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A study on the airborn concentration of welding fume for

some manufacturing industries

Byeon,S_ H. ,Park,S H.,Park,I1.J.,Choi,B.S.,Yang,J.S.,0h,S_ M. Mun, Y. H.

Industrial Hygiene Research Institute
Korea Industrial Safety Corporation

34-4, Kusan-Dong, Buk-Ku, Inchon-Si, 403-120, Korea

-Abstract-

The airborn concentration of the welding fumes produced during CO; arc
welding process at shipbuilding, shiprepairing, container manufacturing and
car accessary manufacturing industry were investigated,

The effect how much reduced the welding fume was checked when the portable
fan was used.

The results were as follows:

1.The geometric mean of welding fume concentration in shipbuilding factory
was 10,00 mg/m{ This exposure concentration was higher than other 3
manufacturing industries at 95% confidence level .

2. The sample filters for welding fume could be digested with acid within 1
hour by microwave oven. The recoveries for investigated metal elements were
all over 95 %,

3.The optimal wavelength could be selected for the simultaneous analysis of

_viu



8 metal elements by ICP(Inductively Coupled Flasma),

4 Noxious gases(03 NO;) produced during CO; gas arc welding process were
detected that the concentration of ozone(0;) was less than 0,01 ppm and
that of nitrogen dioxide{NG:) was 0.01-0.03 ppm.

5.The geometric mean of welding fume particle diameter was 1,26 pm and
geometric standard deviation was 1.51 for the counts when particle
analyzer(ELZONE) had been used.

6.When the portable fan had been used, the reduced percent of total welding
fume for workers was about 47.8% when portable fan was applied to blow and

71.7% when to exhaust,
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S §BET UEHISAY U SEERe] VUY =2e) HRE we} &
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S APIZEAT iy FURREA AW F(siderosis), HAAHZF
(fibrosis), =)7]%&(emphysema), 7]|BX A (bronchitis)Ee] W4 HARS
Al S oglen I mUE 282 4dEel ulet d(Pb), FI=R(Cd),
FAF(Cr), HZHMn) T S350 AT $5& €27 + AtHIY =TS
A, 1984). EI LHAGOT s QE(0:), UAAEE (NG}, YA4tEgRA(C0)
L AHEAT B #7184 SFof whet E4u 220 URY o5 gk 2
gLt olg|F  falTtATt FET|Eel Wil {540 Fols E3t &FFol
ula] A7 =] okem 2 Jaiadel ofdt A E SHFEC} Hoh

Adz.-d 9 +48 7A7F Axge AIGEE o] ezt £42
Heog o]Fofxlal glome 2 AZMEe MuAz I Eeold Az,
g2t FEANZYT F2 EHHYLE olfo] Ak FAF YA dF AF
o BHE ZEsr U W REIRA(05, N0 )0 oht FAR I BAHE stgeny
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HEdH ez olFd WS Agsted U RAF APREIA 9 Particle
AnalyzerE o] &3te] &P Fol ¥ A=A BERE Bl =P 234 B4
Al Al=2] AAel FFol glo] 7IEe] WYL Hot Plateo} 2J3te} dlo] ki)
Azl AlZte] BF 2-3Y o] AzlL Aol 2 Aol ulel AEe &4 TS
85 AUBE ZFHAEEAo] EHel ulwt fo=mg ZZILe E(microvave
oven)g ol gste] AEe] ANe| ADe VA LAt slgem w2 of st
240f glo] 7122} Atomic Absorption Spectroscopy(AAS)E o] &3}

b

| 2%

THS AR AHAY A WHol = A Azt Yo oE) wiE RAg

3tof EA & stofobstsl miEol AlTto]l 2 Ag ®rie]| AEe ofo] wojof &t

vhombzbd oA 7R T2 FA UG e AL Az Ho Bt op gl
cha

n)-¢- S-elelr] wj el NIOSH(National

Jl'

Institute for Occupational Safety and Health) FAAIEHoAMZ o871 o
48 E4g stodel ol IPE FAstn glen 2 areld:
ICP(Inductively Conpled Plasma)E& ©]-&8lo] FAlef 8717 24448 =4
sto] wket,

