SMIAGZIUMIPXZOBBAeATIAEIOVIHSALLIAIPOOAEIEAHIOINI/AOAU

MV TXOMADYOINXYOHISABZIYTCA+RYNIOITWNOTZTARY HASHINAUE Aq yali/wod mm;speulnol//:dny wouy papeojumoq

G202/0€/v0 uo

Original Article

Evaluation of the Performance of Two Types of Low Volume
High Velocity Ventilation Systems for the CO, Welding Process

Saeid Sabzehali'2, Masoud Rismanchian?, Awat Feizi®

'Department of Occupational Health Engineering, Student Research Committee, School of Health, Isfahan University of Medical Sciences, Isfahan, Iran, 2Department
of Occupational Health Engineering, School of Health, Isfahan University of Medical Sciences, Isfahan, Iran, *Department of Epidemiology and Biostatistics, School of
Health, Isfahan University of Medical Sciences, Isfahan, Iran

Aim: Millions of workers worldwide are exposed to the complications of fumes and gases welding process. This study aimed to evaluate
the performance of two types of hoods installed on CO, welding torch in a low volume high velocity (LVHV) ventilation system to control
its pollutants. Materials and Methods: Two designs of slots and bell-shaped hoods were designed with an inner diameter of 46 and 37 mm,
respectively. To determine the efficiency of the studied hoods, personal sampling at the source of pollutant production (at a distance of 15 cm
from the tip of the torch), was performed by the National Institute of Occupational Safety and Health Method No. 7302. The concentration
of iron metals, manganese, and total chromium was measured and analyzed when the LVHV ventilation system was on and off. Results: The
two designed hoods, showed different efficiencies against the studied metals. The highest efficiency obtained was related to manganese metal
in the bell-shaped hood with an average of 84.92%, and the lowest efficiency was related to chromium metal in the slot hood with an average
of 13.39%. Optimal exhaust flow rate ventilation obtained for low volume — high-velocity ventilation system was 14 m*/h. Conclusion: In
general, the bell-shaped hood with 75.34% efficiency had better performance in eliminating welding fumes than the slot-shaped hood, which
is due to the physical form of the hood. Therefore, the shape of the hood, distance of the hood from the point of electric arc and exhaust flow
rate at the hood opening, are important factors in the design and efficiency of a low volume - high-velocity ventilation system.
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shipbuilding, construction, building,... industries.!*”! Of these,
approximately 400,000 workers worked full-time as welders
in the United States in 2014, while this figure is more than

INTRODUCTION

Welding is one of the main processes in the industry for

bonding between metals. In 1988, the US National Institute
for Occupational Safety and Health reported a list of more
than 80 different types of welding.!'?! Some various types of
welding include shielded metal arc welding (SMAW) with
the coated manual electrode, submerged-arc welding, gas
tungsten arc welding, plasma arc welding, and gas metal arc
welding (GMAW). GMAW is also known as CO, welding since
CO, is used in this type of welding. The advantages of this type
of welding include high efficiency due to using a continuously
fed wire, having no slag, and low contamination. The welding
wire chosen is based on the base metal and is usually made of
copper because copper has good heat transfer.*#! Millions of
daily workers worldwide are exposed to welding fumes™! in
industrialized countries. Up t0/2%—2% of the total workforce
are engaged in welding jobs, most of which are in the
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2 million worldwide."!

Welding fumes can contain oxides, fluorides, silicates,
chromates, and at least 13 metals, including manganese,
cadmium, chromium, iron, lead, and nickel.l'*!") Welding
fumes have previously been classified by the International
Agency for Research on Cancer as potentially carcinogenic
to humans (Group 2B). However, recently, welding fumes
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and their metals (Cr [VI], Be, Cd) have also been classified
as carcinogenic in humans (Group 1).l'*"*) This fume has
numerous harmful effects on humans, such as causing cancer,
neurotoxicity of metals,’®! changes in the mononuclear blood
cells DNA,®! damage to the lungs and kidneys, and sleep
disorders of welders."¥ Besides, welders are also at increased
risk of cardiac ischemia and changes in systolic and diastolic
pressure.l'>19 Hexavalent chromium in welding fumes is
known to be responsible for lung cancer,!'” skin allergies,!'¥!
and spontaneous abortion.!"!

