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ABSTRACT. Respiratory effects in full time welders include bronchitis, airway irritation, lung function
changes, and lung fibrosis. Welder's pneumoconiosis has been generally determined to be benign
and not associated with respiratory symptoms based on the absence of pulmonary function abnormal-
ities in welders with marked radiographic abnormalities. Accordingly, to investigate pulmonary func-
tion changes during 60 days induced by welding-fume exposure, male Sprague-Dawley rats were
exposed to manual metal arc-stainless steel (MMA-SS) welding fumes with concentrations of 64.8+
0.9 mg/m® (low dose) and 107.8 £2.6 mg/m® (high dose) total suspended particulates for 2 hr/day,
5 days/week in an inhalation chamber for 60 days. Pulmonary function was measured every week
with whole body plethysmograph compensated (WBP Comp, SFT38116, Buxco Electronics, Sharon,
CT). The rats exposed to the high dose of welding fumes exhibited statistically significant (p<0.05-
0.01) body weight decrease as compared to the control whereas cell number increase of the bron-
choalveolar lavage fluid (BALF) (total cell, macrophage, polymorphonuclear cell and lymphocyte) dur-
ing the 60 days exposure period. And only tidal volume was significantly decreased in dose-
dependantly during 60 days of MMA-SS welding fume exposure. This pulmonary function change with
inflammatory cell recruitment confirms the lung injury caused by the MMA-SS welding fume exposure.

Keywords: Pulmonary function test, Welding fume, Bronchoalveolar lavage, Tidal volume, Welder's
pnuemoconiosis, Lung fibrosis.
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Fig. 1. (A) Welding rod with rotating stainless steel disc. (B) Welding fume generation system (Yu et al., 2000).
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chronic interstitial pulmonary fibrosis7} 2 4 2
thal skAtHFunahashi et a/, 1988). A8 AF-ollA
2HlEl 2 2" SHE AQE e7ta g ojaksld At
Afrste] o4EAR A= vKStern ef al, 1983).

7Fg 2ol ARHI e ST Q] 2HRIE A 28 of
AEHMMASS)e] 71 Bol 54=2g HE3 st
™ (Kalliomaki et a/, 1986), T o] &K} 1 Hol
FalAS WEs o B T MESHEZS Ay
Al EZ(macrophage)ell] Aty StHAntonini et al,
1997, 1999). 2 Buerke et a/{2002)2 interstitial fibro-
sis?} AEEe] A71H FZele] 22 AAAAE HIEA
ot £4F A AHE oA E B gl HAY3taL 9}
H 53] $2 37 EE, By, 8], 24 § e
Mollx Yl §HITEL 53] 52 359 8380 F
| B 885 g AdFEE =] 9
= o Yot FUAE S ol &stq wk
oz 8HEF Z2AFo] A=HUAYHHicks et al,
1983; Uemitsu, 1984; Kalliomaki er a/, 1986), €&
of ofgt #H4dfe AR L ol E HIE) FHEA &
Atk At APeA] FHES 1Hem ZEAL 2
B Aade S (Yu er al, 2000), £HE Z=29
ot Hdfsle] 3utA Rde AASReH(Yu et al,
2001), AQf3te] 3 E7FsE Qs 30€7HY] A
T E2 Aol HAdfst Ao dAALS AAET
(Yu et al, 2003). o] =ZolM= 60Y &<t 47 &
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o} Ashs 2H]QlE 2 28" disc(SUS 304, 500 mm
diameter, 1 cm thicknessys =Alol £4%E holdere]
TAE SHE(KST 308, 26X300 mm, Korea Welding
Electrode Co. LTD, Seoul)e] pullyol] £]3te] sHsk=
ZAo) HEste] ofAE WA IHA SR B0 AREHH
A S Fol s, TAE SHES E2 AW #
=] HHSE FZ=Achwhole body type, 1.3
m?, Dusturbo, Seoul) (Fig. 1).

Z2 H o 8YE 5= ¥ 8HE 4E 24

SHE F2 Ave f94¥ &382 NIOSH 0500
method(NIOSH, 1999)2) ¥WH-& <834 2 liter/minZ
personal sampler(MSA 484107, Pittsburgh)2 A3t
T 24%F A= membrane filtersipore size 0.8 um,
37 mm diameter, Millipore AAWP 03700, Bedford)ell
¥Rele g A=t ¥3E £15F9 S48
& NIOSH 7300 method(NIOSH, 1999} °]&3}¢]
atomic absorbtion spectrophotometry® #4313
7HdEe] §F & o, oAk, nitrous fumeEE
Drager tubes(Cat No. 6733181, CH 31001, CH 30001)
& ol&aled S4skunh. 7k~ 4 (6400000, Drager,
Lubeck)E ©l-&3ste] sl ol HH Fd=
T AZE Foll A z2e] manualdl] w2t 23T

o ok

W71 ZdAHPulmonary function test)

