H oexn

O
= 7 199841 k=L alololA
- 3Tl A A =
: &4 IR L] A5} S Ex = o]
#g A Alelo] olFlo g o °M . :
. 5= “8
3= 2}
M3t 67 .3

, 29 &

00
I
of¥
[l
ol

rr
30
ol

_|;._i
>
ich

- i::‘;).n; - 2
_*};1,-‘..:::‘;::‘"-“;" -
e s e )

1998. 12.






it
e . .ﬂ
1
Ir.‘
- L)
+
o "
o
3
! -
=
.-
i
-
I

B4




N * . |
o .
= N -
= . L. - o1 i
Ll
N N 1
O
B B Ta B
-
N 1
k
LAl 1 o -
. . . - . . Ll .
i 1 = - B
= i B f .
- [ S
" .
i N -
- . -
i
N - i
N N N 3
N e N 1 =
. i . . R
. - - .l - =
I i
i o ! 1 =
B i N B - - v i
- _ "
N N Fl i 4 N =
C . L. i - - - N i - . T - 1 =y -
-| . N
= -
N - v N
- =
3 . g -
N N n N N -
- - _—
1 >
e
i - - 1 - 4
= . N
K
. N >




Al

2 epe 1998 FHRAAMAQGARY AuAATY BAF WS “RelAAA 67 AE] 5
X3t Holo] I A" fojargle] Ao T A7FHYS
eT o RS = o5 o] =
Sz W = gl ZAM1 67F A=Eo EMI

1938, 12.

= 0 3 xR Ad g



' " ——— —& b A4y 3B Z
CERE REE 9 EREER SEEY 56
s SR B RSB

de

S1.geel

FEB G R RSP
B

P



IoBE = 4191

3
SO

=
=

947 n3A

T Aoz

X

T

—
o

g

AL
i

5

Ty,

=
=

1998 129 31¢

HIOAR A

[¢}

=

Cfi

i

o
i

-

15
—

—

o H 7)ol

—

I
_,¢o
o

el
Tor

o

ol

oy

B

o

ol

ol

Tor

i

—~~

N

o

o

or

o
ol

)

—

o

of

B Al

701'



%-& - ghpERE RETBELPL

h‘r# ae bk E‘Hﬁ‘zr = m-g "S‘f.*
Vg R -E;—E -{":.

54 e by

Fh~§ B

]S4 & i

RhEEE BERPINE &k

e Rl el

B s 8
{8 [
BEpEEy wBEERR
BEEEy SEki®
R FE B8R

hifs -2

i B [l R

¥ i 5 3

LiEl &P
- FELEY =
MEAS jin 2P S

4 i

0 e e

‘ H“ ]’& {-L

BRI g

A

iy

i

%

e



H 15, 8 &YUE 67F 282 EMTF Hotof] ZFSE A i 1
L AT B e e 1
Ll ., SRR st ctinammmne mmaeiitemsenmms s rssmassassinsnBhon o suoss s oot s £33 5t T S 3
(1) 384 ABEE BEHR] Tl HEE nimmmmmsimmmmmmmsss st e 4
M 2E B AMEZFR (A ZEE) oo 4
@ HlaH QA BY Fof YM-EMUYHMY S QT matrixFTH| oo 4
@ Hl2El2lef A BHES MF-67F 220l R UX Ye 27 =
MALMX2] ZEH| oo 5
@ 2HIQUBA B B ZHFE| oot 6
i S 6
® MEI|2o 2 H AEE 67F AEQ TREEAM e 12
T = PR 14
(1) MEZRFE mediall MEH e 14
(2) AIZ S X2 Y EA UMM e 14
M NIOSH 7600 % 76042 284 67t22 F&W (e =)o o s
SXEl= DPC, ICP, IC 2ol g U EXYE ofjE2A &1 .. 15
@ alkaline & olaul&S Hotste wol 28 671 3 =9 = 29
® Sodium Acetate Buffer2 M 2| 510 67} A2 &b w 33
B) 6712 F EMES St BAUMH A E oo T4
(4) 88 & LYA XM 2=of ost 329 Als} BEHSHE T8 e, 43
(5) 2HQlefA~ X oMol 67} R BIEFELA] i s oo esmasns s ot a ot 45
O 88 & LY 2HFume Generation Rate, FGR) - oo 46
@ BE BE & SBY BIBF i s somssssestoessteestoeeso e 47
@ BE EF 67F BB B e 49
@ AT B 67F A8 BIZE e 51
® 67t AEE TEY 67F B BEE oo 52
® ME7|Zhof| WE & IEZ 67} B BB} 54
@ B2 & 67t2 82| MEBYUEMHB} oo 55
V. 5 AL ZHo|| M 2] 67} = I R SO 57
= e R 59
VI, B 082S B

<H|= xte|>



Al eT. o B o e e
AP T N S ———— e S 64
TR T RS 65
| KT HARM O] BEISFEIE] S A 65
2 Kle| M (Ultraviolet ERBAIGHE] «sssssssasssssssssansenimsommmsnensas sarigiifhassissssesss oo s israncsasss s 458100 67
3 7hA| Al 2 & 2| M(Visible and Infrared RAIALION) «+rererereersesmrmresssmsesississmssssseeees 69
UL G TEEE T o ovoveeeesenssesssssoness e RS 70
T T IR 70
0 EHAE gomsososomsesnessssseomssesshpsoss oo sessrsmnsnseas s s s USSR 70
R e ————— L T S i 70
TR, [——————REEEUUEL o 72
B I b Rk - [ ———EEERER 72
HIGENE - IR st R R 74
SR Lo =7V e—————— S 76
V. TS ———————R T St 77
1. 2™udo] w2 p o) T e it 77
D EEI O K| QF KEQYAI S| MIZ| ovvrrsmirersssorsss s 80
3 O LA K| @F KEQIA ] MIT| overresssmmmrsssssesss oot 81
4 SIIE EECE RFRAM O MIT| oo 82
- - s [ 84
] b e I————— e R SRR 85
eV - P ———————E 85
PR T L TIE LY b e — 86
3 2Itxe EFe XM ¥ ] [ ————— S 87
4 EOFZ O] EEBE RFBEE coovorsseeresmsessmons st s i s 87
5 ®HEI7tA4 A2|M P | IOT——— e 88
- °F -1 S e—————— SRR RSl i 89
il S———— e DU R e pe e 90
| O WM O BEEIL KPR oo 90
5 of32H EAUE KM EF F BT 90
i e N~ ER————— e USRS 93



<E x>

[H 1 %]
Table 1. Welding condition for welding fume matrix, not containing chromium ................ 5]
Table 2. Inductively coupled plasma-optical emission spectroscopic condition for

GRTEOITHILITTT. sosonsenm miirmsamorsmanmersmsss rssasiisinessmss G s S AT TN B P S PRy 7
Table 3. lon chromatic condition for hexavalent ChroMIUM oo, 2]
Table 4. Protocol for selection of analytical method for hexavalent chromium -........... 10
Table 5. Added amount of trivalent chromium and hexavalent chromium on PVC

11 TP RIS A LA O o O L YL A B o 0 S L S = 16
Table 6. Analyzed amount of hexavalent chromium when no trivalent chromium

10 [ 5 I OGN ot A st R S L S S T S0 A K] e (S T—— 17
Table 7. Summary of Recovery and Pooled Standard Deviation(Srpooled) when only

CEV] BRI #osvnvsensmrmosvessrnssnennmssnmsussmsnynssmmenvssssstassnsmnss s sasash o shiime esdon o oass s s sassissnio 58 21
Table 8. Analyzed amount of hexavalent chromium when trivalent chromium added --- 24
Table 9. Analyzed amount of hexavalent chromium by DPC method when trivalent and

hexavalent CAromMIUM A -« o eor oo o5
Table 10. Analyzed amount of hexavalent chromium by ICP-OES method when

trivalent and haxavalent chromitm: Bddaetd ssssssmmammasmmvnmmmmamnsamomg 26
Table 11. Analyzed amount of hexavalent chromium by IC method when trivalent and

hexavalent ChromiUmM AAAEA - oveooee oot o7
Table 12. Added amount of trivalent chromium and hexavalent chromium on PVC

111 SRS 1ot OIS (OB 0 e Ll Lo SO 30
Table 13. Recovery of Cr(VI) on welding matrix when magnesium added by analytical

012 o0 By e a1 .. S0 AT et it A 310 R AR AN 32
Table 14. Analyzed amount of hexavalent chromium by method when magnesium

BB s0eossreommsiivintsarssunssnsssmmsmiimennsas oM covvcssssecsrogor et s v s B MRBRE L 5 a0 33
Table 15. Added amount of trivalent chromium and hexavalent chromium on welding

e TR A i PN G o e e s s e b e o S e T o TR e - S 34
Table 16. Recovery test of Cr(VI) on welding matrix with sodium acetate buffer

extraction b¥ i elhtor il [aisunfole [aibil Bodie  paEiment s - oo AR b S 36
Table 17. Added amoﬁeﬁt of trivalent chromium and hexavalent chromium on welding

fiima matriv DV filtar 7



s Ty
e 20. Effect of welding fume matrix on the Oxidation of crilih) to CrV1) oo 39
le 21. Recovery test of Cr(Vl) and Cr(lll) on welding matrix by sonification time - 40
le 22. Recovery test of Cr(vl) and Cr(lit) on welding matrix by 45 minute
i et e L AD
Je 23. Preparation of Samples for Non Stainless WEIING -oreereesseeresesss e 43
ole 24. Effect of UV and Ozone on recovery Of cr(vl) and Gl oeeermmesseseseer e A4
ble 25. Welding Condition and materials for testing fume and ChrOMIUM = 45
ble 26. Fume Generation Rate of several flux COrEd WIFE wrosssemmesrsssss st 46
ile 27. Chromium percentage of Stainless Steel Welding Fumes According 10 several
researher(Koponen ot al., 1981 Voitkevich, AGOB) wssssspisgrnssmpsadif s R 49
able 28. Hexavalent chromium percentage of Stainless Steel Welding Fumes According
to several ol et = L 51
-able 29. Fume generation rate and hexavalent chromium COMBIL e siis oy 70 53
rable 30. Airborne hexavalent chromium and fume concentration in shipbuilding
ittt 57
[ 2 7l
Table 1. Classification of SR—— < e 65
Table 2. Spectral Bands for Optical IO ssonsem e SR 66
Table 3. Laboratory Equipment for B MBTON s s s B TR 71
Table 4. Characteristics of Radiometer Used in Tt toriic LA %4
Taple 5. Welding parameters Of Experiment 10 Measurement UVR in Automatic
R e e ST 75
Table 6. Condition of Arc Voltage and Current in Eirst EXDOAMENL espersermsntie BT 76
Taple 7. Welding parameters of CcO2-Metal Arc el e e 77
Table 8. Results of UVR Irradiance in CO2-Metal ArerNEainGmE SR s 78
Table 9. Results of UVR rradiance in SMAW1) and TIG2) Welding «-e-oeeeeee 7777 78
Table 10. UVR Irradiance and Fume Generation Bate by Wire: STyB@atss = 82
Table 11. UVR \rradiance and Fume Generation Rate by Shielding Gas Composition -84
Table 12. Shade Number Calculated from UVR Irradiance in Field Monitoring - 88

_iv_



<JE! X8>

[H 1 51
Fig. 1. Protocol for determination of analytical method. e 11
Fig. 2. Recovery by DPC method when hexavalent chromium added. oo 18
Fig. 3. Recovery by ICP-OES method when hexavalent chromium added. ..o 19
Fig. 4. Recovery by IC method when hexavalent chromium added. «--.oooveervieniiininnnnnn, 20
Fig. 5. Comparison of recovery by analytical method when hexavalent chromium

EONEIBIE, o mesnnmmmvmsaosms s s e s oo i s A M 21
Fig. 6. Oxidized Chromium percentage from trivalent to hexavalent by analytical

Y 0 B T, 28
Fig. 8. Recovery percentage of chromium(VI) with NIOSH alkaline extraction by

BEAEE] FABIREIEL xesmms s i it 39
Fig. 9. Oxidation of Cr(lll) to Cr(VIl) by nonstainless welding fume amount. --coccoevevnn. 40
Fig. 10. Recovery percentage of chromium(VI) after ultraviolet and ozone exposure. --.- 44
Fig. 11. Fume generation rate of several flux cored wire(S, T, U, V; foreign product,

W damesio getipl] cesresimmsaeismrmmmeiss s i A S 47
Fig. 12. Chromium content of several flux cored wire by heat input energy. -.ccccccoveee. 48
Fig. 13. Hexavalent chromium content in fume by heat input energy. - oeoveiverieniane. 50
Fig. 14. Hexavalent chromium content in total chromium by heat input energy. ... 82
Fig. 15. Soluble chromium content in total hexavalent chromium by heat input

TR e R o T U SO SONS SUP ROT S L e 53
Fig. 16. Percentage of Hexavalent Chromium to Fume by Storage Time. «oevoreoienen, 54
Fig. 17. Percentage of Hexavalent Chromium to Total Chromium by Storage Time. ----- 55
Fig. 18. The Reduction-Oxidation Characteristics of Stainless Fume on Air. «oocoeeeeereenn. 56
[H 2 5]
Fig. 1. Radiation Emitted BB BT | sermmsmavsmmmmns sons cnims s s bawmstinsosssminss e o o et 65
Fig. 2. Optical Portion of the Electromagnetic Spectrum. - oo, 66
Fig: 8. Fume Collection GHAMBET., wowmmsmminimsmairmmmniios 1 Mgty 1o o o= o 71
Fig. 4. 1L1400A Detector—-SED240/T2ZACTS Calibiration CHITVE: svswsssmmmmsssisssinsin i 73



Iy

Fig.
Fig.
Fig.
s 14,
12.

Fig

Fig.

)
10

£

N R S e

ot et

8. Relationship between Heat Energy and UVR Irradiance by Ventilation. ----oooeeee

_ UVR Irradiance by WITE TYDB. rreereereecssmsmmrmanssssnssnasasnasussnsstasisssss s st
 Effect of Ventilation on UVR lrradiance by WIrg TYpE. eoeermommmmsimmisssissese

= vi

UVR Irradiance by CO, Content of Shielding Gas. «-wooeremeeees
Scheme of UVR Interception with Filter in Arc.



M B

wro
o
!
o

R

A7 d. o=

1
gL

i

ol

i

il
B

o

%0

H

1_,.A|O
el

N

e

o] § oH(NIOSH, 1988).

1

o2& WA=
19961 83T =2t

o?

o

g o|F 13Wo] FAFE

Sith(el A4 g, 1997).

AE Y

2
=

=E=2

}

=)
T

67} ZFel 9

oz 671 =

T

=

=

ZluEtl A &4 AR

AAAHe =

-

(o]

o}

o

o

<
o

0|
70
i
=

o)
Ue
ol
e

Mo
2
(g
Mo

3 )

67t 282 A

jat

67} =

p Sk
j, -

t Prido] AAET 91X gt

)
il

s}

=1

Rk

(e}

4
A=,

ou) g

o

o
|

N

%

J)J

A3 e, AAE S ek

o}

W

Y =

1
j -

F71 4o

S

o

TAHEY =28 7

o
T
il

| Lf

Bl

1

S

Ao,
A2 AHE] FASE Y fFalAAg EAA s oo 7

N

Aol 7% &kt o s

g L

X!