Due to the wide application of welding in production methods
and the risks of chemical agents in the welding process, and
to provide a healthy and safe environment for employees and
protect products and equipment in small and large industrial
factories, it is of utmost importance to reduce gases and toxic
particles in the workplace to below acceptable levels. Various
methods, including general and local ventilation with local
ventilation priority, have been recommended to control welding
fumes.20-2

Two ventilation systems, namely portable and mobile, were
investigated for electric welding in the study of Zaidi ef al. The
results showed an efficiency of 63% for the portable system
and 88% efficiency for the mobile system in reduction of
manganese concentration.?!

In the study by Meeker et al., the local exhaust ventilation (LEV)
was tested for shielding gas welding. Finally, the LEV reduced
the exposure to manganese and total particle exposure by 53%
and 10% respectively.[**

Investigation of the effect of ventilation on the exposure
to flux-cored arc welding fumes was studied in Marjorie
Wallace’s study, showed that using ventilation reduces the
exposure by almost half ventilation is on.!

In a study of two types of hoods conducted by David Yapp,
both hoods selected from the welding gun design phase were
integrated on the gun. For both types of guns, the efficiency
range was between 30% and 70%. The efficiency variance
was also due to the position of the produced fume relative to
the suction nozzle.l**

Previous studies reveal that a common method in controlling
welding fumes in industries is using LEV. However, to achieve
proper suction, the hood must be located close to the source
of contamination, which requires repeated adjustment of
the hood by the operator. It can be difficult in practice and
maybe forgotten by the worker, and ultimately, it cannot
have the desired performance.?”** Using a low volume high
velocity ventilation system is the right way to overcome
these problems. This system can be placed additionally on
the welding torch (add-on) or made as an integral part of the
torch (an integral part of the torch), which is called an on-gun
extraction system.*¥

Since there are many welding guns are used without hoods, so
using LEV installed on existing torches was investigated in the

present study. Accordingly, two types of bell and slot-shaped
hoods were made suitable for a CO, welding torch, and their
performances were evaluated with two indicators of welding
quality and pollution collection efficiency.

This study is an experimental study carried out in one of
the Isfahan machinery manufacturing companies. The type
of welding used was GMAW with CO, shielding gas, and
SB500New torch and ER70S-6 welding wire were also used in
this study. In this research, based on the shape and dimensions
of the welding torch, two types of bell and slot-shaped hoods
with diameters of 46 and 37 mm, respectively, were made
of copper and installed on the welding torch. As shown in
Figure 1a and b, which is a scheme of the designed system,
the hood used is installed at a distance of 2 cm from the tip
of the welding torch nozzle and was connected to the suction
by a flexible silicone hose with an inner diameter of 13 mm.
Besides, to apply the pressure drop due to the length of the
hose, this length was considered 3 m to affect the pressure
drop [Figure 2].

The optimal exhaust airflow in the workplace was determined
by first adjusting the fan at a specific flow rate by a flow meter
without a valve. The welder was then asked to comment on the
health of the welding in that flow rate while performing the
welding. Furthermore, the amount of suction by the installed
hood was observed visually, and finally, by increasing and
decreasing the flow rate and ensuring the proper welding and
suction, the optimal exhaust flow rate was obtained, which was
14 CFM. As a result, sampling was performed with this flow
rate for both bell and slot-shaped hoods when the ventilation
system was on. The exhaust system used was a single-phase
blower with a power of 1.1 kW, a flow rate of 150 CFM, and
a maximum pressure of 23 kPa.

The type of welding in this study was fillet weld. To take
a sample of its fumes according to the method 7302 of the
American National Institute of Occupational Safety and
Health, MCE filter with a diameter of 37 mm and a pores size
of 0.8 um and 224-44TX air sampling pump (SKC Ltd.) were
used. Sampling pumps were calibrated before and after use
with a soap bubble set (flow meter) according to the pump
manufacturer’s instructions. It should be noted that the flow
rate and suitable time for sampling were obtained by pre-test
and based on Ojima’s study, which was 4 1/min and 5 min,”!
respectively. To equalize the environmental conditions of

46mm

Figure 1: Images of the designed system: (a) Slot-shaped
hood; (b) Bell-shaped hood
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Figure 2: Average efficiency in both personal and at the source sampling
when the metal is only iron

welding in terms of temperature, humidity, airflow, and
nonperformance of other industrial activities (welding or
grinding adjacent to the examination area), a fixed place was
considered such that three sides were enclosed. The same
welder performed the welding operation with 25 years of
experience during the entire test period, and the necessary
monitoring was performed to ensure that the welding speed,
welding angle, welder’s body position, and other factors related
to the welder stay the same. Fillet weld was the type of welding
used in this study.

