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ABSTRACT

Introduction: Employees in various departments of hospital are inevitably exposed to toxic gases, including
isoflurane, as well as BTEX, formaldehyde, nitric acid, and chlorine. Therefore, this study aims to evaluate the
impact of chemical exposure on pulmonary and hematological parameters among hospital staff.

Material and Methods: The present cross-sectional study was conducted in 2024 at a hospital in Tehran,
involving a sample size of 240 participants. Standard methods established by OSHA and NIOSH were employed
for sampling, transfer, and laboratory analysis. A history of respiratory symptoms was obtained using the
American Thoracic Society Questionnaire (ATSQ). Additionally, lung function was assessed through spirometry
tests, and blood samples were collected to analyze the participants” hematological factors.

Results: The exposure levels of benzene (0.3 ppm), ethylbenzene (12 ppm), toluene (9 ppm), xylene (50 ppm),
nitric acid (0.9 ppm), isoflurane (1.6 ppm), and chlorine (0.06 ppm) were found to be below the maximum
occupational exposure limits. The average occupational exposure of staff in the operating room and pathology
laboratory over an 8-hour period was 0.16 ppm for formaldehyde, which exceeds the ACGIH-recommended
acceptable occupational exposure limits (OEL). Findings revealed a correlation between the prevalence of
respiratory symptoms and elevated liver enzymes in employees exposed to formaldehyde and isoflurane.

Conclusion: The results indicated a significantly higher prevalence of respiratory symptoms and liver enzyme
disorders in individuals exposed to isoflurane and formaldehyde compared to the control group. Furthermore,
significant differences were observed in pulmonary function tests and liver enzyme levels in the blood of subjects
exposed to these substances, in contrast to the control group. It is recommended that individuals working in
operating rooms and pathology laboratories implement engineering controls and management practices related
to occupational health and safety, and utilize appropriate personal protective equipment, particularly due to
exposure to isoflurane and formaldehyde gases.
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1. INTRODUCTION

Healthcare workers are routinely exposed
to a variety of hazardous chemicals in hospital
environments, including anesthetic gases, volatile
organic compounds (VOCs), and disinfectants.
These chemicals pose a significant health risk,
especially to the respiratory and hematological
systems. Isoflurane, a common anesthetic gas,
and other chemicals like benzene, ethylbenzene,
toluene, xylene, formaldehyde, nitric acid, and
chlorine are regularly used in various hospital
departments. Despite their benefits in medical
procedures, prolonged or excessive exposure to
these compounds may lead to significant health
issues, such as respiratory irritation, lung damage,
and alterations in blood parameters.

Studies have shown that healthcare workers
are at a higher risk of developing occupational
diseases due to their continuous exposure to
these chemicals, and many of these risks are
exacerbated by inadequate protective measures.
Although chemical exposure limits are established
for various substances by organizations such as
OSHA and NIOSH, many hospitals fail to meet
these standards due to poor ventilation and lack of
personal protective equipment (PPE).

As there are limited studies on the simultaneous
effects of various chemicals on blood and respiratory
parameters, this research aims to investigate the
impact of respiratory exposure to isoflurane,
BTEX, formaldehyde, nitric acid, and chlorine
on lung function and hematological parameters
among hospital staff. By evaluating these health
outcomes, the study will offer valuable insights
into the occupational hazards associated with these
chemicals and contribute to the development of
strategies to protect healthcare workers from their
adverse effects.

2. MATERIAL AND METHODS

This study adopts a cross-sectional design and
was conducted in 2024 at a 110-bed tertiary care
hospital in Tehran, Iran. A total of 250 hospital
employees participated in the study, with stratified
random sampling used to ensure that the sample
reflected workers from various departments
(e.g., operating rooms, pathology labs, and
laundry facilities). Participants were grouped
into exposed and non-exposed groups based on
their occupational exposure to specific chemicals
commonly used in hospital settings, including
isoflurane, formaldehyde, BTEX compounds
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(benzene, ethylbenzene, toluene, xylene), nitric
acid, and chlorine.

Chemical Exposure Assessment

To assess chemical exposure, personal air
sampling was conducted using established
methods prescribed by NIOSH and OSHA. These
standards ensure that sampling, transportation,
and analysis follow strict protocols to maintain
accuracy. Chemicals like BTEX were measured
using active sampling with sorbent tubes (Anasorb
CSC tubes), while formaldehyde and chlorine
were measured using impingers with sodium
bisulfite and sulfamic acid absorption solutions,
respectively. For isoflurane, the exposure was
measured with Anasorb 747 tubes using a GC-MS
(Gas Chromatography-Mass Spectrometry) setup
to identify volatile anesthetic levels in the operating
rooms.

Each participant’s exposure to specific chemicals
was monitored over a full shift (8 hours) to obtain a
time-weighted average (TWA) concentration. The
maximum occupational exposure limits (OELSs) set
by the American Conference of Governmental and
Industrial Hygienists (ACGIH) and NIOSH were
used as benchmarks to evaluate whether exposure
levels in the hospital exceeded permissible limits.

Spirometry and Respiratory Symptoms Evaluation

Respiratory symptoms were assessed using the
American Thoracic Society Questionnaire (ATSQ),
which is widely used in occupational health to
identify symptoms like cough, wheezing, shortness
ofbreath, and sputum production. Participants were
asked about their medical history of respiratory
diseases, such as asthma, chronic obstructive
pulmonary disease (COPD), and bronchitis.

Spirometry was conducted to assess lung
function following the 2019 ATS/ERS technical
standards. This involved measuring forced vital
capacity (FVC), forced expiratory volume in
one second (FEV1), FEV1/FVC ratio, and peak
expiratory flow (PEF). The spirometry tests were
performed using a calibrated Spirare S3 spirometer
to measure changes in lung capacity and function
before and after the participants’ shifts. Pre-shift
tests were done 30 minutes before the workers were
exposed to chemicals, and post-shift tests were
performed within 15 minutes of the shift’s end. This
dual assessment helped differentiate between acute
and chronic effects of chemical exposure.
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Blood Sample Collection and Hematological Analysis

Blood samples were collected to evaluate
hematological parameters, including complete
blood count (CBC), liver enzymes (SGOT and
SGPT), and biochemical factors such as cholesterol
and creatinine. Venous blood was drawn from
all participants between 7:00 and 9:00 AM after
a fasting period of at least 8 hours. Two separate
tubes were used: one for CBC analysis (using
K2EDTA tubes) and one for biochemical tests
(using serum separator tubes). Blood samples
were processed within 30 minutes of collection to
maintain integrity.

The Sysmex XN-1000 automated hematology
analyzer was used to measure red blood cell indices,
white blood cell counts, and platelet parameters,
while liver enzymes (SGOT and SGPT) were
analyzed using a BT 3000 Plus automated analyzer.

Ethical Considerations

This study was conducted in accordance with
the Declaration of Helsinki and was approved
(approval code: IR-IAU-ARAK-REC.1403.037).
All participants provided informed consent before
participating in the study, and their anonymity was
ensured throughout the research process. Measures
were also taken to ensure the accuracy and
reliability of data collection, including field blanks
and duplicate samples for quality control purposes.

3. RESULTS AND DISCUSSION

The results showed that the levels of benzene
(0.3 ppm), ethylbenzene (12 ppm), toluene (9 ppm),
xylene (50 ppm), nitric acid (0.9 ppm), isoflurane
(1.6 ppm), and chlorine (0.06 ppm) were all below
the maximum occupational exposure limits (OELs)
recommended by OSHA and NIOSH. However,
the study found that the exposure level for
formaldehyde (0.16 ppm) exceeded the ACGIH-
recommended limit (0.1 ppm).

The results of the evaluation of lung function
parameters indicate that there is no significant
difference between individuals exposed to BTEX,
nitric acid, and chlorine compared to those not
exposed to these substances. However, the lung
function parameters in the exposed individuals
were at lower levels. In contrast, the results of
the lung function evaluation show a significant
difference in all lung function parameters
between individuals exposed to formaldehyde
and isoflurane. Significant changes occurred in
varjous respiratory parameters after exposure to
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formaldehyde and isoflurane (p-value < 0.05).

No significant correlation was found for the
body mass index (BMI) between the case and
control groups (p-value > 0.05). The difference in
white blood cell (WBC) count between the control
and case groups was minimal and not statistically
significant. Additionally, changes in red blood cell
count between the case and control groups were
examined, but no significant correlation was found
in any of the chemical groups. Furthermore, the
evaluation of platelet count in both the case and
control groups exposed to chemicals showed no
significant changes.

Changes in cholesterol, creatinine, and
triglyceride levels in both the individuals and the
control group were not significantly affected by
these chemicals. However, SGOT and SGPT levels
in individuals exposed to benzene, ethylbenzene,
toluene, xylene, nitric oxide, and chlorine were
significantly different from the control group with
no exposure. It is noteworthy that these parameters
showed a significant increase in individuals
exposed to formaldehyde and isoflurane.

Data analysis shows that in the groups exposed
to these two chemicals, there is no significant
difference in most of the measured parameters.
Specifically, body mass index (BMI), white blood
cells (WBC), red blood cells (RBC), platelets,
thyroid-stimulating hormone (TSH), fasting blood
sugar, creatinine, cholesterol, triglycerides, and liver
enzymes SGOT and SGPT did not show significant
changes between the exposed and non-exposed
groups (p-value > 0.05). In other words, exposure to
BTEX and chlorine did not have a significant effect
on these parameters, and the differences observed
in the mean values of these parameters between the
two groups were not statistically significant.

For nitric acid, the parameters of body mass
index (BMI), white blood cells (WBC), red blood
cells (RBC), platelets, thyroid-stimulating hormone
(TSH), fasting blood sugar, creatinine, cholesterol,
and triglycerides did not show significant
differences between the exposed and non-exposed
groups (p-value > 0.05). For formaldehyde,
significant differences were observed in the levels
of liver enzymes SGOT (p-value = 0.032) and
SGPT (p-value = 0.015), indicating the impact of
this chemical on liver function among the study
participants. Other parameters, such as BMI, white
and red blood cells, platelets, blood sugar, and other
factors, did not show significant differences. For
isoflurane, the parameters SGOT (p-value = 0.001)
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and SGPT (p-value = 0.006) showed significant
differences between the exposed and non-exposed
groups. These differences clearly indicated that
isoflurane had negative effects on liver enzymes
in the study participants. Other parameters
examined, such as BMI, white and red blood cells,
platelets, blood sugar, and creatinine, did not show
significant differences.

In summary, these findings suggest that
isoflurane and formaldehyde have significant
effects on liver enzymes, whereas nitric acid did not
show a significant impact on most of the biological
parameters studied.