Zal

&l

af 21 2pel] 2] gt

o]
=

5 Trafd el

2] 4

ol
=

5] A%, UA

wr,

- A1 s [ |

=1 =



>,
o
[
1o,
ol
o
A

Y
=

}“joﬂ q%o}‘j:] Az =Asta 9A £33 @4l 1 ol%2E =
2 2 AgEAafordd FAHU7|Y FF m g BMe dE o7t FEHEA 7
W 2ol EE GelFMe I FAol EXde A A 37} Wlo) q_ook—a—]_ljr

=
B
i

NauAsHonE AZAFL dAsyl A% 71F, 5 Sl ACGH 71E3 vad
s e ZAsol st felulAE ool dig old7t FEaTh ey, 2o
2 Aed 2o BoA AR W7t AguARerl A AA st vFel okl A
ot 87 F FAARY A%E, 2 FAARC oYste 58 suddzd §3E
g o wAss 67t age A¢ ABAARMCl W oW FHAATA EAE
e §AANE B AR ANHe] 67 2§ FAY AATE BRG] WE
o) ol 67 AHY HAAYF oiFE olfE ARl ANBY FH FAY BAZE
Aot 22 Sl o8 F43) Watelr] WEelnt

21% 2 2pd AnTARU SAEE AA6 MAE P A4RE FL
& golot. U §dAYFel BASE 67F 28 Hrke S o ole
sHEA W, FFANY AFY wa, BANEY ol gl 71 @TKStern,
1981 ; WHO, 1988).

shAeelAY BES e 67 A8H UL Fre BE AFE o5l
word BAolg: ¥7 &4 AF U4 TRAY dde 2N 2 W 5 4
2 Age A% Q= FAddAA o ol nTEoNE td FAlolh whebA
24 Aqdzol BASHE TAAR, TAARE TYHEAYA 67 28 54 WP
4 2 3},

woaTe) mae Afdes §4 TN BARE FAAA F Y AR
= ezl 67F 289 ABY 54 defste] g2 RAY AR K 49
# wEgsbRee AAded itk B A7 FAM SHe gt 2o

A4, A4 67 28 BAstE THF IAAEHY
ole AzvEagmge] Utk EF FEAYRE =EFFTAHAA
oJ watel, oleazriEaREL HAUE qojREA 67t FA dste] F7td

: Z

A4 tﬂ-\:!-] o] _g_;g %
%

r-{n:
J



842 @ W gr5om Mah %—%‘j E % 07t 288 A% 3787 $etol
A () Fe 2AdA NEAA, (D) % 2 A%, (i) 24 #9082 yiro 7
Gl Aol Hoe A wEe szL ¥ olg F¥atel 84 Fol Ba
He whEAgtolok BT} o] F 9] AT L da
o 4¥nE WY+ Qov 67 Age) 54 Prhuy

B oA7e Al 19AE 2PN $4 F 24 AHS Aol gad zaAL o
fHo2 245 A, A8 2L 67 A8 WrEhE Aoly WA B3
oIH ZTEIE AYAE Ao E 18464 stel 28 % 67} =

§9 B e Sb 0 A9 @4 4" g9l a8 FHF 24 Py 5o
& 3 2

5
44 F Matrixdol A9 671 2

49 FHe 9 ddeAUSt B dFE Cotes B37tAE §E Flux
Cored Wiredll A4 3tHth. 1 o] f& o 1 SMAW Shielded Metal Arc Welding, 3]
g&obaEH)olY MIG(Metal Inert Gas, FEEEA7l2olme4d) GTAW(Gas
Tungsten Arc Welding, TIG)= %] ATFHAL, EF JFME REslArzg Gl
HOAE, B 928 F2 31 7)o Aas) ojAdseAS AF Ho] WIAaz
ol *}-9“0%_( FHoZ olE MIGH ) wd FolAE AAH olg2 AR
dlA A COtEE RI7tAR ALY W&o olo tdt ABE ZEFHoA] 2
217V 27 WEolth BE7tA2 COE AMstE W8S MAG(Metal Active Gas)&
Helzt sty B COx8Holet @t} dRME o8 MIGR E&ES7® s ol:=



®
0f0
o
O
P
oo
02
Rl
1=
0=
pa
=

w oo AaHE 84 F EAAAE AFH % $HE wE 2 5 Aw A
NRAAE s e $AzAL £4A4 HEAD F A ARG of AT
dog pe 548 Axw 9ok o $4 F TUFAE THVATA KS D 00620
Sawgo] g ART AMD A% AL gem F5 4TE /M AR A%
1 CHA R 9, 1998)

o}
H

W oagdd Fad wsd AR Age 37 dEuEs 9
ok A% 22EAR ZUHT z:;_

(R o
L5

O
H

@ ¥ ¥4%=(Fume Formation Rate, FFR; goAtg BAstE Fo FAFA)
£ W% % (Fume Generation Rate, FGR; gaAZE T Algd 7% d9Rel,
r= g 2AZ o FAE FAT 7 U

® NaE FAd 984 TR F UEF &9 A gzre] WolE B & AAY oF
7t EAduadds ¥ F o

© o8 74 A E&AF o A(media)E AHE5HA Azs AFE F Uk

@ A= &4 2 55 &30 7tEdA Tk

© 239

oo Wmeg AA 2RT F YA B A Bl PR WA, 338
: %

o=

@ HlAHClHA X Fo| wy-RMuHMHS 9 matrix & H|

67} 2=0] ggEo] 9x 2e 8 F matrixE 27| 93H e 2102 49
o zage] EAd 16719 matrix® TR DA BF 2 ~ 33 ubEsle] 3270
=3 37} =2

i 48719 A FE matrixE FHIEAT matrixell 1YH LR 671 A&
29 Artsle] o] So] BAHAFA T Hel=x2 1235



=

24 E9 matrix® ZH|e7] skl 67k A8l FHHAA FE SHETH BAE A
g3to] £HF 24 AWRAAM 9 o ge o= FHE A SA 16719
ANEE PVCAHA S AEdte AFAsAT o8 §HFAN A5l = A &v
S NIOSH 730074 & A 43t ICP-OESE ©| 83t &dstaid

Table 1. Welding condition for welding fume matrix, not containing chromium

Welding Process : CO: welding
Voltage : 0V
Current : 280 A
Polarity Direct current electrode positive
Contact tube to work distance : 20 mm
Angle of torch : 90 °
Welding Speed : 370 mm/min~454 mm/min
Base Metal : Mild Steel(KS-SS41, AWS-A.36)
Welding Wire 1.2 ¢ Dual shield 7100(Alloy Rok Korea Corp., Part

No.  257H03D03, KS-YFW-CH0DR, AWS E71T-1)

@ "HlAH oA 2 FS AMF-67F 2a=0| 7o
& matrixel Z=d]

g0
Ra}
52
rlo
0f0
igal

37 m)E ol&ste] ARMHASNAT ©, £ FF A9 FHHo A 2L o
st7] flste] AER A oAHEZ ¥ oA (millipore, type AA, pore size 0.8¢m,
diameter 37 mm)E ©]&3dto] A EE HHSAT. BAY AME@MN FL 167))9 A=
2 AAs] Ast] ABAHAAAMES 223 2 (xA A=, nominal flow 2 lpm)E ¢
2% Og YA #og A4ste sty AFH=Zo] dAdste] AlREEY. o] "y
o st=¥e] 50 "Hgol® Z AlgAlzlodAlye f3Fe] 16 ~ 1.7 Ipmo] HUx 12
“Hg7b H™ 20 ~ 21 lpme] HAh 27k Ao Me FHFS o) 24 A% 778
7‘40P ‘3} zZt Al AMHAHE - F A wdsdeny AL o 2 ~ 3 g
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= Glass Fiber Filter® Algatdon(@dHe], 1998) 55 R 67t 28 A FH 3579
sto] Q@ HAS o] &ale] FAd FHEME AEF2oMAHCIE o342 371, PVCH
77 3742 o)&stdt. F% 2 PVC AEAFAFEE 20 ~21 Ipme= 719 < A &}

A
® & A

nE Aeke EMEI(ACS grade)oldS AlEsAom FHFFE milli-Q reagent
water system(millipore, USA)E ©| &3t 34 52 AEALEEACT. A AR
N RE A7) TE EY F54 g 24

=

g AA7) Aste] FEE-A A~
el AA-ZR4 A=-54 A4 19 FH-FFFAHE s AHgstdlch
#8 ALg Aoke thgdt 2t

Hexavalent chromium;
Potassium dichromate(Aldrich Chemical Company, Inc. USA) or
Chromium(VI) standard solution(Aldrich Chemical Company, Inc. USA)
Trivalent chromium;
Chromium(III) standard solution(Aldrich Chemical Company, Inc. USA)
s—diphenyl carbazide(Junsei Chemical Co., Japan)
Nitric acid(Horipharmaceutical Co. Ltd, Japan)
Acetic Acid(Aldrich Chemical Company, Inc. USA)
Sodium Acetate(Aldrich Chemical Company, Inc. USA)
Sodium hydroxide(Sigma Chemical Co., USA)
Sodium carbonate(Sigma Chemical Co., USA)

AR AATA(NIOSH) T4AEH 0500=
o] ke AA AN AF AFe &

© %= zA29 24 : A8 287 22(MDS-2100, CEM Corp.,, USA)E A+&3}o]
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Inductively coupled plasma-optical emission spectroscopic condition for

Model :

Sample flowrate :
Elctromagnetic power :
Wavelength :

Detector :

Optima DV3000(Perkin-Elmer)
Iml/min

1300 W

205.560, 206.158, 267.716 nm
charge-coupled device(CCD) detector
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ass 29 4+ Q= PEe wAsgrh 2 PRFe st @1 $E8948 PVC
A7 So] gl AN FHol Wi 5SS dx AL IS NS ol
2od AP E 608 olUE sH: Wolth o] e g Wl uls 37k AsE @
o) WA & ggonz B AT 44 67F 28 P AFE o PP A8

© e 224 vpadlgA7E B Zatka, 1985) 1 o WL A FEA 3
A2} 67t AstEE A WA A% Zatkarh DT oItk o By

NIOSHW ¥ 3 Fd} &7 FF
2= 2U3A e Wil & 4
A3 F=E),

@ Sodium Acetate Buffer2 F&3t& W °] ¥ HE &7
2o A2 WA s7] ¢35k Blomquist §(1983)0] iL]tet W o|t}, o]l F
2 01 M sodium acetate buffer(pH 4)3 A&t WHolth & AFoME 50

C
gzoA 10 ml =2doz 102 F¢ 13 FF3n dAFHe2 F WG S ml! 9]
Qa
()

ZFo] 67} AES spiking® F
12} W (NIOSH 7604)& ¥] a skt
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rlo
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frl
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@ DPC(diphenylcarbazide)® : NIOSH 7600¢] 71<d ¥Ho= A FE
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9 2gol DPCE @7bstel WAANF 540 molq LRBEAL ZHsE Polth
DPCE 67} AE Soldog wgshd A, 7, YAsks wgshe @l Qo

Iz
A48 B335 A% Shimadzu(E 9 UV-1201, Japan) A

® IC W @ olezagvEadgy WHe 67} ZEL NaxCO/NaOHE #7H &
Mz e Lo RI#AA CrOS a2 Esie WEolth NIOSHEES A=
% (conductivity) AE7]15 AFEIIEE AR 2 EPAM Y-S &3 X (Absorance)
AZE7|& AMESIEE AS 2 U £3% AEV7 ¥ #E7F F91 Bid =5
T oy B dAFME o]& 7153t NIOSH #Hel dEE HE7|E o] &3

© ICPHHY @ 3% B2 =RdA:s &g F22 84 67 3800 F2
7] Y2 ARFBLH7I(AAS)E *‘r%o}oq 4§ d3E 25 6712 o= 7
o, 23y AASE IEENC B + 9] 513-1 931101([.0 & Arai, 1988;
Shaw et al, 1991) € dFA& Fd :‘43}}‘4 By it FEAgSean)-
AxpdFE A7)l ICPE ARSI 28y AASE Algsld = Fdslelet Badid

Table 3. Ion chromatic condition for hexavalent chromium

Pump : Dual piston pump(waters 626)
Injector : Rheodyne(waters)
Sample loop volume : 20
Guard column : waters anion guard column
Separator column IC-PAK A HR(waters)

Eluent : 7.0 mM NaxCO3/3.5 mM NaOH or 35 mM NaxC03/1.75 mM NaOH

Flowrate : 1.0 m¢/min

Detector : conductivity detector(waters 432)

Data acquisition : millenium software(waters)




Preparation of Matrx . . O
Non-Stainless Welding

} l
0 pgx3 0 pg x 3
Number and Amount  of 10 pg x 3 10 pg x 3
Spiked Cr(VI) in  Filter 50 pg x 3 50 pg x 3
| 100 ug x 3 100 ug x 3
I

@ placing the filter in a 50 ml beaker
@ 5.0 m¢ extract solution

Pretreatment 1 @ degasing & purging with N2 gas
(By NIOSH 7600 @ cover with watchglass and heating 135 C for 45 min.
& 7604) ® collection solution and rinse water to centrifuge tube. final volume
20 ml
if cloudy. filter the solution through PVC filter with water rinsing
} i
[_ Devide the sol'n I 10 m! for spectrophotometer | 10 ml for ICP and IC J
! !
| @ add 0.95 m¢ 6 N sulfuric acid
Pretreatment 1I @ 0.25 m¢ diphenylcarbazide sol'n No treatment

Rbahik t at 540
BahenCe Misdaisie 2 M, e hpriictvi ENTOSE - — 7604)

Analysi ith 1] hot t
Sih S, and ICP-AES (NIOSH 7300)

1 (NIOSH_7600)

EZ AN 67 ZEY FE HTLE

of BL AZte Tojaant. 2 BAAANA FLT A2 T
7 e

1719 A
Uah 22aAelA st e BAsE Zo] FRId0E A wASAT web
= &

Q7ARE 27y Agel 4AE WP WA JEdtn 4Y A} 2B £o2 )
Segt O 19 1€ 2P 24 T2EES Yk Zelt
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MCE PVC

n=3
weighing; . weighi'ng;
NIOSH 0500 NIOSH 0500
n=16 T84 n=16 =84
ICP or AAS; ’
NIOSH 7300
carbonate '
I water (2% / 3%)
’ filter filter
carbonate
(2 %/ 3 %)
final Volueme] final volume
25 mf 25 ml
’ ke
filtration { filtration (

ICP or AAS;
NIOSH 7300

NIOSH
7604

Fig. 1. Protocol for determination of analytical method.



