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The aim of this study was to evaluate welders’ exposure to hexavalent chromium (Cr(VI)) and
nickel (Ni) during welding operations in a Korean shipyard. The airborne Cr(VI) and Ni concentra-
tions were measured during metal inert gas (MIG) welding on mild and stainless steel, and manual
metal arc (MMA) welding on mild steel. The geometric mean (GM) of Cr(VI) concentrations inside
the welding helmet during MIG welding on mild steel were 0.0018 mg/m inside a ship section, and
0.0015-0.0026 mg/n» at the welding shops. All of the personal breathing zone air samples were
below the American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit
Value (TLV®) of 0.01 mg/me. Conversely, eighty-eight percent(21 of 24) of the personal breathing
zone air samples exceeded the National Institute for Occupational Safety and Health (NIOSH) rec-
ommended exposure limit of 0.001 mg/mr. Ni was not detected on 20 of 23 air samples collected dur-
ing MIG welding on mild steel. The three Ni samples above the limit of detection ranged from 0.015
to 0.044 mg/m. The GM of Cr(VI) concentrations during MMA welding on mild steel were 0.0013
mg/m?, but Ni was not detected in the air samples during this operation. It is assumed that the airborne
Cr(VI) and Ni during mild steel welding were derived from the base metals which contained about
0.03% Cr and 0.03% Ni. The GM of airborne total Cr, Cr(VI) and Ni concentrations during MIG
welding on stainless steel were 4.02, 0.13 and 0.86 mg/n¥, respectively, and the levels of Cr(VI) and
Ni were above the ACGIH-TLV®. Cr(VI) comprised about 35.5% of the total chromium(Cr) from
MIG welding on mild steel, and about 8.4% of total Cr from MIG welding on stainless steel. The
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ratios of Cr(VI) to total Cr were significantly different among welding shops. It was concluded that
welders were exposed to high levels of Cr(VI) and Ni during welding on stainless steel, and were
exposed to low levels of Cr(VI) even during welding on mild steel.

Key Words : Hexavalent chromium, Nickel, Total chromium, Metal inert gas welding,
Manual metal arc welding, Mild steel, Stainless steel
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HZ FudMEe B 244 33T VFEAAT
(nasal septum perforation) $37} wAso] 3
oz <A v} At AR IFE =FYF
oA 67} Z&(hexavalent chromium, Cr{VI))el
2|3 v|FAFAFo] Pol BHudm glov} 273y
A o] Aol YA AL AAHe F3] =&
Aol 2 992 Cr(VD® YA (nickel, Ni)ol
TaE 848 fumeo] F8 Yo FHHD Y}
(APArAAT74, 1998).

Cr# Nig Q827 (stainless steeD ] F8
AEoz vwd F FFoZ FRE ey, o
e vs A9 31T &%kt o9
2o AP NN E BGEAR deA de Cr(VD
I} Nio] w48 < UtHNIOSH, 1988). &3 ol
2PEE £3 fumed o3 ¢ HAYL o}F7A]
o] Hu gloy Be d7dA 23 fumed] =
Zd £3F9 #HY 94¥EE Eaudxn e
(Beaumont and Weiss, 1981: Steenland et al.,
1986: Schoenberg, 1987: Sjogren, 1980: Gerin
et al., 1984: Sjogren et al., 1987), 53] 4% &
TFollMe 2R 27 S35 HY Agtde A
Aol dtm Busdln gler(Sjogren, 1980
Gerin et al., 1984: Sjogren et al., 1987), =%
elgd=ze 84 fumeFd Ni B Crez 33
i 9JrH(Sjogren et al., 1987). International
Agency for Research on Cancer(IARC, 1990)°l
AEe 43 fumed ‘Group 2B(possibly carcino-
genic to human)" 2, Cr(VI)® Ni 3§E$S
“Group 1{carcinogenic to humans)” 2.2 %8l
At

American Conference of Governmental In-
dustrial Hygienists(ACGIH, 1998)clx & &3

fume€ “A2(suspected human carcinogen)2,
+84 Cr(VD) 33E(water-soluble hexavalent
chromium compounds) ¥ ¥l$8-4 Cr(VI) 3%t
E(insoluble hexavalent chromium compounds,
not otherwise classified, NOC)& <QAdgE2
(confirmed human carcinogen, A1)Z A3l
Threshold Limit Value(TLV)& Z42} 0.05 mg/m
2 0.01 mg/mE A3t itk o] P 83
ol HEE Cre 484 Cr(VDeR 133tn
don o EFo A&HoR x2He B¢ HE F
7tet #@Ago] idn FFsn UAHACGIH,
1995). ¥ yvet =5H(1998)= +84 % H|4§
4 Cr(VD9 x=&7188 25 0.05 mg/mE T3
I gt} ¥, National Institute for Occupatio-
nal Safety and Health(NIOSH, 1994)<lA= ¢t
< 7] 9% Cr(VD9 Recommended Expo-
sure Limit(REL)Z 0.001 mg/mr2 A3 3z Ut

2] vt =55(1998)¢M HdARdn e Ni
&7 #4844 Ni 33 0.1 mg/m(as Ni),
Ni 8% 1 mg/mrelth. ACGIH(1998)= Ni 3%,
84 Ni 3138 9 ¥|$849 Ni 3§
TLVE Ni €224 747} 1.5 m/me, 0.1 mg/m? 2
0.2 mg/mr2 QA1 9lon 53] vF84 Nig
Alez TFA3z JTHACGIH, 1998). NIOSH
(1977l = 2E ¥ee 7] Ni 318E9 REL
£ 0.015 mg/nr2 AR 81 ot

