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Table 1. Occupational exposure limits for soluble hazardous metals
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Element and soluble compounds
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ACGIH TLV-TWA

(mg/m) (mg/m)
Aluminum-Soluble salts, as Al 2 2
Barium-Soluble compounds, as Ba 0.5 0.5
Chromium-Water-soluble CrVI compound 0.05 0.05
Iron-Soluble salts, as Fe 1 1
Molybdenum-Soluble compound, as Mo 5 0.5
Nickel-Soluble compounds, as Ni 0.1 0.1
Platinum-Soluble salts, as Pt 0.002 0.002
Rhodium-Soluble compounds, as Rh - 0.01
Silver-Soluble compounds, as Ag 0.01 0.01
Thallium-Soluble compounds, as Tl 0.1 0.1
Tungsten-Soluble compounds, as W 1 1
Uranium-Soluble compounds, as U 0.2 0.2
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Table 2. Welding conditions and materials for generating fumes

Welding parameters Conditions

Welding type and method : Flux cored arc welding, beads on plate

Welding time(sec) : 120

Shielding gas : CO2(20 L/min)

Nominal voltage(V) and current : Optimal input energy(25 V and 180 A)

Current characteristics : DCEP(Direct Current Electrode Positive)

Welding machine : Dyna Auto Super 600(Japan)

Electrode type : A(Dual Shield 7100, AWS A5.20 E 71T-1, KSD 7104, SeAH ESAB, Korea)

B(Dual Shield 8000-B2, AWS A5.29 E80T5-B2, KSD 7121, SeAH ESAB, Korea)
C(Dual Shield 9100, AWS A5.29 E91T1-Nil, KSD 7104, SeAH ESAB, Korea)
D(Core Shield 15, AWS A5.20 E71T-GS, KSD 7104, SeAH ESAB, Korea)
E(K308LT, AWS AS5.22 E308LTI1-1/4, KSD 3612, Koryeo Rod, Korea)

F(Shield Bright 316L, AWS AS5.22 E316LT0-1, KSD 3612, SeAH ESAB, Korea)
G(Shield Bright 308L, AWS AS5.22 E308LTO0-1/4, KSD 3612, SeAH ESAB, Korea)
H(Shield Bright 309L, AWS AS5.22 E309LTO0-1/4, KSD 3612, SeAH ESAB, Korea)
I(SW308 Cored, AWS A5.22 E308LTI1-1, KSD 3612, Hyun Dae Rod. Korea)

Test plate : Mild Steel(SS 400) for wire A ™D, STS 304260 mm x 260 mn x 10 mm) for wire E ™1, Travel speed; 6 mm/sec
CTWD : 14 mm

Torch angle 290 °

Wire feeding rate : 15.1 m/min
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Table 3. Digestion methed for soluble metals and analytical method

Digestion Methods
Fume weighing after desiccation
Fume treatment with 5 ml deionized water
(ammonium citrate solution in case of Ni)
‘Mechanical agitation(120 rpm) in a water bath at 37+2 Cfor 60 min.
Filtration using suction apparatus or syringe filter
-Acidifying with nitric acid to stabilize dissolved metal

Analytical Method

Model : Optima 3000 DV(Perkin-Elmer, USA)
Sample flowrate : 1 mé/min
Electromagnetic power : 1300 W

Detector : Charge-coupled device(CCD) detector
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*# Total metal includes Fe, Cr, Ni, Al, Ba, Mn, Li, Na, K, Mg, Zn, Cu, Ca
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Table 5. Contents of soluble metals in flux cored wires

Base Metal &

Soluble metal contents in fume, Mean(%)+SD

wire type Fe Cr Al N Ba  Mn Na K Mg Others  Tota
A(n=3) 1.1840.25 <0.01 0.0740.05 <0.01 Q01 019032 4334033 2404019 020£0.08  0.01 8.38£1.06
Non-stainless ~ B(n=3) 589148 02340.02 <0.01 <0.01 Q01 1854040 4514215 <0.01 <0.01 0.02 12.540.25
Steel C(n=3) 1.0240.25 <0.01 0.010.01 <0.01 Q01 0124020 5.03+0.61 274005 0304008 <001  9.2240.71
D(n=3) <0.01 <0.01 0.26+0.23 <0.01 Q01 0024003 0.29+0.47 0104017 099+0.04 136 3.0240.23
E(n=3) 0441001 099002 004001  007£0003 <0.01 0724007  5.67+0.60 8.15+0.66 <0.01 0.0 16.09£1.35
F(n=3) 0112003 063002 0044002 0040004 <001 0144012 505090 1144161 <001 <001 1745+4.03
Stainless Steel  G(n=3) 0174005 1.16+0.02 <0.01 006001 <001 0112018  590+0.15  1636+0.37 <0.01 <001 23.76+0.54
H(n=3) 0.030.03 089007  0.01£0.003 0044001  <0.01 0.142004 5142036  11.71£1.09 <0.01 <001 179543.55
[(n=3) 0394017 035+0.15 00240004  0.04£002 <001 0274024 2694040 2324038 <0.01 <001 6.08£0.79
* Ni in this table was extracted with distilled water like other metals. Ammonium citrate solution extracted Ni was presented at table 6.
** Total metal includes Fe, Cr, Ni, Al, Ba, Mn, Li, Na, K, Mg, Zn, Cu, Ca
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Table 6. Comparison of soluble Ni by leaching solution