2. A7

1892id el Slavianovrt A] A%} o} T 8] AUS &0l ol &3t ZE UPF o
e oF 30dFole Aol oisl Rafdol AAE | A Zstg (T HEEE, 1993)
Doig 2t Mclanhlih(1936)= 2¥Fet &2l FA18t Alghe] FH X4 A1
EdFo] 718t AAE s AHLAS A HsH
1940 3rhe] SolA FHF ot SYA AyiA 80l THE SR N
R3lslcte Zo] AZE QD (E Van Haam et al, 1941), B3t 28 zhe] & Zojl A
712 ool =8X%7] Al3}3tTt (B.D.Tebbens et. al. 1941).
1940 dc] FutRE SN EARLS FFLE AgsA §HEY FHE
o] F&8hA HUL FA Asidlol = of 50x7F A wAARCL o]Z 2} HES]
332G A7t FF, AFEEY B S48 MIE FA517] AREtRE N AhE
o2 Fcrlel £ EA "4thK Kellerman, 1956),
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Z71E FA2AL mZo] MA H2E 19463 u]F T FFH Z 49004
"Safety in Welding and Cutting”®] $|Q¥E ZAAsladx 19500 T2 o] &<
27t F2AL AHAsETE vhee® 19489 AgRe] “National Institute of
Public Health” 7} &7, #Z%, w|AIHES THI zHF mEofa §3EY
. 712 HdE 24 Btd 2 Foll ASaA £33 8] UFed E47 ol
2 FaFol dui= g Rasigch 19709 o[ Fo= F ubde] I AN
+7t Est =243 @A FEEHI] AFHSIAL, A&7 2 (International
Institute of Welding, I.I.W)elME ol& AE AAZ 23t vl vt EHEFES
=A% Fnk &3 zgxte] Hr|Fuie] £ o] Hatyte] whzl WHEFA ol o
ofLt of $R#EV} FIgte] whel 3 F29 wUeE #H] LAdHvi FAS
gth QLo A= WES(Welding Engineering Standard) - 9007¢]2t= &3 297
#eES BIA £, At el T dAte] HALYLR HE F
Axte] AZFE& BRI/ 93t "oy 74& Asta e EHEEE:, 1993).

o 2ol A& 1970\ o] 0SHA(Occupational Safety and Health Act)¥ & A A 514l
td o] HENAE &, AUES = T HEE 5 2de ol glen,
ol &2 vl Fuf HA(Z 49)& ol A&t EAS ZA=EF 3t gl
John J. Ferry%-(1952)2 3u{uelr SHAMES StASw] 2&(0:)3 233}
E(N0)2] 7] & =8 533t ¥ Z3} 2E(0) 0.1 - 0.6 ppm, YATHHL
(NO)= 0.3 - 2.5 ppn® FHAEYIL, F7]F0 Trichloroethylene(CCl,CHCl) &
2§ A Phosgene(COClz)o] 4 ppmol|ite] H=E HEHE HEI3%ch

Kaoru Ohmori(1981): &3 2tgdale] @& Rl Flow-VolumeZ Aol 3t TF
s AFold YL QEETE 0.07-1.27 pprolgloy Q20| 2E2H
ZdaL Zoll M 2ol vlsle] &2 F2of 23t IFIEe A7t Vet
+ AL kil Bastgch X Aptlel] Urlhus s4de] SX o A
Aol BF2dRe] 30-40 wolM oluAAL Uehylon, AYATRE
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o tH A LET |, 1985).

W.H.Phoon?} K.T.Tan(1983)2 A PolMe] &AHEF =& SAslo] £ Az}
UHH FAoHE & furesE7t BF 12.77 mg/mool U x, LA ok s
oME 556 mg/m’olddth. £HEFY ZEHHEESF WY HEE 0.07 - 0.38
mg/m> 28 TLV 0.05 mg/m& 235t Hoeg Rusiedcl J.W.Gollor &}
N.W.Paik(1985)2 &-Fdsl ¢z} ghoj el SFES bl gt viag 3id
£ Helmete] 243 BHEF =9 24 8-S A4 Azt 36% - 7Ix2 e} &
Aol £AE =5 F] HsiH  Helwet@rd] =& Zgs)of 3tttz
sttt FYHE ¢abe] AF] 10 um o] HiE F-4 90 %7t TFIHFE
H, 718l A ¥ FoRE ofF H2 ool FUHTHEME, 1983). o
oo YEdME 7.07 wmeldt AL U BILE FY stugichJIS Z
3950-1986), dWHH o= 0.05 um °]8te] wHaHe Hol] EZIME tfF-E
EA] AuiE ok sicl(EEERE, 1993).

ACGIH( American Conference of Governmental Industrial Hygienists, 1992 }of 4]

N
o

FEAEZ (Respirable Particulate)2 ®|&] Z}Aa3HF2](Gas-Exchange
Region)ofl aduf {3t 2 F7jgesy 7o FY44el 3.5 + 0.3 umo] 2
ASEEEAT} 15 (: 0.1)8 AR ERHEE 2= BUo Fesha ol

rr

o, 7)3|R] &2 EA(Thoracic Particulate)2 S|7]%(lung airways)®} 7hA
Z3E-¢](gas exchange region)¥-¢lo] A2 o] fafsiy Frigaty 7] &
ofztol 10 = 1.0 umo| 32 7|BIEFH A7} 1.5(20.1)& ZH=tha F st glch
FELE(1987)2 RHF ST BUAIES AatelAd BIAEE THEIA o
org whe] fumes T 3.48 - 9.85 mg/m° o8 FYRE 4,30 ng/n’o] T A
A2 71Eslg e wje] £34F 5= 2.28 - 5.00 ng/n°2 EUA = 3,20 mg/n’
2 AAstelch 2HEE(1991)2 2 2AAA SHE R0l ©I oA
Z 5070 ZRAE 4470(88.0%)7) 8 7EA] 5 og/n° S RSP 7|E HFL
9.73 mg/u® F AASETEEL HZ o] WA F(1994) & AHEAL XAl BAtE g
A 23 HelE 2EE v E RARE 23 B8 otz &3, 0z €3, of=EE

