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ABSTRACT: Benzene is one of the major constituents of the volatile organic pollutants family and one
of the major pollutants in air pollution, which contains the most extensive chemical compound used
in both natural processes and synthetic processes. The main way to contact benzene in the industry is
through the respiratory tract. Exposure to benzene can cause many of the most dangerous adverse health
effects, especially leukemia. This study used high-performanceliquid chromatography analysis techniques
to determine the exposure level of benzene dyeing plant workers and the bioassay of trans-trans muconic
acid in urine. This is a case-control study. 65 painting factory workers (in two groups exposed to benzene
and not exposed to masks and without respiratory masks) participated in this study. Samples were collected
at the beginning and end of the shift. High-performance liquid chromatography (HPLC) was used to
determine  the  concentration of trans-trans muconic acid in  urine  samples.
The results showed that the mean concentration of trans-trans muconic acid as a metabolite of benzene in
the urine of exposed workers (mean + standard deviation) was 2.7025+ 3.18126 (ppm) and the mean
concentration of trans-trans muconic acid in workers with mask (mean + standard deviation) is
1.4079+2.73664 (ppm). Statistical analysis of the results between the two groups showed that the exposure
to benzene concentration between workers with and without respiratory masks was (p=0.246) and was P>
0.05. Consequently, there was no significant difference between the two groups. The present study shows
that the average concentration of transmuconic acid in workers' urine indicates exposure to higher
concentrations than standard benzene, so it can be said that these people are at risk for occupational
diseases, occupational cancers, and other side effects. are. From exposure to these pollutants.

Keywords: Benzene; Liquid Chromatography with Liquid Performance; Trans-trans Muconic Acid;
Respiratory Mask.

INTRODUCTION
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People in their environment are exposed to a variety of
environmental  pollutants, including  halogenated
hydrocarbons such as chloroform and chloromethane, and
aromatic hydrocarbons such as benzene, ethylbenzene, and
xylene. Workplace chemical pollutants include gases,
vapors, solids and liquids. Benzene is a colorless and
fragrant liquid used in the industrial production of
materials such as polystyrene, synthetic rubber, and nylon.
This liquid is also used in the preparation of detergents and
paints [1,2]. The number of chemical manufacturing plants
is increasing daily, with the number of workers at
increased risk [3,4]. Benzene is one of the major pollutants
due to the high concentration of solvents in some US industrial
sites, cancer, birth defects, and other diseases [5,6]. Benzene,
as an acute toxin, produces a hypnotic and opiate effect,
which can have tangible effects on the bone marrow that
in some cases cause Bone marrow cancer (brain and bone
cancer) [2,7]. Benzene, toluene, xylene, and ethylbenzene
are among the most widely used aromatic solvents. These
solvents have different health effects depending on the
type of composition and concentration, some of which
have a bad smell, reduced capacity of respiratory and
cancer. Benzene has been declared a definitive human
carcinogen by the US Environmental Protection Agency,
the American Society of Industrial Health Professionals,
and the International Agency for Research on Cancer [2,8,9].
The Center for Environmental and Labor-Health of the
country introduces ACGIH Trans-trans Muconic Acid,
Hypuric Acid, Hypuric Acid Methyl Isomers, Phenol, and
MEK, as the main determinant of urinary metabolism in
relation to exposure to benzene, toluene, xylene isomers,
phenol, and MEK [10]. Benzene and toluene undergo
biotransformation after being absorbed into the body,
including the liver, and eventually transform into (Trans-
Trans-Muconic Acid) trans-trans muconic acid and orto
crezol, respectively. The main purpose of this process is to
increase the polarity of the adsorbed compounds and
consequently to increase the renal excretion caused by
them [4,11-13]. This chemical enters the human body
through the respiratory, gastrointestinal, and dermatological
systems and, after entering the bloodstream, due to its being
lipophilic, its distribution in the body depends on the amount
of fat in the organs and ultimately all metabolites derived
from the pollutants. It is excreted in the urine. Trans-trans
muconic acid is a metabolite of benzene in the urine [14].
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However, while the permissible concentration of benzene
in respiratory air is 0.5 ppm, toluene is set at 20 ppm [15].
Basically sampling and analyzing pollutants in the air is
done solely for the purpose of measuring and controlling
chemical airborne in the workplace. However, other
modes of exposure such as skin absorption, swallowing,
and non-occupational exposure is not included and do not
include control measures. In fact, biological monitoring is
a way of filling this gap and is
a complement to assessing exposure through air sampling
and recognizing the timely reversible effects plays an
important role in reducing the risks to workers' health.
Therefore, the biological contact index is used to
determine contact and complement for air samples. In the
biological monitoring of volatile compounds due to the
polarity of metabolites, andnon-invasive and simple
sampling processes, the use of urinary media is the most
appropriate [13,16]. Respiratory protective equipment is
used to control respiratory exposure to organic solvents
such as benzene. Respiratory protection devices are tools
that prevent contaminants from entering the respiratory
tract. In addition to the use of protective equipment,
environmental engineering measures must be taken in
contact with contaminants. Environmental control
measures include engineering measures such as proper
design and installation of equipment, removal or reduction
of contaminants in the source of production (stopping the
process, replacement of materials, etc.), use of closed
systems, enclosure, ventilation (local and incremental),
workshop cleaning, stockpiling materials and labeling, and
so on. Our goal as a biotechnology chemical engineer is to
test the efficacy of respiratory masks in reducing trans-
trans muconic concentrations as a marker of urinary
metabolites in workers. This metabolite is measured to
prevent poisoning and dangerous diseases, including
leukemia in workers.

