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Welding Fume and Metals Exposure Assessment among Construction Welders

Hyunhee Park™ - Hae Dong Park - Jae-kil Jang
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ABSTRACT

Objectives: The objective of this study was to evaluate the assessment of exposure to welding fume and heavy metals among
construction welders.

Methods: Activity-specific personal air samplings(n=206) were carried out at construction sites of three apartment, two office
buildings, and two plant buildings using PVC(poly vinyl chloride) filters with personal air samplers. The concentration of fumes
and heavy metals were evaluated for five different types of construction welding jobs: general building pipefitter, chemical plant
pipefitter, boiler maker, ironworker, metal finishing welder.

Results: The concentration of welding fumes was highest among general building pipefitters(4.753 mg/m’) followed by
ironworkers(3.765 mg/m’), boilermakers(1.384 mg/m’), metal finishing welders(0.783 mg/m’), chemical pipefitters(0.710 mg/m").
Among the different types of welding methods, the concentration of welding fumes was highest with the CO, welding
method(2.08 mg/m3) followed by SMAW(shield metal arc welding, 1.54 mg/m3) and TIG(tungsten inert gas, 0.70 mg/ms). Among
the different types of workplace, the concentration of welding fumes was highest in underground workplaces(1.97 mg/m3)
followed by outdoor(0.93 mg/m3) and indoor(wall opening as 0.87 mg/ms)A Specifically comparing the workplaces of general
building welders, the concentration of welding fumes was highest in underground workplaces(7.75 mg/ms) followed by
indoor(wall opening as 2.15 mg/m3).

Conclusions: It was found that construction welders experience a risk of expose to welding hazards at a level exceeding the
exposure limits. In particular, for high-risk welding jobs such as general building pipefitters and ironworkers, underground
welding work and CO, welding operations require special occupational health management regarding the use of air supply and
exhaust equipment and special safety and health education and fume mask are necessary. In addition, there is a need to establish
construction work monitoring systems, health planning and management practices.

Key words: construction welding, ironworker, pipefitter, welding fume, welding metals
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Lo E Bl AT 28 A A(Lee et al,
2000), ZA1F(Kim & Song, 1991; Kwag & Paik, 1997,
Shin et al., 1998; Kang et al., 2007), S23H] A2 QA
(Jeong et al., 2002), A-52} ™A Y(Choi et al., 1999)
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AUtk 53], BHF E2He SE2ASC] WSS I oy AAl AdERA FHAdS sds=
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Aol BAol whet §AAY A REEE SUE  BUE ) 3 o) ANRLS o 20159
W 359 FRO FEL wepA B8 88F  390lM 69 Aolo] BIE AAjek). 2+ AM A
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£o] A7 doll= d, ¥Rh &, A2 Fol wel o, ZF A5 HE 9 EHF ol IrE 257
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ol wWol AT dHA SthKang et al, ot kEerE AVEJT AT FHEA,
2007) SX7IH U A 24 52 Table 13} )

Table 1. Target Monitoring Workplace
Job n Building Type Welding Material Welding Method Work place
Pipefitter General Building 21 Apartment Office Zinc galvanized pipe SMAW Indoor
Pipefitter Chemical Plant 84 Chemical Plant Stainless Steel TIG Outdoor
Carbon Steel Alloy
Boilermaker 33 Incinerator Plant Carbon Steel CcO2 Outdoor
Ironworker 9 Steel Structure Carbon Steel CcO2 Outdoor
Metal finishing welder 35 Hospital Carbon Steel SMAW In/Outdoor
Not classified 24 - - SMAW/TIG In/Outdoor
http://iwww.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(2): 147-158
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Table 2. Welding fume and metals concentrations by construction welding jobs