274, Spot Y £ F & FES Bylria Rasiilch
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I 78y

1. ZApciAt

AutAz-seq, ZelolUA 2z, AFARE AZPS INGF 1G9AE oy
o8 zABlGen FRE E 137 Zoh PR 3L £ st g Yl
zapstom AuAzAEe 4A o AzFuE 7 dw 428 3 AA
AX BRzY =4z AX 44 2394 U ARFFL AAA 98FH,
MBEAE AN SdsAEN B Aol duxzde 4AzxiI3FL 24
ez stoch

Zelolu Zzel] ol Edlold Hiualz, w3t AFAz T3 oA
&3t npelshs ZRol dom £ dTAE A &FFol wol wasle
A A §HFTYL W] 2Als

A5 FEGH F d ] 2hH(Deck)& MR FHolglx tf
22 gho2 Hgsigct 282y Wels F2 0 20l HL o] €32 g
Qom o wel ¥ HolAFHE AHgsR ek

E dfeqE F2 0, Aol g tiste FZsigien F2 0.9-1.2
om 272 €0, §FE WireZ Algsln Aglom B ¢7H(nild steel)ol gt}
R 00, S e §HEY wiAAd HEAlet AHEEA skate ul
2] 2713 §EFS SEHHE B98I ojEa] WS o] &3 AtEe] T

b
mﬁ )
rlo

W SHEU F5 Q48 FF7] T AREHE sl P 37 e

oo
12

o T
p|

ore size celluose ester membrane o 3}A](Nuclepore, Costar, USA) S
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Table 1. The scale of investigated manufacturers

Type of Number of Number of
total welding

Manufacturer workers workers

H Ship/B 600 100

D Ship/R 1690 450

S Container/M 900 60

U Car A/M 200 60

{Ship/B :Ship Building, Ship/R: Ship Repairing,

Container/M: Container Manufacturing, Car A/M: Car Accessary Manufacturing)

A Aole oA nlg] 24A AR AUF A FAE LY rvhF three
piece cassetteo] IAA}ZIF sfol2 x|E ZEAWI(MSA Flow-Lite' " USA)e] ¢l
Azte] £33z U 2R TE A A 240-360F % AlEE EZF
AlFAlo| B oA 24 AHE ARA F ARE TP 322 FAE L3
ot ARETY SIS 1.8-2.3 ipne g PR ZAAFoL v-AEZYHeT

L.8¥ ) A (Calibration)g Aalsladc)

Z 23 che

whRai7s 2 4 24

243G Fol UATH= F3l7t2e 2E(0;) I oA AN AEE £Y
stade}t £2(05)8 Z ol NIOSH Method S 8o Fsle] HEstdrh F4-42
40.0g2] NaOHE 950ml F =2 ZHof =rld 10.0 g2] Kl(Potassium iodide)
W =of 1 18 Z3EL 2i5o] MIDGET ¢l2lxje]l 10 ml AE Y 7U%
A =ZA79 AR o 1 LMY f5o® 30458 ZF 23 by A
Z 314 UV Spectrophotometerd ©]£3%}e] 352 nmoil A4} &3 5}aict

=

mlm
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B3] 7LA o)A e A(NO)E 245171 23| A NIOSH Method P&CAM 108 & ©]&3}
o BAsigct Z4®2 5 g2l anhydrous sulfanilic acidE 140 ml2] glacial
acetic acidE EISH= oF 980 mle] HHFo] =ArlE 20 nl2 0,1%2]
N-(1-naphthyl )-ethylene diamine dihydrochlorideS 7}3lo] 1 liter7} XA T
th o] F4o-& fritted bubblero] 10nl1FE Y2 t}d 7§ A2 =79
AZA3le] 0.4 LPM] 52 oF 20-30F AT A|RE EYI AAz HFE A