THEORETICAL SECTION
Method of Sampling

Samples were collected from workers at one of
Mazandaran's paint factories. In this case-control study,
65 subjects in both case and control groups who
were employed in the paint production unit selected
for this study. Products of this factory include the
production of industrial paint and construction.
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Workers' shifts at the factory include a shift from 8 am
to 5:30 pm. Their selection was based on exposure
to benzene and no drug use at the time of the study
and the number of smokers in the study. This study was
performed in two groups. The first group consisted of 35
painters and the second group consisted of 30 office
personnel (control group). Factory workers were sampled
in two stages during a shift. The first stage was sampling
workers at the beginning of the shift and the second stage
was at the end of the exposure shift. The exposed
individuals had some respiratory masks and some had
no respiratory masks. The mask used in this study was
a single filter. Urine samples were collected in 50 mL
volumes of polyethylene and kept in an ice-cold container
until delivery to the laboratory and stored at 4 to 8° C until
analysis.

Materials used in the analysis

Trans-trans muconic acid for Sigma - Aldrich Inc.,
HPLC-grad distilled water from Merck Inc. in Germany,
ethyl acetate obtained from Merck Inc., methanol, sodium
acetate purchased from Merck inc., tetrahydrofuran
prepared from Merck, hydrochloric acid from Merck Inc.
with 36.46 g/mol molar mass.

Method of preparation of samples for trans-trans
Muconic acid assay

To prepare the sample, take 1 mL of the urine sample
and transfer it to the test tube, add 200 pL of 2 mM
hydrochloric acid solution and mix the contents of the test
tube well, then add 8 mL of ethyl acetate solvent.
Add and mix, then vortex the entire contents of the test
tube for 2 minutes, then place the samples in a centrifuge
(B 3/11 Model and Mark Jouan) and centrifuge for 15 min
at 2500rpm. The solution is divided into two phases, the
upper phase which is the organic phase with the sampler,
and pour it into the rotary balloon and its rotary
device. Purify the solvent, then add 1 mL of the mobile
phase of the HPLC apparatus consisting of (acetic acid:
tetrahydrofuran: methanol: water) in a ratio (8/10/2/1) with
a shaker. We shake the balloon and then inject the resulting
solution into the HPLC machine, which has the HPLC
machine used in this experiment with UV and C18 column
(250 cm in diameter x 4.6 mm). For data analysis, the data
will first be entered into Excel software and then read
through SPSS software.
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Fig. 1: Urine samples.

Fig. 2: Sample preparation method.

RESULTS AND DISCUSSION

The study included 65 samples of urine from workers
in the paint factory, all male workers, and 3 smokers.
The factory lounge includes ceiling ventilation and a
number of windows around the lounge. The temperature at
the time of sampling was 26 °C. The purpose of the standard
curve is to obtain the concentration and the equation of the
unknown line. Fig. 3. is the standard curve for trans-trans
muconic acid. After diluting and making the standard sample
at various concentrations and injecting it into
the HPLC machine, sub-peak 6 and concentration numbers
in Excel are inserted and the standard curve is obtained.
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Table 1: Sub-peak area values for drawing a standard curve.

