fig. 3: The correlations between indoor concentrations of
PM  and SBS score.10

Fig. 4: Association between age and mean SBS per
person.

Fig. 5: Association between gender and mean SBS per
person.

Correlation   between   PM  Concentration   and10

Corresponding SBS Score: Fig. 3 showed a linear
relationship between PM  concentration and SBS score10

(R  = 0.3039), which showed less correlation between2

them.  This  implied  that  PM  was  not  the  only10

influencing parameter affecting the SBS score in the
studied buildings. However, the linear relationship
between PM  concentration and SBS score showed that10

PM might be categorized as an ‘indicator’ of IAQ,10

indicating  likely  p resence  of  indoor  air pollutants.
Gupta et al. [14] found good correlation between PM10

concentration and SBS score (R  = 0.9499); the higher the2

PM concentration, the more the SBS score. 10

Association between Age and Mean SBS Symptoms per
Person: The distribution of mean SBS symptoms per
person over age groups on the two buildings was
described in Fig. 4. Mean SBS symptoms per person
ranged between 1.2 and 4.7 for occupants in the age
groups of < 10 and  60 respectively. It was maximum for
occupants in the age groups of  60 indicated that they
might be having chronic health problems. Occupants in
the age groups of 20-49 were more susceptible to SBS
symptoms as compared to the occupants in the age group
of and 50-59. Gupta et al. [14] found that occupants in the
age group of 20-29 were more susceptible to SBS
symptoms as compared to the occupants in the age group
of 50-59.

Association between Gender and Mean SBS Symptoms
per Person: Females were more susceptible to SBS
symptoms than males (Fig. 5). Females showed more SBS
symptoms (2.5) as compared to males (2.0) on all the
floors. It showed that female gender is more sensitive to
SBS symptoms than male, thus needing a lesser dose of
pollutants to response to the sick building symptoms. 

Previous investigations carried out in different
countries reported that females are more susceptible to
SBS symptoms than males. In China, Sun et al. [17] found
that female students reported 1.12-1.31 times more SBS
than male students. Zhang et al. [35] found the relative
risk for SBS symptoms is 0.85-1.02 for girls compared to
boys. Gupta et al. [14] found that females are showing
50% more SBS symptoms as compared to males on all the
floors. In European studies, women have reported 2-3
times more SBS symptoms than men [18, 20, 36]. 

The Awareness of Occupants Towards IAQ:
Questionnaire was also incorporating questions to
evaluate the awareness of occupants towards indoor air
quality. In all 35% of the occupants were aware of indoor
air pollution whereas 60% were not but they showed
concern to know about it and a small portion i.e. of 5%
was completely ignorant to it, indicating the need for
awareness programmes by concerned authorities as
human spend most of their daily life indoors.

CONCULSION

The association between IAQ and the Sick Building
Syndrome  (SBS)  phenomenon  was  investigated.  The
main SBS symptoms prevailing were tiredness, fatigue, or
drowsiness followed by headache and runny nose, or
sinus congestion.There are no differences of IAQ of both
studied  urban  and  suburban  areas. Therefore, this may
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indicate that there is no direct influence of PM  sources 10. Sahlberg, B., G. Wieslander and D. Norback, 2010.10

on the presence of SBS symptoms in both buildings. Less Sick building syndrome in relation to domestic
correlation between PM  concentrations and SBS score exposure in Sweden-a cohort study from1991 to 2001.10

implies that PM  is not the only influencing parameter Scand. J. Public Health, 38: 232-238.10

affecting the SBS score in a building. SBS score was 11. Kishi,   R.,   Y.   Saijo,   A.   Kanazawa,   M.   Tanaka,
maximum for occupants in the age groups of  60 T.     Yoshimura     and     H.    Chikara,    2009.
indicated that they might be having chronic health Regional   differences   in  residential  environments
problems. Females showed more SBS symptoms as and the association of dwellings and residential
compared to males on all the floors.There is a need for factors with the sick house syndrome: a nationwide
awareness programmes of indoor air quality as human cross-sectional   questionnaire   study  in  Japan.
spend most of their daily life indoors. Indoor Air, 19: 243-254.