AZd e 2Rl 2T BHF olg 855 A4
o2 A7 Bol Yol ot HYFAIA B
o] A&-SEl= Cr# Nio] vI¥ #{Hol e A%
(mild steel) 4E& WAz § d7+= #¢ A
o]t Tl e 83 2229 &34 fume =
Zo B =R (AEE T 1997 i« R AdY,
1997)0] EHE FHo] glovt ZAAAQ HY &2 B
A Cr(VD) % Niofl ig |43 i€ Hol 8l
. 3715 Cr(VD) 2 Nidll 9% A723838& o4st
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7] A E ol& Bdd Ui & =E2Hstet of
Aego] Gasht FWAME ol dig A7t ¢
£ Aot ¥ A9 BAL » 2APA ] A%
L 2Ha) £33HE ddez §32A o
£ 1% 3 E(total Cr), Cr(VD) # Ni Hxs}
Z£3E%F Cr(VD) v1&E #rlshs o Aot
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A7 dAddAle vk, Mure- 93, 3 FZE,
AR ZAE FANE AFste RAGAE 2
682 vFAAF B} TAE ARGFolt. @
FO RAE BFAA AA(hull), 44, #3E
298 AMA2H(inside ship sections), A4
AR (welding shop A). AZebd 2R (weld-
ing shop B). AZ4%2¥ ¥ (welding shop C) R
71740 £ AvE AFde $714 T3 (welding
shop D) % 570 AR

24 F4E A3 g2 ¥AMdAs F8 2A
£ Cr, Ni, Mo %°] #l& /¥ 37°IRZ me-
tal inert gas(MIG) €% %+ manual metal
arc(MMA) $3& =25 A8z JUot F8
SHEFFE MIG &Holdvk. MIG &3 ol
(wire electrode)e 7% 1.2 om EE 1.4 m9
‘Supercored T1(AWS E71-1) $&}o]o]& Al&3}
3 UUTh 1.4 m FFe gfoloje AALrZYESF
(welding shop C) & 7| FAjejAwt ALREH 3
Aok, 9% FEAe AHE 7H(E - spot wel-
ding)¥ s MMA £3& 43tz e AF
8te & £34% (coated electrode)2 27 4 mn
9] ‘S-7016(AWS E7016)' ¥ ‘S-T028(AWS
E7028)°1t}. A, 7|Al, Av] F& Azsh= F
VA2 3 (welding shop D)lMe 27 1.2 mel
‘Shield Bright 309 MOL(AWS A5.22 E309
MOL TO-1) 2 ‘Shield Bright 316L(AWS
A5.22 E316 LTO-1)' & A&l MIG €344
oz 2aEatE S3AY 2Hdd 2 &
2748 APAF I U o] AYGFeEe 2H U
g7 3% T ollel MIG £3 23 a78
HE olFojx 1 YU oH AlE &Heelo FHe
A7 1.2 me} Dualshield 7100(AWS E71T-1)’

0z

olAdth MIG £34dA BEA 7122 CO7t AHS
Hu Jdct §3e € W o/8E AF % Age
Z}2} 150~-350 ampere 2 16-40 voltch. F5-of
A AAE ZHde 84 AdAe A 4, 4HH"
2 UE 5 4" I A4S ey
ol FYAiole dFE A gAY JHE
g2 g g W £3AdANE F2 £
Z(block) & &Yy Wio] FExoz AME ¥
A 3ol olfojAlEe A7 it

2.9y

1) 2¥En 2AF Cr X Ni 42 #el

L8 AEE sy A& ARE Zo] 1 em
Ax Ag E 2 g A& AX Y (sample hold-
er)dl 231¥< t}2, scanning electron micro-
scoph(Model JSM-6330F, JEOL Co., Japan)/
energy dispersive spectrometer(Model Link
ISIS, Oxford Co., UK)(SEM/EDS)2 #2435l
t}. o] whyel o B At A T 7%
ZA FFAA AAHA e 47 F4(weld me-
tal) ¥HAEE Fndtd £3E Fo EXse 4
22 skt Zduke] 24 74 AFEe E4 B
ZFAloll AAIHO gl AARE o] &3t

2) B7IME #MF W 24

371 & Cr(VI) Al&¥ NIOSH Method 7600
(NIOSH, 1994)¢ wat PVC AR (FFZ7
5.0 um, 27 37 mn)ol] AFT F gLl £A(2%
NaOH/3% Na,C0,) o3 &84t % ¢ &
# HHolA Cr(VDel E4E UA3] 48] AR
AFH ZA @ 498 5 mL A= Aoy
A43d 1997, #2849 F Cr(VDZ lonpac
NGI(Dionex Corp.) precolumn/Ionpac AS7
separator column(Dionex Corp.)& 23 %
ion chromatograph(Model ED-40, Dionex
Corp.)/ visible absorbance detector(Model
SC100, Thermoseparation Products Co.)2 &
At A HFEATHEPA, 1991). o %o g
3r8E 2-30 w1 FEAM FIAD oFA T+
g2 ARF Cr(VD) & 23T

1% %38 % Ni A& mixed cellulose
ester membrane(MCE) Q%X (3 0.8 m, 2|73
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37 mm)ol] FAHHNO)H HHAAHHCION S 4:12
3% &9 1 mLE AR F 289 28 (MDS
2100, CEM, Corp. U.S.A)e= 33AZ} A
2 % 338 9 Ni ¥ 945344 (Varian
300 Plus, Australia)2 %3\t £3589 3+
5-60 g EolA1, Ni9l 3% 10-60 ug FFoilA 3
TE&E T AR F Cr(VD) && 2Fsd.

AAA 8] ¢ 83 €l <t ghelA AqFH3A
on PR 2k diE od, 2FE ol
2708 A8 E AFAT. B Z2A) s 4ol
FelN AlRE BAl AFAS AR #E A=
vwatgact. 83AY FAYG LA 2 Y
F2A8E AFS wFETs) YA 9] F=
& 233, $383 Cr(VDe g 787 9
& F3E E Cr(VD AsAHANE &3] HX3
o FAld Al&E AFH Yt

3) AEEY 9 HIt

23 AgE YL TEEXE ) B dEy
o A¥=E ZZ; 7]139% T (geometric mean,
GM) 2 7]8t8FH 2} (geometric standard devi-
ation, GSD)2 Yepiich. x&7])Fd s 22
A =245E Y] M 24, ¥ F
=E @3l BAZ-AI S E R F=(Bhr-TWA)E
Azt 2249 & F£E F3E, Cr(VD
2 Nidl @ =F% =275, ACGIH TLV ¢
NIOSH REL¥ uwsld Hrisidch. E4EA
(ANOVA) 2 AP & o83t BA3t #8 A
o] & u|matqict.