Ax7rl e & ABFe 67F A8 ¥F wsh F AT 67 AF A
a9 Age uzatr] e &3 F TAAAANA g A2 &EHE -3 & o
g ANg AAAS ol &3t &4 £ AHS OGS FA 84 FE F A23 0T
olstoll Al AASWA ARTIER 67 AF FFAHE 12 A frel A o
AA = PVCH A o} ptRAIAR 6712 EY Aol F dojutA ¥E Ao B
3 gltt
Welding Type : Flux Cored Arc Welding
Voltage(V) @ 25
Current(A) @ 180
Current Characteristics : Direct Current Electrode Positive
Electrode : Shielded Bright 308 Xtra, 1.2 @ (Alloid Korea
LTD., AWS/ASME SFA 5.22 E 308LT-1) (KS
D3612 YF 308LC))
Test Plate : SUS 304, Travel speed; 6 mm/sec
CTWD" © 14 mm
Torch angle(degree) @ 90 °
Wire Feeding Rate(m/min) : 15.1 m/min
Shielding Gas : CQg 20 L/min
* Contact Tip to Work Distance
@ 27| 67ta 29 Msigtd 54 w9
axA BAsE Z2HEE oW AsrtE "W leA, Z71o A" FH7h
A7re] m2WAM A&xHEA FH A% 84 F £ AF o) HdEE AZAst H
£ sz AR/ BHAVEA GE0) LolEE THE o) JUAR A=RE A
st UEs) SE0F UANY 9=d Aojds §3Fo AUt AHE AT
2= g 9EE= F9 AUrte B #FF7] Hdte] ofABVE A AZAdHT & 33cm
Aoz 2AFYE WEJLH F 5 m Zolo =3t YAAE GE A5
gate] wgAol gl HEA FHE o g5 HES F7] BF P FHo) HES
dasdn AaAd 927 2% e F9o] HA stdrh ASARSES AL
= geswe 27 stejor s ARFAA o 12 AEsF A Y o]

412_



stack samplingA] o8& f4zte] 2717 3 umelWdwe A FHostx| &Gx, =9
B A7 B F ABF 671 259 FHIE e A7 Wi HESES
AAA Y MEAHFEZE BEA FY 1A Folx: AFAdE  IFE vAA F&
Zlolth, PVCARA R AFHSH F7| AEHoZ HESY F7Fdd AR 28]
HEZHA DA AsFEH I ¥Ele A gA R dEelt. dEAdNE FRFE
15 mlg ¥ol 271E A2z dZ23dus 2 FdE PVCHARAE FA3A. Al SA)
HArEFS o 1 Jpm BEJL HSELZEE 0dm/sec-0.8m/secH T Al B AHE vz 3

o AHE SAI AFI7IH8 2% NaOH/ 3% NaCOsE Yol War A



1. Al2# % mediagl M=

A2z mediaZ2 AEZA 2HZ T J4FHAE AgEtd e We 671 280 &
93 BeE Ao o EHdA EuHi lth(Blomquist et al.,, 1983; Perderson
et al. 1087 da}A] F 67f 2E0] GHY oHA= S8 ox e PVCe A7}
wE 1 9= (Blomquist et al, 1983) 214 oAx= AR FEAdR7E &
zo A A E] BAL ofygA Foz dwHox PVC o 727k ALEE Il AT
(Abell and Carlberg, 1974; Thomsen et al, 1979, Jenkins et al., 1981).

AR AHPWorE ZHE, 1 % NaHCO:E To] BiF olth. ey =
= olgdle] AxAm AHAPBE FAFAM AgAHA ol F, ANaAHEEY
o oz =z AFAM AP M YRAE AZ3}A AEI/E A2 o 2
Ab25 31 9 tHGray et al, 1983).

A=
Lt

A 223 mediar PVCHHA7L A
media® PVC d#AE FHslx
Az FEHOZ PVCHHAAE F
A3t#] i PVCAAAE A&

el AldFdiA 67 28 SAE T
gstct. NIOSHAAME 67F AE8AIE AHA
gt B71% 671 289 ABZAAA I T3
Adatn glenz iz FHE AFL Ex
=3

wlorlr
s ok

W g yo
Ly

1k

2 Alze MAal U 2Aury

671 Z=2o] AHAY PVCAFHA 2] HA g Hle] 0 2= 29 NaOH/3% Na:COze| &7}
3 2zgdo] F2 AMEE 3 JTHNIOSH, 1994; Molina and Abell, 1987, Abell and
Carlberg, 1974 ). 284 458 AFoA Lrte] 3 8Ye 37t 2FS 6712 AHA
7t 519 th(Pederson et al, 1987). & E=&AE ol& W37 &kl 0.1 M
sodium acetate buffer® AH&3l71% 31cH(Blomquist et al., 1983). A A NIOSH || A]
= 371325 67F 220 BA EAGE A% gZE FERL ARSARA AAHedR
Az Ar7N2E AF FHFA It 33—4 Abste WA EtE= gt JAHHNIOSH,
1904). 22} AAA2E BEFE Aol k2B A3E wAGEAC K d7E
aE gl

_14_



A2<& S-diphenylcarbazidedt &% &
HAAAA 540 mmollA ERJEA=E 2 B HH(oldt DPC HH)(NIOSH,
1994), €718l FE2HE AE3stH 671 dode 7HAs o] F289S dAER
2 ¢ 7 (Atomic Absorption Spectrometer, AAS)Z #43}= % (Dennis, et al, 1996,
Dennis et al., 1997), 28] o] 23 2vtE 13 3 (Jon Chromatography, IC)E 43}
4} (Molina and Abell, 1987; NIOSH, 1994)¢] Ru=3 oy B =Fd A DPCH
WolLl AASWMo] 2 A& H: gtk DPC Wholut ICEA M a2 37}9
67}71 2ol EAFH ek 6715 243 WHeln AASTE 99 89Fd EAsl=
AES YAV Ayl 25 43l WHelt. 22y AASEY WUYe= AES
+Agg s g8 F5IE 92 T4 o84 o8 2ede WMo RaH7|E F9
thShaw ct al, 1991). @A) NIOSHelH = 37t 67b7F ZA8AY G waze =
A, Ev 284 67 AL A= <78 FE3F DPC HHH(NIOSH 7600
method) o] 4 IC(NIOSH 7604 method)E ©| &35 2 st 9}

67

=T

Andez AgHE BAMRoR:

d
= e rlr
o

e H

® NIOSH 7600 = 76042 =84 6738 F&H(LLal F&4)o
olst MX2|F DPC, ICP, IC 2Auo =g U BHE jE=A §

}

AT B A A de FE22 37 280 dR 672 HEs:= A 7

o

F3 E & NIOSH(1994)
D8 F matrixet ARG o XG4 NIOSH 7604 - A A e s =
DPC, ICP, ICE £4& S W 3I+&S Hol 3717} 6712 Atslsl=x], olyw g7h7)
372 BAstEx By 9§ Aol

CATRE 8 F matrix(ZEo] HE SgEe] 9x %o sH¥ES e
PVC o 1}x]) 2 vﬂﬂtﬂ PVCH#Ao| 67} 283 371 288 %‘%ﬂﬂ ShEso s
7kate] ol& @lE] &Y #H S £33 F matrix(¥] 2
e AER2 dAH2 9 oARAE ALl e &ZMH AlRE AHFT &
NIOSH 7300° w&} HAjejste] ICP-OESE £43te] #slge) £3 SA]o] PVC
ol A2 sfHste] NIOSH 7604 HHe] wpal Axasts | 3
M3 EAHA Fee WTS}%‘E} 2g0] 942 g9l
o PVCARA GO B2% 84 F matrixS EvlSAeh o17)e] QAT

E
2.0 1,5 T 10 =]
37 AES spiking §& ¥ 194 ¥ T4 4 =59z AlRE 3709t 67 22
o] TZQ Ol KiwN-0FT A ==1ATrL

B 1)

2o



9} 67} if‘—ﬂ A8 v Yukgow A&l 9]x= DPC HH4y, ICP-OES(inductively
coupled plasma-optical emission spectroscopy)¥H, ICHH S Az B wstat. AAS
Wl oAl ICP-OESE AH& olfE ZFEA ASE AAFREA7IY =%
o] BotAs ALY thE FalE2e o1sko] ¢S % 7] wiEolH(Shaw et al, 1991).

=4

ile}
e
2
>

%

.37} 2Bt 67 2FS A7
age G4HA G 84 F marix EFE 27 9% PVCARAS A8AA &
Ams PVC T A Aol the EAY 37k 2T 67 AL Hete] T FL YA
sl

] O
fp

Table 5. Added amount of trivalent chromium and hexavalent chromium on PVC
filter

i on welding fume
on clean filter L B,
o Mk A matrix filter
sample name added, pg | added, g A B added, zg | added, ug

Cr(IID) Cr(VD) Cr(III) Cr(VI)
CRE-01, 02, 03 0.0 0.0 WRE-01, 02, 03 0.0 0.0
CRE-04, 05, 06 0.0 10.0 WRE-04, 05, 06 0.0 10.0
CRE-07, 08, 09 0.0 50.0 WRE-07, 08, 09 0.0 50.0
CRE-10, 11, 12 0.0 100.0 WRE-10, 11, 12 0.0 100.0
CRE-13, 14, 15 25.0 0.0 WRE-13, 14, 15 25.0 0.0
CRE-16, 17, 18 25.0 10.0 WRE-16, 17, 18 25.0 10.0
CRE-19, 20, 21 25.0 50.0 WRE-19, 20, 21 25.0 50.0
CRE-22, 23, 24 25.0 100.0 WRE-22, 23, 24 25.0 100.0 J

. A2 @A -67F 2F9 FF : NIOSH 7604 2 NIOSH 7600w el &7te +=
e e ol gatgth. 3 371 2FS AEIEA w2 44F Ao 3289 671
29 Asld AFS F F UFLE Zzzade YWy AA7FA(99.99% ol )=
tag WE Axstag oA &l EFFAT

purging@ th& hot plate’dell A

NIOSHEH A= 71gEe dx4oz A4as AT Hol oy AdryY
ARdessiRE Y 0171011 Artrs AR on THFI7L o9 4~56% AL
2 Axas uolAd FHFUL L HEHLE ArE EHFE A2 37

,16_



o] A 6712 AP o To gA] Aavt2E
&1 hotplate’dl A= BE Hlo|A 9 AT A&EHo=R =
NIOSHEH O 2 E8Fo] tA A48E FdsAY. FEE99 HF &3S 25 m=

AT

@ 37k A Fol 93 67 2B WAL W) BAAR

() 4% matrix PVCOI# 9} 7328 PVCATA 4 AT vz

#6237k Aw A7MeHA @1 67F A8E =E71FY 019, 1), 20 FFow
7heEE 19 Fo B48 Folth

Table 6. Analyzed amount of hexavalent chromium when no trivalent chromium
added

Added Amount, ug on clean filter on welding fume matrix filter
analytical recovery recovery

CrID CrOVD) method anail};zed, CVs ;{;l;;l:;e‘ii anab;zed, v ;Zl:;f;eﬁ
chromium(%) chromium(%)
DPC 1246 | 0.01 124.6 1175 0.03 1175
0 10 ICP 9.68 0.02 96.8 9.74 0.03 97.4
IC 10.83 0.05 108.3 10.05 0.01 100.5
1§ 2l 55.78 0.02 1116 95.32 0.01 110.6
0 30 ICP 49.62 0.02 2 48.00 0.01 96.0
IC 50.10 0.02 100.2 49.40 0.01 98.8
DPC 94.01 0.02 94.0 96.50 0.01 96.5
0 100 ICP 96.88 0.02 96.9 95.69 0.01 95.7
16 100.23 0.02 100.2 100.62 0.01 100.6




1704 P e s —

A F matrix7t 9 ARG oA el A 1246 %°] 3L, 23 F matrix dolA 117.
06011, ¥E7} =L 50 pg(olBAHA FEEAY FTE 2 pg/mb)E A7 et 2wl -
o] B4 1116 %, 1106 %o, 100 pg(c]l &< Z2zadd T 4 ug/ml)s
A7 el e wel zt7e] B8 940 %, 965 %= H7FE Z7 kel uwet F a2

Zadte A% Holn T

10 NP Se U1

120 [ on clean filter
2 EEEE on welding fume
=
100 ok
T 8 Ly
4
L]
-
=2 60
[*)
(-4
40
20
0 T e T T
10 50 100 overall

Cr(V1) added, 18

Fig. 2. Recovery by DPC method when hexavalent chromium added.

Ty AzE oA AN B ¥ £ F matrix filterd] A EAF ghtel ol
drARAS 3 Ay 95 % AHAFFAM F FY FAFT Aole $ATH(p=0.32).

JU 5482 10 s /RS W FEA ERATH(E<0.0D). TR EEHA
(SRpoet) & TS WE AR =gl 002, 8 F matrix ZIA 00201302
o] £ FEEA ‘E%'El DPC HHfe] distel B wje 0020tk & DPC W2 A%E

£ $esda ¥+ ok

el A%z 2 W 67h AW EAE ¥ DPC HPe A=AE HdAAee A
o] gom ot %e EdA o stk £¥ SYF matrixe] FFE o=AE ¥
ou EA4e fFesAE ¥R

,18_



(b) ICP-OES ¥

ICP-OESZ 2A8%<8 v 67 289 7kl A4agle] 380
%= ey DPC et AEd=rt ££ Aoz UeHd. 84 &
Hit 67 28 IFEL 96 %Aul v, AFEE oA Aol 67 =

EF 9% ~ 100
matrixA}ol A4 ¢
L 7L

= 98 %2 H|=d AANE Holm Yu)l oJYEAEM S FIS u ARG oA}
2 F matrixoll A8 37 FoE Zol7F (N 2(p=021) TEFTE 3FFE&Y
0.53)

§ol@ Aol = §och

100 il O on clean filter

BN on welding matr

80

60

Recovery, %

40

20

50 100 overall
Cr(VI)added, ug

Fig. 3. Recovery by ICP-OES method when hexavalent chromium added.
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T
0.

€ W + e STHY EFUA(SRuoed)E TR W= 23 o 2} 4]
02, &3 & matrix AolA 0.0201Y3 ¢] 5& FEex &1 [CP H ol o
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i 0.022 DPC W31 §A} 01-933}.
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T H7MFA FHglo]l F5gol BFE 99 ~ 108 %=

IEvEIH G we]2eglo] A wEo] o] A
°f HEH7I= gtk ARG o2Ao) 671 a2L A
°] 103 %ol &3 ¥ matrixol 67} 22L H7}tsy
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120 ~
EZ on clean filter
EEEE on welding fume matrix

100

80

%

60

Recovery,

40

20

10 50 100 overall
Cr(VI) added, 1

Fig. 4. Recovery by IC method when hexavalent chromium added.

