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ABSTRACT: Workers engaged in tyre retreading face the possibility of occupational
exposure to benzene and toluene as these are used as solvents and glue. Exposure to these
solvents in other industries has been aptly described in several reports. Considering important
from public health point of view, a study on biological monitoring of benzene and toluene
exposure in tyre retreaders was performed Urine samples were analyzed for the metabolites of
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benzene and toluene viz. phenol and hippuric acid respectively. The information like smoking,
alcohol intake, age and duration of job was sought after personal interviews. Results showed,
that population of smokers excreted less phenol but high hippuric acid in comparison to non
smokers. Alcohol intake inhibited the metabolism of benzene and toluene. Excretion of phenol
and hippuric acid was lower in alcoholics than non alcoholics. Age also affected the excretion
of phenol. It was found to be lowest in the age group of 30-40 years. Excretion of phenol was
lowest in workers having the work experience of 16-20 years, whereas, excretion of hippuric
acid was lowest in workers having the experience of 6-10 years. These observations
confirmed that tyre retreaders are exposed to benzene and toluene through their work

environment.
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INTRODUCTION: Benzene and toluene have
been used in various industries as glues or Solvents
all over the world. The main risk to the health of
workers is from inhalation of organic solvents in
the form of vapour or aerosol. At apparent steady
state, 30% to 65% of inhaled benzene enters
systemic circulation *. Skin absorption of liquid
benzene is significant 2. Since 1981, a preparation
containing more than 1% benzene is not allowed to
be manufactured, used or dealt with in the
workplace, except in laboratories and in those
situations benzene must be used in a completely
sealed process as specified in Industrial Safety and
Health Act (ISHA).
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The carcinogenicity of benzene was well known in
human studies, since it caused acute myelocytic
leukemia in 1920s 2. Cases of hematopoietic cancer
have been reported in shoe manufacturing factories
in Italy and Turkey * °. Development of suitable
biomarkers can be of great help in molecular
epidemiology of benzene exposed workers °.

Toluene is highly soluble in blood and fat. The
major route of absorption is through inhalation and
skin absorption. The recommended threshold limit
value time weighted average (TLV-TWA) of
50ppm of toluene is based on preventing such
effects . The most important health concern for
human from exposure to toluene is harmful effect
on nervous system. Toluene causes an increased
tendency to sleep, frequent headache, eye irritation
and memory impairment in human ; cerebral and
hippocampal atrophy as well as a loss in brain
volume 1%, The effect of toluene are dependent on
both the amount and duration of exposure. Painters,
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glue sniffers and shoe makers are also exposed to
toluene.

Biological monitoring of human exposure to
benzene and toluene has been performed as a
component of health surveillance programs in
several countries % Cases with disabilities
attributed to solvent exposure have been intensively
studied and solvent induced changes described in
previous studies '*%°. Urinary excretion of
unmodified solvents is a highly sensitive and
specific exposure index, and can also be applied for
the biological monitoring of occupational exposure
to solvents or to solvent mixtures %*. Decharat
(2014) determined the hippuric acid level in urine
samples of paint workers at steel furniture industry
in Thailand % An extensive study to identify
workers' exposure to hazardous substances in
various tire manufacturing processes was made by
Lee et al. * in Korea. Present study was undertaken
to record exposure to benzene and toluene in a
population of tyre retreaders employing specific
parameters of biological monitoring. This study
will be helpful in developing preventive measures
against exposure of organic solvents in industrial
workers.

MATERIALS AND METHODS: A large number
of Workers were found engaged in tyre retreading
industry in Northern India. Tyre retreaders, from
different areas of Meerut city were registered and
information like age, work experience, smoking
habit, alcohol consumption, and overall health
conditions were sought after personal interviews.
Healthy persons who had never been
occupationally exposed to benzene and toluene,
and living in clean surroundings were selected as
controls. During the survey, urine samples were
collected in white sterile bottles from all subjects at
the end of work shift. These samples were
transported in liquid nitrogen container (Inox India
Ltd., India) to the laboratory and stored at -20°C till
analyses. At room temperature the samples were
processed for the determination of specific gravity,
creatinine, phenol and hippuric acid applying
following methods.

Specific gravity:
Specific gravity of urine samples was determined
by a urinometer (Atago Company Ltd. Tokyo,
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Japan). Urine samples having specific gravity
between 1.010-1.040 were selected for further
analysis.

