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Characterization of stainless steel welding fume and acute
toxicity of welding fume.

I1 Je Yu, Kwang Jin Kim, Jung Hee Han, Yong Hyun Chung, Seung Hee
Maeng, Kyung Seok Song, Kyu Tae Han, Seung Hee Maeng, Yong Mook
Lee, Young Hahn Moon. Industrial Chemical Research Center, Industrial
Health Research Institute, KISCO, Taejon, Korea

Abstract

In order to investigate welding fume exposure related occupational
diseases such as nasal septum perforation, pneumoconiosis and manganese
intoxication, welding fume exposure system including welding fume
generator, exposure chamber and fume collector were built. The welding
fume exposure system was monitored and validated. In addition, an acute
inhalation toxicity study of exposing the welding fume generated from
stainless steel arc welding to male Sprague Dawley rats was carried out.
Male Sprague Dawley rats were exposed to the welding fume with 61.56
mg/m’ for 4 hrs in an inhalation chamber. Animals were sacrificed at 0, 1,
3, 7, 10, and 14 day after exposure. Upper respiratory tract including
nasal pathway, conducting airway, and gas exchange region including
alveolar ducts, alveolar sacs and alveoli were investigated through
histopathological examinations. When the fume concentrations in the
chamber were monitored every 15 minutes during 2 hrs of exposure, the
fume concentrations were maintained consistently. Major metal
concentrations including Fe, Mn, Cr, and Ni were also maintained
constantly. The fume particles had various in their diameters ranging
from 0.02 - 0.81um and are distributed log normally with average diameter
and geometric mean of 0.098 = 1.42. The rats exposed the welding fume
for 4 hrs did not show any significant toxicities in blood biochemistry
and hematology. The average diameter 0.1ym resulted in fewer adsorptions
of the welding fume particles in the upper respiratory tract. The major
sites for particle adsorption were the lower respiratory tracts including
brochioles, alveolar ducts, alveolar sacs, and alveoli. Long-term studies
are needed for identification of occupational diseases caused by welding
fume.
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Fig. 1 A Block Diagram of the Inhalation Apparatus
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Figure 2. Electron Microscopic Pictures of Stainless steel Arc
Welding fume Particles. 20000 Bar = 0.5um
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Figure 3A. Normal Distribution of Welding fume Particles
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Figure 3B. Log—normal Distribution of Welding fume Particles
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Figure 3C. Cumulative Distribution of Welding fume Particles
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F5 EDX(Energy Dispersive X-ray)ol &3k A& &4 9]
- t}. o3 7)ol A Cu ¢ Ni2 A& gridell wetbd A= 23
3 ZbzF 1070 9] TS AFEskdth ~HJU A &1 EF AeT A A
7] = o .
%

Table 1. Enegy Dispersive X-ray Analysis data of Stainless
steel Arc Welding fume

Element Weight (%)
Al 1.37 + 1.03
Si 8.05 + 3.71
K 8.48 £ 4.06
Ca 0.87 £ 0.53
Ti 0.85 + 0.78
Cr 9.36 + 5.14
Mn 11.39 + 5.08
Fe 2452 + 10.27
Ni 4.75 + 1.08
Cu 27.23 £ 15.21

All values are expressed as mean = SD. % of elements were determined
by EDX through measuring 20 EM fields 20,000 magnification.
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Fgiure 4. Concentration of welding fume during 2 hrs of exposure.

first experiment, ...... second experiment.
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Figure 5A. Concentration of Fe during 2 hrs of exposure.

Fe (mg/m 3)

0 T T T T T T T

0 15 30 45 60 75 90 105 120

Time (min)



Figure 5B. Concentration of Cr during 2 hrs of exposure.
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Figure 5C. Concentration of Mn during 2 hrs of exposure.
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Figure 5D. Concentration of Ni during 2 hrs of exposure.
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Fig. 4 Concentration of Welding fume During 4hrs
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Fig. 7 Light Microscopic Photograph of Head Airway
Region of Welding Fume Exposed Rat

A: Respiratory Epithelium B: Transitional Epithelium
C: Olfactory Epithelium D: Treachea
( Hematoxylin and Eosin stain. x 200 )




Fig. 8 Light Microscopic Photograph of Bronchiolar oA+ %2 H
5 THHE HAFa Yot §HEF dAE 79 olFHH AA3 7
o= Ao AEHASTE E F AT

Region of Welding Fume Exposed Rat

A: Control B: Exposure
[> Macrophages P Welding fume ingested Macrophages

( Hematoxylin and Eosin stain. x 400 )




Fig. 9 Light Microscopic Photograph of Bifurcating Bron-
chioles Region of Welding Fume Exposed Rat

A: Control B: Exposure
[> Macrophages P Welding fume ingested Macrophages

( Hematoxylin and Eosin stain. x 400 )




Fig. 10 Light Microscopic Photograph of Alveolar Region
of Welding Fume Exposed Rat

A: Control B: Exposure
[> Macrophages P Welding fume ingested Macrophages

( Hematoxylin and Eosin stain. x 400)




Table 4. Location of Welding fume Particles at Anatomical
Region

Day Head airway Tracheobronchial Gas exchange
squa tran resp olfc trac bron bronchiol AD AS Al

0 - - - - - - ++++ ++++ +4++H+ 4+
1 - - - - - - ++++ ++++ +4++H+ 4+
3 - - - - - - ++++ ++++ +4++H+ 4+
7 - - - - - - +++ +++ +++  +++
10 - - - - - - ++ ++ ++ ++
14 - - - - - - + + o+ o+

Squa, squamous epithelium; tran, transitional epithelium; resp, respiratory
epithelium; olfc, olfactory epithelium; trac, trachea; bron, bronchi; Ad, alveolar
duct; AS, alveolar sac; Al, alveolar.
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