REFERENCES Indoor environment in dwellings, asthma, allergies

1. WHO, 1983. Indoor air pollutants, exposure and population: a  longitudinal  cohort  study  from  1989
health effects assessment. Euro-Reports and Studies to    1997.    Int.    Arch.    Occup.   Environ.   Health,
No.78. World Health Organization Regional Office for 82: 1211-1218. 
Europe, Copenhagen. 13. Takigawa,   T.,   B.   Wang,   N.   Sakano,  D.  Wang,

2. Godish, T., 1994. Sick buildings: definition, diagnosis K. Ogino and R. Kishi, 2009. A longitudinal study of
and mitigation. CRC Press, Florida. environmental risk factors for subjective symptoms

3. Burge, P., 2004. Sick building syndrome. Occup. associated with sick building syndrome in new
Environ. Med., 61: 185-190. dwellings. Sci. Total Environ., 407: 5223-5228.

4. Burge, P., A. Hedge,  S.  Wilson,  J.  Harris-Bass  and 14. Gupta, S., M. Khare and R. Goyal, 2007. Sick building
A. Robertson, 1987. Sick building syndrome: a study syndrome: A  case  study  in  a  multistory  centrally
of 4373 office  workers.  Annals  of  Occup.  Hygiene, air-conditioned building in the Delhi City. Building
31: 493-504. and Environment, 42: 2797-2809.

5. WHO,    1984.   Indoor    Air   quality   research: 15. Brasche, S. and W. Bischof, 2005. Daily time spent
EURO-reports and studies 103, World Health indoors in German homes-baseline data from the
Organization-Regional Office for Europe, assessment of indoor exposure of German occupants.
Copenhagen. Int. J. Hyg. Environ. Health, 208(4): 247-253.

6. Mengersen, K., L. Morawska, H. Wang, N. Murphy, 16. Bruce, N., R. Perez-Padilla and R. Albalak, 2000.
F. Tayphasavanh, K. Darasavong and N. Holmes, Indoor air pollution in developing countries: a major
2011. The effect of housing characteristics and environmental     and     public    health   challenge.
occupant activities on the respiratory health of Bull. World Health Organisation, 78: 1078-1092.
women and children in Lao PDR. Sci. Total Environ., 17. Sun,  Y.,  Y.  Zhang,  L.  Bao,  Z.  Fan,  D.  Wang  and
409: 1378-1384. J. Sundell, 2013. Effects of gender and dormitory

7. Mestl, H., K. Aunan, H. Seip, S. Wang, Y. Zhao and environment on sick building syndrome symptoms
D. Zhang, 2007. Urban and rural exposure to indoor among   college   students   in   Tianjin,   China,
air pollution from domestic biomass and coal burning Building and Environment, in press, doi:
across China. Sci. Total Environ., 377(1): 12-26. 10.1016/j.buildenv.2013.06.010.

8. Samet,  J.,  M.  Marbury  and  J.  Spengler,  1998. 18. Brasche, S., M. Bullinger, M. Morfeld, H. Gebhardt
Health effects and sources of indoor air pollution. and W. Bischof, 2001. Why do women suffer from
Part II. Am. Rev. Respir. Dis., 137: 221. sick building syndrome more often than men?

9. Takigawa, T., Y. Saijo,  K.  Morimoto,  K.  Nakayama, subjective higher sensitivity versus objective causes.
E. Shibata, M. Tanaka, T. Yoshimura, H. Chikara and Indoor Air, 11: 217-222.
R. Kishi, 2012. A longitudinal study of aldehydes and 19. Engvall,  K.,  C.   Norrby,   J.   Bandel,   M.  Hult   and
volatile organic compounds associated with D. Norback, 2000. Development of a multiple
subjective symptoms related to sick building regression model to identify multi-family residential
syndrome in new dwellings in Japan. Sci. Total buildings with a high prevalence of sick building
Environ., 417-418: 61-67. syndrome (SBS). Indoor Air, 10: 101-110.

