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ABSTRACT
Welding work is one of the pervasive industrial profession in Hyderabad,Telangana. Pin-sized
or no attention is usually focused at occupational health risk by local or state authorities in
Hyderabad. The present work was aimed at the assessment of DNA damage in welding workers
by Alkaline Comet Assay(Single cell gel electrophoresis) in blood lymphocytes. The results
revealed that there was statistically significant difference between the level of DNA damage in
blood lymphocytes of welders and control group (p < 0.05). In addition, the level of damage to
DNA in blood of subjects with long term exposure and old age is of serious concern. There is the
need to screen occupational activities that can pose serious health risks. The relative ignorance
of the welding workers about the health risks they are exposed to as well as the public should be
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INTRODUCTION
A worker spends a substantial part of their life
in their occupational work. Therefore, the
occupation greatly affects the lifestyle and
health of the worker. Occupational exposures
to various chemical agents in different
industries pose a major carcinogenic risk.
Previous reports emphasize on DNA damage
in occupationally exposed workers of different
industries"***. Welding is one of the key
components of numerous manufacturing
industries, which pose potential physical and

chemical health hazards. Welders are exposed
to a number of genotoxic metals, gases, fumes
and radiations. Approximately, 800,000 people
worldwide are occupationally exposed to
metal welding fumes, this increases the
generation of reactive oxygen species (ROS)
that damage the genetic material. Evidence
suggests that DNA damage (genotoxicity),
caused by welding-fumes, plays an important
role in the development of number of diseases,
which incidence is higher in the welder sub-
population compared to general population®®’.
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Effective biological survey of welding workers
is imperative to determine the genotoxicity and
carcinogenicity of exposure®®. Several studies
have reported that contamination by heavy
metals have induced chromosome/genome
mutations and DNA damage using the comet
assay'®'2 Most of the workshops are
situated either in open spaces or relatively
enclosed. As such, the fumes and the dusts are
released into the environment (atmosphere)
while the workers are exposed directly to most
of the metal dust/fume pollutants. The metal
fumes produced in the process of welding
composed of at least 13 kinds of metals,
including manganese (Mn), beryllium (Be),
cadmium (Cd), chromium (Cr) cobalt (Cu),
iron (Fe), lead (Pb), mercury (Hg),
molybdenum (Mo), nickel (Ni), zinc (Zn),
antimony (Sb), and vanadium (V). The
chemicals contained in these fumes and gases
depend on several factors including; type of
welding being performed, material of the
electrode, type of metal being welded,
presence of coatings on the metal, duration and
severity of exposure and ventilation®. In
addition, the workers only wear glasses to
prevent light sparkles from having contact
with their eyes and often wore hand gloves as
the only protective measure. It is very clear
that these workers are excessively and
persistently exposed to the contaminants
through their skin or accumulate in crevices of
the hands and perhaps from food and drink
contamination at the work premises. The aim
of the study was to assess the extent of DNA
damage in blood samples of workers in and
around  of balanagar area,  Hyderabad,
Telangana.

MATERIAL AND METHODS

Experimental design:

Welding workers (n = 200) were sampled
through random sampling from the industrial
area in and around of the balanagar,
Hyderabad, Telangana. The control group (n =
200) were selected randomly from the
population whose occupations have no relation
and history of exposure to welding fumes.
However, they were exposed to traffic
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pollution just like the welding workers but not
to welding fumes. Control groups do not differ
from welding workers in gender, age, smoking
and food habits™. All subjects were informed
of the objective of the study and their consent
was obtained. Selection of test subject, control
group and relevant biographical information.
Designing a questionnaire which provided
valuable information on age, health history,
food habits and working conditions of the
welding workers.

Blood samples collection:

Blood samples were collected from test
subjects in the morning around 7 and 8 am. 5
mL of blood samples were collected through
venipuncture. Samples were collected in a
green colour tube. The collection site on the
subject body was washed with soap and water,
followed by alcohol swab. Blood was
collected by venipuncture using a phlebotomy
needle. Tube was inverted about 8-10 times to
prevent clotting. Each specimen tube was
attached with an identification label.
Specimens were stored at 4eC"’.