. HISIE - &2

o M=

Job
Hazards
Pipefitter General Pipefitter . Metal Finishin
(OEL) b Builaing _Chergical Plant Boilermaker fronwork (Metal Interior%
Detected n/n 21/21 84/84 33/33 9/9 35/35
AM £SD 7.972+10.884 1.392+2.250 1.997+1.832 4.341£2.196 0.971+0.577
Welding Fume oM’ (GSDY) 4.753(3.149) 0.710(2.891) 1.384(2.366) 3.765(1.821) 0.783(2.072)
(5 mg/m’) Range 0.155~53.107 0.096~11.757 0.351~6.221 1.504~7.183 0.152~2.321
95%ile” " 31.3631 4.0696 5.7088 10.0946 2.5948
Exc Frac(%) 48.23% 3.296% 6.796% 31.8% 0.545%
Detected n/n 21/21 83/84 33/33 9/9 33/35
Manganese AM=+SD 0.1236+0.1146 0.0104+0.0478 0.1144+0.1564 0.5069+0.1961 0.0096+0.0105
(Fame) GM(GSD) 0.0700(4.5570)  0.0028(4.0821)  0.0402(5.1021)  0.4705(1.5244)  0.0037(6.9082)
(1 mg/m) Range 0.0004~0.5271 N.D." ~0.4390 0.0021~0.5977 0.2512~0.7480 N.D.~0.0411
95%ile 0.8485 0.0278 0.5862 0.9413 0.0883
Exc Frac(%) 3.977% 0.0013% 2.426% 3.685% 0.185%
Detected n/n 21/21 66/84 25/33 9/9 35/35
AM=SD 0.0040+0.0030 0.0045+0.0175 0.0099+0.0380 0.0063+0.0023 0.0057+0.0289
Chrome(Metal) ~ GM(GSD) 0.0031(2.2800)  0.0005(8.2704)  0.0005(10.0088)  0.0060(1.3904)  0.0008(3.0679)
(0.5 mg/m) Range 0.0004~0.0138 N.D.~0.1136 N.D.~0.1973 0.0042~0.0115 0.0002~0.1718
95%ile 0.0119 0.0131 0.0220 0.0104 0.0048
Exc Frac(%) _ 0.0379% 0.1349% - -
Detected n/n 20/21 83/84 26/33 9/9 30/35
AM=SD 0.0026+0.0027 0.0027+0.0048 0.0012+0.0011 0.0036+0.0018 0.0003+0.0003
Copper(Fume) GM(GSD) 0.0016(3.9223) 0.0011(3.4801) 0.0005(6.2375) 0.0032(1.6229) 0.0002(3.9852)
(0.1 mg/m) Range N.D.~0.0134 N.D.~0.0292 N.D.~0.0043 0.0016~0.0068 N.D.~0.0010
95%ile 0.0152 0.0089 0.0100 0.0071 0.0016
Exc Frac(%) 0.1252% 0.0169% 0.1837% - 0.0001%
Detected n/n 21/21 84/84 33/33 9/9 33/35
Iron Oxide AM+SD 0.7908+0.7566 0.2444+0.5233 0.2972+0.2778 1.4542+0.6258 0.1243+0.1302
(Fume) GM(GSD) 0.4397(4.9248) 0.0795(4.5870) 0.1938(2.6980) 1.3208(1.6224)  0.0453(10.3023)
(5 mg/m) Range 0.0015~3.444 0.0009~3.6397 0.0283~1.2049 0.6365~2.1930 N.D.~0.4919
95%ile 6.0560 0.9741 0.9918 2.9277 2.0987
Exc Frac(%) 6.365% 0.3275% 0.0528% 0.297% 2.183%
Detected n/n 21/21 84/84 33/33 9/9 35/35
Aluminium AM=£SD 0.0276+0.0199 0.0111+0.0203 0.0093+0.0076 0.0283+0.0098 0.0114+0.0066
(Welding fume) GM(GSD) 0.0208(2.3833) 0.0056(3.1170) 0.0069(2.1754) 0.0267(1.4384) 0.0088(2.4033)
(5 mg/m) Range 0.0023~0.0879 0.0004~0.1147 0.0019~0.0288 0.0153~0.0417 0.0004~0.0237
95%ile 0.0868 0.0367 0.0249 0.0486 0.0373
Exc Frac(%) - - - - -
Detected n/n 3/21 55/84 5/33 1/9 - 35
Nickel AM=£SD 0.0002+0.0005 0.0023+0.0105 0.0023+0.0094 0.0001+0.0002 ND
(Insoluble) GM(GSD) 0.00003(4.5655)  0.0002(7.6310)  0.00004(7.7389)  0.00003(3.4874) N.D
(0.5 mg/m) Range N.D.~0.0019 N.D.~0.0721 N.D.~0.0478 N.D.~0.0008 N‘D.
' 95%ile 0.0004 0.0049 0.0011 0.0002 o
Exc Frac(%) - 0.0044% - - )
Detected n/n 21/21 84/84 88/33 9/9 35/35
AM=£SD 0.0156+0.0288 0.0004-+0.0010 0.0004:£0.0008 0.0148+0.0284 0.0009+0.0028
Lead GM(GSD) 0.0067(4.4730) 0.0001(3.0225) 0.0002(3.4970) 0.0044(4.3365) 0.0002(4.3773)
(0.05 mg/m) Range 0.0001~0.1371 0.0001~0.0057 0.0001~0.0047 0.0011~0.0865 0.0001~0.0161
95%ile 0.0791 0.0007 0.0012 0.0492 0.0018
Exc Frac(%) 9.036% - 0.0002% 4.885% 0.0046%
Detected n/n 21/21 84/84 33/33 9/9 34/35
Zine Oxide AM=+SD 2.0110+1.8792 0.1374+0.2840 0.0384+0.0377 0.0106+0.0042 0.0653+0.1428
(Fume) GM(GSD) 1.2154(3.7956) 0.0570(3.3401) 0.0215(3.3844) 0.0098(1.5220)  0.0129(11.3334)
(5 mg/m) Range 0.0137~8.6213 0.0038~1.7877 0.0019~0.0288 0.0047~0.0161 N.D.~0.7392
95%ile 10.9055 0.4143 0.1598 0.0196 0.7020
Exc Frac(%) 14.449% 0.01035% 0.0003% - 0.707%

