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Characterization of Nanoparticles from Welding and Grinding Processes:

Evaluation of Number Concentration and Size Distribution
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ABSTRACT

Objectives: This study aimed to characterize the nanoparticles produced by welding and grinding processes.

Methods: The number concentrations of particles were mapped to determine the distribution of welding fumes in a
workplace atmosphere using a hand-held condensation particle counter. An electrical low-pressure impactor was used for
measuring the number concentration and particle size distribution.

Results: High number concentrations were found around arc cutting and welding (grinding) processes. In the worker's
breathing zone, the mean number concentration was 655,000 particles/cm3 and the count median diameter (CMD) was 84
nm with several multi peak distributions (~20, 70, 300 nm). However, at a distance of 3 m from the welding position, the
number concentration decreased to 153,000 particles/cm3 with a 70 nm single peak size distribution. During a grinding
process, peaks with high concentrations of nanoparticles were temporarily observed. The mean number concentration was
1,520,000 particles/cm3, and the CMD was 30 nm. Nanoparticles (<100 nm) made up 58% and 92% of the aerosols

produced by welding and grinding processes, respectively.

Key words : Nanoparticle, ELPI, welding fume, grinding particle, exposure assessment
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Fig. 1. Various process of welding factory. (a) Electrical low
pressure impactor (ELPI) on mobile sampling cart (b)
welding process for area sampling (c) welding process
for personal breathing zone (d) grinding process.
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Fig. 2. Maps of the workplace. () mapping analysis point, (3)
ELPI sampling point.
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Fig. 3. Maps of mean number concentration measured by CPC.
outdoor backgrounds were 79,100 particles/cms. Gw)
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Table 1. Number concentration, CMD and percentage of nano-
particle by tasks in the welding and grinding process

NC (#cm’) CMD

Task Tim <100 nm
" GM (GSD) Group (GSD)
Welding 188 153x10°(2.0) 1 5027 72
Cleaning 37 62x10°(2.4) 3 60 (2.6) 63
~ Mean 75 85x10°(2.1) 2 67 (400 71
Grinding .
Peak 3 1,520x10°(1.4) 30 2.1) 92
In 60 59x10°(2.8) 4 65(26) 65
BAG* ,
Out 20 26x107(1.3) 5 5025 73

Total 118x10°  P<0.00161 (2.7) 70
* BAG: background, In: indoor, Out: outdoor
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particle number concentration for ELPI (particles/cm3)
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Fig. 4. Time series of number concentration at workplace and

outdoor: Events were (A) welding at area sampling, (B)

grinding, and (C) welding at BZ: (I) workplace back-

ground (lunch time), (II) outdoor background.
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Fig. 6. Average size distribution (dN/dLog Dp) according to the
distance from welding source. The y-axis represents the
relative number concentration, whereas the x-axis the
geometric mean of ELPI each channel

Table 2. Number concentration, CMD and percentage of nano-
particle by sampling types in welding

Sampling Sampling NC (#/cm’) CMD

. <100 nm
type time GM (GSD) (GSD)
Area’ 188 153x10° (2.0) 50 (2.7) 72
Personal’ 10 655x10° (2.9) 84 (2.8) 58
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