4. DISCUSSION

The findings of this study underscore the
significant health risks faced by healthcare workers
due to occupational exposure to hazardous
chemicals. The results align with previous studies
that have demonstrated the harmful effects of
isoflurane and formaldehyde on lung function and
liver health. Isoflurane, an anesthetic gas, has been
shown to impair pulmonary function by reducing
alveolar macrophage viability and increasing the
risk of post-pulmonary complications. Similarly,
formaldehyde, a common disinfectant in pathology
labs, is a known carcinogen and respiratory irritant,
with long-term exposure leading to chronic
respiratory diseases and liver damage.

This study highlights the need for stringent
regulations and improved control measures
in hospital environments to reduce chemical
exposure. Although some chemicals like benzene,
xylene, and toluene were found to be below the
recommended exposure limits, they still pose a
risk, especially when exposure is continuous and
cumulative. Previous studies have shown that even
low levels of volatile organic compounds (VOCs)
can cause respiratory symptoms and damage to the
respiratory system over time.

The increased prevalence of respiratory
symptoms and liver enzyme disorders among
those exposed to isoflurane and formaldehyde also
supports the need for better ventilation systems,
regular monitoring of air quality, and the use of
personal protective equipment (PPE) in high-risk

Journal of Health and Safety at Work 2026; 16(1)

areas such as operating rooms and pathology labs.

One of the limitations of this study is its cross-
sectional design, which does not establish a causal
relationship between chemical exposure and health
outcomes. Longitudinal studies are needed to
track the long-term effects of chemical exposure
on healthcare workers™ health. Additionally, more
sensitive biomarkers of early lung and liver damage,
such as oxidative stress markers or inflammatory
cytokines, were not examined in this study, which
could have provided more detailed insights into the
health impacts of chemical exposure.

5. CONCLUSIONS

In conclusion, this study provides valuable
evidence of the adverse effects of chemical
exposure on the respiratory and hematological
health of healthcare workers. The findings suggest
that exposure to isoflurane and formaldehyde, even
at levels below the recommended occupational
exposure limits, can lead to significant lung function
impairment and liver enzyme abnormalities. It
is crucial for healthcare facilities to implement
engineering controls, such as improved ventilation
systems, and ensure that PPE is used to reduce
exposure to these hazardous chemicals. Further
research, particularlylongitudinal studies, is needed
to better understand the long-term health impacts
of chemical exposure in hospital environments and
to develop effective preventive strategies.

6. ACKNOWLEDGMENT

The authors would like to express their deepest
gratitude to the management and staff of the
hospital in question.

7. ETHICAL CODE

This study was conducted in accordance with
the Declaration of Helsinki (approval code: IR-IAU-
ARAK-REC.1403.037). All participants provided
informed consent before participating in the study,
and their anonymity was ensured throughout the
research process.

8. FUNDING

This study was financially supported by the
authors.

149




14 V=110 Oladw 1190 Ylgy /) s)lad /14 sla )5 isol § Cublagy aslilng

968039508 3 b ylow (Il Mgo by (i dg21g0 wili (b o
oo 3 w0 S Y HU 0 Jg b Sl

REY VPR L SIRVE FYUPI LN SRRV SOOI L VY P IAI | FEPY-F Y KPR VR PR KI W OWE I L J R
Ol (OIS st et (S pole oSy (il 5 ety 0aSElS «s0gisS )l 095"
oyt e ceslozl cdlos 5 il psle olSils Ll 5 Eoly> 5o Codls Sligios 35 0"
Ol el eolpl (S pale olKiails iy e 038l «Cu ye 05,5
SInl el cosiz ol axly oDl oljT ol cadls saSiils o ilogy Sloas o poe 0g,5"
el oS eSTl aly oDl ol;T olRetils Sy pole oaSLtsls ouiligs 0,5
Ol e Ol 55 ook olSals Kby 0aSasls s il psle 03,57

VEO/NE iy Gyl F 0 g b

oxin =

BTEX alex I coms )5 0,00 0 pdboliz! O oy ol oy Galisee glo jion Jiwy tdoddo
(b sl lows 59 ot Wl g0 LS 5 (Rl b e dglge )l H118 IS g a6 s casalle 35l 5]
OESIS 53 G55 5 S5y syl » gloond Slezlye il o)l Sum L aslllas cnlecnl s oms G213,
i gl s Loy

s plosl ;8 VEe S lae b oled 5o pliwjlony o o VFY Lo o (ehaiie asllle cpl 15 b9,
ol Gl b oolitasl _alEiylosl 5aUT 5 JUl ocg o aigas cslyy NIOSH 5 OSHA o uibias] (gl b,
S by, 0 ,Shos onizman 03,5 (D)) 5 S (ATSQ) S pal @y, (raasie ozl dnbitis b (i
235 ylanz S95 Sla)gSh oy Ty 93 Sdises 5 0sd b3l (5 yieg e

Wl 20 okl e @ VO el g @ WY O JST el @ e Y O b aelse e tla asdly
S92 b aglge jlome 0>l Sk el @ @t 17 L s el @ @ VP hsBonl el (o (o R el S
Sme sl S8 g e0m el g (o NP deaalle B L s3slsil oliulesl s o BUT oy atelis A aglye (:Sike
Rl (oS @M £ (4SO LS g5 (61,5558 5 (6 g e S el 0 )5 25l 0ol apogs
(P -1+ 0) 3,15 5925 (5 folime L3 | ) y9ld9 3 5 adalle 3 L aidliagzrlge (LS IS 55 (6ouS (sl

s5br a500e 8 5 5l 3al L 4Bl agle 09,5 50 (505 (sl 5T SYMS 5 punkid @Dle 50 15 o A
Lg.)..S Lgl.bp.))j C.]a‘u 959 QJSLQ.C Lngw ).5 ‘5(:‘?5; J.:@ LngCJij dy 4.9‘?‘9,0 Qﬁ‘b 03; )| J;Yb ‘S)léL..xA
olRiolesl 5 Joae 361 HUS S cudls Lo sliwly ;0 3o 0 dmogs o odalive a8l ag>lge 05,5 5o

L aglge (2l (6l 05 oo (69,8 Cblam Sl 5 (ol (ool o e g sla S5l 5385k
23,5 oolazwl asalle )8 5 oy 0l8g 3l slasl8

i slartell s slortolly lislons GEDIS i dgmpo gl S5 SIS OLAIS =

amirmohamadnajafipour@gmail.com :a5\5e Jgims oo g5 Suig xSl s 3



- AEm)lay (lLayib slgs § BT agalgs 3G (b))

V) aws gy 2l 3 JToleS 5l el (Sas 5
il st olge slodins (nine | oS A
s (VOCs) 13 JT bS5 o A3 gl soms
95 Kgd (oo o Oly Glasiul @bl e ul g e ]
2 AL asall 7 QITY i Slaxe (089,000 A
oolgils slac! siiie lag o il pliws Codl
5 @holbrw 5 (sras SISTL SIS lagn S,
wile Wil 5l (5 005 olyen 3550 5 ol bl
() s S s SIS lls 50 e el

L sl ol Slerlyn o fyan o Lilis 5| S,
Jelae (LS 0o 095 IS laizms jo oboard Jolge
s gloyo Sleas 5o o sl sle oodl s
P, 49y 9 (58 5l (S (bl sla ol
ple S8 a b Cao ol Sl Glez pulpw 0 o
s Jl )0 ey a4 o la g psld g (San
bl (B 5o (ilage slo ol (SISl
lod Ollas ol wilgs o a5 dnn Ol s
S5 e (3950) (Saielsm (0asS Agre slajlS)
ozl = s (Sl D) SogisS | (ax)
s anl (Cigis) Sl Ollas g (Lw )
Ssaeds wanS Sk oolge asle b 5l sleasd
Sl s e o Pl oS J il g oS
(2Eall olad slo Biae Sz (glag)ls
ooVl o g (>l 090 ) sasS hgam slajl5
OY-09) wigd oo 256 51 lsp slo

(WHO) cuslagy ez olojle il bl
Sl 55 ke ol 58 585 Goekes B3 390> (0F)
W}‘M)Q\YL“)BJM@)KGLL\W
& IS oeizea WHO i (oo JuSid |, el
aloz 3l ablags sl cudlie (LSS dan a5 aao
S e o ity sl cdle e
Cewl oals 5,155 S5 Madlepn lojle o Lol
bl el QLS S i gl o
Sl 9 Npes @) 8 5l (AL D3l g Lo Lo

Sliiza (VF) Wyphie Jid Ol peles Ll

101

dodso =

L oagzrlse 5 Lume Slblre (n 5w 5l
O we el (abord sl by Jelse 5l sl
lod OlS 5 (s sl 5 il laass
Ol cdl sl stz BB Sl s )15 e 5o
Slp 698 Slass glaosls @i o WS oo ol
Sleladl slpiy 5 Slass bAlSs 4 Sow,
sl lom £90d 9 42 lge haw 22U Sl (JS5)
() ol (55958 2T Gal3dl 5 Gtals Gralidl g Jass
zxe OSHA g o5 il sl G151 (S5
éb.ol.a,]a.u).n &a)j).'a?@a.ufol&,o ‘(Y> éb)fsn
u|9...c L oolawl 9 quM colw 9 4.&...:94 ‘g_;")"a B
R HI ER P FR P SIS P VORI PAPRUEL i YW
s M b lend e al 51 5 e
30 e Ojgay a5 lelins o 4y ol 8l Sl (6l
Ca)ﬁ..o)dj\))‘b A @L.M O‘}nl_awlol.u)‘
4 yonie Wilgd o jlre a5l SVl eogane [0 aglse
o 3,15 3525 (6 5l Al (1) 09 5 po by ]
O (stloond SLaS 5 By ;o 85 )18 Al
(F) asb ails codhe » gasas ol il !

