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— Abstract—

A Study on Control of Fume for Various Parameters in CO, Welding

Kwang-Joong Oh, Hyun-Soo Kim, Byung-Hyun Shon*, Hae-Sung Jee™*

Dep. of Env. Eng. Pusan National University,
Dep. of Env. Eng. Hanseo University*, Doosan Env. Management Center**

The concentration of welding fume was measured by 221 welders themselves in chassis frame work-
place of the manufactory from February, 1, 1996 10 May, 31, 1997. Welding parameters were the weld-
ing current and the distance between helmet and arc. Those two optimum conditions were proposed by
excess probability analysis using logistic regression, so the best position in the workplace was proposed
considering two tactors to control the welding fume. The results are as followings;

1) The excess proability of welding fume TLV was over 99% in above 260 Amperes of welding
current and also in below 30cm of distanced between helmet and arc.

2) The equation from logistic regression analysis using SPSS/PC+5.02 had the welding current as a
independent variable and the excess of welding fume TLV as a dependent variable (p<0.03).
Logit(welding fume TLV) = 0.1296 X wlding currnet - 28.8750

3) The cquation from logistic regression analysis using SPSS/PC+5.02 had the distance between
helmet and arc as a independent variable and the excess of welding fume threshold limit value
as a dependent variable (p<0.05). Logit (welding fume TLV) =-0.6809 X distance between hel-
met and arc +25.1665

4) Considering both cascs of 2) and 3). the result equation is following. (p<0.05). Logil (welding
fume TLV) = 0.1346 x welding current -0.3859 % distance hetween hetmet and arc -15.7382



3) The excess probability of welding fume threshold limit value was 100% in above 240 Ampere
of welding current. Thus, below 220 Ampere can be suggested to reduce the 40% number of
welders who have a excess welding fume threshold limit value,

6) The excess probability of welding fume TLV was 100% in below 34cm of distance between hel-
met and arc. Thus, over 38cm can be suggested to reduce the 33% number of welders who have

a excess welding fume TLV,

7) Considering both 5) and 6) cases, first of all, the best welding current can be 200 Ampere to
have a below 15% of welding fume excess probability for the welders who works in distance of
34-37cm. Secondly, to have a below 30% excess probability of welding fume TLV. the working
distance must be over 38cm in 220 Ampere and 32cm in 200 Ampere.

8) To reduce the average €xposure concentration of welding fume (8.21 +5.83mg/mv), the movable
local exhaust system equipped with flexible hoods can be used.
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Table 1. Summary of welding parameters

Parameters Variables
Electrode ER70S-6
Electrode Diameter 1.2mm
Welding Position All position
Shielding Gas Co,
Gas Flowrate 42CFH
Welding Current 100-400 Amperes
Tip Angle 60 Degrees
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Table 2. Concentration of welding fumes by welding currents

Welding Current.

Concentration of Welding

N > terval,
Amperes R, falish 95% Confidence Interval, mg/m?
<200 31 3.33+0.88 3.01- 3.65
200-240 101 4.70+1.70 4.37- 5.04
240-280 58 14.65+6.10% 13.05-16.26
280< 31 12.4441.86 11.76 - 13.12
Total 221 8.21+5.83 7.43- 8.98
*p<0.05 by ANOVA using SPSS/PS+5.02
Table 3. Distribution of welders by under TLV. above TLV and welding currents
ing ; di
Welding Current N(%) Under TLV Above TLV Exceeding
percentage
<200 31(14.0) 30(13.6) 1(0.5) 32
200-240 101(45.7) 64(29.0)* 37(16.7) 36.6
240-280 58(26.2) - 58(26.2)** 100
280< 31(14.0) 31(14.0) 100
Total 221(100.0) 94(42.5) 127(57.5) 57.5

#p<0.05 by Chi-square using SPSS/PS+5.02
##p<0.05 by Chi-square using SPSS/PS+5.02
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Table 4. Concentration of welding fumes by helmet to arc distances

Helmet to Arc

Concentration of

% al, ?
Distances, cm N Welding Fumes, mg/m® S Caiiaeioe Ineral, Nelo
<34 61 15.66+5.13% 14.35- 16.98
34-37 73 6.41+3.12 5.68- 7.14
37-40 56 493+2.16 4.35'- 5.51
40< 31 3.70+1.66 3.09- 4.30
Total 221 8214583 7.43 - 8.98
#p<(.05 by ANOVA using SPSS/PS+5.02
Table 5. Distribution of welders by under TLV, above TLV and helmet to arc distances
A : 5
SIEIEL 1. N(%) Under TLV Above TLV Hxoeeiing
Distances, cm ) percentage
<34 61(27.6) - 61(27.6)%* 100
34-37 73(33.0) 30(13.6) 43(19.5) 589
37-40 56(25.3) 35(15.8)* 21( 9.5) 3.5
40< 31(14.0) 29(13.1) 2( 0.9 6.45
Total 221(100.0) 94(42.5) 127(57.5) 51.5

#p<0.05 by Chi-square using SPSS/PS+5.02
##p<().05 by Chi-square using SPSS/PS+5.02
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Table 6. Exceeding probability to welding fumes by
welding currents