Finally, to test the quality of the weld and ensure that the studied
ventilation system does not negatively affect the shielding CO,
gas, according to ISO standards, the non-destructive method
and checklist completed by expert welders were used. It should
be noted that none of the expert welders knew which welding
was done with or without ventilation, and finally, the average
scores were used to judge the quality of welding.

Source sampling and personal sampling were used to determine
the efficiency of the designed system. In the first scenario,
personal sampling was performed in the worker’s breathing
area while the ventilation system was off and welding was
performed. In the second scenario, personal sampling was
performed when the ventilation system was on, the bell hood
was installed on the welding torch, and the welding operation
was performed. In the third scenario, as in the previous step,
personal sampling was performed while the ventilation system
was on, but this time the slot hood was installed on the welding
torch instead of the bell-shaped hood, and then, welding
operation was performed.

Source sampling was done in all three scenarios mentioned in
personal sampling, with the difference that the sampling holder
was placed on the welding torch and at a distance of 15 cm
from the tip of the torch. Thus, sampling was performed at the
source of pollutant production when the ventilation system
was off, the ventilation system was on with the bell-shaped
hood, and the ventilation system was on with the slot hood. It
should be noted that welding was repeated five times for each
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of the above steps,** and each time, a personal sampling and a
sampling at the source were done so that a total of 30 samples
were obtained to determine the efficiency of the ventilation
system. An interval of 5—10 min was observed between each
sampling step to dilute the contaminant produced in the
previous sampling stage.

The obtained samples were analyzed by ICP LIBERTY-RL
inductively coupled plasma device made by Varian company
in Australia to determine the concentration of ferrous metals,
manganese, and chromium fumes during welding when the
ventilation system is on and off. The values obtained from the
concentration of metals were placed in the following equation
and the efficiency of the two types of bell and slot-shaped hoods
designed in this study, were determined. One-way ANOVA
test was to analyze the data using SPSS software version 16.
Equation 1 was used to calculate the efficiency.

E]ﬁciency(%) =MX100 (1)

C,
C,,; is Concentration of pollutants when the ventilation
system is off, and C__ is Concentration of pollutants when the
ventilation system is on.

In the personal sampling, the performance of each ventilation
system was investigated concerning iron, manganese, and
chromium metals. The results are shown in Table 1 in terms
of mg/m?® and the percentage of each metal as an average and
standard deviation. The concentration of total metals is also
presented in the table. Both bell and slot-shaped approaches
have a statistically significant difference in the efficiency and
reduction of the three metals concentrations, namely iron,
manganese, and chromium (P < 0.001). pairwise comparison
of these metals in both ventilation approaches was performed.

In the sampling at the source, 15 samples were taken and
only the iron metal concentration was determined. The results
in Table 2 show a significant difference between the three
scenarios (P =0.001).

Figure 2 shows the average efficiency of iron metal
concentration in the two ventilation approaches studied, in
two modes of personal and at the source sampling.

Figure 3 indicates the concentration and efficiency of iron
metal in both personal and source sampling modes. As can be
seen, the total efficiency in personal sampling is higher than
the total efficiency at source sampling.

Table 1 shows the average concentrations of iron, manganese,
and chromium in mg/m® when the ventilation system is
off. The highest concentrations are related to iron and
manganese metals with values of 7.81, and 0.67 mg/m?,
respectively, and chromium metal is in the next rank in terms



SMIAGZIUMIPXZOBBAeATIAEIOVIHSALLIAIPOOAEIEAHIOINI/AOAU

MVYTXOMADYOINXYOHISABZIYTCA+RYNIOITWNOTZTARYHASHINAUE Aq yali/wod mm) speulnol//:dny wouy papeojumodq

G202/0€/v0 uo

Sabzehali, et al.: Evaluation of low volume high velocity ventilation system for the Co, welding

Table 1: Mean concentration and standard deviation of metals concentrations measured in two ventilation approaches

with bell and slot-shaped hoods in the personal sampling

Ventilation approaches Parameter The concentration of Chromium Manganese Iron P
total metals (Fe, MN, Cr)

