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- Abstract —

A Study on Airborne Concentration of Welding Fumes
and Metals in Confined Spaces of a Shipyard

Young-Soon Kwag - Nam-Won Paik

School of Public Health, Seoul National Universirv, Seoul, Korea

This study was performed to evaluate the exposure levels of worker exposed to welding fume and metals

in confined spaces of a shipyard.
The airborne concentration of welding fumes and metal elements in confined spaces were compared with

those in  open working areas.
Results of the study were as follows.

1.

[

The geometric mean of welding fume concentration in a confined space was 16.6mg/m’, which contained
3.9mg/m’ Fe, 1.2mg/m’ Mg, 0.8mg/m Zn, 0.008mg/m’' Cu, 0.008mg/m’ Pb, 0.005mg/m" Ni, 0.003mg/m Cr,
0.0003mg/m Cd.

The geometric mean of welding fume concentration in open working areas was 5.2mg/m’, which
contained 1.1mg/m Fe, 03mg'm Mg, 03mg/m’ Zn, 0.004mg/m’ Cu, 0.008mg/ m’ Pb, 0.005mg/m’ Ni, 0.003
mg/m’ Cr, 0.0003mg/m’ Cd.

The geometric mean of welding fume concentration in confined spaces was 3.2 times higher than that
in open working areas .

The geometric mean concentrations of such metals as Fe, Mg, Zn, or Cu within fume in confined
spaces were 2-4 times higher than those in open working areas, while little difference made such
metals as Pb, Ni, Cr, Cd.

. In 32 samples out of a total of 39 samples (82.1%) collected in confined spaces, the concentrations

of welding fume exceeded TLV. while so did 19 samples out of 33 samples (57.6%) in open working

areas.
As for the concentrations of metals in welding fume from confined spaces, Fe exceeded TLV in 14 out
of a total of 38 samples (36.8%), Mn exceeded TLV in 23 out of a total of 38 samples (60.5%).
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As for the concentration of metals in welding fume from open working areas, Fe exceeded TLV in 3
out of a total of 34 samples (8.8%), Mn exceeded TLV in 6 out of a total of 34 samples (17.6%).
Considering additive effect among metals, in 31 out of a total of 39 samples (79.5%) collected in
confined spaces, the concentrations of welding fume exceeded TLV , while so did 14 out of 38
samples (55.6%) in open working areas.

+ In respect of base metal and welding type the concentration of total welding fume by CO, gas W./mild
stee] was the highest, followed by semiauto MMA/mild steel , then followed by TIG or CO, gas
W /stainless steel. ; as for concentration of metal within fume, a decreasing order was Fe, Zn, Mn, and
Pb in CO; gas W./mild steel and semiauto MMA/mild steel, but Fe, Mn, Cr, and Ni in TIG or CO;
gas W /stainles steel.

- In case of welding base metal covered by paint, contents of Zn within red paint chip and within gray
paint chip were 14.0% and 0.08% respectively, which showed a little difference, while the airborne
concentrations of Zn within fume during welding base metal covered red paint and gray paint were
1.351 mg/m' and 1.018 mg/m' respectively, which showed little difference.

As for Pb, contents of red paint chip and gray paint chip were 0.14% and 0.08% respectively, and the
airborne concentrations within fume during welding base metal covered red paimt and gray paint were
0.009 mg/m' and 0.007 mg/m’ respectively, both of which showed little difference.
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Table 1. Pretreatment Condition of Microwave Digestion System

. Stage
Program Variable
1 2 3

Power ( %) 70 100 100
Pressure(psig) 80 100 120
Temperatur(C) 100 150 170
Run time(min) 10:00 20:00 30:00
Tap time(min) 08:00 15:00 25:00
Fen speed(%) 100 100 100
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Table 2. Recovery Rate of Metals by Digestion with Mixed Acid Solution
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Table 3. Concentrations of Welding Fume and Metals in Confined Spaces

Airbome Concentrations (n=41)

Composition GM (mg/m’) GSD Range (mg/m’) TLV (ng/m)
Furne 16.6 2.89 06 - 730 5
Fe 39 2.59 0.3 - 236 5
Mn 12 344 005 - 101 1
Zn 0.8 2.65 006 - 46 5
Cu 0.008 3.02 0.001 - 0099 01
Pb 0.008 272 0.001 - 0061 0.05
Ni 0.005 305 0.001 - 0023 1
Cr 0.003 318 0.001 - 0030 0.5
Cd 0.0003 276 0.0001 - 0.002 0.05

n : Sample size

GM(GSD) : Geometric Mean (Geometric Standard Deviation)

TLV : Threshold Limit Valuve
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Table 4. Concentrations of Welding Fume and Metals in Open Working Areas

Airborne  Concentration

Overall’ (n=40) CO; Gas W./MS“(n=16)
" GM Range GM Ran
compositiongymy P (i) mgm) P )
Fume 52 5.06 01 - 422 92 4.63 0.1 - 302
Fe 1.1 4.54 004 - 107 22 3.80 004 - 66
Mn 03 673 0.001 - 4.2 05 6.63 0001 - 20
Zn 03 6.99 0.001 - 3.7 08 441 001 - 26
Cu 0.004 385 0.001 - 0.061 0.004 350 0.001 - 0.061
Pb 0.008 2.50 0.001 - 0.041 0.007 2.13 0.001 - 0.025
Ni 0.005 3 0.001 - 0.152 0.004 249 0.001 - 0.010
Cr 0.003 423 0.001 - 0.614 0.002 271 0.001 - 0.011
Cd 0.0003 2.59 0.0001 - 0.007 0.0004 222 0.0001 - 0.001

