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Abstract: In the engineering industry, metals and alloys used in the manufacture of metal products and
structures are subjected to welding processes, which can release metal vapors, harmful dust and particles
into the air, with negative effects on workers' health and the environment. Some joining methods generate
hazardous gases, categorized as greenhouse gases, toxic gases, flammable gases and explosive gases.
There are clear regulations on the permissible limits for concentrations of metallic and non-metallic
particulates and gases emitted by various industrial processes, including welding. The aim of this research
was to measure chemical agents in the workplace air as well as respirable and respirable dust
concentrations in the workplace atmosphere at a company in the Semi-Fabricated Joining Section for the
position of a manual electric welder. The determinations of chemical agents and of respirable and inhalable
dusts were carried out in the workers' breathing zone between 08% and 14%.
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1. INTRODUCTION

At the European level, the issue of measuring
welding emissions is extremely important, as
research and development in the priority areas of
science and technology continues to be carried
out in order to restructure and modernize new
environmentally friendly production
technologies, new materials and traditional
industrial sectors to bring them in line with
modern health, safety and environmental
protection requirements [1,2].

This has become a topical issue, based on the
need to reduce the concentration of certain
pollutants in the air breathed in workplaces and
industrial process spaces for the production of
welded structural metallic components, and
specific technical solutions have been developed
to reduce these emissions in accordance with the
legislative requirements in force [3].

The problem of research into the emissions of
harmful substances from specific welding and
associated processes with a view to the
development of environmental protection

measures must be addressed simultaneously
with “the development of environmental
protection measures” [4]. These measures
should be linked to strategies to protect workers'
health by reducing the amount of harmful
substances released into the environment from
welding processes and related activities [5]
Reducing production costs should not affect
occupational safety, health and protection of
workers, on the contrary this requires certain
investments in the design and construction of
installations, machinery, equipment and
apparatus in order to make existing processes
environmentally friendly and to introduce new
ones with an environmentally friendly operating
principle [6]. All these measures are in line with
the development and implementation of "green"
industries, which aim to reduce negative
environmental impacts [7,8]. Fume and gas
particles emitted during welding processes are
sampled and controlled according to standard
methods. Oxides emitted during welding include
two categories [9,10]: (i) particles of metals
(cadmium, beryllium), non-metals and specific



-1092 -

substances with potentially or specifically
harmful or hazardous effects contained in
welding fumes; (ii) toxic or hazardous gases
resulting from certain chemical reactions
occurring during the welding process as thermal
and side effects. Welding workers are exposed
to toxic fumes and gases generated during the
welding process, which may pose a significant
risk to their health [11, 12]. Many acute
poisonings caused by excessive or severe short-
term exposure to welding fumes and gases have
been studied over a long period of time. “Acute
and chronic health risks are associated with
welding fumes. Occupational lung disease,
including lung cancer, is the most common
health risk for workers, but welding can also
have negative effects on their eyes and skin”
[13]. Effects on the respiratory system include
irritation, asthma, metal fume fever, acute
pneumonia or chronic obstructive pulmonary
disease [14]. Other health effects of welding
include skin effects (allergic contact dermatitis
released during welding nickel and chromium),
neurological effects, ocular melanoma or arc-
eye. There is also no conclusive information on
the effects of welding chromium, nickel and
aluminium.

The present work aims to evaluate and
measure the emissions of hazardous substances
and pollutants in typical welding processes in
the Semi-Fabricated Joining section, for the
workstation Manual Electric Welder, during the
working hours 08%-14%. In order to study,
determine and measure the fume and gaseous
emissions from individual welding processes,
measurements were carried out in accordance
with the requirements and conditions specified
in the relevant industry standards

