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Abstract

EHEF F2 Yk A AAHES FHetr] f8 2EHJE A 2" oA &F
F AN 2" S 5o AFFES 0¥ FoF R Ayrde gy
o}, FEE dF 24 7HF<E 105-118mg/m’ TSP(total suspended particulates)
TR §HEFES £HF FE AWoA F=Z3t 90d s F=3E A,
W3k, AE, UA T &3EFY] 78 5559 vEE SAHSA L A4S,
eE T EHEFY V2 AEES EUHSNY A¥sEES £HF =2
S 2N 7S 159, 30Y 60Y Fol HAFe] 7] =9] nasal pathway <F
conducting airway®} 7F2n -9 & HEH HEY, HXE WY X2 T
A S Pkt hxa ) vladte] ZR2 s #HY FA7F 1595 =7}

st7] AlFbskRl A, WElzATARl AAe dE Hd s SoldAel
Masson’s trichrome QXMoo g AMA] %7]9 HAF3I= 225 1595
Al Zele] £ 2 & 309 o= perivascular®} peribrochiolar regions7}#|] %l a3}
G, 60L A= interstitial fibrosis7} WEFEO™, 90 wjo = interstitial
fibrosis7F S218kAl trebst o™ | plural fibrosis® ek

d

I. A&

T

HBEsolAA Z71H ez §HF F2A F5F XA ZGA] Al 75
£ (profusion of small opacmes)O] WAl skt gk, 53] 4bshEe] E
H -3 FANAME sk HH (siderosis)7F RASt=H ol9] 5
FA20 FH XA ZYGolARE HUlsoe S HAA Ee

(Beckett, 1996). SiderosisE& 741l & EHTES &HES FTostd A
Hoz FE X-A Hgo] AN Ao Zolstrla s}, 1978 oA &)
sk A7jotaAEH T JgxAbelA EHFY 7%7F o= HEe HAE 7HA A

&
=]
B

ot

d o

>~
2,



=
Ross, 1976). 019} W2 7540 dAdFE e e
2 84FY HAuEEe FEH I2ZAAAA A A
Atk sh}h (Guidotti et al, 1978). #HolA & FAko
interstitial fibrosis7} A7l A M= FEltite] =2
oa #A7]A el interstitial pulmonary fibrosisZ7} A7 D}I_’ stt}  (Funahashi
et al, 1988). Alg#TAHAA A 2H e~ 282 &HF AHAES 67125
ojatstd A7 A3t A EAE AAEHIL AT (Stern et al, 1983). 7+

Wol Akg5a = SFHFEHA 2HAdH s 2EolaEH (MMA-SS)o] 7
Z wol 5HEAS W=t sy (Kalliomaki et al., 1986), T2 & Ef 9
SHEY v wo] FItAE WESHH 9 B T Axsd524E A

A A3 (macrophage) oA W& thal st} (Antonini et al., 1997, 1999).

|HF 9% HAAFIE FEey] A AFEES ol&st] Fdolvt
TAANP S oot WA oE FHE FEAPol A=HAAT (Hicks et
al., 1983; Uemitsu, 1984; Kalliomaki et al., 1986), & &l <3 #HAAd 73 =
gL ol E PHEs] FHEA gk A AFolA FHE $HES F
NNHow AL F e A="E o8&t (Yu et al, 2000), #H4dr3}kel
WeleA Aol S ol AFolA AESAY EHFS 0Y s F=
sto] #H A F3t mds ek sinh

i

2.1. 2~H 2l g 8dEF 24
SHFS LA 59 Wl & TASAT (Yu et al, 2000). &5 F
3 dd= ~H AU~ 3 AT (SUS 304, 50 mm diameter, 1 cm thickness)<



BAZ 3t &HE =dd A" &HE (KST 308, 26 x 300 mm, Korea
Welding Electrode Co. LTD, Seoul)& HZ3ste] ofa &HFS LA
8ol Egd o8] el HtstAA ofArt WAstA & Eo] AH|H
of & Fol LA FUYHIHE FYHUT (whole body type, 1.3 m3,
Dusturbo, Seoul).