Without any ventilation (n=5) ~ MC=SD (mg/m°) 2.833+3.99 0.0212£0.005  0.67+0.43 7.81£2.97 >0.001

Ventilation with bell-shaped MC=SD (mg/m?) 0.681+0.946 0.017+0.002 0.1+0.03 1.92+0.48 >0.001

hood (n=5) Average efficiency+SD (%) 75.34 16.83+6.65 84.92+4.64 75.36+6.19 >0.001

Ventilation with slot-shaped MC4+SD (mg/m?) 1.52.77 0.018+0.006 0.29+-0.15 4.21+1.8 >0.001

hood (n=5) Average efficiency+SD (%) 45.99 13.39+17.43  56.56£23.06  46.017+23.06  0.691

MC: Mean concentration, SD: Standard deviation

Table 2: Mean concentration and standard deviation of iron metal concentration in two ventilation approaches with bell

and slot-shaped hood in sampling at the source

Ventilation approaches P Mean Minimum Maximum SD
Without ventilation (n=5) >0.001 24.92 (mg/m?) 20.93 26.8 2.51
Ventilation with bell-shaped hood (7n=5) 11.46 (mg/m?) 7.24 17.73 4.1
54.01 (%)
Ventilation with slot-shaped hood (n=5) 15.03 (mg/m?) 11.17 22.92 4.98
39.65 (%)
SD: Standard deviation
g0 ™Average iron 253 base rnetal.[.}"] Therefore, th§ differenc;e in. the concentration
concentration(mg/m3) of metal oxides in the welding fume in this study compared
L Average efficiency(%) to other studies is probably due to differences in the electrode
60 used and the type of welding (E7018 electrode and SMAW

54.01

Average efficiency(%)

Without |Ventilation|Ventilation| Without |Ventilation|Ventilation

with slot
hood

ventilation | with bell | with slot |ventilation | with bell-

sampling at source Personal sampling

Figure 3: Mean concentration (mg/m?) and efficiency (%) of iron metal
concentration in personal and at source sampling

of concentration (0.0122 mg/m?). Welding wire used in this
study was of ER70S-6 type, the percentage of manganese
used in this welding wire, which is the highest amount and in
the range of 1.4-1.85%, and the base metal of iron, confirms
the obtained values. These results are in line with the results
of Jafari’s study (7.13 mg/m?). The highest concentrations of
metals obtained in welding fumes in Shokrolahi ez al.’s study™”
were related to iron, manganese, zinc (without chromium),
respectively.

In the study of Mehrifar ef al., the highest concentrations
of metals were related to iron, aluminum, manganese, and
chromium, respectively.?!" It should be noted that about 90% of
the contaminants in the welding fume come from the welding
wire or welding electrode, and about 10% originate from the

welding versus ER70S-6 electrode and GMAW welding).

The effect of the designed ventilation system on the
concentration of total metals

The total concentration of metals (including total metals of
iron, chromium, and manganese) in the condition without
ventilation is 2.83 mg/m?, in the case of using the ventilation
approach with a bell-shaped hood, it is 0.68 mg/m?, and in the
case of using the ventilation approach with slot-shaped hood,
it is 1.5 mg/m?. Pairwise comparisons of both ventilation
approaches revealed that both slot hood (P = 0.004) and
bell-shaped hood (P < 0.001) could significantly reduce
the total concentration of metals compared to the condition
without ventilation so that the ventilation approach with a
bell-shaped hood reduces the total concentration metals (iron,
manganese, and chromium) by 2.15 mg/m? and the ventilation
approach with slot hood by 1.32 mg/m*® comparing to the
condition without ventilation. However, the comparison of
two ventilation approaches with slot and bell-shaped hoods
showed that although the ventilation performance with
bell-shaped hood was better than the slot hood, this difference
was not statistically significant at the level of 5% (P =0.063).
The ventilation performance with a bell-shaped hood was
0.82 mg/m?* better than the ventilation performance with a
slot-shaped hood.

