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ABSTRACT

Introduction: Studies have demonstrated that teaching carries a substantial burden of health risks.
Prevalent health issues among teachers include asthma, respiratory diseases, musculoskeletal problems,
and mental disorders. These problems can be attributed to the specific attributes of their work
environment. Consequently, this study aims to investigate the correlation between air quality within
educational establishments and the overall health of teachers.

Material and Methods: This systematic review aims to examine the impact of temperature, humidity,
and ventilation rates within educational environments on teachers’ health status and thermal comfort.
Relevant studies were searched for using the PubMed and Web of Science databases, employing keywords
such as teacher, temperature, humidity, ventilation, school, classroom, health symptoms, and thermal
comfort (2000-2022). The inclusion criterion was that articles examined teachers’ health and comfort with
temperature, relative humidity, and ventilation of the educational place.

Results: Out of the 103 articles found in the initial search, 13 articles were finally reviewed. Six studies
investigated the voice abnormalities of teachers due to various factors (including temperature, relative
humidity, and the ventilation rate of the educational place) and found that these abnormalities were
affected by these factors. Two studies explored the relationship between the prevalence and exacerbation
of respiratory symptoms and quality parameters of the indoor environment of educational places.
Additionally, five studies investigated the relationship of air quality parameters of educational places with
common non-specific symptoms among teachers.

Conclusion: Teachers frequently experience symptoms such as voice disorders, respiratory difficulties,
allergies, and other nonspecific ailments, which may be associated with the quality parameters of the
indoor environment in educational settings. These parameters include temperature, humidity, and
ventilation rate. Consequently, controlling and regulating these parameters within the recommended
values can help prevent the onset or exacerbation of these symptoms.
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1. INTRODUCTION

The perception of teaching as a comfortable
and safe profession with minimal health risks
contrasts starkly with research findings. Teachers

* Corresponding Author Email: s-omarish@razi.tums.ac.ir

Copyright © 2023 The Authors.
Published by Tehran University of Medical Sciences

exhibit a higher prevalence of asthma, similar to
that of blue-collar workers, dispelling the notion of
low health hazards associated with the profession.
Furthermore, musculoskeletal and psychological
issues, such as stress, anxiety, and burnout, are
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notably prevalent among teachers, particularly
elementary educators, highlighting significant
challenges that need to be addressed. Moreover, the
heightened risk of voice disorders, stemming from
the heavy reliance on vocal communication, adds
to their well-being concerns.

Classroom-specific factors significantly impact
teachers’ health, and one such factor is poor indoor
air quality, which is often more pronounced in
educational settings compared to homes and
offices due to deficient or absent HVAC systems.
These issues lead to variations in crucial indoor
air parameters, including humidity, temperature,
and ventilation. Research conducted outside
of the education sector has corroborated the
links between higher humidity and exacerbated
asthma symptoms, as well as the association of
lower humidity with skin and mucous membrane
irritation.

Additionally, excessively high or low indoor
temperatures have been shown to contribute
to illness-related anxiety disorders and flu-like
symptoms. Notably, there exists a correlation
between elevated indoor heat and academic decline
in educational contexts. Adequate ventilation,
crucial not only for maintaining optimal
temperature and humidity but also for limiting
the propagation of pathogens, has the potential to
reduce student and staff illnesses and absences.

Therefore, the primary objective of this study
is to comprehensively examine the existing
research on how temperature, humidity, and
ventilation collectively impact the health of
teachers within school settings. The widely held
perception of teaching as a low-risk profession
stands in contradiction to the findings outlined
above, underlining the necessity for a thorough
reconsideration  of indoor  environmental
conditions to ensure the well-being of educators.

2. MATERIAL AND METHODS

Aligned with the research objectives, the
Population, Exposure, Comparison, and Outcome
(PECO) framework for this study is delineated
as follows: Population (P): Teachers Exposure
(E): Ambient temperature, relative humidity, and
ventilation rate within the educational setting
Comparison ©: Not applicable Outcome (O):
Incidence of any reported health effects among
teachers

The search for relevant studies was conducted by
utilizing the PubMed and Web of Science databases,
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employing keywords such as teacher, temperature,
humidity, ventilation, school, classroom, health
symptoms, and thermal comfort. The search
strategy is as follows: PubMed: ((teacher[tiab]
OR school[tiab] OR classroom[tiab]) AND
(temperature[tiab] ~OR  humidity[tiab] OR
ventilation[tiab]) AND (“health symptoms”[tiab]
OR “thermal comfort’[tiab])) Web of Science:
TI AND AB = ((“teacher” OR “school” OR
“classroom”) AND (“temperature” OR “humidity”
OR “ventilation”) AND (“health symptoms” OR
“thermal comfort”))

The selected timeframe for the study
encompassed the years 2000 to 2022. The inclusion
criteria for this study required that the selected
research studies investigated various aspects of
teachers’ health and comfort concerning the
temperature, relative humidity, and ventilation
conditions within educational settings and that the
tull paper was available in English.

To ensure comprehensive search results,
additional resources such as the “related articles,”
“similar articles,” and “cited by” options available in
Google Scholar and ResearchGate were utilized for
each of the articles reviewed in this study. Another
method employed to ensure the accuracy of the
search results was the examination of references
cited within the included articles.

Once the primary articles were identified, a
systematic information extraction process was
conducted by two individuals independently,
utilizing a checklist. Subsequently, the extracted
data were meticulously compared, and any
discrepancies were resolved through discussion
and the involvement of a third party.

The quality evaluation of original articles
involved two independent assessors using the
Newcastle-Ottawa checklist. Discrepancies were
resolved through discussion. The assessment
covered three main domains: “selection of study
groups,” “comparability, and “determination of
exposure and outcome” The maximum points
varied for each domain. Overall scores ranged from
0 (weakest) to 9 (strongest) after completion of the
reviews.

3. RESULTS AND DISCUSSION

Initially, a total of 103 articles were identified,
with 56 from PubMed and 47 from Web of Science.
After the removal of duplicate entries, the screening
process began with the evaluation of study titles.
Subsequently, abstracts of the remaining studies
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were reviewed, followed by a meticulous assessment
of full texts. As a result of this rigorous screening,
13 studies aligned with the predefined inclusion
criteria were ultimately selected for this study.

Voice Symptoms and Abnormalities

Among the 13 studies incorporated in this
analysis, six explored the impact of various
factors, including ambient temperature, relative
humidity, and ventilation rate within educational
environments, on teachers’ voice-related issues.
In a notable 2012 study conducted in Belgium, a
comprehensive questionnaire was administered
to a sample of 994 teachers. The findings revealed
that a significant 51.2% of the participants reported
experiencing some form of voice disorder.
Noteworthy was the observation that the prevalence
of these disorders exhibited a substantial gender
difference, with female teachers (56.4%) reporting
higher occurrences in comparison to their male
counterparts (40.4%) (p=0.017). Furthermore,
the study delved into the factors influencing the
prevalence of these disorders and identified a
noteworthy correlation between temperature
fluctuations in the classroom environment and the
manifestation of voice disorders (p=0.017).

In a subsequent study from 2015, a cross-
sectional approach involving a questionnaire was
employed, encompassing 621 elementary school
teachers and 61 individuals in non-teaching
professions in Colombia. The outcomes disclosed
a higher prevalence of voice disorders among
teachers (71%) in contrast to non-teachers (54%).
Nevertheless, upon investigating the factors
influencing the occurrence of these disorders,
no significant correlation emerged between
classroom temperature, relative humidity, and their
prevalence.

