Tl g g A9A A1 B
Korean Ind. Hyvg. Assoc. J
Vol. 9, No. 1. May, 14999

- Abstract -

Airborne Concentrations of Welding Fume and Metals of Workers

Exposed to Welding Fume

Ho-Chun Choi, Kangvoon Kim, Sun-Hee An, Wha-Me Park, So-Jin Kim,
Young-Ja Lee”, Kyou-Chull Chang

Institute of Occupational Health, Korean Industrial Health Association, Seoul, Korea

Department of Industrial Safety, Seoul Health College, Sungnam, Kored

Airborne concentrations of welding fumes in which 13 different metals such as Al, Cd, Cr, Cu, Fe, Mn,
Mo, Ni, Pb, Si, Sn, Ti, and Zn were analyzed were measured at 18 factories including automobile
assembly and manufactures, steel heavy industries and shipyards. Air samples were collected by personal
sampler at each worker's worksite(n=339). Blood levels of Cd, Cu, Fe, Mn, Pb and Zn were also measured

from samples taken from 447 welders by atomic absorption spectrometry and compared with control
values obtained from 127 non-exposed workers.
The results were as follows ;
1. Among various welding types, CO» welding 702 % were widely used, shielded metal arc
welding(SMAW) 221 % came next, and rest of them were metal inert gas(MIG) welding,
submerged arc welding{SAW), spot welding(SPOT) and tungsten inert gas(TIG) welding.
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2. Welding fume concentration was 092 mg/m(0.02~15.33 mg/m’) at automobile assembly and

manufactures, 4.10 mg/m'(0.02~70.75mg/m’) at steel heavy industries and 5.39 mg/m'(0.30~91.16 mg/ m') at
shipyards, respectively, showing significant difference among industry types.

Workers exposed to high concentration of welding fumes above Korean Permissible Exposure
Limit(KPEL) amounted to 7.9 % and 125 % in CO: welding and in SMAW at automobile assembly and
manufactures and 62.7 % in CO» welding, and 125 % in SMAW at shipvards, and 66.2 %5 in CO» welding
and 706 % in SMAW at steel heavy industries.

3. Geometric mean of airborne concentration of each metal released from welding fumes was helow one
10th of KPEL in all welding tvpes. Percentage of workers, however, exposed to airbome
concentration of metals above KPEL amounted to 168 % in Mn and 7.6 % in Fe in CO» welding:
375 % in Cu in SAW, 30 % in Cu in TIG: and 25 % in Pb in SPOT welding. As a whole, 76
workers(22.4 9) were exposed to high concentration of any of the metals above KPEL.

4. There were differences in airborne concentration of metals such as Al, Cd, Cr, Cu. Fe, Mn, Mo, Ni,
Ph, 51, Sn, Ti and Zn by industry types. These concentrations were higher in shipyards and steel
heavy industries than in automobile assembly and manufactures.

Workers exposed to higher concentration of Ph above KPEL amounted o 7.4 % of workers(7/94) 1
automobile assembly and manufactures. In shipyards, 19.2 % of workers(19/99) were over-exposed to Mn
and 7.1 %(7/9) to Fe above KPEL. In steel heavy industries, 144 %(21/146), 75 %4(11/146) and 13
96(19/146) were over-exposed to \In Fe and Cu, respectively. As a whole, 76 out of 339 workers{22.4 %)
were exposed to any of the metals above KPEL.

5. Blood levels of Cd, Cu, Fe, Mn, P, and Zn in welders were 0.11 pg/100mé, 084 pe/mé, 4244 pg/me.
126 pg/100me, 501 wg/100m¢ and 2.68 pg/mi, respectively, in contrast to 009 pg/100m0, 0.70 upg/mt,
4772 pg/ml, 073 pg/100md, 314 18/100mé and 615 pg/m¢ in non-exposed control groups, showing
significantly higher values in welders but Fe and Zn.
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Table 1. Analytical conditions of metals in airbome welding fume and blood sanples