% ©}f UV SpectrophotometerS ©] 83t 550 nme] TpArefA &3 sldr}.
2) Amel B

HEERE B

223 EF2 cellulose ester membraneo] 2| & o]&ste] A AJge] =
Hapre] ozt F3e AF Pt Ko F Lol atEstdch myE 7 2
are] 2xbe] AYGATHE 313 8le] TWA(Time Weight Average)E 3o 2z}
of 2= EFFEFE Astdch

vh&HEU %

>

e

e
(=]

oL
Shi”
Mo
=

a)22I} 22 (Microwave Oven)2 o]-2% AR HAz

NIOSH Fg 218 730001 Hol & Hot plateo] 213t AJE2] FHAz| g
Algo} HREH A= FEY ol uhel 2-3Y o] Az2] AlZte] WeTsa
Alge] &AdFo] A& F oy} o AR AA2 §o8 L R2Tp0E
{(microwave oven,CEM,U.S.A)S o]&35le] A& Axz] ¥l 7ANE AlEshe]
K.z} shadct
ashing acid(HNO3:HC10=4: 1{V/V)) | miE A}23}e] A2 &7]o] A|EE Tz
L2 ¥ 1o YeEld Microwave OvenZo] uwlel H¥el& $Hch& dilution
acid{ashing acid 50 ml+&HF5 950 ml) £ 3 Mste] 20 ml7} HA stacl



Table 2.The digestion condition of welding fume by microwave oven

File name welding fume digestion

Stage (1) (2) (3) (4) (5)

Power 50 80 90 00 00

PSI 80 90 120 00 00

Time 15 20 30 00 00

Tap 15 20 30 00 00

Temp. 100 110 120 00 00

“Temp, : Temperature

-

22

g
Ghs

el a

b)ICP(Inductively Coupled Plasma)& o]-£3%F &3

L

PlasmaS& ol 8% 2 AAFe EF ¥ ddye] viste] Wrkx] o]Fe] 4l
Lo Bm)= 6,000-8,000 K| £& HMLTE o|g3l7|ujRe] Halsir} oS @
AstAH L bkl e Wizt AL gl Exle €Y S=7 FAERA
R g4 FEY AMERS A& 9 of A /A Y4 AYE
HE& FAlol €& drhutebd ol AL k] ARE AHEShe] TS o
B4 st 53] Fastch 23 uiskd 3HtE d4o W2 5EE 53U
olx AWstA FEY 3 rHSkoog. D.A 1985).

B oAl ICPE= Thermo Jerrell Ash Co. 2] IRISE Al23l9l3 cross-flow
nubulizerE o]-®51.Cm RF powert 1150 W2 #}¢lsl Flush pump ratex 100

rpm nubulizer flow: 0.6 lpm ,Sample flush time® 20 sec , Purge gas&=



Argong AMEstdch SdE e 245482 Fe, In, Cu, Mn, Pb, Ni, Cb, Cr&
off st} FAlol EAMtct 2 SR ddoide] B mphE E 20 HEA|

statch.

c)Electric sensing zone WAlZ o] 23t 21 EF 9 Azl 37 24

i
A 230] o A, FAJ Azl EAETY AY
(P2 £9:,1989) 3% #312] AHE AUsiA £ EAUF Qdrks 3
o] QItHAEZHS,1992). Electric sensing zone HHAIE o] &3P QIz}E
(ELZONE 280PC U.S.A)e #HA(electrozone}S A3t #eo) 3 HEo] Fal
& B3te] vt Bt &3 7ol 2Hgstn oW AR M7 EE= A
o] HIFE FHste A AAsHe A olvH &N, 1987).
ol 2}=lof HxEle] gl &HE AEE 1% sodium chloride 2HCZ Hloji]o]
2E3 ARE 5 7 FHEEsle] FaF FibxgickE Orlflcea 3AA
0.05-76 umd¢loll A AR F 72 FFslact

d) o]%4] #M(portable fan)

24T o] 22 A4 97 olFHe] W FeE WA )]
£ Brbssi), mela oAl FaulAE o]&sicio} sLf 7|28 o|EA 4
WA S glo] WAL BEAS 2Fo] BUY Holth maty B dFolM:
2HA WA £HE) T WS skl 2R o] B4 WE o] 3t
WA RHEFY AZEIT Ao} QxS Aysled Bk}



Table 3. Analysis Lines of Metal Elements in the Welding Fume by ICP

Elements Wavelength ‘I./Ip Conc. * Est'd Det. Lit.

(nm) (im/ml) (ug/ml)

Fe 238.2 65. 0 10.0 0. 0046

Mn 260.5 145.0 10.0 0.0021

Cu 327.3 31.0 10.0 0. 0097

In 213.8 170.0 10.0 0.0016

Pb 220.3 70.0 100.0 0.042

Cr 283.5 42.0 10,0 0. 0071

Ni 221.6 29.0 10.0 0.010

cd 228.8 110.0 10.0 0.0027

* 1./l : Intensity Ratio,
#% Est’'d Det, Lim. :Estimated Detection Limit

A %o A1-8H portable fan(ZFITfERT)e] B FA2 EPF-3000]3 F+F(OfX)
L 282mm , E2L 60 w'/min, F A<= 3500 rpn o]l FAE @ 17 kR EEA
Ao]7] wfFo] o|FstHAM Qo] sHedtn WEo] 7hedt DUCTY Zol:= 5w
gdrh. AgAolA €0 AA olZLHE Yl SFES AZE2AE BE AR
orors whel WM& ALt F-vir)sled e FFE wlaste] A4

