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ABSTRACT

The purpose of this study is to assess the accurate state of the following: total welding fumes versus welding fumes
in the air, respirable particulate mass, and exposure of dockyard welders to heavy metals. In addition, this study provides
basic data for proposing improvements to create efficient and appropriate welding environments and to prevent occu-
pational diseases. The subjects of this study were 94 laborers who worked at the block construction sites of large-scale
dockyards located in Gyeongnam Province from March 2005 to June 2005. In order to collect samples on total welding
fumes in the air and respirable particulate mass from the welders, Methods 0500 and 0600, established by the National
Institute for Occupational Safety and Health (NIOSH), were used. The metals within the welding fumes were also ana-
lyzed using Inductively Coupled Plasma (ICP) under Method 7300 from NIOSH. The results of this research are sum-
marized below. The geometric mean concentration of total welding fumes and that of respirable particulate mass were
4.11 mg/m® and 3.53 mg/m’, respectively. As a result of comparing the two measurement methods, there were sig-
nificant differences (p<0.05) between the two groups for Ca, Cu, Cr, and Ni; however, there were no differences in Fe,
Mg, Zn, Mg, Pb, and Cd. As a result of the analysis, the correlation between Mn and the concentration of heavy metals
in the total welding fumes and respirable particulate mass was found to be —0.29, a significant negative correlation. The
correlation between other heavy metals, however, was low. Finally, in the same total welding fumes, the correlation of

Fe and Mg was high.
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Table 1. Analysis lines of metal elements in the welding fume by ICP

Wavelength Gas flow (Ipm) RF power Pump flow rate
Elements — - . Type
(nm) Plasma Aucxiliary Nebulizer (Watts) (mi/min)

Fe 238.2 15 0.2 0.80 1300 1.5 Axial

Mn 257.6 15 0.2 0.80 1300 1.5 Axial

Zn 206.2 15 0.2 0.80 1300 1.5 Axial

Cu 3274 15 0.2 0.80 1300 1.5 Axial

Ni 231.6 15 0.2 0.80 1300 1.5 Axial

Pb 2204 15 0.2 0.80 1300 1.5 Axial

Cr 267.7 15 0.2 0.80 1300 1.5 Axial

Cd 228.8 15 0.2 0.80 1300 1.5 Axial

Ca 3179 15 0.2 0.80 1300 1.5 Axial

Mg 285.2 15 0.2 0.80 1300 1.5 Axial
o] £HERES A& FFEA st A windows)E o|&3om, &3 Fo diF FEN, =F
s}sieh. AR 24EEd g 71 ZIskEE HAb
3 AIE ol S T84 24 i SEdg B A& 238 #o 7 /K S #Ede
FA B A AT (National Institute for Occupational 7] 98] E&HE(lotal welding fume), TI4EZ

Safety and Health ; NIOSH, Method 7300yl &gt
FAIE A Polyvinyl Chloride(PVCYs 3] 8HHHNO;:
HCIO=4:1(v/v)) 1 miE 78l mlola2 9ol oF
(CEM, MDS2100, USAYS o]83ld slglzgl &+ &
FEglagd &7 FH)E Fdgdog 10mit 5
A 3, F=23Zet=vHInductively Coupled Plasma,
ICPHE °]&3le A%t

oAl Zgd FFE AL
(Table 1).

2) AEAE € BAEA

ZEAEAL2 SPSS FAIHI)A(SPSS 13.0 for

et 2o

Table 2. General characteristics of welding workers

(respirable particulate mass) FL L X ttest
s} gRBAE T
oLy o oF

1. SIS YBiXQl §Y

FAVIAIE ] dub B4S AuEd dEEe A
o] gl A% &4 %—01] EH B¥E ¥4
& 2843 (total welding fume), Z/3F- N (respirable
particulate massyE 30~404= Jé&%_c_ 6.55 mg/m’Z