Creatinine:

Creatinine was determined by alkaline picrate
method ?* using a commercial kit supplied by Span
Diagnostics Ltd., India. The absorbance was
recorded at 520 nm by using Systronics visual
spectrophotometer (Ahmedabad, India).

Phenol:

Phenol, metabolite of benzene was estimated
following the amino-antipyrine method of Dannis
2% Ppure liquid phenol (Central Drug House Pvt.
Ltd.,, Mumbai) was wused as standard. The
absorbance was recorded at 510 nm.

Hippuric acid:

Hippuric acid in the urine samples was determined
by applying the method of Ogata and Hobara %,
using para-dimethyl amino-benzaldehyde in
pyridine as the extraction medium. The absorbance
was recorded at 440 nm.

Statistical analyses:

All results were expressed as mean + SE. Statistical
gignificance (p) was calculated by Student’s “t”-test
7

RESULTS: According to World Health
Organization, Occupational Safety and Health
Assessment and American  Conference of
Governmental Industrial Hygienists, the specific
gravity of urine samples is the first observation to
be made in health risk assessment of human
subjects exposed to different occupational agents.
In this study specific gravity of urine was higher in
smokers compared to non-smoking population of
tyre retreaders (Table 1). Specific gravity of urine
samples of non-alcoholics was higher than
alcoholic population (Table 1). Tyre retreaders, in
age group of 10-20 and 41-50 years showed higher
values of specific gravity of urine in comparison to
age group of 21-40 years (Table 2). Higher specific
gravity values were found in tyre retreaders having
work experience of 16-20 and 1-5 years, followed
by the subjects having work experience of 11-15
and 6-10 years (Table 3). Specific gravity of urine
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sample of all tyre retreaders was significantly
(p<0.05) higher than the control subjects.

For any observation dealing with kidney function
or excretion of the toxin, it becomes mandatory to
determine creatinine. Creatinine excretion was five
times higher in tyre retreaders compared to healthy
subjects; It clearly indicated the effect of
compounds, used in tyre retreading, on kidney
function. All the tyre retreaders showed
significantly higher creatinine values than the
control subjects. It was higher in non-smoker and
non-alcoholic population of tyre retreaders in
comparison to smokers and alcoholics (Fig. 1 and
2). Urinary excretion of creatinine was lowest in
tyre retreaders of age group 31-40 years (Fig. 3).
Work experience of 1-20 years showed significant
differences in creatinine values. It increased
initially from 1-5 years, decreased in the subjects
having work experience of 6-10 years, again
increased in subjects having work experience of
16-20 years (Fig. 4).

Phenol is a metabolite of benzene. It is used as a
reliable marker of benzene exposure among the
industrial workers. 1t was found Significantly
(p<0.05) higher in tyre retreaders as compare to
control subjects. It was higher in non-smokers and
non-alcoholics in comparison to smokers and
alcoholics (Fig. 1 and 2). Significant differences
were observed among different age groups. It was
higher in subjects ranging between 10-20 years
whereas the values of phenol decreased in age
group of 21-50 years (Fig. 3). Work experience
again was found to be effective, determining the
toxicity of benzene in tyre retreaders. Values were
found to be higher in workers initially exposed to
benzene through tyre retreading (Fig. 4).

Hippuric acid is a metabolite of toluene. It is used
as a reliable marker of exposure to toluene. Values
of hippuric acid in tyre retreaders were
significantly increased (p<0.05) than the control
subjects. It was found to be higher in smokers and
non-alcoholics in comparison to non-smokers and
alcoholics (Fig. 1 and 2). The age also affected the
excretion of hippuric acid. It was found to be
higher in subjects having age of 41-50 years (Fig.
3). Work experience also determined the excretion
of hippuric acid. It was found to be higher in tyre
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retreaders having an work experience of 16-20
years. The minimum values were observed in work
group having experience of 6-10 years (Fig. 4).

TABLE 1: SPECIFIC GRAVITY OF URINE SAMPLES

WITH REFERENCE TO SMOKING AND ALCOHOL
CONSUMPTION

Group Specific gravity
Smokers 1.028 £ 0.002*
Non-smokers 1.027 £ 0.002*
Alcoholics 1.021 £ 0.001*
Non-alcoholics 1.032 £ 0.0009*
Controls 1.012 + 0.0006

Results are expressed as mean = SE (n=5). *values are
significantly different from controls. p<0.05

Controls

msmokers

1400 * - M Mon-smokers

Creatinine Phenol Hippuric acid
FIG. 1: CREATININE, PHENOL AND HIPPURIC ACID IN
URINE SAMPLES OF TYRE RETREADERS WITH
REFERENCE TO SMOKING. ASTERISK (*) REPRESENTS
SIGNIFICANT DIFFERENCES FROM CONTROL. (p<0.05)

