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Abstract

Background: Trinitrotoluene (TNT) is one of the most well-known and oldest explosive agents. In the recent decade,
bioenvironmental, biochemical, and biological effects of TNT exposure have been more in the spotlight. In this study, we aimed to
evaluate spirometric parameters in workers of a TNT factory exposed to TNT and other related fumes and dusts compared with the
unexposed controls.

Methods: In this case-control study, spirometry was done for TNT factory workers (cases) and matched healthy controls, and their
results were compared with each other. Matched controls were selected from workers who worked in the same geographic area
without any history of TNT or other chemical materials exposure. Spirometric studies were done during the early hours of day.
Results: Overall, 90 subjects (47 TNT exposed cases and 43 controls) were included. The two groups showed no significant
difference in demographic characteristics and smoking habits. In spirometry, it was found that the cases had significantly lower
forced vital capacity (91.4 + 13.7% vs. 100.2 £ 13.0%, P = 0.002), forced expiratory volume in 1 second (98.0 + 14.9% vs. 104.7 +
12.5%, P = 0.024) and peak expiratory flow (98.4 + 17.3% vs. 107.9 £ 21.7%, P = 0.025) compared with controls. According to
spirometric findings, 10 cases (21.3%) and no controls had restrictive pattern, which means TNT factory workers had 1.27 (CI: 1.09-
1.47, P =0.001) fold risk for development of restrictive patterns.

Conclusion: Chronic exposure to TNT or prolonged working in TNT factories may predispose the workers to respiratory disorders.
In addition to regular screening programs, preventive measures and devices should be considered for TNT factory workers to reduce
the harms.
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exposure to TNT is a significant risk factor for malignant
tumors of liver (8). It has been approved that benzene and
another aromatic derivatives of TNT can induce aplastic

INTRODUCTION
Trinitrotoluene (TNT) or more specifically 2,4,6-

trinitrotoluene is one of the most well-known and oldest
explosive agents. In the recent decade, bioenvironmental,
biochemical, and biological effects of TNT exposure have
been more in the spotlight (1,2). Toxicity of TNT after
absorption via healthy skin was previously reported (3).
TNT can make a covalent band with hemoglobin (Hb), and
the resultant products named Hb adducts of 4-amino-2,6-
dinitrotoluene (4ADNT) or 2-amino-4,6-dinitrotoluene
(2ADNT) were reported to be responsible for its biological
consequences (4).

Various disorders such as cataract (nuclear type),
hematological abnormalities (such as aplastic anemia),
urinary disorders, neoplasm (malignant tumors of liver), and
increased liver enzymes (due to toxic hepatitis) have been
reported in exposed subjects (3,5,6). The prevalence of TNT
induced hepatomegaly and cataract was reported to be 41%
and 79%, respectively (7). Long-term (more than one year)

anemia, acute leukemia and bone marrow abnormalities (9).

There is evidence of the oxidative stress role of TNT
metabolites in pathophysiology of TNT toxicity. TNT leads to
an imbalance between oxidative stress and antioxidants and
this imbalance has an important role on pathogenesis of
cataract, bone marrow abnormality, malignancy, and toxic
hepatitis (10,11). After absorption and solution in water, TNT
can release nitric oxide (NO) and other oxidative components
which can be toxic for many cells and tissues such as lung (12).

Regarding the toxicity mechanisms of TNT via oxidative
stress, affected pulmonary function in exposed cases is
probable but in the literature review, there were few clinical
reports about the effect of TNT toxicity on human tissues
especially lung. In this study, we aimed to evaluate
spirometric parameters in workers of a TNT factory exposed
to TNT and other related fumes and dusts compared with
unexposed controls.
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METHODS