The collective population examined across
these studies totaled over 5093 individuals,
primarily composed of at least 4099 female
elementary and kindergarten teachers. Only one
study encompassed educators from all educational
tiers and both genders, involving 670 female and
324 male teachers. The rationale underlying the
emphasis on female teachers in the majority of
these studies, except one, could be attributed to
findings that underscored a substantial connection
between gender and the prevalence of voice
disorders. This finding highlighted a greater
incidence of these disorders among women than
men. However, considering that a majority of

elementary school teachers are women, this skew in
gender representation is possibly due to the nature
of teaching at this level. The traits of tolerance and
patience, often essential for successful teaching in
this context, tend to be more pronounced among
women. Nonetheless, it's imperative to note that
this observation doesn’t negate the significance of
acknowledging the occurrence of voice disorders
among male teachers. This apparent research
gap calls for dedicated exploration in future
studies, recognizing the importance of a holistic
comprehension of the topic that encompasses
male teachers as well. Additionally, it's essential
to acknowledge that the limited participation or
non-cooperation of male teachers in these studies
might also contribute to this skewed gender
representation.

Respiratory Symptoms and Issues

The correlation between relative humidity
and respiratory problems has been extensively
investigated across various occupational settings
and environments. Among the diverse range of
professions, teachers stand out for experiencing a
notably high prevalence of respiratory symptoms,
particularly asthma. Teaching is recognized as
one of the non-labor occupations with the highest
incidence of respiratory challenges.

In a 2016 study led by Gaetz et al,, a cohort
comprising 122 elementary school teachers
underwent examination. The study centered on
scrutinizing the impact of prolonged exposure to
elevated or diminished relative humidity levels
on the occurrence of respiratory symptoms
among teachers. Through a meticulous analysis
of the respiratory symptoms self-reported by the
participants, coupled with a thorough comparison
with the corresponding relative humidity levels
quantified within the classrooms, the researchers
inferred that exposure to humidity levels
surpassing 50% or falling below 30% within the
classroom environment posed a heightened risk
for respiratory symptoms. This contrasted with
humidity levels ranging between 30% and 50%.

Non-Specific Symptoms

Of the studies subjected to examination,
five distinctly delved into the occurrence of
non-specific symptoms and ailments among
teachers. In 2015, Kielb et al. conducted a study
encompassing 501 elementary school teachers,
employing telephone interviews as a data collection
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method. Participants were prompted to report any
experienced symptoms and provide insights into
their job characteristics, classroom surroundings,
and school context. Outcomes revealed that sinus
issues (16.8%), headaches (15.0%), allergies/
cramps (14.8%), and throat irritation (14.6%) were
the most frequently reported symptoms among the
teachers. Further analyses unveiled a substantial
association between the prevalence of many of
these symptoms and the closure of ventilation
valves, indicative of inadequate ventilation.

In a 2018 study by Jarvi et al.,, a sample of 105
Finnish teachers and 1264 students, alongside
an online questionnaire, were employed for
investigation. The results indicated that teachers
encountered a higher frequency of issues and
symptoms linked to temperature and relative
humidity in comparison to students. Allergic
symptoms emerged as the most commonly
reported among both groups, with a prevalence of
45.7% among teachers and 23.3% among students.

These non-specific symptoms, intrinsically
tied to building-related attributes, notably air
conditioning, offer the potential for deeper
exploration within the framework of Sick Building
Syndrome. The findings underscore the necessity to
probe the intricate interplay between temperature,
humidity, and ventilation concerning the non-
specific symptoms reported by teachers within the
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context of Sick Building Syndrome.

One noteworthy limitation of this study
pertains to the unavailability of access to the
Scopus database for conducting searches. However,
measures were taken to mitigate the potential
of overlooking pertinent articles, including a
thorough examination of article references.

4. CONCLUSIONS

This systematic review meticulously examined
the ramifications of temperature, humidity, and
ventilation within educational institutions on
the health of teachers. The outcomes suggest that
teachers encounter health risks, such as voice
disorders and respiratory symptoms, owing to
suboptimal indoor environmental quality. The
enhancement of HVAC systems, ventilation, and
the maintenance of optimal conditions emerge
as pivotal factors in promoting the well-being
and performance of teachers. Future research
endeavors should concentrate on interventions
aimed at elevating the environmental quality
of educational settings, reaping benefits for
both teachers and students. Policymakers and
administrators are urged to invest in the creation
of healthier learning environments, thus fostering
the professional growth and holistic well-being of
teachers and, by extension, the entire educational
community


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

GYP-91ED Oilaiin 11€aP b /I sylat /11 sla )5 oyl § Cabvlsgy aslibing

150 39 (42965 3 gl cod) Tp S b B 41 30 ylabnn Cusdl g
wopllis 39 90 S 3 j 90T
 SaiSl (g pos bl i Al Jloor (5 pibio Funls Slgzrdoxe « LIS 0wy )

Olnl ol (Olns S pole oRiils cidilagy 0uSiils IS taul g (glad o clilagy gwiige 09,5

VET/ RN ) iimds gl N Fe T/ B/ ¥ sl o g b

oxs =

s lows ;500 g el ol oDl SV S, b Jelio aloz 5l codao a5 wilosls oyl lalllas :doddie
P Ol Oaw cnl e aris @l Gleles le 10 Sly) o)l 5 (SDlas ISl O (i
5 el sl (glop oS LS| a4y ol aslllas 0,8 g (T ()5 L gl S
B30 o lades s

Jolis I (58 slo F50g b plabre (bl oo LS| (a1 psliate a5l (5950 axlllas )15 (S
Web 5 PubMed (sloolSsly ;o comin .ol a8 5 plonl 390 (sladame 505 &5 g (o Cagboy lod
teacher. temperature. humidity. ventilation. school. classroom. slaojlgads” ;| solazwl L «of Science
ol 039 VoYY L Ve v Jlo 5l candllas gloj 0890w 28,5 ploxil thermal comfort ¢ health symptoms
o loials (o) 4 adlllas 03 5 )18 2l oy 2 9590 e VY Coled 5 eyl allie VY jlile aiSly
Lod g omntiS @Me AT g oy bl | cdalllas ¥ i0gy aizls y calizes Jolge b bLS )| o ledae Jgo
b ord gl 5 dae5 45T w0l ()Lt 5 33052 0013 S8 0 0550 | (el (Sl Ko 05 53 5 g g
com il €333 s aiile e lodre (s 0 ol ool pé (e b LT b3 | 5 anlllas 0 .oiieas LS )| o oD oy
3)lge (1 50 5 Vb e (ol Egus a5 0l 4L el 0gr 00,5 camy 2 o g S5 T MSLiin ¢ rgins S0
el 0392 555 e sl il by L o 5

5 el lolas laoys olaisld mdle o 5 S5 I oe kS g0 SV 5 pdle 15 S A
il oSy (o385 53 g sy o o ) 5501 Lol 5o Laromo oS (slo by L sl oo
055 6ok T a5 b 5 9n ) o 0 dpogi ol 5102y (ol el 5 J,S L1 5

w.a)(.w ;‘QW;W W}Aj R :/o.[.:.o (Sy9p0 ae/lbo :5).515 C)LOJS E

S-0marish@razi.tums.ac.ir :a.5e Jsius odium g Sy Sl oy


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

s i slo e gl 5 tigr o 5
b3 omb Cugb, (V) sl ooy lil &y puais
Ll o (wsSse slalic g Covgy So 25 9 (S
(EPA) I o] sy oo cbslas sl (V1) el
ety P90l gl ;3 (md Cushy elio e
Cewl 00,5 el as 0 #e 5 BBlas b g oo, V-0
ot g VoAR ojled 4y 5o olpl e ojlaslenl .OVY)
lie (oo Caghy Gl S oolae clllag plgae
OF) cal 00,8l ds,o Yo=Y |y oy oS 6l
gl jo Sl sl el doa slos Sl jiuld!
o5ef Sk o 1y oglhasl Ol 31 aS canl ouls sl 3l
2 L S5 ggihe ained g Glaleyw (lale)S L
w9y Gl b ioglhe glate ;o 1) dtn s sladae
9 YL 6[.@[.00 S ol o solo UL“"‘) o od; 9y
S5 sl oWl cel (LBl Glse el
al,81 ,o (Illness anxiety disorder) (s,lows olos,
cel Al slan oYL sles yioren (V0) 05,5 oo
39 (10) sa o3l jo 15V easl 4y 4 oidle ol
LU | s Sy 2805 | i el (sloglSe
G daze cblaz ol (V7)) Canl aiils ol
o WS ;8 cawlie slos (ASHRAE I &5 @) IS 5!
Wo)d P g Cagb) 50 05 5 0y Jad 90 sln ],
oo gamdas a0 YOIA LYYV g VYV U VAV s 5 o
Sade cpl el pl (oo lastiwl o . (VY) casl 0,5 odlel
oo ¥T e gd oo e ;o lgp owlio polie
obml )0 g wes oo (uals' 1, CO, e 5 Jiosi | lga
Foo sl 50 Is0 Cagh; Gl J5S 9 2bes (S,
Ll deass slacaidse b ij9el slalae jo
Gl Jolse oy 6l 1y Lol i T caiS oo Joino 3us
o lom 4 Ml Gliee G5k (nl 519 03,5 wollasli I