AR 04?—}21%011’\1 003, && +

671 a=wr A7letm LItE FEL s EANES Hludgls @ DPC HHH o
ICP-OESU IC Hhe] usled i L 3588 BRI 53 As=oAM= 109 %
S BAMol ICE AT A

re e

582 woln Qb 1Y 27k 2% ICP-OE
§4go] BF 96 - 103 %= ¥

24 B maricds ARY AFAAANY 2 BAEEe A5ee TR B
e e 2
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e EZZ on clean filter

120 e on welding matrix filter
100 '_?li-— '

80 e g d— ——

60 £ | L Heeanl | — G

Recovery, %

40 O

20 -

DPC ICP
Analytical Method

Fig. 5. Comparison of recovery by analytical method when hexavalent

chromium added.
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H
23 oA A 67F AE S BAFG9S “H?J- %71‘;] % matrix
EF 27 g ZANH f9F 3elrt Ao ZZ p=0.01,

Aol 4UES Hy) 95kl FPYH EZARE 79 Aol OS E 700

Table 7. Summary of Recovery and Pooled Standard Deviation(Srpeciea) When only

Cr(VI) added
-

on clean filter on welding fume filter
Recovery, %| Sruooled Recovery, %| Srowled
DPC 110.0 0.02 108.2 0.02
1CP 97.6 0.02 96.4 0.02
I 102.9 0.03 100.0 0.01

G2t AREE B dE 4L ICPY ICEMWMo £1 DPC W¥e fa
Sodsbehe Agel Jout AUEE AYY BE Sesgn.
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Sy e HolA AWsEol 37k 2B 67 AFol FA AW W Lrtal F

22 5w 377 6742 AsrE 57 @B ol EAWE AHgStlE AURE <

Hol oty kshE =2HAF 37h 2Fol 67F ¥ WA syl A7l W

2olt,

® 37 283 671 250l BAA EAT W9 24}
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AAEAFT 671 2ER ol E7tE FE2E dtd= @ AV 9AT &4 L 37
$ 67171 EARLE 371 280 6712 AsHI] A& Al oW AFPeME F&
&9 2% NaOH/3% NaxCOsol A 37b7F 6712 AdstElv A& AFsAo

—

E 894 EHX<] 67} 2F°] §lo] 37t BT HSAE 67} 28] A&dzm 9
o = 67F AES AE HrbstA @i 25 pg/filterd] 37 ZEo] EAF uf DPCHH
o s AET AHAGAA 67F AFo] HEHA &g 28y £HF matrix ol
M= 25 wugs 7SS W 501 g HEH H7MEe 20 %7t 67 2Bo7 BA
HA ol &H F matrix®] YFOE FEFA 3717} 6712 AFHER olyw m=
ol2le] & vA ¢ g&e] DPCe BEFAE HAs7] Wi Aotk aey gL A
55 ICPY ICE Z4se WE #4F9 ol oy A8 AZFHez g=
42l DPCst wr&3stE A B 37 A Eo] 671 2802 Asldoe] DPCY v-23)

7] dEolstn dEAS F o

" Gl

X

A71A A71E & d' FAEL 37 2EY 67129 A3 AFH Ao 2
olFoAH=TE ok UgtE] EAFAN FE2HHF o) FolHY = Holth go A
el A HXo] sodium acetate buffers AFE&t91L w 37} 222 ) s e
Fe] HEHA FonZ FEAY e FEHLAZ24 WHFegdn 22ya B

ATt



amc(l):\;:t? - on clean tuter UL WEILg i st e
analytical recovery recovery
| Crvn| ™ anatyzed, | CV. | remne ® analysed, g OV | [0
chromium chromium
DPC n.d - - 5.01 0.09 - (20.1)
2% | 0 ICP 1.03 0.14 - (4.1) 8.34 0.05 - (334)
16 19 1.73 - (4.8)° 9.43 0.05 - (37.7) |
DPC 6.56 012 | 656(18.8) 15.04 0.16 | 150.4(43.0)°
25 10 ICP 11.61 0.01 116.1(33.2)" 16.92 0.11 169.2(48.3)°
(¢ 11.49 002 | 1149(32.8) 17.25 014 | 1725(49.3)
DPC 4652 007 | 9300620 53.41 0.03 | 106.8(71.2)°
25 | 50 ICP 52.80 004 | 105.6(70.4)" 55.30 002 | 1106(73.7)°
I 49.59 004 | 99.2(66.1)° 53.18 0.07 | 106.4(70.9)
DPC 81.67 0.03 | 81.7(65.3)" 92.20 0.02 | 92.2(73.8)
25 100 | ICP 105.84 <001 | 1058(84.7)" | 10512 0.01 105.1(84.1)
IC 103.80 002 | 103.8(83.0)° | 107.96 0.01 | 108.0(86.4)

" : Recovery relative to total chromium

DPC WHog 2EAeS o 25 pg/filter(1.0 pg/ml)e FEoA &HF matnx”oﬂ
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de u 2HF matrixFolAE A7 83, 94 pgol AEHAY ARF o AA e
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z}ol 7} YA 7] 2 10 ug/25 ml = 0.04 pe

Eolt}, & FE&0] 25 mlo|oE
1 on celle Al&dts 23 FEAZE AFo| ozl
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Table 9. Analyzed amount of hexavalent chromium by DPC method when trivalent

and hexavalent chromium added

Added Cr(VI), ug| Added Cr(IIl), ug | on clean filter | on welding fume matrix filter| differences*

0 25 N.D 5.01 5.01
10 25 6.56 15.04 8.48
10 0 6.23 6.73 0.50
difference#* 0.33 8.31 7.98

50 25 46.52 5341 6.89
50 0 45.69 46.28 0.59
difference#* 0.83 T3 6.30

100 25 81.67 92.20 10.53
100 0 85.36 86.39 1.03
difference** -3.69 h.81 9.50

« difference’ &3 & matrix9 ARFF AHX NN BAE 28949 o2 9m
*x difference : & 37}7F 6712 AEE g 9w,
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o] EAZe wjEw o] ko] vpR 37telA W 67 AFFeltal &+ A
10014 B Z1RE oA AdME 37k 2Fe| 67F AF LR Adskd < 047 ~
330 pg/sample® 67} A8 EAFAE FAA 2 ~ 13 %7F ASFAJT. T2
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24 E matrix’} 9L dE 377} 6712 gl o] 571~834 pg/sample® 37} =
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Table 10. Analyzed amount of hexavalent chromium by ICP-OES method when

trivalent and hexavalent chromium added

Added Cr(VID), ug| Added Cr(Ill), ug | on clean filter |on welding fume matrix filter | difference’
0 25 1.03 3.34 7.31
10 25 11.61 16.92 5.31
10 0 10.30 9.72 -0.58

difference’ 1.1 7.20 5.89
50 25 52.80 55.30 2.50
50 0 52.33 4854 -3.79
differences* 0.47 6.76 6.29
100 25 105.83 10512 -0.71
100 0 102.53 99.41 -3.12
difference** 3.30 Wi 2.41

« difference: €73 & matrix® AL AFA A 2AE AFF AolE o] )
«x difference : 22 3717} 6712 A3 E 4L 0.
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99} e AL ICE A4S wx mastAg. ICAME €7l8] &9 &4
g 03 [CIA AzHE 4L 2F 67} ABolga & 5 ¢

Table 11. Analyzed amount of hexavalent chromium by IC method when trivalent

and hexavalent chromium added

Added Cr(VI), pxg | Added Cr(IIl), pug| on clean filter |on welding fume matrix filter| differencex
0 25 1.21 9.43 8.22
10 25 11.49 17.25 2.76
10 0 10.82 10.15 -0.67

differences* 0.67 7.10 6.43
50 25 49.59 53.18 389
50 0 50.10 47.40 =270
differences -0.51 5.78 6.29
100 25 103.80 107.96 4.16
100 0 100.23 101.2 0.97
difference#x 367 6.76 3.19

« difference: 843 & matrix® 7| 1T PR B FE¢] o] on
. difference : 2 37}7} 6712 AkEtE kS oln|,

(d) o] DPC ¥ , ICP-OES®¥Y, IC W¥H< Hwsly, DPC H¥e o= T
RHARE uolw St ICP D8] LAAH 1C wisl 2o

o
A3E Holx Utk & Fol matrixﬂ- A& W 37} AFo) 67} =

,ﬂ_
7} 6712 AbEE Szloﬂi 0]-‘5 3 ¥ matrixel A 2 2 ko] s

1" 6= ARE AR 4T 8 F matrixFAlA 37 28] 67} 2202 Asiw
A2&s BEASI Qo o] 2AE B o Ax/2E 2259 HoA = H¥As
A% 7P7F 6712 AEHu Qn 3 AL 83 F matrixolA AEe & & 9o
TAUHEE RS W DPC WydA 37171 67h29 4sizl e AxY woly
dAR= DPC 24%RAA FFgo] Holx 28t} ICP 4¥s IC HHM= 7
Fol HlxEAT FLF AL &4 F matrix AoA 37} Ao A5 67l
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05 9 AF x| A HostAn(EF p<0.001), ICP BEF IC B Fel= Ael7t A
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Fig. 6. Oxidized Chromium percentage from trivalent to hexavalent by analytical
Method
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Cr # ¢ FOH = CROMy et~ SRt s et (1)

Crioih O 6@l o sy i (2)

9] whSol o8 J4 ¥ hydroxochromate(Il)o] &2 o] wzsle] 2= A 3]0 A
A d o gAY vrlgFHow BEaEh

[Cr(OH)4)” "*— CrO(OH) + Hz0 + OH f ~==-—mmmmmmomm (3)

(Al oz Mz FAHE JAAEL o oA =x g=y o o]+ chromic
hydroxide®] EWA F£2<l dehydrationo] Yojutr] wjo|u} A2 o] olbzbal Lol
AM= 37F A9 37t doluhA] A 1ee] dze folox= gl 37
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%13tA] hydroxocomplex: € (3), (4) %= Aol FEd gREL 320 oF x

=
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ol A% Ao HZo| A7t FES F 1 671 AF
o 37} @20 ZAEA 6712 43t Hvl 53 &3 F matrixe] 4TS o] w1
olct wapd eyta 22e @ w 3719 67129 AgE LAY At 0
nlag e "WrbstE Wye] Ras 3 glth(Zatka, 1985)

37} Az AsE AAsy] Yt AAE EFE AL (4)2 2] 717& W)
= oy mlavlEe  Histe e QA Al hydroxochromate(III) <!
[Cr(OH)]’% & g (nucleation)dte] FAEHEZ w24 ste Zolth.  magnesium

=

zA5o] RS A 320 wa WP 37t AF AFTL A A H o,
olw] H7}sl= S magnesium chlorideHt magnesium sulfate FE|Z 05~10e2 ¢

27 2289¢ ¥ Aol wo} FW Wby &% THZatka, 1985).

$4 & matrixdolA sladlge @rhetd 37F 289 AsE AT 7 A=A T
g3} o] NEE FH|ste] APIFATH

Table 12. Added amount of trivalent chromium and hexavalent chromium on PVC

filter

On welding fume matrix filter
Sample name
Added Cr(III), ug Added Cr(VI), pug
MRE-01, 02, 03 10.0 0.0
MRE-04, 05, 06 50.0 0.0
MRE-07, 08, 09 0.0 25.0
MRE-10, 11, 12 10.0 25.0
MRE-13, 14, 15" 50.0 25.0
MRE-16, 17, 18 0.0 0.0

" loss during extraction

+ 37t 28= @7}{5}
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Fig. 7. Recovery of chromium by analytical method when magnesium added



Spiking Amount, (€| Analytical 0.5mg Mg+alkaline extraction

Cr(VI) cram) | Method | Anajyzed, ug C.V. |Recovery relative to hexavalent chromium
DPC 3.23 0.20 — {323

0 10 ICP 2.67 0.20 - (26.7)"
IC 1.06 0.29 - (106)
DPC 1751 0.03 = (35.0)

0 50 ICP 14.29 0.03 - (28.6)
IC 1373 0.05 - (BT E)"
DPC 23.48 <0.01 93.9

25 0 ICP 2352 <0.01 94.1
IC 23.48 0.01 93.9
DPC 24.39 0.15 97.6(69.7)°

25 10 ICP 24.47 0.06 97.9(69.9)"
IC 23.62 0.06 94.5(67.5)"
DPC 37.43 ~ 149.7(49.9)"

25 50 ICP 36.23 . 144.9(48.3)"
16 35.98 - 143.9(48.0)"

" Recovery relative to total chromium

Ze A 25 uge] 67F 2EFE £3 F matrix7l Y= AFA ) H7ME F 05
mgel BhdlES ¥ EA8e W DPC, ICP, IC¥Y 25 % %= sdstsch

67 28 37t A8 A BARAL W BAFNA 67 AFUE W5
gujel EAe W Ane E Ut 2k o] Aol AF I} 6712 Astd FL
oujsiey FEd we AsHe Fe Aolzk Qo) melxw, Aztd 37t AF Yol
dg WEse BASGNS W A7hE 37 ABF) 10 w/iltr e W 67 2FS 3
VobA sggre W 10 ~ 32 %7 ABIQAAT, 67h AFo] EAY B 1 ~ 9 %ol
Agdslg. H7kd 371 2FG0] 50 we/filterd S o HAA= EASUHA w2 28 ~
35 %, FAE 25 ~ 28 %7t ABHA BT 67 AFo] EAYWE Ik A%l 67}
29 487} o=AE dAATD ¥ F QAW 2 /1A FAHA 2o
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Table 14. Analyzed amount of hexavalent chromium by method when magnesium

added

Added Cr(VD), pg |Added Cr(IID), ug DPC ICP IC

0 10 3.23(32.3 o) 2.67(26.7%) 1.06(10.6%6)
25 10 24.39 24.47 23.62

25 0 23.48 2351 23.48
difference” 0.91(9.1 %) 0.86(3.6) 0.14(1.4 %)
0 50 17.51(35.0 %) 14.28(28.6 %) 13.73(275 %)
25 50 37.43 36.23 35.98

25 0 23.48 2351 23.48
difference 13.94(279 %) 12.72(25.4 %) 12.50(25.0 %)

w3717k 67hR AshE %g oE @

Zaktav= 05 mgA =9 vtavlge &7te] FE2&48 97 Ao Yod 371 229
AstE A" ddn PAY, £ F matrixZt dE A E 2 g0 g
= AR yeuth Zatkavw ©ws| vFIu$S magnesium sulfatel} magnesium
chlorideE ¥eodgta FeH ol FEAoZ wEo YYPER, 1¢ Bdags Wy
=X EAEA fx Qo Y HdAR Egdos Wi Jdsoa(A e BA),
T&d FdHE wEe 05 mg Mg/200 w7t HA s+ £FH F matrix’t 9= of 31} %]
T 200 & H7Fst=l PVC 9 %X &= hydrophobicdte] o327} 253 == 23
L wetA 37F AFo] vt FEAGAN FR3) 6712 A} 5o dAR
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1l 2

AT A 9 F A A BF 37t 280 UE 6712 wislsis A
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Blomquistel] 2js}® ¢rle] FZelMe AE 3717} 6712 g2 o Asze
= WA87] 95ke] 0.1 M sodium acetate buffer(pH 4)2 67} F251H 3719 Abs)
= 942 5 Uddn 9 £38 F9 67/ 8 =AA 01 M sodium acetate buffer(pH
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)€ AHEBL71E FA3AT ) bufferdl HE 3717} 6712 AlstE sbSAo] Ao

oz

P
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Table 15. Added amount of trivalent chromium and hexavalent chromium on

welding fume matrix PVC filter

HE On welding fume matrix filter
Sample name
Added Cr(VI), pug Added Cr(IIl), pg

SRE-01, 02, 03 0.0 0.0
SRE-04, 05, 06 10.0 0.0
SRE-07, 08, 09 50.0 0.0
SRE-10, 11, 12 100.0 0.0
SRE-13, 14 , 15 0.0 10.0
SRE-16, 17,18 0.0 50.0
SRE-19, 20, 21 0.0 100.0

99} o] 37} A2 2 67} A8o| HF7E AR E FREFY FAANTE sodium
acetate buffer 28< 3o 10 ml ¥ 50C water bathdlAl 102F¢ & Y=,
zzgae w23, o]ojA 5mle ¥ 5EF 2W © g2 AHoR uhE FEsgdth

= 33 gL AF 99 4L 25 mlE s DPC, ICP,
= Axe FASE 2AFSA

Ay Axe gt 2o

F 16914 BEo] 67} 22 L &4 F matrixel] F7stal D DPCHH oz BAGAS
w H7to] wpel 3F&9 986 %elA 1104 %= L}%kdr ICPEI o2 252
= A }akoﬂ ABglo] BF 986~99.1%=2 A9 YA FFoRE FIaA HEHUL
ze = OMA Bo| A+ % 002082 veh 7HE 0@6} 232 et Ut
ICZ li—ﬁé'} o w= Artekd wa 913 ~ 1375 %2 AEH Wort 7t 2 A
o2 Ye%H 01?-47%1 3ago Wol7l A AL IC AQLue L7t He A
e &vle pH 423504}4 IC Z2vE28AY Hﬂo]*a}ou MEZo] 2 o|f 7|9
sy 2o =eaFydAe MAIED HolAFE &y FE2Z #0001 ~ 003, &
1773 zx)8 0 M 005 ~010 Z=xo|th. E3] ABEolNE CrOL ¢ H= e} wo|2et
ole] EEH7tel 2HA4dol At
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37} 22S &4 F matrixel] A7}t DPCHELE A AE HeE ALY A
A AU 019 %Rto] A&l 67129 371 HMFo] P E HAF 9}\4 ICE 24
e wls H7bske] A@gle]l BT AFEol HA @At ol DPCEHAMAEH 37}
7t 67F2 237 A #SS oudtt. 2y ICPHREeE 4 O}ﬁ—%f’iﬂ% 10 pug<
ArbstA Sl 224 %7t ASH AL S0ugy 100uge H7stAew= 22 1075 %,
1062 %2 EXEAG. o]2A4 &4 A= AL sodium acetate bufferE AFEE o 37}
= Oy 7R FZFo] HI ol ICPEAWNREAA AEo] HAW 6711 So|do =
A= DPCEHely IC BHdAAME A& 4dS BogF+ Aold. = ICPE
g AA7tol] FHEgle] BF A
ICPA AZEH %k%

DPC ¥ dvlE|52 WHEde =
COzel HAFRE Ao e Kdd. &7}
o] Bol AT 18} sodium acetate buffers
o §o]atArt.