P m e o G F M Mo N P S S Ti
Wavelength(nn) 303 288 379 348 2483 295 3133 20 3 BL6 246 W3 39
Temp. Dry 120-250  120-250 120-250 120-250 120-230 80-120 80-120  80-120
DrOgram  aching 300 M0 50 90 80 550 650 900
Atomizing 1500 2500 2500 2700 2000 2000 2700 3000
LOD! (ng/m) 16x107 1L1x10™ 240107 26x10° 43¢10° 150107 28x10° 33v10° 25007 20x10° 84x10° 10x10° 653107
2 Meta 1'1] bQiXi
Dry 70-120 80-120 60-140 80-120
Temp.
program  Ashing 300-600 600 300-900 00
(1)
Atomizing 1700 2700 2500 2300
Lon' 0017 00005 0035 011 0072 0.0044
1g/100me we/ed pg/nd pg/100me 1e/100mé ug/ml
1 LOD: Limit of detection
A (shapiro-wilk test) ¥ 7|8}8d(geometric me-an,  EolAEHE ALEE uf 2HE Y FEAES E 9
GM) % 78l 39 2Hgeometric standard deviation, of thake] 4(009-057 %)% WiH0.02-1.50 %)%
GSD)Z et £HE 7, % 59 ¥ 2 XgEy ien, 28 s 28-S RAR & o
SHFY AF 35 5 #ol U Fod4d # £ HHolas) |80 °lr°1/ on qtAhe @
e HAREA(ANOVA)S F33k3tt 7F 9 n¥5e AE(19.80-2400 %), UR(950-13.00
%) o] £ AU §atE FAZ & oo
A 3 £ 0O, §7, W¥ela 2 HagHol dsigon,
£H89 HELS F4(040-075 %), $7H065-1.45
1. AIHEIOIA AKRE 2X 20| MR %), ZE(0.00-2.28 %) Ze] B 0.00‘1.04 %) o5
Upepsteh

18 7hA AR A AHgste e BHES
44 TR 2 BAY A4 e 2 A ARET
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Table 2. Metal components by welding rods

Base

Metal components, weight %

Welding rod N : :
metal Mn Si Cr Ni Mo
MAG MS 6 1.05-1.50 0.41-0.55 - - -
SMAW MS 3 2.02-1.10 0.09-0.57 - -
SMAW SS 2 1.30-1.33 0.54-0.68 2370-24.00  12.00-13.00  0.00-2.70
TIG SS 3 0.98-1.96 0.38-0.48 19.80-19.96 950- 9.95
MAG MA 3 1.65-0.86 0.40-0.58 1.05- 2.21 0.53-1.04
SMAW MA 6 0.67-1.20 0.48-0.53 226~ 1.32 - 0.13-0.55
TIG MA 2 0.75- 145 0.41-0.75 0.00- 2.28 - 0.00-1.00

MAG: Metal active gas welding, CO» welding
SMAW. Shielded metal arc welding
TIG: Tungsten inert gas welding

MS: Mild steel, SS: Stainless steel,

MA: Metal alloy

Table 3. Airborme concentrations of fume by welding tvpes

Concentrations of welding fume

No. of e}'ceeded

Welding tvpe N(%)
g Lpe GM({mz/m) GSD Range(mg/m’) KPEL " (%)
MAG 238( 70.2) 3.84 4.41 0.02-91.17 106(44.5)
SMAW 75( 22.1) 2.09 4.17 0.02-61.53 17(22.7)
SAW 8 2.4) 1.36 2.22 0.62- 5.5 1(12.5)
SPOT 8 2.4) 0.15 356 0.02- 0.55 o - )
TICG 10¢ 2.9) 2.23 2.97 0.09-33.16 1(10.0)
Total 339(100.00 2.99 4.66 0.02-91.17 125(36.9)

F - value 12.33"
sxk P<L0.001

MACG: Metal active gas welding, CO» welding
TIG: Tungsten inert gas welding

SPOT : Spot welding, a kind of pressurs welding
1T KPEL: Korea permissible exposure limits

Ak CO: &3 e & 9] Vshddtse
o384 mym(002-91.17 wg'm), IEolALHE
209 mg/m(0.02-61.53 mg/m), AMHuR|Izoba 84
1.36 mg/m (062-0.75 mg/m), ~*EHE 015 mg'n
0.02-05 mg/m), E|ZLEHE 223 mg/m(0.59-33.16
mg'mi2 EH Tl web F e wvt 2holir Havt
(p<0.001).

CO: 84 ¢urEe] &
< 2R 22 E (O

SMAW: Shielded metal arc welding

SAW: Submerged arc welding
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g’ 44.5 %*

= 36.9 %

E 79

=) 10 22.7% KPEL(=5 mg/m3)

2 - 125 % 100%  ——

;§ B ——

2 1

=

S

@ 0.0 %

9 A

B 0.1

1=

[0

Q

c

3 o.01

MAG SMAW SAW SPOT TIG Total
Max. 91.17 61.53 6.75 0.55 33.16 91.17
Min. 0.02 0.02 0.62 0.02 0.59 0.02
GM = 3.84 2.09 1.36 ] 0.15 2.23 2.99
Welding types

*: Percentage of exceeded KPEL

Fig. 1. Airbome concentrations of fume by welding types

= é}‘d, 248 Az
2 EFE D % olgol Co &34
ropa ol AFAE gL AgA FE A
H
A

RN

PN
2 £ o

mlo
H:\
UU
oW

s, 249 Atz 9 e,
A A 2L TR7IA AZ, tAE AZ
Az, A5 o FEAY AR T8 EYE}O}C’WP

252l el 84 RS F Rz 092
mg/m(0.02-1533 mg/m), F&AH AXY2 410 mg/
m'(0.02-70.75 mg/m’), 2X -2 559 mg/m'(0.30-91.16
ng/m)olArk<Table 4>, CO» 4 245> A%
2 Ay SRS Frkrt wE i G484
Azt =AYol Fol JEE FE=el Aol7t %
S1THpP<0.001).