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

ohBas g (0015 03)8

doddo =

L]y Jelie alax 5l godas oo 0 anle ;oL jo
Sl b iz sl ol e 15 4 Ll 35500
oS Wlools ol ool Cldllas ails Bl e
Jelae 500 5l iy Glabes (oo ) ol E503 e
O ke o of et Oliee bl 5 Siio s
lse 5 Hhae Sl OIS (Vo)) canl o asy
SO g g ksl (drd oyl wiile (g,
Sl OMSie alox 5l gl ladas ol jo ol
WS a5 (FY) st adae ol 50 o0l
Camo gl a5 JLS lge 4 ladas G Sge
ol s ilby el gl lapT adsl Il o8
Coroz A Camd o udon Slpblre (B0 10

LSLQQ*’W 9 uu)l.xa e 3T as JALC P
o G Ko 4 cas wylae o LB Glgr cuaS
el 3 ol s (g o) o laislu g baails wile
6L®Jaﬁ_>m 30 Care f"'ﬂ)" .‘a‘uj...a )9.'9 O :\S‘ﬁ
Wstd 9 Slerw Gale)S Slaptua (soges ()l
EMSien b G ol poyloe cas (Jlio (sl (V) 05l
cel oylge pl ((A) i axlse 1o slen coiS
aile L3I slsp coaS o slo el a5 Wgl oo
5ol GO ;o st 5 5 Lod cgrmd Cush,
sl sl alold ool aogi polie 5l i

g e b a5 Lo 5l Sy aate elul
Sloloe godae 4508 Glapiunw clld coas
ailgi oo o] 99,2 o5 wisd axlye (] wad Slal3dl
Wlas 5 & jgo gl lalase jo 4 Sldllae

s ol @ (35500 bVl sy e LS|

400


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

(V043 9 Cugb) (Los) lga C83S L bLI)Y ) plelas sl Cudg

AND (“health symptoms”[tiab] OR “thermal
comfort”[tiab]))

Web of Science: TT AND AB= ((“teacher” OR
“school” OR “classroom”) AND (“temperature”
OR “humidity” OR “ventilation”) AND
(“health symptoms” OR “thermal comfort”))
L B Yl ) aallas sloj e3game

i ogs Sl anlllas ) 5955 shxe Cansl 0355 Yo YY
oy 5 e slaeir §) (e 5,50 i <
O di5s 9 (sod Sugby bod b bLSI o ) (Lol
2 0l ol (e cadly ools J15 ) 9550 o obigel
2Bl 0ad ddyi (oundSH (L) 4 g g Bl o s
oYlie 5l Sy slp i @S ) plebl Sl
related” sloan 3 5l adlas cpl o ool oo,y
Google ,» “cited by" ¢ “similar articles” “articles
=)y b oolaiwl 5 ResearchGate ¢ Scholar
S obaebl Jgax (o9, ;500 o ye SYlEe (gla i 8,
N PR T S (W PRI SOWE 3 3] S RPN
Wgai 45 ) S sl yy Ml 5l Lol
Wllaz &0 a4 i 90 Al 40 9 05 ¥ Jgozr 4y
5 dglio g2l >l 5l Gloosls e 28,5 ol
Al had g o g i cdlBs g o b OS] o lge
o) S 51 oozl b ool o¥lis coiS s
WlBlas & g0 4 (a0 90 alewss g Newcastle-Ottawa
alio oo b oS b))l gl wales 5o .85 el
INCRVORRIPN Y JUWRTRN o1 PRI TR IR ) L ES ICS PR TR W
glad 5,90 00,0 dlas a0 OYEe (g, ol 4o
dnglite” Fadlllae 3 90 (Slaog 5 DLl 15 S oo 18
S o) b o Masly 5 agrle et 5 "l
pos’ Maiged pza" Sladised (555" slapn] Jali
el e Jlelagzlsa olien s s " oty
a4y 08 il o shasel & wilyi e ST Y
(@) pom a0, oo Bl Ll ¥ S la g0
S ol "l ST 5 "oly T sloei] s
3w oulply aes co plais] sg5 4y sLonl ¥V aSTas

40\

O a2 oo als | Jl 3 b slacas g 1o 5l
Sl S o caslio 4505 F 5 (ol ) o o laslial o
s 07 cenl onss el caslis py 2 FIO-5 o
4 oLl b dS pal gy b 5 bl lojle oS
o0y NS (sl cwlie 4505 ,lode JSlo> AASHRAE
OF) Wl oo 4880 5 xS g3 VO )

Sy b id olro ol 4t azil @ 255 L
Olelre Ceodlw (godxin Jolse g cunl YU & lawgio
Ceodlws oaiiS g Jelge alex 5l oS e oy |,
st 5 e Susb) bes 09 3l (Lol
anlllas 1 el (Gledas 5 o) (cij90] slaloe
oo SIS L BLs)l jo sl 950 jolare 4y ol
Cordy g olde base aged 55 (oo Cugb,
sl 435 alowl lales odles

Mooey =
oS el s pllsi (90 dnlllas S (5l axlllae
Wstd TP 9 e Sagby od SIS ) jolite @
(OBgh Do 4 axg bocwl a8 S all lades
igel b 1505 &5 9 Cagh oo (B) gz lse
Slales o a5 s )il g5, (O) ames
Cosl 00 U’““)‘)f

sloolol o Slisyge DYl sl g
oslgalds” 5l eolazwl L Web of Science 3 PubMed
~ventilation humidity dtemperature teacher
thermal 4 symptoms health «classroom .school
I Soye y0 e glwl 28,5 bl comfort
el ») )‘)3 L ‘)55..\.0 6L¢ol§4b
PubMed: ((teacher[tiab] OR school[tiab] OR
classroom([tiab]) AND (temperature[tiab]
OR humidity[tiab] OR ventilation[tiab])

ISP jaals /W o)laids /1P sla (5 (el g Cublagy asllng


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

Ve 4N s al> e 0 oSl oyl jg,0
SboVle JolS (5 s 10205 (o0 2 1) 00ile (S
aled ;0 85 15 (cwyp 990 3l al> o il ouile
osls cillas aslllas 4y 09,9 Jlae b oaile 3L oVlis
3O B gy p) gy ol bo dslllas o lg allae VY 5 0l

oy s 38 ) Jgdo el oad sols las VSl

ohBas g (0015 03)8

658 AL ((ny @nd) Hao 5l Slalllas do o) o plos]
(V1) Sgd oo o kel (05

basly =
3 Alie 0F) ol i allae VoY 4 adgl semns
Bd> 3 s (Web of Science ;| allas ¥Y 3 PubMed
Yo Glgre 5l eolatwl b« ol > o 0 «(5,1,55 o]0

