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Welder’s Exposure to Airborne Hexavalent Chromium and
Nickel during Arc Welding in a Shipyard

Yong Chul Shin, Gwang Yong Yi, Na Roo Lee, Se Min Oh,
Seong Kyu Kang, Young Hahn Moon, Ki Ra Lee*

Industrial Health Research Institute, Korea Industrial Safety Corporation,
Research Institute of Advanced Materials, Seoul National University*

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/my inside a ship section, and
0.0015-0.0026 mg/mr 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/m?, 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/me. 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/nv, 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

I.4 &

A2 FME B 2894 £-3F vFFAT
(nasal septum perforation) BA7F S 2
Aqwoz AW w Utk YutHeE AF =FUF
o)A 67} 2E(hexavalent chromium, Cr(VD)el
olg u|Z A To] ol Hmsa gloy #3Al
A o] Agule] wAE AL AAXLE I3 =<
Aol 2 99e Cr(VD3 Y#A(nickel, Ni)ol
greg £74 fumee] F8 9oz FPsz ict
(AR AdT, 1998).

Crt Nig 289182 (stainless steel)®] F£
qrow umA e FFoz FHH Yo, o
oo u|5d 249 PRI E §HskeH ol
7o gAY E TEdz LA dE Cr(VD)
7} Nio] 2" 4 AtH(NIOSH, 1988). €3 %l
WAIEE 83 fumed] 9% WY T4 oA 7
wdo] 1 oy Be dFolM &3 fumed =
29 2787 #Hg 9¥E Exdn JeH
(Beaumont and Weiss, 1981: Steenland et al.,
1986; Schoenberg, 1987: Sjogren, 1980: Gerin
et al.. 1984: Sjogren et al., 1987), 53] 4% &
TN e 2dlaa7 8387 HY A8Tde AP
dArtge] itk Eadtn 12m(Sjogren, 1980:
Gerin et al., 1984 Sjogren et al., 1987), Hgt
Qo12dzE 44 fume®e] Ni ¥ Croez 33t
7 ¢ltH(Sjogren et al., 1987). International
Agency for Research on Cancer(IARC, 1990) o
Ae 474 fumed ‘Group 2B(possibly carcino-
genic to human)" 2, Cr(VD$ Ni #4=E=
“Group 1(carcinogenic to humans)” &2 733l
A=

American Conference of Governmental In-
dustrial Hygienists(ACGIH. 1998)el4= &4

fumes “A2(suspected human carcinogen)®.
a4 Cr(VD) 3%E(water-soluble hexavalent
chromium compounds) ¥ ®|5=84 Cr(VI) 3%
2 (insoluble hexavalent chromium compounds,
not otherwise classified, NOC)& AAZHER
(confirmed human carcinogen, Al)& 71333
Threshold Limit Value(TLV)E Zt7} 0.05 mg/m*
2 0.01 mg/me2 AAstD girk, o FIdMe &4
zo] WA E Cre ¥5E4 Cr(VDeg #3331
9lon o] BAd] A%Hes xFHE AT AE T
7let #dAe] dtm FAs: UH(ACGIH,
1995). $2] v =52 (1998)= 784 % vTE
A Cr(VvDe x&7|5% 25 0.05 mg/m= T3
51 glt}, &3 National Institute for Occupatio-
nal Safety and Health(NIOSH, 1994)<l4€ &
< driElr] 9% Cr(VD9 Recommended Expo-
sure Limit(REL)E 0.001 ng/ms A& stn vt

22 Vet =55 (1998)<4 AF3z e Ni
&7 $44 Ni 332 0.1 mg/m(as Ni),
Ni 22 1 mg/me]th. ACGIH(1998)& Ni 8%,
84 Ni 392 R u$44 Ni 3gEd A
TLVE Ni 9224 72z}t 1.5 mg/me, 0.1 mg/m* R
0.2 mg/mr2 AT ov 53| H+8A Niz
Alez F4sn UcHACGIH, 1998). NIOSH
(1977l =& FH e 7] Ni 332 REL
< 0.015 mg/m2 AF3ka Ut

ZME 22 443 olF FHE AR
o2 AFE @] APs] ot ZALAFTAM &
o] AHgElE Crat Niel vl FaE e %
(mild steel) 84< tgez & AFE s AT
go] 9o}, ZelXe &4 2249 44 fume =
Zo| B3 =2(A8E 5 1997 Fd& R Hdd,
1997)°] LEE o] ot FAAHQ HY /LT &
A9l Cr(VD) 2 Nidl dig |47 THE FHo| 8l
t}. 271% Cr(VD) 2 Nidl 23t A7238& st
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7l SIAAME ©]8 B8 g3k 3 &a =E97te o
AFdol esht e E ojd] tE ) 8l
£ A% B A7y Bae w2449 Ay
RN ZHAH A 2HTHE Hgon 4o
€ 371% #3&(total Cr), Cr(VI) 2 Ni T}
FAEF Cr(VD) ¥1&L ¥7lele 4 o

I. cHy 3 ey

dddA e At Hug g, 3 TZE,
SUE, T8 ARels 24942 22
682 BITANE Sa71 BAY Ao} o
ToE FAE EFoM Ml (hull), A4 gas
33 HAAZE (inside ship sections), 44
A2 (welding shop A), Azhbd 2 Y B (weld-
ing shop B), HZt4Z8 % (welding shop C) 2
7IA Ee HuE Azsle 294 F4 (welding
shop D) 5 571 %A1}

7 TS AYE T2 BXda L zg 27
= Cr, Ni, Mo ¥°] "2 38¥ H720|Q7 me-
tal inert gas(MIG) €¥ %t manual metal
arc(MMA) 3¢ 2% Algsln glgon F8
SHTHE MIG &¥oUd. MIG 43 slojo]
(wire electrode)= 274 1.2 mm T= 1 4 mn2]
‘Supercored 7T1(AWS E71-1) Sfelo] & A}E-3}
3 SR 1.4 o Ao steleje Az ygr
(welding shop C) & 7} ®MaMTt Alasq g
AT, LR 22xe PHe Y(H spot wel-
ding)¥ 4 MMA £4& 4A3n glen 5=
3he W% BH¥%(coated electrode)e =74 4 m
9] 'S-7T016(AWS E7016) 2 ‘S-7028(AWS
E7028)°1ct. 9, 714 4] 58 Aztaie =
717187 (welding shop D)ejAj= @A 1.9 mne]
‘Shield Bright 309 MOL(AWS A5.22 E309
MOL TO-1) % ‘Shield Bright 316L(AWS
A5.22 E316 LTO-1) & Algsle] MIG Y
L2 A A7E S AY A At o
272 AT AU o] AYgea= 2ol
2 3% @ ohJgt MIG 849 93 dze
BE o]FoiX1n Yhon Alg BHsjole] Eri

o T

%74 1.2 9} ‘Dualshield 7100(AWS E71T-1)’

oI MIG §3e14 884 7lr2 CcOJt AL
Hu Atk 84S @ o o4 AF 2 FAge
#2 150-350 ampere ¥ 16-40 voltgd. &
A AAE 2YE 43 g AW d, As=
I T T EHE I e o et
ol FPAdo ory Aol fAY 1=
HA e At v 28R F2 B
Z(block) & =¥ 3a}y) o FEXoz UHg 3
LolM g3e] o] RojR]= 797} webry