2. EXPERIMENTAL

For the Semi-Fabricated Joining Section of
the company, for the post of Manual electric
welder, the concentrations of chemical agents in
the workplace air as well as respirable and
inhalable dusts present in the atmosphere of the
work area were determined. In the section there
are 5 welding benches, numbered from 1 to 5,
with a distance of 3 m between them, without
partition panels; the workers perform electric
welding operations with continuous wire, in a

gas shielding environment. At the section level,
the technological ventilation is composed of a
system of nox exhausting by means of
ventilation apparatus. The determinations of
chemical agents were carried out by sampling
with a Drager Accuro 2000 pump to which
short-duration colorimetric tubes specific for
each chemical agent were attached according to
the standards in force: “SR EN ISO 22065:2020
Workplace air - Gases and vapours -
Requirements for evaluation of measuring
procedures using pumped samplers” [15]; “SR
ISO 8760:2001 Work-place air - Determination
of mass concentration of carbon monoxide -
Method using detector tubes for short-term
sampling with direct indication” [16]; “SR ISO
8761:2001 Work-place air - Determination of
mass concentration of nitrogen dioxide - Method
using detector tubes for short-term sampling
with direct indication” [17]; “SR EN ISO
23861:2022. Workplace air - Chemical agent
present as a mixture of airborne particles and
vapour — Requirements for evaluation of
measuring procedures using samplers” [18];
“SR EN ISO 689 +AC:2019 - Workplace
exposure - Measurement of exposure by
inhalation to chemical agents - Strategy for
testing compliance with occupational exposure
limit values” [19].

Dust (non-specific effect particulate matter
and ferric oxide dust) in the workplace was
measured according to “SR EN 12341:2014
Ambient  air -  Standard  gravimetric
measurement method for the determination of
the PMI0 or PM2,5 mass concentration of
suspended particulate matter” [20] and “SR EN
13205-2:2014 Workplace exposure - Assessment
of sampler performance for measurement of
airborne particle concentrations - Part 2:
Laboratory  performance test based on
determination of sampling efficiency” [21] with
a Casella Microdust Pro CEL 712 real-time dust
monitor, calibration was done  with
gravimetrically verified calibration factor.

3. RESULTS

3.1 Determination of chemical agents

The examination of gas emissions from the
gas shielded arc welding process was carried out
by authorized personnel. For the determination



of chemical agents in the air of the sampled
workplaces, in the workers' breathing zone,
between 08% - 149 3 measurements were
performed for the left-side workbench (WB 1),
the middle one (WB 3) and the right-side bench
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recorded for WB 5, which was located at the
opposite side of the section, located next to two

walls, at the greatest distance from the entrance.
Table 3
Gas concentration determination - WB 5

(WB 5). = -GE‘ 2
The amounts of nitrogen dioxide (NO2), ozone o o E = E b5 g’g 5 o £
(03), carbon dioxide (CO2) and carbon Z 3 E § £ % S E‘J = o g
monoxide (CO) were determined for each =5 § % = 8
workbench. The values obtained are presented in
Tables 1-3. 1. 080 [ 02 [ 001 | 1200 [ 4
Table I 2. 10° 025 ] 002 | 1500 [ 6
Gas concentration determination - WB 1 3. 13% 035 | 0,025 | 2500 7
- Average 0,266 | 0,0183 | 17333 | 5,66
e | —_ concentration
S E g %n @ f"g §_ - Maximum short-
S 225 £ |§5| & |SE term limit (15 5 1 o1 - | 17
E25|8 |CE|S = min)
2| Z © Maximum 8 hours 8 0,05 5000 26
1. 08 [ o1 | 001 [ 900 [ 35
2. 10% 02 | 002 | 1500 | 5.0 3.2 Determination of respirable and inhalable
3. 13% 0,25 0,03 1900 5,8 dusts
Average concentration| 0,183 | 0,02 | 14333 | 4,76 The gravimetric measurement to determine
Maximum short-term | ¢ 01 ] 175 | the mass fraction of particulate matter in the
limit (15 min) : workplace was performed at three measuring
Maximum8hours | 8 | 005 | 5000 | 26 | points: left-side (WB 1), middle (WB 3), right-
side (WB 5). Dust respirable fraction and
. .. Table 2 jnhalable fraction were determined.
Gas concentration determination - WB 3 . . .
Welding and deburring of metal parts is
o = ,§ «E |z performed at all workstations where non-
o S 2 ERRE: §"’E = o E specific effect particles and Fe.Os powders are
Z 8 ESE gg g ? 3 ©E present. The worker exposure time is 6 hours.
=g < % | O The airborne particulate concentrations obtained
~© are shown in Table 4.
1. 083 0,1 0,01 1000 4 Table 4
2. 1015 0,25 | 0,02 1100 5,5 Determination of airborne particulate concentrations
3. 1315 0,40 | 0,03 2300 6.5 oy ©
Average 0,251 0,02 | 1466.6 | 5.33 £ E Dust Dust
concentration 2 ; Respirable fraction Inhalable fraction
Short-term é) 8] mg/m? mg/m>
maximum limit (15 5 0,1 - 17.5
min) g0 0,620 g 0,300
Maximum 8 hours 10% 1,550 10% 0,700
5 1005 ] 5000 | 26 WB I 3w 1,660 13° | 1,500
‘ Cuverage _|_1,276 Cuveraze | 0,833
From Tables 1-3 it can be seen from the i 0.800 Q15 0.650
analysis of the measured values that the WB 3 10 1,700 10% 1,300
occupational exposure limit values are not 13" 2,000 1315 1,480
exceeded, as they fall within the normal Caverage 15 Caverage | 1,143
workplace exposure values. With the exception 83:0 0,715 83:0 0,700
of the values obtained for ozone, the values of WB 5 1(3)30 ;?28 1(3)30 iggg
the other gases increased with increasing Conere 1572 Conome 1283

