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— Abstract—

A Study on Factors Affecting Airborne Fume Composition
and Concentration in Welding Process

Yong Chul Shin, Gwang Yong Yi, Seung Hyun Park, Na Roo Lee,
Jee Yeon Jeong, Jung Keun Park, and Se Min Oh, Young Hahn Moon

Department of Industrial Hvgiene, ndustrial Health Research Instinute

The purpose of this study was to investigate factors affecting the composition and concentrations
of fumes generated from various types of welding processes. The results are as follows.

1. iron(Fe), zinc(Zn) and manganese(Mn) were predominant in welding fumes. The Fe content in
total fumes was 25.5% in coated electrode and 28.2% in CQO, arc welding, and the Zn content was
4.5% and 9.1%. respectively. and the Mn was 3.6% and 7.8%. respectively,

2. It was found that the important factors determining composition and concentration of fumes
were type of industries. type of welding processes. type and composition of electrodes. composition
of base metals, confinement of workplaces or condition ot ventilation. work intensity. coated metals
such as lead and Zn in paint.

2. The Mn content in airborne tumes wus highly correlated with that of electrode(r=0.77.
1<0.01) and was about 4 times higher than that in electrodes or base metals. The results lindicate
that Mn is well evaporated into air during welding, The higher vapor pressure of Mn may expliin
this phenomenon.

4. The airborne total fume concentrations were significantly different among types of industrics
(p<0.001). The airborne total fume concentration was higher in order of steel-structure manutactur-
ing(GM=15.1 mg/m*), shipbuildingtGM=13.2 m/m*). automobile-component manufacturing (GM=7.8
mg/me) and automobile assembling mdustry(GM=23.0 mg/m).

5. The arborne total fume concentration was 6 times higher in CO. welding than i coated clee-

IR -



trode welding, and approximately 3 times higher in confined area than in open area, in steel-structure

manufacturing industry

6. The concentration of welding fume outside welding helmet was about 2 times higher than
that inside it. It is recommened that air sampling be done inside helmet to evaulate worker's expo-
sure accurately, for it has an outstanding effect on reducing worker exposure to fumes and other

contaminants.

Key Words : Composition and concentration of welding fumes, Type of electrodes and welding
processes, Mn, Confined area, Welding helmet
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SHFAAAM HE e fAdake oS ohdaiy
A F(fume) Z 7t2(gas) 9 T FAEATR =}
A, 2%, IF, 12 T 22 EYF Axm B
T+ ok 83A[Y B¢ #AHEAY FF
o - thefahl olEe] Fo WAYE RA F
(base metal), &% (electrode), AIME Fo
43 M52 gid JH(ACGIH, 1984; NIOSH,
1988).

€3 SEACNAAN " F sle A Ee
%4 (metal fume fever), &35 9% (sidero-
sis), H%Z, #AZIF, WAVIBAE, Hd,
F5, Uistgrh, & ¥4 (phosgene) 7t
T Qg fFarta %, #ulEA 9 AU
Aol olgt AZAs § wi$ oheFslt} (ACGIH,
1984; NIOSH, 1988).
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(ACGIH, 1984; Voitkevich, 1995).
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A oA AN A 81 He, 898 2
BAESS 24, A9TUS B4 2 8W2AR

%5 52 2.

2) 8=

B ZA A AN e 2 408 248 8
© CO, °lZ243 (gas metal arc welding, CO,
welding) &el 718 €stzm Loz & ofx
27 (shielded metal arc welding, coated elec-
trode arc welding) Zglo] Btk 4% daolA
¥ MBEnA] o}AZL43 (submerged arc welding),
sha-oldgdll 83 (oxy-acetylene gas welding)
208 st ot Abd-oldgal 802 vl g 7HE A
2.7 o] Foix|1 go] ol A st

3 g 8FE « =

ZAPRAAA AN AL FY AMgERT YUY &
e 89 1 2L ® 13 2on oy AA
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ol AXE @e &UF A6 EAEh: ¥
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Her &3¢ suen g4y s3as
gegolry, SHEvIdle Al ¥l
28 ¢ URT e HJor &3HE A4 q
ol 2EFe] f3a4e 235 ARy ARG
i 8 gtk o] FEL olE AzBAlA AF
Bl Aladell AAlS S e groeg A ok o
AE exbe & 4 UAY, KS 4 By nag
83 (American Welding Society, AWS) 74
of Al E Azsldol SlBE AL AT
7F lcha B 4 sl

