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~ This study was conducted on. the heaw construction

- machinery shop in Ulsan city from January to June, 2000.
- Study factors were welding positions, welding currents, and

- helmet to arc distances ,and exposure variables were welding
~ fumes, metals(iron, manganese, copper} and metal contents.

The results of this study are summarized up as follows.
Exposure concentrations of welding fumes, iron, copper,

: 'and manganese by the working positions were 8.63mg/m’

differences(p>0.05). ConStdersng

(n<0.05). 3.72mg/m(p<0.05). 0.05me/n'(p<0.05), and 0.73me/m

- (p<0.05) respectively. Exposure concentrations of welding
~ fumes, iron, copper, and mangancsq’ were affected by the

: weidmg positions. :

- Percentages of iron, copper, and manganese to welding

fumes were 43.66%, 0.53%, and 855%(;)(0 05) respectively.
The highest exposure concentrations Df welding fumes. iron,
copper, and manganese by the welding currents were 21.15mg

- /m'(p<0.05), 8.40mg/m'(p<0.05), 0.11me/m'(p<0.05), and 1.74me
- /m(p<0 05) above 351 ampere respectively. Consndenng this
_ results in gas metal arc welding, hgher welding current will

The hlghest percentages of iron, copper, and manganese to

welding fumes by the welding currents were 45.13% in
251-300 ampere, 056% in 251-300 ampere, ‘and 8.85%
below 250 ampere respectively but there were no significant

is ;results in gas metal arc

weldmg,. percentages of iron.
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trations of welding fumes, iron, copper, and were
positive and correlation coefficients were 0.818(0(005)
0.769(p<0.05), 0.795(p<0.05), and 0.716(p<0.05) respectively.

The highest ‘exposure concentrations of welding fumes,
copper, and manganese by the helmet to arc d;stances were
15.81mg/m'(p<0.05) below 40cm, 6.93me/m(p<0.05) below 40cm,
0.08mg/m'(p<0.05) below 40cm, and HSmg/m'(p(OOS) below
40cm respectively. Considering this results in gas metal arc
welding, closer helmet to arc distances will be resulted in
higher exposure concentrations of welding “fumes 1ron
copper, and manganese.

The highest percentages of iron, copper, and rnanganese to
welding fumes by the helmet to arc distances wegjsg 44.33% in
46-50cm, 0.55% in 41-45cm, 46-50cm, and 8.91% in 41-45cm
but there were no significant differences(p>0.05). Considering
this result in gas metal arc welding with the > of helmet
to arc distances, the percentages of iron, and
manganese to welding fumes were not affecte the helmek
to arc distances.

Relationships of helmet to arc distances w;th exposure
concentrations of welding fumes, iron. copper, aﬁﬂ manganese
were  negative and correlation coefficients were -0.695
(p€0.05), 0.677(p<0.05), -0.678(p<0.05), and 30(p<0.05)
respectwely : i :

Key Words : Weldmg Posnttons Welding Currenj;s, Helmet to
‘Arc Dlstances Welding Fumes, lIron, Copper
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Table 1. Analytical conditions of atormic absorption spectrophotometer by metal

Parameter Iron(Fe) Copper(Cu) Manganese(Mn)
Wavelength, nm 2483 3248 279.5
HC Lamp Current, mA 8 3 5
Slit Width, nm 0.2 05 0.4
Type of Flame Air—CzH: Ai]'—Csz Ai]’-C:H:
Fuel Gas Flow Rate, LPM 2 1.8 1.9
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Table 2. Concentrations of welding fumes, iron, copper and manganese by the welding position

