Taylor & Francis
Taylor & Francis Group

Toxin Reviews

TOXIN REVIEWS

informa

ISSN: 1556-9543 (Print) 1556-9551 (Online) Journal homepage: http://www.tandfonline.com/loi/itxr20

Association of anesthetic toxic isoflurane gases
of the indoor air of operating room, Ahvaz, Iran
during 2016

Abdolkazem Neisi, Masoumeh Albooghobeish, Sahar Geravandi,
Mohammad Javad Mohammadi, Masoud Torabpour & Bayaram
Hashemzadeh

To cite this article: Abdolkazem Neisi, Masoumeh Albooghobeish, Sahar Geravandi,
Mohammad Javad Mohammadi, Masoud Torabpour & Bayaram Hashemzadeh (2016):
Association of anesthetic toxic isoflurane gases of the indoor air of operating room, Ahvaz, Iran
during 2016, Toxin Reviews

To link to this article: http://dx.doi.org/10.1080/15569543.2016.1252931

@ Published online: 16 Nov 2016.

N\
CJ/ Submit your article to this journal &

A
& View related articles &'

P

(!) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=itxr20

(Download by: [5.56.128.24] Date: 16 November 2016, At: 20:25)



http://www.tandfonline.com/action/journalInformation?journalCode=itxr20
http://www.tandfonline.com/loi/itxr20
http://dx.doi.org/10.1080/15569543.2016.1252931
http://www.tandfonline.com/action/authorSubmission?journalCode=itxr20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=itxr20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/15569543.2016.1252931
http://www.tandfonline.com/doi/mlt/10.1080/15569543.2016.1252931
http://crossmark.crossref.org/dialog/?doi=10.1080/15569543.2016.1252931&domain=pdf&date_stamp=2016-11-16
http://crossmark.crossref.org/dialog/?doi=10.1080/15569543.2016.1252931&domain=pdf&date_stamp=2016-11-16

http://informahealthcare.com/txr
ISSN: 1556-9543 (print), 1556-9551 (electronic)

L]
Toxin .
Toxin Rev, Early Online: 1-6 e Taylor & Francis

. .
Reviews © 2016 Informa UK Ltd, trading as Taylor & Francis Group. DOI: 10.1080/15569543.2016.1252931 Taylor & Francis Group

ORIGINAL ARTICLE

Association of anesthetic toxic isoflurane gases of the indoor air of
operating room, Ahvaz, Iran during 2016

Abdolkazem Neisi', Masoumeh Albooghobeish?, Sahar Geravandi**, Mohammad Javad Mohammadi®®,
Masoud Torabpour’, and Bayaram Hashemzadeh®

'Department of Environmental Health Engineering, School of Public Health and Environmental Technologies Research Center, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran, Department of Anesthesiology, Paramedical School, Ahvaz University of Medical Sciences, Ahvaz, Iran,
3Tehran Medical Sciences Branch, Islamic Azad University, Tehran, Iran, “Razi Teaching Hospital, Clinical Research Development Center, Ahvaz
Jundishapur University of Medical Sciences, Ahvaz, Iran, 5Department of Environmental Health Engineering, Abadan school of Medical Sciences,
Abadan, Iran, °Department of Environmental Health Engineering, Student Research Committee, School of Public Health and Environmental
Technologies Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran, “Department of Nursing, Abadan School of Medical
Sciences, Abadan, Iran, and 8Department of Environmental Health, Khoy School of Nursing, Urmia University of Medical Sciences, Urmia, Iran