!Q-F e __)f
34

fate oiaieandeada
s s
LAY
i

Slalllas 9,0 wig, 1) JSo

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

goP


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

(043 § Cgby) (Les) oo CudaS b bL3)) ) plales Cralw @by

Glo,es s Walle loy o) o lual (pl sl

Syl g Slea-ly, Glayesl (Sopd
3 g ad eols I3 AFas oS n Ll o (e
Sl |y li,las 550 la, gl a5 al atwlys oy
3 as,y FPIA 5 ledregziils 5l ws,e £OIO oS
slonl o WS ced Casby a8 aszils slizel ylolrs
Oledrogmisls b bl )l o cwl o Fao OMSw
3 e, BOY i (p=2/-Y+) 0g Hlolise doyo oyl
loo a5 09 oyl ledragziils 5laus,0 F/Y g o llso
ol bl el Jge Sao slag,lral slxl o WIS
Bogs bobae g el Hhate 5l oo, opl 5l plaSoun

sy slos)lxiali 5 pDle
)|J5 a5 S)9e axdlae w‘ B as 6‘4JLM VY )‘
aloz 5) calizrs Jolge 13U g ((Ggo SN ylolro
lo o1 5 (i90] 5 4505 E 5 (o Zaghe oo
ookl b o)) So g ology a5 slasdllas ,o uslazzls
Oledas 51,25 0YF b ,o g Ve o8 Lo jo calicn
polre cioly alowl aile jo 5 olaol Gledregziils 4
3 awe 0 OMA 5 ledregmiils 31 duo o YAV a5 0
T Sro OMie I (2g Sl iomsn 090 plebee
3 etz o, eSS 5l slacseme ool jo aip oo

Yo oS pwyp gl ) oo

\ *® * * *
b * # # #
N *® * *® *
Y * * * #*
N # # * 3
A #* #* #* #*
A = * *® *
& — # # #
A * #* T %
4 * # # #
4 # £ # —
o -— * #* *
o #* * = *

Gow

Yoo Pl Son g (ologs
— ETY #* )
V)

5 SdlsS— Sy gL
(Y1) Y+ Pl S

9 UUIRSeSS
(YF) Yo oA Ko

5 sa0ly

#* #* #* ¥
(YF) Y VY San
ARRTRCISESPRPR Ty
# #* # [
(YO)
LE8 DYRNFCONT
#* =Y # 14
%)
5 51 okl
#* £ # \4

(Y)Y N2 e
YVPl)Sen g 92015

#* #* #* A
(YA)
Y0 e g S
# # # a
(Y9
LRV YR VSR
# #* — e
(¥'+)
AR SYRA NP
#* # # )]

(ARD
9 ol 3,
(FF) Yo YN oS

PR OETERNTY
(FF) YV Ko

11€eP a0 /W s)laid /1M sla )5 gies) § Cublagy aslilod


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

Al attine jo SIS cpl gad 5 JFae lo,giSE
Gloliae &jgo 4y (IS Lases o Slos Dl yoss a5
anlllas (YF) (p = +/\V) 8l bL5,l o] gguis b
(8,8 sl YoV 0 Jlo (0 g LoolS )0 lre e #Y
YY) Sledes les o Jgo SYNST £, a5 ol lis
ey g el (o0 OF) (lades e 51 iy (a0
Lo a5 Wb asuie (WS Cpl b Jse la,euS
o] gt b (s loline LLI)| (S (oo Cuglo;
Obe yo 1y lasdllas T3 a ), o 951 (VD) Wiyl
Oliee a5 0l lis glasbicas 5y asllas () uls ailosls
FOI0) sl Gledee Hle o Sgo OS] g4l
S50 Gy 5l i gbline IS5 4 (ao)o
09 NS md Cagbe ;o puioran .l (20,0 BA/Y)
Sye WS Fee slayeSl (S plere @
el (FassS a8 bl as, 0 FFIY g o ools aseis
slao g9y stie 56 G (oond Coglby &S wis S
VWS g4 b WS oo Cargh ) zebans 9 3l Loyl
ol loboe blil (oS o8, le o Seo
a0 Hlis ddllas £ ol s aodl> ol 4 (TF)
3 i Gledas s o Sao OIS g0l e a5
Olye Yeio g) wilasd 51 3 (o) 2 3590 @bolie nl |l
piy ploml lelre lee o g OIS g4l
Eois Olimo pizrad 5 (Cowl ablio plo lades
Sl 1oy 5l i o) oledee lee o SYMS
e Sugb) bod (sla S (g (o Sy o0 Sl @
by slm! Jlsst Jalge 511 (oBjgel aoms ase5

IR RGN Ve I IR VRV

(et OIS0 5 Do
oo WYY ol o o Se 5 515 opslonl anlllas
L ose SYgb agalge aS ol HLas YoV E Lo jo olad!
21y oS @le G5 Sy mly b YL (s Cugbo,

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

ohBas g (0015 03)8

Yeof Jlo o 5w o) Kee 5 oS- Sy guliol (YY)
30 Sy OIS i gy 4 o aBli-0 50 (glasllas o
dallas ol jo izl sl Slaol fleles ol
Olpe @) plaeye 05 AV 5 o5 (2l plae FYO
c2Biolo;l slacens g dalidun p 5l ool b o 8
pdle Eord a5 ol lis @l W8S )3 (w300
095 rlp 93 Loyl (ao)s 79) glolse pleo )3 (9o
woMe slawy .Sk pizmen Sl (G, YF) JpuS
O1AA) J5aS 09,8 51 (VIVY) Gledes lo 1o Sgo
Golas 5l G e a5 ol lis b pwypm 0 18
B omin 90 adlllas (pl )3 &S (Sge lagslnial
Casby g Lo aile o Jame slo el b b g aid )8
Slge oyl g auila g loliae alayly (WS s
oS uals b g casSolul e, Sus, 93>
3 Fer A Jls 50 .(TY) Sowls Clus 4 lag)lual
VY Sl jo dolisony 5l oolazwl b (glasdlas ¢ s
Loyl aslidon p 8,5 plsl oy (olol ledae 51 a5
osls slaguly 5l eolaiul b oS g0 ol olib (slasgS
Pzl 09>y Jloiz! yloden Jawg Jlow diz @y 00l
awd e g " Sae Mog” maw A 0 e
@y‘w JALw MLM)J ‘U"‘)" oa)’LC "\"‘"LSQ G
oy, S o Sge OS] Jlixl e i ol
9 (ST (PGRE ool L“kscLQ.:.?l 9 s_iﬁ.é‘)fycd"
TY a5 ol olid gl g )5 e g oylojl” 9" S,
OFw (Sgo YS! "ogd" 5l Fas S 8 as o
" oSes |y SYMS pl ggds lagT duo 0 VO cailanas
el " Joiza" 1y o] gouds oy OY 5 wilaiuils
wsts a5 ol GliS 55 Sge Sl ygiS () il S
s o155 slaged b (g loliae & g0 a4 ccnlinls
FoVY Jlo 50 «SO5b o lasdlas (V) o4l bLs )|
Sl Ojgo 4 1) @l ablis | plee 94F
£ Sl dayl 5l as,s OVY ols )13 vy )90
Ol g o7 Jop3) WS A ) (g LS
Gololize & g0 4 (0,0 OF/F) U5 lee o Y

o2 P =1 VY) 35 (ao )0 F41F) (o e 51 iy

oK%


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

(V043 9 Cugb) (Los) lga C83S L bLI)Y ) plelas sl Cudg

lp oS3 T e il 009y i po (o Zusho g Loo
YYIY) oligel Liils g (o yo FOIY) (ylodze 05,5 90,0
5 o addllas o (V9) Wog WMo oy ol (0o
b b wialys (o0 &5 Gl @dle ()] 1Son
S ol S ki) aztly ezl Condy
i 3 3 1§51 0050y gy S 2 ez
MTST ¢ gusgims ST ¢ 50355 Lo yos (5904 43 pos
9 EHE S pae (S (200 (2 SOl
ol pledee 5158 00l jo (ool Do
2 Lol e 285 I (cy 090 S yss
oy YYIA s Jlgw Hlisg,5 lase layl i 5590
loo oy Hllgs a5 wing 00,5 5155 lelrs
25,5 oMel lag] woyo B¢ 5l s wailai 1) IS
Qo3 YYIY 090 o0 o ol oDle 5 Job o a5
03,5 yn "t et |, Y (slya lelis
L5l i1 b e o8Dle b (sl 155 5 ingy
Al g Lolowl jo a5 lasdlas ,o (V1)) il lolias
plsl (a8, plae VAT G yo Ol 5 ulnle- o,
Olodro a5 M (o yiage 45 D asuive (S8 S
L wlo ke s 5; g, gl L a3,
(aoyn 0OIF+) o)0,m ooy OAAY)  oges
OV/E) oyl 5 (aoys OV/+r) Fao OIS
5§ OMSio (ol o (g lolie bLS ) iz o (as )0
WS 9 (o Sagh lod Bl I e Lyl
sllaze a5 Wb atie IS0 Ll i coslie
Ol Jsb )0 ohaga codlad cnl (6l 0ad (o)
o) oldlas mls @ axg L (V) s sl
@ ((omdd Do g @) (IS Ceond g Ceond
) oeiis sboooly 4 by oo Gloty sy o0 Sl
pac 9 Vb sles dga (Sas ails laal )b 4 by o
5 Sl oo Ko rizmen Cudls sl ayses
Slee laal)b L bls )l slaauls Koo oo,
A o559l sladame