Sl 3 bazme aloon 55T 0k Jelse (e 5o
Vo Sy s b @mly ot gl s 8 I
\)1)5‘ Sl 00 wl.v LS'P L 05'“5‘ 05....:‘5‘0 & g0
SLaS 5 5 (VOCS) b JT Sl 5 ppmo o il
L wles c@lacinl G,k 5 (SVOCs) 1,8 aes JI
algs g lap,T S5 b (318 U & s ol 5 Sy
ol slos¥T aigdh M calizee CMSiw &
ol wile alie DVgame 5wl (Sew
Ngd b oaisS Jsaeas g odissd 0aiS jaed
s alS sl itlags e 5o 50l 9 b S
ué).nn B U"j)f )‘)3 (; ,Q) \.\49....4(54 oolarul w9.ﬂ.€
i el Sl e Wiy e 8 JT bS5
3 035m 5 9 b (g etz (g ile Sl
Sy Sbhjhs Gue SYsb Ol Ll wsd Sae oligS

11500 )lgy /1 o)lails /14 sl (S (iay) § Caublag)y asliling



2y 0 Sl (s (plrand dlge b (05 (Sghe Wb
Slos STy QLSBT 2K )13 87 51 (U pl 430
Sl O 9 2T 2l (V) (ezmen alisee LY 4
shosliiul (V) ( ggie Sl o sbiwly 4o (8,5 5o
08 S cads () g Sl (gl oaisS oyl Joloe
e Mg (oo a8 b Lanes gl g by (25 (allg 5l (]
Argi O)g0 9d piie Jlaws Slo Sy 5 b aglse 4
Vo)) s

sl Ghsy 5l R (K S sleygSl o)
sl oy 310 S el sl o Jslaie
e o o3l Go sl Sl pwp b b e
2 oy Shle Gl sy s plas aleerd Slge
o3 (bl g b1y «ele i sl e b aezlse
L o pliwl g m-p-xylene « yolei 50 Juil Cawl 00l
e A e L3I o oSO slaw il
b o5k oszen )R ol (Sn b azlee o
o Bl (g5lS 5 (g OS] (5 o e
(V) Conl atisls 5929 (5,00

D agzlge il o)Ll Gl iy a5 jshailes
sle cdle (LS Gl jo SUylas ol olge b
by ool lasely 4 e Wy oo (Sl
e g Gz 3)9e 50 Dlided sl (e b
Ol el sgaste lawgie g o5 Sl b sle,els
Corez yodd 51 GOU wax gl b bysas
ol (Sl 55 5 (dammeans s GLI o o2l
Sslon 50d 5 tlae Sloas ane 5 Lo
Ol wais b was ol 4 (See o5 wos
il axlge isS co SaS 35290

Olidod ol 4S9 lge Coenl 4y az i L cnlple
el sy 5 S5 Sl g9, »oad ploxl sgame
29 95790 (silrond Slge 5l (orrmg b b (i agge
6 ) andllee ol 51 Gas 1) ool e Jéline
Sfdkes 2 Slwjlon (ploosd Slge b (oS ag2e
Se oS e gt 5 Go> sl KL 5 s,

D9 Sloyd S e

11600 )lgy /) d)lald /1¢ sla (5 (ias) § Cublagy aslilns

ohBes g ewmlE 183

Sy90 50 BETL aiwn (2 jo Jad ceodlw 09>
O, l8 ey o8l ol cedls p ge ylas felee
O0) s iljel
Sl Slre 53 Gl 3 and 5 13 T olse
OF 0,8 oo )8 oolaiul 050 alite laal ol
O3 kel Jub glacdglie 51 (S ogiSy e b
Sl y9095 59 40 sogeo 5 INCRNA oS il ool L
(7)) S (oo Wl ggSgaem b 3 5l (A6 o=
35 Yseme a5 sl liard oSy o aalle b
oyl plyie a4 (s Silsly leolRagle]
b b Sejglgronnl 15 51 5 5 on oolisal
o olSiglo)] ako iwsyy oyl el L3I o
2 S oS w38l abex 5l (2 225 3805k
st Sl g asalled b ladpe (b s 4 Ml 0 5me
Olgre 4 LIS 518 slaccwl (VYY) sis J &yl
S g cdale bl el Lo 0 cauS Sgae Wb
oz 5l e 5 i el o] (B yme 0 (38,5 )3
TS < LIRS E S gES
Orr Johie 5l olhsldgnl (VA) 098 (o0 S o g 4y 0>
Sloy e Jos GUI jo a5 sl Ligpwm byl
ouisS L, Il gouasine Dldllas 05l o B s
gt o8 ams e lad 1, 18 olge lacl
S5 g 5l sl cadls 2 (b9l o525 4 00iS
Polss aboz jl piz 55058 5 (Fogl Dl S s
A ail o dbogyye
L agzrlge 6T 05 oo 31 (5 205 (asiio cnl iy
LQYLAS)};QL,@PMTWJM)& VY aS 04 009
it S L o i Sy oy 55,5 3
03 ol s ool @ Do (LS5 e o
B APV PN PSCI VSR WIVIR VSRV, NP RGN K O
S 2 (V0N T) el Sglare Cario g s 4y asng S
U gal (2 y20 55 58,5 )18 s 4 saaie Jelie oS

0P



- AEm)lay (lLayib slgs § BT agalgs 3G (b))

ALAS 4 gy owdid Ol Cogac e

(o> byl Sy Jo ) o)k e

(=V¥+/9° mmHg) YL (o> ,Lid e

Jebs 4 55 0) iS5 ) e s,k
O Jloxinl Jdo 4 5850 5 (6l sy sl (55l
Wo Jolts aled aiges cales ;o 5 Wod )15 addllas
g 00 Hlued 3ald VY- g a8lagzles 0,3

she slo S
ol a0 Y8 glos (o o laslinl slas ,uSo5lul
le,ygile 5l eolaul b V¥V i Cugb, g ol F
Al el ISO 7726 o Jaibsl b gillas oouio IS
sl el b (g, 50slul sl oslatwl 850 (slaolKiws
e Sagby g Les ojshiienin jetile Jold (dasome
B bo(pldl Testo oS i colw) Testo 435
&lp /YL g Lo glp ol 5 ol az o+ VT 5 . 5oslall
sleosl jo polae g pSoslail ColblE 5 o Zugh,
Fluke Jow Jaoes 51,05 oKiws 5 asin o
3, lailiwl Sll b sillae 3.8 gl S (61,0971
ol b dee e ps (6 S oslail el ISO 7726
52 3l G olKiws ol Wog aore Jelse b g
&z e sl bl sl eslaiwl b« uSoslail and>
oy Plas @ 6 080 5l0l glas b asuls 0, ]S

il sald 095 sln Gilupleer slajlins
kg/m?) S& ooy atli 5 Sz (Jlo 0F)
oj)f o 4.@‘).\5.0 pas Ju..:L ‘O.).‘ » og)Lc .J.Soy(i Y
GiiyS Bro 4) Sl swyp Gk )l cels
&bl sl3l o 5l el 09,8 Lol plail (5 ,lkblog>
0,5 !

B ol ol
g il codled g, Cad jo eSS eS b plas

Sl 1 ST al cols, adllas o o8 Lie 5l i

10w

B rey =
wllbe )b

She K 3 VEY o 4o axbaiio aslllae oyl
OV oo 5ol plsil Glnl cols 5o &8ly Gloyo
5 BT V0-) caiSes s Yo+ dald axly aie)lS
Holad S uges gyl esliiul b (@ Ve
S sl Calizes sl sy el 1 o satsainls
Gl (lrog S 5l cribis oaled a5 958 (el U
2 aiges miei Wls jeax adllhe jo adlagzlse
25T a6l slaanlp g (s laeg S el
Foon 5158 T ool adliagzlye 8 VY Sl g
wlse 5 (> sl s » 55,05 L) Jes GUI i
Foon 5l 8 00 d(Olyslignl wile (chore lail L
Sy L) el 5 sheleil elKimlesl iy
Loagzlye 5 (8L el sl paiges sloanls
Sy g wwedlle,s « BTEX asile glewds LS 5
2SS ) albyglns ) o Jw 5l 8T g (sl
SBEl G b agrle 5 (Sodead pand laasl?
slaidn )3 a2l gl ol @jes cal ad
oadganail (g pSaigel gy 9 Glslen oS
adbagzlse sloog )3 5l cowlio coules b ays 5 s
STROBE sl Joallj5iasd b gl ulgs 5 sl
Ao, 515 closalice ilalaoe 4l

1090 5 g 4 alllae 4 09,9 slolore

Sy b CamBae o )5 abls Jlo 5o Jlas e
sl aelge 5l oLl

by JSie b )l 45550 ails pac @

oS Jold eje slas lon S92y pac
5 OIS 5 cobs (S

o o] Aiile i SYIS] 3924 poc @
Seiign 9 (COPD) 592 (raje (s0lonnd]

o Brae pac e

e 2 T d g sl

slajloe b Bl (5 gyl plonl (SUl5 poc @
ATS/ERS 2019

11500 )lgy /1 o)lails /14 sl (S (iay) § Caublag)y asliling



ol F il az 0 Feoadsl sloo b olSiws oleo sl
JPESS PRV AR IRRVIS P YIRS QERT
Bl 5 il ilsdl o S il az e Yoo b aido
5 00iS (35,5 sleo .ile ol Loo (pl jo 4280 B Do
ol ol 5 ilwaz o ¥ s g YO+ j0 cud S a sl K]
&= o s lailbinl 5l gunl S (gl y ol ails oS5
7 Oyl yedlS sizeie 9 0l 00l WINIST Lo, LG
Q0,5 ags dligV e ppm U +/) odgusme [0 (gladads

OYANY)

S ol b (s dgzlgo L
0Py b Gllae SGyS apul Sl 5)ls paiges
G35 &y pdige glbray 05 ALCINIOSH 7903
S lasliwl b (5,10 paiges 51 |8 SKC AirChek XR5000
Fd OB Y o b gl pdiged i 0 IS Al
s ol 2 YOGV G g pslanz o 5 4ids
A cacd Job yo QIS (oadis oogazme I ladiges

B (6 gl asele

PTFE o9 ;0 b ain ;o CBg, 10 aloldd adiges
ax ¥y sl 0 m LS 50 9 Wab pge 5 e
Binlejl  celu g0 b g wd )5 15 ol 5 sle
ookl b (g3lwoslel 5l s aasgad Lasuls ools Jygou
(Vo) wad 501 818 gileg,S g SuSS

deolla,d b s 4gzlpo ()
Seaalled b agzlye b ()l paiges SS9
&b plxl NIOSH 3500 soubowsls by, (wlel »
@bie s 9o Jold (638 (5,0 paiged slvolSiims
slewls ;o g, S /) 38l ojlail LPTEE
sl sl laomiel 4 &5 wog (S pliul
G Lul Jate mow Codlaw o L) O3>
\ b /Y oo L SKC Universal PCXR8 (s ,ls paigas
VO oo @ (5,0 pdiged g ol 0, S adBs b i
plril oo 2d Yo 10 g pslaaz lp dido Yo b
i g (o Cugh) dos wiile (larmeo (slaialil ol

11600 )lgy /) d)lald /1¢ sla (5 (ias) § Cublagy aslilns

ohBes g ewmlE 183

30 zyie b ol jgws b sillas asllas ol .ass,S
(IR-TAU-ARAK- 405 o .08 plos]  Sinds aily
S psle saSails 351 axwS 5| REC.1403.037)
0,5 Bl o STl asly ol of5T oKl