Welding Group N Welding Fume, mg/m’ Iron, mg'm’ Copper, mg'm’ Manganese, mg/m’
All 4 5.2883 £2.1039, 2.2864 £1.0617, 0.0298 £0.0141_ 04503 10.1934,
Flat and Horizontal 4 14.0147 £6.0851 6.0291 =2.5668 0.0744 +0.0315 1.1297 +0.5751
Vertical and Overhead 47 6.5710 £2.7759 2.8532 £1.2412 0.0339 =0.0169 0.6031 +0.2882
Total 133 8.6285 +5.5543 3.7249 =2.394] 0.0460 +0.0298 0.7291 +0.4819
*p<0.05 by ANOCOVA
Table 3. The proportions of iron, copper and manganese to welding fumes by the welding position
; Proportion to Welding Fume
Welding Group N e C :
All 42 0.4251 £0.0723 0.0036 =0.0010 0.0847 =0.0109
Flat and Horizontal 44 0.4445 £0.0889 0.0034 =0.0010 0.0800 £0.0218_
Vertical and Overhead 47 04396 +0.0973 0.0031 =0.0012 0.0914 =0.0193
Total 133 0.4366 +0.0870 0.0033 =0.0011 0.0855 =0.0185

* p<0.05 by ANOCOVA

A, o] BEgele Ael7t A %

Zke] MBS 2lo)7t A& Qlcka 47

AT e 83 E, 4, 72, ¥
9 LEEEE E 49 21 ARYL
a9 1, 2, 33 gom g3 digt &,
T2, e vl B 59 B} &34
Aok @rlollA ofazbA] o] Azle] &
Fae AT Aoy =3 0FE o
& H o 2olg BA A $48R

o

351990} ojitelld £8F 21.25mgm
(p<0.05), ¥ 840mg/m(p<0.03), -2 0.11
mg/m'(p<0.05), &7} 1.74mg/m (p<0.05) 2%
7V =Sktk oleid AnE Mo} 7pAF
Lol Aol 2 SHARE AT
T $3% 3 o, U9 B35
€ = A ¢ U
SHE s A, 7te, 9o BES
& 4, 79 ZS- 387 251-3009¢]
ofollA] Z}z} 45.13%, 0.56%Z 7H3 =3k
a1 Pl A SHAF 2509H0] o)5)
oA 885%=E 7HE o BT Fo%
aloli= ATk ©l2E AR Heol &3
Foll gt 4, 72, 9] g 7iA

58 2F ARl d7EHA
d EHARF WS JelMes 347y
PP WA Y= JoR Hojy] AT
£ola 84 QYA 180] FUF &4
glole], YA, QHE-AFE, glojo]
a7l AF F97] 52 olfsh= ¢
A 4559 4, e, Y] aEg
o Aozt gith= 2E ¢ F Atk
R4 e 83 4 79, %
e k3 EEe e AHAE Beln
A= 7HzE 0818(p<0.05), 0.769
(p<0.05), 0.795(p<0.05), 0.716(p<0.05)°]}
o AR &HE FEAFL
0.66%p<0.05)Z 7F FUTE

Table 4. Concentrations of welding fumes, iron, copper and manganese by the welding current

Welding Current, Ampere N Welding Fume, mg/nv Iron, mg/m’ Copper, mg/'m’ Manganese, mg/m’
< 250 43 5.2384 +2.4270 22697 £1.1927 0.0270 £0.0152 0.4786 +0.2627
251-300 44 6.2336 +2.8345 2.8622 +1.4580 0.0342 =0.0159 0.5124 £0.2282
301-350 32 109533 £2.2783, 48195 = 13117, 0.0598 £0.0174, 0.9213 £0.2963,
35l 14 21.2541 +3.5867 84037 £2.5346 0.1096 £0.0147 1.7398 £0.4423

Total 133 86285 £5.5543 3.7249 £2.394] 0.0460 +0.0298 0.7291 £0.4819

* p<0.05 by ANOCOVA

Table 5. The proportions of iron, copper and manganese to welding fumes by the welding current
. Proportion to Welding Fume

Welding Current, Ampere N o= Connes o
< 250 43 0.4326 +0.0957 0.0050 £0.0011 0.0885 =0.0182
251-300 44 04513 £0.0764 0.0056 =0.0010 0.0837 =0.0141
301-350 32 0.4408 *0.0829 0.0055 £0.0011 0.0845 =0.0215
351 14 0.3934 £0.0931 0.0053 =0.0010 0.0843 £0.0247