* AM: Arthmatic Mean, ' SD: Standard Deviation, *GM: Geometric Mean, ¥ GSD: Geometric Standard Deviation,

" 95%ile: 95% value (GM*(GSD)*1.645), ™

http://iwww.kiha.kr

Exc Frac(%): Probabolity of Exceedinf the OEL, ¥ ND: Not Detected; Conversion to 2/LOD.
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Table 3. Welding fume and metals concentrations by welding methods

Hazards Welding Methods Concentration
o A . B . Rates(as GM)
(OEL) TIG Welding Shield ARC CO2 Welding A B C
n 114 56 36
Welding Fume AM=SD 1.3296+2.0536 3.5967+7.4146 2.8184+2.1300 129 3.0
5 my/m) GM(GSD) 0.7044(2.8860) 1.5400(3.5179) 2.0784(2.2699) Ces
Range 0.0287~11.7569 0.1524~53.1074 0.3974~7.1834 (©<0.05)
95%ile 4.0270 12.1940 8.0050 :
n 114 56 36
Manganese AM=SD 0.013120.0485 0.052320.0892 0.230120.2347 36 34
(Fume) GM(GSD) 0.0031(4.5153) 0.0111(9.8210) 0.1004(4.8466) §20 s
(1 mg/m) Range N.D.~0.4390 N.D.~0.5271 0.0021~0.7480 (©<0.05)
95%ile 0.0369 0.0095 1.3467 :
n 114 56 36
AM=SD 0.003620.0151 0.005120.0228 0.010620.0362
C}(‘(r)"smz?v/';f‘;l) GM(GSD) 0.0003(8.8204) 0.0013(3.3934) 0.0013(7.8310) 1:43:43
= mg Range N.D.~0.1136 0.0002~0.1718 N.D.~0.1973 (©<0.05)
95%ile 0.0116 0.0095 0.0387 p=
n 114 56 36
Copper(Fume) AM=SD 0.0023+0.0043 0.001120.0020 0.0019+0.0016 oS 11
0.1 mg/m) GM(GSD) 0.0008(5.1277) 0.0004(5.8615) 0.0009(5.6402)
Range N.D.~0.0292 N.D.~0.0134 N.D.~0.0068 (©<0.05)
95%ile 0.0121 0.0070 0.0157 :
n 114 56 36
Iron Oxide AM=SD 0.213620.4677 0.37420.5698 0.6278+0.6175 16 59
(Fume) GM(GSD) 0.0680(5.1801) 0.1062(10.4822) 0.3980(2.7097) SO
(5 mg/m) Range N.D.~3.6397 N.D.~3.4444 0.0534~2.1930 (©<0.05)
95%ile 1.0180 5.0658 2.0515 p=y
n 114 56 36
Aluminium AM=SD 0.0108+0.0184 0.017540.0153 0.0151£0.0113 122 20
(Welding fume) GM(GSD) 0.0056(3.0746) 0.0122(2.6168) 0.0111(2.2769) i
(5 mg/m) Range 0.0004~0.1147 0.0004~0.0879 0.0025~0.0417 (6<0.05)
95%ile 0.0358 0.0592 0.0431 p=y
n 114 56 36
Nickel AM=SD 0.0018+0.0091 0.0001::0.0003 0.0022+0.0090 L 02 04
(Insoluble) GM(GSD) 0.0001(7.9174) 0.00002(2.6153) 0.00004(7.5985) et
(0.5 mg/m) Range N.D.~0.0721 N.D.~0.0019 N.D.~0.0478 (6<0.05)
95%ile 0.0035 0.0001 0.0011 p=y
n 114 56 36
Lead AM=SD 0.000320.0009 0.0064+0.0189 0.004120.0150 L 6.0 40
(0,05 mg/) GM(GSD) 0.0001(2.8045) 0.0006(10.5313) 0.0004(6.8764) S OT
: Range 0.0001~0.0057 0.0001~0.01371 0.0001~0.0865 (£<0.05)
95%ile 0.0006 0.0308 0.0098 :
n 114 56 36
Zinc Oxide AM=SD 0.117320.2592 0.7949-+1.4833 0.0367+0.0363 21 07
(Fume) GM(GSD) 0.0342(6.4715) 0.0711(20.8126) 0.0228(2.7557) sel Y
(5 mg/m) Range N.D.~1.7877 N.D.~8.6213 0.0029~0.1500 (©<0.05)
95%ile 0.7387 10.4806 0.1210 :