Added Amount, (g NaAc buffer solution
CrvD) | Cr(ip o analyzed, pg| C.V. ?f;g;fiym elafive’ 1§, “hexdvalt

DPC 9.86 0.27 98.6
10 0 ICP 9.89 0.02 98.9
IC 13.75 0.05 1375
DPC 55.22 0.06 110.4
50 0 ICP 49.31 0.02 98.6
IC 45,63 0.10 91.3
DPC 99.29 0.01 99.3
100 0 ICP 99.09 | <0.01 99.1
IC 112.87 | 0.04 112.9

DPC 0.02 13.08 -(0.19)

0 10 ICP 2.24 0.35 - (224)
IC N.D. = - (0)

DPC ND. = - (0

0 50 ICP 53.77 0.02 - (107.5)°
Ic N.D.. - ~ {0

DPC N.D. = - ()

0 100 ICP 106.19 0.01 - (106.2)°
IC N.D. = - o)

" Recovery relative to total chromium

QoF3} ™ sodium acetate buffer2 AH&3tES Wl 3719 4tsirt dojubx] & 671
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t} = 4 3= magnetite(Fes0y)7F EAE W= 3 F&o] 1%Hvtez &
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I'able 17. Added amount of trivalent chromium and hexavalent chromium on
velding fume matrix PVC filter

on welding fume matrix filter

sample name

added, pg Cr(III) added, pg  Cr(VI)
WRE-25, 26, 27 0.0 0.0
WRE-28, 29, 30 10.0 0.0
WRE-31, 32, 33 50.0 0.0
WRE-34, 35, 36 100.0 0.0




Added Amount, g Analytical alkaline extraction with continuous nitrogen purging
Cr(VD Cr(1ID) e analyzed, ug | C.V. |Recovery relative to hexavalent chromium
DEC 0.63 0.83 -(6.3)
0 10 ICP 0.74 0.38 - (1.4)
IC N.D. - - ()
DPC 14.80 0.28 - (208)
0 50 ICP 12.91 0.27 - (25.8)
IC 12.87 0.25 - (257
DPC 2781 0.31 - 279y
0 100 ICP 29.80 0.29 - (278)
(& 23.80 0.31 ~(23.8)"

* : Recovery relative to total chromium

3asg =48 gt 948 A48 AA S ARSN= BTl AA el
371 2 2e] 6712 A3/l H1 A ¢ F Aok DPCHHEolY ICP= A5 A=
= 50 ug, 100 pes=FFEC daglel 25 ~ 30 %A=L 37} 280 6712 EHEHUL
Qe £2(10 pe)olAdE DPCHRolY ICPHHHAME 7 % mte= [CHHAM =
AZHA gty olE 17 671 Hlaste] BE AAA A ALrE EFHF9
gz} E7]Fe AAE Adstdk 7tAFe] FEE A T A& qm
ot

ofd
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Fig. 8. Recovery percentage of chromium(VI) with NIOSH alkaline extraction by
analytical method.
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Table 19. Added amount of trivalent chromium and nonstainless welding fume on
PVC filter

’7 sample name added, pg Cr(I) added nonstainless welding fume mg(S.D.)
WRE-46, 47, 48 50.0 0
WRE-49, 50, 51 50.0 2.03(0.01)
WRE-52, 53, 54 50.0 4.06(0.01)




AUUEU INULISLALLIIEDSD
_ Added Cr(IID), ug
Welding Fume; mg(s.d.) Mean Cy Recovery (%)
0 50.0 3.42 0.20 6.85

2.03(0.01) 50.0 8.66 0.13 17.32

4.06(0.01) 50.0 10.02 0.22 20.05
100
90 A
80 v e
30

Percentage of Cr(lll) Oxidation to Cr(VI), %

0 T T T

0.00 2.03 4.06
Nonstainless Welding Fume Added, ug

Fig. 9. Oxidation of Cr(Ill) to Cr(VI) by nonstainless welding fume amount.
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Table 21. Recovery test of Cr(VI) and Cr(Ill) on welding matrix by sonification

time
sonification |Spiking Amount, 48| Analytical Alkaline extraction
time cr(vh | cram | Method |analyzed, pg| Recovery relative to hexavalent chromium

DPC 48.84 98.68

50 0 ICP 48.20 96.40

. IC 48.10 96.20
o DPC 2.91 ~(582)"
0 50 ICP 321 -(6.425)"
IC 5.68 -(11.35)"

DPC 49.15 98.29

50 0 ICP 48.95 97.90

i IC 47.30 94.60
Sl DPC 2.34 -(467)"
0 50 ICP 2.36 -(4.73)"

IC 0 -(0)°

DPC 49.24 98.49

50 0 ICP 4835 96.70

i jie 47.90 95.80
DPC 3.01 -(6.02)"

0 50 ICP 2.96 -(5.92)"

IC 0 -(0)"

DPC 51.25 102,51

50 0 ICP 50.50 101.00

g 2 IC 53.70 107.40
DPC 523 -(10.47)

0 50 ICP 493 -(9.86)"

IC 0 -(0)"

" Recovery relative to total chromium

#F 21004 EX] 67F A8 2894
B % ool Hol ¢5¥ ARE RAFT gtk 37138 ABE 602 oy duje
cAR R W 7k Aol glov(ole EMwYe oxlalm wug) ok 6 % o] 5
= hot platex 2| A &] ¢k 25 %0] 9] 1/65F 02 Asldo] AN AT
H BEE vEEE 4] sl 37 A8 671 289 FEEE g A
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Spiking Amount, (g Alkaline extraction
Analytical Method Recovery relative to
CriVvI Cr(1ID analyzed, g CV. hexavale-nt BT
DPC 10.87 0.02 108.69
10 0 ICP 10.21 0.02 102.07
IC 10.44 0.05 104.42
DPC 49.64 0.01 99.28
50 0 ICP 49.72 <0.01 99.44
IC 47.98 0.01 95.95 .
DPC 84.29 0.02 84.29
100 0 ICP 97.50 0.03 97.50
IC 98.78 ~0.02 98.78 .
DPC 0.14 0.29 -(1.36)°
0 10 ICP 0.17 0.03 -(1.70)°
IC 0 0 - (o)
DPC 2.26 0.02 -(451)"
0 50 ICP 2.32 <0.01 -(4.64)
IC 0 - - ()
DPC 12.82 0.01 -(12.82)"
0 100 ICP 14.06 0.02 -(14.05)
IC 12.45 0.07 ~(12.45)° E

" Recovery relative to total chromium
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Table 23. Preparation of Samples for Non Stainless Welding

Number and Amount of Spiked Sample

Type of Welding
Cr(VI) Cr(II) Blank Total
10 pg x 3 10 pg x 3
Non Stainless Welding o0 pug x 3 50 ug x 3 0 ug x 3 21
100 pug x 3 100 pg x 3




Spiking Amount, pg

Chromium Spiking before Nonstainless welaing rume couecuon

Cr(VI) Added, ug

Cr(vl) Cr(IID) analyzed pg C.V. Recovery relative to hexavalent chromium
10 0 10.61 0.09 106.08
50 0 49.98 0.01 99.97
100 0 97.39 <0.01 97.39
0 10 0 0 -(0)"

0 50 2.01 0.06 -(4.02)"
0 100 1137 0.37 -(1.37)°
120
X 100 +— W o — — — — — — —— —— —— —— —— —]
h P
2
£
58 gpg4—————————— — — — = — ]
=
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B
® Ht————————— — — — — ]
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g 44— "—-"—"""—""—"—"—"— """ /]
il
(3]
z
s $W+H————————— - — — — — ]
I~
Loy iit=sa]
P 4———-—— - — — - —— — .
10 50 100 10 50 100

Cr(IIT) Added, ug

Fig. 10. Recovery percentage of chromium(V1) after ultraviolet and ozone exposure.
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Table 25. Welding Condition and materials for testing fume and chromium

Welding Type : Flux Cored Arc Welding
Voltage(V) : 22, 25, 30
Current(A) @ 120, 180, 230
Current Characteristics © Direct Current Electrode Positive

Electrode : S(Sweden), T(USA), U(USA), V(Japan) W(Korea,
Shielded Bright 308 Xtra, 1.2 @ (AWS/ASME SFA
522 E 308LT-1) (KS D3612 YF 308LC))

Test Plate : SUS 304, Travel speed; 6 mm/sec
CTWD* : 14 mm
Torch angle(degree) : 90 °
Wire Feeding Rate(m/min) : 15.1 m/min
Shielding Gas : COs 20 L/min

#* Contact Tip to Work Distance

AAZ FIF 4L 671 2FY F§FE 2RI 98 24 A o] A
GG F LA F(Fume Generation Rate, FGR, g/min.)S =A 39},

O

AM F5 F ZEFE A7) Y8t NIOSH 73008 < =43}
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Total Input Energy(]) = W - Sec
o37]4, W(watts) : I(Currents) - V(Volts)
Sec : Welding Time
5742 &4 toloje] F TAFE 53 2o

Table 26. Fume Generation Rate of several flux cored wire

W\ﬁre Types | Voltage, V |Current, A|Total Input Energy, K] MS;R‘ g/rréx‘lv.

221 123 78.8 0.282 0.06

S 25,3 178 132 0.500 0.01

30.1 220 200 0.781 0.01

223 122 fifies: 0.345 <0.01

J% 25.1 186 136 0.698 0.04

299 237 208 1187 0.04

P2 121 T 0.189 0.01

U 5.1 186 136 0.389 0.03

299 232 203 0.682 0.03

22.1 116 74 0.310 0.0

\Y% 25.1 182 134 0.640 0.01

299 229 201 1.074 0.03

223 747 T3 0.243 0.01

W 24.8 182 130 0.495 <0.01
2.8 232 203 0.808 004 |
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Fig. 11. Fume generation rate of several flux cored wire(S, T, U, V; foreign
product, W; domestic product).
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Fig. 12. Chromium content of several flux cored wire by heat input energy.
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lable 27. Chromium percentage of Stainless Steel Welding Fumes According to
several researher(Koponen et al.,, 1981; Voitkevich, 1995)

) Welding Type
Welding Type Researcher MMA/SS MIG/SS FOW/SS
Stern 3.8 9.8 =
Ulfvarson et al. 4 8.3 o=
Koshi 9 127 =
Kimura et al. 4.9 15.8 -
Pedersen et al. 4.22*0.26 1051505 =
French et al. % 84 ~ 117 -
Voitkevich (b = 7 8 ~ 25 2~H
AAw - A ¢ 2~3
This Study - N ZAS . 2AY : 3~9
AB T A 158
#a) tE AFAES Yl FEANA FFTFY £HARE AHEEAS
YEAFAE FCW/SSE MIG/SSE E8A1717]1 % stdev §4¢ 28 & + 8l

=
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o gFujE <7k WFo] UAR 02 BTrT= ‘er EaE =
Ao AlRE Sdx Foj= golojE ALY W FF FIAFL 925 %, 67135
0.27 %5 A&t a9 H(French et al, 1996).
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Fig. 13. Hexavalent chromium content in fume by heat input energy.
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Table 28. Hexavalent chromium percentage of Stainless Steel Welding Fumes

According to several researher

Welding Type
Welding Type Researcher :
MMA/SS MIG/SS FCW/SS
Pedersen et al. 3.27=3.85 0.32~0.54 -
French et al. 5 0.27=2.26 -
Voitkevich (Lo ==t f2~=1 1.5=4
This Study —~ = (a0~ 1.1%

An)d i LaE FCW/SSE MIG/SSE 34171715 oy a3 RS & 5+ e
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Fig. 14. Hexavalent chromium content in total chromium by heat input energy.
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Fig. 15. Soluble chromium content in total hexavalent chromium by heat input
energy.
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Table 29. Fume generation rate and hexavalent chromium content

N,I?és(;f Mean | C.V.
Fume Generation Rate (g/min) 3 10808 | 0.04
Total Chromium Content of Fume, % 6 74 | 0.04
Insoluble(alkaline soluble) Hexavalent Chromium Content in fume, % | 4 0251 002
Soluble Hexavalent Chromium Content in Fume, % 3 0.219 | 0.06
Hexavalent Chromium Fraction in Total Chromium, % - 338 =
Soluble Fraction of Hexavalent Chromium, % = 87.3 *
Nominal Chromium Fraction of Wire, % = 18 =
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Table 30. Airborne hexavalent chromium and fume concentration in shipbuilding

industry
Hexavalent Chromium Welding Fume Chromium
Sample Time Time Centent o
Sampling Area Measured 4 Measured 3 Welding
Type Value VXiﬁgtgtag Value VX?E;?S F(lél;l;e
(pg/m’) e (mg/m") (/) 6
2 588 QAL 2T R A 027
A (open space) | Personal ° 5 1250 9.38 % 350 2.87 PR
2 A 10.70 2H: 429 _._ﬁ 0.25
B (open space) Personal °oF: 705 9.22 0% 258 3.60 L 097
A (open space) Area 1.80 = 0.63 % 0.29
; 24754 £ #:30.21 2 0.25
C (confined space) | Personal o= 907 49.9 o5 506 18.48 Q& 041
C (confined space) Area 10.3 = 2.48 . 0.42
67132 & 50 pg/m'
587 &
+H F 5 mg/m'

