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Abstract 

Background  This study evaluated the prevalence of sick building syndrome (SBS) in Rasht, Iran, a subtropical cli-
mate with wetter cold season city, during the autumn and winter months of 2020, focusing on the effects of noise 
and ventilation.

Methods  A total of 420 residents completed the indoor air climate questionnaire (MM040EA), and a walk-through 
survey of 45 randomly selected residential units assessed environmental noise, ventilation rate, and luminous 
conditions.

Results  Approximately 38.2% reported SBS symptoms in the past three months. Significant associations were found 
between SBS and dim light (P-value = 0.012, OR = 2.1, CI = 1.09-4), noise (P-value = 0.031, OR = 1.75, CI = 1.1–2.9), pas-
sive smoking (P-value < 0.01, OR = 2.6, CI = 1.22–5.4), static electricity (P-value < 0.01, OR = 3.8, CI = 1.15–12.6), bad air 
(P-value < 0.01, OR = 4.6, CI = 1.6–13), and high room temperature (P-value = 0.039, OR = 2.6, CI = 1.13–5.95) at α = 0.05. 
The field survey revealed that 75.5% of units exceeded the national noise threshold of 55 dBA. The average ventilation 
rate was 20 lit/(p.sec), while 32% of the units reported low or moderate lighting during daytime hours. No significant 
association was found between the type of interior wall finishing or heating systems and SBS. Stronger correlation 
was observed between noise and SBS in districts with higher traffic-induced noise.

Conclusion  Considering high noise levels in residential areas, local authorities must prioritize noise insulation policies 
in building design and construction.
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Text box 1. Contributions to the literature

• We analyzed the impact of environmental noise on SBS in residential 
units, addressing a key research gap.

• Direct measurement of ventilation rates and noise levels has been 
conducted across a diverse array of 45 dwelling units.

• The prevalence of Sick Building Syndrome (SBS) in residential settings 
and its links to local climate and cultural factors had not been thoroughly 
studied in Iran before this.

Background
Sick building syndrome is a widely recognized phenom-
enon characterized by a range of symptoms, which are 
often linked to the quality of the indoor environment. 
SBS, as opposed to BRI, typically manifests as symp-
toms that diminish upon leaving the affected environ-
ment [30]. In modern society, individuals are increasingly 
spending more time indoors [24, 36]. This trend, along 
with energy-saving strategies that limit ventilation rates 
in enclosed areas, as well as increasing traffic-related air 
and noise pollution in residential and commercial build-
ings, has raised concerns about the potential impact of 
poor indoor air quality and other environmental factors 
on human health. The causes of SBS are multifaceted and 
complex including improper air quality [46], noise [5, 
19], illumination [21] and thermal discomfort [17]. Poor 
indoor air quality, a widely acknowledged major con-
tributor [16, 43, 46], is often a result of factors such as 
inadequate ventilation rates and the presence of chemi-
cal, biological, and airborne contaminants [40, 50]. Addi-
tionally, psychological factors may also play a role in the 
development of SBS symptoms [12, 29].

In today’s modern society, the growing psychological 
and emotional burden of urban living has decreased indi-
viduals’ tolerance to environmental stressors, leading to 
an increase in SBS symptoms in residential settings [12, 
26]. Common symptoms of SBS reported in the literature 
include irritation of the upper respiratory system and 
eyes, general or neurotoxic effects, dermal symptoms, 
and complaints of odor and taste [24].

SBS was first identified in the late 1800s, leading to 
various studies on its causes, effects, and mitigation strat-
egies in residential [44], official [12], and healthcare [2] 
settings. A cross-sectional study in Japan with 4996 par-
ticipants found a 26.9% prevalence of SBS, with younger 
individuals and women more likely to report symptoms 
[44].

Takigawa et  al. [45] studied the effects of VOCs on 
SBS symptoms in 260 small Japanese residences, using 
the MM040EA questionnaire during 2004 and 2005. 
The findings indicated a prevalence of SBS symptoms 
at approximately 13.5% in 2004 and 11.5% in 2005. 
Furthermore, an association between hydrocarbon 

concentrations and the risk of SBS symptoms was 
obtained in bedrooms. Shao et  al. [39] studied SBS in 
1281 Nanjing residents, finding a prevalence under 15%. 
They linked skin-related symptoms to the building’s age 
and floor area, while factors such as painted walls, PM2.5 
levels, and smoking were significantly associated with 
general symptoms.