S8 el F w2718 238
b aklof A 4HF 8HOE 85 %, %
olo} 146 % 63H o2 432 %,
WORE 55 %7t AL, F 339‘33% 125

%0] $2 et F 237128 Zasdc

Z 2|

4R AF
#al Az
Tr:)1 %!
H(36.9

_&1

4. BUERE 22X =5

T

ol
i
ofN
=]
Ll

e g dpr

=
lo,
i

Hoou od

o 7]atH
7] &9 1710 o] atell st
0001 mg/m’), Z&(0.0002-0.0008 mg/m’),
0013 mg/m’) 2 F4(0.0002- 0.0005 mg
t" FER feAe] & dEdA ¢
A7t A 8HERE 25 35
wol i3t Aol Fig. 29 ) CO» §4, ¥&ola
£4, May oz 8 A% 24 2 g1 &4
W g e T, E 9 A ohdp<o00n),
Y7, Elehs( p<001 ZM(p<OB)oA 2ot AT

LAERY 5 Hat 2L E worzjut 1% 7)

vhep
3 7}
1/]411
/m)e H
Aol A

{n

o:at
=)

—10,_.

l
AL

2L 233 ANHESFE AR ¢YUt<Table 5>.
COu %ti o A wte] xEV|FES 28T AHsE
238w = W oE 168 %t How, HE 18Hoew



Table 4. Airborme concentrations of welding fume by industry types

Concentrations of welding fume No. of exceeded
Industry types N(%) . T
v type ” GM(mg/m’) GSD Range(mg/m’) KPEL " (%)
Automobile assembly ¢ g, o7 7, 0.92 480 0.02-15.33 8( 85)
manufacturing
Steel heavy industry 146( 43.1) 4.10 3.04 0.02-70.75 63(43.2)
Shipyard 99( 29.2) 5.59 3.62 0.30-91.16 54(54.5)
Total 339(100.0) 2.98 4.67 0.02-91.16 125(36.9)
ANOVA table of F=49.05""

among Industry types

wxx P<OO01 T KPEL: Korea permissible exposure limits

76 %olt, MBHA =AY (3T5 %) HAEE AU FF sR=EL 44 011 pg/100m(LOD-0.36
(300 %)l Fele] =&7]F 237t wokth dA 18/100me), 0.09 £g/100mi(0.03-0.37 1g/100me)ol, +
3398 F 6ol 4 5459 =&7|Ed xasle d 2= 083 py/ml(041-1.39 pe/mé), 070 peg/me(0.44-1.21

A o) 224 %ol ssteict p/miyold, HE 4244 ug/mi(166.4-6304 ug/md),
4772 pug/ml(2984-648.0 pg/m), L7 1.26 pg/100md
5 HEYE 2EXNR 25 & s (0.28-526 ug/100md), 0.73 ug/100mi(LOD-2.14 g

A00m), w500 pg/100me(1.50-92.20 pg/100me),

A5d F% TR Ael7t e AR ¢Rvw 314 ug/100m0(1.30-851 pg/100ne)olH, ofd& 568
FIEY, 2, e, M, W B VA S 9t pg/mi(252-11.20 pg/md), 615 ug/m(4.23-9.16 pg/mé)
2, 54, BB 2 ople] 13 7] BE S0l 2 R aH7 2% #9827 IATHp<0001D).
<P1g o AbE A AdgiEvhs A AR A sl &Y 2EREY 55 vEE nE 1

2ollM BE FEFEI BArHE0D. 9FE 7 ok ae)rh YR THp<0.001, p<00l),
& bt SREAE AEA A H 0 o wRE Ao} gtk Ha ol wxE A
ojlom, w&E MRS dug ve FAE K Aol BAHe|q

o, B 11975 %), 7+ 19 7t ded ¥

1467 % 7k 217144 © =y g2 07k 2 ¥F g MBS wF
(13 %ol on, Mol PP F Wite] 19 NEE 28le 2R Table 83 gt} %
(192 %), @ 79(7.1 %)eleh Al 1 3397 whhe WHO(1986) = 2 p2g/100me ©1%4, Lauwerys &
Z eHo]l wE7IE RO 24 %] ey Hoet(1993)- 1 »g/100m¢ o) 4 A AFolofut 313
<Table 6>. Boh 2o 7o REdn 8% ¢ 8 v
EEE9M A B A2 4) pg/100m! o15HE A4