Abgo) axas ale o o oles] pled (yizmen
b by 655w 4555,2 5l U ol plonl (4l b
FSERPINC NIPEFIES JEN WA

BTEX LSy b i agmye L))

O3 G5 o3l gl lanme slsp 5l (gl paiged
sy 3 eslizal L (BTEX) obls 5 o3kl (il
&l NIOSH 1501 5 uiliasl b gillae 5 Jlad g 15 saiges
25 S piged ol ol plomil Sisleg )l (slage S50
o pll (659)gmgil oKiulesl Lol (5,5 olKiws!
Slacey 5l 0gd bl aelse o 902 Sl U
G35 20 b SKC AirChek XR5000 63,5 (5l yigas
A g 8 b, 90 90,8 colaiwlaids 5 ) <[40
A8 S g melas 5Tl olRis b (gl paigas
(TWA)aelo A Sboj (F39 (5uSibes g0 4 ladigad
Comlus Laa> o;&.l:{YT B I FER TR Lg)j]éo.?
CaiS 7S lp 0gdh Jols bl 5505l
5 (SO uld) vals sladiges loie @ ladiges 7Y+
Wad (5 5laer 6,5 sladise ©ys0 410

o) G o )sd Laaiged (aled «(syslaaz 5l g
Bk iSlas g wad eols I8 (o8 cole a0 F 5
50 baiges ol ools o olfiole;l @ celn S
Gl ol 5 il ax 0 -V sles jo g aing,0 By,

ofiws 3l eslaxw!l L BTEX oluS s Ul
4 o Younglin 6100YL Jow 535 31,5 gleg S
5| s (ol o plol (FID) alads iy sl ,\K1
FogSe ITO Y Cwlis g J3l ad e Lo
ool 358 osls L pode o> 5 L aS o5 oolaul
wasls Gy aads 5o Lo VY ol oo g YL

10K



- AEm)lay (lLayib slgs § BT agalgs 3G (b))

AL L gz lee S
bl 2 L aelye Gl )l paiges JSS9
S0 pdiges o plosl NIOSH 6011 saianl bg,

G35 2o b SKC AirChek XR5000 slac oy L Iga
G0 pdiged e 0D plxl aads IV B oY
3 Jolxe oo 10 ol sla el Jols
CwlS a4 aS 0g 0 5sgs Ol Ho 70 /) sl Solalgus
el A-Y) 6,5 JolS cas SO e 4 ladiges
Syl ailugiis, (s S, cwdid 03905
O diged 52 (Sl p 0ad (510 piged slga e g Wiad

(VF) 0g pd Qe LA

o) pIe 5 (oo 0 Sloe )/

oolaiwl b casllas ol jo ousSes 0 Y- olas
(ATS)IS o] dindandd pozml o lasbiw! aslidow s ;|
S50 s |yl o&,{o&jyi oS aslas lawg a5
cpima Ll plad § 18 ceals Codlw JulST Sb )
Jolds ot yoio @l dinls 0,90 0 G280 Oledlsl
O3 b L) as i (Jlo jo 0lo ¥ 31 i) 48 e
O (S5 (D 9 Ky o L) Lals adgr (cudled
b eyl corapo Coiidyp aiile) Sy slojanseis o
dolisiws 0 )lgo s gy (Sl stz (SlaaBo VO aul>
5! QT P &S Al I e 5155 meme b g
20,5 oolawl WDMe e oy Sl s par sla )l
OIS et Sl ol cnl (QLL s (2,
VA=YV LY ) ol oago 5

ey o] SS9
8 oo bl b sillas ggy, o, Slas olinlesl
00 6 dS g ol 3l eolazwl L g ATS/ERS 2019
J=1e .l ploeil gLl (Diagnostica &S . Spirare S3

g 25 T 4 oiles]

100

JARNPRVCC IV SRR WO S I EIPY IR TPV o
Sl Gl lp sals sladises plgie 4 ladiged
Sl Jslors (g lo paiges 1 G ool ay  Jlos
oo i iy (2LS laded sladly jo i
Al (6l ol F il a0 Fogles yo 4 Jiiie
WP E ow..wb 0j9, Y Sbejosl 4o FSW[H]

Bows b segg il slas pSoslul
Jsb ;o Agilent Cary 60 Jow UV-Vis ogi8g xSl
& o $lp GiSly aald jlg s ploxl fegll OA+ e
ATV YY) wo 8 eolarul

Ohslispl b (Aid dgzloe ()

L 5 OSHA 103 solszdal hg, b sillas ladigas
Sl a>ye 4w ;0 SKC (65,8 slacaay 3l oolaiul
Sonleez (CiS5k 5 GyInS o) (Al Jee
&y Anasorb 747  ewd g0 Q> slaalg) 5l asa
oS oS oslitul ladiges gLl 5l (55l
391 (10) 6,1,55 g (L) vals slbaiges Julo ool
Sade o g oL, il a0 F o sles (o bbdiges adS
2o 5dLT 59, VF ol

S Aedlaw 60 g Sio Voo 5l oolatul b lediged
Sde 4y g W gzl Ziwl (JAAS) YL pgls ax 0 b
Branson 3800 Jaw Sigul gl olws jo agdo Y-
S5 5leg,S olfiws lawg ladiges pJUT s 5 18
Varian CP- Jos (GC-MS) 0> Zrwidb 55
L oolSiws oles asliy .ol plxi3800/Saturn 2200
ST aids F Goe 4 ol 5 ile ax 0 FO adgl sles
G oagds ool )8 colo axp0 Ve o b e
aa80 ) Oow 4y g <8l ymolidl ol 3 il a0 VO
zlyasl 5leslainl L .(V0 V) wile cull Les ol o
back, front gle iz Jold) Qil> ples (S gul 2l
03,5 laws wled JM= L ,ige 9l 4y Anasorb 747 aJo)
JoB 3585 el (Sge glal 1n) wabin ek
23,5 sanalyte wel IS b L o D>

11500 )lgy /1 o)lails /14 sl (S (iay) § Caublag)y asliling



Wl 2bl eSS me o 9 SO bawgie
& pSojlail gl Sysmex XN-1000 (g5s)glon ol
Jolss oS a8 S g ol oolawl by gl )y o
s 5 S slad S sl iy, el S
oled .8 5 plouil o laili] sladiges b olSws i
2 g Nk plel A3 S sl S b leews
o)bsd Labejl @z o o3guome 5l bt 795 Ojpe

(V) w5 16

ylol Juloi

IBM SPSS|l53ls 5 51 colazwl b ools  Jolos

Jols sroy Sl plil YO asusStatistics
Slp )5 abre (Slsl2 g b Bliil (Sl
o3l 3l g Jlep Sl esls mig o
oolatwl Q-Q Plot ,loged g 3o peamwh8g,5galsS
Shlo b ools 5)lge ads o a5 ol lis bl al
Sl ¢ (p-value>0.05) s Jloy &9
ooliiul b JyuS 9 9,50 log S (o5 slo i
lool)ly @l s alie Jites t slapses! S|
Ot b oBle gad 008 syl o) el b
G0 9051 9 50 G5 gesl 5 eolil L eg)S g0

ghw )0 byse;l oles w85 )18 Ldoxi 050 i

basl =

A8 oy Lol FAS S 1 S S ges ledlll
15, Slels S il (BMI) oy o055 (oL o3
e 8yl LU a5 was e Lt gl ool oa
Sg>g axdlas Sjy90 6[@09; ‘S.JLMW le.b).».r_..o
(p-value > /-0 ) sl

5 o3l slasi 5 ol dlge » (590 ¥ Jga
Olime a5 0l Hlias bl aes oo &l Slge (! (5 e
ERERAN IS I A DR S e
Sl el (g (2 0°) bl el g 2 V) s (e

11600 )lgy /) d)lald /1¢ sla (5 (ias) § Cublagy aslilns

ohBes g ewmlE 183

5 98 Jold S yegyg il slagg pSojlail o
Pl (p,5sks N E B0 b oadio S (59515 L) ()3
Vo o) Lo S5l GralesT e Lulpd s 0
(Mo 8 B ) Cugb, g (OL,5 b a0 YO U
wile (S ae 3)lse (g cdalol jo g I S
s (A b (ol S (i 3 lacisie
W8S Oy A

Pl 2 (1 (5 550 el o3l gimy Al o 50
p3Y slogbsel 5oy 0 Slas e (ppmniSS Iyl 1y
QIS ES 18 & (g el gutne ST 3550 50 )
09 Ok 93 PBlax) (2o pe5 sloygile (s 0ls )
o 055 LET s S5 L 0,8 b plol (o
oyl Caled po ad el Jg:d BB jsile 4w (T 5
(V9) 03,5 Eud (6 yog o]

Sl 5 FsF sloylil by

BaS el oled sy 5P SRS Ase
sl ol coilags 0 l5s o bl USSep b (sillas
LY Slels 10 e b punsSS lawg ladiges .0
205 Gyl bl el VY 5l Gy 5 o 9
30 S diged 5l 8 addo V0 Plas Bauses o
Slp alBlas dod g0 s, colnl anis cl>
9 K2EDTA (g4l> alg) ;I ooliiwl L CBC islesl
S oslea (o caiiSlaz Al ) ol loces
5 o0 byl ool s pslaa 5l g raiged 3,8
ad T aads ¥ B b xSl

(CBC) 493 b5 ojles 3BT isw o
mlSsen) 303 slaslS 4 bgpe slayully
buogie pz> ed laedS Jhiled (o Slea
buogie cble (JolS bwgte (pmglSsen (JslS
(2 slodels @8 22 9 JslS melSsen
S o) wbe slaels (S Bled
dolmgioe dacowsiid da g ig wad sl s lS
Orared Wl g Seslal (el dafdgn ol
px> dacS pled asle (SO slayial b

109



- AEm)lay (lLayib slgs § BT agalgs 3G (b))

oSS i Blibcares ol ) Je»

AN YO/YY £ YV Y¥i6. £ ¥/-v
NS \va £ /A VWWANY £ VY
AR ISVAR = AT vafo £ £y
AR YEIEY £ Y/fY YOI £ ¥NY
ARR Vo/fo + Y/FO VFIVA £ Y/9A
<Yy ANVD £ /¥ ANY £ -1V

\JOAY VO
AREA

VA Ve

AR Yo
ARE FA Yo

AR Y

(JW) o
(o Hilw) 03
(P25 5k5) ¢339
(&850 350 3 p,591S) (BMI) (Gus 0095 a5 Lis
(Jlo) 5 il