Abstract Keywords
Operating rooms (ORs) in hospital wards are very important because of special conditions of  |soflurane, anesthetics, operating room,
patients. The hazards of contact with low concentrations of anesthetic gases (AG) are hospital, Iran

undeniable. Nowadays AG isoflurane is one of the important pollutants which is in the air of
ORs and used in anesthesia. The purpose of this study was to evaluate the level of anesthetic
toxic isoflurane gases of the indoor air of Razi, Golestan and Emam educational hospitals ORs,
using active sampling system during 2016. In this study, in order to sampling and detection
of isoflurane concentration (ppm), a portable pump (SKC pump) and tubes (Sorbent Tube
Tenax TA 250 mg) were utilized. The sampling was done in three different points of the ORs.
According to this study, the “Razi” and “Emam” hospitals had the highest and the lowest
isoflurane concentrations. According to the results of this study, isoflurane concentrations in
three main educational hospital ORs affiliated to the Ahvaz Jundishapur University of medical
sciences were 2.342, 2.15 and 2.04 ppm, respectively. According to this study, the average
concentration of isoflurane in three main educational hospitals was more than recommended
scales by international organizations (2 ppm) and it sounds that exposure to this amount of gas
would be the cause of health disorders for staff. The results showed that the mean of isoflurane
concentration in different parts of ORs with standard ventilation system was significantly lower
than those ORs in which they did not have standard ventilation. While environmental health
management and AG contamination in ORs have been ignored, they can cause disorders in
ORs’ staffs and causing more spiritual and material costs.
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Introduction enflurane, halothane and isoflurane both in animals and
humans (Kanmura et al., 2000; Kumar & Tripathi, 2015;
Lachenmeier et al., 2009). Exposure to AG and health
endpoint of the anesthesia gases such as isoflurane on human
since the past have been considered by government and
epidemiological researchers (Byhahn et al., 2001b; Choosong
et al., 2015; Gupta et al., 2016; Mierdl et al., 2003). Enflurane
and isoflurane have similar health effects for acute exposure.
The most important health effects of isoflurane are irritation
and redness in eyes, dryness and irritation of skin, liver and
kidney damage and irritation of the mouth and throat (Byhahn
et al., 2001a; Choosong et al., 2015; Dascalaki et al., 2008;
Kanmura et al., 2000; Raj et al., 2003). If inhaled, headaches,
Address for correspondence: Mr. Mohammad Javad Mohammadi, dizziness, drowsiness, unconsciousness and death can occur
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Current scientific evidence obtained from human and animal
studies suggests that chronic exposure to anesthetic gases
(AG) increase the risk of both spontaneous abortion and
congenital abnormalities in offspring among female workers
and wives of male workers (Byhahn et al., 2001b; Chaoul
et al., 2015; Gupta et al., 2016). Risks of hepatic and renal
diseases are also increased among exposed workers (Byhahn
et al., 2001b; Ghimenti et al., 2015; Mierdl et al., 2003; Muir,
1978). International Agency for Research on Cancer (IARC)
states there is inadequate evidence for the carcinogenicity of
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Schulte-Uentrop & Goepfert, 2010). Occupational exposure
may occur whenever anesthetics are used in ORs, dental
offices and veterinary hospitals (Joksovic et al., 2015; Mierdl
et al.,, 2003). The number of people who were potentially
exposed was estimated to be 215 000 in 1977 (Muir, 1978).
This number is probably much higher today if the increase in
the health care industry since 1977 is considered. Physical
properties and other descriptive information of isoflurane are
colorless, molecular formula (C3H,OCIFs), mild ethereal and
solubility (miscible with organic liquids) (Devisscher et al.,
2010). The detection limits of the analytical procedure are
92.8, 87.3 and 44.7 pg for isoflurane, respectively (Kumar &
Tripathi, 2015). These are the amounts of each analytic that
will give a response that is significantly different from the
background response of a reagent blank (Muir, 1978). Ahvaz
is one of seven Iranian metropolitan cities (Khaefi et al.,
2016; Yari et al., 2016). Concentrations of the anesthesia
gases in these educational hospitals became increased and
intensified. OR staffs in Ahvaz educational hospitals, because
of the major reasons, including admitted high number of cases
in educational hospitals’ OR after healthcare reform and the
shortage of sufficient number of operation room staffs are
exposed to high anesthesia gas concentrations. The studied
teratogenic showed that increased anesthesia gases concen-
trations especially isoflurane can increase the rate of
morbidity on staffs ORs (Guirguis et al., 1990; McGregor,
2000). In recent years, several studies have shown a relation
between the health effects and short- and long-term exposure
with isoflurane in the location of respiratory air among the
staff’s ORs (Guirguis et al., 1990; Joksovic et al., 2015;
Kumar & Tripathi, 2015; Raj et al., 2003). Joksovic et al. in
2015, evaluated the early exposure to general anesthesia with
isoflurane (Joksovic et al., 2015). In a similar work, Chaoul
et al. studied the level of an occupational exposure to AG in
ORs (Chaoul et al., 2015). Guirguis et al. associated the health
effects of exposure to AG in Ontario hospital personnel
(Guirguis et al., 1990). Mierdl et al. had been estimated the
association between levels of inhalational anesthetics and
enhancement the risk of patients’ health during cardiac
surgery (Mierdl et al., 2003). In 2016, Gupta et al. have shown
a determined does exposure to inhalation anesthesia in ORs
(Gupta et al., 2016). Byhahn et al. in a study has shown an
occupational exposure to volatile anesthetics (Byhahn et al.,
2001b). According to the results of the study of Izdes et al. in
2010, high anesthesia gases concentration for short term
exposure can increase the risk of glutathione, total antioxidant
capacity and DNA damage in anesthesia nurses (Izdes et al.,
2010).