W, 5.65mgmE 2582 7P Bol k=FHlo,

Total welding fume

Respirable particulate mass

Characteristics

N A M=SD p-value N A. M+SD p-value
Age (years) 0.69 0.45
<30 3 5.75+6.63 6 7.61+4.98
30~40 22 6.55+5.69 25 5.65+4.79
40< 22 5.19x+4.61 16 4.77+4.48
Total 47 5.86+5.18 47 5.60£4.69
Welding career (years) 048 0.69
<5 27 5.61+5.00 34 5.89+4.90
5~10 16 5.53+4.58 12 5.05+4.27
10< 4 8.88+8.74 1 243+0.00
Total 47 5.86+5.18 47 5.60+4.69

A. M+SD : Arithmetic Mean=Standard Deviation.
*p<0.05.
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FFER Aol qUAUrh

24 AYTL 2254 F(total welding fume), 54
E-A (respirable particulate massy> Sid o}3lellA 2z}
561 mg/m® 274, 589 mg/m’ 34Ho 2 7P we A
o zAEYo, 24T K xfolE Kol
2] B3 TH(Table 2).

2. 37| & 83 E(welding fume) ST &%

SHZANN 37 F F &H Fotal welding
fume) ¥ 5 T BEXM =FF =E7184 Smy
m'V o)Ak 233 2AHATE F 47N FHA F 24

NGB epgeh, A= Auaz 2 48 Al

9 aE Yoz A BV F TEE 114~
204 mg/m’E BIsg oD 2= B 2AUS o
Aog 37 F SHFFE WA A AA
2l 10 mg/m’S 2T 7% 50% ol dolet B
om0 B zAle] Al »E7FE 238 359 H
AEZ} FAFEIA

27 & 3F 58X (respirable particulate massy&EEe
5mg/m’ o732 2071 (42.6%)F ZAFE A THTable 3).

718} AZFAL 2HAYA hemet 8o ofF
£3 F5EE o smgmioliem, ul(welding
hemetys #go 2§ €3 Frso PhES o
36~71%C| AL Budlom &3 Agase] 24
»EHEE Ags] Hrke] aiMe AHl(welding
hemet)?re] FEE SA4sljof sk sieh” & I+
= 387 9xoA @9 (welding hemet)RtollM AlEE
A3 get, 4F B4 f2o dut AZUA B
= 84 9 =7 54 A Y

3. 8% E(welding fume)ds FEHE 5

A4 EHAGAEY & &35 F(toral welding
fume), T FAJEA (respirable particulate mass)®] 713}
HEsEs 712} 4.11 mg/m’, 3.53 mgm’2 ZAEO
), 84 Fo) iz AT ABF 5L F 5ol
Z2H2)% 40 (88.0%)F &8 £ =271¥Y Smy
m'g 2FH3Poer &3 Fo ZFEE =7

9.73 mgm’E ¥ 47 srrRTE w%eH, °jFdE
I FEYS £HE QuFo] Y B 24U 7
B2 AR 71sE %0t 0.88~1.35 mg/m'E ke
=3t

% 24%(total welding fume)?] F3F& B9 &
T2 2% A= AFe) 7T EE 1.161 mgm®
2 7P %o, 92kMn) 03121 mg/m®, o+ (Zn)
0.2768 mg/m’, “FZUlE(Mg) 0.0464 mg/m’, ZF(Ca)
0.0240 mg/m’, F=(Cu) 0.0032 mghm’, F(Po) 0.0017
mg/m’, ZLE(Cr) 0.0015 mg/m®, Y Ni) 0.0005 mg/
m’ 0.2 Ve

55347 (respirable particulate mass)oll T Z}
zte] 3% B /s dEEE H(Fe) 0.6986 mg/m’
Z 7P Z9on, 4rkMn) 02501 mg/m’, °FA(Zn)
0.1897 mg/m®, PF2U)EMg) 0.0342 mg/m’, Z-5(Ca)
0.0114 mg/m®, & (Cu) 0.0019 mg/m’, F(Pb) 0.0015
mg/m’, ZLE(Cr) 0.0012 mg/m’, YHANi) 0.0004 mg/
m’ £02 ZAEAY 43 F& B eR 299
SaEdoltt. F 7L viAlE] 35718 Bk 4