Study Design and Participants

In this case-control study, spiromatry was done for TNT
factory workers (cases) and matched healthy controls, and
their results were compared with each other. Workers in a
TNT factory with at least one year work history were
included. All cases used occupational protective devices
such as gloves, glasses, masks, and uniforms. Matched
controls were selected from workers who worked in the
same geographic area (Tehran province) without any history
of TNT or other chemical materials exposure. Cases and
controls with the following criteria were excluded: clinical
signs or history of asthma or chronic obstructive pulmonary
disease (COPD) prior to employment in the factory,
personal history of exposure to chemical substances such as
detergents, inhalational anesthetic agents and chemical
weapons, history of cardiopulmonary disorders, alcohol or
drug abuse, chest trauma (physical or chemical), and serious
or chronic medical diseases (e.g. diabetes, neoplasm or
hypertension), and being under treatment of any medications
influential on spirometric findings (e.g. beta-adrenergic
agonists or beta blocker).

Spirometry

All spirometric studies were done during the early hours of
day. All graphs of spirometry were interpreted by a
pulmonologist (MG). Spirometric parameters were measured
with a Vmax 20 Spirometer (Chest Co., Italy). The best of
three maneuvers was selected and expressed as a percentage
of the predicted value and as an absolute value. Spirometry
was carried out by an experienced technician. The parameters
of spirometry that were compared between the two groups
included forced vital capacity (FVC), forced expiratory
volume in 1 second (FEV1), FEV1/FVC ratio, forced
expiratory flow (FEF), peak expiratory flow (PEF), maximum
midexpiratory flow (MMEF), FEF50% and FEF75%. These
measurements of spirometry were subsequently interpreted to
normal, obstructive or restrictive patterns. In obstructive
pattern, FVC is often normal or only mildly reduced (near
normal), FEV1 is reduced and so the ratio of FEV1/FVC is
lower than normal. In restrictive pattern; however, FVC is less
than the predicted value for age, gender and size, FEV1 is also
reduced but in proportion to the reduced FVC and so the
FEV1/FV/C ratio is normal (13).

Ethical considerations

All issues of Helsinki protocol were considered. There
was no intervention on the patients in this study. Spirometric

Tablel. Demographic characteristics of the study subjects
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studies were done after informed consent form was signed
by the subjects. The study was approved by ethics and
scientific review committee of Bagiyatallah University of
Medical Sciences, Tehran, Iran.

Statistical Analysis

The data was analyzed using SPSS (version 16.0, SPSS
Inc., Chicago, IL). The results are shown with mean and
standard deviation (SD) for quantitative variables and
frequency and percentage for qualitative variables.
Independent samples t-test and chi square test were used for
further analysis. P values less than 0.05 were considered
statistically significant.

RESULTS

Overall, 90 subjects (47 TNT exposed cases and 43
controls) were included. The two groups showed no
significant difference in demographic characteristics and
smoking habits (Tablel). All cases and controls were men.

In spirometry, it was found that the cases had
significantly lower FVC (91.4 + 13.7% vs. 100.2 £ 13.0%, P
= 0.002), FEV1 (98.0 + 14.9% vs. 104.7 + 12.5%, P =
0.024) and PEF (98.4 + 17.3% vs. 107.9 + 21.7%, P =
0.025) compared with controls. However, there were no
significant differences in FEV1/FVC ratio (P = 0.586),
MMEF (P = 0.990), FEF50% (P = 0.661), FEF75% (P =
0.256) between the two groups (Table 2).

According to spirometric findings, 10 cases (21.3%) had
restrictive pattern, while no controls were involved with
such pattern that meant a statistically significant difference
between the groups (P = 0.001, Odds ratio = 1.27 (CI: 1.09-
1.47)). On the other hand, obstructive pattern was observed
in no cases (0.0%) but in two controls (4.7%) which was not
significantly different between the groups (P = 0.225)
(Table3).