DO
DO
ofo
ey
ot
hinss
D)
1o

47 =4

SHFe F7198d Hi A7 (mass median aerodynamic diameter)<

=243l7] 98] Anderson sampler (AN-200, Shibata, Tokyo)E A}-&3F
e TPATE 5ol AT

23. #HFY AEEHY 2 v& 24

SHEFS IS ABEXEHZIZ 2 liter/min® EFZSAT (MSA 484107,
Pittsburgh). ZHol| ¥ &HFL (pore size 0.8um, 37 mm diameter,
Millipore AAWP 03700, Bedford) Inductive Coupling Plasma analyzer
(Thermojeralash, IRIS, Houston)® NIOSH 7300 W (NIOSH, 1999)& o] &
ato] ¥418}9 a1, NIOSH method 7604 (1999)©.2 Cr VIE E4& %t & =
55 243517 9lste] A& 2% NaOH, 2% Na2C032] £9of H#3}¢t)
67F A& Ej'oll—roﬂ Hasiar, FAEFS mfola=dolH A
Ashing A @3 ¥ atomic absorption spectrophotometer (SpectAA-800,
Varian, Palo Alto)Z #2413tttk Cr VI base®t &o]&42 F=3F 3 jon
chromatography (DX-500, Dionex, Sunnyvale)® 23}

7t 9 o|akstA A AAFS Driager tubes (Cat No. 6733181, CH
31001, CH 30001, respectively)= FA4st9th. 8807 72 542 &4HF
Z27F AFtE S IAIZE o] %o gas detector pump (6400000, Driger,
Litbeck) & °]-&3to] 43ttt



2.4.

EER

ol
o2

5578 ¢ <=7 SPF (specific pathogen—free) Sprague Dawley H|EZ
Charles River Laboratory (Japan)ol4 F+¥3te] 12-h light, 12-h dark cycle
(light from 08:00 to 20:00 h) & <=3}3}% 552 Purina Chow 5001
(Ralston Purina Co., St Louis, MO)%} &-& FAgE Faste] ALS3EY T
HAE7L 134 + Tg BEHJES ] FAYE 6P o= of & Fol 2411
Z2 3 = 169, 30¢, 60¢, 90¥ %= % o
quig] o] HEZEEY 4uig]le] FEFEE FAE ATk 2AT e
TWA =& 105-118 mg/m’th.

it

ol

&
oft & au mx
r
-

EHF Z235 HYEX diethyl ether2 whHale] Ediswola dAS 3
st =, 713, FAL, a3k A, A v, 1 HE dlojdlo] 10% T390
A d & mASAT. FFH A FAdA T Wl o3
FH H A (Yu et al, 2000). $F%+= nasopharyngeal ductZ 10% 4314k

< FYete A A =4 T FAEJASS 2=
Solo] 7UZF AT 70% methanoldl 1A17F AP ste] &
methanol-chloroform (1:1)e] 1A]%F, 70% methanolel]l $FAIZF 283}t A&
+ 5% formic aciddll Aol%= 7 Az7b Aglste] &3t FAAJANYS =2
g g H 3T} Proximal nasal pathway ©lA distal nasal pathway 7}
Z] 3 section (incisor teeth, incisive papilla, and molar teeth region)< %F& o]
sgtH o] ¥ ujdte]  hematoxylin & eosin (H&E)2.Z @G35l Fadn] o
2 AAs9a od 2242 A5 AMst7] 918 Masson's trichrome=® ¢
A5ttt (Carson, 1990).

=8k &
=

r



1. 4%

31, zHJdxE 24 FH5F] 543}

§4F 929 37195t A4 e Table 1o] ®ol%o] 90% ol4bel 1

% Ao A @ oo 50% PYAEE 065

g oglnh 2HddAs 28 §HES A
[e]

d g
Az FAH] gom olEe HEI staA AR 3

Table 1. Size distribution of stainless steel
welding fume particles by Anderson sampler.