The aim of this study was to estimate the level of
anesthetic toxic isoflurane gases indoor air at Razi, Golestan
and Emam educational hospitals’ ORs in Ahvaz (located in
south-west of Iran), during year 2016.

Figure 1. Schematic of the sampling tube use
in this study.
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Materials and methods
Methods

This cross-sectional study was conducted in 14 ORs in three
main educational hospitals’ ORs. In this retrospective study,
we used an active sampling system for measuring the amount
of AG (isoflurane) in three main teaching hospitals at
southwest of Iran during 2016.

Sampling

Samples were collected using a portable personal sampling
pump (SKC pump: standard model) and Sorbent Tube (Tenax
TA 250 mg) (SKC Inc., Eighty Four, PA) at three educational
hospitals during 2016. Samples are gathered with glass
sampling tubes packed with sections of (140/70 mg) Anasorb
747 (Figure 1). The sections are held in a place with a glass
wool plug and two urethane foam plugs. For this estimation,
they usually prepared sorbent tube which was purchased from
SKC pump. The end of the sampling tube was broken
immediately before the sampling. Only properly trained
personnel can sample in an OR or dental office; this is
necessary to be in compliance with Occupational Safety and
Health Administration (OSHA) exposure control plan for
blood borne pathogens (All & Business, 1994). Samples are
desorbed with CS, and analyzed by Gas Chromatograph
(GC), using a Flame Ionization Detector (FID). Air volume
and sampling rate were 12L at 0.05L/min. Isoflurane was
evaluated at two target concentrations because US National
Institute for Occupational Safety and Health (NIOSH)
recommended exposure limits (Control, 1988; Ghimenti
et al., 2015; Muir, 1978) are considerably lower than the
current ACGIH threshold limit values (TLVs) (Hygienists,
1986). After sampling for selected time, the sampling tube
was sealed immediately with plastic end caps. ACGIH has
recommended a higher target concentration of 75 ppm was set
for isoflurane because it is a geometric isomer of enflurane.
NIOSH has recommended that exposure to these halogenated
AG should be controlled with a 60 min ceiling value of 2 ppm
(Muir, 1978). The AG are usually administered in conjunction
with nitrous oxide.