Welding Exceeding Probability and

Current, Logit to Welding Fume TLV

Amperes Logit P(X) P(X).%
100 -15.91 0.00
120 -13.32 0.00
140 -10.73 0.00
160 -8.14 0.02
180 -5.54 0.38
200 -2.95 493
220 -0.36 40.96
240 2.22 90.26
260 4.81 99.19
280 7.41 99.93
300 10.00 99.99
320 12.59 99.99
340 15.18 99.99
360 1737 99.99
380 20.37 99.99
400 22.96 99.99
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Table 7. Exceeding probability to welding fumes by
helmet to arc distance
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Chi-Square df Significance
Model Chi-Square 194.180 1 0.0000
Improvement 194.180 1 0.0000

Classification Table for DVWD

Predicted
0 1 Percent Correct
0 1
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0 0 91 3 96.81%
| 1 ‘ 91 114 ‘ 92.13%
Overall 94.12%
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Table 8. Exceeding probability to welding fume TLV by welding currents and helmet to arc distances

olAelH e §AEF &7IEA 23 &8 U B

Helmet to Exceeding Probability to Welding Fume TLV. %

w :ﬂr;cc_ Welding Current, Ampere
em 100 120 14000 16000 18000 20000 22000 24000 26000 280.00 30000 32000 34000 36000 380.00 400.00
0 000 006 098 1278 6839 9696 9978 9998 9999 9999 9999 9999 9999 9999 10000 100.00
M0 003 045 634 5000 9365 9954 9996 9999 9999 9999 9999 9999 9999 10000 100.00
24000 001 021 303 360 8721 9901 9993 9999 9999 9999 9999 9999 9999 100.00 10000
%000 000 009 142 1760 7592 9789 9985 9999 9999 9999 9999 9999 9999 9999 10000
%000 000 004 066 898 5930 9555 9968 9997 9999 9999 9999 9999 9999 %999 10000
00000 000 002 030 436 4024 908 9932 0995 %999 999 9.9 9999 9999 999 9999
2000 000 000 014 206 2373 8212 9854 9990 999 99 9WY 99 99 N9 99
34000 000 000 006 096 - 1257 6798 9690 9978 9998 9999 9999 9999 9999 9% 9999
%000 000 000 003 044 623 4953 9354 9953 9996 9999 999 9999 999 %P 999
R 000 000 000 001 020 298 3120 8700 9899 9993 9999 9.9 9999 999 99 999
0000 000 000 000 009 140 1733 7558 9785 9985 9998 9999 9999 9999 9999 9999
20000 000 000 000 004 065 883 3885 9547 9968 9997 99 9999 9NN 999 9999
4 000 000 000 000 002 030 428 398 9070 9931 9995 9999 999 999 999 9999
6 000 000 000 000 000 004 202 2340 8185 9852 9989 9999 9999 9999 9999 9999
8000 000 000 000 000 006 094 1237 6758 9685 9978 9999 %999 9999 9999 9999
500000 000 000 000 000 002 04 612 4907 9343 9952 %% 9999 9.9  99.99  99.99
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Table 9. Logit to welding fume TLV by welding currents and helmet to arc distances

Helmet to Exceeding Probability to Welding Fume TLY, %
Di:a:ce. Welding Current, Ampere
cm 100 120 14000 160.00 180.00 20000 22000 240.00 260.00 28000 300.00 32000 000 36000 38000 400.00
00999 730 461 4192 077 346 615 88 1153 4231692 1961 2230 2499 2769 3038
22 -1076 807 538 269 000 269 538 807 1076 1346 16.15 1884 2153 422 2692 26
M 1153 8% 615 346 077 19 4.6 7.30 999 1268 1538 1807 2076 2345 2614 2834
% 1231 961 692 423 154 114 38 653 9» 196 1469 1730 1999 2268 2537 2806
B <1308 -1039 769 500 231 037 306 576 845 .14 1383 1652 1922 2191 2460 2729
00 -1385 -1116 847 577 308 039 229 498 768 10371306 1575 184 2114 2383 2652
32 -1462 -1193 924 655 385  -116 1.52 421 6.90 960 1229 1498 1767 2036 2306 2575
Ho-1539 1270 -1000 732 463 193 075 344 631 881 1152 1421 1690 1959 2228 2498
36 -1617 -1347 -1078 809 -S40 272 001 267 536 BOS 1074 1344 1603 1882 2152 2420
38 -1694 1425 -1155 886 -617 348 079 190 459 718 997 1266 1536 1805 2074 2343
40 -7 1502 -1233 963 6% 425 .56 106 382 651 920 1189 1458 1728 1997 2266
42 -1848 -1579 -1310 -1041 71 502 233 035 305 574 843 1112 1381 1651 1920 2189
#“ -1925 -1656 -1387 1118 848 579 300 041 227 497 766 1035 134 1573 1843 2112
4 -002 -1733 -1464 <1195 926 656 -387 118 150 409 680 958 1227 149 1765 2035
48 2080 -1810 -1541 -1272 1003 734 464 4195 073 348 62 881 1150 1419 1688 1957
50 2157 -1888 -16.18 -1349 -1080 811 -542 27 003 265 M 803 1073 1342 1611 1880
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80
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Fig. 3. Exceeding probability to wel-
ding fumes threshold limit
value by welding current and
helmet to arc distance.
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