Peak level Concentration (ppm)
6313767 1000
2182475 500

14364921 250
1082914 125

Fig. 3: Trans-Trans Muconic Acid Standard Curve.

Sampling was done from paint factory workers for two
consecutive days (first day without a respirator mask and
the second day with a respirator mask). Samples were
prepared according to the procedure described earlier. Then,
the standard sample was injected into the device to calibrate
the device, and then the urine sample was injected into the
HPLC. Considering the outflow time of trans-trans muconic
acid in the injected standard sample, now with injecting the
urine sample and the desired peak outflow at the same time,
the value of the peak area concentration has been put in the
slope equation that is obtained by injecting the standard
sample into the device and drawing a standard curve based
on its numbers. The obtained numbers are
as follows.

The data in this table show that due to the maximum
and minimum amounts of urinary trans-trans muconic acid
concentration, using individual respiratory masks to
prevent the entry of benzene contaminants into the
respiratory system of wasted workers has no effect and had
no role in reducing the concentration of urinary
metabolites of benzene in workers exposed to benzene
in the workplace.

Considering the significant difference between the case
and control study regarding benzene from the respiratory
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system and trans-trans muconic acid excretion through
urine, the table above also shows a significant difference
between respiratory mask users and non-masked users.
Therefore, the use of the mask examined during the study
had no effect on reducing the exposure of benzene
contaminants to the respiratory system
of exposed workers.

CONCLUSIONS

Benzene is an important compound of pollutants that is
commonly found in indoor and outdoor air and has attracted
much attention from researchers. In recent years, many
human resources have been contaminated in human
societies. Benzene comes into the air from controlled and
uncontrolled sources and is exposed to these compounds
due to its widespread use in various industries and
businesses [1,19]. The main purpose of occupational
health is to prevent or appropriately control the contact of
people with harmful factors in the workplace and to
evaluate the correct contact in designing valuable and
useful control strategies. Occupational hazard assessment
is done by contact evaluation and comparison with
standard values of permitted concentrations of air
pollution. Biological monitoring methods have been of
great interest in recent years. It is now recognized that
evaluation of the biological dose absorbed in the body,
such as occupational monitoring, is important to provide
information to control the effects of hazardous chemicals.
Since benzene is known to be one of the most dangerous
chemical agents in the workplace, it is imperative to assess
exposure to workers in order to prevent dangerous
poisoning and diseases such as leukemia in workers[2, 20,21].
The results of studies carried out by Rahimnejad et al.
In 2005 individual exposure to benzene and determination of
trans-trans muconic acid concentration showed that
the average concentration of this substance was 6 to 7 times
higher than the standard level, increasing the risk of
leukemia. Compared to the results of our research we
can say that one of the reasons for the high concentration
is the lack of proper protective equipment. Another reason
is the lack of proper ventilation for the work
environment[22]. In 2014 a study on the urinary
metabolites of volatile organic compounds and its related
factors in workers in the petrochemical industry was
conducted by Rahimpour et al., Urinary muconic acid
exceeded the standard set by the National Center for
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Table 2: The concentration of urinary Trans-Trans Muconic acid in workers of paint factory with benzene at the beginning of the shift.

