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Abstract

Background and aims: Exposure to manganese fume in the welding process
leads to adverse neurological effects on the health of welders. The aim of
the present study was to investigate the relationship between biomarkers of
manganese exposure and compare the frequency of these symptoms with
unexposed group.

Methods: 35 welders as exposed group, and 40 administrative workers as
unexposed controls, were participated in this study. Neurobehavioral symptoms
data were gathered using Q16 questionnaire. Manganese concentrations were
determined according to the NIOSH 7301 method. The concentration of
manganese in blood of the welders was also measured by ICP-OES. Statistical
analysis was performed by using MINITAB 17 software at the significant level
of 0.05.

Results: The mean exposure to air manganese was 0.45 + 0.08 mg/m’.
Manganese concentrations in blood samples of welders (0.16+0.02 ug.ml?)
were significantly higher than unexposed workers (0.04+£0.002 pg.ml™).
In addition, the frequency of neurobehavioral symptoms of welders was
significantly higher compared to unexposed workers (P <0.05). The correlation
between neurobehavioral symptoms and blood manganese was significant for
welders (P <0.05, r=0.4). As a result, by increasing the concentration of blood
manganese levels, the neurobehavioral symptoms were also increased.

Conclusion: Due to the high level of exposure to manganese in welding fume
for welders and in order to prevent neurobehavioral symptoms, preventive
measures such as engineering and management control techniques are
recommended to reduce exposure.
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EXTENDED ABSTRACT

INTRODUCTION

Welding is a typical method of joining met-
als using heat or an electric arc. As electricity
passes from one electrical conductor to another,
electric arc welding joins metals and alloys that
have been softened or melted by extreme heat.
Temperatures in the arc can reach 12,000°C,
heating both the base metal piece and a filler
metal that comes from a consumable electrode
that is continuously fed in to the weld Welding
operations generate gaseous and aerosol by-
products made up of a diverse range of metals.
The Fumes produced during welding are one of
the most hazardous factors to a welder’s health.
Fumes are solid particles formed by the density
of gases after melt materials are sublimated. The
main component of welding fume is iron oxide
but metal particulates commonly found in weld-
ing fume include manganese, chromium, nickel,
lead, copper, molybdenum, cobalt, cadmium
and aluminum. Most studies on welding fumes
have reported adverse respiratory effects such as
stimulation of airways, decreased rhythmic per-
formance, asthma, bronchitis, pneumoconiosis
or cancers. However, there is little information
on the non-respiratory effects of welding fumes,
especially neurological effects. . The OSHA has a
permissible exposure limit (PEL) for air which is
5 milligrams per cubic meter (mg/m?®). This is a
ceiling or instantaneous value that should never
be exceeded. The standard has been applied since
the original OSHAct and was based on the 1969
Threshold Limit Values (TLV) from the Ameri-
can Conference of Governmental Industrial Hy-
gienist (ACGIH). This value is considered out-
dated and not protective, not just because of its
age, but also based on other OEL and findings re-
lated to the health effects. Moreover, ACGIH has
two TLVs for manganese, both of which are time-
weighted averages (TWA) unlike OSHA’ ceiling
value. The TLV for respirable manganese fume is
0.02 mg/m’ and the TLV for inhalable standard
is 0.1 mg/m®. The respirable fraction of airborne
particulates is those that penetrate the deepest
parts of the lung or what’s known as the gas-
exchange region where there are fewer defense.
Inhalable particulate matter is hazardous when
deposited in any portion of the lung and have
an aerodynamic diameter less than 100 microns.
Manganese is an essential component in the steel
welding process, which increased metal strength
and prevents steel removal in the production pro-
cess. Although Manganese is an essential element
for the body, but in high dose it can cause neu-

rological effects on the central nervous system
(CNS) and nerve disorders such as Parkinson’s.
Reports of adverse effects resulting from man-
ganese exposure in humans are associated pri-
marily with inhalation in occupational settings.
Inhaled manganese is often transported directly
to the brain before it is metabolized by the liver.
The symptoms of manganese toxicity may appear
slowly over months and years exposure to high
level of manganese. Long-term occupational ex-
posure to manganese (Mn) can result in a “spe-
cific clinical central nervous system syndrome”
called manganism, a severe neurological disor-
der characterized by movement disturbances. As
the disease progresses, a number of other neu-
rological signs may become manifest. Although
not all individuals develop identical signs, the
most common signs are a slow and clumsy gait,
speech disturbances, a masklike face and trem-
ors. As the disease progresses, patients develop
severe muscle tension and rigidity and may be
completely and permanently disabled. It should
be noted that manganese can affect respiratory,
liver, reproduction and cardiovascular systems.
Neural symptoms due to exposure to high level
of manganese include reducing response rate, ir-
ritability, mental problems, mood changes and
irreversible neurological disorders in prolonged
exposure. Fumes containing manganese increase
the rotation of brain protons, which results in
shortening of the brain’s relaxation cycle. Cog-
nitive-neurological changes, due to exposure to
manganese, occurr in the cortical regions, espe-
cially in anterior cortex.