I Z=« ag
1. 8UXEZE Cr ¥ Ni gz

1) 83e

Fig. 1& W4 AdFIN F2 AMEn dA9d
A7 HEolz S3E(S-7028), A€ MIG 44
#}olo](Supercored 71) 2 Q#2748 MIG &
7 e}oloi (Shield Bright 309 MOL)9] &g B3
2¥EGolt}, TjolA] HEo] ‘37028 o= FHE
Ql Fe(78.8%)& vI&3sld Si(2.03%), Mn(1.2%),
Ca(1.6%) &°l F2 ZA3 2% ‘Supercored 71’
A Fd= Fe(88%), Si(0.16%), Ca(0.53%),

Cl(0.22%) &°] AesATt. 28y o] F 714 AF
< TUY 98 HEola 438 % 978 MIG
4Hgololel AR ¥A4EAT O Nie HesA ¢
sttt ole} o] A% 8ol AMEHE g gjolojut
HE 4Bl Ot Niel i5o YA germz
ol Cr3t Ni¢l Aol old g & & YNt

2H LA 27 83 9eloldd ‘Shield Bright 309
MOL el Fig. 1e14 E%e] Cr 2 Nig 937}
FREA dehstt. o] 83 golojole Fe(65%),
Cr(18.6%). Ni(7.0%). Si(0.66%),
Mn(0.90%), F(0.92%), Al(0.37%)°] #f=lo
e Cad FHHA v Aoz yend o
& 2HAdA2Z & setolo] MFA ‘Shield
Bright 316L o ##=o] e Cra Nig 2%
18.8% % 6.6%2 AA AFFH FAF FEoINC.
W Al Fe AEHA 43tk olsh Zo] 2EUs
2738 &3 solojdle Cr3t Nio] ¥laa &L
Fo2 EAe Aoz vehytt. §3¢oloje] A
F A AARY Sle 24 & o8 T
¥ 8559 248 Lt A AF O
Ni #3242 22% 9 12% =2 SEM/EDSH 9§
ZHETE 4t E L Boln Ytk ¥, A7
Hdole TFHAAE FRAT AFFHE slEela
4380 WAZE 84 solojdle 4% °l3e] Cr
7 1% ©l3te] Nie] EAlshe Ae2 Jepget.

2) HEH(=2XY)

A7 &3 FANA AMgE3 AU A 10
N AFY AR BEA 95a 159 AFE A9
g RE AFde Cr}t Niol 47 0.03%(0.02-
0.04%) 2 0.03%(0.01-0.09%)2 FF#Ho] U=
Re g ettt o|& 3% 9d Mo, V 59 ¢
a7t vl X¥Eo Ao 4 R EAS} o
e Ao FHo) ute} Zol7t U

Rt o2 71 (steel) ol B4} (carbon steel),
A4 (low-alloy steel), Cr-Mo7} 2 2€H|g~
7ol XEE. ©47e C, Mn, Si7t 12% A=
FHEel sle Zgeln, A7 (low-alloy steel)
< Cr, Ni, Mo, V 59| Aol F 3% A= TH
ol Sl @478 Uittt Cr-Mod Cr3}t Moo)
2z} 1% R 0.5%04 9% L 1%7H] thaFsk ul&
2 gAEY de giidelw zHQlEAe F &
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Fig. 1. Energy dispersive spectrums of welding electrodes.

F49°] Cr 2 Ni%l g273°|tH(AIHA, 1984). 47 AR HI3A AASH Sle 227t
e 22T 1T € g2l 2882 Cr 32 B 17.9%(17.6-18.1%)°112 Nie
2E AT e Zdele Cr. Ni. Mo, V 5ol 0] F3F2 HF 10.6%(8.3-10.6%)°1Uct. 2% =
F TR ey o] B5E9 e AFSF  HAA2RF @ AFA Mool FH Ue AL
o Z1EcE gt AFSHA A=A ¥ Adsne F AFY 2HL M2 fAEKED. &
FIAT Cr, Ni, Mo, V &= vl d71dezn  HAd2728 &3 golojg Crd} Ni §3e 29
Y A=E A3 Aeg Bddt Qe 23z N2 fAtslgich 288273 24
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Table 1. Worker’s Exposure Levels to Airborne Cr(VI) and Ni, determined inside and outside Helmet, during MIG

Welding on Mild Steel

Sampling Site/ Total Cr Cr(VD Ni
Electrode Type N GM, Range, GSD N GM, Range, GSD N Range,
mg/ e mg/m® mg/m® mg/m? mg/m®
Inside ship section
/Supercored 71(1.2g)
Inside helmet 9 0.0018 0.0011-0.0038 1.7 5 0.0027 0.0014-0.0050 1.6 5 N.DA
Outside helmet 4 0.0031 0.0019-0.0043 1.4 - - - - - -
Welding shop A&B/
Supercored 71(1.29)
Inside helmet 9 0.0015 0.0008-00028 16 6 0.0036 0.0019-00048 1.4 6 N.D.
Outside helmet 2 0.0036 0.0012-0.0110 48 - - - - -
Welding shop C/Sup-
ercored 71 (1.4g)
Inside helmet 6 0.0021 0.0020-0.0068 2.1 5 0.0037 0.0015-0.0410 40 5 N.D.
Background 2 0.0005 0.0004-0.0006 1.3 - - - - 2 ND.-0.044
Welding shop D/Dua-
Ishield 7100(1.2¢)
Inside helmet 9 0.0026 0.0016-0.0066 1.7 7 0.0i34 0.0013-0.0883 59 6 N.D.-0.017
Total
Inside helmet 33 0.0020 0.0008-0.0068 1.7 23 0.0052 0.0013-0.0410 3.9 21 N.D.-0.044"
Outside helmet 6 0.0033 0.0012-0.0110 2.1 - - - - - -

Note: N=Number of samples; GM=Geometric mean; GSD=Geometric standard deviation

*N.D.=Lower than the limit of detection(0.005 mg/m?)
¥Ni was detected in 3 samples(0.015-0.044 mg/n»).