(celw) ail3g, 415 wlel
D70
Job cunsy
Jalio
s 25
ol ez o
P g il

Sbre 9> 5 10 A% Yo Oy
Slme v 5 A S Yo OF g
e 9> 5 AN A o PP
oo 4> 5 Ve > v o3
e 9> v <A v Sy gl
5lre 0> (YL N g Y saullo 8
sle 9> 5 o \Vid V0 olyslde !
sre 9> 5 A ofeF Y- A

Oolis sy oSkes byl @S (flie o

SRl i 9y 0 5ee sla )l 4S5 1) (6)lo sne
bl o oo 0L kgl g dpaalle b (5 me 5o
30 stz BB Oless ¥ Jaaz j0 ool &l slacsls
e 53 GBS B ) e (S B sla el )b
(p-value <-/- Q) cowlools &, ol 1sl8g 3] 5 aaalls,
iloosd Olge (nl b agxlye SISO 5 F ol

S g w2000 OS5 93 laall » |,
Syge $Wog,S (S 0395 AL sl )l sne
olaxi jo elas (p-value >+/+0) auid cdl aall 4
g wals laog S (WBC) (55 sei slaJolS
9 o sixe 5ylel S 51 g 05 JBlu 550 (laog S
Ot 09 308 a5l olaai 0 Slpedh cnl 2 ogdle
Sl e BLS Ll (o) wald 53,50 slaog S

5 (el @ V7 Ohslsnl el g (2 17 S
B aglse e v 5l S (el o 2 1P LS
aglao ol ool ools lis Jga j0 45 jghailen 0g
ol drogi e w3l (el o o V) aSal B L

el a8 5108

sl jlome a5l YL aSalle 8 b aglge Gl ®

4y 8os slo,olil b, ol

LY Jgoz j0 4, 0,8ee la el )b oLl mls
g..:jl.n.’ as Abosn ULA.AAJ Lg)Lo] J...L?u 9 4.1).7u w‘ AW
A 5 S s al BTEX (5,0 40 01,8 s (510 sine
wlazs 55 )18 Blge ol (o me 15 aST g0l,8l L as i 4o
bbé‘ 90892, o)ﬂ.o.c GLQJ-:A‘)L& ).ioLE.a n5]5 ailas S92
Bl 1R Pl Tob 50 4l il

11500 )lgy /1 o)lails /14 sl (S (iay) § Caublag)y asliling



28l5 5 5)90 (5loog)S ;5 4y 5,Ses (sloyiolyly lyss 1Y Jgus

AR AAZERR=RRYEN §
<[-VY Ya/-y £\ f/-Y
offe]Y) AIYO VYYD
ARR Veo/AY £ 140
<Y AYIYY £1\Y/T0
o[ PY Yoy £y /-Y
A Ya/-y £ Y/ ¥
RV VEIYO £ 1YY
offo QY VeolfFE£N/0Y
AR MY £ AFO
ooy VY £ AY

swefeo) ¥ EY/E

sefee) /Y £ VA4

EXARA Q4/AN £ OIVY
goffo off AYIOY £V EIY
el ¥ MY £ NS

ooy AVIY £\ Y/¥

wefe oY Ay £104

#efe oV A0/F7 £ 0/9A
sefee) AY/OY £NYY
clfofAY VXY £\V/-0
oo VY AP VAN
IR YV[-Y £ Y/-Y
YN AAND- £ FIVA
+/+QY YAITY £ 4/Y0

30 a5 aes o lid ools sy e o lis JS
6 Iobire Sigld ¢ oo o0lo 50 (I b agzlge sloog 5
o9k 3,05 8925 00l (6 peS oIl sla el i o
s sloselS (BMI) oy o395 _asls «ols
Spmrss oSSl (RBC) 508 o JylS (WBC)
il L3l s a3 (TSH) gy o e
SGOT oS slopesl 3 wepmalSis s wJsyicls
Sl agzlse poe g ag2lpe sloog S )3 SGPT
S50 &yle 4 (p-value >+ /- B) wolas las (g lolise
o iy ol 5t corss B o 5 BTEX L sl
ol oeSilin polia o o sanlie (slacglis 5 4zl
el 0095 lolinn (6 LT Lo 5l aag,5 50 4 o el
2 Sl 5 o> slo bl Dlpass & Jour
Sl (plend Slge b agle pas g agrlye slacy S

€00 ylgy /) o)ladds /14 s)a (5 (iewl § Cublagy asliling

ohBss g ewls 183

YOI+ ) £ VY VC

AeloN £ VE0Y FVC

AVIYY £ I8V FEV1 BTEX
VEYIYY £ FIYY FEV1/FVC

ABIDF £ VY/FO PEF

YE[N £0/-Y vC

AV[-Y £ Y FVC

A+IVY £ YISV FEV1 Sy !
VYN £ VIYY FEV1/FVC

AYIYS £ \Y/FD PEF

AO/TA £V V/YF vC

AY/$5 + VYAV FVC

44/05 = \Y/A FEV1 il b
\-£IOY £ FIYY FEV1/FVC

AY/a) £V \/YF PEF

ISUGERR S vC

AN/ £ )+ JAY FVC

44/05 + VF/A FEV1 RUTILISY
VoYNY £ ViPY FEV1/FVC

AN £V AYS PEF

Yelo) £ VF/0Y vC

VEIAA £\ [0 FVC

YY/-Y £ £IVO FEV1 o
Veolod YOS FEV1/FVC

A/Fa £V /A PEF

(p—value < [20) 313 3925 5l (re bl

B c\SML{;}sb)y 05;5.)).5).) LDUS)L Slass kS’L‘))‘
ol gl

9 oS JorlS mhaw o ks Jgur Gl
5B o J S 09,5 0 4z g 0Ll s 4z S 5
Jo ol b K518 (aleends Slge ool 5l (a2 LB
(O Jsl ez (o 2o yo ol 3l 40 SGPT 4 SGOT plaw
b s BB jsbar IS 5 Gy wenST bl (el
Ol 4z g B iS5 0g) Sgliite agrlge (ygie S50 09,8
5 ammalled e o oLl o bayzally oyl a5 o
w3l Las e 8 B (Rl yelg ]

P Sdabe s Go> slayllh Olpeis ¥ g0
BTEX oloed Slge b agrlgs pas g aglge 09,5 99

10A



- AEm)lay (lLayib slgs § BT agalgs 3G (b))

adllas 350 38 > Sdgpbio g S5 slayiebly 9y 2 s BTEX L agalse 51 0yl iE Jgua

{
$

.  asld
<Yy YO/VVE Y/FO AfZR5 =R VRVN AR YE/-f1 V/AA YO/ NE YIS Cishatdad
(kg/m?)
St gl ‘WBC
AN FIY EYNY INRER TR SNYP OIA £ V/-4 ININER YN s ladsels ( )
(v "/uL)
30,9 s el (RBC
NARNY /ey £ o/-Q Y/-at /N8 AREY /-4t ./\8 f/0a £ /VF A sty ( )
(47 xpL)
ey
AR Y.y YAA £ ) - -/ Yq. £ \f YVE £ Y
(1+¥/uL)
59y S : TSH
R VIV E Y Yo £ Y YA Yo £ )4 e Sa Sy 030390 (TSH)
(uU/mL)
<[+YA AY £ 0 Mt¥ NiaR! SIS - AY £ 0 09> X2
(mg/dL)
s |
AYa s \VARE-RYARY I RYAS /-a </at /Yy AVARE-RYAN et
(mg/dL)
o[58y AR VAS £\ F AYYS VAS £\ F VWA £ Y Jor
(mg/dL)
AN 18 10 104 £\Y IYOA VY. Y V85 110 esanad 24
(mg/dL)
AN YY 5 YY £ A NARYS YA A Yox§ Seon
(U/L)
NANAS st A Yf+4q SNYY Y4 +4q YY+§ SGPT
(U/L)

5 g loline iglis L gz

SGOT (p-value=-.+ + V) sl ol L)) 6l3g 331 51 1
5 4>lge sloog,S o SGPT (p-value = -.+ %) o
ol sl las 1) (g bline slacglas agzlse pac
wsite Sl yslanl S ol i mag 4 laslis
ol anily adllhe cou ol gl guuS slags sl
(S 03 APl aile s p 990 Slaylly ple
1S 5 35 48 eIV a8 5 v slo J3rlS
adlas (g lolise glas

Ohslgn! &5 wims go lis laaidly (nl cggoma 5o
W5yl 608 slap BT (s loline &l 13T auaalle b g
Fie s B b S ad o Jo o
ol s andllas co Sy5slsms sba ol

109

ssb & ee Glas plyslgnl g eaalle p (S, s
odlic b el )y 5l (>0 50 (g BB Dl (SIS
D5 s

(S o3y APl ol (S S el sl
03098 SN oS o elS i a5 lS
9 JordS (outsl)S LBl (93 a8 g S e
D9l agzlge pas g axzloe sloog S 50 S5 5
(p-value >+ /- &) auzilas (g, lolies

che 0 gl sbogls el o
SGPT 5 SGOT (p-value = - - YY) oS sl ;]
5B saimoylid a5 il canlivw(p-value = -+ \0)
Sype S (o S S Shes p abeerd oole
o 055 Lasls aile byl plo el axls
2lo g 095 a8 oS e 5 wd slaslS

11500 )lgy /1 o)lails /14 sl (S (iay) § Caublag)y asliling



ohBss g ewls 183

adllas )50 2131 (> St 5 S5 sla el g9y 2 Syt ol g 180lo B (yslgil b agale S L)l 10 Jgu

> £ b §
= 4 3 = 4 3
& * ¥ § * ¥
YO/AE AEZARES Ye/prt YE/YYE
/v AN
A YN Y/f- YIFN
S[eaF L OIVEYY | OIBEYNY  /-VE VIV ENA L YEYNY
A7ARES Y £ ATARE= A7ANEE=
NARN: AREZ
-/0) -/97 At -/$)
S[AY O YAYENA L YVAENF /evA YAV ENY YAV £)A
DA YIAELS YIRS e Yok N YIsE Y
-/vYY A4 INEST /-a¥ ISER A
VYV £
A\ S ERVAS-RVARNERVEE RV) SRERYAVN e Ve E
SIVVE O AVAEAY AT RN NY VY ENE VP EY
NARN oy VES £ A SJAAY L NEe£D WY £V
[oov | fP£9p TYENY /oYY YAy Ya A
[-8% 1 fPx4 T EY DEATSE P TYEY

bl 550 liond Sl 5 5 b N codiiS Sgheas
o slo 351 anile i low cilizes sla sy o a5
bl 5555, ecygamd el o sl iy dalStyleg]
a5 a8l B aieh oo colainl Sleys sl idu g
oolitl (65505l (loelislojl jo il o lagSi lse
e Nlgi oo a3l B (oyme p3 i85 )15 098 o
Oizmen 098 lbyw (2 g (oudiS SIS 90 4
3 5 Sl Soys g 5wl 6508 (pleendt s
13 45 Wi ca ool bl lags sloails gpdis
A8 ol (5925 slocem] aily oo Glidiul &)50

ol b O aezlse liae (2Ll eonlpl (FTTY)

