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Figure 2. General welding torch.

Figure 1. Fume generation and test chamber.



Figure 3. Fume torch and fume collector.
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I ﬁ :llgjq. =i _‘]_7_7"_5:'_1— Table 2. The fume generation rate with/without fume torch operation by

welding time
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Table 6. The personal exposure level with/without fume torch

operation
inside helmet(N=20) outside helmet(N=20)
w w/o"” w w/o
mean(mg/m’) 3.98 5.20 6.61 9.14
standard
o 2.55 3.75 3.84 5.76
deviation
reduction
- s 235 271.7
efficiency (%)
P 0.24 0.11

Where * : With fume torch

% . Without fume torch

w/o(me/m’) —wme/m) 100

w#x. Reduction efficiency (%) = wi o mg/m')

x4 P-value of Independent t-test at confidence level 95%

22. =271 2348 g8 A &%

A4 A Al 371 Fo AAAf, 9A, gAGEA, |
A g YA BF o sxe U7 Fo ol vEE A
TEEXHEGE OgFEAGFEELE o dEA doadY A9 e
NE, 1995). dRtd o AAANE EIE ot wols #AHEA
A A8 FEAFEEE R Hyto] duiyrE AAFHIEIIR
e faleE olde] e Tt Aty 9=t sk Hol F43
ko ol#d e dFAFEEIRNA uFE FEY Ex7t dnhy
EAEA, F 1sEodA AvER FXx7F Aty o] FHAEAT o
3 Aol ot wEld B AfeME mE7F 238 3Eo] of
DA WA ErtE AESAY. 81 EA THYE £FW uREe o
o MAxEs=rt §4F =57 5 m/mE 24 FE2 <Table
> 2
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wE/1ES 20T FEL 396%2 etk NE EAE A8
SR E W o & EAE ASet] $4E Wt =E5vIE 24T
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=
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Table 7. Percentage exceeding OEL welding fume(5mg/m’)

with/without fume torch operation

inside helmet(N=20) outside helmet(N=20)
w w/o" w w/0
geometric
3.27 417 5.69 762
mean(mg/m')
geometric
standard 1.92 1.99 1.76 1.89
deviation
%>0EL 25.8 39.6 59.1 74.6
reduction
- . 34.8 20.8
efficiency (%)

Where * @ With fume torch

=% 1 Without fume torch

w#x Reduction efficiency (%)= ”j"(%;%(zo/z ;&ZO/;” OH) =100
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0

Fume concentration(mg/m’)

Figure 4. Personal exposure to welding fume during welding process

with/without fume torch operation at inside helmet.
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Figure 5. Personal exposure to welding fume during welding process

with/without fume torch operation at outside helmet.
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Table 8. Comparison of wire consumption

with fume without fume
torch operation torch operation
(g/min, N=20) (g/min, N=20)
mean 28.58 30.77
(j;?:ii 10.388 31501
P-value” 0.77

Where * : P-value of Independent t-test at confidence level 95%
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Table 9. Correlation of wire consumption and personal exposure ER v=0. 12233X+O-4555
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53 ¢
with fume without fume ‘E E gL .
torch operation (N=20) torch operation (N=20) Sé S * . ¢
wire inside outside wire inside  outside 8 4l ’ .
consumption helmet helmet consumption helmet helmet LN .
(g/min) (mg/m*)  (mg/m’) (g/min) (mg/m’)  (mg/m*) 3 o ¢
mean 28.58 3.98 6.61 30.77 5.20 9.14 0
ordord 0 10 20 30 40 50
dei?agon 10.39 255 384 3150 375 576 Wire consumption rate(g/min)
r - 0.50 0.59 - 0.36 0.40
P - 0.02 0.01 - 0.11 0.08
Where = : Correlation coefficient 20
#% . P-value of regression at confidence level 95% .
16 | y =0.2168x +0.4092
E R®=0.3446
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Figure 6. Correlation and regression of wire consumption and
concentration at welding helmet inside and outside with fume

torch operation.
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7. Correlation and regression of wire consumption and

concentration at welding helmet inside and outside without fume

torch operation.
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Table 10. Comparison of concentration at welding helmet inside and

outside

with fume without fume
torch operation(N=20) torch operation(N=20)

inside outside . inside outside .
helmet helmet ( Cl;it/lloh) helmet helmet ( (;;t/lﬁ])
(Th,mg/m’) (Oh,mg/m’) (Th,mg/m’) (Oh,mg/m’)
mean 3.98 6.61 1.8 5.20 9.14 19
zzi?iﬁ 255 3.84 0.57 375 5.76 0.46
P-Value” 0.000 - 0.000 -

Where * : P-value of paired t test at confidence level 95%
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Table 11. Correlation and regression of concentration at welding

helmet inside and outside

with fume without fume
torch operation (N=20,) torch operation (N=20)
ratio(Oh/Ih)" 1.8+0.58 1.91+0.46
r 0.937 0.963
P 1.21x10° 1.03x10 ™"
Regression Y = 0.6226X - 0.1352 Y = 0.6270X - 0.5289
equation R*=0.878 R*=0.928

Where * : Rate of Concentration-outside divided by
concentration-Inside
* © Correlation coefficient

w#x 1 P-value of regression at confidence level 95%

- 32 -



15

v =0.6226x - 0.1352
R? = 0.8776

10

Inside helmet(mg/m’)

Outside helmet(mg/m’)
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outside with fume torch operation.
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Figure 9. Regression of concentration at welding helmet inside and outside

without fume torch operation.
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ABSTRACT

Study on the Performance of Newly
Developed Fume Torch during Welding
Processes at Assembly Lines in a Shipyard

Lee, Su Geon
Division of Industrial Hygiene Engineering
Graduate School of Occupational Safety and Health

Hansung University

Director

Park, Doo Yong, Dr.P.H., CIH

A newly developed fume torch was tested both in a test chamber
and in the field at the welding processes in a shipyard. Fume
concentrations were measured inside and outside helmet of the

welders with/without use of fume torch in the fields.
Main findings in this research were as follows.