Changes in the concentration of metal fumes in the two
ventilation approaches studied

The performance of each ventilation approach on the three
studied metals can be seen as the average concentration

International Journal of Environmental Health Engineering | 2023 -
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of metals in milligrams per cubic meter (mg/m?) and
percentage (%) in Table 1. The reduction rate of iron metal in
the condition of using ventilation with bell-shaped hood and
in the condition of using ventilation with slot hood was 75
and 46%, respectively, which is less than the reduction rate
of this metal in the Jafari’s study which was 79% at the best
condition. The reason for the higher efficiency of iron metal
ventilation in Jafari’s study compared to the present study
can be attributed to the simultaneous use of local and general
ventilation in that study, because when the general ventilation
was off, and the local ventilation was on, this efficiency was
reduced to 72%. The reduction rate of manganese metal in
the condition of ventilation with bell-shaped hood and the
condition of ventilation with slot hood was equal to 84.92
and 56.5%, respectively, which was more than the study of
Meeker ef al., in which they could reduce the concentration
of this metal by 75% in the laboratory using the ventilation
system. However, it is less than the amount in the study of Zaid
et al.; whether they use mobile ventilation system (with 88%
manganese reduction) or portable ventilation system (with
63% manganese reduction).

As mentioned before, in the study of Zaid et al., portable and
mobile local ventilation systems were used, so the welders
must adjust the hood repeatedly due to changing the welding
point and changing their location, which may be forgotten and
leading to the fluctuation of the ventilation system’s efficiency.
However, in the present study’s ventilation system, as the hood
used has a fixed position and is always close to the welding
fume production point, it has stability and the same efficiency.
Besides, it can be ensured that this level of efficiency will
always be constant during welding.

As shown in Table 1, the concentration of chromium metal
has been decreased from 0.0212 mg/m?® when the ventilation
system is off to 0.017 mg/m? in the case of ventilation with the
bell-shaped hood and 0.018 mg/m? in the case of ventilation
with the slot hood which is equivalent to 16.83% and 13.39%,
respectively.

The analysis results indicated that the reduction rate of
concentration in the three studied metals in the two ventilation
approaches with bell-shaped and slot hoods is statistically
significant (P < 0/001). Pairwise comparing metals in the
two mentioned ventilation approaches showed that in the
ventilation with bell-shaped hood, the average ventilation rate
of manganese metal was 9.56% and 68.08% higher than iron
and chromium, respectively, and iron metal was 58.52% more
ventilated than chromium metal. In the ventilation approach
with a slot-shaped hood, manganese is more ventilated than
iron and chromium.

Due to the different performance of the two ventilation
approaches on the studied metals, it can be said that if,
for example, the pollutant in the workplace is only iron or
manganese metal, ventilation with a bell-shaped hood and
then with slot-shaped hood (with lower efficiency) can have
a good performance in reducing the two metals. If we want

to choose one of these two ventilation approaches to reduce
these two metals, the ventilation approach with a bell-shaped
hood is preferable to the slot-shaped hood. On the other hand,
the two ventilation approaches investigated in this study could
not significantly reduce chromium metal.

The standard deviation of different metals in the ventilation
approach with a bell-shaped hood (with a standard deviation
of 5.82%) is relatively less than the ventilation approach with
a slot hood (with a standard deviation of 21.18%) [Table 1].
In other words, ventilation with a bell-shaped hood could
ventilate metals with close-together efficiency. Therefore, it
can be suggested to use the bell-shaped hood to the elimination
of welding fumes, most of which are iron, manganese, and
chromium.

Analysis of sampling results of iron fume in the production
source

As mentioned, only the iron metal was quantified in sampling
at the source, and the results are shown in Table 2. The
analysis results explain that the average ventilation rate of
the three ventilation approaches is significantly different
from each other (P = 0.001). The amount of iron metal
in the condition without ventilation is 24.92 while using
ventilation with a bell-shaped hood, which is 11.46, and in
the case of using ventilation with a slot hood, this amount is
15.03 mg/m3. Pairwise comparison of these groups showed
that both ventilation approaches with slot hood (P = 0.002)
and bell-shaped hood (P < 0.001) significantly reduced the
concentrations of iron metal in welding fumes compared to the
condition without any ventilation. This reduction rate, which
is equal to 54.1% and 39.65%, respectively, indicates that the
bell-shaped hood is more efficient than the slot hood in iron
fume ventilation.