TABLE 2: SPECIFIC GRAVITY OF URINE SAMPLES

WITH REFERENCE TO AGE OF TYRE
RETREADERS
Age group Specific gravity
10-20 years 1.026 + 0.002*
21-30 years 1.020 + 0.003*
31-40 years 1.021 + 0.003*
41-50 years 1.026 + 0.001*
Controls 1.012 + 0.0006

Results are expressed as mean + SE (n=5). *values are
significantly different from controls. p<0.05

16500
Controls

- m Alcohalics

M MNon-alcoholics
1400 -

1200

1000 -

mgfL
(]

Creatinine Fhenol Hippuric acid

FIG. 2: CREATININE, PHENOL AND HIPPURIC ACID IN
URINE SAMPLES OF TYRE RETREADERS WITH
REFERENCE TO ALCOHOL CONSUMPTION. ASTERISK
(*) REPRESENTS SIGNIFICANT DIFFERENCES FROM

CONTROL. (p<0.05)
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TABLE 3: SPECIFIC GRAVITY OF URINE SAMPLES
WITH REFERENCE TO WORK EXPERIENCE OF
TYRE RETREADERS

Work experience Specific gravity
1-5 years 1.029 + 0.001*
6-10 years 1.022 £ 0.002*
11-15 years 1.018 + 0.001*
16-20 years 1.031 + 0.002*
Controls 1.012 + 0.0006

Results are expressed as mean + SE (n=5). *values are
significantly different from controls. p<0.05

1500 7 W 10-20years W 21-30vears 31-40vears

1400 A + W41-S50years controls

1200 -
1000 -
=
= 800 -
E
500 -
BN

200

Fhenol

Creatinine Hippuric acid

FIG. 3: CREATININE, PHENOL AND HIPPURIC ACID IN
URINE SAMPLES OF TYRE RETREADERS WITH
REFERENCE TO AGE. ASTERISK (*) REPRESENTS
SIGNIFICANT DIFFERENCES FROM CONTROL. (p<0.05)

W 1-Syears WE-10years 11-15years

2000 -

controls

1200 r W 16-20years
1600
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=
= 1000
E
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&00
400

200

Creatinine Phenal Hippuric acid

FIG. 4: CREATININE, PHENOL AND HIPPURIC ACID IN
URINE SAMPLES OF TYRE RETREADERS WITH
REFERENCE TO WORK EXPERIENCE. ASTERISK (*)
REPRESENTS SIGNIFICANT DIFFERENCES FROM
CONTROL. (p<0.05)

DISCUSSION: Investigations were made to find
out the exposure to benzene, if any, in tyre
retreaders. High values of phenol in urine samples
indicate that these workers are facing the problem
of occupational exposure to benzene. Exposure to
benzene in workplaces can occur mainly via
inhalation and dermal absorption. Almost one-third
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of retained benzene is excreted rapidly in urine as
conjugate phenol and dihydroxy phenol 222°,

Oral exposure can occur from accidental or
intentional consumption of benzene containing
products. Benzene can be irritating to mucous
membrane; acute exposure to high concentration
can produce pulmonary irritation and edema,
dermatitis and gastro-intestinal irritation in tyre
retreaders. Exposures to benzene can cause
symptoms typical to organic solvent toxicity.
Symptoms may progress from exposure euphoria,
headache, vertigo, depression, confusion, seizures
and the respiratory failure in severe exposures.
There are chances that chronic exposure to benzene
and toluene in tyre workers may lead to serious
health problems. Several factors may affect the
toxicity of benzene and toluene. These include
exposure to other xenobiotics, diet, age, sex and
genetics, etc.

Toluene is used as a precursor in the production of
polyurethane polyamide and simple polymer of
isocyanates including foams. It is highly volatile
compound with poor olfactory warning properties.
Exposure to toluene may cause skin irritation ¥,
pulmonary irritation, bronchitis and pulmonary
edema. Both acute and chronic exposures to
toluene are related with central nervous system
(CNS) alterations such as fatigue, confusion and in-
coordination. At 200-400ppm concentration of
toluene, headache, nausea, eye irritation, loss of
aptitude, bad taste, lassitude and in-coordination
are reported with long term exposure with long
term exposure. Blood abnormalities, cytochrome
disorders, change in lens of eye, immune system,
and renal problems have also been observed in
industrial workers. No such report is available in
tyre workers in India. Our results showed that
workers in this industry are facing problems related
to toluene exposure.