A2} &3 golojolE Crt Niol &L H|&E2
FgRElo] glerz SHAYPS 2EAE °lF FF
d nFEZ =29 7leAel degE B

2. MIG/gd 835 =

271% £3E, Cr(vh)
Ni &L

A7E MIG £33 MIG/A72E4H) e B
371 Fol Cr 347 &880 A sz ¢4
3 £ Cr(VDE EAldte A2z Jeiygr) Cr
I} Nicol 0.03% F=2 vz §Hd 4738 MIG
4= B¢ FHF IVF F3E, Cr(VD) ¥
Ni 5#%& Table 1 ¥ Fig. 29 2t}

1 3715 838 &

Table 1 & Fig. 23 Zo] &3 &9 AqlA 33
¢ F3E vx9 BT 0.0052 mg/mE D
A F3E =9 Hd-2 0.0027-0.0134 ng/m

Z veigdh. Z A8 gE =378 vad 3
&, #9 u =%k ACGIHZE 733t Sle
eE271E 0T, 1998. ACGIH, 1998) 0.5 mg/n®
€ 2¥3ke Alge AT M B2 = XS
HQ D Mg tE RAd vjsl £3E =01 &
oAl EJXTHpP0.05). ] FA9 =7t £& ol F
€ FHAA 227 27 E 3tn 3o o7
A HAHEE Cre 989S Ustd Aoz oAR
AA Y A9 "HE F0e)7l g Cr =71
e AeE qAEHeY vaEd vA Jeth &
W 2 AeME FE-oz U B2 oA &
Hahe 297 Bstn RFT M2 d2r] 5 &
A9 S0 AFAHA, B, 08 s=de #odt
zto]7l Y Aoz dagc

2) 37|1F Cr(Vh) &
Table 1A R ule} Zo] MIG/E7 &3
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Fig. 2. Average concentrations of air-
bome total Cr and Cr(VI) inside
helmet during metal inert gas
welding on mild steel by sam-
pling site.

Inside hul ShopA&B  ShopC Shop D
Workplace

FNF Cr(VD) %9 AN 3L §3 49 4=
A= 0.0020 mg/ne, wpRZelA= 0.0033 mg/mr
2 JEigth. 2 2ads 49 vie) 32§ vad
A7 yte] FEE AFQ FxEo of 1.5-24) 2
Aoz eyt

1.2 me] 83 o]0l & Al83le A ¥ B AY%
e g8 C #AAA 4% A4 1.4 me] 83
o]} & AHR3ln Ut olE HAGANA ALEHIA
83 9ojo] FHe FYNEn AAPE 2L
M2 FAREIYTE ol ol FUF AFoh A
o] & fLFegololE Agde AL FF
Cr(VD) ¥ ol vlug ZZ, 1.2 mm §3elo]
ole] A% 0.0015 me/m*, 1.4 me AHSoe
0.0021 mg/mr22 e} o] & A A w2
S Holv} T ggtddle BAHLE folft Ao
£ SIUtH(p)0.05). Yutd ez Aol & FL F
7] Fol dAEE fume ¥ Be Aoz gEA
U ACGIH, 1984), U4 £dHE e AT 0]
FREA d%n =F AYFE Az Qo] 3
o]7} 9o} Ao WE ety FaREA gt
Aoz g

2173 1.2 mm ‘Dualshield 7100 $folol & Al8-3}
£ Y% (welding shop D)8} Cr(V]) ¥+
7 0.0026 mg/m(H$ 0.0016-0.0068 mg/m?)Z T}
g BAur} e AL Holu FAHCE foF
Aol AATHP0.05). 22 Yol AFF uie}

Overaill

#o] FAE Tt ThE FAET fe5iA &dth

Table 2& &3 Z2x9 Cr(VD) =&%%(8
hr-TWA)E Z B39 x=&7|&H v Hr}
# Aotk MIG/F7% 32229 Cr(VD) =%
$%(8 hr-TWA)E T 0.0018 mg/me2 St}
=FE =27%(0.05 mg/m)3 ACGIHS
TLV(0.01 mg/m)R}t Ygko} NIOSHS
REL(0.001 mg/m?)e] FEThe &L FFo|Uch
W 224%F x=E3FE7t 2549 =E27]Folu
ACGIH TLVE z33e 22xc siev
NIOSH RELE #3h= 222 £+ 87.5%Ath

3) 3718 Ni sk

Ni& diFEe dAde 0.03% F= FHH
ol &FF A GFHUAT A Fbe
A AAE o 500 Lo} F7] Foll EAshe Nidf &
& IRAMEE Adstne WHE JETA W
(€0.005 mg/mr) 2.2 “epgti(Table 1 #2). 713
EL FET 0.044 mg/mojR oy =FF x&7|E
1 mg/me 28 ACGIH TLV 0.2 mg/meoll = v]E
st a2u o] ARE T 34 A&7t
NIOSH REL 0.015 mng/m*& 38},

3. MMA/iY 8HZE 371F 38, Cr(vh) ¥
Ni SZ

Table 3& d47& MMA €3 MMA/A7 £3)
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Table 2. Time-Weighted Average Concentrations of Cr(VI) and Number of Personal Samples
Exceeding the Occupational Exposure Limits during MIG Welding on Mild Steel

Cr(V]) Conc., No. of Samples
Workplace/Electrode mg/ m?*(8hr-TWA) Exceeding the Standard
N GM Range MOL & ACGIH NIOSH
Inside ship section/
.001 R -0. R
Supercored 71, 1.2, 9 0.0018 0.0008-0.0038 0 8 (88.9)
Welding shop A& B/
0014 . -0. .
Supercored 71, 1.29 6 0.00 0.0010-0.0025 0 5(87.5)
Welding shop C/
. .0004-0. .
Supercored 71, 1.4p 4 0.0035 0.0004-0.0050 0 3(75.0)
Welding shop Df
Dualshield 7100, 129 5 0.0026 0.0016-0.0041 0 5 (100)
Total 24 0.0018 0.0004-0.0050 0 21 (87.5)

Note: N=Number of samples(All samples were collected inside welding helmets or shields);
8hr-TWA=8-hour time weighted average; GM=Geometric mean; MOL=Korean Ministry of
Labor (the standard: 0.05 mg/m?); ACGIH=American Conference of Governmental
Industrial Hygienists(the Threshold Limit Value: 0.01 mg/nm); NIOSH=National
Institute for Occupational Safety and Health(the Recommended Exposure Limit: 0.001 mg/m?)