MES2: 6539 44 specific pathogen-free Spra-
gue Dawley(SD) ratsE Biogenomics(Korea)=5&
A3ked 12-h light, 12-h dark cycle(08:00 to 20:00 h)E
ARSI AR Purina Chow 5002(Ralston Purina
Co., St Louis, MO)%} tap water®: F3F3 ZE8He
o AENA A 17 St SFsidn HaAlse
172.74 £0.63 golom FALE FE3loq Z2 § 2
AlZE, 159, 304, 609 4+ E 7} w2 UiRE 4, AT
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Fig. 2. Typical application of the Bias Flow Regulator - providing air flow a long term measurement of a subject in an Unre-

strained Plethysmograph.

T 4, IFE R e n 247 B9 8
Zz235th 452 TWA concentration 2A17¢
AEEZ 64.77 £0.94 mg/m’, TEEZ 107.82 £2.58
mg/m°2.2 shsich.

HIlsdAl &HEd Z29 A85E2 15 7}
o2 60YZE H7I%Y WsE AR A5 Y
W27 (MAX1320, Buxco Electronics, Sharon, CT)ol
o3 A5 A4E 7IE AWt APFE FAME £H
2= whole body plethysmograph(WBP)SFT3816,
Buxco Electronics, Sharon, CT}E o]-&3le] 243t
(Fig. 2). o] Wi AHTES A¥FE Ao Yol &
Aok WHoE mFHU J|ko] REE AYste X5}
€ ojEgolu 2/E Y 7 e Whleln, F4e At
€% parameters= tidal volume (TV, ml), minute vol-
ume (MV, ml/min), frequency (BPM, breath/min}, inspi-
ratpory time (Ti, sec), expiratory time (Te, sec), Peak
inspiratory flow (PIF ml/sec), peak expiratory flow
(PEF, ml/sec), Enhanced pause (Penhle|t}. =48
FMe WA dAVT SHE FE F HAEEES
chamberol] ¥ 4087 5Eo] QA =H71E 7=
B2 HA7158 SAs HAAE ekt

—lOll _\hj, ml
o Oﬁ ﬁ

Bronchoalveolar Lavage(BAL)

BAL-2 Antonini er a/{1996)2] W& o)&-3le] &3
Foll 247k, 15, 30¥, 60U7F E2E HTE sodium
pentobarbital (Han lim, Korea)Z vl sle] 3 mi2] PBS
2 F 143 #AE AFg $, 500 golA] 727 AE
aled -8 MEE hemacytometerS o] &ate] A XL
T8 AlTsITh. Wright Giemsa (International reagents
Co., Japan)@#S& B3 differential count® 35},
alveolar macrophage (AM), polymorphonuclear cell
(PMN} 2 lymphocyte?] BE&S T3l 53], AM
S FE3 Alshz] 4481 non-specific esterase {(NSE)
A28 (Sigma, St. Louis, U.S.AKS AZAte] Ao £

3] 3o, BAL fluide] < 80% o]’de] alveolar
macrophage¥-& &<1aiic),

SAXE|

Adls Hod EFLAE BABIL U2e AFE
2 7Eate] AFH H FA, Hr15HA 23 2 BALE
3 7F M EE 8]adl7] 98] ANOVA testd Duncan's
multiple range test® A3t}

Zd _Tl_'.
Z2 Hy Uo BNE S5 ¥ BHE M2 24
AE FEAPe F2

4 ,
AQor], AW W B, FL FE AR R ARt 4

2 Table 19 L}qua;’u'}_

Bronchoalveolar lavage(BAL) fluid celle] 85}
EHE F2 609 717 B¢ 2478, 154, 304, 60%

Table 1. Concentration of welding hume during of exposure
(meantS.E.)

Low dose High dose
Welding fume (ug/m?) 64.77 £ 0.94 107.82+ 2.58

Fe 6.37 £ 0.25 8.27 + 0.14

Cr 3.04 £ 0.1 455+ 0.09

Metal (ug/m°) Mn 285+ 0.09 3.84+ 0.05

Pb 0.03 £ 0.01 0.05 + 0.01

Zn 0.06 £ 0.01 0.07 = 0.00

O, 0.05 0.12~0.15
Gas (ppm) NO, 0.5 0.58
Nitrous fumes 10 20
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Fig. 3. Body weight changes during 60-day exposure period.
The errors bars indicate standard deviation.