ok sleic}. Co, of=
2A71e] 2AL HF 110 A, A 23 V o5 £ Wiree] AAHS

0.9 ool #

-10-



111, oA Az}

B

1, 283 @ E(microwave oven)& o]-&3t AlFe] Hxg] O Z ¢4

Hrg

;2

Microwaved ©|-&% Alw2] AAz] WH& ARE 2] AET U= Usl§
71e] WA 2EIE of&ste a2, adstolA gt At HA 2] Y4 S
Zzlolct, F7E FMof glo] XETE ol&F &2 MatthesBol &
Ni-Cu alloy ¢} &4 Hsjjof tfsf 223t v} 2lrHMatthes, 1983), - A HolA
AHE vlof w2 150 T d¥rHelA 2d o4t AW A= AAE R 1o
Aol ZZAoRA 1A Fxold HAANeJ} JHe¥t Ao E Uripton E 32 2
¥} @F(microvave oven)oll 2% ZF U4 I4E&E Vrhyolon 2t 871
A FEHYAE BY 95.0 %0|432] S Bl et AR ulet AR e =
ol thE 4= 7] wiEell Y odMAEE A tidel A8 T Lagel A
o 1IN AIRE A3y W2 AlEAe] 2ol ¢ wow ARe]
A 4 Helxs FAHIE A& 4 oY) diRel £42ks 717§ SRt 2A A

HA ZAEstojol & ALE AgATH

]

4

et Zol Mt Az e MA| L2 el Ff-2] 718 Fib 10,05
mg/m’(3.39-30. 71 mg/n’), A2l 98} 02t 3.78 mg/n’(2.05-8.11 ng/n’),
HolUA 2y &HEHA  2.46 mg/n’(1.42-5.12 we/m’), AHExF H-EA 249
23 23] 1.91 mg/n’(1.5-2.55 mg/m’) &2 UElytch MulAze 4227 2y
zpe] A9 UmA tlE gENct FAHOR 95 % 418 £Told f25A &
HEY F25E wolon UnA] 4FE5 2 F2Ex Aol FAYCR &

_11_



Table 4, Recovery efficiency of metal elements by microwave oven digestion

Elements of Add(mg) Det{mg) Recovery(%)
Heavy Metal Al A2 A3 D1 D2 D3 b4
Fe 0.625] 6,.250(12,.500| 0,663] 6.173|12. 448 101,50
Mn 0.250] 2.500| 5.000] 0.249| 2.425 | 4,863 97.96
Zn 0,375 3,750] 7.500( 0.376| 3.536, 7.146 96.63
Cu 0.125: 1.250| 2.500| 0,127| 1.235| 2.487 100. 02
Cd 0,125} 1.250| 2.500) 0,126| 1.206| 2,429 98.07
Ni 0.250{ 2.500; 5.000( 0.241| 2.387| 4.383 96.22
Cr 0.250( 2.500| 5,000 0,254 2, 407| 4.824 98.13
Pb 0.500| 5.000(10.000( 0.475| 4.742] 9.520 95, 04

_12_




2] 3kA] QFotTHP0.05).

Table 5. Total fume concentration of various manufacturing

Type of Working No of Total Weding Fume Concentration
Manufacturing Site Sample GM(mg/a’) G3D Range(mg/m’)
H Ship/B Hull/A 20 10.05 2.22 3.39-30.71
D Ship/R Holder 7 3.78 1.95 2.05-8.11
S Container/M Welding 13 | 2.46 1.70 1.42-5.12
U Car A/M Deck 9 1.91 1.21 1.50-2.55
{Ship/B :Ship Building, Ship/R: Ship Repairing

ZeloluAzge 3TN AFH

Container/M: Container Manufacturing, Car A/M: Car Accessary Manufacturing)
At (Deck )22 FHAAE= Z4Z
2.46 mg/w’(0,42-5.12 mg/n’)}3} 1.91 mg/m’(1,5-2,55 mg/m" 2 Ul 23 #
gol Sufols Helgast AT glo] MR
Zaul7l L AA 3

#B7AA Aol A% F2A2 o
1684 5(1994) 0}

| ggauct goHes

QAo E AlgHT) ol
AHgab AA AARE oA F487] AdE HEFel ol o
CO, o}3-2H2] AL 2.90 mg/w’(0.82-6.60 mg/n’) 3} nbxzlx| 2 Lejve}l 5 &7)
=53,1991) 5.0 mg/m’o]3} @

1o Uehio,

R TE
ZAt dE3H 2HEF 2SR 5= E 58 g1 o7& 17 28 VeR)A
ch 3 504 E4 ol 3 Yol B HA¥AZRZAHY
otZ 82 A9 Fe’} 3.50 mg