2.y

1) SEE2 BMYS Cr & Ni M= 2o

SR B2 HEe Bs) 98 Aas ol 1 em
B= #2} A F 2 e Alw A1 A th (sample hold-
er) &21%2 o}, scanning electron micro-
scoph(Model JSM-6330F, JEOL Co. Japan)/
energy dispersive spectrometer(Model Link
ISIS. Oxford Co., UK)(SEM/EDS)2 243t%
o o] el g ¥NATe} 3 H B2l
F2 AHMel A Qe 83 24 (weld me-
tal) 4288 FAndle] §HE o ZAsi 3
e skl Ao 2He 7 Mxg 4 B
Al AAH e AEE o] Lsly)

2) B7IAME MFH 2 BN

+7] ¥ Cr(VI) Al&= NIOSH Method 7600
(NIOSH, 1994)°] me} PVC omjx] (2337
5.0 um, 273 37 m)oll AN ¥ Yzbe] Goi(2g
NaOH/3% Na,CO))22 FZ39ct. 9w 9 u
¥ HFeA Cr(VDe 848 Wsl) ge Als
AH FA] dge] 898 5 mL A= Hrlsldon
(AEE, 1997), F289 2 Ccr(VDe Ionpac
NGI(Dionex Corp.) precolumn/lonpac AS7
separator column(Dionex Corp.)& ¥2|g 3
lon chromatograph(Model ED-40. Dionex
Corp.)/ visible absorbance detector(Model
SC100, Thermoseparation Products Co.)2 %
Aol FFBAHEPA, 1991). o] whdo] gt
AFES 2-30 e FFoN Falgm °o|FA T3l
BeE&R AET Cr(VD) %e 23590

371% 38 2 Ni A2E mixed cellulose
ester membrane(MCE) 922) (2= 0.8 m, 27
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37 m)ol] AAHHNO,)T HAF2AHHCIONE 411%
z3a g9 1 mLE A7R F 2853 220MDS
2100, CEM, Corp. U.S.A.)2-% BB AT A
2 = 238 9 Ni % 24534 (Varian
300 Plus, Australia)2 F&stact. #2858 B
5-60 uz F3=olAl, Nigl 3+ 10-60 wg FFlA 3
288 F3d Als F Cr (VD) & BAsIT

A me AL 44 49 =} M AR
on] ginye] Al tiF oA, L¥= ol
ol Ales AHsdc. ¥ 224 il Aol
ormold Al5g BAld A As @&F M=
vmatgch. £HEY FAst TALIA g i
FAA RS AHs WAz LU T
g 2439 38T Cr(VDE b2 73t7] 9
o 2ae 9@ Cr(VD AgaA3718 Jds] 2X5
o 2Ald AlgE AF A

3) X2 o o}

23 Are WFRTFELE ] BEd HER
3 Axse 7tz 7)8% 2 (geometric mean,
GM) 2 7|8+ EZ8 2 (geometric standard devi-
ation. GSD)2 YERAT. x=&71E tdl 2=
Ao w25zg Hrisy) 8 oA, oF9 T
=2 et 8- N e FE=(Bhr-TWA)S
Azatgch. o2Ae] =& FES FIE, Cr(VID)
2 Nio] @ =F% x27]F, ACGIH TLV %
NIOSH REL3 vlmstel 37istach.
(ANOVA) 2 t-AAEE olgdte FA &= A
o] & v|mslArt.

- i=)
EAbEA

I Zo % 0%
1. 8HMES Cr ¥ Ni &=

1) 88

Fig. 1& 4 AligelA F2 ARgsn A9
A74 HEolz £4%(S-7028), 4738 MIG &4
slolo](Supercored 71) # =& 278 MIG £
A elo]o} (Shield Bright 309 MOL)¢| €< A%
s EFoltt, agdl BEo] ‘S7028 ol FAEE
ol Fe(78.8%)% vlFal Si(2.03%), Mn(1.2%),
Ca(1.6%) S°| 2 ZAstglen Supercored s
A Sl Fe(88%), Si(0.16%), Ca(0.53%).

C1(0.22%) Se] A&HAAH 2t ol F 7k AF
o THF A7g HEoz £4% ¢ 9728 MG
g3is}olole] AR BAFN Crit Ni2 HEHA] &
slcth, olsl ko] @7} &A AHEHE g etolopnt
0E gfEde O Niel #F5e QA goumg
ol=& (3} Niel TA4el obd& & = bei=

~8|9lg ~7 84 stololql ‘Shield Bright 309
MOL ol Fig. 1e14 2%e] Cr % Nigl 537t
=aisil e o 43 9elojdlE Fel65%).
Cr(18.6%), Ni(7.0%). Si(0.66%),
Mn(0.90%). F(0.92%), Al(0.37%)°] ##=0l
ey Cad #FHA ¥ Ao vebgeh o
2 Agy 2z £dgele] AFA ‘Shield
Bright 316L ¢ ##slol e Cr# NiZ 2z}
18.8% B 6.6%% AR AFH FAR FEelle
U Al% Fe #2294 9. olst 29 Ea e
~708 g7 glolojoll Cr# Nio] Hlud w2 %
oz ZAske Aoz ekt $3steleld |
z FAA AA=He de AL 4 &) LA
5 gazs A4S Uahked A AF Crat
Ni e 247 22% 9 12%2 SEM/EDSe 2%
Agrche 4 2 & Heln AUTh |, a7
QAo TREAE GAT AFSEE H5=2
axyy YAZE &3 sholojdle 4% ol&te] Cr
5} 1% ol3te] Niel EAlshe Aoz Jelgth

2) HEH(=2xH)