Comparing the efficiency of the two ventilation systems
studied based on changes in iron concentration in the
personal and at the source sampling

To compare the efficiency of two designed ventilation
systems (bell-shaped and slot-shaped) in personal and at the
source sampling, the average concentration of iron metal was
compared in these two conditions. As shown in Figure 2,
the average efficiency of ventilation with bell-shaped and
slot hood for the iron metal in personal sampling is 75.3 and
46%, respectively, and at source sampling, it is 54 and 39.7%,
respectively.

In general, the average efficiency of the bell-shaped
hood (64.67%) and slot hood (42.82%) had a statistically
significant difference (P = 0.014), which indicates that the
efficiency of the bell-shaped hood is higher than the slot hood
in iron metal ventilation. In other words, the bell-shaped hood
has ventilated iron metal approximately 22% more than the slot
hood. This result is probably due to the structure and bell shape
of this hood that surrounds the welding torch in the welding
fume production area and prevents contaminants from escaping.
As shown in Figure 3, the mean concentration of iron in the
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condition without ventilation at source sampling (24.923 mg/m?)
was higher than the condition without ventilation in personal
sampling (7.81 mg/m?). but, the average efficiency of the
bell-shaped hood was less in source sampling (54%) than in
personal sampling (75.34%), revealing an inverse correlation
between the concentration of the contaminant (iron metal) and
the efficiency of the bell-shaped hood (P = 0/014, r = —0/644).
When the amount of contaminant (iron metal) in the welding
fume is higher, the efficiency of the ventilation system while
using the bell-shaped hood is reduced, showing the effect of
concentration on efficiency.

The most important limitations of the study were the presence
of CO, gas as a shielding gas in CO, welding, how to provide
the required high static pressure, and ergonomic problems
related to the design of hoods.

ConcLusION

The performance of the two ventilation approaches studied
under controlled conditions was different in reducing the
concentration of different metals, and the metals were not
ventilated to the same extent. Two bell-shaped and slot-shaped
hoods ventilated iron metals, manganese, and chromium with
different efficiencies. In conclusion, the bell-shaped hood could
ventilate the studied metals with higher efficiency due to its
bell shape, which increases its capability to absorb welding
fumes in the hood capture area.

Acknowledegments

Financial support and sponsorship

Isfahan University of Medical Sciences, Isfahan, Iran. The
research project number is 398917.

Ethics code
RESEARCH.REC.1398.763.

Conflicts of interest
There are no conflicts of interest

REFERENCES

1. Meo SA, Al-Khlaiwi T. Health hazards of welding fumes. Saudi Med J
2003;24:1176-82.

2. Keane MJ, Siert A, Chen BT, Stone SG. Profiling mild steel welding
processes to reduce fume emissions and costs in the workplace. Ann
Occup Hyg 2014;58:403-12.

3. Karadeniz E, Ozsarac U, Yildiz C. The effect of process parameters
on penetration in gas metal arc welding processes. Mater Des
2007;28:649-56.

4. Zeidler-Erdely PC, Erdely A, Antonini JM. Immunotoxicology
of arc welding fume: Worker and experimental animal studies.
J Immunotoxicol 2012;9:411-25.

5. AntoniniJM. Health effects of welding. Crit Rev Toxicol2003;33:61-103.

6. Dong XS. Bureau of Labor Statistics: Current Population Survey. Silver
Spring, MD: The Center to Protect Workers’ Rights; 2006.

7. National Occupational Health and Safety Commission: Welding: Fumes
And Gases. Australian Government Publishing Service Canberra; 1990.

8. Shoeb M, Kodali VK, Farris BY, Bishop LM, Meighan TG, Salmen R,
et al. Oxidative stress, DNA methylation, and telomere length changes
in peripheral blood mononuclear cells after pulmonary exposure to

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

metal-rich welding nanoparticles. NanoImpact 2017;5:61-9.

Popovi¢ O, Proki¢-Cvetkovic¢ R, Burzi¢ M, Luki¢ U, Belji¢ B. Fume and
gas emission during arc welding: Hazards and recommendation. Renew
Sustain Energy Rev 2014;37:509-16.

. Stanislawska M, Halatek T, Cieslak M, Kaminska I, Kuras R, Janasik B,

et al. Coarse, fine and ultrafine particles arising during welding analysis
of occupational exposure. Microchem J 2017;135:1-9.