1 ZdeofAd COo; 7l



mg/m3

H Ship/B D Ship/R S Container/M U Car A/M

Fig 1.Total fume concentrations of 4 manufacturing industries

2 ABR-E3ge] ZeHDeck) I Fo] 0.58 mg/n’(0.42 - 0.95 mg/n")OE
Hd HA Lietkith
Huslazal st 244EL Fe,Mn, CuZn,Pb,Cr Ni,Cde] 87Fx|g e} ofF
Pb,Cr,Ni,Cde mlaiex veht & 5o ZAIskr] okt I 200M Esdle

2
Azt 2ol $BEF FEUES WS £AERD Fer} 1 W 20HE Mo 3

7n & Mn 2} Zn 283 Cu 8] A E Uehylt)

LAHAEE FHE iyt 2k ool o FH(AF4E(1986), A¥EE
(1991), ;= 5-5-(1984) )0l Ko 9lort &3 xjgo met AT Ao]E Ko
I elglom 8 AHEE Felsas Fe)dirh

SR 5o TUBY e $iyol NEUE o] AeAUTHE 2A
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Table 6.The concentration of metal elements in welding fume

Type of Working No of GM of Metal Components Additive Effect

Manufacturing Site Sample Concentration(mg/m’) (TLV of mixture)
Fe Mn n Cu

H Ship/B Hull/A 7 3.50 1.64 1.13 0.01 Z.67

D Ship/R Holder 5 1.06 0.12 0,20 0.01 0.46

S Container/M Welding 11 0.83 0.11 026 0.01 0.43

U Car A/M Deck 5 0.58 0.12 - 0.01 0.34

{Ship/B :Ship Building, Ship/R: Ship Repairing,

Container/M: Container Manufacturing, Car A/M: Car Accessary Manufacturing)

gt T A X [ L] 1SHER 4 S S3EQA gl LA
A7h2r8 (additive effect)@ n@sle] Byislodo} sjn, ol obzre BREY 7%
TEE thEAel &fste] ar&dtT, 1 A7t 1 ol4eld FHEFEE EII:=
Z1o 2 SHAFHCHACGTH 1992, o] Wad - utel 1994).

1 Cz Cs Cq

T T2 Ts T.

Ce= 2t HEEFY FF =20, TE 4 HUELY HL&s=oltlh
AAYES el E of dubAzde] A3 FEY AL 2.674 1& R
zstglen v, 2doluA 2y, AHFAF-EA =Y 744 0.46,0.43,
J4E 10]3kE Elyit)

<
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Fig 2. The concentration of metal elements in welding fume

483 F W%t Rall2e] 5=

g ztel 2 wWAlsHe {3 AE QF(0), o] ArFHEA(NG)E ETle] iy
AAN), Y4tz gha(co)F A7 Raiztart dAdEs glout £ AT o
A A8 A A 2&(0s) 3} o]arst AN )of thsl RAME stedch. 24 4
249 00, o}2EHF s 0,9 Ns =& & 6o VERST] E GollMet
o] ©.Z(0,)3} o)A A(NO,) B %(1991)¢} n|T OSHAY] 3|25 =<l 0.1

_16..




pen?}t 3 ppwojsigitt. J.J Ferry®} G.B Ginther(1952)% A& 3uidols EXR
A Mx olmLHL AFES A3 Argon A& ofZ 23 A] 0.6 ppn7lR[E] 2F0]
HPAIRITES. R a3t FAAEES 3 pnF E7HA] EAddcia Easielvh E
3t 2t A 272 Trichloroethylene?] £32fA} Phosgeno] T} AT 32
stedc,

B ZAojA #HE"H 22(0)2 HEE 0.01 ppof =P o] AP ANG) Y &
T 0.01-0.03 ppnl E FHREE njgte® veiytorn} 2apgt AlZ7F HE(6-7
d)olgl HA g BF HUE iR UL WHF FTe] oA WEd
Falzlse w27t A U2ALR W wrd zZalyt WsEn #7)7
HAE SHA e 3d Tl FAYE IHAE "ol Fei7tsd R

WA 2oz 4% g Ao g

Table 7. Gas concentration during welding process

Type of Working No of Mean of Gas Concentration{ppm)
Manufacturing Site Sample NOz 03
H Ship/B Hull/A 8 0,02 0.01
D Ship/R Holder 4 0.01 0.01
S Container/M Welding 5 0.0 -
U Car A/M Deck 3 0.03 -

{Ship/B :Ship Building, Ship/R: Ship Repairing,

Container/M:Container Manufacturing, Car A/M: Car Accessary Manufacturing)
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5. BHE d=d X