HE7) WiEolt. wEkd 83 B2 1 FEE 89
Tzt AR AR s

= 24w & dlw A3 ZE(Ca), T2H(Cu),
ABCr), YANDYEEE FEHFAN g=A e
won, T b §2% xlo|E BY 21K (p<0.01)
(p<0.05), H(Fe), WF1HFMg), °tA(Zn), "t2vllF
Mg), 2(Pb), 7F=E(Cd)2> Ho]& HolA &gttt
(Table 4).

B AFere dFUd 2 EAske F54E

O

A (Fe), B7HMn), oFA(EZn)e2 A LH, oA

83§79 5% T 2UPYS 2ATS e
e} 7¥] G RO Y2

BARAASRAN BE BFFo| F4o] 2
o, 53 BAFE VoIl B, o0 SRAVAE
o WRIFEOR ASAKIS SIE W1, 4 B
Q) 2gsh VAl BEe By gk Y

Table 3. Distribution of welding fume sample concentration in air

Fume concentration level

Total welding fume

Respirable particulate mass

(mg/m’) No. of samples Percent (%) No. of samples Percent (%)
~5.00 23 489 27 574
5.00~10.00 16 34.0 10 213
10.00< 8 17.0 10 21.3
Total 47 100.0 47 100.0
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Table 4. Concentrations of metal components in welding fume process and results of paired t-test by method

°]

2=

[

A 04ge

Y

,0_/3

A

No. of

GM

Compound Method samples (mg/m?) GSD Range Paired t-test
. Total welding fume 4.11 2.41 0.552~21.893
Welding fume Respirable particulate mass 47 3.53 3.14 0.431~16.813 081
Fe Total welding fume 47 1.1610 2.77 0.0648~7.9756 0.40
Respirable particulate mass 0.6986 4.77 0.0039~4.9678 ’
Mn Total welding fume 47 0.3121 3.66 0.0058~2.2500 0.87
Respirable particulate mass 0.2501 4.97 0.0010~1.9730 ’
7n Total welding fume 47 0.2768 2.95 0.0157~1.7219 030
Respirable particulate mass 0.1897 4.87 0.0013~1.2504 )
M Total welding fume 47 0.0464 3.24 0.0016~0.3176 039
& Respirable particulate mass 0.0342 3.76 0.0013~0.2617 ’
Ca Total. welding fume 47 0.0240 3.14 0.0002~0.1975 0.00%*
Respirable particulate mass 00114 442 N. D~0.0629
Cu Total. welding fume 47 0.0032 2.78 0.0003~0.0236 0.01%*
Respirable particulate mass 0.0019 3.26 0.0001~0.0093
Pb Total welding fume 47 0.0017 2.88 0.0001~0.0258 0.10
Respirable particulate mass 0.0015 224 N. D~0.0063 ’
Cr Total. welding fume 47 0.0015 2.14 N. D~0.0106 000+*
Respirable particulate mass 0.0012 2.56 N. D~0.0047
cd Total welding fume 47 0.0002 2.19 N. D~0.0014 0.14
Respirable particulate mass 0.0001 1.00 N. D~0.0001 )
Ni Total welding fume 47 0.0005 3.74 N. D~0.0124 0.02%
! Respirable particulate mass 0.0004 2.56 N. D~0.0038 ’

GM : Geometric mean, GSD : Geometric Standard Deviation, N. D : Not-detected.