B o)A BEo] A5 3 e 2 obz &R
< CR-13, S-8018W, $-7016H 2.2 ol& £3
8o gag42 Fole A AR AR Fert
23 Holv Mneo] 0.38 - 0.98% A% gL ¢
g gleh olgjel d¥ S£HEES Ni, Or ¥ Cut
zkz} 0.45%, 0.50% 2 0.39%4 FH=o) AN
=

TH, CO, o2 &HlMe 2 A (golo]) FHee
|80l AMSET A ARdA e SF-T71, KC-

28, SF-70W, Supercored 71 $& AM2-8l3 U
% CO; ol 83489 £33<4 o $4€ Mn
o) FeFe 1.06 - 1.85%2 W= o}Z &M R Mn
R Edh ¥ EHE(SF-TOW)ol& Ni, Cr
R Cuzt EXgHon 2Ag&S o8 F&9 ¥
#e 7v7t 0.35%, 0.5% 2 0.4%%)

ZANE dAlolM e F2 AMEHT 9l BAl9
FHe 3y 2L B 29 AT FE AgHE
2AE A% (mild steel) 28 AB ZAF A 2)sln
© HEE Mno] 0.06 - 2% A= eyl U
th Zno® =EE A%E AMEEln UE GHAE o
Aen 2AFgAzEAAY A e ARL &3
st YF RAolMe Znol E8E" Al A7
(stainless steel) & AH&3sla Ut 4% A
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27NF SUF ARE VFAYIARAATY
(National Institute for Occupational Safety
and Health, NIOSH)®] FA3A18%¥9 Method
0500(NIOSH, 1994) & o| &3t} AFsrlon}, o
A E45% FAlel F3387] Y98iA polyvinyl
chloride(PVQ) ooz thalel  mixed-cellulose
ester membrane filter(BA7A: 37 mn, &= 0.8
wm, Millipore Corp. )& AH&-8tc}.

=FF AFBAEHAA T (=B, 1995)
me}t fFHEH AR AHe T2AY TFYA (=
229 THENE FHeE ¥ 30 cm HFP) oA
o]Fojx o &9 (welding helmet) & 2He-8t #
F Gl vpgZFelA o) FojH ), W, AWSHlA e
B3 oA B9 9l & 224 Yo rRH 5
em A ANA ARE AFE=E FAasln gk
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AlZE Et A7l ¥ ¥ (Sartorius 200D,
German) 22 #HA FFHE Ao FF ¥ 4
£33 em BEAE A A3 F45& ENsed
o] &-&} %t

£3¥EF Mn 59 5 BEH] Yo
NIOSH Method 7300(NIOSH, 1994)& o]&3}
Aok F AlEst AHE AHAe] g 1 mLE
A7k F 259 23] (CEM, U.S.AJE A%
3t 3siAZY. F3t B¢ AlEe FRFR 20
mL E€ 25 mLE 3yl Ay, &9 5
o] F4& feAFZelArBEA (IRIS, Thermo
Jerrell Ash Co., U.S.A.) v 9AF33%A
(Varian 300 Plus, Australia)& Al83id A3
8 A= 8

3 X7 BN Y =HV|Fol chist Bt

Age] #4e SigmaStat (Windows ver 3.0,
. Jandel Scientific Corp.) < °l&3.21 7} {3
B4 F7F FZaES dAfT AE=E 47
71818 #F (geometric mean, GM) ¥ 7)slEFHA}
(geometric standard deviation, GSD) & weh)
Atk 4F 9 S£HITF T ¥l g2 £HF
TX ApolE AR H8l ARE Uz ¥%
3 F, A e BEY (ANOVA) & o] 43k
3, 23 99 9He ¥ zole A t-3F
(paired t-test) & o]&3dtd FojAd& A s

T2Ae] 4AHEF =EFTE RBY IS
519910 2 ACGIH® Threshold Limit
Values (TLVs, ACGIH, 1996)%] 5 mg/m>g& A
&34t Mn =% 82 5% 47151 ng/
m) % ACGIH TLV (0.2 mg/m)-& ztzt 2§38l
Brietdn 7 215S 298ke 8 &8 ¥ sy
ACGIHIM& 19790 Mn2l #HE718E | mg/
w2 A st ot "%‘A‘l%ﬁl 2 A FEE o
Wzl HE 19920 FHEVIECR 0.2 me/mrE
Alekstd . 199540 01 AR A8t