Standard preparation and analysis

We prepared concentrated stock standard of isoflurane in
toluene. Then we were worked with analytical standards by
injecting microliter amounts of concentrated stock standards
into 2mL vials containing 1.0mL of desorption solvent
delivered from the same dispenser used to desorb samples.
For example, to prepare a target level standard of isoflurane,
inject 10pL of a stock solution containing 672 mg/mL of
isoflurane in toluene into 1 mL of desorption solvent. At the
end of the sampling, we were deleted the plastic end caps and

Single-Bed Tube (Tenax® TA)
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carefully transfer each section of the adsorbent to separate
2mL vials. After that, we threw off the glass tube, urethane
foam plugs and glass wool plug. Then, we were added 1.0 mL
of desorption solvent to each vial, using the same dispenser
which was used for preparation of standards. Then, we were
covered the vials with polytetrafluoroethylene-lined caps and
shake them for several times during the next 30 min. Testing
for breakthrough was performed, using a FID to monitor the
effluent from sampling tubes containing only either the
150 mg section of Anasorb CMS or 140mg section of
Anasorb 747. The amount of analyte per sampler is obtained
from an appropriate calibration curve in terms of pg/m?,
uncorrected for desorption efficiency. The air concentration is
calculated, using the following formulae,

24.45 x 78
ppmy = 2> " (1)
mw
where 24.45 is the molar volume at 25° and 101.3kPa
(760 mmHg) and molecular weight of isoflurane = 184.49.

Description of study area

The field of experiment was conducted in Ahvaz, the capital
of Khuzestan province of Iran (31° 45’ N, 48° 29’ E) at the
operation room at hospital affiliated to Ahvaz Jundishapur
University of Medical Sciences, during 2015 (Geravandi
et al., 2015; Goudarzi et al., 2015; Goudarzi et al., 2016; Neisi
et al., 2016; Saeidimehr et al., 2015; Salmanzadeh et al.,
2015). Razi, Golestan and Emam educational hospitals are a
tertiary-care hospitals with 220, 450 and 900 beds, located in
the southwest of Ahvaz, Iran (Figure 2).

Statistical analysis

Data analyses were performed, using SPSS version 16 (SPSS
Inc., Chicago, IL). Levels of isoflurane anesthesia gas in
different conditions were compared, using independent sam-
ples t-test or one-way ANOVA. Also, in this study we were
assessed the effects of exhaust, ventilation and cooler system.

Ethical considerations

Sampling and data collection were done by researcher and we
analyzed the isoflurane data by Excel and SPSS software’s.
We were estimated the level of AG isoflurane and compared

Figure 2. The sampling sites of educational
hospital affiliated to Ahvaz Jundishapur
University of medical sciences, in the south-
west of Ahvaz, Iran.
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with national standard of air at Razi, Golestan and Emam
educational hospitals’ ORs.

Results

This study was conducted on more than 14 ORs in three main
educational hospitals’ ORs affiliated to Ahvaz Jundishapur
University of medical sciences, Iran during 2016. Based on
the results, 57.15% of the rooms had exhaust systems and the
exhaust systems were not active in only 14.29% of these
rooms. There were ventilation systems in 71.42% of
these rooms and the cooler was working at 78.57% of them
(Table 1).

The standard of isoflurane according to US NIOSH
and California OSHA (OSHA 5155 Table AC-1) permissible
exposure limits for chemical contaminants is 2 ppm (2000 pg/m?)
(Checkai, 2014; Dascalaki et al., 2008). Based on the result of
this study, Emam and Razi hospitals had the lowest and the
highest isoflurane concentrations during 2016, respectively.
Table 2 shows that the annual average of isoflurane concen-
tration in three main educational hospitals’ ORs is higher
than that of NIOSH.

Frequency distribution related to isoflurane illustrates in
Figures 3-6 with three ranges in three main educational
hospitals’ ORs. It should be noted that 74% of above cases are
corresponded to the ORs with the concentrations of higher
than 2 ppm.

Table 1. Absolute and relative distribution of the operating rooms
according to the state of their ventilation systems, cooler and exhaust
systems.

Condition Frequency Percent
Ventilation system On 4 28.57
Off 6 42.85
Not exist 4 28.58
Cooler On 11 78.57
Off 2 14.29
Not exist 1 7.14
Exhaust system Connect 8 57.15
Not connect 2 14.29
Not exist 4 28.56

Ahvaz (urban area)
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Discussion
Nowadays, because of the increase of admitted patients’ cases

and increased AG which are consuming in ORs, paying

Table 2. Isoflurane concentrations in Razi, Golestan and Emam
educational hospitals during 2016.