DISCUSSION

In this study, we found significant decreases in some
spirometric parameters including FVC, FEV1, and PEF
following chronic exposure to TNT and related dusts. We also
found that TNT exposed workers had 1.27 fold risk for
development of restrictive patterns in spirometry. Restrictive
ventilatory pattern is caused by conditions that affect the
pulmonary tissue itself (not airways in early phase).
Conditions that cause fibrosis or scarring of the lungs give
restrictive patterns on spirometry. The possible etiology of
development of this pattern in cases with exposure to TNT and
other toluene-based compounds would be gradual pulmonary

Variables Cases Controls P value”
Age (year); mean £ SD 43.8+3.9 421 +5.9 0.114
Weight (kg); mean = SD 776+11.8 744 +10.8 0.183
Exposure duration (year); mean = SD 114+1.1 0
Smoking (pack year); mean + SD 52+88 3.6+8.6 0.369

SD: standard deviation
“Calculated by independent samples t-test
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Table 2. Spirometric findings in cases and controls

Spirometric parameters Study groups P value”
Case Control
FVC (%); mean £ SD 91.4 £13.7 100.2 £13.0 0.002
FEV1 (%); mean £ SD 98.0 + 14.9 104.7 £12.5 0.024
FEV1/FVC; mean £ SD 82.0+4.9 81457 0.586
MMEF (%); mean + SD 100.7 £ 26. 5 100.8 £25.4 0.990
FEF50% (%); mean + SD 102.5+29.0 105.1 £ 26.3 0.661
FEF75% (%); mean £ SD 86.4 + 28.1 94.1+35.5 0.256
PEF (%); mean £ SD 98.4+17.3 107.9+21.7 0.025

SD: standard deviation
“Calculated by independent samples t-test

Table 3. Spirometric patterns in cases and controls

Case (no. = 47) Control (no. = 43) P value Odds ratio (95% CI)
L Yes 10 (21.3) 0.0 (0.0) .
Restrictive pattern; no. (%) 0.001 1.27 (1.09-1.47)
No 37 (78.7) 43 (100.0)
. Yes 0 (0.0) 2 (4.7) -
Obstructive pattern; no. (%) 0.225 -
No 47 (100.0) 41 (95.3)

Cl: confidence interval
* Calculated by chi square test
“* Calculated by Fisher's exact test

parenchyma injuries, incomplete healing, persistent mild
inflammation, and pulmonary fibrosis (14,15). On the other
hand, obstructive ventilatory pattern denotes narrowing of
airways that is mostly seen in asthma and COPD, though in
TNT exposed cases this pattern was not seen.

Ophthalmologic, hematologic, hepatic, and cutaneous
toxicity of TNT exposure have been reported in several
studies (4-6,10,14-18). However, this is the first study that
pulmonary sequels of TNT in human subjects measured by
spirometry was reported and analyzed. A reason of lack of
research about pulmonary effects of TNT on human could
be the security considerations.

Nevertheless, the TNT toxicity on the lungs was
previously ascertained in some experimental studies
(19,20). Paden et al. in 2008 evaluated the pulmonary
system of the adult bullfrog after acute and short-term
exposure to TNT. They found the lungs cyanotic but they
did not carry out pathologic assessments (19). In another
study, Johnson et al. concluded that TNT can induce
oxidative-antioxidant system imbalance in the lung tissue of
tiger salamanders (20).

Sabbioni et al. showed that the activity of GSTP1,
GSTT1, NAT1, SULT1A2, and SULT1Al genes were
significantly increased in normal cells exposed to TNT or
other nitrate derivatives (21). In this regard, Zhang et al.
proved the prominent role of these genes especially
SULT1A1 in neutralizing the toxic effects of chemical
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toxins in pulmonary tissue (22). Therefore, mutation in
these genes can predispose a person to lung cancer (17). But
in this study, we did not assess TNT exposed cases for the
mutation of the mentioned genes, and so, we suggest
genomic, proteomic and metabolomics investigation for this
kind of chemical exposure.