Sun et  al. [42] reported a significant association 
between ventilation rates, ozone, and ultrafine particles 
and mucosal symptoms in 32 dwelling units in China, 
while formaldehyde and VOC concentrations did not 
exhibit a significant correlation with SBS. Lu et  al. [23] 
showed a significant positive correlation between out-
door SO2 concentration and nose symptoms, as well as 
outdoor temperature and fatigue and eye symptoms, 
among 3,485 parents in China. Assessing elderlies’ expo-
sure to PM10, PM2.5, CO and CO2 concentration has been 
studied by Abdel-Salam [1] in 28 residences of Alexan-
dria city, Egypt. Although the elderlies spent 63% and 
33% of their time in bedrooms and living rooms, their 
exposure to air pollutants was higher in the living rooms.

Sarkhosh et  al. [38] found a 70.1% prevalence of SBS 
symptoms among 154 municipality office workers in Mash-
had, Iran, using a decision tree approach. Additionally, job 
satisfaction and VOC concentrations were identified as the 
most significant parameters. Miao and Ding [25] reported 
that 63% of Chinese public buildings had poor thermal con-
ditions and 33% of respondents preferred lower air condi-
tioning airflow. Additionally, 83% reported environmental 
noise, primarily from traffic and social activities. Niven 
et al. [27] revealed that forced air conditioned office build-
ings outperformed naturally ventilated buildings in terms 
of lower SBS symptoms and more desired ventilation rate 
and noise level. Also, they reported positive correlation 
between low frequency ventilation noise and SBS symp-
toms. The same results have been reported by Burt [6]. 
Guan et al. [15] investigated the combined effects of noise 
and temperature on comfort perception among 18 young 
office participants and revealed that increased noise levels 
corresponded with greater discomfort.

The impacts of noise, ventilation and lighting on the 
prevalence of SBS have been substantially investigated 
in healthcare units (Rashid and Zimring [33]; USA; Key-
vani et  al. [22], Iran; Arikan et  al. [5], Turkey; Kalender 
Smajlović et  al. [21], Slovenia) and office settings (Jafari 
et  al. [19]; Iran; Niven et  al. [27], UK; Witterseh et  al. 
[47]; Denmark). Notably, the existing scientific litera-
ture lacks reports on environmental SPL monitoring at 
dwelling units and its impact on SBS symptom percep-
tion. In the study conducted by Orkomi and Bora [28], 
traffic-induced noise mapping in Rasht city revealed that 
the daytime, nighttime, and daily SPL in residential areas 
exceeded standard limits.
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To address these gaps, the present survey assesses the 
influence of environmental noise in the living rooms of 
residents. Additionally, the ventilation/infiltration rate 
is obtained through inert CO2 gas concentration moni-
toring in dwelling units. The main questions addressed 
in the article include the amount of SBS prevalence in 
dwelling units of Rasht city, the association between SBS 
and environmental noise in different urban districts of 
Rasht, and the impact of ventilation/infiltration rates on 
SBS in Rasht.

Materials and methods
Study area
Rasht, the capital city of Guilan Province, is the most 
populous city in north-central Iran (Fig.  1). Nestled at 
37°16’50"N and 49°34’59"E, Rasht experiences a humid 
subtropical climate. As of the latest census in 2016, Rasht 
is home to around 680,000 inhabitants [14]. The city is 
divided into five municipality districts (Fig. 1), each with 

nearly an equal distribution of the population, approxi-
mately 20% per district. The population density in dis-
tricts one through five is recorded at 78, 209, 84, 61, 
and 34 individuals per hectare, respectively. Rasht City 
annually receives an average rainfall of approximately 
1357  mm [13]. Long-term meteorological data (2007–
2021) analysis in Climate Consultant V.6 software indi-
cates that July (26 °C) and February (8 °C) are the hottest 
and coldest months on average in Rasht, respectively. 
Other monthly climate parameters (illumination, cloud 
cover and daily pattern of monthly averaged tempera-
ture/RH are reported as complementary files ( ESM_1, 
ESM_2 and ESM_3).