* AAABEE B2

SAITA Mg

T gAY FAHE A5Y

ZHopen space)oll Al Ab&sleE &Hgolols A Al F A A4 1.2

mm®]| shield-bright 316L(Alloy Rods Korea Corp.)® KS 24 YF316LC(AWSTZ]
E3I6LT-1ol8 =AE= SUS 316LS A&z BAFY A A= shield-bright
309L(Alloy Rods Korea Corp.)Z KS 72 YF309MoLCol®H RAl= dA7<S AlL35 9
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A} 2zast ue Edste Foldnt ¥ 5 QAT F TAAY vEE U w8

ehjol 3 gtk

24 Bz 67} ASFEE AFAAA FAT A vl 0.25%E e
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g4 BN 67F 2BS AEH A dske ATl flv SHAN BHF
matrix® PVCA A o] £8@ o AAFe 67} 283 37+ 28 Arhe] 4¥e
+ 839

| NIOSHOI F#3hE 2 % NaOH/ 3% NaCO; F2WHe 67 28% 9 o A
Fet 371 280l QoW vt ABY A9 67 AFoR ARHS 53] 1 AL
o= 3y

4 B matrix’t 92 9 B 30 %A A5}

L BB E & o] &3 diphenylcarbazidet & &7 %’ matrixy ol A= & 1| A<
AAS AT M5 Ut weEtA &t FEA] o] HHEHE Ak 1
o] g7} E o] 92 R HFsT.

off ox ™
HoHE
i)
J
o2
2

1:1-1
= = 1=
&alch, gdur =3 7)o A= ICP-OESH] Al AAS—%- ALEE 2 TSt

5. T84 aEw == sodium acetate buffer €2 Al&3t FE3AES U
3719 67129 43tE A WA SAY. £ 671 U= FAREA RSk 2 o]
HHS AL des 284 AFo] flolok st ZAWUHEE ICP-OESE4WHE S A%
a2 gk IC Wye] £& A7E Holn ot 28y 84 FAHY E8&8A AFo] &
ANt AE- o] S HE&ste A2 HASA g

7. SHEF 671228 AAYYH o E NIOSHEHH Y hot plate2 7Fg3stE 4l 2¢&
B42 S 3¥ 3719 67129 4H3E R JA” 7 JoenZ o] S FHIF.
o AR A FEA 67 NS B SHFE Yo AdAYsia 2EA7R 2o
2w 4783892 % NaOH/3 % NaxCOz) o 2 3hd ®f.

8 olAZAINE go3H £4 E= 67 A2 =237 YdAE 2 % NaOH/S %
Na;COs 2 2532 F 60oltel At IC 5
o}, FE7) ol F UAY =AY ERFEA

z O
Mo
g I
oo
E

9 24 FEol wATS AdB(AR Ahel Zrle} ndsle Zskenh AR #A



Qe Zobel ger SRES LAF IAFRG Fas FFuFAsE G

10
A Qo] FALu(AF 120 A, AY 22 V) F F9 2~3 %E AA sttt JEHo]
27kt (AF 230 A, A 30 V) FERIF 7T~9 %7HA SIS T

F 2B F7hs 67 A% FYuE 42 F71EH
= 115 %¥|%e) .

e
9
of
~
|
T O
i
A,
o3
ol
o
|
o ol
ofN
o
ot
= {‘
ol

12. 4RF Fohel Wek F AFF 67 A8 FFu e 03¢ Fadh

13. 784 67 A8 % 67F 289 o 80 ~ 90 %= £HF BAGE URE 6
7 A8e £84 671 Aol

Rl

14. 671289 & 2B diF FFHE F 1700 24 234 YARATT 799

Zpol 7+ AT

15, €8 AdAAA x=2HI U= 67IAFFET JAE7F oldRAT DHFT U
AL FHL_IFES 27T 7t5Ao] Utk E3 EF 67 2B FEE AN 2A
3 A FAFE 0.25 % FE2 Holx AN

=5 AYEESA 2 A=Y 74, =8F 1A A 97-53%, =57, pp. 15,
1987

Ngd o|Fg ojuF QAW AT, EFE, ol7lzt B 2HAYA o= £4 %
Azt F71%F 67 28 2 VA x&d #8 47, 8343988 H =, 8(2):209-223,
1998
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A 2%, BF Y I WMEE FAZMO BE AT
.M B
FHAYF BASHE AANAAE o) 71 BEYRS LFF SHE, 0F A4
58 59 7k 9 377 gom, BYE AA2E 28, A%, 4, 4R, oled wa
FALA So] QITHAIHA,1984, Burgess,1995). 3] A2 ZE 24244

g
A, HH, el dol EdE e Featdoel WA g

1978d vz =F59 FAAEA &3tH, AA AQdERAAHAY 05 %7 £33 2
Aol E LA AAden, 15 F *Tf?% &g A=t 67 %, 1F 37 %
7} sl BAel os gzheted o9l th(Pabley,1981). So]&uiet Algre L= s
gl gaol o =4FHR GAAES] 63 %= 9

2 gl o8 £4e AT

Aot feluetel AF 074 RN GAT A2 4UY VIS 28, A9

9 FaAAe gRRO77%)0] 28, B0 9% AU, FHFAFRE 02 %o

FAAUHI AL, 1007, BA FAUGAAE el A 4G wF 2

sAge] QX gon, AYVAZAYBAAE Aol twl, AL FaBHY

4 A3 T F gl 7Y RS0 SutE 3o ARHe] A 27| @Eol
5

ek, 2 AFdAE olagHFT BASE FelRHE AgrnAsdon =g
200 - 320 nm SHFHAE 7H AL H e M7k ZHztel Wiole] BAE AYA AR
= &) TS, A A AqH MVIE FEE] =4, Hrlets PHE mAaso
24, o]F Y A AYHozRE ZEAY AARREE 93 By ALS

TReted 28R Z8E & UAEE stuA o



1. MAp7|gALM o 22| 5stE SA

AR RA S iR AT e @ AAM e AAL olFEe W

N et HAAS oW BAL FAABEA oles AW £ AL W U

g X QAL ool weh ZA o &3 WA ol WAL R BFA
o}

—

Table 1). oj® 23L& FAsE Ex Ul 9x59 ZFdUA= 1 - 4 eVE
lom ol Axte FAsE FAAY FAAY HFed F MeVol st w5
L AAES FASE Fo ERAA B, AA Fi, A BAE o|2FAT|= chﬂlt
12 - 15 Ve oluA 7} "astch weka] AAlA o]&g A7l o BT HAddY
A= AR 12 eVl Ha, 2 0)8ke] AUAE ZFA = FA S v]o]23f WAL o) 2
o FoH(ZErA 9] 3¢, 1997).

oy

Table 1. Classification of Radiation

! M Ap2| ghAb

oj== (Electromagnetic| X-Ray, 7

AL Radiation)

(lonizing | S AFZEARM
Radiation) | (Particulate a X B X, F4M XHneutron)

Radiation)

Hlo| 28} 2hARM XFe| M(UV), ZHAIZHM(VR), X2l M(IR), 2tEl 2THMW, HF), M+
(Non-lonizing Radiation) HLF), =X FoELF)

olzgd APF BASE A FA H4, JHARA, Aol EE FE e

s38}u} AL A (optical radiation)©] WA go)(Figure 1.).

Ultraviolet radiation

Visible radiation

Infrared radiation

Fig. 1. Radiation Emitted by an Arc.
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3} S g}, FAo| Y A (photon energy)
o] B0 uet ¥Y=E UEs £ 9;3111, EE 100 - 1,000,000 nm®] HFHLE &
= : 1} 7o) 21 (100-400 nm), 7}A1384(380-770 nm), A<
E 7 Ut (Figure 2). AJEATH FHAM = 2
2259 A7GEy BExo] YEEEF g wE CIE(Commission Internationale
de 1'Eclairage)e] /& 831 o), AE5E J3¢S 1#dle] EFIS o,
gulAbd 2 Table 291 o] £ ¢ AEdETh

Ultraviolet = | Infrared
100-400 nm : frot 770-1,000,000 nm

2 3 4 5 67809 2 3 4 5 87889

100 wavelengtha 1,000  (nanometers) 10,000

Fig. 2. Optical Portion of the Electromagnetic Spectrum.

Table 2. Spectral Bands for Optical Radiation

Region Band Wavelength Adverse Biological Effects

Ultraviolet V-G 100 - 280 nm Arc flash and slight erythema

UV-B 280 - 315 nm Arc flash and slight erythema

UV-A & —~dhsmm Ar_c flash, erythema, cataracts, and
skin cancer

» - Photochemical or thermal retinal
Visible 400 = 770 nm injury, and thermal skin burns
Tnfesvad R-A PO 400 s Re_tinal burns, thermal skin burns, and
cataracts
IR-B 1.4 - 3.0 im Thermal skin burns

IR=C 30 m - 1.0 mm




\o

Ap2)H £ 0}3%@%— s A F P FEE 9%e T BFALAd o],
2 AB BE mE Aede EA4L & 24

UV-AE R4%F 718 ddA7t geon, fa4del 7t =
W, A SIS B EE e AT AgHez 9 f3a 42 2 dHFT9
) =] & ¥ (phototherapy) # tanning boothell A UV-A lampE ©]-§#THAIHA, 1991).

UV-BE A8z A2zAd £48 & 359 35T A E 7HA A slE FH
o, #Hatstd uwkge 54 wEel ACGIHOlAE UV-BE  38}8Ake] A (actinic
radiation) & 2 2834 TLV(Threshold Limit Value, TLV)E 7 &} 9 THACGIH, 1998).
UV-Bel 71 2 EAe Q¢ sRgs dosle Ao A Sl At B A8

%

ox Fd FIAHFFIH

rJ‘m

0

Uv-ce di71=9 & wulg AzUdA diie wmEA FTHEE, Aol A=
Aol BAHX &=rh, ACGIH-TLVelAE 250 nm "R A UV—CA FA7Y A
Ao} 228 A4S &L AArE, 1 e o2& TLVE Fzdor g AX
7 9ol UV-Ce w3 AFadst 7] el | oatg FEA FEE& BZE AET
=3

Ao M o] oI AW Hrie 196449 HEE A 34 A & ¢} 3] (International
Congress of Photobiology)ell Al =2 th-d 4] o] HwAD zAEE ALAY quyAR
A ‘dose’® 7hde AAE o], =& F(exposure dose)’ ©2A Ba$1 9o, J/m’
w= mj/em’ 202 FHHTGIARC, 1986).

g2 47gE BAsE A *1171‘“ eAu Al AR A7), §7HAe A4 ®
2 nastze 5§, 2A FF, S7HAS ZAe] A, 24z =] #AA Tl
wet 2, ¢ ‘i‘l o= %@H}‘:ﬂtﬂi Byl AbeE AFEFo] B2 7}—"::lﬁ°}ﬂ%
AR A TP A A A7 Eod HEBFEHopaeH, TR EA, g
%%‘j(Submerged Arc Welding, SAW) A&z 48A U (Amrik, 1981). Bartley
=o 5 9% wladgol FHE S7HAE ol LFUE FE 2Rl o &5
0%’—, sfauge ool 005 %2 wolRg Wl fraAbE(effective irradiance) & 20
W o]AF 7tAsttm uhlel 9lth(Bartley, 1981). Eriksen< olz7t g FA4E o 7t
A 2 A A7|7F Fow, oA AF 50 msec olulel e M7t oA Al A7
wr} 108} o] 4rolgti 3 tH(Eriksen, 1984).

Ao He AEERA G@g e Fa T v AFold, 47 AP me <
e 7 i

o] vizr. 7 sadz ABSR 93 A= AEE Y



spectrum®] 2} 270 nmol A 7} d&o] I3, FHF A= 295
mell A 713 oz ad#4 AHACGIH Documentation, 1985).
o] ztube =7 wlAo] 300 nm W%l UV-B UV-C7F # 5™, 300 nm B
3 7 BFZe A zeAe Zute sl FAAA HAGEH FFEd. olHE

g H
ol
kel
fin®
Mr
&
of
=
rlr

= Az 2 49
3 5o FAGTH WP 2L BV9RS AL F At FAAAR AL
£2 270-280 nmel TN 714 WAL & don, BF, £, 3Y, 027 5
o Z4e uan ok 29 U 98EE 42 /bt Mg 200 - 310 nm9

A Mo MRE T A AYAe A, FHR IF B9 FA F 9
3 #eEd. F2 297 nm v HY LA FHAAT AFET £ 9ow, 297 nmE
F 71 339 AgAe TIYE ¢S Ho| HAF At Everret 5o 2% A+
Ao 238t¥ 290 nmol A 3 %9 #3] FHEE YeERU X 320 nmoll A= 4 %= F713
331 st R AT BAE R 8 ZIMM ARl M Tk ZEY, Al
Tol FUAE, 9o 71F FH47 AdHE ALZ EEA g £33 e FAH7}
714 g AYgd FHAAEE Z|aTIeR FiAsE Aoz BIFHuHAIHA,
1991). FHFd wA= AdFGNE 7P £ HEENENHT FAH 222 ey

s°l dot. @A ACGIH TLVeOAME UV-BE Algol A watAdo] o=
Aoz A FRFoIH, FAYHE+7]F(International Agency for Reaserch on
cancer, IARC)9lA4 &= 2A(probably carcinogenic to humans)® ®¥&3 1 9t}
IARC,1987).

i

Aol e digh AYH w=E7]|FL ACGIH, v|ZZHargorAd w7499 (National
nstitute for Occupational Safety and Health, NIOSH), =#|¥A}AH% 993
International ~ Radiation = Protection  Association, IRPA)ol|A  Axslxa o}
ACGIH, 1998, NIOSH,1972, INRC-IRPA,1985). Al 7]+ =5 180-400 nm<] 32 9] o) A
188 & J=F wEJen, UV-A9 318tze] A (actinic radiation or UV-B,C)o &
ME5tel irradiance(W/m’), radiant exposure(J/m*)22 71%& AAEa ok &
re U x5 R 22782 dAFHY JA o, ACGIH-TLVE #ZFE2 A4
P ATHE=E, 1998). AgAe] HYH =E7FL b2t~ 42 E(Caucasian) )
17 Z8herythema)® Zrebed 2 A9 d 9 action spectra® A& envelope action
pectrum®| 7]x3tx o}



3 JIA| =AM 2 = Q| M (Visible and Infrared Radiation)

242U FT M FAT HdE "‘V‘ET ol AL o] &3 7l A F2 LA
sy, BRI Lola LA, TIG 4, 7t2F5oa g4 22 ota &g e A4l
ua) At B A oMol votn & £ Ytk o} AR FAERFEHopAGHAA A
)Mo o8] HAE = A v g At (Burgess, 1995).

Okuno®] 7ol ¢&® A HHe ZHT F de 71718 Mdstd ST
An RA7 AZY W 50 cmol A Z2ANS W JEFHAEHAYL 725 W/en N
T, Ftagaolaad Ay A 171 w/egk FH(Okuno, 1988). =3 Okunoi= 7t
B MZE blue light(400-500 nm)& =A% 23 I EFH AL LHZAL 105 Warsr
o1, ACGIH-TLVel o9& Hof 3| &x=EA7+2 95 At 3t tH(Okuno, 1988).