Total 133 0.4366 £0.0870 0.0053 £0.0011 0.0855 *0.0185
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Figure 1. Relationships among welding current,

welding fumes and iron
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Figure 3. Relationship between welding current and manganese
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Table 6. Concentrations of welding fumes, iron, copper and manganese by the helmet to arc distance

Helmet to Arc Distance, cn N Welding Fume, mg/m’ Iron, mg'm’ Copper, mg'm’ Manganese, mg/m'’
<40 18 158141 +63648" 69321 28134 00798 +0.0287 11809 +0.4277
41-45 45 10.8597 £5.1633 45360 £2.1167 0.0596 *0.0306 0.9766 +0.5426
46-50 40 6.1864 £1.7621 2.7460 £0.9968 0.0337 %0.0109 05348 =+0.1804
b == 30 4.2267 +£2.0013 1.8891 £1.0500 0.0216 %0.0128 03456 *0.1820
Total 133 8.6285 +5.5543 3.7249 +2.394] 0.0460 £0.0298 0.7291 *0.4819
* p<0.05 by ANOCOVA
Table 7. The proportions of iron, copper and manganese to welding fumes by the helmet to arc distance
Helmet to Arc Distance, cn N ron PR N s oy e
<40 18 0.4416 +0.0807 0.0052 £0.0012 0.0795 £0.0261
41-45 45 0.4300 +0.0899 0.0055 =0.0010 0.0891 £0.0154
46-50 40 0.4433 £0.0897 0.0055 £0.0009 0.0872 £0.0193
Sl= 30 0.4347 +0.0860 0.0050 =0.0013 - 0.0813 £0.0154
Total 133 0.4366 +0.0870 0.0053 £0.0011 0.0855 =0.0185
30
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Figure 4. Relationships among helmet to arc distance,

; : Figure 5. Relationship between helmet to arc distance and copper
welding fumes and iron
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/m(1.3-53mg/m) 2o} ¥k Casciani
(1986)2) @17l ©]8 MMA/ MS £7ie]
A £HES] ¥E 32mgm(88- %0.6mgm)
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ok 2 A9 AL 81T E ATst
23T F(1998)E $HE w2557 &
A7l g2} deliga iy B
AT AT o))t AL B 4 g
ek

FuE TRAFEola871L A9)st
W AHFEEILEE S =L &
TES WAL TpAEAdo} 44
= 7 B F £ES wAIg g 8
CHUlfvarson, 1981; Johansson %, 1981).
2S5 287300 oiM, AA F
& NS, $HAR 2l i
2 S7IHE & A9 F7H- S4u)8
o F7HE e mjRe), gHARE
8T A% g F 249 vlof s
o] 2% 4 Qb BT & I oA
SRARE 70l we} £9F, A, 74,
21 P9 e E 5T Zokse A
2 TAHOE AN 4 Qlgl). ey,
F IS AUS7Nol we} Z7)ei
Johansson ‘5(1981)2 o|Rg F7|dge
27 8lo], AR Hog: 24 AT
% S7PF A s Anusias &
o L HFE 281, o)a2o)9)
S7Hl 7)1tk A Eichhom 5
(1982)& 37l S7h= A4 234
o] P Aol W} A1y = oy
do] SR AefAjo] F ubagel 1 =