5o 1y eals gwyp adllas VY 5l glaods ¥ Jgux
Ao o 38 LS

700

meiiS @ gy 2 b Loy ams o Gl lalae le
e aallian a3 Joo 53 (el Lot s i 55
a dodS )0 oad (o g, ol b L]
2,0 00 YL Cush) b agzlye a5 W) e ()l
) i Sy o0pd G 0 00,0 Y 5k g
o pd Voo Cugh) 4y Gl s @ 550 sl
e w4 aS (6,500 dalllas (TV) S oo Juooo
393 5 )Kad 5 5305lS dalllas gy aslo y ladas i
(el o ol oo YAY lo j0 g V-VP JLs o aS
cliol dyg05 a5 ols lid dslllas ol .0gs 423 ,5 aloil
OO Bl pas by 5 (DS 50 0528 995) oy IS
A58 cenlial 908 SO lgie & w9 ge (slao oy
Oledne ploo ;0 (i @BDle £92d L (o 00l 38,8
5 SYlas oS olawd a4y azgi b L(TA) o)ls lolias bLs )|
byl G o)l Comlad b i ool i) ()
Lo 10l 15 plalns s @ 52 (53951 Lacome sls
St G oy oS Conl (14355 4 anlllae 55 (pl s

S o Dbl ] aey onl o

solats s pDle
el b e 5 LS (YN0 e o
adllas o f) ool fledes 51 a0 ) (ol aolas
ool aS aide 04l 0 lelse 5l aisls oS 5 s
5 0000 SO 5 el sla Ty b g W0 S0
(o g OMSo a5 0 Lt 2 L L0l 00 53 A ye
L;fiié)f/éj)] (2,0 VO/+) 9,0, (3o, VFIA)
Srals 5l (a0 VFI8) oS S 20 5 (2o 0 VEIA)
Sy a5 0l L by oy o dizwd lodas (o @5de
o3 b 0ad sy Dl ] (g e
Joline bl mlin 508 pie) dy5e5 (sloaz
Jle o 055 addllas yo o) 9 (g9, (V) 5l
b ogasdlid 5501 i5l0 VYEF g olae V20 (59, » Vo)A
Koy 45 ol 4 T dslidion p SO 51 eolaul
L olgel ptals 5l i plabes @ 5 oS o5

ISP jaals /W o)laids /1P sla (5 (el g Cublagy asllng


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

ohBas g (0015 03)8

K 7| Fromer”

R € oK

@9 ok
IR 6 qarmn(9

) wbCo # O

T (A
HrgObagR €

Las JISKESY]
Ly €

((¥Y)
9 €2

0
Qe € ey |2

((%V)
S5 € a2

[$2Y)
ST € g |?
=317 (A
12472 e €

o)
af € e ?

@)
§%6466{c8%
€%V
§QxE D € a0
=917 (A
06O €
[¢¥Y)
S € e
|-
(C¥V)
617 6

AT A

[iaa2a TAWENS

175 A0 A

FRTIVL A

17500 -4

178180 - A

155140 - A

S0LAeA

ST A

TEROIAL A

LIS IR

[ane: SVPERY

/4 A

cop Ceqén

o (b H7e

cop Ceqéin

cop Ceqén

el

(oo

Coqéim

cop Ceqéin

ooy e

M

cop Ceqéin

cop Ceqéin

oo KOS
et

aséla

94 =T ey

AV e 0

V@ o o

Ricaitald

[ PN

V@ o e

AVA T oo

A SR e

A A T e
(L Arghoe 6

Ealeind
(A4 e 6 (4

Ao T | wov e
A lg o e
FH oy
Q44 T e €y

oY | e
404 Sjrrefe € yy

i

e

dn-morjog

144

i

[aahisa

e

Herzmop ovifo g4

e

Hemrmep fov|(o 545

T g

hinniadliy

T g

Herpmoy

ooy € omire

ey

e

Koo

oo

Hememoy ey

ooy

M Sadei Kokl

‘e’ o |42 € qe serso qer® (D ‘T o
D v e@S AR A R (<D o7 of oD o o el |
el _ah.a_d 6 & sopslo o _&m_d. (e el 6<be offer 7 K
DR Q0 qfe 5w AR 00 € jemmm o ® € o0 2 o (et

(- +AQ SCv) € rrle? (L4 (@ oy
9 598 (L v <Covy e (400 fory mreD o6
AT (T v o 7 |9 @ e Coner o Hore (€
Here v (1 |2 9 X A 4 “ AT e e
o7 e a4 <o C o HP o0 e o6 foo
ooffer #0 (0L g ol |0 @ ocd sCoer gv o L g0 YD ded
VIAA <foe (€ (60 sloo Hore gv 197 oo 0 0 )
B oo e e |0 S0 Compe o
< e MR e @ e sr e T € oY e oo € e
NQ4 o (@€ ug o | qes® [4G0 (€ 6be oo (T
ey @19 Wy (svd Aty ey (A el o
cfory {0 ) e qfe gp (T 073 &S (€ oKy
Lo (L [gy <oy (19T (VI sTom) € nlie g7 (440
TRLE 3 S50 groo 77 & | o e (yy44 <o)
o7 o€ AR o (e el ey
IR FECe €7 qpe® Flo @ v A P 0 o3 oed
g7 o€ AR 2 AT o (€ pag (D e o)
e GRS v q (qfen AR 6 ] §FD of et oo el oK
T e s gD (AT o e
=0 |9 @ o R Cgfen g 7 3 jeren €7 o A0
Aag o (ol oD oo g® pKd sfom gv (egfen K aet o™ (69
(b g oo oy
T R[S #9753 fencre T € oo povifo 559 gvo e €
TH3 ek 47 ¢ AL oD (AT o
A0 st @D ooy e KO 019 @0 by 40 o9
AT
e g o g0 e by D o9 4 €2 qern D @9

Y 47 < o e e
(e =S B e @S excig T e (qfin € oD g™ q o3

S0 R €9 w9 |2 @ 9 v oc (07070 =)
Syt @y of exEy § Xy e Frd eve Ko v Cepfin

[ £0-20-S20z uo Jrdeswnysfeunol woly papeojumoq ]