Size (um) % sampled Cumulative (%)

11.0-7.00 0 100
7.00-4.70 0 100
4.70-3.30 0.61
100

3.30-2.10 1.64 99.39
2.10-1.10 7.18 97.75
1.10-0.65 28.12 90.57
0.65-0.43 35.67 62.45

> 0.43 26.78 26.78




Table 2. Concentrations of MMA-SS welding fume components.

Concentrations

3.4 - 58 mg/m3

2.9 mg/ m3
2.2 mg/ m3
3.3 mg/ m3

2.4 -

1.8 -

2.7 -
1.2

mg/ m3

0.1 - 0.15 ppm

0.5

ppm
ppm

20

Fe

Cr

CrVI
Mn

Ni

03

NO2

Nitrous fumes

)
o)
oF

T
Tor

-

k)
o
gt

ojo

33 &7 FA wa A3

Figure 19 XHo]%xo] 90
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0 30 60 90

Time (days)

Figure 1. Lung weight changes of rats during 90 days of MMM-SS welding
fume exposure. Male rats were exposed to 105-118 mg/m3 of MMA-SS
welding fumes for 90 days. Four rats were assigned to each exposure
group. Lung weight was measured at 2 hours and at 15, 30, 60, and 90

days after exposure.
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g 08 WS HoFH HE= FolEo AT Asole old 42 A
FAAR A Aerbe dde BRAFIAT 0Y st £ F FEE HE
o] #o| e dF3 FEH&= Table 30| foFstitt. A4l HAL A
2AE S F FE2HE sE dAe EHEF dAE ®HA S AAAET AV
Z] (small bronchioles)ll Al YA AT (Figure 2A, filled triangles). A7)
A #H  parenchymadl A= 5387 A8 AR A &9kt (Figure 2C,).
LHE Z2 T A83 Eo] AMA trichrome GME 39S u 159 o]5 9]
HolE duF999 95 (perivasculitis)o] LA FH U oW (Figure 2B, filled
square) H|AgE 2719 AF3t A7IHA F94 dHRFooA EAEHAS
(Figure 2D, arrows). &3 &F Z 2% 309 o]F9 HoAE A= 23 A
}\]/\ﬂﬁgo] ;ﬂ]}:(

alveolar spaces)ol A A E A o™ (Figure 3A, filled triangles) %719 A3}
7F 359l 2AEAT} (Figure 3C, arrows). Al7] @A oA dAS &2
st A2X M EE-LS alveolar lipoproteinosis B:+= multifocal histiocytosis®} 72
2oE BoFATt (see Weller, 1996). &3 Fol 60Y Bk Tz oAM=
granulomatous regionse XHoFQi F33 HAFstE dHAFTAY A7 HA
TN HAFEAL (Figure 3B, stars) o= AHXE9] interstitial fibrosis
(Figure 3D, arrows)®= YEFSTH &FHFol 9085 229 Ho= &7
o AT AAMAEZE AExSHE AL AR o'l AAAEES YAE
%43t%] macule FEHE HAFAY  (Figure 4A, triangles). 131
granulomatous F¢ %= 2AF AL (Figure 4B, stars) interstitial fibrosis}t

)

)

peri-—pleural fibrosis® A AT} (Figure 4C, arrows). &% squamous,
transitional, respiratory and olfactory epithelium®= #Z3x vk F a3 Hag
AE BAT S gl Tldely VAR g E Fag WiHoly A YAY

WA = A

11[0{1
£
ftlo



Table 3. Types of fibrosis observed after 90 day welding fume

exposure

Exposure Early & delicate Perivascular & bronchiolar Interstitial
Pleural
Group fibrosis fibrosis fibrosis
fibrosis

No. of case No. of case No of case No
of case
Control 0 0 0 0
2 hour 0 0 0 0
15 day 2 0 0 0
30 day 2 2 0 0
60 day 0 4 2 0
90 day 0 4 4 2