APercent

Table 3. Airborne Cr(VI) and Ni Concentrations within
Breathing Zone inside Helmet during MMA
Welding on Mild Steel* at Welding ShopB & C

Concentration in Air

Metal N GM,mg/m* Range, ng/m® GSD
TotalCr 3 00010 0.0010-0.0011 1.1
Cr(VI) 6 00013  0.0006-0.0043 2.1
Ni 3 ND!

Note : N=Number of samples; GM=Geometric mean;
GSD=Geometric standard deviation

*The electrodes used were “S-7028’ and ‘S-7016°.

*The values of 3 samples were greater than the Recom-
mended Exposure Limit of National Institute for Occu-
pational Safety and Health.

®N.D.=Lower than the limit of detection (0.005 mg/m?)

F 2229 IEFHAAAN FFE FVIF Cr(VD,
ZF3E 2 Ni ¥5F Jehd Aolrh o] 84 A
F 371F Cr(VD) ¥=9 718972 0.0013 mg/m
2 NIOSH RELE ¥t #&oil2y Ni 5%
t BE5 HAEdA vdelddt. 649 AEF
Cr(VDel uigt =%% »=27]F 9 ACGIH TLV

€ Z¥st= Alge fieu 3 /) Alge NIOSH

718E 23T AHE 4B 2 FolMR olE
< SEM/EDSZ A% Az, Igo] FEHA &
% Ao Hol 7|F AFL ARF §/E 7
Fo A2ty fdE Aoz addct

4. MIG/2EIQldaZ EXE 37|
Cr(VD) ¥ Ni 8=

3g,

o
OBk

Table 4& 2HIAH2-E MIG 83 (MIG/2H|
Qe 27 87)dxe 223 ZFAA AN F7F
Cr(VD, 28 ¥ Ni 558 23§ Ao}, o
433 F FF 38 F=v ¥ 4.02 g/
olglem H: FEE 9.75 mg/mo|A1, 4] A&
2% 0.05 mg/mrE ZIEFCE ole} o] FhF
Cr 57} £2 olf+ 2 d 271 A2
7 &Asolold vl gL ¥FoE EAEN: Cr
o] &3 Fo ¥7] Fo2 o7 LYsy] giEely,

FAET BAY &7 I F Cr (VD) HE B
T+ 0.13 mi/m(0.04-0.94 mg/m) 2 B8 =2
71& % ACGIH TLVE Z33le= Fo0t}. ol
43 AF 34 51 AEF 0.05 m/mE 239
A, 53] fume WAARNA 3-15% Bt A
g AR Cr(VD) ¥5€ HT 0.49 m/m2 o)

¥ ¥ FEIUR
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Table 4. Airborne Concentrations of Total Cr, Cr(VI) and Ni during MIG Welding on Stainless Steel* at Welding

Shop D
Metal Breathing zone(Personal sample) Source*(Area sample)
N GM, mg/mr Range, mg/m? GSD N GM, mg/m® Range, mg/m?  GSD
Total Cr 4 4.02 1.19-9.75 2.6 1 26.4 - -
Cr(VhH 5 0.13 0.04-0.94 38 4 0.49 0.14-2.00 32
Ni 4 0.86 0.22-2.02 2.6 1 1.05 - -

Note: N=Number of samples; GM=Geometric mean; GSD=Geometric standard deviation
*The electrodes used were ‘Shield Bright 309 MOL’ and ‘Shield Bright 316L.".
*Sample was collected for 3-15 minutes at 20 cm distance from welded surface.

L

L

70 4
50 -
30 -

Fig. 3. Distribution of airborne Cr
(V1) concentrations by
welding type.

10

Percent less than Stated Concentration

e  MMA WeldingMild Steel
B MIG Welding/Mild Steel
A MIG Weliding/Stainless Steel

1 y . — r
01 A 1

Cr(V1) Concentration, ug/m®

224 TEAXNAMY HF Ni F=+= 0.86 mg/
mwE xFE =3FV|F 1 m/wredle ngslgoy
ACGIH TLV 0.2 mg/mE Z3}3l= £t
2 ZEAX A $FE 4] Al &% ACGIH
TLVE 23431 =58 7|1&¢ 293 A8E
20t LA AT Nio] @At &
1.05 mg/mo.2 Jeht 2EQH A7t §34] vlaA
E2 =9 Nio] 7] Fo2 28 AL ¢ &+
Ut Nig SEM/EDS #4723 o&td &4
Sjolojol) of 7%, X 2% % 9% A2 §F
o e Aoz Jep 2Rake 4385 1FE
9 Niol x=24¥ 4 it} 398, 83448 £ Cr ¥
Ni¢] & vlof Hlg) 37 3 F 84 5% v9 2
ol7t o & Aoz Jehgetl, oA Cre I
o] ¥ol FrIFo 2 TAsl= Cr fumes H¥l-&o] 4

T

10 100

ez £7] dEd Re2 AYtdch
5. SX¥EY Cr(VD)sE Bl

Fig. 3& 84¥=d 371% Cr(VD ¥& £¥E
Hag Aol Cr(VD) ¥x& MIG/2H<A#H2%
> MIG/87% ) MMA/A7% €22 it 2H<Q
H2 M9 3715 Cr(VD s=t 972 &
HellMEG oF 1008} = Ee FEIUT. MIG/
d BHAMY Cr(VD) =& MMA/AZ &3
AMETt 47t £ AL Hold BAHCZ {9
@ Aol A (P0.05). MIG £3H&G<A
Cr(VD) %7} o}t £ 24%E B 2& MMA
SHED MIGSHANA &39olo] 2RFo| By
HEQ Aoz B MMA $33Ye 183
2 ol Fo)A7] W& F71F fume LA Fo] Al
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Table 5. Ratio of Cr(VI) Concentration to Total Chromium Concentration in MIG Welding on Mild or Stainless Steel

Sampling Site Type of Steels and No. of Range of Cr(VI) Range of Total Cr Ratio of Cr(VI)
phng Electrodes Sample Pairs Conc., mg/n? Conc., mg/nr to Total Cr, %
Inside ship Mild/Supercored 71 4 0.0013-0.0020  0.0014-0.0050  56.4+24.6*
section (dia. 1.2mm)
Welding shop A Mild/Supercored 71 3 0.0008-0.0019  0.0039-0.0048 29.8+9.5
& shop B (dia. 1.2mm)
Welding shop C - Mild/Supercored 71 4 0.0004-0.0040  0.0005-0.0410 415+378
(dia. 1.4mm)
Welding shop D Mild/Dualshield 7100 5 0.0017-0.0066  0.0146-0.0883 97436
(dia. 1.2nm)
Total 16 0.0004-0.0066  0.0005-0.0883 35.5+28.5
Stainless/Shield Bright
Welding shop D MOL 309&316L 4 0.08-2.0 1.20-26.4 8.4+ 1.5

(dia. 1.2mm)

*Arithmetic mean -+ standard deviation

Aoz A4 F AU} F AF FEE 7Y
& Zol7h ARTHEP|0.05).