Questionnaire and the criteria
The standard indoor air quality MM040EA questionnaire 
[4] was translated into Farsi and made available to partici-
pants both in face-to-face and online formats. Throughout 

Fig. 1  The situation of Rasht city and its five districts in Guilan Province, Iran
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the questionnaire completion process (October 2020 to 
January 2021), an expert was present alongside the partic-
ipant, either physically or virtually, to address any poten-
tial ambiguities. The survey comprised 33 questions: 5 on 
personal information and residence, 4 on medical history 
and smoking, 12 on SBS symptoms, and 12 on irritating 
physical factors. The questions related to SBS symptoms 
and irritating factors were designed as three-options 
(never, sometimes, often) scale.

Taking into account a 95% confidence interval, a desired 
precision of 5%, and the assumption that 50% of the popu-
lation exhibits SBS symptoms, the required sample size for 
a large population is determined to be 384 [7]. Assuming 
10% illegibility, we opted for a 10% oversampling. As this 
study was conducted in residential environments, where 
SBS factors are typically less severe than in hospitals [21], 
the documentation of even a single SBS-related symptom 
is significant. Consequently, individuals who reported 
at least one general, mucosal, or dermal symptom on a 
weekly basis, considered as positive cases of SBS [18, 37]. 
It should be mentioned that the questionnaire also asked 
the respondents “If they presumed the positive symptoms 
are related to their indoor area?”. As the respondents had 
difficulties to answer this question, their respond had not 
been considered in the analysis. The Pearson’s Chi-squared 
test [31] and Fisher’s exact test [10] were executed using 
MS Excel 2016, while logistic regression analysis was car-
ried out in MEDCalc software version 32.0.2, with a sig-
nificance threshold established at 5%.

Monitoring SBS related parameters
A walk-through survey was conducted to monitor envi-
ronmental and building-related factors reported by ques-
tionnaire participants. 45 dwelling units from the five 
districts of Rasht city have been selected randomly. After 
coordinating with the owners, two environmental experts 
(20 and 24 years old) visited the locations. A-weighted 
SPL were recorded with a TES 1358 A instrument, meas-
uring noise from 30 to 130 dB with 1.5 dB precision. 
Measurements lasted 30  min in living rooms, with the 
sound level meter positioned at least one meter from 
walls and 1.6  m high. CO2 concentration, temperature, 
and relative humidity were assessed using an AZ77535 
device, accurate to 50 ppm for CO2, 0.6 °C for tempera-
ture, and 3% for humidity, with time-weighted aver-
ages recorded indoors and outdoors over 20 min. Room 
dimensions were measured with a measuring tape, and 
data on wall finishes, heating systems, and building age 
were collected via a questionnaire. The relevant form 
and the filled questionnaire in the 45 residential units 
are provided in Online Resource 1 (ESM_4) and Online 
Resource 2 (ESM_5). Considering the impacts of heat-
ing system on indoor air pollution level and their usage 

during cold seasons, the impacts of heating system on 
the SBS symptoms have been assessed in this study. To 
assess the impacts of some observed risk factors of these 
45 houses on SBS syndromes, the occupants filled out the 
same MM040EA questionnaire described in Sect. “Ques-
tionnaire and the criteria”. The experiment campaign in a 
typical two-bedroom house is illustrated in Fig. 2.

The survey was conducted between November 2020 
and February 2021, with all measurements performed 
during the period of 9:00–12:00 am to account for varia-
tions in traffic patterns and induced noise levels through-
out the day. Most of the Residential units’ owners agreed 
to visit in the mentioned time interval. Furthermore, 
prior to the experts’ arrival, residents were asked to turn 
off heaters or any indoor combustion sources for at least 
one hour. The ventilation rate was determined using 
Eq. (1) considering the steady state CO2 mass balance law 
inside the residential unit. As the carbon dioxide concen-
tration is not uniform in indoor spaces, Eq.  (1) may not 
be uniformly applicable to the entire area. Additionally, 
residents commonly spend time in the hall (living room), 
which is often separate from the bedrooms and kitchen 
in the interior plans of houses in Rasht city. Therefore, 
Eq. (1) is specifically applied in the hall and kitchen areas.