Comet assay:

DNA damage was measured by comet assay in
exposed welding workers and control subjects
in the Hyderabad, Telangana. Comet assay
was performed according to Singh et al®®.
Briefly , with using lysing solution (2.5 mol
NaCl, 100 mM Na,EDTA, freshly added 1 %
Triton-X100 and 10 % DMSO ), electrophoresis
buffer (300 MM NaOH, 1 mM Na,EDTA pH 13.0,
4°C) and 0.6 % normal melting and low
melting agarose. Current for electrophoresis
was adjusted to 300 mA by raising or lowering
the buffer. The slides were stained by 20
ug/ml ethidium bromide. Cells were observed
at a magnification of 40, by a fluorescence
microscope with green light excitation and a
590 nm barrier filter. DNA damage was
calculated by randomly counting tailing DNA
in 50 cells/sample. Classification of comets
was five damage levels according to Tail
DNA%, including grade 0, 1, 2, 3 and 4. Grade
0 was defined as no DNA damage and grade 4
was the most serious DNA damage.
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Statistical analysis:
Statistical analysis was performed using SPSS
21 statistical software to know the DNA
damage was compared between welding
workers and control groups using independent
sample t-test. A p value < 0.05 considered as a
statistical significance.

RESULTS AND DISCUSSION
The present study focused on association of
socio economic and DNA damage in the
workers occupational health hazards in
unauthorized small-scale units. We found that
workers in welding industry were exposed to a
variety of work-related hazards though most of
them were using protective equipment.
Workers and employers were both unaware of
occupational and environmental health
hazards. Welding workers are more prone to
impaired  pulmonary  function,  chronic
bronchitis, interstitial lung disease, asthma,
lung cancer, eye burns, short- and long-term
injury to the skin, non-melanocytic skin
cancer®. A similar case study reported
frequent inhalation exposures to high
concentrations of fumes and gases during
welding, interest in potential health problems
has centered on respiratory effects, particularly
lung cancer, which could be caused by effect
of metals in stainless steel welding fumes?.
The type and amount of welding fumes and
respiratory symptoms depend on duration of
work, welding method, welding material,
ventilation  facilities  and respiratory
protection®.

The extent of DNA damage at various
age groups was shown in the Table 1 for the
welding workers and control groups. There
was a significant increase in the basal DNA
damage in the exposed welding workers when
compared to the control subjects. But
increasing with age, with in the groups of
experimental and control no much DNA
damage was observed and haemoglobin levels
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experimental subjects (Table2). This increase
could be explained mainly due to the presence
of different types of metals and other chemical
compounds present in welding fumes.
Addition to the age, studied the correlation
between smoking, alcoholic and food habits
like vegetarian and non vegetarians with DNA
damage. Food habits of vegetarian and non
vegetarian shows a significant DNA damage
in experimental group compare to control but
does not show any DNA damage in the within
the group of control and experimental ( Table
3) . Smoking and alcoholic habit also shows a
significant effect on the basal DNA damage in
the exposed group subjects compared to the
control group (Table 4 and Table 5) and not
much varies between t the smoking and non
smoking as well as alcohol and non alcohol .
The induction of DNA damage might be
because of exposure to welding fumes, which
consist of several heavy metals. The welding
workers were likely exposed to higher levels
of traffic air pollution than the control subjects
because welding workstations located in the
open area, so Comet effects reported here
could at least partly attributable to traffic
exposure in addition to welding fumes®’.
Aluminium and zinc metal which are present
in welding fumes might produce DNA strand
breaks via the oxidative stress induced by
metal-fume fever ***.Oxidized forms of
chromium, nickel”®*® and include lead®,
manganese®, cadmium®, cobalt** which also
are present in welding fumes, are genotoxic
and that could induce DNA damage. Previous
work explore that fumes from industrial
stainless steel welding processes also
increased chromosomal aberrations in few
welders®.However, there was a significant
DNA damage levels were observed between
control and experimental welding workers and
there was no correlation were observed in the
food habits smoking and alcoholic with DNA
damage in all groups of experimental and
control subjects.

Table 1: Level and extent of DNA damage among the various age groups of the experimental ( welding workers )
and control subjects. Data expressed as Mean +SD. (*) Indicates a statistically significant from the Controls (P < 0.05)

Group Age DNA damage Age DNA damage
(25-34Yrs) (35-45YTrs)
Control 31.52 £2.07 2.67+0.82 39.84 £2.91 2.84+1.25
Experimental 31.15+2.28 5.83+1.07* 39.06 £ 1.95 5.89 +1.04*
Copyright © March-April, 2018; IJPAB 198
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Table 2: Level of DNA damage and Haemoglobin levels in experimental and controls subjects. Data
expressed as Mean £SD. (*) Indicates a statistically significant from the Controls (P < 0.05)
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Group Haemoglobin DNA damage
(mg/dL)
Control 13.93+2.01 2.54+0.92
Experimental 1410+ 2.17 590 +1.13*

Table 3: Level of DNA damage among different food habits of welding workers and Control subjects.
Data expressed as Mean £SD. (*) Indicates a statistically significant from the Controls (P < 0.05)

DNA damage ( abitrary units)

Group Control Experimental
Vegetarian 253+0.94 5.65 + 1.06*
Non Vegetarian 2.54+£0.89 5.99 +1.04*