*p<0.05, **p<0.01.
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Fig. 1. Boxplots of metal contents in total dust and respirable particulate mass
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Table 5. Correlation of heavy metal in total dust and respirable particulate mass

Total welding fume
Mn Cu Zn Fe Ni Cr Cd Pb Ca Mg
Mn -290* -200 -261 =217 -053 —-.196 -.201 -.033 -.267 =176
Cu 09 -129 -101 -221 -010 033 -.128 -078 043 -239
Zn 078 .001 —-.003 —-.125 -110  -042 -.098 —-107 021 -204
Fe -159 -.276 -149  -212 -030 -102 -093 =177 -.034 =297*  (within
Ni  -.059 -.142 -076  -.102 079 -104 -0%  -.102 -075 -.119 total
RPM Cr -016 .000 005 —-139 115 -.039 —-138 -099 030 -202  welding
Cd -6l 032 019  -059 108 —.006 -051 -104 =077 -.084 fume)
Pb  -024 027 -076 -114 -048 ~070 -126  -112 035 —-.197
Ca -091 —-068 -062 -178 -054 -118 -171 012 -.062 —-.158
Mg -018 -020 -079 -172 026 -150 -090  -.128 -054 -238
(within respirable particulate mass)

& e AAAAE vehld, F &1 &3 s88% (p<0.05), H(Fe), "t2EMg), °FA(Zn), "2l
Z T Il (Mg), 'F(Pb), 7FERE(Cdy Atol& HolA] et

At 4, & £ F(total welding fume), TFFEZ

(respirable particulate mass)®] &% 4 FE5Y ¥

v.g £ E7be] B WM F02 #AE HAL

U Ao s e S48 B JHAlE vepd

&4 22AEY A7 4TS v 4H o 9A ol & SHF, ITAENL Tl ThE F USE

#27), =&2A%, 7|7t 2 Fol i 54 wdel o Vet Bd % 43 F(otal welding fumeyHiollA

2 JFL weth 2 d7e A Al fAE A E H(Fe), FlUlFMgye dHAol A YeRdtt
ZAPANM SRR F 98E e s, 37 F (p<0.05).

% 83 F(total welding fume), E-F/JE 7 (respirable olde] AR Wol =AY AU FEHFR
particulate mass)® ZHg FSsol tid 4eek Au) the 354RA0 Ae- Hel o] WS 22
& Fesly] S8 AYgeARAE drsialen 2 4 Aol Fle] HE Zoz diA Ak F At
e ot 2 vl 35718 Bt G A7 =2 5 3

L AR dde] gageon, Yo BXE BY < ¥ olyeh, F Fo ZF(Cr), URWND, ¥THMn)
2 & 43 E(otal welding fume), TF/323] (respirable 5 HE PHARLE A uiSs- sE) dEelt &
particulate mass)S Z+zZ} 30~404l=  6.55 mg/m’E FARAEAA sk AAAS B Hrh AAsRoF &
229, 565 mgm’E 25POo R sPE Bou, yod 3 A STl e Ags Hrpt 2 5 UE
atele gl ZoZ wetdrt

2. & 28 E(total welding fume) = F5EE £

W H

2 BY =T 227189 Smgm’ oldE AT & EoEs
FAFE F 470 FRA T 26192 ek
ZE X 27 (respirable particulate mass)S 5 mg/m’ ©|3} L 3F2AFAES : 9= 2 A4 - AR AL

3 3 1-86, 2004.
21(574%)% FERROP, S-10mghn’, 10mg/e ob% g2 o an  ay oeay AR @AY
& 47 10213%)2 U $EE Bk ). 9.35, 1996,

3. & £ E(otal welding fume), TEZEZ 3. Burgess, W. A. : Recognition of Health Hazards in
(respirable particulate mass)®] 718t E@EsEE 27t Industry 2nd, New York John Wiley & Son, Inc. 25-
32, 1995.

411 mg/m’, 3.53 mg/m’Z RAESCH, T &4 3y

i 4. £9F S e AD P =5 =
7y A T A3} Z4(Ca), TE(Cu), ZF(Cn), 1A YreE o pA, 1-25, 1984,
MNiye T2 7l fold Zo)E B2k (p<0.01) 5. AAE - 4% W HE 22AY AER ' 4%
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