2 7% cdi®olA oz F|& ota &HA WAt £4FY ¢gxlanE
Particle Analyzer(ELZONE 280PC)E ZA3|E A} ¢d=zle] 7=E 7|Rog
StRSm 27 33 4 oMot el & BHEY AALITE UsAFELY
At rdE222 vehd ¢ glgdon GHE gArt giale) #4F 7
To2 Yo e FERL AUSE o ¢ ook ojule] &HE Y=l
718t B2 1.26 wo] UL, 7|3t EEHAE 1,618 Uelgten ¢Jzle] T
€ 71ELE39S vz HF YA 718 Hh2 3.62 umo] 22 V)3HE
EHA= 2,06 oj gt

Axte] FAE 71€2E 313l& Wi 31 58 ol velhdel 2% 33 5o
A B g 9 Zs) Zol £3F AR A4E Ve ¥ ule A R4
HAdwl gxrt FAE J1EL% siEE wols AAFA H3t FEE A
218t ol &S Uehfslen EFE 9] AL MrideR oM aivt
grie A& uvehiz ot ditAew IEAE 238 AFEEE
size-selective sampling(ACGIH, 1992)& 32 &3sle] ZAsl2drHH
7134l 1989),
¥ g FapA A1 1] 7 (SEM: Scanning Electron Microscope, JEOL 5410LV)& o]
£3to] 0; 7lAobZ-E(110 4,23 V)] st EHFS UHE T3
HAA 2 & 3 th 7500812 Hrjste] HolEAzt 7] oMo} go] oF 4 p

(=]
h=3
wol3te] E7H M e YT Pyl Ut Ao Uehdul
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Fig 6. The photograph of C0; arc welding fumes by SEM{x 7,500)
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EHEY  tiF2el FEHEICZ] wEel WY sAZ#Re
(gas-exchange regionj)ol AHrin B4 glomz jkwe 24E o3
U 529 F¢ YA wzo] HAwe] Hu|F(siderosis)F o 2
of Ad f87t & wWE A AgHHE A L A I E 93 27}
HalA ok & Folch

6. ©]52 H(portable fan)& <|&3 RAF FZ A7 &z}

Atz A g ARG 29 vE dF3AE Aol FudM 23E
of Fdsts F 7t oh]i Aut ¢ FL2 ool 2APst7] wfFol FAuf
71 Al BIIAEE AT oyl mebd 24 AR olFA F
42071 & ol &% £ o] gioh & dolME sty sy ojAl =
& ol &3t & &FEY AREAVE duht AE=AE 2 Uiy &
Azt ARl dEE sigich

3% 62 olFA MW Aol Ut EPES w7lste] F2UE o9
2ol 23 72 W3 §HES olFA HE o[ 83 Eo| FAE I
$ Bgojrh. 21 82 £33 483 ¥E vebd Hojn olFa] W A%
st Ay ¥ £3E Hevt A AR E e &3 A0
Az} olate] gl Hog Uiyt
E 7ol & £ 3l AR Zeo] WE EAUUS
2 43.73 mg/m°(31.68 - 99, 52mg/m>)o] L 2Zejal Wako g zteizle] £
HoofA oF 60 coF = HolF oA o]FAl
g FYLE  EofFo] UH EAEFS M= WEHE ALY AL
22.81 mg/m>(9.85 - 85.64 mg/m°) 08 WS S| gk A§Rr} oF 47.8
*» 3= d ZZFEUT =F o] 52 WG o] &3l g T2 FYor W
A EAEE R E Fede T
12.38 mg/m>(8.98 - 17.16 mg/n>) 22 A2 oj5Al Mg Ex] ¢ote #A$

HTh o 71.7 s34 = BE7h A2t olul SHFe] WS Aol

_,4
jh)
>
>,
e
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AolE=(ZASE)F Ao} £ A} 0.03-0.04 n/sec® LiElSITh HIRE &
o] £FEE HAXTFE e F ol ZBIEEHAI 1.92 T} Yo
Hla) HlaA £ olfi= ulgle] EqAA o B Wi £EeE &
2o A 2 F&2 H 71 U&E Uehdo] Fadch. Y of AME SAS
FAZE 0 T-testE ©]§35to] Ao|dE AF3A = o184
E AHg3R] ooE A9 olFA ML ol & wsEldE HPe P-
0.007 < 0.05 2 95 % A pEoAM F2dE& 7 Aeo|7t olrtal #+=
sldlent o5 Mg AR Qg Boet WE o] &5t B A&

29 P =018 24 80 % 28 & 7P Ael7t gcka @

n
M
te
Jo
le

% 4 ok
Table 8.The reduction effects of welding fume by portable fan
Type No, of Sample GM{mg/ma) GSD Range(mg/ms)

Ventilation off 7 43.73 1.52  31.68-99.52

Ventilation on
exhaust 7 12.38 1.32 8.99-17.16
blowing 7 22.81 1.99 9.85-85. 64
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Fig 7. Welding fume exhaust with portable fan

Fig 8. Welding fume blowing with portable fan
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Fig 9. C0; gas arc welded plate after ventilation
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v, = &

SHES SRA o i FUE EFel AJE nAe &dx
(WES-9002-1976, HABEBERK)Z o/Fo UHB ZHUIAELS FHo} o
Ao B4E JIAIR o] Ay S $uAZIcHLI. Cralley et al., 1985 : G.b.
Clayton et al., 1978), 9 i} 2 2% 1887'd Benardosol] &]3t El Ao}l 23 0] ub
goll o]o] 1891 Slavianoffell °]3t FolaZ-He] Uel 25l FPA] B
FEHI A A old EFAeS 2l FHY 712 FATIEEA vl wAR
Hrdo] ANEATHIEHE, AREXHLBEY, FEFRMAMEID), 1985).