Operation room NIOSH standard Average Min Max
at hospital (ppm) (ppm) _ (ppm)  (ng/m’)
Razi 2 2.342 0.35 3.24
Golestan 2 2.15 0.21 3.012
Emam 2 2.04 - 2.78

“Non-detectable values.
NIOSH: US National Institute for Occupational Safety and Health.

]
—
n

Ave isoflurane cone(ppm)

Raz educational Golestan Emam educational
hospital educational hospital hospital

teaching hospitals

Figure 3. Measured Average concentrations of isoflurane in three main
educational hospitals’ operating rooms.
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Figure 4. Concentrations of isoflurane data from Razi operating rooms.

Figure 5. Concentrations of isoflurane data
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attention to patients and staff is very important. In this study,
we evaluated the level of AG isoflurane of air at Razi,
Golestan and Emam educational hospitals’ ORs of Ahvaz,
Iran. According to the results of this study, recovery and
reconstruction ventilation systems in ORs can be very
important roles in survival and reduce the concentration of
isoflurane. Results showed that Razi educational hospital is
the most polluted hospital among others, during 2016. Also,
based on the result of our study, the average concentrations of
isoflurane in Razi and Emam hospitals had the highest and the
lowest during 2016, respectively.

Al-Ghanem et al. in their study had been used Gas
chromatography—mass spectrometry (GC-MS) for monitor-
ing of anesthetics gases of OR in Jordan (Al-Ghanem et al.,
2010). They demonstrated that medical staff personnel are
exposed to high concentrations of AG (Al-Ghanem et al.,
2010). Ventilation systems, mechanical and building factors
can be the reasons of these differences in isoflurane
concentration which were found during sampling, signifi-
cantly among the various ORs. Based on the result which
was accrued in Germany, assessment of different health
endpoint related to long term exposure to concentrations of
AG among ORs staff (Byhahn et al., 2001b). According
to the results of Flack et al.’ study, the exposure to
isoflurane anesthetics were below the standard of NIOSH
recommendation (Flack, 2006). The high concentrations of
isoflurane which were observed in this study were
associated with the defection of ventilation and exhaust
systems of Ahvaz ORs, Iran.

Mierdl et al. in their study evaluated the relationship
between an occupational exposure to AG and the health
effects on staff and patients of ORs (Mierdl et al., 2003).
They reported that the concentration of anesthetic agents
was low at most times during the study (Mierdl et al., 2003).
Based on the results of our study, the concentration of
isoflurane was relatively higher because of the greater
concentration in Razi, Golestan and Emam educational
hospitals’ ORs, old equipments and weakness in ventilation
systems.

To recap the discussion it sounds that the concentrations of
isoflurane in this study were higher than the standard of
NIOSH and this is because of higher concentrations of
isoflurane gas in ambient air of operation rooms.

—eo— Standard isoflurane conc(ppm) =e—Golestan Ave isoflurane conc(ppm)

from Golestan operating rooms. 25 335
o -
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£
& 25
z
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o
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Figure 6. Concentrations of isoflurane data
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Conclusion

The isoflurane is one of the isomer in the ambient air of ORs
after a performed reaction enflurane. In this study, a detailed
analyzed data were carried out to find the level of AG
isoflurane of air at Razi, Golestan and Emam educational
hospitals’ ORs of Ahvaz (located in the south-west of Iran),
during 2016. High concentration of this gas in ORs was
associated with OR equipments, building characterizes,
ventilation, cooler and exhaust systems. Controlling the AG
especially isoflurane, careful monitoring, application of
modern equipments and decreasing the emission of isoflurane
which are entering to the air of operation rooms will have
important roles in decreasing the amount of isoflurane.