=
3T
7]

L w2 el ot H(=%7]F 0.05 mg/m)S
Holz270] 0.0006 mg/m & 7} =9k CO;,
270] 0.0004 mg/m, TIGEZ ] 0.0001 mg/mo]]

TIGR o] 0.03142 mg/m, CO»&7% o] 0.0228 mg/m'

ol g,

oh AkBlolI(E1E 5 mgm)e o} g ol
0.0711 mg/m'e2 EAAoR F951A 71 =9k,

http://iwww.kiha.kr
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mg/m'2 A|hg3tf| A oF 3.6054] FE7F w32 o
T A THp<0.05). E3], B3, AshEa Fo] ==
gL o A5} 244k 7+ 0.1311 mg/m’, 0.8214 mg/m’, 0.0129
AL 5l= AdS gAr mg/mold  Z|AF AzFdAlbe]l zF 0.0253 mg/m’,
0.1593 mg/m'’, 0.0023 mg/m' .2 2|3} 2+ AFo) A] 5ul
ol & T2 FIIESITE E3L AbStoldE A}

Table 4. Welding fume and metals concentrations by welding workplace

Hazards General Building Pipe Welding Workplace
(OEL) Indoor Place ® Underground Parking Lot A A/B(as GM)  T-test Results
n 8 13
. AM=SD 3.3913+2.3245 10.7914+13.1023
Wfélsd‘;g /i ‘f)me GM(GSD) 2.1487(3.6535) 7.7471(2.0777) 3.605 ( p:<0060059)
& Range 0.1547~6.2530 2.6566~53.1074 p=
95%ile 18.1058 25.7969
n 8 13
Manganese AM+SD 0.0609+0.0536 0.1622+0.1264 <0.05
(Fume) GM(GSD) 0.0253(7.2249) 0.1311(1.9328) 5.182 (P:O o1l)
(1 mg/m’) Range 0.0004~0.1523 0.0477~0.5271 p=0
95%ile 0.6537 0.3875
n 8 13
AM=SD 0.0036+0.0043 0.0042+0.0021
C}(‘g"smem(lv/[;f?l) GM(GSD) 0.0021(3.2164) 0.0039(1.5207) 1.857 ( p:>0060953)
-~ mg Range 0.0004~0.0138 0.0020~0.0098 p=
95%ile 0.0029 0.0077
n 8 13
Copper(Fume) AM=SD 0.0016:0.0010 0.0032+0.0033 005
(oplf mg/m) GM(GSD) 0.0009(6.8754) 0.0024(2.0519) 2.667 (p=0 008)
L mg Range N.D.~0.0031 0.0008~0.0134 p=
95%ile 0.0204 0.0077
n 8 13
Iron Oxide AM=SD 0.3979+0.3384 1.0326+0.8491 0,05
(Fume) GM(GSD) 0.1593(8.5083) 0.8214(1.9589) 5.156 (p:() 018)
(5 mg/m) Range 0.0015~0.8662 0.2938~3.4444 p=5
95%ile 5.3933 2.4827
n 8 13
Aluminium AM=SD 0.02640.0279 0.0284:£0.0143 005
(Welding fume) GM(GSD) 0.0150(3.5010) 0.0254(1.6084) 1.693 (p:() 192)
(5 mg/m) Range 0.0023~0.0879 0.0138~0.0570 p=5
95%ile 0.1178 0.0556
n 8 13
Nickel AM=SD N.D. 0.0003£0.0006 0,05
(Insoluble) GM(GSD) N.D. 0.00004(6.4182) . ( P:O 160)
(0.5 mg/m) Range N.D. N.D.~0.0019 p=.
95%ile - 0.0010
n 8 13
Lead AM=SD 0.004440.0033 0.0224+0.0352 0,05
0.05 mg/m) GM(GSD) 0.0023(5.1536) 0.0129(2.6798) 5.608 (p=0 007)
o mg Range 0.0001~0.0091 0.0024~0.1371 p=o
95%ile 0.0348 0.0652
n 8 13
Zinc Oxide AM=SD 0.9523£0.7743 2.6624+2.0806 005
(Fume) GM(GSD) 0.4991(5.2193) 2.1019(2.0558) 4211 (p:() 012)
(5 mg/m) Range 0.0137~2.0881 0.5690~8.6213 p=5
95%ile 7.5620 6.8779
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22 w71 2.1019 mgm, A4 AU 2HAo
04991 mg/m'2 Z|a} Z-J&Fo)|A] 4uf o]AF =9 H:]— 3

wol 7} g 74 QA galIRelA 95% AFSlgtel
A5 gzt 2 497} S,

& SR, YA A5k 2l of 2uf Hr
2 FEE Ueglo, 1 Aot BAHeR § 4) SEEUE SHIMSHO| 2 SHE L 25
Q3kAl= gk SE5E4Z

