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Evaluation of Chromium and Manganese Exposure in Welders and
Establishment of Efficient Preventive Measures for Fume Exposure
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Department of Environmental Health Science Soonchonhyang University‘”

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 3.
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 CO» 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
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 COu arc welding with

o
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stainless steel were 105% and 879%, respec-
tively, while those with mild steel were 57.1 to
63.2% and 316 to 38.1%, respectively.

The efficiencies of 4 types of respiratory pro-
tectors to reduce welding fume exposure were
evaluated as 5.4 to 64.4%.

The reducing effect of head type welding face
shield was 67.6%, and that of hand type welding
face shield was 585%. The highest reducing
effect was shown in air supply welding face
shield as 99.2%, although it is not convenient to
wear.

When welding face shield and respiratory pro-
tectors were wom 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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TACeESE A A 97-663) 2 vl Ak vz
12 (national institute for occupational safety and
health, NIOSH, 1994)9} S 4A1d& ol &ste] &
Alakgid.

7% EHF Aar ¥7o 22 MCE(mixed
cellulose ester) & 34 (274 37 mm, 37%4: 0.8 mE
3fmm FHAEC Wi sjdE
sampler, Gillian Ahell JdAg & 23Ate] &5
Aol ZEatA st B 1~209 FFOE AHH
sttt &4 F AMAA AHEHE MCE oA &
3ol 08 mol At oA e} &7 By 4L FUA
(0.01~12 )2 o 3pA) 8} hApAbolol 2Hgah= 4
A7l o)stol E = JITHAWS, 1976; AIHA,
1998).
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T AgHo R NaE QA o) AHEE &
Joe ddEdadols Axg doli £4%
A 2H wire FEfE ¥ Flux(SF-71), SUS309 2
Solid(SG-1)9} rod HEl2 %l 4301, 4316 % 5016 &
48 Atk
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=7 go2 AEY FHET mm)e §1, DE7} )
39 ANES vhil7 YRl FAE F F40) gl
=2 443 Holgse npaag AT B9 vja
sk vhllg WA EEAZ Fol FYUPE AL %
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AARAIE 220 F0z *li : A1
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SR &4F AdEd S HLe £
ok 5o 337 930 e E B33 & £
A7F AW E FAgsta g gAY U A
2 E 40~4ecmE FA8HA Flux(SF-71) £4%2
2308 &0 gt Hotd £HW 59
141 of E%JL o vEE v - FHIA.
Fol wit F =& rEay
£ HlaLst7] 93 %—é AL &Y v 557 9
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ot ZE&HY 45 CO; 7k J3& Hislel] 9
gt} Frx9ko] A E 0em=Z FAFHA L4
om, HEota SHAE HEHAY T A
& 30cm olgtE A dejellA &HstAr.

2 AR EA

£4F M59 AXE e 239 94HAE 50 i v
Aol &711, AF 3 ml, Bk 2 meo A4 05 mE
7hgh & 5% B¢ ZHER HelA Be H 74A HE
stof o =gk 1A EHES F3letdith o] §9
& A A7) ol 25 ml 8% Sk &4
A A I8 MY FRTE HE £HE Bl 3t
of EMEAT 67F AF (84 £ BEA) A
PVC o #2273 37 mm, 73 50 m) 274E ZJ(’«}
o FHHES] Ho] AJEHIE 2 1~2 19 F
SR AASA D, TN &Y 67 28 F8E
A Mr2 Az stk T84 671 282



oA B2 & Alg o] W] 05N FAte e 223 g
05 m diphenylcarbazide #94& Y3 thA 05N 3
o2 B ml A 7 ABEA st & T
g Fol FANER ST 84 67F 282 o3
g 50 m v A B +ELH(2 % NaOH - 3 %
NaxCOs 5 me)& 7hakgich. o] we 37} 289 4s)
g W8] A N 7h2E A3 £ T

NeE AAEFFELZREA(AAS, Varan 30
plus Australia)& o] &3l9 £A&g o 717 24
& ¥ 13 2

Tablel. Anals}tical conditions of atomic
absorption spectrophotometer for
airborne mangarese and chromium

[terns Mn Cr
Method Flame Flame
Wave length(rm) 2795 379
Slit width(rm) 02 02
Lamp current(nd) 5 7
Eie)giurement Integration Integration
comscin o of
Replicates 5 5
Gas type Air-acetylene  NoO-acetylene

3 AEEM R "It

AZEAM 2 SAS packagelversion 6.12) 322
& ol gatom SHF e £HE TR o
ks F, BT 357, 49 ¥y
A U}"ﬂ—a‘ FA LA EHE AvEn F

AL Y39 ANOVA EAHEAE g ey &
] HAL 93 FYFES p<.05% p<0.10A
Ak
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=
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RPN

55715 & ¢
w40l 0lRE Yy
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309, Solid(SG-1) §4 &3 HFota S| ALgH
£ 4301, 4316, 5016 8489 F & 4 5944
LG Zol7h AeAE HAS] AF LAY
< ¢ Ade # 28 2k