Ventilation rate
Considering a steady state mass balance with the source 
term for CO2 in the interior space, the ventilation rate 
may be obtained using Eq. (1).

in which Q , n , VCO2, i and CCO2
 are the averaged venti-

lation rate per person (lit/(p.sec), number of occupants 
during the experiment, CO2 generation rate (lit/sec) by 
person i and the measured CO2 concentration (ppm). It 
has been assumed that the occupants are the only source 
of CO2 indoor. Also, the CO2 generation rate is calculated 
using Eq. (2) [32].

Where BMR , M , T  and P are the basal metabolic rate 
(MJ/day), the physical activity level (met), ambient tem-
perature (K) and pressure (kPa), respectively. It should 
be noted that in derivation of Eq.  (2), the ratio of CO2 
generation rate to oxygen consumption rate is assumed 
0.85 [48]. The BMR parameter [20, 32] is a function of 
mean body mass, where the mean body mass is reported 
by EPA [9] and illustrated in Table 1. The physical activ-
ity level is different for various activities [3, 20]. In this 
study, the values for common activities at dwelling units 
are used (Table 1).

(1)Q =

106 n
1
VCO2, i

n× CCO2
(in)− CCO2(out)

(2)VCO2
= 0.000179× BMR× M × (T/P)
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Limitations
The study was conducted amidst the COVID-19 pan-
demic, and it is worth considering the potential psycho-
logical effects resulting from the heightened awareness 
of disease spreading. This increased sensitivity may have 
led to a higher prevalence of SBS in residential units in 
Rasht. Furthermore, conducting noise assessments in 
various rooms throughout the day, as well as calculat-
ing individuals’ daily exposure levels, could offer a more 
accurate assessment of the relationship between noise 
and SBS symptoms. Although, women spend more time 
in residential units than men do, the gender imbalance 
(75% women) of the present study may have an influence 
on the results. The selection of homogeneous samples in 
different urban districts can also enhance the validity of 
the results.

Results and discussion
Questionnaire results assessment
The statistical analysis revealed that out of the 420 indi-
viduals who participated from 407 dwelling units, 25% 
were male and 75% were female, with an average age of 
33 years. 32 individuals were smokers (25 females and 
seven males), six individuals reported respiratory or der-
mal problems, and 39 individuals spent more than 10 h 

per day outdoor. Smokers, individuals with respiratory 
or dermal problems, and those who spent more than 
10  h engaged in activities outdoors were considered as 
ineligible participants. Consequently, after filtering out 
the ineligible individuals, the questionnaires that were 
completed by 301 females and 57 males were considered 
eligible for further evaluation. The characteristics of the 
eligible participants are presented in Table 2. The young-
est participant was a 16-year-old female, while the oldest 
was a 77-year-old man.

Out of 358 eligible individuals, approximately 38.2% 
of participants (comprising 117 females and 20 males) 
indicated that they had experienced at least one of the 
general, mucosal, or dermal symptoms weekly over the 
past three months, with no identifiable cause. The most 
frequently reported symptoms were general symptoms, 
noted by 28% of individuals. Dermal and mucosal symp-
toms followed as the second and third most common, 
reported by 15% and 10% of participants, respectively. 
The prominence of general symptoms aligns with find-
ings from other studies conducted in residential envi-
ronments [8, 42]. The prevalence of SBS symptoms was 
observed at 39% in females and 35% in males. Many stud-
ies reported higher prevalence of SBS in females than in 
males [12, 34], due to the difference in the perception, 

Fig. 2  Data gathering procedure in a typical dwelling unit
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social roles, personality traits and physiological charac-
teristics [5]. The share of females among the eligible par-
ticipants is 82% and this imbalance may have an impact 
on the result. Nonetheless, the statistical analysis in this 
study revealed no significant association between gender 
and the prevalence of SBS symptoms (P-value = 0.59). 
The prevalence of each specific symptom related to sick 
building syndrome is detailed in Table 3.

Based on the data in Table  3, the most commonly 
reported symptom was fatigue, with a prevalence of 
17.04%. Following that, concentration difficulty, head-
ache, feeling of heaviness in the head, dry facial skin were 
the second to fifth most common symptoms, with preva-
lence rates of 12.01%, 11.45%, 10.06%, and 9.22%, respec-
tively. The least reported symptom was nausea, with a 
prevalence of 1.12%.