ATmAr 84 AN AHEet UKD 2R 10
A Aze] AE B2 s 139 AFE Ae
3 e AT Cr Niel 27+ 0.03%(0.02-
0.04%) 2 0.03%(0.01-0.09%)= FiEo] AUe
Ao et} o] 3% ¢d Mo, V 59 €
A7} ]z xaslol gen 7 4ol EA 2
gere Wuke) EFo) met o7k AT

owkA o 2 714 (steel) ol E Br47F(carbon steel),
Aa27 (low-alloy steel), Cr-MoZ % ZH|l# =
7ro] TP @Aa7e C, Mn, Sivt 1-2% =
ggglo] Qe ATels, AFF7(low-alloy steel)
£ Cr. Ni, Mo, V 59 AAFe] o 3% A= T
5o} 9 BAae waitd Cr-Mod2 Crit Moe]
27t 1% 2 0.5%°0M 9% 2 1%7HA oF vl &
2 grgEo] e sazteln A2 F ¥
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Fig. 1. Energy dispersive spectrums of welding electrodes.
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W LT 13 £58 vzl ZH A 2
& ALY e FHel: Cr. Ni. Mo, V 0] 1|

T EY) Aot o] g2z gare A 5a7
o Z1Edle mlgsiginh. A gat) MFEA] e
FolAT Cr, Ni, Mo, V 52 oF Hrlgte gy
A A= g A Aoz wowng

AR E3Mo AAEe] gl 2H Qo 27 ge]
Cr &% BF 17.9%(17.6-18.1%)0]Q 2 Nie]
FEL FT 10.6%(8.3-10.6%) o]}, 2T &
Bl 223 & AEo] Mool 8850 Ae AL
Afstie & AE 29 A=z TrARSEE T A
Pl =728 83 eoloje) Crab Nj dare 2|
a2 M2 ARty ZH A A2 2
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Table 1. Worker’s Exposure Levels to Airborne Cr(VI) and Ni, determined inside and outside Helmet,

Welding on Mild Steel

during MIG

. . Total Cr Cr(VD) Ni
Sampling Site/ S
Electrode Type N GM, Range, GSD N GM, Range, GSD N Range,
mg/ mg/m’ mg/m? mg/m’ mg/m’
Inside ship section
/Supercored 71(1.29)
Inside helmet 9 00018 0.0011-00038 17 s 00027 0.0014-0.0050 1.6 ] N.D.A
Outside helmet 4 00031 00019-0.0043 14 - - - - -
Welding shop A&B/
Supercored 71(1.20)
Inside helmet 9 00015 0.0008-0.0028 1.6 & 00036 00019-00048 1.4 6 N.D.
Outside helmet 2 0.003 00012-00110 48 - - - - - -
Welding shop C/Sup-
ercored 71 (1.40)
Inside helmet 6 0.0021 00020-0.0068 2.1 5 0.0037 0001500410 40 5 N.D.
Background 2 0.0005 0.0004-0.0006 1.3 - - - 2 ND.-0.044
Welding shop D/Dua-
Ishield 7100(1.20)
Inside helmet 9 0.0026 00016-0.0066 1.7 7 00134 00013-0.0883 5.9 6 N.D.-0.017
Total
Inside helmet 13 0.0020 0.0008-0.0068 1.7 23 0.0052 0.0013-0.0410 3.9 121 N.D.-0.044"
Outside helmet 6 0.0033 0.0012-0.0110 2.1 - - - - -

Note: N=Number of samples;
aN.D.=Lower than the limit of detection(0.005 mg/m?)
Nj was detected in 3 samples(0.01 5-0.044 mg/m?).

olg 27 &4 golojele Crat Nic] e ¥&=
ggse] glenz SHAUT Z2AE ol 5
o nEEE =28 7Heel gloglz £t

2 MIG/eiZ BRE 3715 38 Cr(VD Ed
Ni X

AzZe MIG $8MIG/A284)ske #3A
7] 2o Cr 357 2EU8EC] A TE2 4
s =& Cr(VDE EAshe 32 ettt Cr
7 Nie] 0.03% =2 ¥ T 422 MIG
gRse B9 24 FF $2E Cr(VD %
Ni ¥5%& Table 1 ¥ Fig. 2¢ 20

1) 20|15 238 sk

Table 1 2 Fig. 2% 2e] 83 42 ghell X 5%
g zag =9 HF2 0.0052 mg/m'2 EFERIL
By 238 FEY BT 0.0027-0.0134 mg/m®

GM=Geometric mean; GSD=Geometric standard deviation

= gepdct, 7 AR @ =E3VEH vl wgt A
5 28 vt =559 ACGIHZ AAsta Us
27| 255, 1998: ACGIH, 1998) 0.5 mg,/m’
= zaske ARE g0 M ®¥E 5= BEYE
ol D BAE thd FAd Mg F2F 7t
oAl E=UTHPC0.05). °] FAe] FEZF EE ol &
= z=ddA A A7 43E st gle] o371ell
A s Crel 9%E UR Aes o} A7},
Ax We Ad " Fel] w 2o Cr ¥=7F
ws Aoz dAaddoy vaz ¥ et =
W A E pEHog UHE S5 el A &
A 257 2%n AYFE M2 tt27] w&
Axe 20 FIAA, B, 09 == ks
sjo)7} QY Aoz AdE

2) 271% Cr(Vh) sk
Table 161A RE uish 2o MIG/E7% €%
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014

Concentration in Air, mg/m®

Fig. 2. Average concentrations of air-
borne total Cr and Cr(VT) inside
helmet during metal inert gas
welding on mild steel by sam-
pling site.

.
.012 -
= Cr(VI)
010 1 1 Total Cr
.008 -
.006
|
.004 -
.002 |
0.000 [’ l = J. I
Inside hull ShopA&B  ShopC Shop D Overall
Workplace

F71% Cr(VD) 59 AA HFL 43 oo o=
A E 0.0020 mg/me, BFEZFo]AE 0.0033 mg/me
2 et 72t B2 W) o) HxE ugg
A7} gte) FEE oH&e) Frut) o 1 590 L
Aoz yepyil

1.2 me] 83 sjoloj8 Algshs A 2 B A%
e 29 C FALdFe B 44 1.4 me] &5}
o]l & AMEStT UUTE ©lE FFYAelM A=Y
d 84 golo] FRe FUE T YA =AL
MZ fARetTh. ol9) o] BUE A|FEo G A A
o] Tt £HsololojE AL AL A=
Cr(VD) % Aol & vmd Az}, 1.2 m &3 o]
°lo] A% 0.0015 mg/mP, 1.4 mno] 7 Lo
0.0021 mg/mro2 Yeh} H7G0] F AL It 2
S Holu F aztlE BARCE 803 2o
T UUTHP)0.05). Yuktog Ao & AL 2
7] T LAsEE fume ¥ B Aoz A
UL VHACGIH, 1984), it £33 %= AEo]
FHHEA @Un EF 2T AdzA6 glo] 2}
o|7} o] A A WE Fxajolr} =aisha] sk
Ao 2 gddn
217 1.2 mm ‘Dualshield 71000 &o|o}j2 A}g-3}
2194 (welding shop D)Y Cr(V]) 35+ o
¥ 0.0026 mg/m*("H$] 0.0016-0.0068 mg/m) 2 T}
€ THEG 5 A% Holu BAFo R #93
ztel= SR THP»0.05). 22 oA AFE vl