B¢ ZEE FES JASk BAL fluid WellAe] Al
ZHss AuEgth Table 2904 Hol: nvie} 7o)
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(Akbar-Khanzadeh, 1980). T3t 24 Yol A= 22
2t F ohE AholM IH-ehe izl Hls) 8ol
A A& (forced vital capacity; FVC), 1& 743713
(forced expiratory volume in one second; FEV1.0)°]
AL, 53 FY, FAu71 g7k AAse) 94
L FoA 2EsHe 4T TR ILE 2edkr o
& §7FoINY FVC 2 FEVI.00l AstEon], §38F

AM 2 PMNE 5% 2 Z27|7t 2 71 BRojF ANx 7P &g Aol vk 7] AAI G o) ATHErkinjuntti-
pei= Pekkanen er a/, 1999). Donoghue et a/ (1994)2] A
oA WG Fol vl BxFellAe] A3 i) =K peak
o 7|5 #st expiratory flow; PEFje] #-2]3 zto]& Rt} ox#H
Fig. 4914 Hol&= &HE Z2 ¥ 60Y &< &35 TS UEeR g s oy zE APEHIA T
o3 W75 HIE AR, 24 d97159 para- AT EES 0|43 #7559 HEE BE A7E 79 %’i
meter & TV ¥k S1EH0E 3pURE FoEY] A o] 4T WAl ol A7IS Astel W A 3
Zsto] 60Y7HA] SAIH R F994 de HA(p<0.01) < 978 3T F U
£ RoAFAtHFig. 4B). olo] B A¥w 7 SAo] Eoha 4#A e &3
Table 2. Bronchoalveolar lavage cell profiles
' Total number (x10%)
Day Concentration :
Total cell Macrophage PMN Lymphocyte
Control 1.96 £0.32 1.58 +£0.26 0.03 £ 0.00 0.04 £0.01
2 hrs Low 2.82 +0.62 2.30 £ 0.51 0.10 £ 0.02 0.05 £ 0.01
High 4.99 + 0.90* 405 +0.73" 0.33 £ 0.06* 0.19 = 0.03**
Control 1.64 £0.18 1.30 £0.14 0.02 +0.00 0.04 £0.00
15 days Low 5.04 +0.59** 4,49 £ 0.52™ 0.18 £ 0.02* 0.09 £0.01*
High 7.56 £0.65* 6.63 £ 0.57* 0.49 +0.04* 0.29 £ 0.02**
Control 2701048 222 £0.39 0.10 £ 0.02 0.07 £0.01
30 days Low 7.28 +1.03** 6.51 = 0.46** 0.52 +0.04** 0.20 £0.01*
High 8.71 £ 0.65* 8.01 £0.60* 0.78 £ 0.06™* 0.39 +£0.03*
Control 2.88 +£0.69 2.28 +£0.55 0.04 +0.01 0.07 £0.02
61 days Low 7.73 £0.77* 6.89 + 0.68™ 0.55 +0.05* 0.21 £0.02*
High 9.48 + 0.59** 8.31 £ 0.51* 0.85 £ 0.05* 0.43 +0.03**

'Polymorphonuclear cell. Values are meant SE (Standard Error).

*. P<0.05; **. P<0.01 versus control.
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Fig. 4. Lung function change during 60 days of welding fume exposure. (*, P<0.05; **, P<0.01 versus controf). A : Frequency
(BPM), B : Tidal volume (ml), C : Minute volume (m/min), D : Inspiratory time (sec), E : Expiratory time (sec), F : Peak inspira-
tory flow (ml/sec), G : Peak expiratory flow (ml/sec), H : Enhanced Pause (Penh).
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Fed ZH[RIH A ’\E‘OPELQZS(MMA-SS%% ]88
60U7F Z2E AxolA e H7]5E HAlstazat skt
2 Ao Aeg £ %E% AFEe FEA
z}7} 64.77 +0.94 mg/m® L 107.82 +2.58 mg/m’E 7
AsE Wrksblde 22 §3d + o, £
2} 24959 2UEE Aspe] w=W 6~73 mg/m’
7138+ 16.6 mg/melA 0.3~91.16 mg/m*(7188
559 mg/m’)9] FEE HoFE 7] Wol(Kwag and
Paik, 1997; Choi et a/, 1999), #I71%5% Hr}si7iel &
e sreal AztE, o] e 3HF 8A]7e] Z%L%‘%‘r
A FEE PSS o 20~40 mg/m® FEE 1087 =
22 248 & kYU er al, 2001). T, B AT
= BALS Adshe AR dFA dskE SR ] %
Avk, # FA] WMsh= 2719 169 F27|7F B¢t F5%
g S7PE BEE 53, o] 717 Fotdle gl %
50 mg/daye] #H Al F742 BoFEd), ILSH1994)7t
Aorst A=ol #H FH #7]8(138 ml/min/100 gis 218
sh sk Ho # 54 Sk 42 mgAlEE FEA])9
A 71 mg(rsE FEANE F7tshe Aol AXMEHL Q)
ou, 27]e] F4 HAVA F7HE EHE dAEY 7Y
I A2 GFAEY o)F WEolg BZHErH et al,
2003). =3+ BALS] A olM Antonini er al(1997)}&
MMA-SSEH g0 35Y7F E2H ProX F M ESF,
AM, neutrophil 2 lymphocyte?] 7} 29 752
2 FEHUAY, £ A= 3h, 1, 3, 6¢7F E2E
P=ofix e Taylor et a/(2003)2] Axe} w7 A= 60