=3] blue-violet B Y A BAT HMe 3 v FHE = F It wel
A, AAE HorAn mokd IE ol E(filter plate)7t 23t} Pabley ¢ Keeny

Sol 9w, B SolEd HYHS FF T & At Bl T e W F
g Mo SeolE ghol A AuatEel #RAPAY wol FAE F F WWE
o ZgsluvolE e Edolse mHd WA 249 F, &, AFVF 5o Y

sle] Mol &2 Ay F vz ALEAT. Pabley®t Keenyi= WA= d =
FBE A L =4 g3 FEH Foz I XY ZYsRUCE FE ZolES
A A @ (heat buildup)S Bl A h71F 2= Hl&) £47 216 %, 54 %E YE
wtkn Bastd meka, FdMe] dFd SH3FAYAY &S F0]7] AMA= WA}
Ae FEYHYs ZstHolE BEE o] &= E Austa Uth(Pabley, 1981).

_L

(4

o

2t (L

of =}

Sliney 5ol 93t® olazRe FH FdAE HE3Y] H&) HFF A
gi=d HeMo AL olZRHE 1 m, 2 m XA FH PR 7
o) 2 2ttt & thH(Sliney et al, 1981).
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B ool EFO olmLd AP F HASE YA A7E dAsE AYgHETE
& Tofstal, AL g 7“%’34 LEATE H] =2 HGriste WES AA G
BEN FoEAs o] 7R 35E AT FHHP S A= 712 ARE AT
sted Aok FAAHA F4L &3 A

A, 4% Adasel e Aol Azl BHE W5E P APY AT
g B8 Prheh

S, $44d B4 AYH) NG =FHEE ZHe] A9l Ho] W xF A
2 grbeta, Suhe A9H BAYES

=

Iv. CHe X S

2 97 24 484 d79 % SAHCE FYPHUY AP dFAHE COF
Lola &S dALE §HFIY AFF ol=ZAF, ALY A7), &7IAe £F, B3
7t29] A, F 2AEA BA T s 3P
WAz 19989 84 2495 H 104 219744 83 ASdel B2 ML 34 AR
TR A=A 1AMl dis] COyaol=284(CO; Welding), 3| EF&o}=
&% (Shielded Metal Arc Welding, SMAW), TIG(Tungstene Inert Gas Welding,
ING)EHEAES tdeE £ 66 /] EHALAZAALAE 259

]

2 Al & =

= = A

SHAGY 4F HFEES Ay d& F 24 WS o)Ly F 9 Ay
= T % ATL&H 7MEIEE 5}5? 31} | <A 7 9 (Korea Institute of Industrial
Fechnology, KITECH)®| A | %} 439 H(Figure 3.). 23] Algd Fo
d4d]= Table 33} 7o}
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Automatic welding machine :

Arc Current & Voltage Monitor :

Fume Collection Chamber'’ :

UVR-radiometer :

Dyna Auto Super 600 (JAPAN)

Portable Arc Monitoring System I (UK)

Acceptable to 'KS D 0062’ (700 > 700 X 800 nn)

IL1400A(U.5.A)

1) Designed by KITECH

Fig. 3. Fume Collection Chamber.
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3, My

It =®7|71e MHA

[RPASI A= A8 A =47]7] AdA Frstuz e 54 A< LAY o2 HE
#4 = er"‘"t”-%—‘l A} 2] L% A& ¢ glojoF siH, -rﬂﬂ dage 54 Afs
A Ao de A72 717154 & AL Az;stn JAHIRPA, 1985). WEHA, & AT
xe EHALT %*ﬁé}% X}ﬂ/ﬂ 236 =438t ACGIH-TLVS v u g A
w2 38219 M(actinic radiation)®] IHFEHU 180 - 320 nme ALAS
ACGIH-TLV dAo] ol4d o34 715XE HEste] BA7SE 7171 € AAsAG
(Table 4, Figure 4.).

o Mo Wi %

Table 4. Characteristics of Radiometer Used in Research

Name IL 1400A (USA)
Detectable wavelength range 190 - 400 nm
Measurement mode » Signal mode : (N/cnt

- Integrate mode : m]/cnf

Detectable intensity range 700 W/er — 350 mW/crt

Linearity 02 %

Detector type Solar blind vacumm photodiode tube

- SED240/T2ACT3

Calibrati ] i
alibration - Light source : 4a Deuterium/EG+G Monochromator

- Lamp output : 1.750e-6 W/cn'

- Instrumentation : U522 Radiometer
- Temperature @ 16 T

- Relative Humidity @ 39 %

-Date : 98. 1. 26
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Fig. 4. IL1400A Detector-SED240/T2ACT3 Calibration Curve.
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L M3 =

AHe 3A F QAR vire] AAsAT. A dAE COgHotagddA ALEHE
£7tA o] FFol WE F LA 2He *il7l Z48H3, F HA dAs BE
7t2=E CO:9t Arel S WA IIHEA F TS ALHY A7lE SAsI o

A A A ARE Al COEHetaE4FdF 9y AM8EHE di 323
ol= ¢lo]of(DS 9100 FCW), Z €| 2 A€ & 2o]o(SB 308L FCW), E7}& ¢
0] o{(DS800-B2 FCW), B35 72 glo] &3 71538 Self-Shielded wire(CS 15 FCW
o] 4 TRALH, A4 A ) A, F, L AF - AY 3 7R 49 g2 F
HAgI 2L AZIE SAHSAT ZE £330, BA, 714 F3, 13 A ER
2 7% EHIA, A FAHAAY Y HFE 5YEA ST F owA dA A
HE 7E 8 HEE LAAIII BHI7MAF Ar 7128 CO: 7HA AEE A 71X =
A 7| HA E8F 2SR Ao A7IE S5 AF AP%2AL Table 5, 6
o 7o}

~—

F EPE AHE o] &% F EFL A 5(1998)0] dg o) o) 2+ AF, A
Zvid 3 34 BB 2t PFAFS FIAHAEE 9 29, 1998). E A
& (Fume Generation Rate, FGR)-= (2] 1)o <]&} #A4rsts o).

o

Mo

_ _Weight of filter after fume collection(g) — Weight of filter befor fume collection(g) )
FGR(g/min) = Welding Time( min) 2

91 £A & IL1400A radiometerE o] &3le] ZAsson =2AAy To= A
2o A7led dis] ®2A3 o "*]"14 AA = 1 @A AFL o2 ZHE 40 cm Aol
LAEANZIL, 2 GA AEE AT of2E WAANIE solid wireS AFL3IE7] W 2o
PEERE 2 m XA RZAAIZ olm WAAZHE0 Z) B AYM  zAMY
irradiance, mJ/cm®)& Z# 3 & (4 2)d] o8 FTF &7 UL S (Effective irradiance,
Ser (W/em)E ANSAG 1, 2 @A AY BF 4 AF-AYG =AM H2 33 oA
e SR

Deff(N/cr) = Dose(mf/en)x1,000 (4 2)

Measurement Time(sec)



Welding

Parameter First Experiment Second Experiment
Welding Type GMAW" GMAW
Welding Condition
Torch Angle (deg) 0 0
Polarity of Current DCRP” DCRP
Travel speed (mm/s) 6-8 6
CTWD" (mm) 14 - 24 20
Welding Time (sec) 30 30
Arc Current (Ampare) see Table 5 280
Arc Voltage (Vaolt) see Table 5 33
Wire Type Flux Cored Wire SM70(Solid Wire)
Diameter (mm) 1.2 1.2
Shield Gas Compositon CO2 (100 %) Ar:CO,%(87:13, 90:10, 95:5)
Flow Rate ( {/min) 20 25 o
Base Metal Type Mild Steel Mild Steel
Dimension (mi) 260 260 % 21 260X 260 % 21
UVR measurement Parameter ~ Distance (cm) 40 200
Measurement time (sec) 30 30
Fume Collecting Parameter Collecting Time (min) 5 5
Humidity 40 - 50 % 40 - 50 %
Temperature 28 =25 T o~ 23 T

1) GMAW : Gas Metal Arc Welding
2) DCRP : Direct Current Reverse Polarity
3) CTWD : Contact Tip to Work Distance
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DS8000-B2

(Heat resistance)

of Arc Voltage and Current in First Experiment
Wire Type
SB 308L
(Stainless Steel)
40
30

Table 6. Condition
CS15
Dagla (Self Shielded)
H" 40 30 30
Arc Voltage 2
(Volt) M & “ “
L 24 24 22 24
H 350 280 230 350
Arc Current M 285 200 180 280
(Ampare)
L 185 180 125 185
1) H : High level 2) M : Middle level 3) L @ Low level
Ch. S EZAL
o 4R Y =EAHAEE Hrlsty] Y3 HoW oA ZASH, &
A2 2349 Aol i =SAEE Hrrely] Y £HAAAE FAoz A,
F & 929 1m 2m 3 md A ANE ARAe = o] T3 =5
ol 2A4UE S 71938 £3589 Figure 33 24}
Right Back
Shield front

% Detector

Left

0 Front
Fig. 5. Configuration for UVR Measurement in Welding Operation



o zAstgc =A% AN =FF2 (4 29 9 3 W &A= (Effective
irradiance, Eer M/c)E ARz, (4 39 93 A o) 3 & =& A ZH(Maximum
Permissible Exposure Time, MPET)S #As}ksit.

C

- 3.0(mJ/cr) 1,000
MPET(sec) = Avithmatic Mean of Eeff(iN/c)

- (A 3)

1. 2Futdo o2 X[ M7

A% =AY COEEolaLH, AEFHolaLA, TIG €4 Al w2 Az
7} 2}8] A M| 7] Table 7, 8, 9 3 2t

Table 7. Welding Parameters of CO2-Metal Arc Welding

Parameter Condition

Welding Type CO» Metal Arc Welding
Polarity of Current DCRP"

Welding Condition
Arc Current(Ampare) 3059 (104.5)”
Arc Voltage(Volt) 354 (58)”

b Type (N)" b
Diameter (mm) 12 - 16

Shield Gas Compositon CO, (100 %)

Mild Steel (49)
Base Metal Type (N) Stainless Steel (1)
Al alloy (1)

1) DCRP : Direct Current Rverse Polarity
2)3) : Mean (SD), 4) N : Number

ﬁ’??_



Table 8. Results of UVR Irradiance in COz-Metal Arc Welding

Irradiance (/W/cm)

Site Distance NY Min Mean Max
1 m 14 14 440 1559
Front 2 m 11 10 165 530
3 m £ 1 gl 190
1 m 4 29 687 1409
Back 2 m 2 93 225 358
3 m 3 69 329 822
1 m 27 87 954 2380
Right 2 m 19 24 495 1940
3m 10 4 124 372
1m 20 19 637 1380
Left 2 m 17 1 315 1295
3 m 7 14 171 416

1) N : number of measurement site

Table 9. Results of UVR Irradiance in SMAW" and TIG? Welding

Irradiance{¥/cnf)

Welding Type N* Min Mean Max
Shield Front 6 133 746 2400
SMAW 7 16 19 416
4 0.7 34 84
Shield Front 5 208 493 780
TIG 8 23 18 73
1 9 9 9

1) SMAW : Shielded Metal Arc Welding
2) TIG : Tungstene Inert Gas
3) N © number of sites



il TR | I T B O LT UL T e | -

Meen of UVR Imadiance( W/ cm

CO2-Arc Welding sSvAW TG
WElding Type

* UVR irradiance of shield front in CO,-Metal Arc Welding : over range (>350 nW/eri)
* MPET : Maximum Permissible Exposure Time

Fig. 6. Comparison of UVR Irradiance by Welding Type.
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2. Z™ x|t XMl M|

COsEaotaedol Bsl 1 m AHlA 283 A% Figure 7914 B vhe}h 2ol
deare] eEE WM AN W Y F AdA A/E degm, Aol
N =4 gel 73 %A debs,

1800

1500 -

:

:

8

UVR Iradiance at 1 m (W/cm)

Front Back Right Left
Measurement Direction

Fig. 7. Comparison of UVR Irradiance by Measurement Direction in
COz-Metal Arc Welding.



AAAT Figure 6914 BEo] Doluixgh A A7l= Fau7] FEdx

090 oli, ZA4u71E A FRXS A$ 080 UEhH] =2uj7]el

| ()=
] 7k %

o A#AHE B FH(Figure 8.).

1800
r=0.90 (p<0.01) b
1600 - e e
- 1400 4
=
= 1200
3
S 1000
@
o
@ 800 -
fa el i
E 600
=
400 -
200 -
0 '
0 2 4 6 8 10 12 14
Heat Energy (kW)
(a) With ventilation
1800
1800 4 r=0.80 (p<0.01)
F 1400 A
= 1200 |
Q
Q
= 1000 -+
i
©
© 800 A
o :
s00
5
400 - -t
&
200 -
e
O T T T T T
0 2 4 6 8 10 12 14

Heat Energy (kW)
(b) Without ventilation

Fig. 8. Relationship between Heat Energy and UVR Irradiance
by Ventilation.
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4. 87H0 SR Xp2dol MY

j

Stainless Steel Wire > DS9100 Wired] A2 Yelden, F TAl&o] 7H 2Etdl
Heat Resistant WireZ} 24 A 71= 718 =kt (Table 10, Figure 9.)

27kA EFo w2 294 A7]= Heat Resistant Wire > Self Shielded Wire >

Table 10. UVR Irradiance and Fume Generation Rate by Wire Type

UVR irradiance(//cn’)

Wire Type Heat Energy(kW) FGR(g/min)
Ventilation No Ventilation
| e 44 502 325 053
DS9100
3 m* 85 342 233 0.99
{(General FCW")
H" 134 1408 836 1.31
L 45 277 596 0.91
_CSIS M 49 341 239 0.95
(Self Shielded FCW)
H 83 475 359 1473
L 2.8 144 91 0.31
i SO M 43 205 118 0.54
(Stainless Steel FCW) ' '
H 6.9 373 308 0.85
It 45 434 320 0.41
D00 B2 M 85 685 863 3
(Heat Resistant FCW) ' Ly
H 134 1712 978 0.85

1) FCW : Flux Cored Wire
2) L : Low, 3) M : Middle, 4) H : High



o —y— Stainless steel FCW
—— Heat resistant FCW
1400 -
5 1200 -|
=
Q1000
c
ol
E 800 -
L 600
=
400 -
55 /
0 . . . . ; ‘
0 2 4 6 8 10 12 14
Heat Energy (kW)
Fig. 9. UVR Irradiance by Wire Type.
7 AWA E £HE $F7E NEAAAN TR EE =4S Wek =
NBAS HEA &AL "o AL ATIE 324?"5} A3 Figure 10914 B %o
dlojo] ZEoH ZF2u7|BAS 2ANL o, AJA AZI7E FEAE s
g 5 Ao
1800
mmm Without ventilation Wi
1600 - = With ventilation F
1'5
S 1400 - —
©
F
- 1200
5
3 1000 A
E vl
=2
_:E 800 o
©
8
& 600 -
o
il
@ 400 -
>
2 i
200 A =
0 L L

DS 9100 Self shield Stainless steel
Wire Type

Heat resistance

Fig. 10. Effect of Ventilation on UVR Irradiance by Wire Type.
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5. 25 7tA 2 XM A7

OyZ&olag o] ol&9E 372 F CO, 7h29 #F&°l 5 %, 10 %, 13 %

2 %7}%‘}“—% H A M7 1432 MW/er 1062 MN/er, 723 W/en = A5, v
2 F 2AEL 021 g/min, 027 g/min, 036 g/minE F7}stsiHH(Table 11, Figure
11.).