1. Fume generated in the test chamber was decreased up to 97%

with use of fume torch.

2. Mean concentration of welders exposure to welding fume inside
helmet was 3.98 mg/m’ with the use of fume torch and 5.20 mg/m’
without use of fume torch. Thus, fume concentration inside helmet

was decreased as much as 23.5% by using fume torch.

- 39 -

3. Probabilities exceeding the OEL, 5 mg/m’ based on the
measurement results inside helmet were 25.8% with use of fume
torch and 39.6% inside helmet without use of fume torch. Thus,
fume torch decreased the fume concentration inside helmet up to
34.8% by using fume torch.

4. There was no difference of wire consumption rates between with

and without fume torch.
5. Ratios of fume concentrations inside and outside of helmet were

1:1.8 with use of fume torch and 1:1.9 without use of fume torch

respectively.
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Table 4. Measurement result without fume torch operation

Wire Consumption

Wire Welding Concentration(N=20)"""" )
Date of . . rate Ratio
No  Process sampling consumption durat@n (We/Wt X 1000, Inside helmet Outside helmet (Oh/Ih)
(We, ke) (Wt, min) g/min) (Ih™", mg/m’) (Oh™"", mg/m’)
1 SA” 08/22/05 59 412 14.34 1.15 1.87 16
2 SA 08/22/05 9.7 361 26.87 16.84 26.69 16
3 SA 08/23/05 3.0 384 7.81 2.74 4.09 15
4 SA 08/23/05 5.7 363 15.79 5.22 9.25 1.8
5 SA 08/24/05 25 388 6.37 3.14 5.19 1.7
6 SA 08/24/05 125 378 33.07 2.05 6.34 3.1
7 SA 08/25/05 10.0 378 26.46 5.39 8.69 1.6
8 SA 08/25/05 5.7 397 14.36 543 8.05 15
9 SA 08/25/05 12.5 335 37.31 7.27 14.64 2.0
10 SA 08/25/05 49.2 336 146.52 11.03 17.73 1.6
11 PA™ 09/05/05 25 380 6.58 2.14 3.10 14
12 PA 09/05/05 6.3 381 16.40 497 12.18 25
13 PA 09/08/05 115 390 29.59 8.99 12.49 14
14 PA 09/08/05 10.6 403 26.33 6.12 9.49 1.6
15 PA 09/09/05 31.3 412 76.02 3.92 8.55 2.2
16 PA 09/09/05 18.0 402 44.78 2.31 5.53 24
17 PA 09/12/05 7.3 395 18.35 491 10.24 2.1
18 PA 09/12/05 12.1 400 30.33 2.76 6.65 24
19 PA 09/13/05 7.4 407 18.13 1.34 3.04 2.3
20 PA 09/13/05 8.3 415 19.93 6.26 8.89 14
Total - 116+110.94 386+23.0 30.77+31.501 4.17+1.992 7.62+1.892 1.9+0.46

Where * : Semiunit assembly, ** : Panel assembly, *** : Concentration—Inside Helmet,

k%% | Concentration—Outside #**x* : Geometric mean = Geometric standard deviation

Table 5. Measurement result with fume torch operation

Wire Concentration(N=20)

Wire Welding Consumption .

N Process Date of consumption duration rate ; : Ratio
0 sampling b ) Inside helmet ~ Outside helmet (Oh/Ih)
(VVCy kg) (Wt, min) (VVC/VVt>< 1000, (H’l***, mg/m‘) (Oh****, mg/m’)
g/min)
1 SA* 08/22/05 6.6 375 17.49 2.70 4.82 1.8
2 SA 08/22/05 5.9 368 16.06 7.04 10.21 15
3 SA 08/23/05 125 361 34.63 4.33 7.83 1.8
4 SA 08/23/05 125 369 33.88 3.82 6.04 1.6
5 SA 08/24/05 10.2 350 29.11 1.75 3.29 19
6 SA 08/24/05 35 170 20.35 2.89 4.46 15
7 SA 08/25/05 9.8 389 25.24 1.13 3.05 2.7
8 SA 08/25/05 10.2 401 25.39 1.11 2.34 2.1
9 SA 08/25/05 149 325 4597 7.68 11.89 15
10 SA 08/25/05 16.7 332 50.30 10.33 17.33 1.7
11 PAxx 09/05/05 8.0 374 21.36 3.30 4.33 1.3
12 PA 09/05/05 45 373 11.98 1.90 2.05 1.1
13 PA 09/08/05 13.1 405 32.22 7.45 11.49 15
14 PA 09/08/05 135 402 33.58 2.68 8.71 3.3
15 PA 09/09/05 185 397 46.55 3.71 4.75 1.3
16 PA 09/09/05 116 398 29.07 2.60 5.06 1.9
17 PA 09/12/05 115 414 21.87 2.89 6.35 2.2
18 PA 09/12/05 7.7 397 19.45 1.23 3.59 2.9
19 PA 09/13/05 12.2 399 30.65 454 6.22 14
20 PA 09/13/05 7.7 376 20.51 6.49 8.33 1.3
Total - 10.6+3.94 352+71.5 28.58+10.388 3.27+1.922 5.69+1.755 181058

Where * : Semiunit assembly, ** : Panel assembly, *** : Concentration—Inside Helmet,

##%% . Concentration—Outside, ##**x . Geometric mean * Geometric standard deviation