ohik, AgS AuiEdgel 49 Aol meE v SHeFEE AdAR A A EE A4 YL 2

Table 5. Welding fume and metals concentrations by welding base material

Chemical plant _ Welding base material

Hazards il |
(OEL) Stainless Steel Alloy Carbon Steel Stg;gf; Sstfef;l - AN]g)‘:gﬁlt;fest
n 15 18 39 12
Welding Fume AM+£SD 1.83514+2.6225 2.0294+3.0831 1.2262+1.9162 0.4227+0.1719 p>0.05
(5 mg/m) GM(GSD) 0.9612(3.1162) 0.9588(3.4687) 0.6659(2.7303) 0.3809(1.6863) (p=0.071)
Range 0.0958~9.0996 0.1141~11.7569 0.0967~8.0159 0.1272~0.6945
95%ile 6.2347 7.4183 3.4749 1.6863
n 15 18 39 12
Manganese AM=SD 0.0085+0.0094 0.0299+0.1023 0.0047+0.0067 0.0024+0.0022 >0.05
(Fume) GM(GSD) 0.0045(3.5190) 0.0035(6.4359) 0.0025(3.4100) 0.0014(3.3077) (p=0 160)
(1 mg/m’) Range 0.0003~0.0305 0.0002~0.4390 N.D.~0.0312 0.0001~0.0080 p=
95%ile 0.0359 0.0751 0.0186 0.0104
n 15 18 39 12
Chrome(Metal) AM=£SD 0.0159+0.0383 0.0017+0.0024 0.0026+0.0079 0.0006+0.0004 p<0.05
(0.5 mg/m) GM(GSD) 0.0012(11.5036) 0.0006(6.3903) 0.0002(8.6701) 0.0004(3.4165) (p=0.048)
' Range N.D.~0.1136 N.D.~0.0099 N.D.~0.0358 N.D.~0.0014 ’
95%ile 0.0659 0.0134 0.0078 0.0029
n 15 18 39 12
Copper(Fume) AM=SD 0.0021+0.0017 0.0051+0.0073 0.0023+0.0047 0.0009+0.0006 p<0.05
(0.1 mg/m) GM(GSD) 0.0013(3.6319) 0.0022(4.0966) 0.0009(3.2552) 0.0007(2.2024) (p=0.046)
Range N.D.~0.0052 0.0003~0.0292 0.0001~0.0218 0.0002~0.0024
95%ile 0.0109 0.0221 0.0066 0.0025
n 15 18 39 12
Iron Oxide AM=+SD 0.1779+0.1973 0.4906+0.8537 0.2178+0.4617 0.0449+0.0495 p<0.05
(Fume) GM(GSD) 0.0963(3.9958) 0.1589(5.6305) 0.0767(3.8842) 0.0249(3.7951) (p=0 610)
(5 mg/m’) Range 0.0021~0.6675 0.0052~3.6397 0.0060~2.5267 0.0009~0.1807 p=o.
95%ile 0.9408 2.7276 0.7144 0.2234
Aluminium ! 15 18 39 12
(Welding AM=SD 0.0209+0.0354 0.0094+0.0111 0.0100+0.0182 0.0051£0.0030 >0.05
fume) GM(GSD) 0.0086(3.9100) 0.0062(2.3785) 0.0052(3.2990) 0.0039(2.5436) (p=0.302)
(5 mg/m) Range 0.0004~0.1147 0.0017~0.0466 0.0004~0.119 0.0004~0.0114