*Overall ; CO; Gas W,/ Mild Steel, Semiauto Menual Metal Arc W,/Mild Steel
Submerged Arc W Mild Steel, Tungsten Inert Gas W. or CO; Gas W,/Stainless Steel
**C0O, Gas W,/ MS ; CO, Gas W,/ Mild Steel

n ; Sample size
100
& 10 -
-~ [ )
o T
1 - T
E_ 1 1 ‘ # : =
e . i
: Loe .
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- i |
- i 1 o] ]
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®
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Figure 3. Airbome Concentrations of Welding Fume and Metals in Open Shop. :

Overall*

* Overall ; CO» Gas W./ Mild Steel
Semiauto Menual Metal Arc W,/ Mild Steel
Submerged Arc W, Mild Steel
Tungsten Inert Gas W. or CO. Gas W/ Stainless Steel
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Table 5. Comparison of Welding Fume and Metals Concentrations between Confine Spaces and Open Working Areas

Ratio of Concentration in Confined Spaces

and Open Working Areas

Composition Overall CI%I ngfee‘?"/

Fume 32 18

Fe 34 1.8

Mn 45 25

Zn 25 10

Cu 20 20

Pb 10 1.1

Ni 1.3 1.3

Cr 1.0 15
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Table 6. Sample Numbers of Exceeding TLV : Concentration of Welding Fume

and Metals in Confined Spaces

Number of Samples

Viola,tion Posslz!e Violation Compliance Total
LCL >1 UCL >1LCL=1 UCL<1
Fume 0 > 5 39
Fe 14 3 21 38
Mn 23 3 12 38
Zn 2 36 38
Pb [ - 37 38
Cu 1 37 38
*LCL ; Lower Confidence I;ml :*'UCL ; Upper Confidence Limit
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Table 7. Sample Numbers of Exceeding TLV : Concentration of Welding Fume and Metals in Open Warking Areas

Number of Samples
Violafion Po&!ﬂe Violation Compliance Togal
LCL >1 UCL >LLCL<1 UCL<1
Fume 14 23 38
Fe 40 40
Mn 1 39 40
Cr 1 33 £

*LCL ; Lower Confidence Limit
**UCL ;, Upper Confidence Limit
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Table 8. Sample Numbers of Exceeding TLV Conceming Additive Fffect

Number of Sample

Violation Compliance
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Table 9. Comparision of Welding Fume and Metals Concentrations by Type of Welding and Base Metal

Welding Fume and Metals Concentrations

by Type of Welding and Base Metal ( mg/m’)

CO; Gas W/MS’ Semiauto MMA W,/MS™ TIG,C0,Gas W./SS™~
Composition GM Range GM Range GM Range
Fume 9.2 0. - 302 54 0.1 - 422 07 02-87
Fe 2.188 0042 - 6.626 1.205 0.081 - 10.74 0.129 0044 - 1202
Mn 0.497 0.001 - 1.985 0.308 0.004 - 4.221 0.032 0.005 - 0.607
Zn 0.820 0.007 - 2.555 0.405 0016 - 3.742 0.010 0.001 - 0.077
Cu 0.004 0.001 - 0.061 0.004 0.001 - 0.022 0.003 0.001 - 0.029
Pb 0.007 0.001 - 0.025 0.009 0.001 - 0.041 0.005 0.001 - 0.014
Ni 0.004 0.001 - 0.011 0.005 0.001 - 0017 0016 0.001 - 0.152
Cr 0.002 0.001 - 0.011 0.002 0.001 - 0.041 0.021 0.002 - 0.614
cd 0.0004 0.0001- 0.001 0.0002 0.0001- 0.001 0.0004 0.0001- 0,007

* CO; Gas W/MS ; CO, Gas W,/Mild Steel (No. of Samples = 16)
** Semiauto MMA W./MS ; Semiauto Menual Metal Arc W/Mild Steel
(No. of Samples = 18)

*** TIG, CO2; Gas W/SS ; Tungsten Inert Gas W. or CO; Gas W,/Stainless Steel

(No. of Samples = 5)
10
E 9
=)
-7
w6
g 5
S
© 4
g 3
= 2
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E 0 , 1
2 02 Gas Semiauto  TIG,002
W./MS MMA Gas
W./MS W./SS

Figure 6. Welding Fume Concentrations by Type of Welding and Base

Metal.
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Figure 7. Concentrations of Fe, Mn, Zn by Type of Welding and Base Metal.
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Figure 8. Concentrations of Cu, Pb, Ni, Cr. Cd by Type of welding and Base Metal
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Table 10. Airbome Zinc Concentration and Content of Zine in Bulk Samples.

Airbome Zinc Concentration

Percent of Zinc in Bulk Samples

Paint Color GM(mg/m") GSD Rang(m«/m") %
Gray 1.35 226 042 - 4.60 0.08
Red 1.02 261 029 - 451 14.0

Table 11. Airbome Lead Concentration and Content of Lead in Bulk Samples

Airborme  Lead Concentration

Percent of Lead in Bulk Samples

Paint Color GM(m;,/ m) GSD Rang(mg/m") %
Gray 0.009 227 0.001- 0.022 0.08
Red 0.007 2.18 000"’ 0(721 0.14
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