00O ot 849 3¢ 4% F7ol weth & &2
A v nd Bd 78 A7t Y= ez eyt
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o F7d wet F Fo MAFS viwd Y Fofd
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Zol Bt oU & AF U] 67 AF v& 9.9
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Table 2. Comparison of total airborne fume and metal compositions according to welding types and
welding consumables

COy arc welding(mg/m') Shielded metal arc welding(mg/m)

T ate e vom | R S e oo
Mn ( 1%3%10) (ég(?) <i§[8)%o> oot t(z);i)Z) (g:?(ﬁ;) (éﬁg{?;) 00023
tr (8:8;3/?:;) (53331)‘) (8.'8:14,3«2) oo | M0 0129 ok 0.07%
Ni (88;’9) (?%Z() (8(1)310) 0.0001 (88;)3) (88322) (8:&§> 0.0001
B Om ome gohe 007 | QR O Qe 000
Cu (8&32) <8?c7)?i) (8:.%?49;) 00240 (8.'87.09“;/;,) (8:8(5)22) 1:8:?353/:) 00010
Fe (2%{60) <§f9403§/2) (ég:?gii) 00653 (127'.23%‘};;) <112§3)‘3;) (1%%?;) 00162
S NN S X T S oA O
d (8.'8??2) <88£> (8,'3332) 008 | ok ((g)(())??o) 00159 02711
Pb (8.'8%1/:) (8.'823;) (88:1)?@ 01276 (8%2) (8.'2?);:) (((;f(o)‘lf/:) 00067

Othere 3103 231 14260 - 10.308 12272 31385

BT75%)  (7860%)  (44489%) T011%)  (8388%) (79.949)

Data; Mean(%),
A, B¥= Duncan A3 4 AB{Z group?te] #HolE 9w gt

Table 3. Ratio of water-soluble and insoluble Cr(VI) concentration to total chromium in CO; arc
welding and shielded metal arc welding :

Tl frnec Total Cr(mg/m’) Cr(VI)(mg/m') % of Cr(VI) /total
Welding types (range) Soluble Insoluble Cr
Flux 0021 0012 0008 .
o (n=6) (0.019-0.022) (0.010~0,017) (0.006~0.009) %80 1047
% Solid 0019 0012 0.006 .
welding (=6} (0.11~0.026) (0.011~0.013) (0.005~0.008) BHL1845
SUS39 7204 0.766 0633 R
(1=6) (6:640~7.756) (0639~0.843) (0622~0648) 18+ 0
401 0169 0051 0014 -
0l 0051 0] MK 1987
Shictded” z;{g (0.0780 ?.m (0.048) 00(;.022) (0.01(? 00(;.016)
metal : 07 X , ; .
arc (11=6) (0,064~ 0.078) (0.005~0.007) (0,006~ 0.008) 1792+ 167
welding 5016 0.036 0.007 0.009 )
(n=6) (0,031 -0.040) (0,006~ 0.008) (0.005~0.012) 45491302
Data; Mean(Range)
w5 p<0.05

A, Bi® Duncan A3 33 A2 groupitel ol gin| g
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4. 8YHe gefjoff e SHE ACE D
AR A T2 ARHL A 37H FEHY &
Hao st $4F Adans 4% 4o ¥
59} 2} ol AMEEE HEQ B 5 3% (head
type) $4WY F AFEIE 676 %ol om, &3
°|&(hand type) £HWL & Ao =& 7t
7] o] MelRay SydEys 23w} Hol

Table 4. Reduction efficiency for fume by types of respiratory masks

Respiatory mask Efficiency(%)"
Outside(0) Inside(]) (0-1/0x100
Maker A 7423 2641 At
(n=10) (62.71~87.35) (22.85~3059) 614472048
Maker B 61.31 3383 5
(n=10) (36.33~92.98) (2065~36.33) HA40° =303
Maker C 4659 1866 5y
(n=10) (3273~T365) (1585~ 24.29) STIT 543
Maker D 65.25 26.56 = 1754+
(n=10) (38.83~96.24) (2470~3012) DIT30
Data; Mean concentration of welding fume (Range)
Unit; mg/m’
*x ; p<O.1
AB ; Duncan AH33A A#g group?te} abolE <u g
Table 5. Reduction efficiency for fume by types and sites of welding face shields
Types Welding face shield Efficiency (%)
Outside(O) Inside(D) (O-D/OX100
Hand type 70.67 29.34 s Aob 112 =
(n=10) (3241 ~%.57) (2374~3372) 5848”1552
Head type 6252 20.24 ol 4 o
(n=10) (48 46 ~72.19) (1832~2462) 6763°+ 383
Air supply 145.90 1.20 AL
(n-10) (12000~ 171.72) (033~2.34) M.18"+ 045
Data; Mean concentration of welding fume (Range)
Unit; mg/m’
; p<0.1

AB ; Duncan AH$7A AT} 2 groupZte] ol ¢n|g
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A F AdEdst 580 %3 thA oA el o
Hu ool a4 §4He ta Agshvide £4
A F AGEIAIL 92 %62 N e Ao
B BAA AN e doj gt Sl
FAREME 5 402 ehdhp<00s).