11€0P b /W a)lasd /1W sl (5

90

Culblagy aslibod

Lol g


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

(V043 9 Cugb) (Los) lga C83S L bLI)Y ) plelas sl Cudg

2 Fye Jeloe g DM (pl oy p 4 0dd (o)
Ay (ges waogb, ded) o] wais b g ol
» é]La ‘)95«1;0 Sldlase 3 axJllas Oy90 Cures A0y
Oledas 5l lagT 5l a5 F2 JBlas a5 wiog ,a5 04
@ anlllas SG e e SogS e 5 il gblie o
Sgy AN 1y iz 93,0 3l g ablie den ladas o)y
ATF) (pblin don 5l 000 plee YYE o 5 ol #V0)
Ol (adlae S 32 ) Sldllas ol don a1 o
J.s‘yLsa il sals )|)5 axdllas O)yo ‘) U) 6"“&5’)’“ 9
Eais lime Wlools las Sladllas a5 ol coly oyl
ol g oyl ol bl oz b Gge WS
(YAYYT) asar o e 5l s 65 Hlee o Y
Olelas () Ko pac) yiaS (6, Kan aiile lole al
390 313 Sl )3 Wl oo 5 (Slalllas iz b3y
aieils Woygs (pl e ,dd ez aie Uy gl
bl gl e 5l i (U5 5 ol 6t jeo 5 55L0 2
WLl g Wilgh ged Cid> pl Ll ais b S5y ol
Olelae (Fgo O 4 (295 05 p (oS o
S8 ldiore dz g8 050 Sl Jlo aS 8T lai s die;
7 ool o eansaS i pledre 55T g 00 5l 0,8
5355 sloaga plerye s 5 s plalns los Sl canlns
Sl ,o (gl B g Casal idg ook Ll
ol oledae cwdl el ] &5 @ g dass 4yl
58,5 0ol a4 Wl Lol s oailigy oS w090
aod yledre o Cudlo ol g ¢ ST Sldlas o 13
> B 08 )13 (o) p 990 iz 90 52 5l 5 ablie
s o oanl sl padky sl walsd 5l sl S5
@S 55 lasdlae 9o ;00,5 )18 LS laplesle
3 el (nl Eord g A5 O j90 dali-0 90 )90
olaals 51 e g lolae K& 4 (8,50) (ylodre (5w
Flie 10 0,0 VY goo, 0 ¥ Llhe ;0 as,079) oy
S blsyl s salize gl eSS .(VONY) (o0 OF

yovV

ol &5 5Ll don (EQ') L5 b CopisS
10,55 2 5ol Coeal 1S o 5L (S ] 0
(GE bume oS 0 oo elss (et Cal
[EQ it ar5t5 5 9 bod (o Sugb, 5l O jle
o s OIS s yzein Wilgs co aSy! y ogdle ans
392 aalss IS 3G 5 )l o, 2 e0pd souate
Sisel oo 1o Cares o515 a5 Slesl L7
S 2y el 58 isSoe ST
ol Slallls 58 ol ppiiz Ko oyl 0 IEQ
oy sl g el O o ogdle aST Wleols
5 5 Olelas 5 (lisel (uals 8 )Shas 5 55 05 5>
AT) b e el TEQ cind cgla,zally b LLs)|
Gole po Jela Lol (59508 Slye @y ualae (T
i b el il (Byme 53 (Jid 50 4 23500]
W ogd e e lagl 0,8 Jae 5 (2l (edls 5
0 oad plowl Dlidods pw)p jolaie 4 p5l> aslllae
5 pledae (G2l (Sedle el il ol 136 0590
ol 4285 bl 5390 (slalaima
9 00 Suzmo & Caol Jlie alox 5l (oole
5 e g o] IS Lol Il das 3l eolizul
sl mls by T Glosys Sye S 4 Canl oxpsls
OS] cpl ggnd lie a5 wips o lis b press
008 bl b sl 0,0 VO U P cogos Comox )0
0 B Ye & glie pl (oog0e Comez 0 lolrs
ez i s 0 a5 Iy sy o i3l oo
(FF) sl duoys Ao YL EWBEST yl g cylales
sl |, Sao OIS ol Wil oo Lo az aSiyl Lo
5 5l ey Sy Glizres ST waii b g
CYS] a Ml jlas (pyme jo 1) S8l a5 lelin
(FleS ((Farls B 4 ol oo wand e 3 Seo
5,5 o)l oo yglice gl 5 ik 5 coslons (glacogllas
3 i plelae e jo OIS pl gl LIL(YY)
adllas VY 5l aalllas § (FA) Cad S35 Jilie don

1.. Indoor air quality

ISP jaals /W o)laids /1P sla (5 (el g Cublagy asllng


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

4 (Sl ad 5 S5 oBle 5 el 4l (WDl
(s Caghy palais pg 3l &S (TV) ad ools (lis 9=
addllas j0 .08 o 0308 o lailiwl Slie jo 1, LIS
ooy (093l 03095 (I (e (BSOS
5 ol e o s (el (ol a5e) OIS
D929 (ymizred dalllas (1l yo 0l odwline 50,95
bl il (omdss @dle b wosalie LB Legs S
oW cwliol asge5 lee L1 (VA) cisls loliae
Oligel QRIS e 0o ol Sloke ok @BDle g (w0
s aS ol 5(FY) 0gr ouds ools Lis g oy 5o
BT g Egnd o LI o)z 9590 anlllae 95 o
3ol Qe dgd 5 g Cugh) b it (Do
Govas |y bl |l 50 i Olalllas g 090 loline
s sB390] Slalazme sy oo A0 A S 0
g Olebee Gle )3 (oudis @Ble (03,5 S b g olxl
Ol g g (o Sugb) pelas 1) rarBl gl sl
oy 63 slayleslu lawgi oo dogi polie o oSl
RIS 5 Glelae (e ;3 (oudis @Ble ol 4 wilgi oo
ezl oljge!
Il dden polaisle (WDle slodsliin
sdlo o wlesg adsl ol sly el
iz Glacerer o (polaiBl o WDle
(F0) lao asile dajgm il lgil (25l sl (ol
(FV) wilazs 15 (F5) bl 55501 glop e 5
e o)z andllan B wodd (o) Slalllas (s
wsloy pledee ol jo (polailne slag o
oS 351 odle G o Sl S5 Ml @e 59,05 i,
Lyl oLy ol (ol (P2 9 w5092 03,5 315 (ledas
omlie g5 poe) wged slaam ;s (og i L
A0 g Al Led 5 (bl s Cugb ) lsn  Sis
25 Pl OSUl o a8 plesle (len oy
oads ools las ol gand (ligel il g ledre ol
Sl Siro b b o polaiz e @le Jold b oo
A4 () ol cgglae age alox Il
L bLS)I s 0al 58 polaisl e @pdle plot du) (o0

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

ohBas g (0015 03)8

545 wivgy ol il qw,yp Oldlas ;o (YL
2 5950 ddlllae SO 0 b oLl oy s gl Ced
olaws b 6,5 wlels a5 al ools ylis Y-V F Jlo
5 shemme Slaog (IS o 0 Glisel uils ok
(Egehe 1905 aboz 5D b (S 50 (JBL SDlgens
Ol S Syo AISae Vb ged Mo 0 et
o gime so,eSE YL g0 (VF) s lelas
GrSamt slp walyd p> jeia oS was e plis
aoy Lol s 315 WS ) Lol e 6,00
S 58 Bl iged E5 9 (omnd Sagh oo S
Oleys (Fyo OPLST 0wais b g go0d b e lalllas
aS aeo oo olid ol aslasils jlolixe bLs )l lelas
Syo OIS o pae 0920 oy p )3 La)giS ()l
b g Wigd a8 S ks Cewlios plabee e o
37 Comlise b dpogi polie o lagl eelas g
255 58 chsel slalaies (slacy sl
) 095 Jgere Collad aSil slp (omdiS )l
Colled il ok ye ddoen Sl il atils
S G)lme (Si Sl Gmb (oend Cagb; o
Jgere ,8les p g 0B valys (GBR 5 e o)
sy (JK8 (e 4 208 Gnles ale Sl ]
LTy (o olis Joome o Shoe 13 VU jlons (oonss
N T s (niage a5 0,5 wnlys azlse IS
Slor 3OSt Sd lp (oS oCws i
i o bl (F1Fe) cal O o ) gl
g Jelive ;0 (oS OMSLae 5 @Dle 5 (s Sugbo,
omils o (FYFT) el 00 oy sitkiie Sl
a4 s old e plalae Gl ;5 el o 5
S5 e Jelin 51 (S plyie a4 (olas o5 (slaisS
ol adllas o oad pwyp Yl Gl I (T
9 Oledas (udis @Bl g ISt (o) 2 0 adlllas g0
25 g 3oy Lol 0085 5 59 ge slayeiS
25D Ol (o Sagh; o BLS T elalas 5l (S
Lo 50 (Guoy0 00 5l ) YU g (oo ¥ )