6. 338 soll & Cr(V) sk vl

Table 5& Zt ¥AEoM MIG/A7 €4 ¥
MIG/2HIQE 27 8385 FAld && Ao HH
g F3Z) digt Cr(VD) ¥ E Jehd Aot} F
Agd W Cr(VD) % H] 3ol BEXE AFER
g gtz ey g ikt

A& MIG £3% 9 2AsE 3 T $328
5o o Cr(VD Fx v9] A4 HFFL 35.5%
Atk D FAAANMY Fx vl T 9.7%2 o
gl FAFe = v (FT 47.2%) Bt {23l
wath(p<0.01). D #AF3L & F7/o &4 &
oloj& Alg3lgion Azl YoM & Aelst
oy Fxu7t 34 & e Kol Cr(VI)
o] 2L AAY PAFE Cr(VDe 84S F
Az 8910 EAste Aoz FPdEch

MIG/2H A8 2% &4 59 2224 € F
d FrolA FAlY FFE FZE tiF Cr(VD)
5 vl HT 8.4%, HA4g 6.3%, Jg 9.7%
2 et o] 833N FAEF Cr(VD
vl &2 ‘Supercored 71' & AMS3 A/ nAHA
MIG 3839 g (HT 47.2%)3E 271 UK
o gy 22 84 2ol Ud AR
A9} - A A ‘Dualshield 7100 & A3}

o A& MIG &H3te AAA 33 5 345
9] = v|(FF 9.7%)% FArsTh

MMA/@7% 3% Cr(VD) ¥57} 338 =1
o 7t B AYE Holed, AN 224
2 AF AR Fol A2 thE5n £, MMA &4 A
Fol) ZAlste Caol YAE Cr(VDH Agsto <t
A% ez FX57] g & Cr(VDY v o] &
Aeg FFETE Gray et al.(1983)2 MMA &
FelMe 8343 EAdte 9714 I35 8
L2 Cr(VD ¥l&o] ¥t Bxug u} glv}

Vo #

ACGIH(1995) 11 8- F30A #4€E Cr(VD
£ v]84 Cr(VD) 33HE (insioluble Cr(VI) com-
pounds, not otherwise classified)2 F#33tz ¢l
t}. 22y} Pedersen et al.(1987)& &4 fumed)
EA3h= Cr(VD L 8% #8684 Yejoln v|584
el u)¢ A HYF 0.5%)°)2 Eusigct.
Stern(1977)2 MMA/2EHI1d~7 fumeo] A8t
£ F38%F 584 Cr(VD) ¥ 67-92%%chz B
3Q} olE ATl JEtH £4F FYEE fume

© 784 Cr(VDY H)&o] Eries 2 4 5+ ¢
ot Cr(VD) 3I3HE2 484 v|-84 R AAS
o] ¢& f¥dte BAHOY £84 2 uFg4
Cr(VDel el mlX& EATHQA alold] tigt =t
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e FENA ¥on Z Yelo S uijt 9§
3 71Ex glth(Perderson et al., 1987). go&
LHFFAA TAEHe $84 2 H$E84 Cr(VD
35hEe F &9, 83 fume F Cr(VD) 43
T 54, o8 e EATH o], 53| wty
A8 x| Aojol] i3t A7t Basty £, F 3
gle] =Adzte]7t Haistctd 2t Fee Cr(VDE +
il grishe Zlo] ulgE s,

ACGIH(1998)o1M = 24 Ni, 84 Ni 3%
£ 9 H584 Ni 3lgEd dg TLVE oA
ARsn ded, & F ¥FE4 Ni SgETS
AAEAED(ADE 73R TLVE 0.2 mg/nr
2 d33t3 U}, ol Feo] &3 fume Fofl EA
sk Niol 27993 BHriEe Niol &A%
EE F844 e d2nz I2a =3 P
olglg A& meidtaiol A} u|L-Ae] Ni s
B9+ nickel oxide(NiO, NiyOs), nickel car-
bonate(Ni,CO;), nickel subsulfide(Ni;S,) 5°I
X3, 849 Ni s§EdE nickel chlo-
ride, nickel sulfate, nickel nitrate 5°l Z§
HHACGIH, 1995). Voitkevich(1995)& 2|
Q27 &3 Foll EA3= Nigl ¥ee= diyiE
NiO B2 £}y 4 Nik d% EA48 4 3l
o 1 F& 33 HL Jolgtu . $HTH
olxe] Nie] EAYe], #8684 € 54 iz A=
t EFEIER oo ¥ A7yl eI, =F
$449 2 E84 Nig 7884 338 + 4=
Hol sidslojol & Aolth. H]F84] Niol ohigt
ACGIH(1998)9] TLV+« 0.2 mg/nro]22 £ AF
oA MIG/ZHR1# 27 3% TS Nio] H+
2402l 73RS 1 RE A8 Ni =378
Z7ee Aoz vegth

Karlsen et al. (1994)& MMA/2H A& 27 &
FF QAN 2249 84 Cr(VD) € Nie ®H#
*&2F5Tx 747 0.140 me/me(0.004-0.640 mg/mr)
2 0.050 mg/m(0.0028-0.150 mg/m), S| 23AF
2249 73 22 0.012 mg/m (817 %-0.084 ng/
m) 2 0.014 mg/m(0.0055-0.039 mg/m?) 2 R 113}
dct. £ 47 29 S MIG/2HIQH 272 &
AF 22X IEFANAN F4F F71F Cr(VD
2 Ni %%+ Karlsen et al.(1994)0] 211§ 3t
Hrl =it} Sjogren(1987)2 2H|AdA7 &3