Table 4: Level of DNA damage in the Smoking and Non- smoking in experimental and controls
subjects. Data expressed as Mean =SD. (*) Indicates a statistically significant from the Controls (P < 0.05)

DNA damage ( abitrary units)

Group Control Experimental
Smokers 2.37x0.71 6.16 £ 0.96*
Non Smokers 2.74+0.71 5.80+1.18*

Table 5: Level of DNA damage in Alcohol and Non-alcohol of welding workers and Control. Data
expressed as Mean £SD. (*) Indicates a statistically significant from the Controls (P < 0.05)

DNA damage ( abitrary units)
Group Control Experimental
Alcohol 2.30+0.80 5.98+1.01*
Non Alcohol 2.53+0.90 5.92 +1.0*
CONCLUSION textile industry workers. Journal of

Based on the present study, it was concluded

that exposed welding workers have significant

level of DNA damage. The age of the welding
worker had affected the extent of
damage.Hence, to identify the susceptible
workers in due time and to improve the work
efficiency, preventive measures are needed to
reduce the risk of welding fumes in industrial
workers.

REFERENCES

1. Singh, Z. and Chadha, P., Health concerns
in welding industry. International Journal
of Enhanced Research in Science
Technology and Engineering 2(1): 1-5
(2013a).

2. Singh, Z. and Chadha, P. Oxidative stress
assessment among iron industry grinders.
Biochemical and Cellular Archives 12(1):
65-68 (2013b).

3. Singh, Z. and Chadha, P., Assessment of
genotoxic effect of fibre dust among

Copyright © March-April, 2018; IJPAB

Environmental Science and Sustainability
1(3): 81-84 (2013c).

Singh, Z. and Chadha, P., DNA damage
due to inhalation of complex metal
particulates among foundry workers.
Advances in Environmental Biology 8(15):
225-230 (2014).

Antonini, J.M., Health effects of welding.
Crit Rev Toxicol 33: 61-103. Accessed 31
December 2014 (2003).

Sjogren, B., Hansen, K.S., Kjuus, H.,
Persson, P.G., Exposure to stainless steel
welding fumes and lung cancer: a meta-
analysis. Occup Environ Med 51: 335-336
(1994).

Ambroise, D., Wild, P., Moulin J-J Update
of a meta-analysis on lung cancer and
welding.Scand J Work Environ Health 32:
22-31. Accessed 31 December 2014
(2006).

199



Lakkaraju et al

8.

10.

11.

12.

13.

14.

15.

16.

Danadevi, K., Rozati, R., Banu, B.S., Rao,
P.H. and Grover, P., DNA damage in
workers exposed to lead using comet assay
Toxicology, 187: 183-193 (2003).
Danadevi, K., Rozati, R., Banu, B.S. and
Grover, P., Genotoxic evaluation of
welders  occupationally  exposed to
chromium and nickel using the comet and
micronucleus assays Mutagenesis, 19: 35—
41 (2004).

Goulart, M., Batoreu, M.C., Rodrigues,
AS, Laires, A., Rueff, J,
Lipoperoxydation products and thiol
antioxidants in  chromium  exposed
workers  Mutagenesis, 20: 311-315
(2005).

Mateuca, R., Aka, P.V., De Boeck, M.,
Hauspie, R., KirschVolders, M. and Lison,
D., Influence of hOGG1 XRCC1l and
XRCC3 genotypes on biomarkers of
genotoxicity in workers exposed to cobalt
or hard metal dusts Toxicol. Lett., 156:
277-288 (2005).

J. Palus, K. Rydzynski, E. Dziubaltowska,
K. Wyszynska, A.T. Natarajan, R. Nilsson
Genotoxic  effects of  occupational
exposure to lead and cadmium Mutat.
Res., 540: 19-28 (2003).

OSHA, Welding fumes (Total particulate)
[Web page on the internet], in:Chemical
Sampling Information, 1995 (cited 2009

June 24).
ELCOSH, Electronic library of
construction  occupational safety and

health), in:Hazard Alert: Welding Fumes
and Gases (Web Page on the Internet),
2009 (cited 2009 June 24).

Botta, C., larmarcovai, G., Chaspoul, F.,
Sari-Minodier, 1., Pompili, J., Orsiére, T.,
Bergé-Lefranc, J.L., Botta, A., Gallice, P.
and De Méo, M., Assessment of
occupational exposure to welding fumes
by inductively coupled plasma-Mass
spectroscopyand by the alkaline comet
assay, Environ. Mol. Mutagen. 47: 284—
295 (2006).

Tielemans, E., Heederik, D., Burdorf, A.,
Vermeulen, R., Veulemans, H. and
Kromhout, H., Assessment of occupational

Copyright © March-April, 2018; IJPAB

Int. J. Pure App. Biosci. 6 (2): 196-201 (2018)

17.