A=,
=

2ol $2F FEE G2 $ANG fele w30

Table 2= &3 2249 Cr(Vl) =2%%(8
hr-TWA)E 2 849 227129 vlasll ¥}
& Avlelct. MIG/A% $A2242) Cr(VD) =3
58 hr-TWA)E 3# 0.0018 mg/m'2 $2)1}e}
wER =F71F(0.05 ng/m)3} ACGIHS]
TLV(0.01 mg/m)ETh R%toy} NIOSHY
REL(0.001 mg/m?)e] BT} =2 FHOIYL)
9 22AF =@FES wEPe] 37T
ACGIH TLVE z3ste 222+ glgdey
NIOSH REL& Z3sh= 224} & 87.5% %t}

3) 3715 Ni sk

NiZ difg9 d7Zele 0.03% A= FHs]
ol A Fo TH ) ASHUA T 2 F3He]
A AT oF 500 Le] 32 Foll EA5ke Nio) &
< EFAEE Adslne YREE HE2EA A
(€0.005 mg/mr) &2 vERRTHTable 1 #2). 7H%
¥ FEE 0.044 mg/melR oy w5 =27)F
1 mg/me &8 ACGIH TLV 0.2 mg/mrell = v
ST, 2 o] Algg TFE 37 Alsvt
NIOSH REL 0.015 mg/m*& Z1}3}

3. MMA/iZ 88ZF 32|18 53E&, Cr(v) ¥
Ni =&

Table 32 78 MMA £33 (MMA/A7% &4)
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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(VI) Conc., No. of Samples
Workplace/Electrode mg/mP(8hr-TWA) Exceeding the Standard
N GM Range MOL & ACGIH NIOSH
s e 0.0018  0.0008-0.0038 0 § (88.9)°
Supercored 71, 1.20,
Weldingshop B 00014  0.0010-0.0025 0 5(87.5)
Supercored 71, 1.2¢
Welding shop C/
= 4 ).0 .0004-0.005 75.0
Supercored 71, 1.4 0.0035 0.0004-0.0050 0 3(75.0)
Welding shop D/
< 0026 0.0016-0.0041
Dualshield 7100, 1.2a g e v Si00)
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 shiclds);
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/m®); NIOSH=National
Institute for Occupational Safety and Health(the Recommended Exposure Limit: 0.001 mg/m?)

“Percent

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

Concentration in Air

ta

Al N GM, mg/m* Range, mg/m* GSD
Total Cr 3 0.0010 0.0010-0.0011 1.1
Cr(VD) 6  0.0013  0.0006-0.0043 2.1
Ni 3 N.D."

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?)

Z 2239 3FYAAM T F71F Cr(VD,
238 9 Ni ¥52 Yeid Rojch. o] &3 4
Z 371% Cr(VD) ¥x9 718872 0.0013 mg/n¢
2 NIOSH REL2 Z3ste FFo|ey Ni v%
L 25 HEFA vwelddt. 6744 AERF
Cr(VDel dig =%% =Z7|F ¥ ACGIH TLV
g zyshe= A8E dev 3 7l Alse NIOSH

N

158 293Ith AMR 83182 2 FoIAL °F
< SEM/EDSZ ¥A§ 23, =g AEHA @
ke Aoz Hol F7|F AFL BT FTFE 7
o] Ago e fAd Ao Bedn.

Of

4. MIG/2EH2lg|~Z 88T 37|1%
Cr(Vl) % Ni &sx

2=

Table 4% ~H|¢1d27& MIG 23 (MIG/2F
olg A7t 43)oAe] 222l TEFAAAA F7F
Cr(VD), #3& %@ Ni ¥52 3% Aot} 9]
24 F NF F2E T BT 4.02 g/
olglem Hi FEE 9.75 mg/melx, 47] AR
2% 0.05 mg/mE 2HSHT}. o] o] F7F
Cr 557} =& o|&E 2ol ~7a A~
7} 87 s}olole] ¥ nAE L FHoZ FEASe Cr
o] 84 Fd| 37 Fo2 o A fio|tt

FAED FA & T F Cr(VD) B4 &
TE= (.13 mg/m(0.04-0.94 mg/m) 2 =FH =F
71% 9 ACGIH TLVE zZddle $F0|dt}. 9]
247 #A4F FFF 570 AEF 0.05 m/mE =3
sttt 53] fume LA A 3-15% Tt A
Hg A5 Cr(VD) ¥=2= 7 0.49 mg/nez o)

£ ¥& 7oA.
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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/n¢ Range, mg/m? GSD N GM., mg/m? Range, mg/m? GSD
Total Cr 4 4.02 1.19-9.75 2.6 | 26.4 - -
Cr(VI) 5 0.13 0.04-0.94 3.8 4 0.49 0.14-2.00 32
Ni + 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.

8
8.
g £ 3 8

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

Percent less than Stated Concentration

®  MMA WeldingMild Steel
= MIG Welding/Mild Steel
A4  MIG Welding/Stainless Steel

1 : . ;

001 01 A 1
Cr(Vl) Concentration, pug/m®

222} TEFAA M9 BF Ni ¥+ 0.86 mg/
mE =5 E7|F 1 mg/moe nlgstgeyt
ACGIH TLV 0.2 mg/mrE 233l o).
TEA ZHFAAANAM 33 4 Alg 25 ACGIH
TLVE 29391 5% 715% 298 Algs
27Hch. LA EFHF Niel @A Bee
1.05 mg/mro2 Yeh} 2eQld A7t £5A] v aA
T2 FE9 Nie] 37 Fo2 g es AL & F
ATt Nie SEM/EDS EMZAxte] o)std &3
spolofol] oF 7%, AH U226 o 9% A=R T
#H0] gle Aoz yehd 222k $38F 1%%
o] Nidll =228 & gict. &3, 8348 $ Cr ¢
Niel & uld] vlg] 37 5 F 35 5% vl9 &
o7} ¥ & Ao Jehged, olAL Cro) 7%
o] ot F71F o2 WA= Cr fume?] B &o] 4