Limitations and strengths

Finally, it should be mentioned that this study had some
limitations such as small sample in only three hospitals. It
should be noted that, similar studies should be carried out on
other public and private hospitals, using large samples.
Therefore, we evaluated outcomes attributed to isoflurane
which may be under or overestimated due to other existing
AG into the air of ORs. Also, we can prevent or reduce the
exposed to AG isoflurane in OR by medication protocol and
education.

Declaration of interest

Authors have no conflict of interests. The authors gratefully
acknowledge AJUMS and the Environmental Technologies
Research Center (ETRC) for financial support and providing
necessary facilities to accomplish thus research with project
number of ETRC-9303.

References

Al-Ghanem S, Battah AH, Salhab AS. (2010). Monitoring of volatile
anesthetics in operating room personnel using GC-MS. Jordan Med J
42:13-19.

All D, Business S. (1994). OSHA Instruction CPL 2-2.60. Exposure
control plan for federal OSHA personnel with occupational exposure
to bloodbome pathogens. Washingdon, DC: OSHA.

Barash PG. (2009). Clinical anesthesia. Philadelphia, PA: Lippincott
Williams & Wilkins.

Number sampling

Bargellini A, Rovesti S, Barbieri A, et al. (2001). Effects of chronic
exposure to anaesthetic gases on some immune parameters. Sci Total
Environ 270:149-56.

Byhahn C, Heller K, Lischke V, Westphal K. (2001a). Surgeon’s
occupational exposure to nitrous oxide and sevoflurane during
pediatric surgery. World J Surg 25:1109-12.

Byhahn C, Wilke HJ, Westphal K. (2001b). Occupational exposure to
volatile anaesthetics: epidemiology and approaches to reducing the
problem. CNS Drugs 15:197-215.

Chaoul MM, Braz JRC, Lucio LMC, et al. (2015). Does occupational
exposure to anesthetic gases lead to increase of pro-inflammatory
cytokines? Inflamm Res 64:939-42

Checkai MJ. (2014). Risk assessment for occupational exposure to
isoflurane in pharmaceutical research and veterinary facilities in San
Diego, California [thesis]. San Diego (CA): The Faculty of San Diego
State University. 1-42.

Choosong T, Pakpirom J, Sakolprakaikit K, et al. (2015). Assessment of
waste anesthetic gases exposure among nurse anesthetists in a
University Hospital. SMJ 33:139-52.

Control CFD. (1988). NIOSH recommendations for occupational safety
and health standards 1988. MMWR. Morbidity and mortality weekly
report, 37, 1.

Dascalaki EG, Lagoudi A, Balaras CA, Gaglia AG. (2008). Air quality in
hospital operating rooms. Build Environ 43:1945-52.

Devisscher L, Schauvliege S, Dewulf J, Gasthuys F. (2010). Romifidine
as a constant rate infusion in isoflurane anaesthetized horses: a
clinical study. Vet Anaesth Analg 37:425-33.

Flack LA. (2006). Nurse exposure to waste anesthetic gases in a post
anesthesia care unit [graduate theses and dissertations]. Tampa (FL):
University of South Florida.

Geravandi S, Goudarzi GR, Vousoghi Niri M, et al. (2015). Estimation of
the cardiovascular and respiratory mortality rate resulted from
exposure to sulfur dioxide pollutant in Ahvaz. J Environ Stud 41:
341-50.

Ghimenti S, Tabucchi S, Bellagambi FG, et al. (2015). Determination of
sevoflurane and isopropyl alcohol in exhaled breath by thermal
desorption gas chromatography—mass spectrometry for exposure
assessment of hospital staff. ] Pharm Biomed Anal 106:218-23.

Goudarzi G, Geravandi S, Foruozandeh H, et al. (2015). Cardiovascular
and respiratory mortality attributed to ground-level ozone in Ahvaz,
Iran. Environ Monit Assess 187:1-9.

Goudarzi G, Geravandi S, Idani E, et al. (2016). An evaluation of
hospital admission respiratory disease attributed to sulfur dioxide
ambient concentration in Ahvaz from 2011 through 2013.
Environ Sci Pollut Res. [Epub ahead of print]. doi: 10.1007/s11356-
016-7447-x.