According to the questionnaire results, noise was iden-
tified as the most significant irritating factor on a weekly 
basis by 22.91% of the study participants. Following this, 
the presence of dust and dirt and passive smoking were 

Table 1  Body metabolism related parameters applied in Eq. (2)

a Less than 3 years old

Age (yr) Sex Mass (Kg) BMR Physical activity Physical activity level 
M (met)

< 1 Male 8 1.86 Cleaning,
sweeping

3.8

Female 7.7 1.75

1–3a Male 12.8 3.05

Female 12.3 2.88

3–6 Male 18.8 3.90 Kitchen activity 3.3

Female 18.3 3.59

6–11 Male 31.9 5.14

Female 31.7 4.73

11–16 Male 57.6 7.02

Female 55.9 6.02 Sitting reading,
writing, typing

1.3

16–21 Male 77.3 7.22

Female 65.9 6.12

21–30 Male 84.9 8.24

Female 71.9 6.49 Sleeping 1.0

30–40 Male 87 7.83

Female 74.8 6.08

40–50 Male 90.5 8.00

Female 77.1 6.16

50–60 Male 89.5 7.95 Standing tasks,
light effort

3.0

Female 77.5 6.17

60–70 Male 89.5 6.84

Female 76.8 5.67

70–80 Male 83.9 6.57 Standing quietly 1.3

Female 70.8 5.45

≥ 80 Male 76.1 6.19

Female 64.1 5.19

Table 2  Demographic information of eligible participants

Parameter n %

Gender Male 57 15.92

Female 301 84.08

16 ≤ Age < 20 Male 10 2.79

Female 24 6.70

20 ≤ Age < 30 Male 17 4.75

Female 118 32.96

30 ≤ Age < 40 Male 8 2.23

Female 54 15.08

40 ≤ Age < 50 Male 7 1.96

Female 64 17.88

50 ≤ Age < 60 Male 10 2.79

Female 32 8.94

Age ≥ 60 Male 5 1.40

Female 9 2.51
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ranked as the second and third most significant factors, 
respectively, with a considerable margin between them 
and noise. These findings are presented in Table 4.

The statistical analysis assessing the impact of environ-
mental factors on the prevalence of SBS symptoms identi-
fied significant associations between SBS prevalence and 
dim light (P-value = 0.012, OR = 2.1, CI = 1.09–4). Addi-
tionally, a notable correlation was found between SBS and 
noise pollution (P-value = 0.031, OR = 1.75, CI = 1.1–2.9), 
passive smoking (P-value < 0.01, OR = 2.6, CI = 1.22–5.4), 
static electricity (P-value < 0.01, OR = 3.8, CI = 1.15–
12.6), bad air (P-value < 0.01, OR = 4.6, CI = 1.6–13), and 
too high room temperature (P-value = 0.039, OR = 2.6, 
CI = 1.13–5.95), with the significance level of α = 0.05. 
However, as stated in Table 4, no significant associations 
were found between SBS and other independent param-
eters at a significance level of α = 0.05. Besides, the asso-
ciation between four most prevalent symptoms and the 

affecting risk factors has been investigated via logistic 
regression in MedCalc statistical software. The associa-
tion between fatigue, headache, heavy head and the con-
centration difficulty and 14 risk factors are expressed as 
Odds ratios in Fig. 3.

Figure  3 reveals that there is a positive association 
between static electricity and fatigue, where a negative 
association is observed between varying room tempera-
ture and fatigue. Heavy head was significantly associ-
ated with passive smoking (Fig. 3.b). In addition, passive 
smoking has a positive correlation with headache and 
concentration difficulties, where the association is more 
significant for headache (Fig. 3.c and d).