95%ile 0.0809 0.0258 0.0368 0.0181
n 15 18 39 12
Nickel AM=£SD 0.0096+0.0238 0.0008+0.0011 0.0009+0.0025 0.0003+0.0003 p<0.05
(Insoluble) GM(GSD) 0.0007(8.7238) 0.0002(7.8405) 0.0001(7.0431) 0.0002(3.4793) (p=0 '013)
(0.5 mg/m) Range N.D.~0.0721 N.D.~0.0040 N.D.~0.0108 N.D.~0.0009 p=
95%ile 0.0251 0.0053 0.0024 0.0015
n 15 18 39 12
Lead AM=+SD 0.0003+0.0009 0.0003+0.0006 0.0003+0.0007 0.0009+0.0021 >0.05
(0.05 mg/m) GM(GSD) 0.0001(2.9286) 0.0001(2.6639) 0.0001(2.6785) 0.0001(5.3431) (p=0.795)
' Range 0.0001~0.0037 0.0001~0.0028 0.0001~0.0032 0.0001~0.0057 ’
95%ile 0.0006 0.0005 0.0005 0.0023
n 15 18 39 12
Zinc Oxide AM=SD 0.1910+0.3305 0.0906+0.1535 0.1691£0.3448 0.0380+0.0200 >0.05
(Fume) GM(GSD) 0.0815(3.6396) 0.0491(2.7072) 0.0627(3.9267) 0.0333(1.7214) (p=0 '240)
(5 mg/m’) Range 0.0087~1.2953 0.0123~0.6770 0.0038~1.7877 0.0159~0.0773 p=
95%ile 0.6823 0.2529 0.5953 0.0813
http://iwww.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(2): 147-158



= TIGE-7%(Tungsten Inert Gas Welding)©] ¢l o, =
Aol webA =E2IAES UHrol & 4 Sl =8
2= AH9lg|A AE(Stainless Steel), T (Alloy),
FHE A€ (Carbon Steel), 7FEAE I} Ag|Qlg] A AE
& BAol e EEasel U e 1ges 7
B3 4 9ow, 24 189 Jlsh, JstEEnil
52 Table 59} 7t}

SHECIHE)S AHd A A"olA 0.9612
mg/mo g 7P =, 2o 2 I 0.9588 mg/
m, 7HEAE 0.6659 mg/m, &34 0.3809 mg/m’
w=olloy FAACRE FOTHA thEA= LUt
(p>0.05). &7l oieh - =AE E444, 25,
T, AR, U e §RA e SRl uet
FAALE FYT Aol7t Sl Ao EAHSGNS
L, W3k dRuE, o, Alsterd o s qlojA=
BRAEAAE FAZCE FO7E Zol7t qlolth

2EIRIY A 2EHE SRR St 2l A
25, YA 527 7MY #9AL, des A= o)
= ERA el 4eH sETt MY 22 AL
A= ESHEHE AdEY A 2e &
o] &ejo A o]Fojx|al §AF WATFO] A

o o |o 2 Hu
b S b

Choi et al.(1999)2] Aol A Aol wh
FESEE vastglst, AsAk 4k

', FETHANY-S 4.10 mg/mw’, 2AY-E 5.59 mg/my’

1A
flo
b o rlﬂ]
)
o
3
@
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BEsk e At 250 2o Az $9FH
A mBEE £29 suo wEHT USe & 4
21gict.