No gender-specific study was conducted as no
female worker was found to be engaged in tyre
retreading business. However, among the male
workers, effects of smoking, alcohol consumption,
age and work experience was observed. Smokers
excreted less phenol but high hippuric acid
compared to non-smokers. Similarly, consumption
of alcohol inhibited the metabolism of benzene and
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toluene. Excretion of both phenol and hippuric acid
were lower in alcoholics than non-alcoholics.
Although the activities of liver drug metabolizing
enzymes is increased by chronic alcohol
administration .

Phenol excretion was lowest in the age group of
30-40 years whereas, excretion of hippuric acid in
age group of 20-30 years. Work experience or total
exposure duration to benzene and toluene also
affected the excretion of phenol and hippuric acid.
Excretion of phenol was lowest in workers having
experience of 16-20 years whereas, lowest hippuric
acid was found in 6-10 year group. This suggested
that the relation of exposure duration to
performance is also remarkable. Although, results
do not suggested any widespread subclinical
change resulting from occupational exposure to
either benzene or toluene used in tyre retreading
process. All these observations showed that in
addition to styrene, ethyl butadiene etc., the tyre
retreaders also suffered the problem of exposure to
benzene and toluene.

CONCLUSION: In this study, results indicated
that smoking, alcohol consumption, age and period
of exposure to chemicals used in tyre retreading
determine the toxicity of benzene and toluene.
Present result confirmed the exposure to benzene
and toluene in the tyre retreaders. Tyre retreaders
are directly exposed to these solvents through their
work environment, thus it is mandatory to aware
them about the safety measures and protective
devices.

ACKNOWLEDGEMENTS: Authors are thankful
to the members of Toxicology Laboratory,
Department of Zoology, Ch. Charan Singh
University, Meerut for their healthy support,
cooperation and for providing necessary facilities
during the study.

REFERENCES:

1. Teisinger J, Fiserova-Bergerova V and Kudrna J: The
metabolism of benzene in man. Pracovni Lekarstvi 1952;
4:175-188. (in Czech)

2. Hanke J, Dutkiewich T and Piotrowski J: Absorption of
benzene Through the Skin in Man. Medycyna pracy 1961;
12: 413-426. (in polish)

3. International Agency for Research on Cancer: IARC
monographs on the evaluation of the carcinogenic risk of
chemicals to humans. Some industrial chemicals and
dyestuffs. WHO IARC Lyon France 1982; pp 94-148.

International Journal of Pharmaceutical Sciences and Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Aksoy M, Erdem S and DinCol G: Leukemia in shoe-
workers exposed chronically to benzene. Blood 1974; 44:
837-841.

Vigliani EC, Saita G: Benzene and leukemia. The New
England Journal of Medicine 1964; 271: 872- 876.
American  Conference of Governmental Industrial
Hygienists (ACGIH): Threshold Limit Values and
Biological Exposure Indices. American Conference of
Governmental Industrial Hygienists, Cincinnati, OH 1998.
Smith MT and Rothman N: Biomarkers in the molecular
epidemiology of benzene exposed workers. Journal of
Toxicology and Environmental Health 2000; 61, 439-446.
Echeverria D, Fine L, Langolf G, Schork T and Sampaio
C: Acute behavioural comparisons of toluene and ethanol
in human subjects. British Journal of Industrial Medicine
1991, 48: 750-761.

Deleu D and Hanssens Y: Cerebellar dysfunction in
chronic toluene abuse: beneficial response to amantadine
hydrochloride. Journal of Toxicology - Clinical
Toxicology 2000; 38: 37-41.

Kamran S and Bakshi R: MRI in chronic toluene abuse:
low signal in the cerebral cortex on T2-weighted images.
Neuroradiology 1998; 40: 519-521.

Baselt RC: Biological monitoring methods for industrial
chemicals. Davis CA: Biomedical Publications 1980.

Inoue O, Seiji K, Nakatsuka H, Kasahara M, Watanabe T,
Lee BK, Lee SH, Lee KM, Cho KS and lkeda M:
Relationship between exposure to toluene and excretion of
urinary metabolites in Korean female solvent workers.
Industrial Health 1988; 26: 147-152.

Sherwrod RJ: Benzene: The interpretation of monitoring
results. Annals of Occupational Hygiene 1972; 15: 409-
421.