Guirguis S, Pelmear P, Roy M, Wong L. (1990). Health effects associated
with exposure to anaesthetic gases in Ontario hospital personnel. BrJ
Ind Med 47:490-7.

Gupta D, Mckelvey G, Kaminski E, Zestos MM. (2016). Does exposure
to inhalation anesthesia gases change the ratio of X-bearing sperms
and Y-bearing sperms? A worth exploring project into an uncharted
domain. Med Hypotheses 94:68—73.



6 A. Neisi et al.

Hygienists, ACOGI. (1986). Documentation of the threshold limit values
and biological exposure indicesed. American Conference of
Governmental Industrial Hygienists.

Izdes S, Sardas S, Kadioglu E, Karakaya AE. (2010). DNA damage,
glutathione, and total antioxidant capacity in anesthesia nurses. Arch
Environ Occup Health 65:211-17.

Joksovic PM, Lunardi N, Jevtovic-Todorovic V, Todorovic SM. (2015).
Early exposure to general anesthesia with isoflurane downregulates
inhibitory synaptic neurotransmission in the rat thalamus. Mol
Neurobiol 52:952-8.

Kanmura Y, Sakai J, Yoshinaka H, Shirao K. (2000). Causes of nitrous
oxide contamination in operating rooms. Survey Anesthesiol 44:41.
Khaefi M, Goudarzi G, Yari AR, et al. (2016). An association between
ambient pollutants and hospital admitted respiratory cases in Ahvaz,

Iran. Fresen Environ Bull 25:3955-61.

Kumar S, Tripathi M. (2015). An add-on advantage of isoflurane
graphical monitoring: detection of intraoperative bronchospasm.
Indian J Anesth 59:200.

Lachenmeier DW, Kanteres F, Rehm J. (2009). Carcinogenicity of
acetaldehyde in alcoholic beverages: risk assessment outside ethanol
metabolism. Addiction 104:533-50.

Mcgregor DG. (2000). Occupational exposure to trace concentrations of
waste anesthetic gasesed. Mayo Clin Proc 75:273-7.

Toxin Rev, Early Online: 1-6

Mierdl S, Byhahn C, Abdel-Rahman U, et al. (2003). Occupational
exposure to inhalational anesthetics during cardiac surgery on
cardiopulmonary bypass. Ann Thorac Surg 75:1924-7.

Muir JL. (1978). Criteria for a recommended standard. .. occupational
exposure to waste anesthetic gases and vapors. Cincinnati,
OH: Elsevier (National Institute for Health for Occupational Safety
and Health), 77-140.

Neisi A, Goudarzi G, Akbar Babaei A, et al. (2016). Study of heavy
metal levels in indoor dust and their health risk assessment in children
of Ahvaz city, Iran. Toxin Rev 35:16-23.

Raj N, Henderson K, Hall J, et al. (2003). Evaluation of personal,
environmental and biological exposure of paediatric anaesthetists to
nitrous oxide and sevoflurane. Anaesthesia 58:630-6.

Saeidimehr S, Geravandi S, Rahim F, et al. (2015). Nosocomial infection
rates during one year in naft grand hospital, Ahvaz, Iran. Jundishapur J
Health Sci 7:e30124.

Salmanzadeh S, Yousefi F, Ahmadi F, et al. (2015). Evaluation of
nosocomial infections in a teaching hospital. Avicenna J Clin
Microbiol Infect 2:¢29760.

Schulte-Uentrop L, Goepfert MS. (2010). Anaesthesia or sedation for
MRI in children. Curr Opin Anaesthesiol 23:513-17.

Yari AR, Goudarzi G, Geravandi S, et al. (2016). Study of ground-level
ozone and its health risk assessment in residents in Ahvaz City, Iran
during 2013. Toxin Rev 35:201-6.



	Outline placeholder
	Introduction
	Materials and methods
	Results
	Discussion
	References