6. B ZZXIEQ| EUE 2% 55 s9ith.
HE wrkol 1 pg/100me o] %l 2R A= ApE
A Ak, 28] R R ARUR SE uqiay & 3 F 720 % 2ol R T, 4
A 8% $E FEE URA FA G5 o gade P¥F BYE00 %) 2HLYE BIF
st vlasidth<Table 7>, 8% TEAN B w43 00, F 47 F 3R8W(734 %)0lQ L.
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Cd Cr Cu**"Fe**Mﬂ*** Mo [Ni**i Pb SI*** Sn*: Ti** Zn**"

0.0001
0.0001
0.0001
0.0001
0.0001

0.0005
0.0005
0.0002
0.0003
0.0008

0.0051
0.0024
0.0071
0.0002
0.0081

COMAG COSMAW EESAW ESPOT ETIG

0.4915 0.1161 0.0002 0.0008 0.0011 0.1369 0.0003 0.0071 0.0335
0.2124 0.0251 0.0002 0.0006 0.0011 0.0113 0.0002 0.0043 0.0093
0.0403 0.0089 0.0001 0.0002 0.0004 0.0367 0.0003 0.0017 0.0051
0.0301 0.0057 0.0001 0.0001 0.0016 0.0279 0.0003 0.0005 0.0041
0.0343 0.0138 0.0002 0.0013 00003 0.0939 0.0005 00012 0.0044

2. Airborne concentration of metals by welding types.

(= P<0.0B, »+ P<O0], #wx P<O.001)

Table 5. Sanples of exceeded Korean permissible exposure limit of metals by welding types

Welding No. of exceeded Korean permissible exposure limit (96)

types Al Gd G CGu Fe Mn Mo Ni PbSi S Ti Zn Towl
MAG 2R 046 1876 400681 104 41D - - 104) BB
SMAW 75 113 463 R (S 10
SAW 8 3373) S - 3Eny)
SPOT 8 : ABO - - 20
TIG 10 - - 1000 33000 - - - 1100 - -~ 4400
To 39 A6 262 1853 DMLY - 206 TQD - 103 762D

+ Korean permissible exposure hmlts(m;/ m)

A]()O) Cd(0.05), Crl 07)1 Cu(0.1), Fe(5.0), Mn(1.0), Mo(10.0),

0), Ph(0.05), Sic10.00,

(200, Tit10.0), Zn(5.0)



1 CJAutomobile Bl Steel heavy industry I Shipyard

0.1

0.01

0.001

Concentration of metals(mg/m3)

0.0001 *

Al* 1Cd* | Cr* 1Cu* | Fo* [Mim™ iMo* Ni* { Pb* | Si* Sn* Ti* - Zn*
Automobile 0.0599 0.0001 0.0002 0.0019 0.1171 0.0169 0.0001 0.0002 0.0011 0.0081 0.0002 0.0004 0.0111

Steel heavy industry 0.0705 0.0001 0.0008 0.0057 0.5231 0.0864 0.0003 0.0006 0.0008 0.1233 0.0003 0.0076 0.0164
Shipyard 0.0851 0.0001 0.0006 0.0051 0.4836 0.1785 0.0002 0.0026 00016 02729 0.0004 0.0386 0.0616

Fig. 3. Airborme concentration of metals by industry types(+* P<0.01).

Table 6. Samples of exceeded Korean permussible exposure limit of metals by industry types

. No. of exceeded Korean permissible exposure limit(%)
Industry tvpes N - ” ; -
77777 Al Cd Cr Cu Fe Mn Mo Ni Pob S on "ﬁ} Zn Total(®)

Automobile

assembly & 94 - - - 11D - - HYE - - B(8.0)
manufacturing

:‘;L:Sf;f: M6 - - 24 190300 175 2044 - 204 - - - o 4986
Shiprards 99 - - 100 700 19192 - - 110 19092
O Total 33 O 103) 1549 13GH 40030 - 103 518 - - - 103 224

# Korea permissible exposure limitstmg'm ) Alia.0), Cd(0.021, Cr(0.5). Cul0.1), Fe(5.0), Mn(1.00. Mo(10.00, Ni(1.00,
Pbt0.05), Si010.0), Sn2.0), Ti(10.0), Zn(>.0)

u% 2 u/100mio] ) SRS AR Aele]l 46 AIoNG 308 Y90] Zakiele wh vzl A
2.3 %), %'5%%7}}’; A &dol 7TH(179 %), FHgol 17 8F Wkl 1 ug/100me o1kl < FEAF7E 2RTE(22.0
0 286 %) 03 F G3H4] %)) BF W 5, 2 ug/100me o)l 3R Ak h 216 vl ¥
gl Vel BA9 0 p/100mE ool HER F N0 m 00 2R Ak B o,