10 100

taes £7] q29 Aoz Aztec),
5. SH¥EE Cr(V)sZ d|

Fig. 3& 843494 ¥71% Cr(V]) 5% £¥2
vlmg Aotk Cr(VID) T=& MIG/2H Q3 27
> MIG/97% ) MMA/97% £22 %9t 264
a7 8-eAMe F71%5 Cr(VD) 5 97 &
Hell BT oF 1008 AT E2 F3oA}. MIG/
A7 &-eA9 Cr(VD) ¥= MMA/E7} &3
o MECE ot ¥ AFE Holu FAAHCE §9
g Aole fIATHP)0.05). MIG £32g A
Cr(VD) =7} 943t £ A4S B9 A& MMA
SHEG MIG&3 A g3elole] 2xgo] B7)
HEY Ao B, MMA 44892 tgxic
2 o]FolA]7] wj&o] F71F fume T ZFo] A

=2l =




Table 5. Ratio of Cr(VI) Concentration to Total Chromium Concentration in MIG Welding on Mild or Stainless Steel

Type of Steels and No. of

Sampling Site

Range of Cr(VI) Range of Total Cr  Ratio of Cr(VI)

Electrodes Sample Pairs Conc., mg/m? Conc., mg/m? to Total Cr, %
Inside sitip MildiSupercored 71 4 0.0013-0.0020  0.0014-0.0050  56.4+24.6"
section (dia. 1.2mm)
Weldi ild/ d7
eldingshop A Mild/Supercored 71 3 0.0008-0.0019  0.0039-0.0048 208495
& shop B (dia. 1.2mm)
Weldirgatop . hukdiSypsrepon i 4 0.0004-0.0040  0.0005-0.0410 41.5+378
(dia. 1.4mm)
Weldi ' jel
R TEEhel it 5 0.0017-0.0066  0.0146-0.0883 97436
(dia. 1.2mm)
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 At F £ F AF F=E /9
3k 2po] 7} AR THP(0.05).

6. Z3& =xoll chE Cr(VI) S H|

Table 5% 2z FMd¥cld MIG/A% &3 2
MIG/=HE &7 88F FAld #&& Ao A
3t F3I ] A Cr(VD ¥ ebd et &
2o g Cr(VD) 5% ¥ & £EX= ATEE
€ oz 4eRR e FeA

A72-E MIG 883 o 2= F7) F F2F
o i Cr(VD & ¥l A4 HaF 35.5%
gttt D FhAAMe sx v& H 9.7%2 ot
2 d i = v (FT 47.2%) 2} FelsHi
231t (p(0.01). D AFFL e T/ 44 &
olo]& Algslglon Az gloja & o]z}
gldiey Fxu7t 24 g Aer Heot Cr(VD)
o] B#3e A#sAY YAHE Cr(VDe 42 =
st agle] EAstes Aoz FHET

MIG/2H|]elg| 274 44N FYd 22X 2 5
d FadA FAlH EHF FAEA dig Cr(VD
5 vl B 8.4%, A3 6.3%, A 9.7%
2 Yehidth o] £334 A F#32EF Cr(VD
H]&& ‘Supercored 71 & AMHE-E /233
MIG 848349 a(HT 47.2%) 3= A7t UM
. 23y 227 £33 FAjdo] ALE AAFH
9} Q1A g 2|x]olA ‘Dualshield 7100 & A}-&8}h

o 7% MIG $3s5he Aol 338 7 35
9] Fx H|(HA 9.7%)9 FAFEIE T

MMA/E7 €38%F Cr(VD) =7} 33§ =2
o} o7t =2 AL HoleH, AEAFUE 222
9 AH AT So] ME t2n £ MMA £3 A
Fo EAlske Cacl A4E Cr(VDH Aste <
e Hell2 FA 7] f&el Cr(VD S vl&o] &
Aoz AL} Gray et al.(1983)& MMA &
BelNEe 8PATFe EAHE @74 240 28
o2 Cr(VD ¥lgo] Erin Bag v} ok

Va2 #

ACGIH(1999) M e £33F A TAE Cr(VD)
£ ¥]E4 Cr(VI) 3 (insioluble Cr(VI) com-
pounds, not otherwise classified)® 33tz 3l
t}, 28} Pedersen et al. (1987)2 &% fumes
ZAsh= Cr(VDL P =84 Fejoln ]84
e vi¢ He KF 0.5%)°ln Enatict.
Stern(1977)& MMA/2&|918 A7 fumesl] &A1}
£ E23EF T84 Cr(VD &3 67-92%%ckn &
28l o]5 Aol o3l 8HF WAEE fume
e £84 Cr(VDe vlge] wrhe 318 ¢ F 3
o}, Cr(VI) sigHe2 84 v58A oFd #Ag
o] ¢+& fHEste EFoY 84 2 v£E4

Cr(VDe] 1Aldl vl 5/g8AQ1 Aeld] dig 2t
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Ee w9 @2 7z geo S g o
&3 71F%= gich(Perderson et al., 1987). fo=
SHEFN 2T S84 L ¥S8N Or(VD
23] S BY, £49 fume 2 Cr(VI) &3
= 54, olE Hel9 =480 z1o] E3 ukery
Aexe) Atolo] g A77} Weasjca 2. F ¥
He] S4ate]7}l Ealsioid 7+ sl Cr(VD)&
3l Hrlshe Ao] uledAl sl

ACGIH(1998)cl M= =& Ni, ¢844 Ni 33}
= R U8 Ni 3HH2d g TLVE 27
AF3 e, o5 3 vy Nj jrEute
QALLELADZ FHLAR TLVE 0.2 ng/mp
2 A%sn Ut ole} o] 43 fume 2o 27
3= Niol 729383 Hr)2e Nig A3
e 7844 we deng 223 w3 @)
olHE HE ueisleiol . wsg4e Ni 313+
291 nickel oxide(NiO, Ni,Q,), nickel car-
bonate(Ni,CO,), nickel subsulfide(Ni;S,) So]
EgEH, £849 Ni 32+ nickel chlo-
ride, nickel sulfate, nickel nitrate o] =3
YHACGIH, 1995). Voitkevich(1995)+& ¥
Ael 27 &4 Fo| A Nio] g 7
NiO ¥ 2 Z2A39 22 NiT 92 z49 2 g
2y I F2 F8 AL Folgn a9t 433
Ml Nio) ZAHE, 584 P 44 gig 2=
T EFTESER o9 #E A7s) "asi =S
T8 2 B8 Nig T2 298 4= g u
Hol Adslojol & Ao|th. u]$£4 Niol ot
ACGIH(1998)8] TLVE 0.2 mg/mre]mz 1 A
A MIG/2Hdd 27 §38%F 243 Nio] ClE
S4oletn /MBS o BE N85} Ni =372
I Aoz Jeyic)

Karlsen et al. (1994) 2 MMA/2g|¢lg A7 &
A AW 2229 $84 Cr(VD) 2 Nie] 27
=EFEEE 27} 0.140 mg/m*(0.004-0.640 mg/nv)
2 0.050 mg/nr(0.0028-0.150 ng/nr), Sl &Y
2R A% 247 0.012 me/me(¥]71 20,084 ng/
) 3 0.014 mg/m*(0.0055-0.039 ng/m?) & X33}
ch B AT A oy MIG/2EQl#| 27 &
AT 222 9N 249 )= Cr(VI)
% Ni ¥%+ Karlsen et al.(1994)c] a3+ gt
Hoh E3tth Sjogren(1987)& 2H|9l@ A7 43

T 222 BF =2 BT 0.11 mg/mrz Hysl
Horv] B d7Aate) galslict.

