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Results of environmental monitoring for 35 steel
industry welders exposed to manganese and
chromium fume were evaluated. Efficiency of
respiratory protectors, welding face shields and
local exhaust ventilation were also evaluated to
establish more efficient preventive measures that

can protect welders from occupational disease as 4

related to welding fume.

The results are as follows;

1. Total fume from CO2 arc welding with mild
steel occurred 1.5 to 2.2 times more than that
from shielded metal arc welding. Chromium and

nickel fume from welding with stainless steel 5.

occurred 27 to 59 times and 18 to 30 times,
respectively, than those with mild steel.

2. Proportions of water- soluble chromium(VI) and 6.

insoluble  chromium(VI) Compare to total
chromium occurring from CO2 arc welding with
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stainless steel were 105 % and 87 %,
respectively, while those with mild steel were
57.1 to 63.2 % and 31.6 to 38.1 %, respectively.

. The efficiencies of 4 types of respiratory

protectors to reduce welding fume exposure
were evaluated as 54.4 to 64.4 %.

. The reducing effect of head type welding face

shield was 676 %, and that of hand type
welding face shield was 585 %. The highest
reducing effect was shown in air supply welding
face shield as 992 %, although it is not
convenient to wear.

When welding face shield and respiratory
protectors were worn together, the reducing
efficiency increased to 79.0 to 87.5 %.

When local exhaust ventilation was installed in
workplace, the reducing efficiencies varied from
315 to 73.1 % according to the types of welding.
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Tablel. Analytical conditions of atomic
absorption spectrophotometer for
airborne manganese and chromium

[tems Mn Cr
Method Flame Flame
Wave length( ) 2795 357.9
Slit width( ) 02 02
Lamp current( ) 5 7
MeasLrement Integration Integration
mode
oo of of
Replicates 5 5
Gas type Air-acetylene  N2O- acetylene

SAS package(version 6.12)

ANOVA

p<005 p<01

1.
co2 Flux(SF-71), SUS
309, Solid(SG- 1)
4301, 4316, 5016
2
co2
(P=0.044),
(P=0.0028),
2 6
co2 SUS309
7204 |
6
939 96.8%
19.2%
(p<0.05)
6 6
105% 8.7% ,
571 63.2% 316 38.1%
6 6
co2
6
1 6
6
( 3.
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Table 2. Comparison of total airborne fume and metal compositions according to welding types and
welding consumables

CO2 arc welding( / ) Shielded metal arc welding( / )
Flux(SF-71)  SUS 309 Salid(SG- 1) 4301 4316 5016
(n=15) (n=15) (n=15) P-Vaue | o1 (n=15) (n=15) P-Value
Total 62,521 4112 3206 004 1303 14,63 30.76" 0.0028
fume (100%) (100%) (100%) : (100%) (100%) (100%) :
Mn 9.491* 2635 1403 0.0001 0357 0.309° 1516* 00023
(15.20%) (6.40%) (4.38%) (2.74%) (211%) (3.81%) :
0.0158" 2.301* o011’ 0016 0017 0023
cr (0.02%) (5.82%) (0.03%) 0000L 1 61206 (0.12%) (0.06%) 0.07%6
0018 0547 0.031° 0.004° 0.009° 0035
Ni (0.03%) (133%) (0.10%) 000011 4 0306 (0.06%) (0.09%) 0.0001
0028 0.016° 0013 0.008 0.008 0.055"
Zn (0.06%) (0.04%) (0.04%) 000171 0.06%) (0.05%) (0.14%) 0.0001
0.048° 0079 0.184' 0,009 0.008 0.046"
Cu (0.08%) (0.19%) (057%) 00240 | 00706 (0.05%) (0.12%) 0.0010
15526 3039 16.068" 2254 1.804° 6.088"
Fe (24.76%) (7.40%) (50.10%) 0.0653 (17.30%) (12.33%) (15.31%) 0.0162
1.242* 0.054° 0067 0026’ 0.140° 0593
Mg (1.99%) (0.13%) (0.21%) 00001 | 0200 (0.96%) (149%) 0.0001
0.006° 0.014" 0,007 0.007 0.005 0.005
cd (0.01%) (0.03%) (0.02%) 00375 | (0.05%) (0.03%) (0.01%) 0271t
0044 0034 0016° 0.041* 0058 0014
Po (0.07%) (0.08%) (0.05%) 01276 | (03100) (0.40%) (0.04%) 0.0067
Others 36.103 32311 14.260 10.308 12.272 31385
(57.75%) (78.60%) (44.48%) (79.11%) (83.88%) (79.94%)
Data; Mean(%),
A, B Duncan group

Table 3. Ratio of water- soluble and insoluble Cr(
welding and shielded metal arc welding