_10_
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Figure 2. Histopathology of the lungs of the rats exposed to MMM-SS welding
fumes for 2hrs and 15 days. (A & C), 2hrs after the initial exposure; (B & D)
15 days after exposure. (A & B), H&E staining; (C & D), trichrome staining.
The filled triangles indicate welding fume—ingested alveolar macrophages. The
filled square indicates perivasculitis. The arrows indicate fibrosis stained by the
trichrome staining (bluish color, 200x objective).
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Figure 3. Histopathology of the lungs of the rats exposed to MMM-SS welding
fumes for 30 and 60 days. (A & C ) 30 days after exposure; (B & D) 60 days
after exposure. (A & B), H&E staining; (C & D), trichrome staining. The filled
triangles indicate welding fume-ingested alveolar macrophages. The arrows indicate
fibrosis in interstitia and peribronchiolar and perivascular areas stained by the
trichrome staining (bluish color). Stars indicate granulomatous regions (200x
objective).
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Figure 4. Histopathology of the lungs of the rats exposed to MMM-SS welding
fumes for 90 days.. (A), particle laden macrophages and macules in the alveolar
regions (filled triangles). (B), granulomatous regions and fibrotic regions. (C),
interstitial fibrosis (arrows) and perivascular fibrosis (X). (A & B), H&E staining; (C),
trichrome staining (200x objective).
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|HF e BHFS LA Tol M BHF FEALES o] asko
AYdsEo @7t FESAS W SF7Y e F9 = /‘ﬂﬂlx], w32 3,
A, dHxe F&ste A & 7 AT Yu et al, 2000). +4A 59 &
HE FEA2H9 A A7 &858 F=27F 7Fsgt H& ol &3sto] oW
AT E 2HAH A 2" ofa EHFS ASH R ZFEJPS o FE Y
A% 609 AHLolA] interstitial fibrosis7} FX2%E AS LA AT H &t
H Arste] ddEdE oyl AgtolA W] HAEA AT, EHFO
PAA L 7h=AZ W 57 ARs fRel et AzEn o] At
N AMEHE EHEF FEO T AHFslE FEHE FES #H FAE Uz
T3 vagds o 37HA YA FAGAR EAAES 7 Arh 27IE FEIA
S 30Y7HA 2 2719 YA FA @A (initial overloading phase)® w43 7
FAC 7R EAAE F Utk o] Al7lde da#F9 dF (perivasculitis)
¢} 39 (perivascular)®t Al 7] #A] =9 (peribronchiolar)®] 4 -#3}7} e}
Ui (recruitment of macrophage) A2 A X 2] o]Fo] HXFto A YEE=
Zol Fagk Watolup AXMES JAAAGTH S Hd o] o]=A] o} FA
H JAES s AAT = vl AZEn A 27 F2 HAIS 30Y
HFE 60Y Aol2 #AleFe] T Sarsty Siake] 43 A AV BP0
F= A = o v 283 AIEA F949 583 granulomatous F-91E
7} interstitial fibrosis7} T3l FdolRnom A X 9] o] (recruitment

=
21 A]
of macrophage)dl W7} = o] A2 A x| o3 A A7}

H7t == Al7]olth
o' AXAMEE &HEF dAE Axde FA% V#‘Jr 7he %% BYS
HoFAh wef ojA7]d FE2E WFH AAFSE WHET vt A7E
o A 3AA A= 60LFE 90U Alel2 29 A ‘Qﬂ%@ﬂi i
2 =719} interstitial fibrosis € pleural fibrosis® EA XS 4= glth. o] A]7]
o H= AAAES o] HUSIEHAAT AXAMESY AATHE dHol| 34
H EHES A & sE2 gt AAHEG o] A7 FEE FAFE A
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37t WEA Fevha e, 2 AFZEIe] £HE 2o Y3k AR
3 mell 374 GAE RoFE AR g2 Ay A7 (Antonini et
al,, 1997, 1999) £+ &8 F TUYHS o83 b2 =23 I (Antonini

et al., 1997; Toya et al, 19994} E+= &5 o] &3 £HF &9

A A1 (Hicks
et al, 1983;.Uemitsu et al., 1984) ] A& YehRA g2 Aolth fEld+= A
A4 §HEF TEE FASt AA AP AE A v=d 2S5 AN
=3
AAAR A S ol &8t &% dA AAdS SAsAS W EHEF A=
718 %E% st e dxke] AL 0.023 oA 0.81 um 7HA X3
]