More than 5 million welders around the world
are exposed to manganese fume. It has been re-
ported that in the United States, about 462,000
workers are classified as full-time welders and
probably this figure will increase by 5/. over the
next 5 to 7 years. Studies have reported high
levels of neurological symptoms and disorders
such as anxiety, depression and confusion among
welders. Studies have shown that in many weld-
ing processes, due to insufficient ventilation and
lack of safety equipment, welders are at risk of
the adverse health effects, As a result, the current
study was carried out with the goal of evaluating
the neurobehavioral symptoms of welders ex-
posed to manganese-containing welding fumes
and comparing the frequency of these symptoms
to that of the unexposed group.

METHODS AND MATERIALS
In 2019, a descriptive-analytic cross- sectional
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study was conducted in one of the metal indus-
tries in Babol (Iran). According to Hassani et al.,
35 welders as exposed group and 40 administra-
tive workers as unexposed group were selected.
The Q16 questionnaire (Q16) was used to collect
neurological-behavioral symptoms. This ques-
tioner is commonly used to investigate the preva-
lence of neurotoxic symptom among organic
solvent workers. However, a few studies used the
Q16 for investigating neurobehavioral symptoms
among welders. This questionnaire consists of
16 yes or no questions about abnormal fatigue,
burning and pain in different parts of the body;,
heart pulse, irritability and depression without
cause, the problem in concentration, forgetting,
sweating without a specific cause, the problem
in opening and closing the clothes button, the
problem in understanding the meanings of books
and newspapers, the feeling of pressure on the
chest, the problem in remembering, headache (at
least once a week) and change in sexual desires.
The important issue in using this questionnaire is
the impact of confounding factors on its results
which was tried as much as possible to be con-
sidered, so those who had a history of neurologi-
cal diseases such as concussion, prior exposure to
organic solvent and neurotoxic metals, Alcohol
consumption, using drugs and special drugs were
banned from participating in the study. Further-
more, the work experience of the studied groups
were approximately similar and there was no
significant difference between the work experi-
ence of exposed and non-exposed group. Work-
ers exposure to respirable paticles were measured
according to the NIOSH 0600 method by using
a personal sampling pump (SKC,AirChek 3000
Deluxe) with a 2.5 L.min-1 flow rate, air was
passing through an aluminum cyclone (SKC,
UK) with a 37 mm 0.8 micrometer pore size cel-
lulose ester filters bedding on a plastic cassette.
The filters were placed in the desiccator for 24
hours before sampling time. To weigh the filters,
a microbalance accurate to 6 decimal places (1 pg
sensitivity Sartorius, Model ME5, Germany) was
used. A blank filter was used for each batch of
samples to eliminate sampling errors. Respirable
particle concentration was determined based on
the weight method. Manganese concentrations
in respirable particles were determined accord-
ing to the NIOSH 7301 method. Firstly, the stan-
dard curve was obtained using standard solutions
with different concentrations of meals. Samples
were then transferred to the inductively coupled
plasma - optical emission spectrometry (ICP-

OES) apparatus to determine the concentration
of the metals within solution. By measuring the
sample absorption rate and comparing with the
calibration curve, the amount of metal elements
in the unknown sample was obtained. For bio-
logical monitoring, blood samples were collected
from all employees at the end of the work shift.
To prepare blood samples 1.5 ml of pure nitric
acid 657. were added to 1 ml of venous blood and
then heated at 95 ° C for one hour. After cooling,
samples were diluted by 10 ml. After performing
the preparation steps, the analysis of the samples
was performed by the ICP-OES and then the re-
sults were compared with the TLV-TWA recom-
mended by the ACGIH for respirable manganese
fume concentration. Statistical analysis was per-
formed by using MINITAB 17 software at the sig-
nificant level of 0.05.