£ L

A Z27pA) AR 7t iz v @43 37t

o} o= AEE £HE Ul 2Ho= Qg g2 1;51—%
& she AESS] 57t B71sle] S EN AT A3

o) R F 5 Yrhs A vehdch,

__

#HY 2 200 mg/m2 olAte] EEA EE-olEA H
‘IT:Q]"' §%48H= bleomycinel] 14¥7F 71% W) H&F
Hlinstillation}s 53 E2¥ Wistar A=A dZL
] vla)] 13 &ZaHtidal volumels 7443 vbd, 35
Bl(frequency; R S718FR 2 (Mansoor e 4,
1997), A¥A 47 4R 54 AP R dwiA A
£ obstructive diseasesE 3= acid anhydrieds,
diisocyanates, reactive dye 59 AEAE 3sE2
(low-molecularweight; LMWl 2% Brown Norway
HeofA] tizwtel] HlE] EREFHel Fasiied,
= 3834 2 13 35 (tidal volume)e] F43 7t
2 Q% A o|]AtHArs et g/, 2003). £ TEZTH 1
restrictive lung disease’l = 104 GA4< it
2 3 #)7)% st 13] 35K tidal volume), SYUA]
Zr, B ZIAIZE, RS g o] tiEwe] vlE] skt

-

o %2 P> _(l

(Brack et al, 2002). ¥ dAF HAidM+= =4 para-
meter & 13 F3-(tidal volume)dt % o&Ho=z
35AFE] E1E7] AFElE 60U7A] FAXKLCE 4
3k A4S HA ol9) 72 Ay 7 F AR w4
ol Jepg=ol &, 25, Wi 22

=L
=
E, olusle, A FH e R B

Rom, olggt 2o FF F HE YA #H | £4
o Qg &g o Hrlws ASE fEeier,
# 18] ©&FZHtidal volume) H3= Yu er 4/ (2001,
2003)0] gt niel o] mMgh #Ho| AHfshe] x2H
g 164%E AFsld 30¢ FHe F3d 2719
fibrosis7} Ve, 60 o) EZ FoE intestial
fibrosis7t Ut 3|50 BrFs3t ezt dohal Al st
e, #7159 Wales WAl wslige & =7
FEERANE A YRS HolF ok #4, E29d
g 2xgo] HIES] FAAHEER] polymeric hexame-
thylene diisocyanate biruet trimer aerosoldl] ZZF
FA C57BL6 vR-2olA # 75 &4, ¥5 2 dd
7192 2 | Egol] A EA o] HAEY o, -
ojEHo g TEZFE 74 Wk, enhanced pause
(Penhy= Z7FstdcHLee et al, 2003). 7+, Ul&v]A &
AAA S 448 FH E97FsAE0l = hexachloro-
benzene(HCB}S ©]€3%+ Brown Norway #E AT
(Michielsen et a/, 2001) o}A SA] Penh7} S7F3IH.
o] Penht # 7% #HAS A= G99 = obstructive
diseasesd - F7isttt. e, B dApdxe 22
A} vwgde 1 60Y 78 F2H X9 Penh
= o7t gdler, ol £4FY H= HAe AT
obstructive diseases®} 7ro] H7[=e] o]ie] obd
Af3tel 722 # £A49) restrictive diseasesE 23}
= Aoz AztHE,

ek, 2 A A3 #H7)ee Al WEldy Huke
Z7F A YeERRAITES], 18] EFH(tidal volume)),
SHE F29 2] # AR3E fsle 29 AAkst
= goir FE&AHoH, Ed] &4 parameter Z 13

m\l
OFO rg
N
W ©
oX
Siid
_g

ofr

Z 3 (tidal volume)°] TFE parameter®th FE-2]F 2]
Wh-8-9- Fkebed) &34 o))
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