Urinary Trans Muconic Acid Concentration in

Urinary Trans Muconic Concentration

Number Peak Level Exposed People (PPM) Peak Level in Non-Contact People (PPM)
1 4014 0.66 6125 0.75
2 4014 0.66 3989 0.16
3 8574 0.88 2760 0.12
4 6125 0.75 2760 0.12
5 2760 0.12 3417 0.56
6 6125 0.75 2760 0.12
7 2777 0.45 2760 0.12
8 3155 0.26 2777 0.45
9 2760 0.12 3155 0.26
10 3417 0.56 3155 0.26
11 8574 0.88 2760 0.12
12 6125 0.75 9172 0.91
13 7990 1.31 3979 0.16
14 3155 0.26 2777 0.45
15 6125 0.75 8574 0.88
16 3989 0.16 6125 0.75
17 4014 0.66 3989 0.16
18 2760 0.12 3417 0.56
19 7990 1.31 8574 0.88
20 3417 0.56 6125 0.75
21 8574 0.88 2777 0.45
22 2777 0.45 2760 0.12
23 2760 0.12 2777 0.45
24 7990 1.31 2760 0.12
25 3417 0.56 3155 0.26
26 3155 0.26 2777 0.45
27 7990 131 3417 0.56
28 6125 0.75 8574 0.88
29 3989 0.16 2777 0.45
30 2777 0.45 2760 0.12
31 7990 1.31 13692 1.85
32 2760 0.12 - -
33 3417 0.56 - -
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Number peak Level Urinary Trans Muconic Acid Concentration peak Level Urinary Trans Muconic Concentration in Non-

in Exposed People (PPM) Contact People (PPM)
1 6881 1.135 6125 0.75
2 4014 0.66 3989 0.16
3 81148 13.39 72835 10.57
4 7990 131 7831 1.22
5 20440 3.37 20123 2.87
6 28606 4.72 26254 3.37
7 2777 0.45 2760 0.12
8 13818 2.28 13692 1.85
9 20310 3.35 20199 2.87
10 3417 0.56 3155 0.26
11 14304 2.36 12715 1.13
12 9295 1.53 9172 0.91
13 11892 1.97 11735 1.20
14 12360 2.03 1196 1.47
15 8716 1.43 8574 0.88
16 6881 1.135 6125 0.75
17 4014 0.66 3989 0.16
18 81148 13.39 72835 10.57
19 7990 131 7831 1.22
20 20440 3.37 20123 2.87
21 28606 4.72 26254 3.37
22 2777 0.45 2760 0.12
23 13818 2.28 13692 1.85
24 20310 3.35 20199 2.87
25 3417 0.56 3155 0.26
26 14304 2.36 12715 1.13
27 7990 131 7831 1.23
28 20440 3.37 20123 2.87
29 28606 4.72 26254 3.37
30 2777 0.45 2760 0.12
31 13818 2.28 13692 1.85
32 20310 3.35 20199 2.87
33 3417 0.56 - -
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Table 4: Mean and standard deviation of paint factory workers exposed to benzene and urinary trans-trans muconic acid
at the end of shift work with and without using a respiratory mask

' 95% Average Trust Level
o | Nmbrot |y | S
P Lower bound Upper bound
Without Mask 20 2.7025 3.18126 9407 4.4642 0.45 13.39
With Mask 15 1.4079 2.73664 9407 4.4642 0.12 10.57

Table 5: Comparison of the difference between exposure of workers to benzene and urinary trans-trans Muconic acid in two groups.

Sum of Squares df Mean Square F P-Value
Between groups 12.570 1 12.570
1.428 0.242
Within the group 246.525 28 8.805

Workplace Health in accordance with the results of the
present study. Cigarette smoking also increases urinary
excretion of all metabolites except hippuric acid[18].
In a study of the rate of exposure to benzene in gas station
workers through environmental assessment and biomarker
monitoring conducted by Rastkaari et al. In 1994,
the results of their study showed a good correlation between
trans-urinary acid concentration, trans-muconic acid, and
benzene in respiratory air. People working at the gas station are
exposed to high concentrations of benzene and the main route
of inhalation confirms the findings of the present study[19].
Also, in a study by Carrie et al (2010)
on petrochemical industry workers, it was found that the mean
concentrations of respiratory air benzene and trans-muconic
uric acid were lower than those specified by the American
Conference of Governmental Industrial Hygienists. The results
of the present study are inconsistent, which may be due to the
short half-life of benzene in the body[23]. The purpose of the
study was to determine the effect of respiratory masks on the
reduction of benzene. The concentration of trans-trans muconic
acid in workers without masks (mean + standard deviation) was
2.7025 + 3.18126 and the concentration of trans-trans muconic
acid in workers with masks (mean + standard deviation) was
1.4079 £ 2.73664. Also, p=0.242 so it is p>0.05. Considering
the results of the comparison between the two groups in the
exposure to benzene indicates that the single filtered mask
made in Iran does not have high efficiency in protecting
workers against contaminants and there is no significant
difference between the workers with masks or without masks.
Therefore, we can say that there is a risk of occupational
diseases, occupational cancers and other adverse effects of
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exposure to these pollutants. It is advisable to have regular
periodic examinations on a monthly basis.