It was observed that all participants experiencing 
weekly static electricity were women (P-value = 0.002), 
likely due to indoor slippers that prevent static electric-
ity dissipation. Moreover, when examining the sensation 
of high room temperature, a significant association was 

Table 3  Sick building syndrome symptoms among participants in dwelling units

Prevalence Yes (often) Yes (sometimes) No (never)

Symptoms n (%) n (%) n (%)

General Fatigue 61 (17.04) 190 (53.07) 107 (29.89)

Heavy head 36 (10.06) 166 (46.37) 156 (43.58)

Headache 41 (11.45) 153 (42.74) 164 (45.81)

Nausea/Dizziness 4 (1.12) 74 (20.67) 280 (78.21)

Concentration difficulty 43 (12.01) 162 (45.25) 153 (42.74)

Mucosal Eye irritation 17 (4.75) 78 (21.79) 263 (73.46)

Nose irritation 17 (4.75) 87 (24.30) 254 (70.95)

Throat hoarse 10 (2.79) 122 (34.08) 226 (63.13)

Cough 9 (2.51) 138 (38.55) 211 (58.94)

Dermal Dry facial skin 33 (9.22) 99 (27.65) 226 (63.13)

Itchy scalp/ears 21 (5.87) 118 (32.96) 219 (61.17)

Dry hands 24 (6.70) 93 (25.98) 241 (67.32)

Table 4  The prevalence of environmental factors among participants

Prevalence Yes (often) Yes (sometimes) No (never) p-value
Factor n (%) n (%) n (%) -

Draught 27 (7.54) 161 (44.97) 170 (47.49) 0.160

Too high room temperature 25 (6.98) 181 (50.56) 152 (42.46) 0.039

Varying room temperature 31 (8.66) 179 (50.00) 148 (41.34) 0.330

Too low room temperature 26 (7.26) 166 (46.37) 166 (46.37) 0.680

Bad air 18 (5.03) 80 (22.35) 260 (72.63) < 0.01

Dry air 6 (1.68) 91 (25.42) 261 (72.91) 0.150

Unpleasant odor 15 (4.19) 89 (24.86) 254 (70.95) 0.210

Static electricity 13 (3.63) 100 (27.93) 245 (68.44) < 0.01

Passive smoking 32 (8.94) 97 (27.09) 229 (63.97) < 0.01

Noise 82 (22.91) 181 (50.56) 95 (26.54) 0.031

Dim light 28 (7.82) 163 (45.53) 167 (46.65) 0.012

Dust and dirt 44 (12.29) 144 (40.22) 170 (47.49) 0.120
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noted between feeling high temperature and SBS symp-
toms in women (P-value = 0.025). However, no significant 
association was found among men (P-value = 0.555). One 
plausible explanation for this observation is the cloth-
ing style of women in Iran, which is influenced to some 
extent by Islamic culture. Older women, in particular, 
tend not to wear comfortable clothing indoors, leading 
to a perception of high temperatures among women. Seg-
menting females into three age groups (under 30, 30–40, 
and over 40 years) demonstrated a significant relation-
ship between age and the perception of high indoor tem-
perature (P-value = 0.016).

Given that traffic-induced noise pollution is a signifi-
cant environmental concern in Rasht [28], the influence 
of noise as a factor affecting SBS is anticipated. Passive 
smoking and poor air quality (bad air) in residential units 
may also be attributed to inadequate ventilation. Moreo-
ver, the sensation of too high room temperature can be 
caused by a lack of proper ventilation in residential units 
or improper energy management in buildings.

Rasht is geographically divided into five urban districts 
(Fig. 1). Typically, residents in district one, located in the 
northern areas of the city, exhibit higher financial secu-
rity compared to other districts, while residents in dis-
trict five, located in the southern areas of the city, possess 
relatively lower financial security. Based on the question-
naire statistics, 27%, 20%, 12%, 31%, and 9% of the par-
ticipants are residents of districts one to five, respectively. 

Upon analysis of the questionnaire results, it was found 
that 47% of the participants in district one reported expe-
riencing at least one SBS symptom on a weekly basis. The 
corresponding percentages for districts two to five were 
identified as 42%, 26%, 32%, and 37% (Table  3). Among 
the environmental factors that significantly impacted 
SBS, only environmental noise exhibited variation across 
different urban districts, displaying a relatively distinct 
pattern. Consequently, the relationship between noise 
and SBS symptoms was separately examined in the five 
districts, with the results presented in Table 5.