6



Table 7. Concentration of blood metals of controls and welding workers by industry types

\ Concentration of metals in blood
Cd(e/100mé) Culpg/mé) Fe(ug/ml) Mnlug/100mt) Pb(pg/100mé) Znlug/mé)

Automobile assembly 373 0.11&1.75) 0.84(1.16) 426.7(1.22) 1.24(1.56) 5.09(1.57)  577(1.24)
& manufacturing Y LOD ' -048 041-139 1664-6304 0.28-5.26 1.50-92.20 2.52-11.20

0.10(1.85)  080(1.11)  389.3(1.2) 1.11(1.72) 502(1.41)  592(1.19
LOD-033 069-1.06 2828-524.2 0.31-297 290-1630 4.06-10.86

(roups Industry types

Steel heavy industry 39

Exposure
Shipvard %5 017(227) 085(1.11) 441.0(1.1) 1.70(1.45) 4.26(1.31)  4.62(1.12)
=hpy N 0.03-056  059-1.01 3776-531.4 0.83-4.33 221-820  3.36-5.80
Subtotal 447 0.11(1.82)  0.83(1.15) 4244(1.2) 1.26(1.58) 3.01(1.54)  568(1.24)
a LOD-05 041-1.39 166.4-6304 0.28-5.26 1.50-9220 252-11.20
. ~ 0.00(1.78)  0.70(1.12)  477.2(1.1)  0.73(1.59) 3.14(1.42)  6.15(1.17)
Control 127

003-037 044-121 2984-6480 1.0D-2.14 1.50-851  4.238-916

ANOVA table of among
industry tvpes

ANOVA table of between
exposure and control group

9.16™ 1.94 496" 951" 269 196977

168" 13815™ 4379 142,11 124157 15.29™

#x P00, e P<0.00] 1T LOD: less than limit of detection

Table 8 No. of exceeded 1.0 pg/100mé MnB, 20 1g/100m¢ MnB and 40 g/100mé PoB

No. of exceeded limits

(rroups Industry types ‘ " -
10 pg/100m¢"" MnB"(%) 20 g/100n¢ MnB(%) 40 xg/100m" PbB(%)
Exposure +utomobile assembly & 74 272A729) 46(12.3) 308)
manufacturing
Steel heavy industry 39 23(59.0) 7179 -
Shipyard 35 33(94.3) 10(28.6)
Sub total 47 328(73.4) 63(14.1) 300.7)
Control 127 28(22.0) 201.6) -
1) 1.0 u/100m MnB: reference value by Lauwerys & Hoet{1993)
2) 2.0 pg/100m¢ MnB: WHO(1986)
3) 400 pg/100mé PbB: BEI by Ministry of Labor in Korea(1994)
4) MnB: manganese in blood

V. 2 & Fhol meh 9B vt =8 2avk Adds

299 A%, AL, ol =9 B, B U4

84 mrAnel Ade 4B T 84F 2 28 okl 7 Fol XRY #URYAN Fol
R g wE A RE Y Bl RA B4 AL A% 2R A8Y o ur 54l o Fel

S



A 2] 2 < 3, 3§ 44,
Helg 2 %e 333 Ulﬂ?—% T HAI AR
A9+ (National Institute for Occupational Safety
and Health, ol3} NIOSH) A& &3 Foll A &3}
v EYNEEY EF 5o ua W, Jt
=, 67 28 2 UAR Farh 93 L AL
Bﬂ E:ﬂ}\‘]oﬂ'ﬂE ::L)d 1:!_1 u}/dxi i—f’;ﬂ?iﬂ zlaio]
gk eSS B otk &3 2EAEY 357
A A Agd WA M A (Siderosis), #H71E,
RbdzidA e, Hef st ubg 9 HokS 2 ES
ok 88 CEAEY Fgdd dig AdA AdE
st AN Bt

40 %E de Hdom
(Wallace etal, 1997).
£F A AR U9 FHdME AYE
FEE7| wite AdAAFY BHEF vt wob
SHEAZ, ASE, ANE Y 18D G 34

7 g
Yoy AEBS FTIY 5 QONRYE, 1089
395 FURY 55 82 28 Bl R

A7tek EHEF
INO), (0 %‘/} 3 /]’/\9} AW (ashestos), A2
YA (nickel, Ni), 7+=%(cad-
mium, Cd), B(lead, Pb), &F7F(aluminum, Al),
2}k E(liron oxide, FexOy) 59 384 <179

