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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.

Keywords: Chemical compounds, Occupational exposure, Hospital employees, Pulmonary parameters, Blood
parameters
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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 (OELs) 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
of breath, 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
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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, canlead 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.
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