The findings revealed the strongest association 
between SBS symptoms and noise in district four 
(OR = 4.13, CI = 1.7–10.2). Furthermore, district one 
(OR = 2.03) and five (OR = 1.5) exhibited significant asso-
ciations. These outcomes are consistent with the fact 
that a major east-west transportation route of the prov-
ince runs through district four. Additionally, district one 
experiences high traffic volumes due to the presence of 
numerous healthcare facilities, which subsequently leads 
to a significant impact of noise on the prevalence of SBS 
symptoms. Although the traffic noise is not an indoor 
factor, the improper acoustic design of buildings can 
enhance the noise impact indoors. Besides, the lack of 
considering noise map in residential land use planning 
as well as incompatibility of building acoustic with the 
background SPL increase the potential of SBS and BRI in 
Rasht city. Prolonged exposure to environmental noise 

Fig. 3  Association between weekly prevalence of a) fatigue, b heavy head, c headache and d) concentration difficulty and 14 risk factors
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can transform nonspecific symptoms into lasting physi-
cal, cardiovascular, and psychological BRIs [35].

In‑situ measurement results of risk factors
To investigate the risk factors contributing to SBS in resi-
dential units in Rasht, a field study were conducted in 45 
residential units, with results presented in ESM_5. The 
situation of six risk factors measured in the studied units 
are depicted in Fig. 4. The noise measurements in the liv-
ing rooms of these units indicated that the average SPL 
over a 30-minute period ranged from 53 to 68 dBA. This 
exceeded the Iranian daytime standard limit of 55 dBA 

[28] in 75.5% of the examined residential units. It is sig-
nifying that the environmental noise level in residential 
units in Rasht is significantly high and is a major contrib-
uting factor to symptoms related to SBS, as also evident 
in the questionnaire results presented in the previous 
Sect. “Questionnaire results assessment”.

As stated in Sect. “Questionnaire results assessment”, 
inadequate ventilation is another major factor contrib-
uting to SBS in Rasht. The ventilation rate of the liv-
ing rooms was measured using the direct measurement 
of CO2 concentration and calculated using Eqs.  (1) 
and (2). The calculation results showed that the aver-
age ventilation rate in the examined units was 20 L per 

Table 5  Association between noise and SBS in five urban districts

District Noise No Yes (Weekly) OR
SBS

1 No 44 7 2.03

Yes(Weekly) 34 11

2 No 30 11 0.68

Yes(Weekly) 24 6

3 No 26 5 0.52

Yes(Weekly) 10 1

4 No 62 12 4.13

Yes(Weekly) 20 16

5 No 15 5 1.50

Yes(Weekly) 8 4

Fig. 4  The distribution of observed risk factors in 45 units
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second per person, ranging from a minimum of 2.7 
to a maximum of 63.5 lit/(p.sec). Nonetheless, 65% of 
the residential units had ventilation rates below 20 lit/
(p.sec). According to Fig.  4, about 20% of the studied 
units had ventilation rates below the national code for 
the minimum amount of fresh air intake in residential 
units [11] (7.1 lit/(p.sec)), indicating inadequate venti-
lation directly affects various issues in residential units 
such as passive smoking, lack of access to fresh air, and 
increased room temperature.

Furthermore, dim light in residential units has been 
identified as a primary contributor to SBS according to 
the questionnaire survey results in Sect.  “Questionnaire 
results assessment”. It was observed that 32% of 45 units 
had either low or moderate lighting in the living rooms 
(Fig. 4), whereas the remaining residential units had ade-
quate natural daylighting. In this regard, Siu-Yu Lau et al. 
[41] reported that 90% of respondents were satisfied with 
the luminous condition in living rooms of Hong Kong. 
Also, a research by Xue et  al. [49] revealed that 54% of 
participants in Hong Kong reported luminous comfort in 
the living room, from which 60% satisfied with the day-
light quality.

The residential units in Rasht and northern Iran are 
generally designed with larger windows in the living 
rooms than in the bedrooms, which leads to a reduced 
amount of natural light entering the bedrooms. The 
results revealed that satisfaction levels regarding natu-
ral light in residential units in Rasht were less than 
70% (Fig.  4). However, natural light reception can also 
be influenced by factors such as weak sunlight during 
autumn and winter seasons, cloudy and rainy weather, 
solar altitude angle, building orientation, floor, and socio-
cultural influences, which were not considered in this 
research and need further investigation.