#{chromium, Cr),

o o8] 1A AW wAYde) L o oEL
&4 2thHRom, 1902). #HFAM 7P Bol 24

a

Jv= A8FE(TLV=3 mg/m) & FeOs9 Fe0:9]
ZA8 "o F(siderosis)d] ¥ le] Hm, A
2.2 ferrosilicon¥ silicon dioxide?] & #H = &3}
1A dEjghet bstEe) Aol ok i F
Qlol HArt.

s EolAL A 3, 67 AF
dh A3} (Matezak$t Chmielnicka, 19931, XA 7F 2=
gl SN 2E, YA wmZo ¥
At A g ofy Leae dF 3 2% A
& w7t 3vhon, YA §93 27t gtk
(Kilbum etal. 1990). Fairfax(1994)%= 72 8wWo] 2§

- rH tu

2

o

C A, 0, A Sl

/‘L]O

4 HAAAA 715 BE=7E 032-073 mg/m,
35 WPEet 113 we/ L 2 33 Stokinger
ARDe 243 &3 449 2§ s=7 21
nmol/mmol creatinine® A1 0.7 nmol/mmol
creatinine 8.0} H¢tony ~de 2~ Agoju |7 %
AR5 8% 2§ Tt vud e "Z]E 7]
Aok v ¥F 2E 3= A

B R

LHEFS BHA AHEEE £ &5 83F ¥
Boaell whet Fo] Aol dep A, ek &34}
A, EF D EH 2 T gt SHEF
Fée MAA Aoke] A g, 1994 N8
%, 1997, Karlsen, 1994). &% wde 84 79
wret &gt v EeHes Yu, B58HS of
ALY, A7led gy, dANEA, dold 8, 7t
284 Fol glom Aol A wol ol oA &
Yol = gl Ho} 283 (Shielded Metal Arc Welding),
CO» #48(Metal Active Gas Welding, =12 &%),
A B A zop A4 % (Submerged Arc Welding), El

18 H(Tungsten Inert Gas Arc Welding), W14
A, Fepav o284 Fol Arh A A4 23
& 93 ugg AFEHoEE A3Spot)dF o)
ol 2ol g,

YA B dAte §HAYEE o] AMBshs A
2 A BEEE Az 2 2AAE gt g
of Agigelld Fr AMRE e EHFY AT
ZE dolrgton 83 FHW S8F0 84 &

w7

ES T
SRR AL

Z2AENA =EEE AEE H7RI T3 4
FU 54L IRE 45 AR w FEaide
N7ol 43S AR, §5%5 48 2 A
EAo] £ £Ag 7hobste] NIOSHOAM #E38 50
A A EEY AteE, UAS e 2
o E, e, ok, 93, ElERE, YR At A,

FAN Y gEnEe v =rg dolygtul g Ho}
A8 (Shielded Metal Arc Welding, SMAW)oll A

= RAR A% 2a

A~
aem, CO 84S AR TEsE

7_1‘311 UJ terL;LSL A},Q_z;].

Hj%?&
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(Tungsten Inert Gas Arc Welding, TIG)& 2~€l#
2 283 §g7A F2 ALEE 3 31 TH<Table
3>, £H%-E BAge 8 2A o] H& ok =
2 2dds 288 ZAZ g8 9, 8% AR

% A5 o] o 950-2400 %E ol Fa AU
E3 AN E a7 9@ 1.06-228 %9 2
3 013-104 %9 EERE gretal AU

0.1
A% 519D & 50 N SHAFT 4 7HEO
%7 E£1EF HEFE 5 my/m & 24skgon
SAHFe 71EE T 57} 973 mg/m(2.14-24.86 mg/
mZ B a3t 7slE el 299 my/m (0.02-
91.17 mg/m) KT} Egton] o] da} FHI(1998)2
£HE A Fol w7 AP 7 B3 AR
o 75t BEo} 088135 ng/mE Lehan
A4 S9N 671 ARIAIA 2RE A 2/ (n=40)
oA Fo VIS HFFE7t 30 mg/m, AEA HE A

Z%(n=h) 78 mg/m’, 2AA(n=44) 132 mg/m’, ¥ 7
Z2E(n=58) 151 m/molAtt. & A+ ¥ F
FEE Gy 9 40 AL FETEE 298l
4% 5090, A8 F19NErt & w47k v
A Veb i< Table 4, p<0.001>.