Workers in TNT factories or other units in explosives
and propellants production industry are also exposed to
chemical dusts, particulate contaminants and solvents. In
this respect, Cakmak et al. showed higher prevalence of
asthma-related symptoms in chronic exposure to solvents
including toluene, acetone, butanol, xylene, benzene, and
trichloroethylene in a gun factory (23). They found that
restrictive pattern was more common in these cases, which
were in agreement with our findings; however, they did not
segregate TNT exposed and unexposed workers in their
study, a different point from our study. In addition, their
findings were weakened as smoking was not controlled in
that study. They finally concluded that smoking and
exposure to solvents can predispose gun factory workers for
asthma-related symptoms (23). In another study, Saygun et
al. indicated that the chronic exposure to low doses of
solvents may not adversely affect the pulmonary functions,
whereas it increases the asthma prevalence from 1.1%
t03.6% in a five-year follow-up (24). They also
demonstrated that annual level of FEV1 in the workers
exposed to solvents in gun factory did not significantly



decrease compared with that of the unexposed workers (24).

Prolonged parenchyma injuries in exposure to toluene-
derived materials can lead to asthma-related symptoms and
activation of the fibrotic process which induces restrictive
patterns in spirometeric assessment (25,26). In this regard,
Sahri and Widajati found shortness of breath, cough and
rhinorrhea in Indonesian workers exposed to toluene, the
main component of TNT (27). Therefore, conducting basic
and animal studies are necessary to evaluate the cellular and
molecular effects of toluene-based compounds on the lung
parenchyma by focusing on the role of oxidant-antioxidant
imbalance, free radicals (e.g. NO) release, airway epithelium
damage, and inflammatory and pro-fibrotic cytokines
release (25-28).

Altogether, the pulmonary disorders in workers of
explosives and propellants production industry, such as TNT
factories, might be caused by the main products of these
factories (e.g. TNT in the present study), though the effect
of solvents, fumes and chemical dusts in the working space
should not be overlooked.

LIMITATIONS

One of the limitations of this study was that the
environmental and air dose of TNT was not measured. In
the air of TNT factories, in addition to TNT, other related
fumes and dust are diffused and this means that the patients’
manifestations can be caused by other materials rather than
TNT. One other limitation is that the clinical presentations
of the cases including cough, dyspnea, wheeze, rale, etc. are
not reported in our results which could be helpful for more
effective conclusion.

Moreover, all exposed cases had used protective devices
and we could not confirm exposure with a sufficient dose of
TNT. Therefore, a study that is conducted on cases exposed
to TNT without protection for long-term (such as workers in
illegal manufactories) might produce more convincing
results. Furthermore, the possible effect of the existent air
pollution in the city of Tehran was not considered. Although
spirometry is the simplest method for evaluation of the
lungs, we suggest other advanced methods such as high-
resolution computed tomography or pathologic assessments
to be performed in future studies to better clarify the
pulmonary effects of TNT.

Chronic exposure to TNT or prolonged working in TNT
factories may predispose the workers to respiratory
disorders. In addition to regular screening programs,
preventive measures and devices should be considered for
TNT factory workers to reduce the harms.

ACKNOWLEDGMENT

We would like to thank Mr. Farhadi for his kind
cooperation to carry out the spirometric studies. Moreover,
we acknowledge all participants for their warm cooperation.

Conflict of interest: The results presented in this paper
were part of a screening study on TNT factory workers in
Tehran, Iran. Hepatic, hematologic, and ophthalmologic

113

ASIA PACIFIC JOURNAL of MEDICAL TOXICOLOGY
APJMT 3;3 http://apjmt.mums.ac.ir September 2014

results of this study were previously published (15), by the
scientific team same as the authors of the current paper, and
some limited data about respiratory assessment of the cases
were also reported in that paper. However, the findings of
the current paper are more comprehensive and include all
the spirometric findings. All parts of the current paper were
written again rather than the mentioned article, and a
different draft was used.

Funding and support: This research received no specific
grant from any funding agency in the public, commercial, or
nonprofit sectors.

REFERENCES

Choodum A, Kanatharana P, Wongniramaikul W, Nicdaeid N.
Rapid quantitative colourimetric tests for trinitrotoluene
(TNT) in soil. Forensic Sci Int 2012;222:340-5.

Lewis TA, Newcombe DA, Crawford RL. Bioremediation of
soils contaminated with explosives. J Environ Manage
2004;70:291-307.