Acknowledgments

We would like to express our deep appreciation to
Ayatollah Amoli Branch, Islamic Azad University, and
Mazandaran University of Medical Sciences for their
sincere cooperation.

Received : Dec. 17, 2021 ; Accepted : Apr. 10, 2022

REFERENCES

[1] Ebenguela E.A., Josué R.N., Donatien M.,
Atmospheric Benzene and Determination of Trans,
Trans-Muconic Acid of Workers at Oil Sites in
Pointe-Noire, Current Journal of Applied Science and
Technology, 40(16): 82-90, (2021).

[2] Wenjing S., Qing H, Yanjian W., Xi Q., Muhong W.,
Ying J., Qi W., “Repeated Measurements of 21
Urinary Metabolites of Volatile Organic Compounds
and their Associations with Three Selected Oxidative
Stress Biomarkers in 0—7-Year-Old Healthy Children
from South and Central China”. Chemosphere.
Volume 287, Part 2, (2022).

[3] Assadi Y. Ahmadi F., Hossieni M.R.M.,
Determination of BTEX Compounds by Dispersive
Liquid-Liquid Microextraction with GC-FID,
Chromatographia, 71(11-12): 1137-1141 (2010).

[4] Geraldino B.R., Nunes R.F.N., Gomes J.B., Giardini 1.,
da Silva P.V.B., Campos E., et al, Analysis of
Benzene Exposure in Gas Station Workers Using
Trans, Trans-Muconic Acid, Int. J. Environ. Res.
Public Health., 17(15): 5295 (2020).

Research Article


https://www.sciencedirect.com/science/article/abs/pii/S0045653521025376#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653521025376#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653521025376#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653521025376#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653521025376#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653521025376#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653521025376#!
https://www.sciencedirect.com/science/journal/00456535
https://www.sciencedirect.com/science/journal/00456535/287/part/P2
https://link.springer.com/article/10.1365/s10337-010-1616-8
https://link.springer.com/article/10.1365/s10337-010-1616-8
https://pubmed.ncbi.nlm.nih.gov/32717818/
https://pubmed.ncbi.nlm.nih.gov/32717818/
https://pubmed.ncbi.nlm.nih.gov/32717818/

Iran. J. Chem. Chem. Eng.

[5] Stuchal L.D., James R.C., Roberts S.M, Human
HealtH Risk Assessment, Principles of Toxicology:
Environmental and Industrial Applications. Dec 8:
425 (2014).

[6] Tunsaringkarn T., Soogarun S., Palasuwan A.,
Occupational Exposure to Benzene and Changes in
Hematological Parameters and Urinary Trans, Trans-
Muconic Acid, Int. J. Occup Environ. Med. (The
IJOEM), 4: 182-45-9 (2013).

[7] Moradpour Z., Bahrami A., Sultanian A., Shahna F.G.,
Negahban A., Seasonal Comparison of Emissions of
Volatile Organic Compounds in the Chemical
Industry Based on Oil During the Years 2013 and
2014, Iran Occup. Health., 11(6): 55-63 (2015).

[8] Villeneuve P.J., Jerrett M., Brenner D., Su J., Chen H.,
McLaughlin J.R., A Case-Control Study of Long-
Term Exposure to Ambient Volatile Organic Compounds
and Lung Cancer in Toronto, Ontario, Canada, Am. J.
Epidemiol., 179(4): 443-451 (2014).

[9] Shui G., Leong L.P., Separation and Determination of
Organic Acids and Phenolic Compounds in Fruit Juices and
Drinks by High-Performance Liquid Chromatography,
J. Chromatogr. A., 977(1): 89-96 (2002).

[10] Melikian A.A., Qu Q., Shore R., Li G., Li H., Jin X.,
et al, Personal Exposure to Different Levels of
Benzene and its Relationships to the Urinary
Metabolites S-Phenylmercapturic Acid and Trans,
Trans-Muconic Acid, J. Chromatogr. B., 778(1-2):
211-221 (2002).