AF7A BRFHANNY Cr(VD) =29e =
= ZHA 2 S0l i 2o} g} ur
B, Ao Aoz (ol $haul ge Ao
= 2eiA 3leBE o|g 8Hsl 2aAle Cr(VI)
=EHELE 2 Q49A g gy Cr& &7
€ 44 A3de Faeo] 9A oy HATH1 9
T R dAZele 0.03% AE P850 Ul
o 2 d74n A7e 2 e 2 Cr(VI)e] &
AEY 83 Adate A 529 Cr(VDe 2w
T e Rew deyn. Az +HF 45
Cr(VD)& A7l wgk &/" Cro] 7)915}= mo
2 #ddg,

Gray et al. (1983)2 2}gjzlolA] MIG/2-H| ¢l
27 84T FAdRtADRE A0 A3 3
o e Cr(VID) s=ne B7 3.9%(3.5-4.8%)
°li WA AH Alge AL Y 13.2% (33
# 10.3-18.5%)9t}. Table 5ol Hio] B o
Axe MIG/2H Q18 27 |35 PVC dna =z
SBE Cr(VDY $5& 238 ¥59 8.4%(6.7-
9.6%)2 YETh o] zte Gray et al.(198)¢]
T FARAZ 2PYE W) gugt oF 2w =
ot AN QYL wle R okzt o}
o B AT AsA A% gz xe)s
A7l W& 9 2wy 3 pyc S B EA L)
Cr(VDe] #99e e I35 w3 Mo = 3
€rt. Karlsen et al.(1994)& =z 29 Cr 2
Ni &3€ 77 20% 2 10%c]A9 £ os)
LYE fumed EAste 5 2&9 gae £33
d B2 2 Aoz YA BumHH
Cr(VDe] Eqgel} Cr(VDe 3o ma =8
EE 24, 8143 TH = 24, 29238
HAF, Ash 294 s 2 39 BAq ZA
e 23, J1Fxd 59 9g wogs 2y
B ATdHe] Aole o]HF 29059 o]
7198 Atk F340

Table 5941 ®%o] ‘Dualshield 7100° &3 <}o]
°|E AHEEhs BAM(D)elH MIG/A7 5 3=
E% Cr(VD ¥&L o 10%2 Yehgot, o] ujge
He MIG/97H8 9}olol’l ‘Supercored 71' 2 A}
8she 81F JeEhd H8(29.8-56.4%) 8 g9
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&7 s3teh(p(0.01). ‘Supercored 71 27 stelo]
2 Apgale BAlclMel Cr(VD) Hl&el &2 R
o] $eolole] EAlshe Ca®t Cr(VD)el Agslad
ek d Cr(VD) 33l B89 HEoRE 773
%o}, ¥ Dualshield 7100 &3 sjojejelle Ca
o] ZAaA ot Cr(VDe &gl Bo| APHAYD
Aoz Holth ¥EolZ &3%C =7ste Na,
K. Ca°] Cr(VD= st Cr(VDe] A8 A
s (Koponen, et al., 1981: Gray et al.,
1983), Zn, Al, Mg¥ 22 a3 5L Cr(VD
o] wAlZ o] AL vAce H 3 (Dennis et
al., 1996)7} Uot. @8, MIG $£38% Cr(VD &
e 2374 Bu® AR(Gray et al., 1983)¢ll
Hla 2 dAed @e Ane vaA =24 183255
o}, ols} 2o AFE Cadll 3 Cr(VDe] #e]
uAg &zt A 4714 494 (2% NaOH/3%
Na,C0y 22 223 4% Cr(IDel Cr(VDE 4t
e TEsAE WA e 84 fumes] &
A Cr(VD& wA 7] ¢lsh NIOSH(1994) %
wel wal dnA el Cr(VDE F&dhe A elr
e)xe] Cr(i7t Cr(VD2 f4ddrke st 8l
tH(Zatka, 1985; Pedersen et al., 1987).

MIG/a7 84% ste 3AF & A D)eIAM
e 2Ad vE $32E =7 FoEH Ekov
(p€0.05), Cr(VD ¥EE o £& A%E Hol
go)3 Aol AATHPY0.05). ° FA8 B+ F
wo| xgQd a7 $Ho2NE LAY Cre) 9%
g wel FIE FE EH2W F3AFE T
Cr(VD) #go] AdAcz 37 dEd Cr(VD &
=7} stol7} §iAl Udehd Aoz Hdth

238 Fxd W¥ Cr(VD =¥e MIG/A7%
gxe] A4S o 35%R MMA/E7 LR M=
287 Cr(VD) $5€ A= v&sdd. dytH o
2 MMA/x®oa 27 $4d4e FILEF
Cr(VD) Hl&e MIG/2E8 2% S3sA52ct ¢
e Aoz LA UrHGray, et al., 1983
Koponen, et al., 1981). 1 °lf+= MMA £4
o 7o sEagRd gfse] e Ca, K. Natt
2o 974 &£ AFstd AT Cr(VD e
2 g4sh}, MIG §4e A% 2847kt 28
o] Ccr(vhez Astse RAg WAsn, =

chromate(CrO;) & 34% & e 9714 da=E

o] ZAEA %7 WMEA Rz FHA 24
t}. (Gray, et al., 1983, Koponen, et al.,
1981).