GOA


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

(V043 9 Cugb) (Los) lga C83S L bLI)Y ) plelas sl Cudg

3 90g 038 owyp ) ablic den (lolas o5 anllla
g 00l S8 axgi 0 g0 |y @8 luse aF gladlas
ablio plo g0 olaml lades o)l 0 Gldlas b
5 P390l 50 E5 S92 b iog eads aid S LMy
don il sl 5 ) Gln plae 3925
So 2 a4 (W0 (Hgo) (seges 0dd (s p o)l
wiS axl 4 az g b (Lll 5o (a8, Glelse) 950
50 @daxie IS b lelre a5 S lei co
Jd 5 aS (oo p 5 Aty g Cewd (LB )5 L
B Vb gt S, b Jeliw 5l (o a0 ) o]
bos alox 5D b (slojgu il (STl .Canl 00 ,S
odd plo O ul sl (505 €5 9 (o a9
S by Sl a bl wlad S 18 pw 050 5
Slr 2B 18l sed ) (nl 5o o8 Dlallle
Sladlae 4 3L 1 0l BB e gu il ol 51 S pn
Soygmg vl 5 Olose OMSie bLS )| 0)b)0 yiin
Byl 0529 byl (6,5l

aallan ol slacudgazme (n ) ppe alez
&lp Scopus oKL 4 pwyws pae 4 le e
wlobs, 4 b 3 Ll 60,5 o,Ltl cgzeian plox
Ol oals il oYlie sl )8 o, sl
il Plas 1) bas e OYlae (28 Cews ]

G dmis =
s gy oo dl Sl gy 0l
Qo cdls 1) SB59el slabamms 0 sl
20 50 pledae &5 9o oo i Lol )5 ) 0
oMe ¢ Fgo OS] oz | oM calizee &l ylas
celiol CogS s olais] f (Do g i
lalrs o8, Wlgi o ol yo AEQ) s Lo
e sl b ) (IS o Shee 5 (Jad culs,
2l slalme )3 TBQ aige bulys o cuglsl
Ml dxwgs Wb oo | Oladon .l pge L
wile cylalee S Lo 3gm sly ol il s
Gy Slladl gl>l HVAC slopivsn Cood

409

B 3 )y (g 990 Slalllas 3 rges g Sugbo, oo
A8 5ol R s p 990 pleitle (g )len i
iy ol o (55503l pslie LS| (g5t
logy] (215055 g5 4 S sy s @Ble b
(V) Cewl ools lias
od oIS Ll 07 Sl s il e
S YV 5l s olaws cpl 5haS o4ls 0gzg 08 o
o WISl jo a5 ,ls plas! slal alaie 4 WIS
oS s Joazs 50 590l G810 (galee VO I i
Jrazs gzl )90 30 ol 5l 588 gelee A 1 i
Jsde mlae Gl )3 phao (ygabe V Sgu> 08 (oo
JSid el 1) oyl aus )0 O a5 aitied o, 00 &
6ol Comez a5 wad oo ol b pl den 020 0
5 whdS oo 1y ooy oloy shisel lakame o
sy (olo o Thy bl cpl casl o3Y
ol g pledre boaal amsls ol ogb, g
e opl i e O o yljgal
oS o)l cpl o adF alxl Gldllae ol a5 col
Sldlas 4o ot ol glacasgame sllo
0,95 L follow up a5 aslllas S 52 4) ol oy p
&y srhio Oldllas ax 51 .wog oalaie (54 olisS
Sorhe Slalhas laloser o )0 @e 3529 (o) 2
ooz b 5l bl g oy lp Ll s
el iz b S U lags e 5 YOS (oDl
follow up ¢ &,9055 Oldlas 5l ol 5L ol
S)lge oyl aS adlllas g0 > 4 .09d oolaiwl Saeasds
oyl )l Oldlas ile widg 00,5 (5 ,So3lail |
SIS0 Sype @ |y (o Sugb) g g oo
5392 odpw py Glelae I () (L S8 @)
5 Swyd Sl Fobl 9900 0ged (ul 4z S
aS aed oo olid wls S bl el cad a8 pdy
b bl ol b sad 6nF eilal sl
3L LTV wilas Sad 355055 O g0
sl pSolul 5l 5yl (Gohl 4 az g (red ol
So oz a meds Bl 50 el 380

ISP jaals /W o)laids /1P sla (5 (el g Cublagy asllng


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

L 1y Loyl else b clis b oS sl
o, 3l psles oo il uKitn laladl plowil g lodas IS
& Aol o &5 1S Colex plelas (glad > 0l

REFERENCES

1. Eng A, ‘T Mannetje A, Douwes J, Cheng S, McLean D,
Ellison-Loschmann L, et al. The New Zealand workforce
survey II: occupational risk factors for asthma. Annal
occupational hygiene. 2010;54(2):154-64.

2. Mazurek JM, Filios M, Willis R, Rosenman KD,
Reilly MJ, McGreevy K, et al. Work-related asthma
in the educational services industry: California,
Massachusetts, Michigan, and New Jersey, 1993-2000.
Am journal of 1 Ind Med. 2008;51(1):47-59.

3. Agyapong B, Obuobi-Donkor G, Burback L, Wei
Y. Stress, burnout, anxiety and depression among
teachers: a scoping review. Int Arch Occup Environ
Health. 2022;19(17):10706.

4. Abdul Rahim AA, Jeffree MS, Ag Daud DM, Pang N,
Sazali ME Factors Associated with Musculoskeletal
Disorders among Regular and Special Education
Teachers: A Narrative Review. Int ] Environ Res Public
Health. 2022;19(18):11704.

5. Roy N, Merrill RM, Thibeault S, Parsa RA, Gray SD,
Smith EM. Prevalence of voice disorders in teachers and
the general population. 2004.

6. Kinshella MR, Van Dyke MV, Douglas KE, Martyny
JW. Perceptions of indoor air quality associated with
ventilation system types in elementary schools. Appl
Occup Environ Hyg. 2001;16(10):952-60.

7. Alexander D, Lewis L. Condition of America’s Public
School Facilities: 2012-13. First Look. NCES 2014-022.
National Center for Education Statistics. 2014.

8. Agency USEP. 2018 [Available from: https://www.Epa.
Gov/Schools-Air-Water-Quality/Healthy-Schools-and-
Indoor-Air-Quality.

9. Angelon-Gaetz K, Richardson D, Lipton D, Marshall
S, Lamb B, LoFrese T. The effects of building-related
factors on classroom relative humidity among N orth C
arolina schools participating in the °F ree to B reathe, F
ree to T each’study. Indoor Air. 2015;25(6):620-30.

10. Fisk W], Eliseeva EA, Mendell M]. Association of

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

ohBas g (0015 03)8

5 b ol g poylae plpae (LIS Cualiw 098

Srplle sl glakizme b anS ()l 4Lk

residential dampness and mold with respiratory tract
infections and bronchitis: a meta-analysis. Environ
Healt. 2010;9(1):1-11.

11. Shaman ], Kohn M. Absolute humidity modulates
influenza survival, transmission, and seasonality.
Proceed Nat Acad of Sci. 2009;106(9):3243-8.

12. Agency USEP. Indoor Air Quality Tools for Schools
Reference Guide, IAQ Tools for Schools Action Kit,
EPA 402/K-07/008. 2009.

13. INSO. Schools hygiene. Tehran: Iran National Standards
Organization; 2002.

14. Maliva R. Intergovernmental Panel on Climate Change
and Global Climate Change Projections. Climate
Change and Groundwater: Planning and Adaptations
for a Changing and Uncertain Future: Springer; 2021.
p. 71-88.

15. Palumbo JR, Lin S, Lin Z, Neamtiu IA, Zhang W,
Csobod E, et al. Assessing associations between indoor
environment and health symptoms in Romanian school
children: an analysis of data from the SINPHONIE
project. Enviro Sci Poll Re. 2018;25(9):9186-93.