12. Sahlberg,  B.,   Y.   Mi   and   D.   Norback,   2009.

and sick building syndrome in the Swedish



World Appl. Sci. J., 25 (1): 163-169, 2013

169

20. Sundell, J., 1994. On the association between building 28. Allen, A. and A. Miguel, 1995. Indoor organic and
ventilation characteristics, some indoor inorganic pollutants: in-situ formation and dry
environmental exposures, some allergic manifestation deposition  in  southeastern  Brazil.  Atmos.  Env.,
and  subjective   symptom   reports.  Indoor  Air, 29B: 3519-3526.
4(S2): 7-49. 29. Allen, R., T.   Larson,  L.  Wallace,  L.  Sheppard  and

21. Mendell, M., 1993. Non-specific symptoms in office L. Liu, 2003. Investigation of indoor and outdoor
workers: a review and summary of the epidemiologic contributions to total indoor particulate matter
literature. Indoor Air, 3: 227-236. exposure. Environ. Sci. Techno., 37: 3484-3492.

22. Kinman, G. and M. Griffin, 2008. Psychosocial factors 30. Harrison, R. and R. Perry, 1986. Handbook of Air
and gender as predictors of symptoms associated Pollution Analysis. 2  ed., Chapman and Hall,
with    sick    building    syndrome.    Stress.   Health, London, New York. 
24: 165-171. 31. El-Batrawy, O., 2011. Traffic related air pollution in

23. El-Batrawy, O., 2010. Relationships between personal, residential    environment,    Damietta,    Egypt.
indoor and outdoor PM  in the residential American-Eurasian J. Agric.Environ. Sci., 11: 917-928.10

environment     in    Damietta,   Egypt.   J.   Am.   Sci., 32. Seppanen, O. and J. Jaakkola, 1989. Factors that may
6: 1413-22. affect the results of indoor air quality studies in large

24. Jones, N., C. Thornton, D. Mark and R. Harrison, office buildings. In: Design and protocol for
2000. Indoor/outdoor relationships of particulate monitoring indoor air quality, Eds., Nagda, N. and J.
matter in domestic homes with roadside, urban and Harper. Philadelphia, American Society for Testing
rural locations. Atmos. Env., 34: 2603-2612. and Materials, ASTM, pp: 51-62.

25. Kamens, R., C.  Lee, R.  Weiner  and  D.  Leith,  1991. 33. Lee, S., W. Li and C. Ao, 2002. Investigation of
A study to  characterize  indoor  particles  in  three indoor    air    quality    at   residential   homes   in
non-smoking homes. Atmos. Env., 25: 939-948. Hong Kong-case study. Atmos. Env., 36: 225-237.

26. Chao, C., T. Tung and J. Burnett, 1998. Influence of 34. Bachmann, M. and J. Myers, 1995. Influences on sick
different indoor activities on the indoor particulate building syndrome  symptoms  in  three  buildings.
levels in residential buildings. Indoor Built Soc. Sci. Med., 40: 245-251.
Environment, 7: 110-121. 35. Zhang, X., Z. Zhao, T. Nordquist and D. Norback,

27. Guerin, M., C. Higgins and R. Jenkins, 1987. 2011. The prevalence and incidence of sick building
Measuring environmental emissions from tobacco syndrome in Chinese pupils in relation to the school
combustion: side stream cigarette smoke literature environment: a two-year follow-up study. Indoor Air,
review. Atmos. Env., 21: 291-297. 21(6): 462-471.

nd

36. Stenberg, B. and S. Wall, 1995. Why do women report
‘sick building symptoms’ more often than men?
Social Science and Medicine, 40(4): 491-502.