5 MM DA3E FAl A3A BHE

l::lL_. =1 <

Ajete ot

u

£ 4 W(head type) 7} mhE2E EA0 4839S
W 8% Agase Hohe An= 1 63 2ok

SRAYAE QuHow WA npaag Hgsln
WREe] $HUS e HA SHES
Aoz £HW oste] AR Aehe| s, §HW
o £ & F2 O wpaa g 5o o gy o
o] ggth webd 7S Ao 388 A
ol 790~875 %9 & Aeadzt Qo) §1Y
(B5~676 %) EF at23(44~644 %) F o=
dh g Aeets Jug 2 AdERE Rgd
p<0.1).

a7 4R hed g2 Adae] £34F =
ZAEHE FREHY AR HE 41 ER 548
A= F 73 2ok CO, ob £ (97D olA
FLUX(SF-71) €3%& AH- 4 &4F0] 6252
ng/m'= ol WA A T4 E 7HEAY
A 1766 mymE ZAH 718 %Y & A &3
7k it 3 COp o2 &3 (2H A 27hel 9l
A SUS 309 €185 AHEE wfe Fo] nigor ¥

A dAste A det 3Aur1 A 7 a9t
315 %% ofF Wt 9& obZ LA oA &
Aed a4 7HE a7} 620~T31%E o]
s FEol Aok FAMIIEA AT 4HE =
272 288 Duncan #Ao 9% vFuja Az
CO; ot & HolME Flux £H8 AH&A] 71.82%2
FAaHA EA JeRR 2 m(p<005), 9 Eola &3
oA Aol7h glE AR YeRdTtHp>0.1).

Table 6. Reduction efficiency for fume when wearing of mask and welding face shields together

Welding face shield Mask Efficiency (%)
Outside(O) inside Inside(I) (O-D/O X100
A Maker 38.01 2283 12.06 \
) 86.29'£3.37
(n=10) (62.08~11391) (21.78~23.83) (11.78~12.34)
B Maker 12343 37.43 1771 8564441 12
(n=10) (103.70~143.12) (35.23~39.63) {1652~18.90)
C Mak 53.08 24.02 11.17
. R +667
(n=10) {(30.33~73.82) (23.24~24.80) (9.82~12.52)
D Mak 11859 30.54 14.81
. i 8751"+089
{n=10) (114.20~122.90) (29.78~31.30) (1297~16.63)

Data; Mean concentration of welding fume (Range)
Unit; mg/m’

+, p<0.1

AB ; Duncan AFEHA AFZ groupitel zbolE 2ug
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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)/AX100
Flux 6252 1765 N
(n=12) (485~722) (138~204) NEZE 337
cos™ Solid 006 1692 -
welding ~ (n=12) (12.9~54.4) (104~229) 122 432
SUS309 412 2820 .
(=12 (307-500) (246~337) ST 667
4301 13.03 456
0 > - 658341538
Shidded (712 (68~22.4) (30~58)
metal 4316 1463 556 .
arc (n=12) (78~19.4) (38~79) 6202+ 844
welding 5016 2976 1073
i 0 . +
(n=12) (217~565) (68~185) 7310 600
Data: Mean concentration of welding fume (Range)
Unit; meg/m’
**x ; p<0.05

AB; Duncan AH3 3 A A#HE groupte] abo|E ¢vj g
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EHES £3 Al 19 o3
A, ets e S ghehihe

A RS ETH @I T |, 1997 AWS,
1976). €HFolE= F2 Wz 28 2 U S F
EakshEe] FrEo] glo] A g e At
£ 33t Koponen ef al., 1981; Karlsen et dl,
1992; Voitkevich, 19%). &3] %1t &7)7 £24
Agole Z7lo) FAENFH AN FHE o
Ao Z By & glon, F7]de FA92e A3
& Bete A4 HA WMEE e o dd
# ATHWHO, 1986). o) wo] Akt A%

ol T4t A9 dA@tHMena et al, 1967
Huang et al., 1989; 4 5 1991; Tanaka, 1994). 2%
o Bl 67F Zg 71 wE:E APl vF
Aol FAH, ol o] HPHH vlFAATY

A

AEH T H o] @At st Sawyer, 1988;
Tanaka, 1994)
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7b Atal it B AR &5 ER9 &
e w& %é‘]“ g S An A%g
COy otz 84& & 7} g&oba §HE & d B
o F T s 47 o AR wA Jeptey
~HRUA7E 1 g 31 v A% =4 el
WE @ 5 A

CO: oz £Ho) A= flux cored wire &8585 A}
Eatal 98 ofa EHAAME rod £HEE AbEet
7] ol wireZ H 35S AS5H 2R &4ste
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: 287 BET Vg dyor
FAL $E 79 WEHAFeO,)
o) s ok qlsh ohel) Aekel Bk o
HEE B3~B2 %= I AolE Bolu gl
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4% AoE

i 4] 7] diEel &2l A4S AL
Ack b o AMEEE £ Fele Yo
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