F 2229 ¥ =2 ¥5¢ 0.11 /m2 B8}
fom 2 d72ane) fABIA T

ASHA EHFZANMY Cr(VD) x=2998e F
2 e 27} £ dsiMT FzHe] o).
A, d7de 4o g Cro] 454 @ Ao
2 g2iA Jlerg olF 3k 2&AY Cr(VD
2P e 2 Q49A gsith a2y Cre 9%
£ &3 AFde Rl dA gov HIFH3 3l
U3y A%de 0.03% A= TRl UNY
. B d7dn 472 43 e F Cr(VDeo] 2
A= 43 AR A =9 Cr(VDel x=2d€
F e AR JEHRY. 4% 84F $4sHe
Cr(VD2 @7l vlg /¥ Croll 71Q03ke Ao
2 gddg,

Gray et al.(1983)-& gl MIG/2H#|¢13
27 8HF FEMRAGAE A AT 32
Eol dig Cr(VD) &8+ BT 3.9%(3.5-4.8%)
olm YHA] AHT N8Y AS HTF 13.2%(F
4 10.3-18.5%)4t}. Table 594 BExo] &
dre MIG/2HRH27 3% PVC o3z
Z3% Cr(VD FE+ 38 Fx9 8.4%(6.7-
9.6%)2 JeEtl. ©] 32 Gray et al.(198)°]
FAdFAAAE ZHRE o YRt F 2w =
vt JAAZ AN g FRE g} Bk
. & dFelAMEe AEAH AF gFs 3
A7) B ¥ 2 BE# F PVC AnRAe
Cr(VDe] d=E 2g 4% A7 Aoz 33
"} Karlsen et al.(1994)2 =4 ZF9] Cr ¥
Ni 33 247} 20% 2 10%°1x % &3] sl
HAE fumed] EAdte F I Fe £
4 Faztd & zojrt YhTn BEadRTh
Cr(VD)el &Azely Cr(VDY gFe 2Al F57
Ee 24, AT FF == 24, £3x1(E
FAR, AL, A A=) 2 F9 Ao =
e B, 7152 $9 4¥9E weds 334
o F dpAne oy olHF 83189 o]
7198ttt n F&4

Table 5914 H%e] ‘Dualshield 7100 £33 9}o]
o]& AHg3te FA(D)elM MIG/E7% 838%F 332
EF Cr(VD Hl&L 2 10%E Jebg}. o] vjge
2 MIG/A78 ¢leleiQl ‘Supercored 71" & A}
3= B8HE Jehd ¥]8(29.8-56.4%) B /<]

e~
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3HA| 2JcH(p<0.01). ‘Supercored 71" &3 }olo]
& Algsle FAdMe) Cr(VD) vl & A
o] 23 slolo]o EAE= Ca®t Cr(VDe] AE3d
AT Cr(VD) 3jhEe] FPHUY HECR 33
g}l wfA Dualshield 71000 23 gelojdl: Ca
o] ZA5HA] go} Cr(VDY] #glo] ®e] AYPHAW
Ao g KRG mEola §3F FEA3E Na,
K, Ca°l Cr(VD# ZAg3td Cr(VD] E4S A
314 (Koponen, et al., 1981: Gray et al.,
1983). Zn. Al, Mg #& 184 F£& Cr(VD
o] wAal P4l J82 vAh= B3 (Dennis et
al., 1996)7} itk W, MIG €343 Cr(VD) &
Fe AF71A RaE AR(Gray et al., 1983)¢l
H)E 2 Aol de A vaA A JeEl
t}. ol 22 Ad}e Cadl 28 Cr(Vi)el $lo]
BAE Bt QAT E714 49(2% NaOH/3%
Na,CO,) 28 F&5 459 Cr(IDe] Cr(VDE 4
3}EAE 7P = wiAY & gl 834 fumed] &
A= Cr(VDE 4317 $3l NIOSH(1994) %
Yol ot} HxAAe Cr(VDE F23he oA
49| Cr(Ih7}t Cr(VDE 4= Burt ¢l
tH(Zatka, 1985: Pedersen et al., 1987).

MIG/¥7Z 83E ke ¥AF T A4 (D)oIA
o2 RAd vlg] F2F =7t Fe3A ¥ty
(p€0.05), Cr(VD) 3= 9t =2 78S Ho
f2% Aol UATHP0.05). °] FAe] AL F
Aol 2~ g2y WAE Cre 9%
€ Wol F3AE Fx/ B, FIAE F
Cr(VI) H&o] FdiAcz 7] f&d Cr(VD) ¥
7t Aozt QA YERd Aoz Bl

F3E F%ol U Cr(VD) sx=He MIG/A%
£H9 AY oF BHBU MMA/AZ S8 e
A&7 Cr(VD) s=& A2 vlesid. gutde
2 MMA/2HQ# 2% $HdAe FI2ESF
Cr(VD) ¥ &2 MIG/2HU8 27 §30- 18} o
2 ez 48lA UM Gray, et al., 1983,
Koponen, et al., 1981). 21 olf+ MMA &3
o] A% 5L B F/] = Ca, K, Naz
2L 9714 343 A%t M Cr(VD) 33 s
< At MIG 39 2+ B4/l 38
o] Cr(VD) ez A%se AL WAz, =T
chromate(CrO,?) & 4% + e G714 A3 E

o] ZAdA &7l WEY Reg LA A
. (Gray, et al., 1983, Koponen, et al.,
1981).