Sabbioni G, Liu YY, Yan H, Sepai O. Hemoglobin adducts,
urinary metabolites and health effects in 2,4,6-trinitrotoluene
exposed workers. Carcinogenesis 2005;26:1272-9.

Sabbioni G, Rumler R. Biomonitoring of workers cleaning up
ammunition waste sites. Biomarkers 2007;12:559-73.

Kruse A, Hertel M, Hindsholm M, Viskum S. Trinitrotoluene
(TNT)-induced cataract in Danish arms factory workers. Acta
Ophthalmol Scand 2005;83:26-30.

Shimizu H, Kumada T, Nakano S, Kiriyama S, Sone Y, Honda
T, et al. Liver dysfunction among workers handling 5-nitro-o-
toluidine. Gut 2002;50:266-70.

Qu GC. Nation-wide investigation of occupational poisonings
by lead, benzene, mercury, organic phosphorus, and
trinitrotoluene, with an analytical study of their aetiology. J
Ind Hyg Occup Dis 1984:25-30.

Yan C, Wang Y, Xia B, Li L, Zhang Y, Liu Y. The
retrospective survey of malignant tumor in weapon workers
exposed to 2,4,6-trinitrotoluene. Zhonghua Lao Dong Wei
Sheng Zhi Ye Bing Za Zhi 2002;20:184-8. (In Chinese)

Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL,
Loscalzo J. Harrison's Principles of Internal Medicine. 18"ed.
New York, NY: McGraw-Hill Professional; 2011.

Wang L, He X, Bi Y, Ma Q. Stem cell and benzene-induced
malignancy and hematotoxicity. Chem Res Toxicol
2012;25:1303-15.

Naziroglu M, Karaoglu A, Aksoy AO. Selenium and high dose
vitamin E administration protects cisplatin-induced oxidative
damage to renal, liver and lens tissues in rats. Toxicology
2004;195:221-30.

Kumagai Y, Wakayama T, Lib S, Shinohara A, lwamatsu A,
Sun G, et al. Zeta-crystallin catalyzes the reductive activation
of 2,4,6-trinitrotoluene to generate reactive oxygen species: a
proposed mechanism for the induction of cataracts. FEBS Lett
2000;478:295-8.

Global Initiative for Chronic Obstructive Lung Disease.
Global strategy for the diagnosis, management, and prevention
of chronic obstructive pulmonary disease [Internet]. 2014
[updated 2014 Jan 1; cited 2014 Aug 10]. Available from:
http://www.goldcopd.org/guidelines-global-strategy-for-
diagnosis-management.html

Letzel S, Goen T, Bader M, Angerer J, Kraus T. Exposure to
nitroaromatic explosives and health effects during disposal of
military waste. Occup Environ Med 2003;60:483-8.

Naderi M, Ghanei M, Shohrati M, Saburi A, Babaei M,
Najafian B. Systemic complications of trinitrotoluene (TNT)

10.

11.

12.

13.

14.

15.



Pulmonary Function and TNT Exposure
M. Shohrati et al.

16.

17.

18.

19.

20.

21.

22.

in exposed workers. Cutan Ocul Toxicol 2013;32:31-4.
Lewis-Younger CR, Mamalis N, Egger MJ, Wallace DO, Lu
C. Lens opacifications detected by slitlamp biomicroscopy are
associated with exposure to organic nitrate explosives. Arch
Ophthalmol 2000;118:1653-9.

Tamaki Y, Arai T, Sugimura H, Sasaki T, Honda M, Muroi Y,
et al. Association between cancer risk and drug-metabolizing
enzyme gene (CYP2A6, CYP2A13, CYP4Bl1l, SULTI1AL,
GSTML1, and GSTT1) polymorphisms in cases of lung cancer
in Japan. Drug Metab Pharmacokinet 2011;26:516-22.

Zhou AS. A clinical study of trinitrotoluene cataract. Pol J
Occup Med 1990;3:171-6.