55, QuARE EERAYS A5 A
HFoE ro] FESES AW, AshEi
=134 §HE FEAF 1471 mymE A4S

(=8)9] 2.1487 mg/mEch 3,660 B E9kIL, WIHE).
ABFAE), HO] FEE A|3hgrte] AAFHTE of
s o)A © e AL & 4 gtk AuAE

A] 3]

=
MBGHE T2 7140 9P WA gt A

=]

Ao Agstal U=t Askaite] A &7t
o]Fof2|7] oL ¥
AL e s §=3 Javt
S1E AT Ffoll= olsA] a7 o] A
o] HaH ol

S £ & A48 318 w2 AnE
13} 4= 9J= 2FE L= Shin(2004)9} Kim et al.(2013)0]
4 Ho] A AE7F =, s At A+
B4 AFee ARE BT a5FY BAEEE
A E ) Shin(2004)2] ofatE |3} HjTHolAEE
) Aol e =EF 7oA AbStotA(7]
shgat)o] 3.08 mg/m o= ol¥l A A5 Akst
ol HE4F9l 2,10 mg/mELh thA =k, 7|E
TEF Fead oW Aol fAREE ol
Kim et al.(2013)o)| A= olu}E 2|5} w3 8% 2Fe] o
Al AbshEo] 6.94 mg/m', W7F 1.04 mg/m’, Akslold]
0.96 mg/m'© 2 o] o] UNtASE wjHEHT
o] =7t Aute} vjuwdte] g2 FELES UE
Welch aid dA-tollAl= S =] gk R ¢
Qo Astd FEvb w2 ASE n|Fo] ofdxF
o] opd FHEAHo| gt H L AR FHE
of oj¥l ALAILt= Aolstdd Aow EAET

=& AFoA= Flynn & Susi(2012)9]  ¢15-of| A
B A 239 Hts=rt §485 12.36 mg/m, &
7F 029 mym'E ofe| AF F &5 7P =%
i, e r HIgol &% 7.070 mg/m, FIt
0.126 mg/m’, uto|Zrjytzo] &AE 2.800 mg/m,
HZE 0.077 mg/m' o] kAL SFR LU, o A
o= Bde AFFe &=t Iok=dl, 3%
Eo] B2 AHE HriEo] 240 Hdy YR

http://www.kiha.kr/
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SHAY Sol AYEH Fokn BE Heo] Ao
A o]l A AT B4l wE Holeta Hrtw
ok whebd, FF B oA o Folxt §3
Aol et Bk g,

4% ololo= WrAT doe = 4
AWrEE $HY, SHRAY BF, AU 5
sh B2 EH@IIEA §) ol ek 847
of webd: §HES] A9 COEHQ0784 mym)
3} ol (154 mym)e FAH o folat]
t27) eroroLt, TIGEH(0.7044 me/m)L EA A0
2 ROl W SESES et 3719 %
Bl CO-gAol TIGEHMTE oF 324) o o} 2
Aol ey la, ABFEE COy88o0] TIGEET
ujmate] of A= o O =S teglck. o
o FESES B9 wolt YA bR TIGER]
¥ol thE §/| W laste] £ SEE veh

e

oE ol

s/

olth. YA O R COMHT HBolag e §Hu
Az 7HEAEE gol AL, TIGEHS 28Ql
g 2E, FF 5 FE ARG o] 71
ME WS FERY FEA|E WAL Ao
2 EHE COEHe ARUEA} AX §o]
B §HEET} ME S4o] glo] F W] T
SA7IH st W Wom HEW 4 Utk