SHFY T4 RS 9T AFPAA &7
7, 7he g, ALE, e, E d, BeEd, U Y2
D&, T4, BEhE, ofd g EAsden, &
Foll whet Jebiu<Fig. 2>, £33 R Wit &
o Gt FrE wE7)FY & V1o d79EE §
R 4 dig falwrt A Zle® ek

il

oH‘ J}-}- ofN

Q8BNS A¥lALHA FY B4 A
F ABS5 %), oFAA5 %), W36 %) FleTh %

ko, CO: &34 2t 282 %, 91 %, 78 %= 1
ehilov], $45e) seroly 24l Aol 24
ol B Y B4 5o Aoz 25qrh

€O §01Lt 32018 A A3 B2
u7b Bk b eEk AUk 27| Fo) &y {FEA}
2o VAR EERE Aok ARen, wEvlEol
Zabg 2aate) FE Oy $3ARE 007, 9
Hobao] i P §Ilch Hol P wEE 2

e CO, $HAE 1890lRled, ¥ BolagHe
EAA BT 2 CO, 83 7R85 &
Ao FEHE 2HS A Yont B 7
Gymel 0g w2722 vgo] Gk oS
$4% 9% CO, §A sfolof &=} F

27} 93, & AR A, BEEte BHo
2 sjolojF Wz, ¥FVE, HElFol dHH
of 4% Aol e §4 THRRY B F5
i HAtE & Aoz 2o B COr 83l
7 ¢}

Q%9099 W FBelag R HEH
Aejo] BaE A% 00 S Folth F&¥ust
el o}

ol fd Ao A7E) B1gHN 2F
B yAe wEvlE 23E 24 Fao] sdys
~elo]on, ma ofo] sjFah: ST AL
o 5 F Sdd

4% 49FY 4 5EE <Fig 3>F 2
A% FE7t ¥ 25 ARy, W W, Ao
A1, 1 9 T, Bed, omo]mq 4% 34
SeAol: GRHE, Jhog, 2, e, H 9,
Zelad, U, o, T, 74, thr ot A &
F frelatgieh, GulEe 2AQeIA wkon 7
7, e F&ad Azgs %—JCMH EE

th E}'D\_ JL

\ng»x]
o] eleth Aol7h 4 stk Table 6.
AR SRR s

#7178 2o —sz-} = mxm sl q%
warlze 1) Be

z url Ez} A}%} =01 ﬂlelz_{ X}ﬂl vl
]

g rEAEY ¥

E
F57 e FY9
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AEE Wjagt Hakge] dvy 7t BrhRoels etal
1987; Elias etal, 1989; Kilburn etal, 1990; # A& &,
1994). & A7 B4EFY O#F e 555 7=
&, T8, 3 37, g, okd e deste 83 <24
B3 A4 8% F455E Hustn, YEEE
A A F50E A2y 2 249 FAREY
8% 2455 E v An<Table 7> 37493
SHIEAL FEFEIE BT ot st
(p<0.001). A5 8% &Lt J15E, 3, 97,
w, okl A Aol 7h AATHP<0.0L, p<0.001). 22
w84 2Adatse] d9F 5455 R Hah ofdf A
= xJ»\Lo] Liq onb;}

Zz wol f8 vk Faxel 40 pg 00nlE %
;ﬂ}zsk Z2ats A=} AT 3"((08 %oE

Ao F(11-27d), & 5 & raak ¥
%6}11 gokch o) Eut AT AA £35S
FAFo N o wet o AFER =FE F
AT & 5 AT U g 1FER xEH
3o HEAEL YF AEF T 1Y F5 5
T oA gurh £3 228 Ho FYde =
AR dol F ol Flew YIth Stok in ger (1981)
= EHFHAA Aol TiE Y G AR
o wton, Mol AARALRA o A 9@5} el
A 74«1 2}7} “E}M 0&01 B A 3

=

ane @ & g, 2ol A FAHE EA
Phol GaH Ao BEE BasE AoR 47
o wymel grrel FRAW B F40} (st
WS op] A2 & ol AL FERe LA 4
sHEgel dz 2 5

£H & 3 ol (68 pg/me, n:447)
T AANB15 pgmd, n=127) Boh skt g 3
2019 HF ol FEL: 6481104 pg/nt(n=145) 01
thd A&, 1986). o}de &4 <=aE9 ¥4 ¢

o T
)

THIE w2 E Qd F59 I 540 B &

re

A2 ofd A7) & bk g dhoth ofed
T 7HA o2 <l We Mg nId & 4
o2 el gtk AR ool a4Ad9 &
2A, EAEE 271 442 o8 -9 {4
Aol AP oz Ho g LA &
LA S M A dyEl AoRE
ozt 7te] &4 E FEY AEE EA40
f%*z}%% S & o 119 ol A}
ERAAIRE 4119 Hl%"ﬂ
a8 EO%%Ur H3E ofed- o &
go] 9ltHStokinger, 1981). AAIQIHT
oldEE g HY A2 Y9 o] 9