RESULTS

The mean exposure to air manganese in re-
spirable particles was 0.45+0.08 mg/m°. The
results of this study showed that the concentra-
tion of Manganese in blood samples of welders
(0.16+0.02 pg.ml™') were significantly higher than
unexposed workers (0.04+0.002pg.ml™). The re-
sults indicated that most welders were exposed
to high concentration of manganese. Average
amount of manganese and respirable particle
concentration were significantly higher than the
TLV-TWA recommended by ACGIH for man-
ganese (0.02 mg/m™) and respirable particle (3
mg/m~). The results of this study showed that
48.6/. of welders felt abnormal fatigue, 25.7.
felt burning and pain in different parts of the
body,14.4/. felt heart pulse, 22.97. felt irritability
and depression , 31.4/. had a problem in concen-
tration, 407. had a short memories,22.97. sweating
without a specific cause,17.17. had a problem in
opening and closing the clothes button, 17.17.
generally found it hard to get the meaning from
reading newspapers and books, 25.7/. of relatives
told them that they have a short memory,14.37.
had a feeling of pressure on the chest, 407 had a
problem in remembering, 407. had to go back and
check things they have done such as turning off
the stove, locking the door, etc., 54.3/. had head-
ache (at least once a week) and 207 had change in
sexual desires. In the present study, the arithmetic
mean of Q16 positive response to the behavioral
nerve symptoms was reported 4.6 among welders
and 2.1 among office staff. In addition, the fre-
quency of neurobehavioral symptoms of welders
was significantly higher compared to unexposed
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group. The correlation between neurobehavioral
symptoms and blood manganese was significant
for welders (P-V<0.05).

CONCLUSION

Welding is one of the most important occu-
pations in most industries, releasing a variety of
hazardous gases and fumes. Occupational ex-
posure to welding respirable particles including
manganese, is one of the most serious issues in
the industry due to its neurological effect. Weld-
ers are exposed to high levels of manganese, ac-
cording to the current study’s evaluation of respi-
ratory exposure and biological monitoring. One
of the reasons for a concentration above the per-
missible manganese level in the respiratory area
of the welders can be attributed to their inappro-
priate postures. In jobs such as welding for access
and greater domination and work speeding up,
workers have to bend the head and neck on the
welding point. Moreover, another reason for in-
creasing the concentration of manganese fume in
the respiratory region of the welders is the use of
an inappropriate and inefficient ventilation sys-
tem in the workplace.

One of the potential limitations of this study,
like many others, is the lack of information on
diet patterns among workers, despite the fact
that similar studies have shown that manganese
caused by food intake does not have a signifi-
cant contribution to its internal does. Another
potential limitation of the current study is a lack
of information about ventilation systems in the
industry.

In general, one of the advantages of this cross-
sectional study was the evaluation of respiratory
exposure, biological monitoring and study of
neurological symptoms among exposed welders
with manganese welding fume and compare the
frequency of these symptoms with unexposed
group. Therefore, the number of studies on the
exposure of welders to welding fumes in recent

years has been increased. In the present study, the
findings have shown that welding fume contains
a small percentage of manganese fume. (From
0.27. to 8/ of the total fume). The amount of man-
ganese in the electrodes can be in the range of
1-207. of the metals, so most welders are exposed
to various metal fume that contains a small per-
centage of manganese. Due to a high frequency
of neurological symptoms among welders and in
order to maintain and improve the health of this
population, in this group, to prevent future prob-
lems, maintaining workers” health and prevent-
ing from performance disorders, managers and
employers should be aimed at reducing the expo-
sure to manganese. Therefore, managers and em-
ployers can reach to this goal through engineer-
ing controls, through replacement of alloy with a
lower percentage of manganese, efficient ventila-
tion and management control, such as reducing
the exposure time, training staff and the use of
respiratory protection equipment for welders.

Moreover, industries should start with an air
quality evaluation to determine what their cur-
rent exposure levels are. This should include
measurement of manganese levels both in the
general facility air and in the welder’s breathing
zone. An experienced air quality system designer
can help manufacturers determine the best ap-
proach to lower manganese exposure levels for
the facility as a whole or for individual workers.
In addition, investigating health effect and effec-
tive control measures should be applied. If ad-
equate ventilation is not feasible in industries, it
may be necessary to protect employees with the
use of personal protective equipment (PPE), such
as a respirator.
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