. Golbabaei F, Seyedsomea M, Ghahri A, Shirkhanloo H, Khadem M,

Hassani H, et al. Assessment of welders exposure to carcinogen metals
from manual metal arc welding in gas transmission pipelines, Iran. Iran
J Public Health 2012;41:61-70.

. Guha N, Loomis D, Guyton KZ, Grosse Y, El Ghissassi F, Bouvard V,

et al. Carcinogenicity of welding, molybdenum trioxide, and indium tin
oxide. Lancet Oncol 2017;18:581-2.

. Bertram J, Brand P, Schettgen T, Lenz K, Purrio E, Reisgen U, et al.

Human biomonitoring of chromium and nickel from an experimental
exposure to manual metal arc welding fumes of low and high alloyed
steel. Ann Occup Hyg 2015;59:467-80.

. Chuang HC, Su TY, Chuang KJ, Hsiao TC, Lin HL, Hsu YT, et al.

Pulmonary exposure to metal fume particulate matter cause sleep
disturbances in shipyard welders. Environ Pollut 2018;232:523-32.

. Mocevic E, Kristiansen P, Bonde JP. Risk of ischemic heart disease

following occupational exposure to welding fumes: A systematic review
with meta-analysis. Int Arch Occup Environ Health 2015;88:259-72.

. Zheng W, Antonini JM, Lin YC, Roberts JR, Kashon ML, Castranova V,

et al. Cardiovascular effects in rats after intratracheal instillation of
metal welding particles. Inhal Toxicol 2015;27:45-53.

. International Agency for Research on Cancer. IARC Summary and

Evaluation. International Agency for Research on Cancer; 1990. p. 49.

. Costa M, Klein CB. Toxicity and carcinogenicity of chromium

compounds in humans. Crit Rev Toxicol 2006;36:155-63.

. Hjollund NH, Bonde JP, Ernst E, Lindenberg S, Andersen AN, Olsen J.

Spontaneous abortion in IVF couples a role of male welding exposure.
Human Reprod 2005;20:1793-7.

Yarahmadi RA, Golbabaei FA, Alipoor AL, Rashidi MI. Design and
evaluation of the performance of local exhaust hood on the welding
torch. Iran Occup Health 2016;13:12-22.

Jafari MJ, Shafiei B, Rezazadeh AM, Movahhedi M. Occupational
exposure to welding fumes using different ventilation scenarios.
International Journal of Occupational Hygiene 2010;2:1-5.

Kulmala IK. Air flow field near a welding exhaust hood. Appl Occup
Environ Hyg 1997;12:101-4.

Zaidi S, Sathawara N, Kumar S, Gandhi S, Parmar C, Saiyed H.
Development of indigenous local exhaust ventilation system: Reduction
of welders exposure to welding fumes. J Occup Health 2004;46:323-8.
Meeker JD, Susi P, Flynn MR. Manganese and welding fume exposure
and control in construction. J Occup Environ Hyg 2007;4:943-51.
Wallace M, Shulman S, Sheehy J. Comparing exposure levels by type
of welding operation and evaluating the effectiveness of fume extraction
guns. Appl Occup Environ Hyg 2001;16:771-9.

Yapp D, Lawmon J, Castner H. Development of Lightweight Fume
Extraction Welding Guns. Harvey Castner Edison Welding Institute
1250 Arthur E. Adams Drive Columbus, oh; 2001.

Saunders CJ, Pocock D, Carter G. Controlling gas shielded arc welding
fumes using an on-gun extraction system. Int J Ventilation 2010;9:77-82.
Flynn MR, Susi P. Local exhaust ventilation for the control of welding
fumes in the construction industry a literature review. Ann Occup Hyg
2012;56:764-76.

Ojima J, Shibata N, Iwasaki T. Laboratory evaluation of welder’s
exposure and efficiency of air duct ventilation for welding work in a
confined space. Ind Health 2000;38:24-9.

Shokrolahi I, Rismanchian M, Zeverdegani SK. Investigation of
efficiency of Iranian respiratory mask used in welding process for
controlling exposure to toxic metal fumes. Int J Environ Health Eng
2020;9:5.

Mehrifar Y, Zeverdegani SK, Faraji M, Rismanchian M. Risk assessment
of welders exposure to the released contaminated gases in different
types of welding processes in a steel industry. Health Scope 2019;8:1-6.

International Journal of Environmental Health Engineering | 2023 -