%]
0.
Oq‘:} (Yu et al, 2000). Anderson
+ YA dx djteolgtar A7tE
47 (Yu et al, 2000)° 4 YEY=Zo] 90U FHEA|
AF AA A4S YF 2o} nasal pathwayYt conducting airway
Oﬂ WXLO}X] otttk A 7FAZ 27} nasal pathwayY conducting airway

o A= dFE AT Tl A

EH5Fe 7t=A &2 67128 (Cr VD, 2F (ozone), ©]Ar3t AA
(nitrogen dioxide)} & A F(nitrous fumes)E 2 EAstA 0l gt F714 o)
U e Asdo=z dAdwstel #&steleta AzZEn. 04 ppme ozoned}
7 ppm® nitrogen dioxide®] 60-90¥ Z & & #HAHF3I}7F == 5 Avta s}
+dl (Ishii et al., 2000), 2] A7°l42 ozone ¥ nitrogen dioxide &%+
kA Wk (0.1 and 0.5 ppm, respectively), ©]&l 7}29] Z &= QQrFEF o 9
g AAd & *XJE T dogeta B

EHEF AR F2loly EHE AR 7t A9 % E+E neutrophils
FHkelE ® %Al OS%H S0l Qlo] AXAHFEANAY HF3=A cytokineS ¥
ZtE ) (Ishii et al, 2000). o] AFolAx el & F Z=

73] neutrophil ¥F-5S& RT3 &k &HFe =
L2 Tad (0Y)7HA] AXAES] o]l S HAFIT
w2 s 2" ol 9‘@% 2o o3 FHHFIE EHEFS ©Y

zhiu},

o
A
>,
=
H
2
o)
Ho
)
2
pou
o
_Y}i
o::
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Abstract

In order to investigate the disease process pneumoconiosis induced by
welding fume exposure, a lung fibrosis model was established by building a
stainless steel arc welding fume generation system and exposing male
Sprague Dawley rats for 90 days. The rats were exposed to welding fumes
with concentrations of 105-118mg/m’ total suspended particulates for 2 hrs,
in an Iinhalation chamber for 90 days. Concentrations of main metals, Fe,
Mn, Cr, and Ni, were measured in the welding fumes, and gaseous
compounds, including nitrous gases and ozone, were monitored. Animals
were sacrificed at 2 hours, and at 15, 30, 60 and 90 days during the
exposure period. Histopathological examinations were conducted on the
animals upper respiratory tract, including the nasal pathway and the
conducting airway, and on the gas exchange region, including, alveolar
ducts, alveolar sacs and alveoli. Compared to the control group, the lung
weight increased significantly from day 15 to day 90. Histopathological
examination, combined with the fibrosis—specific staining (Masson’'s
trichrome), indicated that early delicate fibrosis could start from day 15 and
progress into the perivascular and peribrochiolar regions at day 30.
Interstitial fibrosis appeared at day 60 and became prominent at day 90,
when plural fibrosis also appeared.
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I. Introduction