Table 11. UVR Irradiance and Fume Generation Rate by Shielding Gas
Composition

Shield Gas : :
VR I m FGR
Compositon (ArCO, ) Heat Energy(kW) UVR Irradiance(/cr) (g/min)
8.7 1317 0.18
9.2 1497 019
9%5: 5 9.2 1390 0.23
9.3 1523 0.22
9.1% 1432 0.21=
8.9 1283 0.25
9.0 53 0.30
90 : 10
9.1 1150 0.25
9,0 1062+ 0.27+
88 540 0.41
8.8 1013 0.25
87 : 13
8.8 615 0.42
3.8 T23% 0.36%

* . arithmatic mean



1400 J
1200 A
1000 -
800 -

600 -

UVR Irradiance (4 /cm)

400 -

200 A

5 10 13

CO, Content in Shielding Gas (%)

Fig. 11. UVR Irradiance by CO, Content of Shielding Gas.
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1. HEEAL Zoto] 5A

4 zAlE COela S A 5171, dE5FHoa&HAYA 7/, TIG &483d 87
A ao] o]l AAEYY, Hotd o AYAE FAOE 1m, 2 m, 3 m AFANAN F
S d¥oz sPoy FAHFLY AFH AP S EE A FxolA L@
A 2AHAE E3dnh. 8% SH9 FQ Y 2HLE COotaEA0] FF =&
ol2glon, NEFHALHLE JHEHH EAZY FE, ohFY & T2 AEH
o] G

2 9%tk TIG %%‘jc’ A 2 wrke 547 9 gEde 4w pRHoR o
91 Ik Hebd, FH 2HL COFSAFHAYS tha) ol FoiFth $3%
9% WAy }wu A7l FHg 2 e WAGIL BRFE ofAARY AL

o}
A71@ 2% A7) A 24N ol AR AU ANE Fersta, £ wg
g WA we o8l Ak



Heat Energy(kW) = {arc current(Ampare) X arc voltage(Volt)} + 1,000 —————- (4] -4)

COZ&olagde AS notd FeAe AAH A7t dls Bt F
A A 350 mi/erE Zoete]l AAEA gt FAWH wE B A
A7E COEdolasd > AEFHopadHd > TIG &3 ol &A A12] A o
g SEye =258 =37F& ¢gew, ACGIH-TLVE AzFEE 1 U
(ACGIH, 1998). 2R Z2%#E ACGIH-TLV$ Hlashd CCOE&olag4AYg S 1¢d
oF 1m, 2m AY 2% Ads§xEAe] 10 22 o9 A4 A7|<l 300 N/cntE
2389, PRI ALHE COFHotaLHRTG Ao Avle sk, of
Beo] A&EE Azto] Wl AN oS WAAIE WEE EJT. Erksend|
o) ojatd ob=7b wAEA oF 50 msec ol el AL AZ]E ofATE kA €
= 4719 1087 9Eon 3-AcH(Eriksen, 1985). & mEF&otagHEoR A

2222 F ofaAEA ] BU|WE EtdHoly BbES 24 il 2
= A o] 9oz ZhEd F47t a7 HIUG

. ES™ARIeE XpAM M7

Aol me AsA A7le v W ZF Azt Bojdel wek M A7)
ozl e, AgeA AoH EREF SHAAA A T oba 2
Aol g WAL Sol o8 Az BAAE sl AYM AE B

2 A
o o

g.
- o3
ol
(£ gl
m{n

2
.3

) l= Agate] 9 e% gl 248 @l AF EA
1, AdAe] AelA 2AT gol 73 A vehgeh mebd, el A9
=AEg A% Frs] e 97 B oy, &

el _(;,
2 B e
o oo 1
o o=
ol
rd o
fes
2L 2
o e
b =
ry o
ol rx,
o
N

o
ol
fu oo

J}% tjo

el A l"—ﬂl 249 AL FAYAY gFEe] La&FIA7] P
Zo|i} zbAlel o3 ebzzt AdAE 737 gE Wl W& A 2] b
o zeju, Agate] e Adake] AAel o g ofze] A E I} Rt ofyz}
ol g aAHEFH7 7FFE AYA A7I7F M S 7‘7*43104‘1} urebA, A
01 DA o= Ado] Fa, YA A, ofF e AR R A A7) W3

| oJal Zel e} A7) A7 t‘ﬂ°17} A% FHAYY A+ A =50 dis
437%}2] k7] QElM = Adle ofze o] HE At QEBZE WpEkd| A =H 6
£ Ao] utgAsE.
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gjolo] EBo| w2 z9A M7|E Heat Resistant Wire > Self Shielded Wire >
Stainless Steel Wire > DS9100 Wired] &AM 2 YElW oW, & kAl -8 2 Self Shielded
Wire > Stainless Steel Wire > DS9100 Wire > Heat Resistant Wire 412 U
o E walgo]l 7} 2okel Heat Resistant Wire7db #H9ld A7l 71 & A&
wol AeH A7let F HAgTHE g9 A $E FHA #F F AAT B, ]
'/'rx glolo] RE F wal Auo] H£E7E HEAA FAM/EHEE 2AEARS Wt
7|87 S A Fde “HE‘ZP ZAdA A717F BalAs AE T3 AL Al
]9} WAl g7re] ARAS A F F dAh AL AxwrIE T SFA
wAE= Eo AAE anHo|Au F R slxd o A An g 2t
ol A zpe] MY M7= _:*5134 33l A= Aot
wea], £HRAF BASE F AAS 98 COr-FHotTEHY AF EA £
# = A3, ZAENFXNE 8T Ag A9 *117]%:— E‘.UF Al

A&
e A HWAstn 48% AREE Ad BAAIG BAUE FESLE o &

A

_Ir___Z'l 7(()]—

cauel =58 mAAE At ez gig xAFHMEE 313 nm, 365
nmoll WE M Eggo mEt 1.2 - 16714 BFstn (s, 1998). vl =4t
o} A ¥ 71 A (Occupational Safety and Health Adm1mstrat1on OSHA)S + 2 9tH H
So] g FA waw fEBEIFEoragHe A$ olAMF 250 - 550 Ampare oA
AW sE 11 o)A, Ay AdoaEH L ofadF 50 - 150 Ampare°l| A 8 o],
COZEolaLHo|Ae 14 o]Ae ABHIE 7HA v AFAE S HEES atil A}
(OSHA, 1994). 2 aA72A7 £4z%d oA difds §3dI=2AE2 Hidd=
Agstn Qo AFAL F Foaa QA fsurh FE FEY HALe AF
olAo] oy ABZRE ¥ HIstE GHMAE FEAY, ABETE e AR
orAde Reetn AUk v A YA e8] (American Industrial Hygiene Association,
ATHA)I A= 28 =] ae] AA3s 2FBHE 2 S#(Shade number)E (2 5)F ©]&3l
MR EE Pusn THAIHA, 1984).
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S = (7/3) X OD 4 1 ———mmmmmmmmmmmm oo (4] 5)
OD = logio(H/EL)

o 714, S# : 233 & (Shade Number)
OD : %4 = (Optical Density)
H: 8 A7y == Eeff(uW/cnf) X 28,800sec = mJ/cm®)
EL : 23] 47)%(Exposure Limit, 3.0 mJ/cm®)

B =2AARE (4 5o 93] AFHEE AiE] 2H, Table 129 ZU

atA, COFEolag3e 35 Hd A= ﬂi 16 o4 AP E 7Hd
HolAS ZHgaof 513, 3 m YA NAE 10 o] AFHIZE 7} HAF S 2§
of ght},

Table 12. Shade Number Calculated from UVR Irradiance in Field Monitoring

Shade Number by Distance

Welding Type

Shield Front 1 m 2 m 3.m
COus-Metal Arc Welding o % 3 4
(Site : Right) =16 =H = 1
Shielded Metal Arc Welding =11 =4 2158 =
Tungstene Inert Gas Welding =10 =5 = 5 N

5. 23 7tA 9t Xjo]M M7

BEFA AY B3I COp hael Fieel 5 %olA 13 %2 F7HE ©, A9l
A7) 495 %9 Faee YEHD B AL 768 % F718S Uehin. o 2de
2 ABER 100 % Ar 7h2s 2 B8 slao w3 CO, $3ut BEFE CO,
hazt ohagel s G Hol AW AHAMS wo] §§IFE FAT 44 29

2 957 gRel Fo WAL F7 AVE Ao Bt & vk g, CO,

A 28Y 7haE AEHE Fo A4Sl FaHu W A AvlE B
= Aotk wWeld, BEbAFE Ar 7bae] Bl ¥L5E F UALL RFbUn
g3 Ao, AgAe] AYE neh ZAde GART A Aol e AN gofol

LTl



5o A7E okagd AAF TASE A e FRAY =THES AT
ete e waAsma AASAT. AFE TA FHAFG A AvIeke] @
Hrtaty] g8 22 AT HAPe] e A2 AW AR AR

&

Gola 4 H AR, HEFHALHAAY, TIG $HA WD

=1
Agel A9d wEAEE S

gRuo wE MY My, Betd 43 AdAE FASE ol AZREH 1 m,
2 m YANA CoFEotaEH > HBFHopa LA > TIG 84 £ veu
A 7 SRAY 2T R RAME AsExEAzte] B 72 mwteln, 29
A A7 Ay A ned ¢ 4% vivteg Yehd mag glole &L A
O]a’r‘: =EHME AHE B2 A7 UEHD.

Txola g MY e o 2ANGH A oy A9H ANE FH
3} O}EL?L‘%‘—EM Aezp doldel wet AYA AYlE delp o, A F 359
THE 0BE BN FA 'ﬂ—a— o 7t dal s, S, %’S"#‘ﬁ%ﬂw

Aot o], 58 chzel A4 SH54ol W Ae AGRY ceE TUIA 4T
24 HaA7ksA koo wh
s394 F Aol de) Aol Hg 2 Gge v

] S d
71olH, AFAA e HFZ Ao AuHA AY-AFY FFS TAl w3
F= AR oA el FoldR (kW) AL A Al7le Ze FY AaAS e
A oHr=0.90, p<0.0l). 28}, &7}A FF} B37t2 F CO: 7k Fafd sk 23
S 53 & S AL g9l %7415 UeEtdits AL #9 FArh

oz, of3 g HAFT LAHE AGHY A7l= #HF Fad, 4D ®
obd #8 ZRANAE AZANE € 7 A% 49448 =vhE = AANE
Ag B9 oilet WEE 1ol dn, o} AW FHI M HE 2EF
AP ozN HFaPrtHA] FEF Fof dn} o2& A TRAS Ao
% HEE JHME HEE ABEE 71D AFUAE S AEe] Aot =
Hel A7le oba AR R ddde 4@ Fo dR4s dEdE=E Sl
58 WA AR, AL AVIE FFLER QA ATl HEAE # oA
du, & AAE A8 T2 AsEAY, CoaHotasds] nertag =8
4 722 g 8 A% F AAde ERFHoY, ALde Aris 23 % e
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vi, et

1. o3 Wy Aoz RH2 Xt
A7) okag ol8% SR A% okAR AF AsjHe] B AAE A i
G We, SHAYE TANE AAHA A BANAL P velw, wed
pEgt, Boel Ave 5 olgste] AHoRNE AAAE RESAL, A4
o usts wylo] AwAolt ey, AYMCRRE 22AE HBSY] A% A
o e ojz BANCREH AYME AAsE Rolvh Wk, WA AEHAE
COF&otagyds 3% EA E’r-*%oﬂ a8 Bg + e 2719 A4

arc interception filter

Fig. 12. Scheme of UVR Interception with Filter in Arc
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2. ol 3 8H HYUST AL

(1) gt o] EAM ok (Source Charicterization)
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fl

AW 2R wAe 27 HEstre 27 9 7% 5& A Check listE 24 5to]

o]

A
@ olawrA A 2d=pzre] A& A& (source-operator interaction) : &S] FY A}
A, o3 A&AZHEHARA, 943 UA]) & F=AEH.

@ 24 ol it AT SARet : LFvIEY o] Ao e} wALEIY

7} we MARA SO T EAFEAE ARG

(2) =& 7|7]2] MH(Selection of UVR Radiometer)
2471715 WHEA ACGIH—TLV M A 7122 action spectrum™® U3+ u}7H 9] 2
7 2 (calibration curve)< 7} UVR radiometerE AAs|ob sta, 4 tiite] A2

A S wesh 2470700 ke HF e TU st v

A & (Determination of Measurement Site)
LH3AAF gt 2}54*494 A7l = z;‘qﬂvﬂﬁ} Z24uee] |¥go] ZB=R
o2 AAFY RE A4S dEFHA FAsF . &
2] o EH?'?} .‘t%fﬁ?’}—* SHHL 7—‘10132}4 AN A = H
SHAl AN E =FAA ol
sto] AZE st %— 3
A A ZA ok k. TE, ol AP At 43]} x}grg;q or ulEkS ubT Al
A S48 ok ot

(4) 217|152 H (Calibration)

=277 HEA Ez*ﬂoiolf 5}31, dAoNA S F9 wiAd Lo A7= 0
A %A (zeroing)S E3 AT T FAHIoF g},

(5) ==2F == (Measurement of Radiant Exposure)

2429 LM A olmaE S EQFFEY] wHiEdd &
7| (irradiance, M/cit)E &AW 1 Wolrzt vl Atk wepa, vt
oke] 9] =% (radiant exposure, mJ/ci)S AT F SAA
Ao A A71E AEste B FHIAEE (A 1.

37 29| A A7) (MW/cri) = -Radiant Exposure (pllew) (2 1)

Measurement Time (sec)
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A9 M7E oba RS 50 msec olWellAM FHE FEEE, ofart (A H F
2331 H42H71eg SE7t gleme =N ofadA AHFH St

(6) = 7HEvaluation)

@ i‘]ﬂhﬂ%i% A 7HE o] g3 H7}
(A ) ol3] FHE] -804

=A% Hg 2] A A 7] (Effective irradiance, Eef) ©
a2 4 ‘33} SAGAA Y AL HOS B =EA S v H e

3. 000( ]/ ci)

MPET (sec) = Arithmatic Mean of Eeff(iN/cm)
AZE0l, 10 2 5 24 %ol Al g Aziol 5 2ehd, HE/ES ) 2
st Al7igta g & + gt
@ netHe WA APAEE o §8 B}
248 HE A0 ANE (4 L olgatd] HUP APAEF Fehm, A 3
geha gt wtge AW vT Yoo
S# = (1/3) X OD + 1 =mmmmmmmmmmmmme (4] 3)
OD = logio(H/EL)
o] 714, S# : #3343 (Shade Number)
OD : 4 %(Optical Density)
H: 8 At =Z(F T Beff(ul/cr) X 28,800sec = m]/cm?)

EL :

=2 8] 87| F(Exposure Limit, 3.0 mJ/cm?)
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