Walkley JE, Pagnotto LD and Elkins HB: The
measurement of phenol in urine as an index of benzene
exposure. American Industrial Hygiene Association
Journal 1961; 22: 362-367.

Jiao J, Zheng T, Lan Q, Chen Y, Deng Q, Bi X, et al:
Occupational Solvent Exposure, Genetic Variation of
DNA Repair Genes, and Risk of Non-Hodgkin
Lymphoma. European journal of cancer prevention: the
official journal of the European Cancer Prevention
Organisation (ECP) 2012; 21(6): 580.

Attarchi M, Golabadi M, Labbafinejad, Y and
Mohammadi S: Combined effects of exposure to
occupational noise and mixed organic solvents on blood
pressure in car manufacturing company
workers. American Journal of Industrial Medicine
2013; 56(2): 243-251.

Fuente A, McPherson B and Hickson L: Auditory
dysfunction associated with solvent exposure. BMC public
health 2013; 13(1): 39. doi:10.1186/1471-2458-13-39
Vlaanderen J, Straif K, Pukkala E, Kauppinen T,
Kyyrénen P, Martinsen JI et al: Occupational exposure to
trichloroethylene and perchloroethylene and the risk of
lymphoma, liver, and kidney cancer in four Nordic
countries. Occupational and Environmental Medicine
2013; 70(6): 393-401.

Talibov M, Lehtinen-Jacks S, Martinsen JI, Kjerheim K,
Lynge E, Sparén P et al: Occupational exposure to solvents
and acute myeloid leukemia: a population-based, case-
control study in four Nordic countries. Scandinavian
Journal of Work, Environment & Health 2014 40(5):511-
517.

Juérez-Pérez CA, Torres-Valenzuela A, Haro-Garcia LC,
Borja-Aburto V H and Aguilar-Madrid G: Ototoxicity
effects of low exposure to solvent mixture among paint

2862



Singh et al., IJPSR, 2015; Vol. 6(7): 2858-2863.

21.

22.

23.

24.

25.

26.

manufacturing workers. International Journal of Audiology
Gobbaa F, Ghittorib S, Imbriani M, Maestrib L,
Capodaglio E and Cavallerid A: The urinary excretion of
solvents and gases for the biological monitoring of
occupational exposure: a review. Science of the Total
Environment 1997; 199: 3-12.

Decharat S: Hippuric acid levels in paint workers at steel
furniture manufacturers in Thailand 2014 Safety and
Health at Work; 5(4): 227-33

Lee N, Lee BK, Jeong S, Yi GY and Shin J: Work
environments and exposure to hazardous substances in
Korean tire manufacturing. Safety and Health at Work
2012 3(2), 130-139.

Toro G and Ackerman PG: Practical Clinical Chemistry.
Boston: Little Brown and company 1975; p 154.

Dannis M: Determination of phenol by the amino-
antipyrine method. Sewage and Industrial Wastes1951; 23:
1516.

Ogata M and Hobara TA: New direct method for
colorimetric determination of hippuric acid and methyl-
hippuric acid as indices of toluene and m-xylenes and its

27.

28.

29.

30.

31.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

2014; 53(6): 370-376.

application to workers using thinner. Industrial Health
1979; 17: 61-72.

Fisher RA: Statistical methods for research workers. 2nd
edn, London: Oliver and Boyd 1950.

Hunter CG and Blair D: Benzene: Pharmacokinetic studies
in man. Annals of Occupational Hygiene 1972; 15: 193-
199.

Teisinger J and Fiserova-Bergerova V: Valeur compare de
le Determination des sulphates et du phenol contenus dens
I'urine pour | evaluation dela concentration du benzene
dans D’air. Archives des Maladies Professionelles 1955;
16: 221-232.

Saito A, Tanaka H, Usuda H, Shibata T, Higashi S,
Yamashita H, Inagaki N and Nagai H: Characterization of
skin inflammation induced by repeated exposure of
toluene, xylene, and formaldehyde in mice. Environmental
Toxicology 2011; 26(3): 224-232.

Strubelt O, Obermeier F and Siegers CP: The influence of
ethanol pretreatment on the effects of nine hepatotoxic
agents. Acta Pharmacologica et Toxicologica 1978; 43:
211-218.

How to cite this article:
Singh SP, Singh G, Verma Y and Rana SVS: Biological Monitoring of Exposure to Benzene and Toluene in Tyre Retreaders. Int J Pharm

Sci Res 2015; 6(7): 2858-63.doi: 10.13040/1JPSR.0975-8232.6(7).2858-63.

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

2863