exposure period, the highest values were
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The reference values for chemical agents are in
accordance with Decision 1218/2006 on the
establishment of minimum health and safety
requirements at work to ensure the protection of
workers from the risks related to the presence of
chemical agents - republished pursuant to art. IV
para. (2) of Government Decision no. 53/2021
[22, 23].

For particulate matter with no specific effect, the
exposure limit value not to be exceeded is 10
mg/m? for the inhalable fraction and 5 mg/m? for
the respirable fraction. For Fe.Os dust the
exposure limit value not to be exceeded is 5
mg/m?.

The measured values of dust concentrations at
the analysed workplaces listed in Table 4 do not
exceed the permissible limit values. In this case,
the obtained values increase with increasing
exposure period and the highest values were
recorded at WB 5.

4. CONCLUSION

The purpose of the work was to identify the
agents harmful to the health of workers
performing welding activities in the Semi-
Fabricated Parts Joining Section, for the
Manual Electric Welder workstation.
Measurements were made to identify chemical
agents in the workplace air, in the workers'
breathing zone and in the workplace atmosphere
of respirable and inhalable dusts.

The results of the determinations were presented
and interpreted and the following conclusions
were drawn:

a) determination of chemical agents in
workplace air - average concentration for each:

. Nitrogen dioxide (NO2) - average
concentration - 0.233 mg/m3;

. Ozone (O3) - average concentration
- 0.02 mg/m?;

. Carbon dioxide (CO2) - average
concentration - 1544.4 ppm;

. Carbon monoxide (CO) - average
concentration - 5.25 ppm;

v" Analysing the measured values of
chemical agents, it is found that
there are no exceedances of the
occupational exposure limit values,
the measured values falling within

the normal exposure values of the
workplace.

(b) determination of respirable and inhalable

dust carried out in the workplace atmosphere:

e dust respirable fraction - average
concentration - 1.449 mg/m3;

* dust inhalable fraction - average
concentration -1,086 mg/m?;

v" The measured values of dust concentrations
at the workplaces analysed do not exceed the
permissible limit values

The technological ventilation installed at the

ward level (nox exhausting system by

ventilation devices) operates according to
specific parameters
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Determinarea emisiilor de noxe rezultate din procesul de sudare

In industria ingineriei, metalele si aliajele utilizate in fabricarea produselor si structurilor metalice
sunt supuse proceselor de sudare, care pot elibera vapori de metal, praf si particule in aer, avind
efecte negative asupra sanatdatii lucratorilor si asupra mediului. Unele tehnici de imbinare genereaza
gaze periculoase, clasificate in categorii precum gaze cu efect de serd, gaze toxice, gaze inflamabile
si gaze explozive. Exista reglementdri clare privind limitele admisibile pentru concentratiile de
particule metalice si nemetalice, precum si de gaze emise de diverse procese industriale, inclusiv cele
de sudare. Scopul acestei cercetari a fost de a masura agentii chimici din aerul locurilor de munca,
precum si concentratiile de pulberi respirabile si inhalabile in atmosfera locurilor de munca, in
cadrul unei firme din Sectia de Imbinare a semifabricatelor, pentru postul de sudor electric manual.
Determinarile de agenti chimici si de pulberi respirabile si inhalabile au fost efectuate in zona
respirabild a lucrdtorilor, in intervalul orar 0°%°-14%,
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