=2ERdMe Cr(VDel dlal vlFAAge] 24
aote Atae de geiA dev(Agency for
Toxic Substances and Disease Registry, 1993),
) 4T HFE A7t shAgl Al = A
How AL 3lE dolth. oyt Jindrichova(1978)7}
0.75 mg/mee] Creoll =259 2HAA27 23 2
2] 35%°lA W54 w|(nasal erosion)°] &
geictn Bud vl gk FulelM dEd v EAA
2 gl pEoR oS0 £ FA V1S 12
oldelqn). olE F 19e AAEZARE 1d 57
4 & Adge] A BE 1%L 2H|QH A7) 8L
=3z § 7Ado] AT LRHCE =283 dAM Cr
3k Niel )3 u|ZA AFo] BT All7t Be| B3l
slo] g (Agency for Toxic Substances and
Discase Registry, 1993), ta Atgdge] 2eqle] =
7 A0A 271F Cr(VD % Ni s=7F 22 0.13
ng/m 9 0.86 ng/m'E x=F7|EE A FELE
wagonz 5 2RAAN TAT MFH AT
Cr(VD3 Niel 9% Relekxn 73 F3gd. @
o = ARES A9 48 a7 83 FAANE F
Al Ao gelA gith & 7% MIG/87% &
& Z2ate] Cr(VD) =% =< 7t 0.0018 mg/m?,
2712 Ni 55t U2 &34 nues et
olso] Azt 8T AL 4-$ Cr(VD Niel =
x2zo 29 Aolch U o] 489 Z=A7t 8
A A7re £AstT YAT BAd FEHoR 2H|¢
Qa72g gAgozd s Cr(VD) B Niell =
25918 /AL HAE 4 gt BAe] HARA
Az A% 83 ¥49 Cr ¥=7F A 0.26
ng/mee] A @7} ehd ARd e o]s} 22 F3& S
A3 zoh. EF oS tiRFe Ay eHE HAF
7ro] Be AMAXEAN AGS ST B o
o} 104 Aelle BETE e ¥R o £ofl of
HAolle Crg ¥FE3 44 fumed TFES EER
& 7Fs7del Y.

B u2AATL 4L F U EFE2E 2
24 Az, =524 54 AEHE b i
1 g gEA Atk olsh @e Apdel 2AY
o €7 fumed] ZAsHe E4%F Cr(VD ¥FAA
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T 9UEAZ 3 9= fumed] EAEE:
Nigd 22 02 239 47189 9%e va
I 7] el - TN uFHgAFT 99 23
o diEidE AA2MEe S3A77) oY),

Gray et al. (1983)2 +&£9& S JuA | )
A% AR FEA} ABANH AAY ARHT 2
SHf A= Etorm, BHAY F 22Ae vz A4
AE fumed] =EHAT 22 A EE AFH3e
A4 Cr(VDel $057) tge] AR AR
g AFste A4 A =2FE 34 G £ 9
ga Fsignt. B dFceE PVC A& A}
g3t Cr(VD Al85 A3 87 W&ol Gray et
al.o] 3 SAsHH dA 22329 Cr(VlD) =&
Fe E AFEAEY 22 Ao d4Ec o
Aol o HL Cr(VD 9 g4 & A& £ 3le
U HdxeE Prlde FAFE] fio dje
PVC oo el 23t 24438 B3sles 9ot
2 AZE AlgAFH o)A Ade] i AT} A
SHTE A B E 7] F Cre 233 S
g d77F Yasicin B,

2 d7s 974 9 2HddEA7E MIG 8338
€ 2242 Wdez F7) $ Cr(VD)# Ni 558
H7}g RAeldt, Cr(VI) x&%%e] Aty A
MMA/zH 1827 £ i dT7E & AT
A A|9Ee] glomz ole gt A7} Aasteled
20 e dg 439 44T g Cr(VD) T
Ni =247}l 37 123 Adate add S
FYahe daa7st Faslolol @ Rolth. WA
A &4 fume Ex olFd EAse Cr(VD) %
Nioll &7 #Hehibay o] ZsiA A7 1sx glen
2 ol gk A-g giAe] a7AT

V.2 £

o

E dFe & 2AHA 9] o2 8IS U
2 £4%F 2 £4z40 & FTEF F3AE,
Cr(VD) # Ni % 54 Hrlslglen E 414
3 4L FAEL g5 2,

1. i Al e MIG/A7 23S F2 44
31 den o £HF FNF F3E <
Cr(VI) ##¥=(GM)E 22zt 0.0052 mg/m
2 0.0020 mg/mroltt. Z2AF 24 2] A|7H7}

—= 03] —

F WA EE(TWAE T 0.0018 mg/nrol 3]
o F1F Nig giiE 71E284 njuelgle
Y dFA R (n=3)elA €0.015-0.044 mg/me
o2 AEHAUY. & 972 AGFTAAN
AL e tiRE9 A% Crzt Niel ztzt
0.03% A= X3} 2o 42U F Cr(VD
3 Nie] AeE2 $4ss A2 vehge,

- MIG/z898 27 83 F 2H5HA A =3

I F FEE T2 BT (CGM) 4.02 ng/
molH 3 Cr(VI) 5% HF(GM) 0.13 mg/
mE AHQlY AT} 43455 ZEAE nFEo
F3ET Cr(VDol =25E Aoz Vel
o MIG/2Hd 27 834F 7] S Ni ¥
= B 0.86 mg/mE YERRETH

. F3E A Cr(VD) $ = ¥le MIG/9%

39 A5 B 35.5%, MIG/2H 127
4ol 45 B 8.4%=2 JetE, MIG/R
T 84 FAF ¢ FAE o B ue)
FE HZE frelshAl Wekhch(pd0.05). AE
FAEF Cr(VD) ulgaleles 9 4=,
A, 8428 59 Aold 7RIste A
o2 Hdg. 53 MIG/E7d &4<A
Cr(VD) Hl&°] £ ol &3 soloio &
#FHo] e 9714 F59 Canh wgsly ¢
B Fee] Cr(VD) sEe] 457
Q1 Ao = gadn,

.2 A7 83 AdAE Cr(VD 9 Nidl

=E57] 2o o] Z2HGA A LAe u|E
AAZTLE ol B4 98 F2EULS 754
o] 7Ht Eov £ A ¥ £ fumed:e
o ER Bdo] FRHo] ] e &
AZAME o5 H¥H dFE AT +
gfith. EHTHAMY HFEART A8y 2
AN EH dig PRI} EFdlmg gog o
o g F7HAQ 4 % 4% dFs) "Has)
t}

. Z2HRIE AR §84M e 2¥E9 Cr(VD

Nie] 245y A7 SHAE 2Ad o|&
o] vF FRE] U BS Az
Cr(VD)#} Nie] 37 & $A4=E Ao g
Woh olE5e HY 2 ¥FAAT FL YY)
e AL gAHDE o7 ARFIHE o




) S8 ol BAY HE =3 wAst as
ot

REFERENCES

Zodg, w3y 2 2z duE AGFelA e 77
F2AF Y 234 o Bg 2AAF AL HAY
83 2] 1997; 7(1): 107-126.

LEH: 5ER 9 EEAHAAY LEIFE =FTY
2] A97-65%, =55, 1998,

AARAATH: AN 2R v FEAFAN AT
e zAA B 1A 2828 AE98-3-4,

AR AA T4, 1998.

Mg o] P4, whed, o, AR, 2, 2417
B3 £HFTHAAN AL F71F £ 297 wxl
A oAE a6 #FE A7 FFAIA A EFHA
1997; 7(2):181-195.