. Z2 3 03
1. 8HE =Yo| dEE nlxle 2l

1 YE(EHEH)

HEF F524E

L mRfe] =4
£ 2 WY THY

2 Uehd Zie ¥ 3 % 39 1% 2o 74 48
2 AAE g2 ASE 5o 8ol old &

2 AA Y FFE vehd Aol diAder 2
A8 F71FNA AT 4FNE Fe > Zn )
Mn > Pb ) Cu ) Cr > Ni €22 Ho] gf5 o]
A T Znd) FFE ZAje] Zn EF R
A #PHER Y dAEE Zno Y Fe
Ael7h stk HAeF AFA(1997) 0] EAE @
7&—‘13—"1 {ﬂ' COz o].a %Zl,joﬂk]gl %713‘ \:Jd: ;LAS
< BE3g vt gled, olEe d7dde B d7E
et A<l dAjEch

o, S5 G R e R

45 2T Shielded Metal Arc Welding
{Coated Elecliode Arc Welding}
RN Gas Metol Aic Wekding
{CO, Arc Wekiing)

B¥%2 Submerged Arec Welding

Content, %
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Fig. 1. Metal composition by type of welding processes.

I Deposit Metal
T2 Weiding Fume

Mn Content, %
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Electrode

Fig. 2. Mn content in deposit metal and airborne weld-
ing fumes by type of electrodes.
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a2y 1904 BEeo] £3& A& ot3&H, CO,
ol &4 9 AMENA olAEHOoR ol 7 &
HA wAEe £3EY 25248 ‘3]57_5}01 24
2 28 FFHol wEt 7 FH2 FHE foAF Ao
7b Ao (p<0. 01).

HEola FHHHAAN EHE FHAE Fe
25.5%, 7Zn 4.5% 2 Mn 3.6%2 JeR}, o] A
M FEol FE EMstE Alen #-ldA
CO, o283 HFANA LAE HF9 Fe, Zn ¥
Mnel ke 242t 28.2%, 9.1% 2 7.8%°1% ),
o1& A2 thE F& FFE TE okaALHY
B9 fARSHATE Fe @32 5 &8FFdded &
o7} e (py0. 1), Mn ¥ Zn2] e % &
B el 2ozt At EHEFFT Mnel TEFL
CO, okz £HNA A WeEREI (p<0. 001) Zn®
A9 A& ofagdM FA e < 0.05).
U] ola8HY A FF9 Fe, Zn ¥ Mn
o] shuke Zhzk 29.7%, 7.5% E 4.9%3 e
t} Ni, Cr ¥ Cu8 ##ge & olagidMd
aekat fabsldoyt Pbel #E2

o] 34

B ola EHPIMEG A}

Zne 2 e Zruoly ikl Zng TR &
glolME =X e &gt A% 2He F
Zole tge Znol /8 + Uk £HEe 83
B4 ZAde Znol MASHY YA g AHeg B

o} Zne £HE AZA A F7HA @ FE5Y

< ¢ F Avk =Y 2ol Znol W&M A
woeug £3E 3R EAde ¢HltE Znd #3)
2] AV EAlstvieltys 1 e )¢ Heone}

F9E0 a2y §3EFS] Zn el HlmA A
Hehd olf¥ Znol EEHUAY Zno] FFH Al
AE Aazl e AMEEIRL7] W ol

Pbd #l& oz £3, CO, ot3Z &3 ¥ AMxEuix]
|40 AL Hi gel 7 0.19%, 0.21% 2
0.19%% EAste Aoz vetgrh Pbe &3 %
O]Ur Zafell o] AR Yot AHER) 4523l

1 AHATE AlgelMe 84 Fdfoll whet 0.54

0.64% AL EAslE= Aoy VdeEhgEd, & Pb
o] Tg&H HelEY TEHEH WAHRXEE Fadt Ao
2 Alztdr

Table 1. Chemical Composition of Deposit Mctal by Type of Electrodes

Chemical Composition®, %

Electrode

Factory
Using

Mn C Si P hS Ni Cr Cu Electrodes"
Coated Electrode
CR-13 0.38 0.08 .28 0.017 0.011 - - A
S-8018W 0.71 0.07 (1.52 0.015 0.013 045 050 0.39 C
S-7016H 0.98 0.08 (1.48 0.011 0.009 - D&E
S-6013LF 042 (.08 (.28 0.012 0.010 - . - E
Electrode for CO, Welding
SE-71 1.25 0.05 0.50 0.014 0.010 B&E
KC-28 1.06 0.08 0.50 0.014 0.010 - . - A
MC-50T 1.08 0.09 (.50 0.015 0.012 - - - A
SF-7T0MX 1.50 0.05 {1.55 0.015 0.010 - : - C&D
SE-T0G 1.07 0.09 (.52 0.015 0,004 - - - B
SF-70W .85 0.04 (.45 0.017 0.011 0.35  0.50 040 C
Supercored?1 1.30 0.05 .55 0.015 0.010 - - - b
Electrode for Submerged Arc Welding
S-7T7TTMX 1.13-1.23  0.06-0.08  0.32-048 0013-0.018 0.009-0.011 - - - E