Paden NE, Smith EE, Kendall RJ. Acute toxicity of 2,4,6-
trinitrotoluene, 2,4-dinitrotoluene, and 2,6-dinitrotoluene in
the adult bullfrog (Lithobates catesbeiana). Bull Environ
Contam Toxicol 2008;80:487-91.

Johnson MS, Vodela JK, Reddy G, Holladay SD. Fate and the
biochemical effects of 2,4,6-trinitrotoluene exposure to tiger
salamanders (Ambystoma tigrinum). Ecotoxicol Environ Saf
2000;46:186-91.

Sabbioni G, Jones CR, Sepai O, Hirvonen A, Norppa H,
Jarventaus H, et al. Biomarkers of exposure, effect, and
susceptibility in workers exposed to nitrotoluenes. Cancer
Epidemiol Biomarkers Prev 2006;15:559-66.

Zhang L, Huang M, Blair 1A, Penning TM. Detoxication of

114

23.

24.

25.

26.

27.

28.

Benzo[a]pyrene-7,8-dione by Sulfotransferases (SULTS) in
Human Lung Cells. J Biol Chem 2012;287:29909-20.
Cakmak A, Ekici A, Ekici M, Arslan M, Iteginli A, Kurtipek
E, et al. Respiratory findings in gun factory workers exposed
to solvents. Respir Med 2004;98:52-6.

Saygun M, Cakmak A, Ekici A, Pinar T, Bulcun E, Ulu N, et
al. Five annual observations of respiratory findings in gun
factory workers exposed to solvents. J Occup Environ Med
2007;49:909-12.

Vandenplas O, Delwiche JP, Staquet P, Jamart J, Bernard A,
Boulanger J, et al. Pulmonary effects of short-term exposure
to low levels of toluene diisocyanate in asymptomatic
subjects. Eur Respir J 1999;13:1144-50.

Pons F, Fischer A, Frossard N, Lugnier A. Effect of toluene
diisocyanate and its corresponding amines on viability and
growth of human lung fibroblasts in culture. Cell Biol Toxicol
1999;15:333-40.

Sahri M, Widajati N. Evaluation of Toluene Exposure in
Workers at Industrial Area of Sidoarjo, Indonesia by
Measurement of Urinary Hippuric Acid. Asia Pac J Med
Toxicol 2013;2:145-9.

Liu F, Li W, Pauluhn J, Tribel H, Wang C. Rat models of
acute lung injury: exhaled nitric oxide as a sensitive,
noninvasive real-time biomarker of prognosis and efficacy of
intervention. Toxicology 2013;310:104-14.


http://www.ncbi.nlm.nih.gov/pubmed?term=Vandenplas%20O%5BAuthor%5D&cauthor=true&cauthor_uid=10414418
http://www.ncbi.nlm.nih.gov/pubmed?term=Delwiche%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=10414418
http://www.ncbi.nlm.nih.gov/pubmed?term=Staquet%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10414418
http://www.ncbi.nlm.nih.gov/pubmed?term=Jamart%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10414418
http://www.ncbi.nlm.nih.gov/pubmed?term=Bernard%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10414418
http://www.ncbi.nlm.nih.gov/pubmed?term=Boulanger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10414418
http://www.ncbi.nlm.nih.gov/pubmed/10414418
http://www.ncbi.nlm.nih.gov/pubmed?term=Pons%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10813366
http://www.ncbi.nlm.nih.gov/pubmed?term=Fischer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10813366
http://www.ncbi.nlm.nih.gov/pubmed?term=Frossard%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10813366
http://www.ncbi.nlm.nih.gov/pubmed?term=Lugnier%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10813366
http://www.ncbi.nlm.nih.gov/pubmed/10813366
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23770417
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23770417
http://www.ncbi.nlm.nih.gov/pubmed?term=Pauluhn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23770417
http://www.ncbi.nlm.nih.gov/pubmed?term=Tr%C3%BCbel%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23770417
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23770417
http://www.ncbi.nlm.nih.gov/pubmed/23770417