S 1mg/m=0.0202 = 49.50mg/m'*]H
ArkEch it S3718e 255

L= =1

Contents of soluble Ni in fumes,%+SD

Base Metal & wire type product Distilled water leaching Ammonium citrate solution leaching
. A(n=3) <0.01 <0.01
Non-stainless Steel Cin=3) <001 0.03£0.002
Stainless stcel G(n=3) 0.06+0.01 0.1240.002
€8s ste H(n=3) 0.04+0.01 0.1120.006
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Table 7. Estimation of welding fume concentrations and metal concentrations which have the possiility of exceeding the OELs

of the soluble metals

Contents of soluble metal

Estimated concentrations that exceed the OELs

of the soluble metals,mg/m’

Metals H?F;; in fumes,% in each metals,% Welding fumes Metals(Insoluble+Soluble)
Non-stainle ~ Stainless Non-stainle ~ Stainless Non-stainles ~ Stainless ~ Non-stainles Stainless wire
ss wire wire ss wire wire s wire wire s wire
Soluble Fe 1 202 0.23 799 297 49.50 434.8 1252 33.67
Soluble Cr(CrVI*)  0.05 0.23 0.80 37.21 21.30 27.74 6.25 0.13 0.23
Soluble Ni 0.1 <0.01 <0.01 0.01 0.11 - - 1000 90
Soluble Al 2 0.08 0.02 4.16 6.15 2500 10000 48.08 32.52
* Soulble Cr was mostly existed as Cr(VI).
** Only found in product B(for heat resistant steel)
AAe]e w) ARgeh= QL Ak o8 ok AAl A9 371 T 8 FE S 07F AEE olF 2 7kl Stk
gk ISP ARgsto] BASIGE Wl F dlo] B Y] Im SAF st vk sk A AES o 67 A
PYEEPER)] FAEE oF AT Fungs ) P50 w9 4 3% FUT ZA] thEolrk web 2
S84 A gEol ORLS World  ARe] Fimgold HHE AYE 5 HYA 3L $HsE 2% F 380
12.52mg/m'e] o] FAEolxof gk I AUt of W A ¢fth wEbA  0.23mg/meold SEHAY 84 F9 F
oA dleielels $HFe) A H 7ol IR0 et g Fol 62smg/niol S 67h AEE &
4 1900 $8 HolEE g A el B sols golo] A dulEhe 1 Ibbsys 9%
A o] OELY! Img/miH EAeked & ARRE Wl 67F A5-5 BASHA o ol Folof gtk
Img/m=0.0799 = 1252mgm A& Axke & 739 F AE0] 0.23mgme] 238 F 8 o] FFH £5 olofolA

Table 8. Ranges of element content variation in welding fumes, generated when welding the most widely used types of steel with

different welding consumables(©%)

Hewitt and

Element Voitkevich(1995) Gray(1983) 3) Koponen (1981) This study
MMAMS ~FCAWMS MIGMS MMA/SS FCAWSS MIGSS MMA™  MIG MMA/SS MIG/SS ~ FCAWMS  FCAW/SS
Fe 20-40 3545 45-50 5-20 8-10 3540 771 315 48763 287398 2533 7.68
Mn 5-15 5-15 10-15 2-12 8-25 120 1023 700 @ 27772 587122 7.17 7.67
Crtotal  0.01-0.05 0.1-0.3 0.1-03  0.5-7 2-5 8-25 586 1550 38752 837158 0.16 3.78
Cr(VI) n.f. n.f. n.f. 0.5-5 154  02-1 @ 240 045 na n.a n.a. n.a.
Ni nf nf. nf. 0.1-5 0.1-6 2-6 066 730 045710 3165 0.92
Si 5-20 2-4 3-5 5-20 3-6 1-4 n.a. na. na na n.a. n.a.
F 0-2" 8-15 n.f. 15-20 5-10 nf. n.a. n.a. na na n.a. n.a.
14-18"
Ca 0.1-2; 2-15 nf. 0.2-1 0.1-1 nf 0.81 1479 018715 0.43 0.03
8-15
K 5-20 0-10 nf. 5-15 3-10 nf 6.29 47244 <23 1.76 10.80
Na 3-15 0-10 nf. 5-15 3-10 nf 27.76 21775 <0.09 428 5.04
Mg na. n.a. nf. n.a. na. nf. 0.06 na na 6.71 0.03
Al n.a. na. na. na. na. n.a. n.a. na. na na 2.00 0.39

MMA : Manual Metal Arc Welding or SMAW(Shielded Metal Arc Welding),
FCAW : Flux Cored Arc Welding, MIG : Metal Inert Gas Welding, MS : Mild Steel, SS : Stainless Steel
E70T-1 : Welding rod or wire for mild steel, E308-16 : Welding rod or wire for stainless steel

+ . Rutile Type, ** :Lime Type
na. : not available, n.f. : analyzed but not founded
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