* The values reported by manufacturers

® A Automobile Assembling:; B: Automobile Component Manufacturing; ¢ D & E: Steel-

Structure Manufacturing; F: Shipbuilding



Crit Cust $#¥ T8 8HEE Agste 37
ZE AZx AR A8F ol F&9 ¥FS 7
7} 0.28% R 0.4%= & ABEt 4 Jeld
o}, A giA ARIARCIME BAF4E iR o
g HFsn UU7) d&e] Crol A9 HEHA
A g, v AHQH 2GS S AL 37
202 Cro| o B %ol LA o &dr)

ol g AT Hol £HEF FTH Ev A4,
29 24, BAY =3, =2Ae =7 4"
g R e £48Fe 2 9%E vixe F8
291dE ¢ 5 Uk

2) BxaEs ¥ &2 Mn #>¥ B

29 2004 HRo] AN PAGNA AHE-3
de 4HE 2 2A9 Mn #FE 0.38 - 2%%
3, 371% 288 HEFS Mn #FL FEHei2
4389 A% 2.5 - 4.0%, CO, ot 8H A%

A7 - 9.9%9Th olsh & AW Bo} §HT &
Fa5e 35243 $UEY FERYE Aol

e & Uk,

Table 2. Chemical Composition of Base Metals by Type

olg} o] B} £33 FHE Mne F$r
o 83EFe Mno o]l EA JEhd olfe
Mn® F71%o] Blud go} Fog LAHE v &
o] ¥7] w&olt}(Voitkevich, 1995). &2 &
71942 Ni (1810 ©lX 1 mmHg) { Fe(1787 ¢
ol 1 mmHg) < Cu(1628 €olA 1 mmHg) <
Cr(1616 €°lA4 1 mmHg) < Mn(1292 CdlA 1
mmHg) < Pb(970 T4 1 mmHg) { Zn(487
€cold 1 mmHg) €28 Z7}8t}, ol9k o] %
U] 371942 vlEd Fol 83 B0l Zajel
g Mne Fez # YEdHe Ao dud
th. Feol A% F71%e] ¥laA o} &3 g9
gegel vis] £ EFFT FFe 2o Addd,
2 A7 A% Zne 2AY £4E 2A4de gAw
HF e F UAE B 888 EA5le AR
et Zne 53 By 2A4E S22 S
g4 Ao B} Zno FVIYe dolM AAF F

FFoA 71 wot FVFCE Fo2 WAEY] b
% 7] W&o FFo2 B ¥o] WEd + 3

3,

Composition*, Weight %

Type Factory®
Mn C Si P S Cr Ni Cu
Type 1 SS41 <0.050  <0.050 - A.B
Type 4 SAPH45 - - <0.040  <0.040 - - - AB
Type 2A SM50A <1.50 0.20-0.22 <0.55 <0.040 0.040 - - - B
SSP1/SPHC <0.06 <0.15 <0.05 <0.05 - - - A
Type | EFSC
SWS 400A, B&C  A:>25xC  0.18-025 A:None; <0.035 <0.035 - - - D.E
B&C : B&C : <0.35
0.60 -1.40
SWS490A B.C,Y.A <160  0.18-0.22 <0.55 <0.035 <0.035 - - - D
&YB
SWS520B & C <1.60 <0.20 <0.55 <0.035 <0.035 - - - D
SWS570 <1.60 <0.18 <0.55 <0.035 <0.035 - = s D
$S400 2 4 3 3 3 . = 5 E
SMASOBW 2 4 3 3 3 2 2 2 E