11600 )lgy /) d)lald /1¢ sla (5 (ias) § Cublagy aslilns

[ Y¥/oot YO/t S 00yl a5l
vI¥a f/5- (kg/m?)
S gl JgulS
SAYE L OIFENNY AN £ Y/ (WBC)
(1 "/uL)
Moy o/0a ofN £ 30,8 s JeulS (RBC)
AN NAYd (1" xpL)
bes
[-9F | YOY£16  YFV£0Y
(V- "/pL)
/ oy + Y.+ A9y Sy (yg090
FAN
Iy e (TSH)
(wU/mL)
Y YA E Y Vo £ 4 cE—
(mg/dL)
Iy VY £ VY £ 55
AN AR (mg/dL)
e AWYAENS VPAENY o
(mg/dL)
YA A5y £1 \aY % A perlSis
(mg/dL)
VY vEEE V£ SLE01
(U/L)
A YT ED YV SGPT
(U/L)
& > ) E

5 Sy oShes b)) allae ol Lol Bua

Obslon QLS 5o (Splie 5 (o> la,S
Sl Byre ;o LSS 41 jo aS oy dsdlas o
S s ] 5 45le 5 BTEX aiile _ikizeo Lo
Jos slaibl ) olislsnl (chgter I doolSiglosl o
Nl 8 albugiis ) la it 0 35290 LIS
e yd yetuae sobody LS (Sl o slalaione
3 o] 5l eolil a5 0l 15 ki ol olye
isboliinl gyl blage o ooy cilize gladsy T3



- AEm)lay (lLayib slgs § BT agalgs 3G (b))

@ I O3 b Azl Gl a5 Sl LA s
€l 2V s el g @ VD) o S8l el 2
N K GREREICI R
5SS (el @ 17 A 9 (el g (2 V17D Olhslo !
Vg 0 a8 pshiles g (it agzlse e o>
e e V) sl b b agzlse wienl o ools Lt
Sl @il 35108 00l dogl jlxe > 5l (el

Ve 5o 4, o8bee layial (2Ll bs
ad oo ol glel ol g a i el oals &)
Sl BTEX (6 00 0 0l 31 o (6,0 s Ooglay oS
ool opmn 5 45 633 amalia 3 IS 5 S
el polie Jg atilas 0g2g wilazd )03 olge
Ol o 5o azlse shls ol s se, 0 Shee
Sy O5ee Dbl bt (lie jo il 3 6
S5y o 8es slayally 4lS o 1) gl g Dol
03 g0 0L (sl 5 wtalle B (B ree o o8l
FB Ol s ¥ Jgaz j0 oals &1 slwoals ulwl 5
GRS R 5 m (oiiS ilie sla el )b 5o ey
el osls 75 olheldgnl g asalle,d (o yme )

aglae sloog S o a4 was co ylid boosls cw)
sl el polde jo (g)lolise glas IS g BTEX L
03y Ll (ol Hebds 5l 59> g 0al (5 S0l
B JslS (WBCO) seis slosalS (BMI) oy
(TSH) 339,52 (99,99 Sk (RBC) 3e 8
9 S5 5 o ndS (sl bl g wid
agzlse cloog,S 1 SGPT 4 SGOT oS (slaps ;]
ol asaioly las g lobine Ol s agalge pas g
o 2 stz JB b IS g BTEX L agzlse %00
solie o oad ouslin sloagley 5 alily b )l
Sloline g ylel Bl jlog )5 9 50 b ol cnl (eSiles
Sade 4 les oo 5 ol BYo alex 5l aS Conl 00g
J8 5le 0> 0dgusme 4o A4S ged o,lil agzlge clale
(F Jgaz) o4ls

Wil b i olezlee 3je o
S glamil ghe o gyblae slbosls

14\

Oeizmed 5 (S99 Sgy DB pgln oliend e
a5l gpSslr jshitedy gl mhw Jyus
Lol 55978 6ol i

5 skxd agzlge a5 Wil eols lis iy Slalas
Sl OlaS 5 alex i bz Jid SLS 5 b ks
Sl Pl Wl oo alidee )15 sla Lae ;0 058 )12
s 21 s yos 31 G ooles 55 55 51 Leoiie
(T YA WS e 5SS

alides la i 4 i (oloond Dl g2 lge
wiile ($o5Us5 mlin 5l g ol Sgliie Loy )l jloce
do Plo dooasngd dalojasd oaisS Jsacas olge
o il g SUiks slag)ls S DIl
b s N bty e b dedee (5L
k) GBS ol 9 pa (oo 0gilly Slge petane
S (e ) S Lama 55 b 5 (Sl
Mo 58l i b sk ae Slye b 4gzlse
YY)

Olewylon @lie glaid o Jels (LS,
@leord Slgo 5l (rrwg b (S5m0 plate joloas
Sl oyl Lo 53 45 45 (glalllan ol 5500 13
3ot loms Jowp SHAFAIY a5 050 )8 asine
653 e (TA) Wipoe @) ondS Slacs lon
Lol agzlge g a5 olo Glis Gliwjlen S 50
TANY i 5 dy SuaS 3555 5 150w Jjems] Sl
SAEIY ol oopdle sl oo AVIS 4 ZYAN
By > LTIV g st S5 (e 5o oL
oS SLS ol o il (13 ol ywas slagle
S Jalse e 5o sols et el 4 D
ooty g Olgs g SV b dglse o plulid lasd
adalle,d Cldlas (pl jo d0g oS Jgacas
b glbs holbye oS5 i Oleea
o iSiws 5l oolawl Jols Wilgh oo agalge Jasl i
ssalle 3 51 oolictl il gl S g Sty ¢ nSIY
beme )3 ebly 25 B4 g 0aiiS Sgdend lpiew
(7)) sl alfayle;]

11500 )lgy /1 o)lails /14 sl (S (iay) § Caublag)y asliling



S fl g5 g Dok 4z ST w0sd lioll e S
(FY) ols apzlge o g £95 4

aS AdO 0 UL...J &uw Sy9° Lgl.@(sw)).g
it DAL 3y STy Sl el G asalle b
5 o (S e (el (5 e g iy S
355 ol s ialiil Sas Vs closgzlsa o
Fewly Wilgs go a3le,8 a5 wilools ylid cldaxs (FY)
odyddgzlge LSS o g wiS sl Sl o (el
il g9 s ok ileds jo Dlposs wsle (pl b
ol 0l 5T Joh ] (sl Sl iyl
il 5 odle s lsan pols anllas gl b a5
olpieds aulled o5 aimd oo (lid 03,25 (slajg e
oo dzlye 5 o0d sanaiil Sl Sl S
aboz 5l sozr (Suiglem 5 Sl ol b T
(YY)

peiiae jsbar lslbgnl syee o Oliiiew
5 b Sl Lol ol o5 S95 slayally s,
OhoBgnl &5 wlosls jlaie agzlye JyuS sloow, n
Stslon lalaze j0 (g B Glyies wilgs oo
oz 3l axils (LSS cadls p asllasl ol
S3lS 9 oS OIS (w5 (WD w4 g5 o
sleagzlse o sl wollasl slaasly (o> g
(FFFD) Sg0i o)Ll e Ysb

3,88 (o0 Pl (b s 2 (598 j5bs JIS 5K
Bl S cxrge Wl S L sl agzlse
WS oy sl 5 el (S5 by i alsr (s le
Wlgioe 3 ml gobaw )0 (> eie 2l 09
g yoye 48 g o] diile (SSie 4y yoeie

35 Jols g owtis slocdl o gaas ol jl IS
a2 51 (FV) i 3l g3 Sujglansed o Shae
Al b ol Slealae Sl 0,50 30 s0b Oldlas

€00 ylgy /) o)ladds /14 s)a (5 (iewl § Cublagy asliling

ohBes g ewmlE 183

SGPT (p-value = ¢ SGOT (p-value = -.-YY)
odle 'yl ),,,b odipaylis a5 Wl odslin +.010)
axJlae )90 ¢|)s| O o .A,\S QJSLQ.C » ‘5)L~Q-~J
S JadS « S 00y azli aile by gl )l ple o]
Dolds 1a)535 18 o g (y95 B oS o8 g ddes
bl (g ol

sloyebl gl Ohldenl sy 0
SGPT (p-value = ¢ SGOT (p-value = -.--Y)
SOl agxlye pas 5 agzlye ooy S ) +0 0 7)
99 4 gl (nl (& Jgaz) wisle oliily g loline
oS oy T s Sl o glag ! aS ol olis
S50 s el b sl ol ails dsllas cog ol 8
508 9 dehw SlaJgelS (S 0395 (APl wiile (o)

BTEXolLS 5 as wilesls ylis susse lllas
Sdlr p sl oo (Ghly o3m JSl el o)
et adllae S 3 )5S Sb st g s,
solae yialS LBTEX o5 slacdale o aS apo S
Car FEVI FVC alax 5l g5, o,Slas slo ol )l
Vil il ol S wcusls bls,| PEF gFEVI/EVC
(F) 3300 5 (el sl S il 3 5

Ao cpo a5 W08 asine )00 (gl adllae (o
L) 53ty oyl 20l5 5 13 T Sl 5 s
gl asdlas jo (VD) o)l 0s2g )b Se
S s blijl ogzg pac o8, e a5 0o 5 aduine
Sfles slayielly polie (g5 0 Shoe slayal )l 5o
IR 65 b gobe 3 alee hls B3I 6
Sbls

Ao s oYL LSS o Koo (slaadllae o
wlpe sloog)S Syl 9 (o> slayully
Sologe Dglas ols las BTEX L agzlge poc
alie Jod Sldllas > sloadl b as o jlas se>y
ailosls o,155 55 b iegh 550 (F)) cewl Liwl o
oli8l s leordgn OYNS] olxy! « S9> sl Jolw

\¢P



- AEm)lay (lLayib slgs § BT agalgs 3G (b))