E———



dEs Foho Stk 24 2L, e
299 F Y uES Wsg 4 90
o Wste] A%, agln M 22 e
WA AL, £HE Hejol ut
2t 22Hd 4 o)k ANy o g pEL 2
wEO F& @ Nt d
(Eichhom &, 1982). o}2 15 o) &
She  7hagEola e, RFFR
(relative fume formation rate)S- 9} % =
& Aol MAlE PER sk A
o] FolAH, AUah= FatsA Fu} o}
B33 A EEES ol g o1y
g AZyo] ofz7} dojz]7] o]e
RFFRE A%57ho) wa} Z7lsicty &
. EAkA 2E olgabd, HA §
HHAQ1, FGR(fume generation rate)& #<}
o] F71gel wet 24 Frlsicta &k
= EllJohansson 5, 1981) X}si7bA % gHAH
TIAE o] 43 H AN o]t A
FHE 2 5 Y%k Castagnas} Spa-
gnoli(1981):& o}a 73} ARl 2L
Aole TE7 IHE Ao FAd
AL FF AFE 0|8 ol2E Ay
Ttaggola 44 sh= £84 35
7] @Yol F3 2&9) ro 2 2}
o7} Uitk gtk Zeo] 2809}
of 2|3 285E9)A 300¢+d0] 18T
0EER F7MA7IE, AdgkHe] 55
o) ZAESNT, W1k ok, el 12w
Ak SRS digkE o2 108 a9
i, 2F 752 84 7Ry By
O} £ Ao LA AFEZT) o) )
B 729 FE F71} ALk A
5ol 8o AL weps 2y
AF0|E o839 AT BIsAZ
ARERITE o2 A BE7pA0 24
< £ 4%k ohel wask T o
FE UAA He A4S BEpAe=
A7t SEERA Edae £734) ol
FHo=7 So)71A ). Hiltonz}t Plum-
ridge(1991)2] 7}AF4ola 87804 2}
H7IAZ RAVIAE ol g8l 74S F4
AAHEL AFE7)l we A¥Hog =
71 o2 ia) E3g 7hiojM=
tha &)z} 1%k B w8tk Moreton
S(1985) & AN &S AT g &
Aadola 43, Eg~ Fol= o}m g
A, I3 7kaFSolasy £o08 F

3R AZRIA 7kagEolag ol $UE, FEeE Q 249 15

EAulEo] Erha siginkoled A7
h5E 2ed ¥ o U L4870
te 4221 v] 7} o] Fo)=)7] $]8A
= #4E&7 olell it Bolo) it m
87} olFoflo} star ojef ojgh ApaA
< A7 §3o] o] Fol B S
Jejn A]dzde] oigt A 7)%0]
Afgsolol & Zloz Azhan.

7t agola 4ol Aol o}z
7S A7t Fkg 2 $HE, F,
T8, Y] eEFEEE Eolirh 7
& 2T YA SAEel g A, ),
B3] WSS FpAT ST 8 OF &
Y=ol A7HAY Alo)A olazix]
o AZ] WS dellke @5lolA ofazt
A9 Azol] L WA oh= o2 ¥
ofs] 7kAg4ola 8 A 180 B
A& 84 slolo], &bz, glEl-AdE,
golo} 3371, A FF7) 58 o183t
T 3T SE A3 A T, R
o BEEL Aol7t Gk 2L ¢ 4 9l
A%t 23F F198)E £4F vE5E
7t @Ro)A otz el Agle| ) &
2Rtk s on] £ A7dsiel fAale
Fee et

WlelA olgEn = &4 a8
olgh Ak T4 80714 ool o
TAEO] Bo] A7 842 7pATLo}
&8, 7PBAdel a8, q8n A}
Hafolagde] F7E olfx Utk
T A7R wet FAsE FARE &
HEFAAE HaEE srei Aoks
Aol7k Qlow £HzA0 g FL 2}
Als] Hu57] okm Qlok. 5US 242
el o AR ww7} ool
S 3E olol st 57ol of
& EF3P} o] FolAo} &} o]el Tt
AERE AT §740] o] 2o)Fd &
AR e AQ)xdd] g e
71€0] AgElejo} & o2 Azt
= A7ellA SHAA, S AR Aol
A olZ7H19] Azlell lojH §HFol
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constituents)°] F7}7} HEEA] 0] 0] Ao}
gcp o) vls 2% 8l (American
Welding Society: AWS)ol|M= w%7)5
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(p<0.03), 3.72ngm(p<0.05), 0.05mg/m’
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