» The values reported by manufacturers

® A : Automobile Assembling
B : Automobile Component Manufacturing
C, D & E : Steel Structure Manufacturing
F : Shipbuilding
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3% Mn 33 5 Mn §29 @Ae 2
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448N Mn S

olg} Ze Hil
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2 s EE A

& HolA

QY SHF Yo JEFS

2% ol ¥ nlxl= 29

A&

812 3715 TR 9&E nAddy 44w

o & Ade

H 3HF Y F Fo =

AR wxod 9FE Ve 290& AN R

DTS
ZAMRY Al e
29, A P28 AZY 9 =

e =YY,

AEARE
EEEEIE T

A

FTEE E 2F 4 B 5EE vEd Ane
R 4, 29 4, 19 59 o),
ZHY 2 AFAEE A2 FF 55
€ 2zt 3.0 mg/m 2 7.8 mg/mr2 Z}%-z} S )

s

ZYo] Kt w2
Aol AAUTHP0, 05).
& A A ek
1= 153

5 Ay B

Table 3. Metal Composition in Welding Fumes Generated into Air by Electrode

AL Mo} FAR
A 9B 4w vE
GFod A9 S4el A2 Atk
SelA §310] o] ol

8 q s

Content in Fume, %

Elecrode N Fe Mn Zn Pb Ni Cr Cu Cd
Coated Electrode

CR-13 3 25.743.3)¢ 4.0(1.4) 2.003.6) (0.64(0.08) <0.01  0.100.03)  0.02(0.02y <0.01
LC-300 6 24.7(3.6) 3.6(1.2) 7.2(4.5) 0.15(0.11) <0.01  0.040.10)  0.21(02% <0.01
S-8018 2 23.601.9) 2.5(0.6) 1.3(0.69) 0.05(0.03)  0.030.03)  0.280.07)  0.44(0.06) <0.01
S6013-LF ! 26.1 3.6 37 0.06 <0.01 <0.01 010 <0.01
ST016H 2 27.92.%) 3.9((0.2) 84(5.31) <0.01 0.04 ).01¢0.09)  0.07(0.10) 0.12
Subtotal 25.5(3.1) 3.6(1.21) 4.5(4.5) 0.26(0.27) 001 0.090.10)  0.16(0.20)  <0.01
Electrode for CO2 Welding or Gas Metal Arc Welding

KC-28 15 23.4(7.1) 4.7(1.5) 5.6(3.01  0.54(0.23) <0.01  0.25(0.49) 0.38(0.21) <0.01
MC50T 17 25.9(9.0) 4.8(2.1) 14127 0.64(0.22) <0.010 13(0.07)  0.33(0.19)  <0.01
SE-7T0W 5 33.0(1.9) 7.6(3.1) 042028 0.03(0.02) 0.04001) 03600100  0.760.06) <0.01
SF-71 18 29.3(6.8) 8.2(1.8) 5.62(4.4;  0.03(0.03) <000 004(0.02)  0IKO0.11)  <0.01
SF70-MX 19 33.2(5.4) 9.9(3.1) 10.9(5.3)  0.03(0.02) <0.01  0.03(0.03) 0.07(0.07y  <0.01
SM-70G 8 50.5(1.4) 6.9(0.6) 0.08(0.051  0.12(0.23) <001 0.11{0.11) 0.46(0.20y  <0.01
SuperCore7t 47 23.9(5.5) 8.8(2.8) 158(5.51  0.110.19)  0.090.18) 0.1 1(0,24} 0.09(0.08)  <0.01
Subtotal 28.2(9.2) 7.83.0) 9.1(7.4) 021029y 0.04(0.12) 012024y 0210022y <001
Electrode for Submerged Arc Welding

UC-36/ 2 29.7(7.4)  4.9(4.39) 750200 0.090.05) <0.01  0.090.13)  0.15(0.01) <0.01
S-TTIMx

» Arithmetic mean
¢ Standard deviation
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AR AR dF FHNME FThuMrIAdel HE
Hr A}k a2y AFARE Az 9zt
FTEc AEA ZHGAEDG § 24 JEHYG
(p<0.05). AFBARE AzUA ] Mn F57F &
olfE ol gdAdME CO, ota&HT o] R 1
o] o] & AMEEE £3589 9t e ¢
ol #7152 Mno] Be] ¥&E U7 g2l A
o2 FHH}

AFAE dAE AeA A2d WA 28 o
g BF Az, 3 72E ARG 2 244
T A dFoR2 BRI 4FU FF v2E AY
¥ Adn, A $2E Az 151 mg/me, 249
13.2 mg/m* R AF A A=Y 3.4 me/m2 ¢FI
of Feg Aolzt AU (p<0.001). Turkey 4%
of o) Izt tEHlnE HAAIF A AFa A
29 & T dFERY oA ddey
(p<0.05), A FZ2F AZUHY AN FNF
FEF ¥E aole NG (pr0.05). F71% Mno
Bises 2AY L1 me/m, B FFRE A 24
0.99 mg/me, P AEA A2 0.12 mg/mrR A Y
L F9F Aol7k AR (pd0.001), 24 2
3 FxE Az e #4g zez) gidt
{(p>0.05).