The houses surveyed in this study had an average age of 
14 years, ranging from 3 to 40 years. The statistical analy-
sis revealed no significant relationship between the age of 
residential units and SBS symptoms at the alpha level of 
0.05 (P-value = 0.66). The heating systems present in the 
units consisted of both central radiator heating and indi-
vidual natural gas heaters, with 62% of the units employ-
ing central heating, while the remaining units utilized 
individual natural gas heaters (Fig. 4). There was no sig-
nificant association observed between the type of heating 
system and SBS symptoms (P-value = 0.10).

Regarding interior walls, 38% of the units had painted 
interior walls, 42% were covered with gypsum plaster, 
and 20% utilized wallpaper (Fig. 4). The statistical results 
indicated no significant relationship between SBS symp-
toms and the use of paint for interior wall finishing, both 
overall and under different ventilation conditions, at the 
alpha level of 0.05 (P-value = 0.6).

Conclusion
The investigation aimed to assess the prevalence of SBS 
in residential units across all five urban districts of Rasht, 
the largest city in northern Iran, utilizing both a ques-
tionnaire and direct measurement of influential envi-
ronmental parameters. A questionnaire was employed, 
and expert support was provided to individuals for its 
completion.

Analysis of the questionnaire results revealed that 
among 358 eligible individuals, around 38.2% of partici-
pants (117 females and 20 males) reported experiencing 
at least one of the general, mucosal, or dermatological 
symptoms on a weekly basis. While the prevalence of SBS 
symptoms was 39% in females and 35% in males, no sig-
nificant association was found between gender and SBS 
prevalence.

The most prevalent SBS symptom was identified as 
fatigue, with a rate of 17.04%. Statistical analysis demon-
strated significant associations at α = 0.05 level between 
SBS symptoms and dim light (P-value = 0.012), noise pol-
lution (P-value = 0.031), passive smoking (P-value < 0.01), 
static electricity (P-value < 0.01), bad air (P-value < 0.01), 
and too high room temperature (P-value = 0.039). The 
study also showed a stronger correlation between noise 
levels and SBS in areas with higher traffic noise in the five 
urban regions of Rasht.

Further investigation involved field measurements of 
noise levels, ventilation rates, and natural lighting in 45 
residential units in Rasht. The evaluation revealed that 
20% of the units had ventilation rates below the national 
standard value of 7.1 lit/(p.sec). While no significant cor-
relation was observed between ventilation rates and SBS, 
there was a noteworthy relationship between SBS and 
poor air quality and high room temperature.

Sound pressure level measurements in the living rooms 
of residential units indicated that 75.5% of the units 
exceeded the permitted national daytime noise level (55 
dBA). This high exposure to noise in residential units is 
regarded as a potential underlying cause for the elevated 
prevalence of SBS in Rasht compared to other stud-
ies, with this factor mainly attributed to motor vehicle 
transportation in the city. In this regard, implementing 
noise attenuation strategies including road-side barri-
ers and installing double glazed windows on the build-
ings’ façade, may be influential to reduce the noise level 
impacts in Rasht residential areas. Moreover, local plan-
ning authority needs to take account the national noise 
policies in permitting the construction of new building 
or changing the use of an existing building. Currently, the 
local governors do not consider the noise insulation com-
patibility of new buildings.

Furthermore, investigating the luminous condition 
in the living rooms of the 45 examined units revealed 
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low or moderate lighting in 32% of the units during the 
day. Additionally, the average age of the buildings exam-
ined was 14 years, with no significant correlation found 
between building age and SBS. The interior surfaces of 
the buildings were predominantly covered with gypsum 
plaster, with no significant association found between 
the type of interior coverage, the symptoms of SBS, and 
the type of heating system during the cold seasons, at the 
α = 0.05 level.

Nomenclature
BMR Body Mass Ratio

BRI Building Related Illness
CI Confidence Interval
CO Carbon Monoxide
CO2 Carbon Dioxide
OR Odd Ratio
PM Particulate Matter
PPM Parts Per Million
RH Relative Humidity
SBS Sick Building Syndrome
SPL Sound Pressure Level
TWA Time Weighted Average
VOC Volatile Organic Compounds
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