ALH: =FFH 37 T 671 28 g4 2 B4 &
3 A7 A2ty BANEY wabehe =&, 1997, p. 80.

Agency for Toxic Substances and Disease Registry :
Toxicological Profile for Chromium. Prepared by Sya-
cuse Research Corporation and Clement International
Corporation under Contract No. 205-88-0608. Atlanta,
Georgia, U.S. Department of Health and Human
Services, 1993.

American Conference of Governmental Industrial Hy-
gienists(ACGIH): Documentation of Threshold Limit
Values and Biological Exposure Indicies, 6th ed..
ACGIH, Akron, OH, 1995.

American Conference of Governmental Industrial
Hygienists(ACGIH): Welding Health and Safety
Resource Manual. ACGIH, Akron, OH, 1984,

American Conference of Governmental Industrial
Hygienists(ACGIH): 1998 Threshold Limit Values for
Chemical Substances and Physical Agents, and Biolo-
gical Exposure Indices. ACGIH, Cincinnati, OH, 1998.

American Industrial Hygiene Association(AIHA):
Welding Health and Safety Resource Manual. ATHA,
Akron, OH, 1984; p. 19.

Beaumont, J.J. and N.S Weiss: Lung Cancer among
Welders. J. Occup. Med. 1981; 23(12): 839-844.

Dennis, J.H., M.J. French, P.J. Hewitt, S.B. Mortazavi
and C.A.J. Redding: Reduction of Hexavalent
Chromium Concentration in Fumes From Metal Cored
Arc Welding by Addition of Reactiv Metals. Ann.
Occup. Hyg. 1996; 40(3): 339-344.

Gray,C.N.. A. Goldstone, P.R.M Dare, P.J. Hewitt:
The Evolution of Hexavalent Chromium in Metallic

Aerosols. Am. Ind. Hyg. Assoc. J. 1983; 44(6):384-388.

Gerin, M., J. Siemiatycki, L. Richardson, J. Pellerin,
R. Lakhani, R. Dewar: Nickel and Cancer Associations
from a Multicancer Occupational Exposure Case-refer-
ent Study: Preliminary Findings. TARC Sci Publ 1984;
§3: 105-115.

International Agency Research on Cancer(IARC):
Chromium, Nickel and Welding. TARC Monographs on
the Evaluation of the Carcinogenic Risk of Chemical to
Humans. 1990; 49: 447,

International Agency Research on Cancer(IARC):
Chromium and Chromium Compounds. IARC
Monographs on the Evaluation of the Carcinogenic Risk
of Chemical to Humans. 1990; 49: 49.

International Agency Research on Cancer(IARC):
Nickel and Nickel Compounds. IARC Monographs on
the Evaluation of the Carcinogenic Risk of Chemical to
Humans. 1990; 49: 257.

Jindrichova, J.: Chromium-induced Injuries in Elect-
ric Welders(In German). Z Gesamte Hyg. Thre Grenzgeb
1976; 24(2): 86-88.

Karlsen, J.T., G. Farrants, T. Torgrimsen, and A. Reith:
Chemical Composition and Morphology of Welding
Fume Particles and Grinding Dusts. Am. Ind. Hyg.
Assoc. J. 1992; 53:290-297.

Koponen, M., T. Gustafsson, P.L.. Kalliomaki and L.
Pyy: Chromium and Nickel Aerosols in Stainless Steel
Manufacturing, Grinding and Welding. Am. Ind. Hyg.
Assoc. J. 1981; 42(8): 596-601.

National Institute for Occupational Safety and Health
(NIOSH): NIOSH Pocket Guide to Chemical Hazards,
DHHS(NIOSH) Pub. No. 94-116. Superintendent of
Documents, U.S. Government Printing Office, Washington,
D.C. 1994, pp. 70-73.

National Institute for Occupational Safety and Health
(NIOSH): Criteria for a Recommended Standard - Oc-
cupational Exposure to Inorganic Nickel. DHEW(NIO-
SH) Pub. No. 77-164. NTIS Pub. No. PB-274-201.
National Technical Information Service, Springfield,
VA, 1977.

National Institute for Occupational Safety and Health
(NIOSH): Criteria for a Recommended Standard: Weld-
ing, Brazing, and Thermal Cutting. DHHS(NIOSH)
Publication No. 88-110. NIOSH, Cincinnati, OH, 1988.

National Institute for Occupational Safety and Health
(NIOSH): Method 7600: Chromium, Hexavalent. In
NIOSH Manual of Analytical Methods(NMAM), 4th
Ed., Edited by P.M Eller, DHHS/NIOSH Pub. No. 94-
113. Cincinnati, OH, NIOSH, 1994.

= 222 —



Pedersen, B., E. Thomsen, R.M. Stern: Some Problems
in Sampling, Analysis and Evaluation of Welding Fumes
Containing Cr(VI). Ann. Occup. Hyg. 1987; 31(3): 325-
338.

Schoenberg, I.B, A. Stemhagen, T.J. Mason, J. Pat-
terson, J. Bill, R. Altman: Occupation and Lung Cancer
Risk among New Jersey White Males. INCI 1987; 79(1)
113-21.

Sjogren, B.: A Retrospective Cohort Study of Morta-
lity among Stainless Steel Welders. Scan. J. Work.
Environ. Health 1980; 6: 197-200.

Sjogren, B., A. Gustavsson, L. Hedstrom: Mortality in
Two Cohorts of Welders Exposed to High- and Low-lev-
els of Hexavalent Chromium. Scan. J. Work. Environ.
Health 1987; 13: 247-251.

Steenland, K., J. Beaumont, R. Hornung: The Use of
Regression Analyses in a Cohort Mortality Study of

Welders. J. Chron. Dis, 1986; 39(4): 287-294.

Stern, R.M.: A Chemical, Physical and Bilogical
Assay of Welding Fumes. In: The Hungarian-Finnish-
Scandinavian Symposium on Industrial Dust Problems.
Institute of Occupational Health, Helsinki 1977; 44-58.

U.S. Environmental Protection Agency(EPA):
Method 218.6: Determination of Dissolved Hexavalent
Chromium in Drinking Water, Groundwater and Indus-
trial Wastewater Effluents by Ion Chromatography. Cin-
cinnati, OH, EPA, 1991,

Voitkevich V. : Welding Fumes - Formation, Proper-
ties and Biological Effects. Abington Publishing, Abing-
ton Hall, Cambridge CB1 6AL, 1995,

Zatka, V.].: Speciation of Hexavalent Chromium in
Welding Fumes Interference by Air Oxidation of Chro-
mium. Am. Ind. Hyg. Assoc. J 1985: 46(6): 327-331.

— 228 —