At gAGFTAME FhuZd8}L Mg
AR AP TR F FRE ARY T ARG
AAok, Eg o] JFolM e SfolAwt AuE F

=

Mn Content in Welding Fume, %
-]

y =4.37 x + 1.23 (r=0.77, p<0.01)

1.0 15 20 25
Mn Content in Deposit Metal, %

w1

00

Fig. 3. Relationship between Mn content in welding
fume and Mn content in deposit metal or elec-
trode.

LolM §3A[E 2 Uy B FxE 2 2
AdFol A9 2Ad SA zH 9a HANEE,
%L B tell Eoj7} EFse A7 Bk olei@
4 FAedM e REHY =0 nFE §
HEA =& @ 5 Utk ol9} e FHE Ho}
AR Fe] AR 2 ] Ahe 22Ae] F
=% ¥ 8 FAFshe 89o YzEn

H, CO, otZ4H AJFAHAA 24" 205
SHE FET 4N W] & Aol7t A A
TZ2E AR, 243 2 A2 Axdy 3%
3R 55 47 25.2 mg/me, 13.2 mg/me, 3.5 mg/
ol Mn FEw 2.1 mg/m, 1.1 mg/m E 0.13
mg/mrR JF ] HAZ AolE Bk (pd0. 001).
53] AA AEE viuys @ A F2E AzY
AN E #AF zolrt ey (p0. 05),
CO, ot2EFH A8 B F AFN KT
217F AATH(pC0. 05). H T2E Az e A&
ol 8, AEHA] o3 £HAYE dlm Y W
A, AP e UEE CO, otz - 4YE 8tx
AT T, H FZE AzAA ) gAY AH
2H AEFEE 1 % H4 328 B 9AE
L O)elle F43 2oz AR (p0. 05),
00, oF283 AR FEE A 2o)7t U™
"Hpr0.05). E ddel A 43 dele gy
00, o} EH IR 2 C Pl M e HEola &3
AAx BTk ol 2L ZAE Hol £

Cumulative Percent

Welding Fume Concentration, mg/m*

Fig. 4. Distribution of airborne total fume concentration
by type of industries.
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‘Table 4. Airborne Total Fume and Metal Concentrations by Type of Industrtes and Welding Processes

{1.9)

Industrisl Welding N o Concentration in Air, mg/m’
‘Type/Company Type Fume Mn Fe Zn Pb Cr Cu Ni
Coated” 5 2.8 008 .48 0019 0015 0.003 0.002  0.009
(5.2 (3 (10.6)  (6.8) (6.7) 4. (2.6) (1.0}
Automobile
Assembling/A COr 35 3 010 0.48 0033 0012 0006 0009 0.008
(.7 f.4) (3.7 (6.5) (4.5) (2.7 (3.4 (3
Total 40 30 010 048 0.031 0013 0005 0.008 0.008
(2.9) (4.7) (6.0) (6.4) (4.6) (2.8} (3.6) 11.3)
Automobile Campo- co 5 7R .58 37 0.004  0.002 0005 0.024 0007
nent Manufacturig/B = (4 (1.6) (1.5) (1.8) 2.0 (1.4) (2.3) (1t
Coated 9 29 011 0.87 07 0.003  0.010  0.007  0.007
(2.8) (1.8) (1.8) (Z.8) (1.8 (1.45) (3.2 (2.2
C  CO, [ 236 2 7.4 00l 0,007  0.025 0.044 0,007
(2.4 (.60 (3.1 (7.3) {Z.00 (34 (51 2.4
Submerged’ I 2.0 021 0.91 (.23 0001 0.006 1.004 (1.006
Coated 4 0.6 0.22 1.8 013 0.003  0.008  0.006 0008
(1.5) (14 (1.6) (7.6 (2.5} (.o (1.6 (h3)
D CO, 9 249 2.0 8.7 25 0.006 0010 0012 0.007
Steel- T B I SN0 (3.0) {(5.4) (2.5 tl.4) (2.9 2.4
Structure e e .
Manufac- CO, 19 26.8 21 7.5 090 0.004 0010  0.023 0.014
turing 7)) 24 2400 0D A8 (e 25 (12)
E  Submerged 1 2.1 0.04 0.52 (13 0003 0.004  0.009 0.013
Coated 14 42 0.14 1.1 1o G003 0.010 0007 0.008
(2.8) (1.8) (1.9 (3.6} (2.2) (1.5) 2.7 (22
Sub - €O, 42 252 o 7.7 0.97 .005 0014 0025 0000
total 24 1 (2N (60.6) (h (2.5 (3.7 {2.h
Submerged 2 2 009 0.69 017 0.002 0005 0004  0.009
(1.2 (3.3 (1.5) (1.5 (2.0 (1.3 (1. (1.7
Total 58 151 .99 45 0.60 0005 0.012 0017  0.009
ota ) .
(3.9) 4.6) 3.5 (6.6) 2.9 2.3 3.9 (2.
132 .1 33 2.0 0.005 0.006 0.009 (1004
Shiphuilding/F CO, 44
Shiphuilding/F GG Q0 sy 2 19y @