18.

19.

20.

21.

22.

23.

24,

25.

ISSN: 2320 — 7051
exposures in a general population:
comparison of different methods, Occup.
Environ. Med. 56: 145-151 (1999).
Associated Regional and University
Pathologists Laboratories, Trace Elements
Specimen Collection Guide, Associated
Regional and University Pathologists
Laboratories, 2011, December 2011.
Singh, N.P., McCoy, M.T., Tice, R.R. and
Schneider, E.L., A simple technique for
guantitation of low levels of DNA damage
in individual cells, Ex. Cell Res. 175: 184—
191 (1988).

De Meo, M., Laget, M., Castegnaro, M.
and Dumenil, G., Genotoxic activity
ofpotassium permanganate in acidic
solutions, Mutat. Res. 260: 295-306
(1988).

Sultan, A., Meo. & Thamir, Al-Khlaiwi,
Occupational risk of welding fumes. Saudi
Medical Journal: 24(11): 1176-82 (2003).
Stern, R.M., Berlin, A., Fletcher, A.,
Hemminki, K., Jarvisalo, J. and Peto, J.,
International Conference on health hazards
and biological effects of welding fumes
and gases.Int Arch Occup Environ Health
57: 237-246 (1986).

Ma, M., Li, S., Jin, H., Zhang, Y., Xu, J.,
Chen, D., Kuimin, C., Yuan, Z. and Xiao,
C., Characteristics and oxidative stress on
rats and traffic policemen of ambientfine
particulate matter from Shenyang, Sci.
Total Environ. 526: 110-115 (2015).
Antonini, J.M., A.B. Lewis, J.R. Roberts,
D.A.  Whaley, Pulmonary effects
ofwelding fumes: review of worker and
experimental animal studies, Am. J.
Ind.Med. 43: 350-360 (2003).

Banasik, A., Lankoff, A., Piskulak, A.,
Adamowska, K., Lisowska, H. and

Wojcik, A., Aluminium-induced
micronuclei and apoptosis in human
peripheral-bloodlymphocytes treated

during different phases of the cell cycle,
Environ.Toxicol. 20: 402406 (2005).

Borska, L., Fiala, Z., Smejkalova, J. and
Tejral, J., Health risk of occupational
exposurein  welding  processes. .

200



Lakkaraju et al

26.

27.

28.

29.

Genotoxic risk, ActaMedica (Hradec
Karlove) 46: 25-29 (2003).

Lillienberg, L., Zock, J.P., Kromhout, H.,
Plana, E., Jarvis, D., Toren, K. and
Kogevinas, M., A Population-Based Study
on Welding Exposures at Work and
Respiratory Symptoms. Ann. Occup. Hyg.
52(2): 107-115 (2008).

Ma, M., Li, S., Jin, H., Zhang, Y., Xu, J.,
Chen, D., Kuimin, C., Yuan, Z. and Xiao,
C., Characteristics and oxidative stress on
rats and traffic policemen of ambientfine
particulate matter from Shenyang, Sci.
Total Environ. 526: 110-115 (2015).
Antonini, J.M., Lewis, A.B., Roberts, J.R.
and Whaley, D.A., Pulmonary effects
ofwelding fumes: review of worker and
experimental animal studies, Am. J.
Ind.Med. 43: 350-360 (2003).

Kasprzak, K.S., Sunderman, F.W. and
Salnikow, K., Nickel carcinogenesis,
Mutat.Res.533: 67-97 (2003).

Copyright © March-April, 2018; IJPAB

Int. J. Pure App. Biosci. 6 (2): 196-201 (2018)
30.

31.

32.

33.

34.

ISSN: 2320 — 7051
O’Brien, T.J., Ceryak, S. and Patierno,
S.R., Complexities of  chromium
carcinogenesis: role of cellular response,
repair and recovery mechanisms, Mutat.
Res. 533: 3-36 (2003).

Silbergeld, E.K., Facilitative mechanisms
of lead as a carcinogen, Mutat. Res.533:
121-133 (2003).

Gerber, G.B., Leonard, A. and Hantson,
P., Carcinogenicity, mutagenicity and
teratogenicity of manganese compounds,
Crit. Rev. Oncol. Hematol. 42: 25-34
(2002).

Waisberg, M., Joseph, P., Hale, B. and
Beyersmann, D., Molecular and cellular
mechanisms of cadmium carcinogenesis,
Toxicology 192: 95-117 (2003).

De Boeck, M. and Kirsch-Volders, D. and
Lison, D., Cobalt and antimony:
genotoxicityand carcinogenicity, Mutat.
Res. 533: 135-152 (2003).

201