[11] ATSDRE, The ATSDR 2017 Substance Priority List,
(2019).

[12] ACGIH CO, editor TLVs and BEIls Based on the
Documentation of the Threshold Limit Values for
Chemical Substances and Physical Agents, and
Biological Exposure Indices, American Conference of
Governmental Industrial Hygienists Cincinnati, (2008).

[13] Lovreglio P., D’Errico MN., Fustinoni S., Drago L.,
Barbieri A., Sabatini L., et al, Assessment of
Environmental Exposure to Benzene: Traditional and
New Biomarkers of Internal Dose, InTech. (2011).

[14] Ong C-N., Lee B-L, Determination of Benzene and Its
Metabolites: Application in Biological Monitoring of
Environmental and Occupational Exposure to Benzene,
Chromatogr., B, Biomed. Sci., 660(1): 1-22 (1994).

[15] Jalai A., Ramezani Z., Ebrahim K, Urinary Trans,
Trans-Muconic Acid is Not a Reliable Biomarker for

Research Article

Evaluating the Amount of Exposure to Benzene ...

Vol. 41, No. 9, 2022

Low-Level Environmental and Occupational Benzene
Exposures, Saf. Health Work, 8(2): 220-225 (2017).

[16] Schafer S., Davies R., Elsenhans B., Forth W.K.,
“Schimann in Toxicology”, Academic Press, San
Diego, CA, (1999).

[17] Elias J., CIH R, “Adjusting TLVs® for Reproductive and
Developmental Health”, Age. 2022 (2015).

[18] Rahimpoor R., Bahrami AR., Ghorbani F., Assari M.J.,
Negahban AR., Rahimnejad S., et al, Evaluation of
Urinary Metabolites of Volatile Organic Compounds
and Some Related Factors in Petrochemical Industry
Workers, Journal of Mazandaran University of
Medical Sciences (JMUMS), 24(116): 119-131 (2014).

[19] Rastkari N., 1zadpanah F., Yunesian M., Exposure to
Benzene in Gas Station Workers: Environmental and
Biological Monitoring, Iranian Journal of Health and
Environment (IJHE), 8(2):163-170 (2015).

[20] Ong C., Kok P., Ong H., Shi C., Lee B., Phoon W.,
et al, Biomarkers of Exposure to Low Concentrations of
Benzene: A Field Assessment, Occup. Environ. Med.,
53(5): 328-333 (1996).

[21] Boogaard P., Van Sittert N., Biological Monitoring of
Exposure to Benzene: A Comparison Between
S-Phenylmercapturic Acid, Trans, Trans-Muconic
Acid, and Phenol, Occup. Environ. Med., 52(9): 611-
620 (1995).

[22] Rahiminejad M., Mirsattari S.G., Bahrami A,
Akbari B., Evaluation of Trans, Trans-Muconic Acid
in Urine of Exposed Workers to Benzene in
a Cokery Plant, Avicenna Journal of Clinical
Medicine, 13(2): 49-54 (2006).

[23] Carrieri M., Tranfo G., Pigini D., Paci E., Salamon F.,
Scapellato M.L., et al, Correlation between
Environmental and Biological Monitoring of Exposure to
Benzene in Petrochemical Industry Operators,
Toxicol. Lett., 192(1): 17-21 (2010).