* Coated Electrode Welding or Shieled Metal Are Welding: * Geometric Mean: ¥ Geometric Standard
Deviation: " CO. Welding or Gas Metal Are Welding: ' Sumerged Are Welding
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E ofdo] wAHEL, ols} Ho] EAY =4 Fr FTHREY F E FIS vEE H 4 % 3% 6% 2
=7 dde 371F AAEd w5 2%ske F8 o FF 9 F 8 vEe 9E ojag
g a9leltt A 32 MENA ola&HEY CO, of2 &3elA

#Hge # AFE (19972 2449 e A " =99k & CO, ol2 £ 98 ofagH
A28 Mn FE€ 1.2 mg/me, /BTE ZAdRAAM o ¥ F1F FF 5= BT 6 W, Mn B5e
= 0.3 mg/mE Bustgy, WAE F2(1995) HF 15 W, Zn ¥ BF 79 AE 54 el
E 24 22-I3FAM CO, o28H T34 wWrh Mnol FkRAtelrt & olfe WE olagyE
9] F71F Mn Fee 1.64 mg/m2 Rasigich. B CO, §3%c] Mneo|l ¢ Be] #&{H Ux
2 A A% g8 d7age] End ddd & Mno F7ise] o & Hl8] 7] wRolgtn

WzAAs) dtst Ag) 4Asz gk 23T} WANRE e ﬂ W 00,
dARez A PRE Y 2AGAE 248 Y N8 olagnztel Aole EAHes fo

B2UellA o] 833]]0) o-r,——ovu A en, g o]yt AAHp<0. 001). 'LeM AENe] FF
71dule] A A7h 2detel AAAQ 9AEA A TR o)zt giv] diRo] HE 2 &HFe 5 A
AZb olely duiRon, E3F TRAY] APl FE MAAs] old BEAEAE HAE AT, 27
l 1A Wsk7l WEel 71F fElEAY] ¥xk w5 FF ¥R £AYHTC fod Aot UE

| vebd Ao sddEnh, felA Agdt AdE RAeR JERGTHPC0.001). olgt e AdEs 83
Zl'«°4 54, 8213, #d% o] £3¥d, 831 FACA WE F vhe Yuzlow gx2s w
B 5, 2A9 EuRXe A (23 2 =28 ¥ & el wi 24 Aede e st g
T B3 F4&9 47 ol fHubele gom A om ARIAY TS F nd BEE AMESE
AF4%E 4 Aok €3 o o8 2 9L wg Aojnh v

Zn 9 Pb 53 & B3 F&e

2) EHEF 6‘» H]»Sq— 4}0] 7{?50’_, EZH, eot= 1| Eyg "b“iﬂ =
34 722 Azse A QAN 238 81 9 290l RgNoR AEHuR wE fHEdol

Table 5. Comparision of Airborne Total Fume and Mn Corcentrations between Confined Space and Open Space in
CO, Welding Process

Industrial Total Fume* Mn*
Type/ Confined Open Ratio Confined Open Ratio
Company (C;.-.,) (Om.) € :FL'/OFE (C\m) (OMn) C‘\ln/()h‘ln

Steel-Structure Manufacturing

Cr 3.8 10.5 3.0 29 0.98 3.0

EY 40.8 1.5 35 33 0.85 39

Total® 36.2 11.1 33 3.1 0.90 34
Shipbuilding

B 14.8 0.5 1.6 L3 0.75 1.7

* The mean values between confined and open space are significantly different(p<0.05).
* Confined Space : N=11; Open Space : N=4