ZZF344AMe Cr(VDel 2] ulEz3go] T4
grhe AMdE de] delA slev(Agency for
Toxic Substances and Disease Registry, 1993),
FUH SHFF AN HFE X7 BT Al AA
Aoz Ag e dolvt. 't Jindrichova(1978)7}
0.75 mg/me] Croll :=ZHAW 2H_lHAZY 44 2
229} 35%0lA4 H|FH vl*(nasal erosion)e] &3
HAtkn 23 bl ook Fulola @EE v$AA
F FAE 6HOR olEc] £H FAIRE ViZke 12-
2180t} ol F 1¥e AX=IEAYE 14 57
¥ 3 7AYol sz tE 18 AHNH 2T §4E
F2 & 8o ULt gukHog =3FFANA Cr
7} Nioll 2J§t w154 AFo] dAA3 Alelirt Bo] Bq
Ho] $k(Agency for Toxic Substances and
Disease Registry, 1993), !4} Algdare] 2gjelgx
7 $40M 3713 Cr(VD) 2 Ni %7} 2=} 0.13
ng/m* R 0.86 mg/mrE =&V FE e FFEoE
e nR F ZEAqAN Y v FH HFL
Cr(VD# Niel| o3 Zojztn 7eiA F3dch
H, 5 AR AL e 97 8 BACMT F
ARE Aog deix ot & dFAy MIG/A% &
A 22&9 Cr(VD) =% v+ H7 0.0018 ng/mr,
1% Ni % d¥E #2&A nvdeg veh}
olgo] &7 43 & A% Cr(VDH Ni9] =2
T 3E otk a8y ol 419 S2:A A
A A7e S73tn YA HAd ERoE AH4C
H27E 882N nFEe Cr(VD) 2 Nidl =
25AE 7Fs8S AT & fiok 2A9 ARI¥A
ERARAAN B 84 #A9 Cr =71 H1 0.26
ng/mgl Al87F JERd AR ol9) 2o F3E Hi
Az Tt EF o]F Ui A dud AT
o] B2 AR ZFAA AL AL B o}
oF 10d Aolle RET-E 283k1 %3ty f & o
Aol Crg BEF 83 fumed] ZFEE =35
£ 7Fs4ol &L

9, ¥FHATE ALY & de BEdrRE 2
B AZRFE, =FFF SN TA=HE 24|
7VE de g8A ok olet e ARl 2AY
o) 834 fumed] &AM EAZF Cr(VD) vF5AA
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T 99EA=2 73 JA=EY fumed] EAEE
Nis® 2& o 839 WAL 9%x wAg
& 7] & §HFANA Y vFHAAT 4 82
d dside dA2M = @A77 o

Gray et al.(1983)2 #84& 22 YHA A
& A7 BTl JHR A AT AlERT 2-
5l F= Etor, £3AY F T2 vz A
A€ fumed xEFHAT A2 AIRE AH 3=
A Cr(VDe] #dsr] oo AR 2 A&
E AqFste A AA =28 A4 Goig F Y
o FFsldct. £ d7dae PVC d#3A& A}
/3te] Cr(VI) A58 AFH3A7] H&Ee Gray et
al.o] F&d AR A4 2239 Cr(VD) =&
#e B A7ANED & JAoE Jidn 9=
A 2% Wi Cr(VDe S X ¢ sle
g AdxE Fride RAFS) dEd @A
PVC d3A¥el o3 &3dxne BAste et
L A2 AlBAFHvA ] Aol did A7 ¥4
SHFAAA SAE F7] F Cre] A3 544
3 77 Fesittn wogEc

2 d3e 9% ¢ 2898232 MIG 433
€ 2E2AE Yo ® 37 F Cr(VD# Ni 828
H7Hgk Reltt, Cr(VD) k&gl Aca gz
MMA/ZH A 27 £-8 dig 973 £ G
A A9 glemz old it A7t dastele}
2o} go2 o7 4Fe £33 diF Cr(VDH
Ni xx&%7tet A 8343 sdate] A s
T3k 4aATrt Fasooor & ot A7
A 83 fume ExE °lFd EAE= Cr(VD) 2
Niell &g sighday o] A A7i=x gles
2 ojo tigt AAF o] T}

V.28 £

2 dTe B ZAYAY o2 43T E B
2 $3TF % &d2Yd mE IF F32E
Cr(VD) 2 Ni ¥% 542 #7sigled & 4+2
I AL FEL o 2oh

1. 43 AN MIG/E7Z2 83E F= 44

33 en o &84F FVF FAE A
Cr(VD) 3#5=(GM+¥ 44 0.0052 ng/nr
2 0.0020 mg/mroiet. 224+ 2489 A7t
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% BTFE(TWA)E BT 0.0018 mg/meo] R
o 371F Nig diE &84 vuiele
U dRAR(N=3)eA <0.015-0.044 mg/m* F
oz AEHUY. & d7AH 2AAFA
AHEEE diREe dRd Cr# Nie] zt%
0.03% B= X 3l 83FAF Cr(VD
# Nio] As=s SA=He Aoz vehho

- MIG/2H 827 848F TEFAAAN &3

3 F7FE F3E v 3T (GM) 4.02 mg/
ol Cr(VD) 5 H#(GM) 0.13 mg/
mE 2HRIE A 44F 224 1Fke
23 Cr(VDd =28 Rz Uiy
k. MIG/2HU8 2% 84HF 371 ¥ Ni ¥
T BT 0.86 ng/mE JERGTH

. ZF3EA dF Cr(VD) ¥= ¥le MIG/A%

4439 2% ¥ 35.5%, MIG/2HA8 2%
4389 A% B 8.4%=2 Jeigd. MIG/H
4 8 FAMF & FAe 9E FAd uig
T B7E oAl @ik (p<0.05). A
F3EF Cr(VD v&zlele F9 #4=1,
+3As, $H2Y T Aold 71dde A
oz BAG. 53 MIG/AZ &HA
Cr(VD) ®l&o] & olfre &34 9ojoldl &
#Hol e 9714 85 Ca#t uhgdte <k
g ¥H Cr(VD) 35HEe] ¥A4HR7 o
B Aoz gudn

2 @7ER 83 AYAE Cr(VD) 2 Nidl

=257] 9o o 2AYANN BIE u)Z
AA2e o5 829 8 HLANE 75
o] 7% ¥out §4 AR L 84 fumedlE
oS chFE Bhol TS} U7 WE @
AZAE oE] BFHA IS WAL
ek §43HAMS HFANF A 2
QB e Fur} $ESEE gog o
o B 27H4Q 54 2 4% A7) was)
o}

CZHQE AT M e 2F=e Cr(VD®

Nio] ZA=HY A7 $PAAE A <&
& UF FRH sle B¢ Az
Cr(VD¥ Nio] 37] 3 ¥4 Aoz Yg
Sot. g Ad % WFAAFT KL A¥e]
Y EAE HEZR 2§ AGFHNE 4
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