g VIlE Aoz, &3 LRAtgel 4F
Eoll eZg AAW AR 27} opyd

(e ol ¥ 02 o 2 o N
o L X S oo

—_ =

e w

© o T

i

In

.ZL

.o
1

1o
)
r\o

o K
o

m[o

X

2
r&o
_9_

1-4 __.\.4
rlo Hi
W o

SO
a4 o o
o
T

L

Fﬁ
=

O

ﬁ

=0

o
N
oft

—|—‘ I

LN f‘d‘

7

1
T

9
7}

B

N

Z kol WHO986)E 2 pg/100mé o)A,
Lauwerys 9} Hoet(1993)2 1 p¢/100mé o] 48 #l4+

AT & Ao hFEdvh PAE F(19U),
Roels etal.(1987), Elias etal(1989), Kitburn etal (1990),
Symth etal. (1973)e) oJ8td 7|5 Wit ¥5€ o2
Zpel efolu} 9.7 W7k e Atol & 3o
2 ovegch ® HEE 501990 013} &
el S 715 wiksesh foe "“’H{rﬁ(r 0.3183)
HYlow A

7V FEXIREA

Ny
_‘d

s

ZX)99cumlative exposure index,
Hote Fog A (r=03342)&
2ok wh = AR G A HE 23] (American
Conference for Industrial Hygie ne Association,
ACGHH, 197)ollM = #9 87 5 =EsE 2 o
}\]-jq.ﬂ o) g3l Al—id—aik] ] <
AESH gAsER FHshA gk ey £ A
FellA 71E B wF 7]%%
RAbE 3398 F ]

- 2 4/ 100md 718 74‘ 222k 140 %l sg
Fi ot e veke] 83 w3t A 100 pe/100
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gz A, 24588 A2 2 249 187
Aol A 44 222 3395 S MAsY Y eH
F 83% € ¢Fv+w, 7l=F, 3§, 79, &, 98,
924, YA o, A&, 74, Helg, okd 9 13
N F&d fe =258 ZHen, §4 22
Hn=447)¢] ¥} F Ft=%, T, 3, ¥, 4, o
A BEE ZAsld T =2HR ¥ FAa
(n=127)3} H]aLstgich

1 85%5d F5:t CO, 84N 7ads
7t 384 mg/mold, ]Eol2&HLE 209 mg/m', M
B =ola 43 L 1.36 mg/m', 23442 0.15 mg/
m, 2188& 223 /w2, §3F7E 9 =
Aol 7h ATk,

2718 & 233 £3 224 CO: 3]
445 %olv], 9| Bola&HE 27 %, AEHA =0}
44L& 125 %, 8PS 10 %=, F 3985
12590] 273}t 369 %7} =&7|ES 278
=3 F9 =997 002 mg/molA 91.17 mg/m' 2
MRS =& FEAF AR

2. 949 FF:e AeAAEL 092 my/m
002-1533 mg/m), =&#H AxPL 410 mg/m’
(0.02-70.75 mg/m’), 2AU-L 559 mg/m'(0.30-91.16
mg/m)2 4EY FEet 2ot UAh

23 yg 227158 298 2EAE AR
Aglo] 85 %, 3488 Azl 432 %, 2]
545 %%l

3 84%5d 7% 34 5=

l“ el

I

rir

RE F&4

9 Ut =27)&9] 1/10 ol8ld d|Fsl= 71513
T RT3y a4%EY =37E 2¥e
CO, 84HA 43168 %, & 76 %, A BHAEola
E3A 79 375 %, E]18HA] T8 0 %, 2%E
A B % 528, 4 F5d =271EE 2949
TEAE 224 %(76 B)Hh

4 939 3£ 45w, =8, 28, T
g, &, 9zt Egud, YA o, 4 F4 Helw
L ofdo A Apol7t QAom, AFAAHETG 24
At F5E AZAANA Estch

8 U 227188 298 223 A5A
bl A ol U F 7H(74 %ol 1, 2AAA
= 9% F Wito] 19%(192 %), & 7TH(71 %)°]
Aor, 3453 AZYL 146 F BT 219144
%), A 11875 %), 7 199313 %) eItk A
A 222t 3398F 6Wo] x2V]|F 2HE 24 %
Art.

5 &3 2E2A% A9 45 =g 44
0.11 pg/100m, 0.09 peg/100méo] ™, 2]+ 0.83 pe/me,
070 pg/meol™, H& 4244 ug/mi, 4712 pg/mb, Bt
2 1.26 pg/100mL, 0.73 1¢/100mé, F2 501 peg/100md,
314 pg/100meo]™, o}l 568 pg/ml, 6.15 pg/mi 2.
2 5 aFT EF A7t AU

6. 83 Z2AF ¥F kol 1 pg/100meo]d
A5 729 %, 258 A= 590 %, 244
M3 %HH, 2 ug/100meo] 3 42 123 %, 179
%, 286 %St dF d2 40 pg/100mlo] o] 2bE
2 Akl At 0.8 %
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