3273


https://books.google.com/books?hl=en&lr=&id=dcZ6EAAAQBAJ&oi=fnd&pg=PR11&dq=Stuchal+L.D.,+James+R.C.,+Roberts+S.M,+Human+HealtH+Risk+assessment,+Principles+of+Toxicology:+Environmental+and+Industrial+Applications.+Dec+8:+425+(2014).&ots=elz8K4Hald&sig=_rXsFDtte8AHbAvjZRqU_GNJFr0#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=dcZ6EAAAQBAJ&oi=fnd&pg=PR11&dq=Stuchal+L.D.,+James+R.C.,+Roberts+S.M,+Human+HealtH+Risk+assessment,+Principles+of+Toxicology:+Environmental+and+Industrial+Applications.+Dec+8:+425+(2014).&ots=elz8K4Hald&sig=_rXsFDtte8AHbAvjZRqU_GNJFr0#v=onepage&q&f=false
https://pubmed.ncbi.nlm.nih.gov/23279797/
https://pubmed.ncbi.nlm.nih.gov/23279797/
https://pubmed.ncbi.nlm.nih.gov/23279797/
https://www.researchgate.net/publication/281699248_Seasonal_comparison_of_emissions_of_volatile_organic_compounds_in_the_chemical_industry_based_on_oil_during_the_years_2013_and_2014
https://www.researchgate.net/publication/281699248_Seasonal_comparison_of_emissions_of_volatile_organic_compounds_in_the_chemical_industry_based_on_oil_during_the_years_2013_and_2014
https://www.researchgate.net/publication/281699248_Seasonal_comparison_of_emissions_of_volatile_organic_compounds_in_the_chemical_industry_based_on_oil_during_the_years_2013_and_2014
https://www.researchgate.net/publication/281699248_Seasonal_comparison_of_emissions_of_volatile_organic_compounds_in_the_chemical_industry_based_on_oil_during_the_years_2013_and_2014
https://academic.oup.com/aje/article/179/4/443/128750
https://academic.oup.com/aje/article/179/4/443/128750
https://academic.oup.com/aje/article/179/4/443/128750
https://www.sciencedirect.com/science/article/abs/pii/S0021967302013456
https://www.sciencedirect.com/science/article/abs/pii/S0021967302013456
https://www.sciencedirect.com/science/article/abs/pii/S0021967302013456
https://www.sciencedirect.com/science/article/abs/pii/S0378434701004546
https://www.sciencedirect.com/science/article/abs/pii/S0378434701004546
https://www.sciencedirect.com/science/article/abs/pii/S0378434701004546
https://www.sciencedirect.com/science/article/abs/pii/S0378434701004546
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ATSDR+E%2C+The+ATSDR+2017+Substance+Priority+List%2C+%282019%29.&btnG=
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/3421441
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/3421441
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/3421441
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/3421441
https://www.intechopen.com/chapters/16159
https://www.intechopen.com/chapters/16159
https://pubmed.ncbi.nlm.nih.gov/7858701/
https://pubmed.ncbi.nlm.nih.gov/7858701/
https://pubmed.ncbi.nlm.nih.gov/7858701/
https://pubmed.ncbi.nlm.nih.gov/28593080/
https://pubmed.ncbi.nlm.nih.gov/28593080/
https://pubmed.ncbi.nlm.nih.gov/28593080/
https://pubmed.ncbi.nlm.nih.gov/28593080/
https://www.tandfonline.com/doi/abs/10.1080/10937400117236
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Elias+J.%2C+CIH+R%2C+Adjusting+TLVs%C2%AE+for+Reproductive+and+Developmental+Health%2C+Age.+2022+%282015%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Elias+J.%2C+CIH+R%2C+Adjusting+TLVs%C2%AE+for+Reproductive+and+Developmental+Health%2C+Age.+2022+%282015%29.&btnG=
http://jmums.mazums.ac.ir/article-1-4272-en.html
http://jmums.mazums.ac.ir/article-1-4272-en.html
http://jmums.mazums.ac.ir/article-1-4272-en.html
http://jmums.mazums.ac.ir/article-1-4272-en.html
https://ijhe.tums.ac.ir/browse.php?a_code=A-10-168-1&sid=1&slc_lang=en
https://ijhe.tums.ac.ir/browse.php?a_code=A-10-168-1&sid=1&slc_lang=en
https://ijhe.tums.ac.ir/browse.php?a_code=A-10-168-1&sid=1&slc_lang=en
https://oem.bmj.com/content/53/5/328.short
https://oem.bmj.com/content/53/5/328.short
https://oem.bmj.com/content/52/9/611.short
https://oem.bmj.com/content/52/9/611.short
https://oem.bmj.com/content/52/9/611.short
https://oem.bmj.com/content/52/9/611.short
http://sjh.umsha.ac.ir/article-1-489-en.html
http://sjh.umsha.ac.ir/article-1-489-en.html
http://sjh.umsha.ac.ir/article-1-489-en.html
https://www.sciencedirect.com/science/article/abs/pii/S0378427409012193
https://www.sciencedirect.com/science/article/abs/pii/S0378427409012193
https://www.sciencedirect.com/science/article/abs/pii/S0378427409012193