(Lee, 2009). E3} mEola84L uEZA(flux)E =
23 8453 4%@@ Atolo] A7jotaE WA
A 11 otade] ol &4 W= WHORA 7+
T S8Y F 7P del ARgE, 438 Aol
Wi, SHEE7 wol Fli= 54| Stk ¥hi, TIG
B2 8RS e AMESHA| ol §
o} =LA 8% (weld pool)Ato]ef LAY
/\1 272 23) o]-

=

i

ot
flo

HHog

ojtt. it CO&4 3 TIG
2 o|Rofdl yhy, wEojzgH
b mEoA BIEE o] Zhjigte
B71AZ 4ol Agdel @ 4 9l

1

o

o

3 oo
ol

fo & ¢ rlo
2 e

__rloéé

o
a1
S

5

7
07 AN
|8 s=(7IsHEh)E vl A+
22 6] A(Choi et al., 1999), CO, 84 A] 3.84 mg/m,
TIGEH 2.23 mg/m’, TEol7E&F 2.09 mg/m’, A
A eota83 1.36 mg/m’', AFH-EH 0.15 mg/m o=
$1%2 59 Swo Hol7t Yrkn shof o]
AFA e} FAFSHATE Lee et al.(1999)9] Ao 4]

e
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T AL CO AL o w7} nEolm & HL 3
Hrt} 2 § ¥d5Er 479 A% =4 Uehgon

g A7 A% = 3.8 Ax =4 vElg
1 3T Yoon(2009)9] Ao A= CO0tZ-8H

o}
o A% WBola W AEAS ofagPRT F7]
F B SEE UF 6, PBE 15, ofdsE 3
& A S esteaL s G s
4 % CO8T HBolagYe A $HE FE
o Agte 918 AeIeATe) weto] B8 A
AT B e Y =EFY/L AnE
M) o) FAT SHAYL AR 2 B
A U AUAEE WMBENAYde AskEin
Agzoz ol HrstE, AskFelH §
BE SRk ASR 360 o w3k, U, Ast
3, el BEE ASHEIo] AYFEL} oF s o]
94T Kwag & Paik(1997)2] 1o AE 4157t
e AR
7l % SHES MR ARt 32w By
sfof ol AT} fASIACE AU Y SHL
o A TS B 2 A W AW 3
3 0|54 T2 YAS ST SUE Aol o)
DELLE

Meeker et al.(2007)<] 04?-01]/\4]% AR 8- &
oA =ami 719 AR l 2§

o] g Hmelgat, ARRPoNE B
717425 Aol whet UWP% = 75%(13 pg/m
vs 51 pgm’; p<0.05)7F43FA LHE kv
60%(0.74 mg/m' vs 1.83 mg/m’; p<00 ) ASHACH
5 seieh A ARG Fa A A
L5t whet Yihs e 53%(46 pg/m' vs 97 pg/m’
p<0.05) TA3HHI, 8HF 5= 10%(4.5 mg/m
vs 5.0 mg/m’; p<0.05) FFAstActa stk A-dE
A SHALOIA o5 RAMIEAE AEIIE
3 WEEE Adshet e Aol e
Hrke A AolA e BT ek 519
t}. Lee et al.(2000)2] Aol 5 Fejo] wh
& ATEIE ojelaaol 67.6% &doldol

2,

ol

58.5%% oLt oﬂ<>1+H SRS & ATgo]
99.2%% wjf- =itk skl Aol Y s &
o] o]F4] %iﬂﬁﬂ?‘c}‘]ﬂ Ax 7 2t B384
2 59 Aol F71HE ARgste] &3go] &
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A3 v watH 2E, YA Wl A
2 39 Aoz AL} iyl 32 9 UA
Aol Aok oiEls B-Q v ok A
Ao W= 2 &9l myE/ o] FQsc}
E3L Kim & Kim(2012)9] ¢ToAEs £33
Z wAsts §o) vheolabulgo] 58%EH fEd
Fro| A Aolets ER(50% o4 e glxp)ol 3
ettt sho] 8RRl et S-S Hxee
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X o Jo I 52 Jo o

rﬁ rlo

B, S R =E YR AN 1 Ae]
U758 Lxe| ofF #F A7t Basit
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LAWY ANAZE HEeRT, HEAE
MBS, ABEAF, 2ABAE B A% &
A3, FEUTLAFL Yo $YE L F4F
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my> HAZLA3(3.765 mg/m) > A A 2HEH
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