16. Haverinen-Shaughnessy U, Shaughnessy R]. Effects of
classroom ventilation rate and temperature on students’
test scores. PloS one. 2015;10(8):e0136165.

17. Lee S, Chang M. Indoor and outdoor air quality
investigation at schools in Hong Kong. Chemosphere.
2000;41(1-2):109-13.

18. Mendell M, Eliseeva E, Davies M, Lobscheid A. Do
classroom ventilation rates in C alifornia elementary
schools influence standardized test scores? Results from
a prospective study. Indoor Air. 2016;26(4):546-57.

19. Mendell M]J, Eliseeva EA, Davies MM, Spears M,
Lobscheid A, Fisk W], et al. Association of classroom
ventilation with reduced illness absence: A prospective
study in C alifornia elementary schools. Indoor air.
2013;23(6):515-28.

20. Pastorino R, Milovanovic S, Stojanovic J, Efremov

L, Amore R, Boccia S. Quality assessment of studies

990


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

(V043 9 Cugb) (Los) lga C83S L bLI)Y ) plelas sl Cudg

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

published in open access and subscription journals:
results of a systematic evaluation. PLoS One.
2016;11(5):e0154217.

Thomas G, Kooijman PG, Cremers CW, de Jong FI.
A comparative study of voice complaints and risk
factors for voice complaints in female student teachers
and practicing teachers early in their career. Eur Arch
Otorhinolaryngol. 2006;263(4):370-80.
Sliwinska-Kowalska M, Niebudek-Bogusz E, Fiszer M,
Los-Spychalska T, Kotylo P, Sznurowska-Przygocka B,
et al. The prevalence and risk factors for occupational
voice disorders in teachers. Folia Phoniatr Logop.
2006;58(2):85-101.

de Medeiros AM, Barreto SM, Assun¢io AA. Voice
disorders (dysphonia) in public school female teachers
working in Belo Horizonte: prevalence and associated
factors. J Voice. 2008;22(6):676-87.

van Houtte E, Claeys S, Wuyts F, van Lierde K. Voice
disorders in teachers: occupational risk factors and
psycho-emotional factors. Logoped Phoniatr Vocol.
2012;37(3):107-16.

Cutiva LCC, Burdorf A. Effects of noise and acoustics in
schools on vocal health in teachers. NOISE & HEALTH.
2015;17(74):17-22.

Tao Y, Lee CT, Hu YJ, Liu Q. Relevant Work Factors
Associated with Voice Disorders in Early Childhood
Teachers: A Comparison between Kindergarten and
Elementary School Teachers in Yancheng, China. Int J
Environ Res Public Health. 2020;17(9).

Angelon-Gaetz KA, Richardson DB, Marshall SW,
Hernandez ML. Exploration of the effects of classroom
humidity levels on teachers’ respiratory symptoms. Int
Arch Occup Environ Health. 2016;89(5):729-37.
Claudio L, Rivera GA, Ramirez OFE Association
Between Markers of Classroom Environmental
Conditions and Teachers’ Respiratory Health. J Sch
Health. 2016;86(6):444-51.

Kielb C, Lin S, Muscatiello N, Hord W, Rogers-
Harrington J, Healy J. Building-related health symptoms
and classroom indoor air quality: a survey of school
teachers in New York State. Indoor Air. 2015;25(4):371-
80.

Jarvi K, Vornanen-Wingvist C, Mikkola R, Kurnitski
], Salonen H. Online Questionnaire as a Tool to Assess

Symptoms and Perceived Indoor Air Quality in a School

99\

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Environment. ATMOSPHERE. 2018;9(7).

Lin S, Lipton E, Lu Y, Kielb C. Are classroom thermal
conditions, lighting, and acoustics related to teacher
health symptoms? Indoor Air. 2020;30(3):544-52.
Redel-Macias MD, del Rio C, Arezes P, Aparicio-
Martinez P, Cubero-Atienza AJ. Environmental
Conditions of Dance Rooms and Its Impact on Dance
Conservatories Teachers Health (An Andalusian
Study). Int ] Environ Res Public Health. 2021;18(10).
Boix-Vilella S, Saiz-Clar E, Ledn-Zarceiio E, Serrano
MA. Influence of air temperature on school teachers’
mood and the perception of students behavior.
Sustainability. 2021;13(17):9707.

de Gennaro G, Dambruoso PR, Loiotile AD, Di Gilio
A, Giungato P, Tutino M, et al. Indoor air quality in
schools. Environ Chem Lett. 2014;12(4):467-82.
Madureira J, Paciéncia I, Rufo J, Ramos E, Barros H,
Teixeira JP, et al. Indoor air quality in schools and its
relationship with children’s respiratory symptoms.
Atmos Environ. 2015;118:145-56.

Martins RHG, Pereira ERBN, Hidalgo CB, Tavares
ELM. Voice Disorders in Teachers. A Review. ] Voice.
2014;28(6):716-24.

Williams NR. Occupational groups at risk of voice
disorders: a review of the literature. Occup Med.
2003;53(7):456-60.

Niebudek-Bogusz E, Sliwiniska-Kowalska M. An
overview of occupational voice disorders in Poland. Int
J Occup Med Environ Health. 2013;26:659-69.

Hunter EJ, Tanner K, Smith ME. Gender differences
affecting vocal health of women in vocally demanding
careers. Logop PhoniatVocolog. 2011;36(3):128-36.
Vaidya P, Kashyap S, Sharma A, Gupta D, Mohapatra P.
Respiratory symptoms and pulmonary function tests in
school teachers of Shimla. Lung India. 2007;24(1):6-10.
Poland CA, Donaldson K. Chapter 9 - Respiratory
System, Part One: Basic Mechanisms. In: Fadeel B,
Pietroiusti A, Shvedova AA, editors. Adverse Effects of
Engineered Nanomaterials (Second Edition): Academic
Press; 2017. p. 225-42.

Wolkoff P. Indoor air humidity, air quality, and
health-An overview. Int ] Hyg Environ Health.
2018;221(3):376-90.

Jones ER, Cedefno Laurent JG, Young AS, Coull BA,
Spengler JD, Allen JG. Indoor humidity levels and

11€eP a0 /W s)laid /1M sla )5 gies) § Cublagy aslilod


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html

[ Downloaded from journals.tums.ac.ir on 2025-02-07 ]

44.

45.

46.

associations with reported symptoms in office buildings.
Indoor air. 2022;32(1):e12961.

Mi Y, Norbéck D, Tao J, Mi Y, Ferm M. Current asthma
and respiratory symptoms among pupils in Shanghai,
China: influence of building ventilation, nitrogen
dioxide, ozone, and formaldehyde in classrooms.
Indoor air. 2006;16(6):454-64.

Zijlema W, Morley D, Stolk R, Rosmalen J. Noise and
somatic symptoms: A role for personality traits? Int ]
Hyg Environ Health. 2015;218(6):543-9.

Baliatsas C, Bolte ], Yzermans J, Kelfkens G, Hooiveld
M, Lebret E, et al. Actual and perceived exposure

to electromagnetic fields and non-specific physical

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

47.

48.

ohBas g (0015 03)8

symptoms: An epidemiological study based on self-
reported data and electronic medical records. Int ] Hyg
Environ Health. 2015;218(3):331-44.

Yzermans J, Baliatsas C, van Dulmen S, Van Kamp 1.
Assessing non-specific symptoms in epidemiological
studies: Development and validation of the Symptoms
and Perceptions (SaP) questionnaire. Int ] Hyg Environ
Health. 2016;219(1):53-65.

Surahman U, Ray H, editors. Sick building syndrome
and its effect on health of students and teachers in
selected educational buildings in Bandung. IOP
Conference Series: Earth and Environmental Science;

2020: IOP Publishing.

L1445


https://journals.tums.ac.ir/jhsw/article-1-6883-en.html
http://www.tcpdf.org