Zeloll atgdopoll A AMEE gl SAWHES ZA EFst £883
S8Hol slemadye] FRol me} o283 Electro Slag €3, IAA{FEF
gol A&, A&, AU, U4, Tl gt ez Agstn gl
= AL ol EHLE IHEEHEE o83 EolZ LY, stad oA g
L BzlE 7ta AEEHE AHEshenl&el sk aled, &7t FluxE
29 A= AUEY Helsty] dEe] o-&F qlrh

54459 771 dlo] ARE E& JHE Aleg Aeste ndFY
A oA E d3te 2 By ot ARE7[He] e WHEER AW A
It Z1&of AME3ESL Sl NIOSH FFAIEMHE 120 T o]ide] dutslola A
Zshs el 2 AMEE St=d tiridstelM ARE E3AAE 1L o
49 &Aool A4 U AHIEF MLy HeE ARV} Lizds glon o
725 ego] A Lo 4 glth RXJUE o] &3 AT A YyPS
ANEE 2] Ad e dulg ol YA @ Aol Al gl A
ofch 23} Aol whet AXz| 27ie] vlE £ AUV wEel FEY dudES
AR "oyt gden ates Al wie] AlRAE 2ol dug AL A
Fo &4 gl etdox EAIL AS 5 A7 wiiEe] 2ALHA FHFstelop
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8.97-12.00 mg/w’olzt Hust@om ol ERAlM ARU(AZFZH ) &
£ %% 10,05 mg/n’(3.39-30.71 mg/n’) 2} W]z A Kalstedct.

Phoon, W.H. 2} Tan, K. T(1983)% Atz zd el £33 F FEE Fol
G(Pb) 2 £o] Fe T} L8 0.27-0.38 mg/n’E Clef HEHATIY Rasldon) 2
Ao €8 F 2 Y(Pb)AAEL 0.01 ng/w'o]3tE AW o] E Uehjgd s
| o1R2 &¥AAFY 43U Ao AEHch
Paik3} Goller{1985}:= helmet 2-gof 23t EHF vE TALSESS o 36-71%
o girtx Rustgeon LHFY AA Ferd FHI Yrisr] dside
helmetts] w=& FAsfol grial stdch & AH4GME  helwetete] &HF

=& 38132} stg oy ZAAFS(1991)3} v SAA 2379 3y
off 2]%e] ZefE o] helmetgtell M 2] BAE w= 32| Rl 7hadt ¢
|2 TR 7imtolold E-E AMEE ATt AR 2 2 HE
FA ka9l oM FATES Sl AR Y el g 3 AP
A "l QkefAMe] EHE AMEE st AL oHE ZoE AL

n)
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AAz oy, FdoluAzY a2 AZARLEARYGY g8 FA
F gt BHE UY £, F25E 24 2 o)lF4 L o]8Y &
HEY AQHAE A Aabe olelet Al

L=y 42308 B3¢ & £4E V3 BEEEIE 10,05

1 Qg 3.78 ng/m’, TElO]UAZY 2.46 mg/n’, A FARE
Az 1.91 mg/m’ Brl AR 95 % M| EFo)M So5tA Lotor
EXEY HE7ES HY 2BIRE AYgHT A U A B cfHo
" et Abg¥c)

2.Microware Ovengd o]83%led ZAF AEE AAN2 G u] 147 o

ol Majzl7} YEEHYT 345 95 wolatog B slA LElutul

Folld el F44E 40 Aol ICPE o83t Az} 871x] o] 4t
S50 o3 7 A4 HH EMIRE dA e SAl #4E 4 Add
=3

4.00; A2 o2 LA WAHE 22(03) I o}AHA LNz )of T3y
A ZAste] B Az} 03 o] S 0.01 ppm, NOz 2] ZE$ 0.01 - 0.03 ppm
ojgte g A&Ec

5. 8% €AAVE Ao Az R4 JEoE HE AeE AR
71818 F-S 1.26 o] V]S EEH A= 1518 viElkitl

6. 8HEF ZE2HEE AL sty & YgAled ol WS
of ztejz}l dolld BolF3 2 Zfoll o 47.8 »P= APLHEANE BHD
£ Adold FYAS FeE & 7.7 ¥ =] AHUEAI) U e
2 eyt
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