(Vo) osls casllas 5udow

S wimsge 5 50 olyslisnl b e slaail
Fogame il agzlge Ol o 50 o Sledbl ax 3
(OSHA/NIOSH) s slalaal; ¢ oo 138 ol
aloz 5l (gt 3B L uled a5 Wlosls jlozs
(S 3505 aiile (o2)l5e b Wilgi e )]5ld9 3]
Gl 4 dpogs g Wil ol jer ($9alS 5 oS S
aglge a5 wilools lid 50 gleasdllas o)l yules
sl )5 (o sl nle 5 oholssnl b
5E cos 1) oS, cwde el S Sbiw low
(F0) aas ,3

ol adlas wile shie Sldllas o5 J> o
2 @bt Jolse SIS G (el okl oo
bl WS ) ]y (S93 Jelse 5 oeis Cdle
S aie zals glp gounie Sleladl daalllas oyl
ol Jols loladl ol ol plol saiS Jigasee
5 FEldunex Gla Sy b vald 53,50 slaog S
Lol g (6, ol 3l B g asline goladl claz]
Es 9yl 5092 09,5 90 12 5l ) (5 5lem alil
slmpl Gulil 5 4y codyl el (i (Wl
5o oad osalie 69 Shee sl ial)ly (lyie 4 oS
b e kS zlse 4 Ol oo | pol addlas
Sl Copd dalllas Cov gliond OS5

@ a5 Sl godxe D8 bli gl arlas oy
aarlge 51 Gaios ol s S S8 s s ¢ Lzl
bee 10 09290 (oliend OS5 5l (rwg il b
S Sl a9 lejes jsba | Sl e
S sl 03,5 2l (S slayiall 5 g2, 0 Shes
Eoise SISIG ools Gl ladoes 4y aul> 5,559, oyl
S glells 1) (LS cads p olowds Slge oyl
ol oy (g5l Lo 5 asllae (o0 53
Slp des 5 50,5 Wl oo o) s a5 wenl sus
Sl gleys S1he 50 (6,15 Lalyl e
eolpsing Jyais Sloludl

Lo Sllen OB a2lye a5 ol

(L2

clilE a5 canl onyo 5 attie Wi Cél SOl
(055 sn Lt LesT 31 S0y sl 45) (5395 eS|
S5y sedobe )3 HgrwlieaST s Ll Sl wily oo
(FALFA) ol of jor (5 K09 !

qlge o aS ol lis Lols adllas glaassl
Obolionl 5 asallep aile ol Slye (Fp b
05 lerdsn glall po bl Ol s
SlaSy plo b agalee o0 a5 Jb o ol cnnlis
bols )0 @l cpl g (So5 slayiell it 5o
WD g0 009 aliBe slge LISl o S

aJlao a.}"‘ JEREEW) J.«.m?u C—’L‘J 615 )9.1@
azlys 3 36 G 5 sy it S5 ol
sl byl cwils lhslagnl o asalle,d L el
Ailg s dppalle,d as wilosls las Ko 00,0uS
(oS glme Sy el el Gla e o
oL, 5 Foroughi lawg ool plxil (sasllas
zobw L7AVYY a5 ol glas lisles SO0
AR ad sleeg S 0 adulle b agloe
(2ol s aie) j0 whsa wcwl ojlaslisl
shs oogaze ;o dsllas 5,90 ol 31 S 51 UFY LY
BUIVA & IRV NIPVET SN SN R e Rt 2t S SN 12w
/Y’A,Q’ 9 uio.ao @‘)QUaJ.w j.la> 00gdota 4O ol)sl
ol pides oy el Gl cdgume o
Bisle;] slo iS5 09,5 50 s gl e
3AYPAY ises al cvsliv bowwidsil g
el Sy Sl oogass o dslllas 50 of 3
oS, a5 sls flid 5o pols dsdlas Lauisls 18
ogd «di)lo 518 wadlle 3 (o yme )0 o5 (Sl Lo
HE Sl b deolSiglojl 5 538l lagisy o
9,%9) @0l 9 20w 4 50 >y
ol o b ol adlas slbasl cplply acs

11500 )lgy /1 o)lails /14 sl (S (iay) § Caublag)y asliling



oty | Oliizi lp s loolpiig
Sl @ o5 opds Slgiiy (ST lalllae sl
b o5 oliztul Job lalllas o1,k 5l oalaio cilalllas
5 stlord Slge b (i agrle o Jslao 5 e LS|
20,8 D3l (555 Hebas LS 5 Cdls oy
oz 5o Slllas g65 pl a5 Canl g opl 5 ogdle
sgba @mls B ogd plonl il Lalyd b (b Lo
Sllllas )3 (uizren Wl pread BB (5 500 S
ST olaS 5 aiile s yuin ploowd OS5 Wb oan]
SUylas slagls 10 95290 oleards 3lge 5 (VOCs) I 13
Soolisial 5,5 58 (w2 9590 125 LooatiS (Gghend g
S Sl il 53 2y Syl slo L
i S5t 4 W se Sl (S5 sl S 5
A5 5aS leend dlse b i dgarlse adgl ol
bliz slapias 5wl ST oldlas 3 (rimen
(608 Ebslan a3l ool asile) eyl Lol
OB (ol wlilas palS (4505 slapias 9
255 Db 508 Sam 5 25 I gmyp 090
gl aid )3 b 0wl LS Cedle 1 sleod olge
Sl Wlgi oo alidee SLaS 5 b plojee a2lge a5 2

b ansls Jlosas (5 feausey

Gy A =
L s agzlye 5l o5 ob Glas @b
sleolfiglejl 5 Jos slagll (LS, (sl asuleyd
w2lse lre a> latele A ojg0 o o S35l
Sl alye gl (Jlie ;5 59500 S 00 oy
@ S5 slme 9>l Soml Glares alberd Slge ple
o3l b dgrlse a5 wms o lis leazil (IS b
i ) (oS oo Wil oo 0 Slleyd 5 (5185 5]
doidu ool QSIS 50 6aS la 3l o g S
Ohslsnl sly albisl vl a8 slackle o 2>
JrS sl szl onlply 9 % e 3G
Gilwainge aibe Fie (bpae Gloogd 5 (cwiige
5 25 St 2L SRl G Jee (b

11600 )lgy /) d)lald /1¢ sla (5 (ias) § Cublagy aslilns

ohBes g ewmlE 183

2 Fhe S ol Gl Gae abend Sl
Ot ) S el (65950 60l Sloys slalaie
(PPE) 0,8 cbli> &lagos 5l oslizal wleladl
sl Jolss auilyy g0 Ol ol el conlio
slagpld 5 bl slasSiue do iSiws (omis
ois o Jels (LSS Gl a5 ail pgate
ol sgiis) o bolKisle)] o slaghl wile
NS e S gz ol ) eolil wlead b
Ago b obos b (s slajl8 Ll ) (LS5 L
L oS Gl )lon slaicn (oolod ;o b canlio 95
clale Gl b aied cual s (59 ol olge
b eiagw ol b ol s o oleed olge
Lo 3l ey 4y 009l glop o5 Wi ()b glaisS
205 1 3l aed sl 5 050 £

OUSE Gl yatmne slabisel Sl ol ogdle
5 @bt ohhs oluld ane; o Slwlen
Sed YT sblis Dliess )l more ool
PPE ;I oolaiwl 09w ¢ sl slo g, byl LSS
Sloe @83 5 SIS e slaty, Geres s
Sollas g b copl g oogdle gl LSl Sleend
3l Sl baezme )3 (oloeed Slge Zdale et
Glolliws 5l eolaiwl § sloye0 slas uSoslail &,k
S 5o el (55900 190 (550 paiged (gl Al piny
s gl el pslis obs)l b cololadl oyl
s Ghoeies (5325 0 Shas (slatalojl ol (LSS
wile o> secdplio 20Uy 5 S Glasy]
slarls ple g LIS o8 5 Sebw loJslS
b oS oo SaS o b)) cpl 09l plxil  olondion
b agzlse 51 0 oS, cadle o Jlais! & s
Ol sleslainl b gl o e g ololid olond olge
Oliebl (LS cdls 1 Glgiee el slos o,
L sz (s cleldl pgs) & g0 j0 55,5 Jol>
0 Jleel Jis ollas gals gl

\9\c



- AEm)lay (lLayib slgs § BT agalgs 3G (b))

Sloyad g S =
oaszils 11y glojad o Sas coly By
Oezred g S|l aslg codlal ol5T olKsls oy pele
iglai oo Il axlllas 9590 s Lo Jiws 2 g o ke

REFERENCES

1. Kasiotis KM, Spaan S, Tsakirakis AN, Franken R,
Chartzala I, Anastasiadou P, et al. Comparison
of measurement methods for dermal exposure to
hazardous chemicals at the workplace: the SysDEA
project. Ann Work Expo Health. 2020;64(1):55-70.

2. Mitchell AH. Occupational Safety and Health
Administration (OSHA) regulatory compliance. In:
Preventing occupational exposures to infectious disease
in health care: a practical guide. Cham: Springer; 2020.
p. 51-66.

3. Tupper C, Swift CJ. OSHA chemical hazards and
communication. In: StatPearls [Internet]. Treasure
Island, FL: StatPearls Publishing; 2022 [updated 2025
May 18; cited 2026 Jun 14]. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK555898/

4. Papadopoli R, Nobile CGA, Trovato A, Pileggi C, Pavia
M. Chemical risk and safety awareness, perception, and
practices among research laboratories workers in Italy. J
Occup Med Toxicol. 2020;15(1):1-11.

5. Baudet A, Baures E, Guegan H, Blanchard O, Guillaso
M, Le Cann P, et al. Indoor air quality in healthcare and
care facilities: chemical pollutants and microbiological
contaminants. Atmosphere. 2021;12(10):1337.

6. Riveron TP, Wilde MJ, Ibrahim W, Carr L, Monks PS,
Greening NJ, et al. Characterisation of volatile organic
compounds in hospital indoor air and exposure health
risk determination. Build Environ. 2023;242:110513.

7. Riveron TP, Wilde MJ, Ibrahim W, Carr L, Monks PS,
Greening NJ, et al. Characterisation of volatile organic
compounds in hospital indoor air and exposure health
risk determination. Build Environ. 2023;242:110513.

8. Yarandi MS, Karimi A, Sajedian AA, Ahmadi V.
Comparative assessment of carcinogenic risk of
respiratory exposure to 1,3-butadiene in a petrochemical
industry by the US Environmental Protection Agency
(USEPA) and Singapore Health Department methods. ]
Health Saf Work. 2019;10(3):237-50.

190

Wil dke lews Wlgh o aglae loy D o o
Sl Gl Jolss (0 ool anogs J S Olaladl
Sl sl QLS el g caslin 508 bl

9. Virji MA, Bowers LN, LeBouf RE. Inhalation and skin
exposure to chemicals in hospital settings. In: Zhang Y,
Hopke PK, Mandin C, editors. Handbook of indoor air
quality. Cham: Springer; 2022. p. 1837-72.