) concentration to total chromium in CO2 arc

. Total Cr( / ) Cr( )mg/ ) % of Cr( ) /total
Welding types (range) Soluble Insoluble Cr
Flux 0021 0012 0.008
(n=6) (0019 0022) (0.010 0017) (0.006 0.009) 96.80't 1047
coz Solid 0019 0012 0.006 aot's 1845
wilding (n=6) (011 0026) (0011 0.013) (0.005 0.008) 94t 18,
SUS309 794 0.766 0633
(n=6) (6640 7.786) (0689 0.843) (0622 0648) 1918% 037
4301 0.69 0051 0014
Shiclded * (n=6) (0075 0.253) (0.046 0.022) (0.012 0016) 4483t 1987
metal 4316 0071 0.006 0007
arc (n=6) (0064 0.078) (0.005 0.007) (0.005 0.008) 1797+ 167
welding 5016 0036 0.007 0.000
(n=6) (0.03L 0.040) (0,006 0.008) (0.005 0012) 4549' 13,02
Data; Mean(Range)
5+ p<0.05
AB  Duncan group
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4.
4
3
/
/ A 5 . (head
64.4% duncan type) 67.6 % ,
(p<0.1), D  (59.2%), C  (58.0%) B (hand type)
(54.4%)
Table 4. Reduction efficiency for fume by types of respiratory masks
Respiatory mask Efficiency(%)*
Outside(0) Inside(l) (O-1)/Ox 100
Maker A 74.23 26.41
(n=10) (6271 87.35) (22.85 30.59) 64.44A 0.48
Maker B 61.31 3383
(n=10) (36.33 92.98) (29.65 36.33) 54408t 303
Maker C 46.59 18.66
(n=10) (3273 73.65) (15.85 24.29) 57978 543
Maker D 65.25 26.56
(n=10) (38.83 96.24) (24.70 30.12) 59178 305
Data; Mean concentration of welding fume (Range)
Unit; /
*% : p<0.1
AB ; Duncan group

Table 5. Reduction efficiency for fume by types and sites of welding face shields

Welding face shield Efficiency*(%)

Types
yP Outside(O) Inside(l) (O-1)/Ox 100
Hand type 70.67 29.34
(n=10) (3241 9%6.57) (2374 3372) 58488 1552
Head type 62.52 2024
(n=10) (4846 72.19) (1832 2462) 67638 383
Air supply 145.90 120
(n=10) (12000 171.72) (033 2:34) 99.18AF 045
Data; Mean concentration of welding fume (Range)
Unit; /
* ., p<01
AB ; Duncan group



58.5 % 6.
9.2 %
(p<0.05).
7 . CO2 ()
5. FLUX(SF-71) 62.52
/
1765 / 718 %
(head type) . Co2 )
6 SUS 309
1 315 %
, 620 731%
. 2 Duncan
790 875 % co2 Flux 71.82%
(585 67.6 %) (544 644 %) (p<0.05),
(p>0.2).
(p<0.2).
Table 6. Reduction efficiency for fume when wearing of mask and welding face shields together
Welding face shield Mask Efficiency*(%)
Outside(O) inside Inside(l) (O-1)/0x 100
A Maker 88.01 2283 12.06
86.29'+ 3.37
(n=10) (6208 113.91) (21.78 23.88) (1178 12.34)
B Maker 12343 3743 17.71
85.64A 1.12
(n=10) (103.70 143.12) (3523 39.63) (1652 18.90)
C Maker 53.08 2402 11.17 2
7896t 6.67
(n=10) (3033 75.82) (2324 24.80) (9.82 1252
D Maker 11859 30.54 14.81 A
87.51'+ 0.89
(n=10) (11420 122.90) (29.78 31.30) (12.97 16.65)
Data; Mean concentration of welding fume (Range)
Unit; /
* 5 o p<0l
AB ; Duncan group
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Table 7. Comparison of airborne fume levels before and after operating local exhaust ventilation

Local exhaust ventilation Efficiency (%)
Non- operation(A) Operation(B) (A-B)/Ax 100
Flux 62.52 17.65
(n=12) (485 722) (138 204) 7182t 337
coz+ Solid 32.06 16.92 B
welding (n=12) (129 54.4) (104 229 araz: 432
SUS309 4112 28.20 B
(n=12) (307 500) (246 337) Slar 667
4301 1303 4.56
65.83+ 15.38
Shielded (n=12) (6.8 224) (3.0 5.9
metal 4316 14.63 556
arc (n=12) (7.8 194) (38 79 6202t 844
welding
5016 39.76 10.73 7310+ 6.00
(n=12) (27.7 56.5) (6.8 185)
Data; Mean concentration of welding fume (Range)
Unit; /
** . p<0.05
AB; Duncan group
(Sawyer, 1988;
Tanaka, 1994).
(1997)
C0o2
, 6
( , 1997, AWS, , Burgess(1981)
1976). ,
(Koponen et al., 1981; Karlsen et al.,
1992; Voitkevich, 1995). co2
47
, 31
(WHO, 1986). Cco2 flux cored wire
(Mena et al., 1967, rod
Huang et al., 1989; 1991; T anaka, 1994). wire
6 CO,
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99.2 %

SUS309
. Head CO;
67.6 % , hand
31L.5%
584 % . Goller (1995)
Paik(1985) 60 /min
64 % m/sec
(1998)
38
head hand
(AWS, 1978;
Burgess, 1981; Gray et al., 1983; Hewitt and
Madden, 1986; , 1998). ,
1
2
790 875 %
(585 67.6 %) (54.
4 644 %)
33  /min 05 0.8 m/sec
3L
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