¢ Geometric Mean Deviation

" Confined Space : N=12; Open Space : N=6

" Confined Space : N=23; Open Space : N=]0

" Contined Space : N=15: Open Space : N=7
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A&l AT ¥R Aot e AL ok
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(ACGIH, 1984; Voitkevich, 1995), ¥ 3o
ME CO, ota8RdM & =7t o #A dehs
o "FoNe SHAEEEYE R AT B,
A FNel B F o8 71 8Qle] BEHe=z
Z-8317] Mg g 898 AT F Ue U
A zAA e Afebe apolrt e Aew wdd
o}, B A7da gdAdiM e dAZ sE of=z 83
< B £3E A ZAE FREAHCE AP
ANe 2%, & 714 (spot welding) 9 A%, £HE
2lo] ulRAE A% A e TARH HAE
A% AL F2 9H olmLHE AMESRE £3HA
Zbo) Wlwd R#sith EZ o] 83 AL F2 A
e FA olRejA: UUT] W] FEA
& 571 CO, ola &3 F3dAEd WA v
Bt RAeg Agzhdc

3) HPEZ B (YW = EI|E)

£3 AL UeoR & 87 2] FUIF
F L Yt e 4%E e =g AWE
AdeE F 58 2o} delA H FRE A2 ¥
249 S2AY F =& TR & ol#EE
HE 2IlA AQYste A7 B7) Wielstn
2% 1} 2tk 2zA B8 5o TRE ¢

42 e ol

Cumulative Percent

Mn Concentration, mg/m®

Fig. 5. Distribution of airborne Mn concentrations by
type of industries.

oA B AY TAFL AR, BE 95
oA Ad £Hdle A /R T Gz ®
Fatdch. AA A8E ooz dF 32 IAFT
dre] SHARE WEE o oY BAHEMo=g
D Fhed o] WE zlolE AT Az}, UFT
dA AAgste A+ FVF FF 5%t Fs
=34 (pC0. 001).

A F2E AzGFAME gA" FNe 25 2
Y7te) FEE MEE F0Ec 2z 3.3 ) % 3.4
W AT Eodhvh FU@ &34 FH(CO, °t=28F)
3} 2 E AMgsle E QA FAsln e 22
AE Wder F8 APFAIE EF 9N 2 uR
9l Z2ate 3F w2 FEv 47 40.8 mg/m R
11.5 mg/me 2 3.5 wje] Rol7} U, U} wmE
Fre 2 3.3 m/m* R 0.85 mg/mrR 3.9 ¥l
zolz} 2dich

ZAAA e EHFL A} 2EA FEF 9
wzte]l Ha ¥Ee 42 14.8 mg/m* 1.3 mg/m
olgiont MW FtoMe] A+ ZHZ 9.5 mg/mr
2 0.75 mg/mre UERY, UHlF A]ate] 5
% Mn x2%55Ee 242z 1.6 v 2 178 Esuvt
p€0.05). A T2 AxY T2A9 A5 EEY
A &48E sl MFshe Agte] AUk 2
ZA9% F2ake 93N Al SxE e
E AEE FeME AGE e At Bol ¥
sy 3A vERG o Bt FHdew) whg

7771 Gas Metal Are Wolding Ml Steel
RO Shuekd Metal Are Wekhng Rikg U el
FSR Submerged Are Wekdinghiks Stenl

Concentration in Air, mg/m®

o

001 - IR 3 N8 .
Frane Mn e Zn Fb €1 Cu

2 oo
proeor ]

Fume and Metal
Fig. 6. Average airborne fume and metal concentrations
by type of welding processes in steel-structure
manufacturing industry.
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Table 6. Ratio of Airborne Total Fume and Mn Concentrations [nside to Outside Welding Helmet

Total Fume Concentration®

Mn Comcentration®

Sample No. Outside Inside Ratio Qutside Inside Ratio
Cou G CoudCiy Cou G Cou/Cy
1 29.8 7.9 3.8 58 1.22 4.7
2 331 12.7 2.6 28 1.23 2.2
3 15.0 6.0 25 0.33 0.20 1.7
4 L3 4.0 1.8 0.41 0.34 L2
) 10.8 6.1 1.8 0.80 0.44 2.0
6 5.8 34 1.7 0.34 0.24 1.4
7 24.2 15.8 18 2.2 I.4 1.5
8 39.7 29.8 1.4 4.2 3.1 1.4
9 358 33.7 1.1 1.8 0.79 2.3
Total 2.0 2.0

* The values between outside and inside helmet are significantly different(p<0.01)
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