10. Keller M, Cattaneo A, Spinazze A, Carrozzo L,
Campagnolo D, Rovelli S, et al. Occupational exposure
to halogenated anaesthetic gases in hospitals: a
systematic review of methods and techniques to assess
air concentration levels. Int ] Environ Res Public Health.
2022;20(1):514.

11. Goldberg MS, Zapata-Marin S, Labréche F, Ho V,
Westra S, Lavigne E, et al. The risk of developing
postmenopausal breast cancer from ambient exposures
to selected volatile organic compounds. Atmos Environ.
2023;312:120050.

12. Azadeh A, Rouhollah E Davoudpour F, Mohammadfam
I. Fuzzy modelling and simulation of an emergency
department for improvement of nursing schedules with
noisy and uncertain inputs. Int J Serv Oper Manag.
2013;15(1):58-77.

13. World Health Organization. Health data and statistics.
Geneva: World Health Organization; 2019.

14. International Labour Organization. International
Labour Standards on Occupational Safety and Health.
Geneva: ILO; 2019.

15. Che Huei L, Ya-Wen L, Chiu Ming Y, Li Chen H, Jong
Yi W, Ming Hung L. Occupational health and safety
hazards faced by healthcare professionals in Taiwan: a
systematic review of risk factors and control strategies.
SAGE Open Med. 2020;8:2050312120918999.

16. Zhang H, Jiang F, Ling X, Zhong B, Han Y, Pan Z, et
al. PARP-1 inhibits DNMTI1-mediated promoter
methylation and promotes linc01132 expression in
benzene-exposed workers and hydroquinone-induced
malignant transformed cells. Toxicol Mech Methods.
2023;33(8):681-97.

17. Dugheri S, Cappelli G, Isolani L, Squillaci D, Bucaletti

11500 )lgy /1 o)lails /14 sl (S (iay) § Caublag)y asliling



18.

19.

20.

21.

22.

23.

24.

25.

26.

1o

E, Ceccarelli J, et al. Strategy to evaluate the impact of
formaldehyde in anatomical pathology laboratory -
part I: occupational exposure and cancer risk. Sigurnost.
2023;65(4):357-71.

Achanta S, Jordt SE. Toxic effects of chlorine gas and
potential treatments: a literature review. Toxicol Mech
Methods. 2021;31(4):244-56.

Wilson AM, Ogunseye OO, Fingesi T, McClelland DJ,
Gerald LB, Harber P, et al. Exposure frequency, intensity,
and duration: what we know about work-related
asthma risks for healthcare workers from cleaning and
disinfection. ] Occup Environ Hyg. 2023;20(8):350-63.
Foroughi P, Golbabaei F, Sadeghi-Yarandi M, Yaseri
M, Fooladi M, Kalantary S. Occupational exposure,
carcinogenic and non-carcinogenic risk assessment of
formaldehyde in the pathology labs of hospitals in Iran.
Sci Rep. 2024;14(1):12006.

Cakmak S, Cole C, Hebbern C, Andrade ], Dales
between blood volatile

R. Associations organic

compounds, and changes in hematologic and
biochemical profiles, in a population-based study.
Environ Int. 2020;145:106121.

Jalali M, Moghadam SR, Baziar M, Hesam G,
Moradpour Z, Zakeri HR. Occupational exposure
to formaldehyde, lifetime cancer probability, and
hazard quotient in pathology lab employees in Iran: a
quantitative risk assessment. Environ Sci Pollut Res Int.
2021;28(2):1878-88.

Adamovi¢ D, Cepic’ Z, Adamovi¢ S, Stosi¢ M,
Obrovski B, Moraca S, et al. Occupational exposure
to formaldehyde and cancer risk assessment in an
anatomy laboratory. Int J Environ Res Public Health.
2021;18(21):11198.

Kiani F Jorfi S, Soltani F, Ghanbari S, Rezaee R,
Mohammadi MJ. Exposure to anesthetic gases in the
operating rooms and assessment of non-carcinogenic
risk among health care workers. Toxicol Rep. 2023;11:1-
8.

Douglas HE, Midon M, Floriano D, Hopster K.
Peri-anesthetic ~environmental and occupational
exposure to desflurane waste anesthetic gas in a large
animal veterinary hospital. ] Occup Environ Med.
2024;66(8):666-72.

Ki N, Shin S, Choi J, Shim S, Byeon S. Chemical

substance exposure of some cleaning workers in

0)lgy /) a)ladds /14 sla )5 (iay) g Cublagy asliling

27.

28.

29.

30.

31.

32.

33.

34.

35.

ohBes g ewmlE 183

Korea: focusing on inhalation exposure. Appl Sci.
2024;14(17):7533.

Kalantary S, Pourbabaki R, Jahani A, Sadeghi Yarandi
M, Samiei S, Jahani R. Development of a decision
support system tool to predict the pulmonary function
using artificial neural network approach. Concurr
Comput. 2021;33(16):e6258.

Soltanzadeh A, Mahdinia M, Nikbakht N,
Hosseinzadeh K, Sadeghi-Yarandi M. Evaluation of
human vulnerability and toxic effects of chronic and
acute occupational exposure to ammonia: a case study
in an ice factory. Work. 2024;78(4):1021-33.
Sadeghi-Yarandi M, Golbabaei F, Karimi A. Evaluation
of pulmonary function and respiratory symptoms
among workers exposed to 1,3-butadiene in a
petrochemical industry in Iran. Arch Environ Occup
Health. 2020;75(8):483-90.

Soltanzadeh A, Eyvazlou M, Mohammad-Ghasemi
M, Sadeghi-Yarandi M, Rahimkhani M, Ghasemi
N, et al. Investigating the relationship between shift
work schedule and blood and metabolic parameters:
a 10-years retrospective cohort study. Sci Rep.
2024;14(1):17297.

Betancur S, Leak Bryant A, Conklin J, Walton A.
Occupational exposure to chemical substances and
health outcomes among hospital environmental
services workers: a scoping review of international
studies. ] Occup Environ Hyg. 2024;21(4):287-309.

Rai R, El-Zaemey S, Dorji N, Rai BD, Fritschi L.
Exposure to occupational hazards among health
care workers in low- and middle-income countries:
a scoping review. Int J Environ Res Public Health.
2021;18(5):2603.

Babich H. Reproductive and carcinogenic health risks
to hospital personnel from chemical exposure—a
literature review. ] Environ Health. 1985;47(6):52-6.
Sadeghi-Yarandi M, Karimi A, Ahmadi V, Sajedian AA,
Soltanzadeh A, Golbabaei F. Cancer and non-cancer
health risk assessment of occupational exposure to
1,3-butadiene in a petrochemical plant in Iran. Toxicol
Ind Health. 2020;36(12):960-70.

Soltanzadeh A, Adeli SH, Sadeghi Yarandi M,
Heidari H, Mahdinia M. Does exposure to ammonia
concentrations lower than the threshold limit value

cause acute pulmonary effects? Toxicol Ind Health.

19



- AEm)lay (lLayib slgs § BT agalgs 3G (b))

36.

37.

38.

39.

40.

41.

42.

2023;39(8):471-9.

Soltanzadeh A, Mahdinia M, Golmohammadpour
H, Pourbabaki R, Mohammad-Ghasemi M, Sadeghi-
Yarandi M. Evaluating the potential severity of biogas
toxic release, fire and explosion: consequence modeling
of biogas dispersion in a large urban treatment plant.
Int J Occup Saf Ergon. 2023;29(1):335-46.

Charlier B, Coglianese A, De Rosa F, De Caro F,
Piazza O, Motta O, et al. Chemical risk in hospital
settings: overview on monitoring strategies and
international regulatory aspects. ] Public Health Res.
2021;10(1):1993.

Prajwal M, Kundury KK, Sujay M. Assessing the
awareness on occupational safety and health hazards
among nursing staff of a teaching hospital. ] Family
Med Prim Care. 2020;9(12):5961-70.

Rai R, El-Zaemey S, Dorji N, Fritschi L. Occupational
exposures to hazardous chemicals and agents among
healthcare workers in Bhutan. Am | Ind Med.
2020;63(12):1109-15.

He Y, Lin Y, Qiu H, Wu L, Ho KF. Low-dose blood
BTEX are associated with pulmonary function through
changes in inflammatory markers among US adults:
NHANES 2007-2012. Environ Sci Pollut Res Int.
2023;30(26):69064-79.

Jalilian S, Sabzalipour S, Mohammadi Rouzbahani M,
Rajabzadeh Ghatrami E, Ibrahimy Ghavamabadi L.
Assessing the effect of BTEX on blood and spirometry
parameters staff in a petroleum refinery. Front Public
Health. 2022;10:1037413.

Najafi A, Golbabaei F, Yarandi MS, Yaseri M, Jahani
R, Shams SR, et al. Comparative quantitative and

semi-quantitative occupational risk assessment of

¢V

43.

44.

45.

46.

47.

48.

49.

BTEX compounds and heavy metals in a power
equipment manufacturing industry. ] Health Saf Work.
2025;15(3):589-611.

Protano C, Antonucci A, De Giorgi A, Zanni S,
Mazzeo E, Cammalleri V, et al. Exposure and early
effect biomarkers for risk assessment of occupational
exposure to formaldehyde: a systematic review.
Sustainability. 2024;16(9):3631.

Khoshakhlagh AH, Mohammadzadeh M, Sicard P,
Bamel U. Human exposure to formaldehyde and health
risk assessment: a 46-year systematic literature review.
Environ Geochem Health. 2024;46(6):206.

Dehghani F, Kamalinia M, Omidi F, Fallahzadeh RA.
Probabilistic health risk assessment of occupational
exposure to isoflurane and sevoflurane in the operating
room. Ecotoxicol Environ Saf. 2021;207:111270.
Pokhrel LR, Grady KD. Risk assessment of
occupational exposure to anesthesia isoflurane in the
hospital and veterinary settings. Sci Total Environ.
2021;783:146894.

Fontana L, Stabile L, Caracci E, Chaillon A, Kothari KU,
Buonanno G. Occupational health effects of chlorine
spraying in healthcare workers: a systematic review
and meta-analysis of alternative disinfectants and
application methods. Int ] Environ Res Public Health.
2025;22(6):942.

Steverlynck L, Baert N, Buylaert W, De Paepe P.
Combined acute inhalation of hydrofluoric acid and
nitric acid: a case report and literature review. Acta Clin
Belg. 2017;72(4):278-88.

Kao SL, Yap ES, Khoo SM, Lim TK, Mukhopadhyay
A, Teo STL. Acute lung injury after inhalation of nitric
acid. Eur ] Emerg Med. 2008;15(6):348-50.

11500 )lgy /1 o)lails /14 sl (S (iay) § Caublag)y asliling



	ABSTRACT
	Keywords