Welders developed an increased profusion of small opacities on chest
X-ray from chronic inhalation of welding fumes. Exposures to iron oxide
fumes cause iron oxide pneumoconiosis (called siderosis), a prominently
abnormal chest film with no impairment of pulmonary function, attributable
to the welding fume exposure (Beckett, 1996). The welders with siderosis
have shown gradual clearing of the X-ray with removal from exposure. In
a 1978 survey of employed electric arc welders in Britain, 7% reported
some degree of pneumoconiosis, but non showed progressive massive
fibrosis (Artffield & Ross, 1976). On the contrary, functionally significant
pulmonary fibrosis indicates that silica dust, nitrogen dioxide gas, or other
components of the welding fume may lead to the more severe form of
fibrosis in welders (Guidotti et al., 1978). The interstitial fibrosis, in the
absence of silica in lung tissue, indicates that welding fume exposures, in
the absence of silica, can lead to chronic interstitial pulmonary fibrosis
(Funahashi et al., 1988). In vitro studies indicate that hexavalent chromium
from stainless steel welding and nitrogen dioxide have been proposed as
candidate causative substances (Stern et al., 1983). The most common type
of welding, manual metal arc welding (MMA), when combined with
stainless steel (MMA-SS), has been known to be associated with higher
rates of emission of toxic compounds (Kalliomaki et al, 1986). It is also
known to be more cytotoxic to macrophages and to induce a greater
release of reactive oxygen species than fumes from other types of welding
(Antonini et al., 1997, 1999).

Several attempts of inhalation or instillation exposures were made to
induce lung fibrosis by exposing animals repeatedly to welding fumes
(Hicks et al., 1983; Uemitsu, 1984; Kalliomaki et al., 1986), but the disease

_20_



process of lung fibrosis induced by welding fume exposure has not been
elucidated. In previous study, we have developed a novel welding
fume-generating system to expose experimental animals long-term (Yu et
al.,, 2000). To study the pathological process of lung fibrosis, induced by
welding fume exposure, these investigators developed a lung fibrosis model.
After exposing MMA-SS welding to rats for 90 days the interstitial lung
fibrosis was induced.

_21_



II. Materials and Methods

2.1. Generation of MMA-SS Welding Fume

The welding fumes were generated as described (Yu et al.,, 2000); that
is, the fumes were generated with a rotating stainless disc (SUS 304, 50
mm diameter, 1 c¢cm thickness) as the base metal, and a welding rod (KST
308, 26 x 300 mm, Korea Welding Electrode Co. LTD, Seoul) was
restrained in the welding rod holder support. When the welding rod is
moved by the pulley and approaches the rotating disc, an arc is produced
and the rod is consumed, generating welding fumes. The fumes move into
an exposure chamber (whole body type, 1.3 m3, Dusturbo, Seoul)

2.2. Measurement of Diameters of Welding Fume Particles

An Anderson sampler (AN-200, Shibata, Tokyo) was used to measure
mass median aerodynamic diameters of welding fumes. The flow rate was
28.3 liters/min and the sampling time was 5 min.

2.3. Analysis of Welding Fumes

Welding fumes in the chamber were sampled with a personal sampler
(MSA 484107, Pittsburgh) with a flow rate of 2 liter/min. The welding
fumes particle captured on the membrane filters (pore size 0.8im, 37 mm
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diameter, Millipore AAWP 03700, Bedford) were analyzed for their metal
composition with an Inductive Coupling Plasma analyzer (Thermojeralash,
IRIS, Houston) using NIOSH 7300 method (NIOSH, 1999). NIOSH method
7604 (1999) was used to evaluate Cr VI in the welding fumes. The samples
for measuring total Cr were stored in vials containing base solution (2%
NaOH, 2% Na2CO03). The samples for measuring Cr VI were kept in vials
containing deionized water). Total Cr concentration was measured with an
atomic absorption spectrophotometer (SpectAA-800, Varian, Palo Alto) after
pretreatment of ashing with a microwave oven. Cr VI concentration was
measured with an ion chromatography (DX-500, Dionex, Sunnyvale) after
extractions of base and deionized water.

Gaseous fumes O3, NO2, and nitrous fumes, were measured by Driger
tubes (Cat No. 6733181, CH 31001, CH 30001, respectively). The gaseous
fume were sampled by stroking a gas detector pump (6400000, Drager,
Litbeck), following manufactures direction, 1 hour after welding fume

exposure was begun

2.4. Study of Inhalation Toxicity

Five-week-old male, specific pathogen-free Sprague Dawley rats
purchased from the Charles River Laboratory (Japan) were acclimated to a
12-h light, 12-h dark cycle with light from 08:00 to 20:00 h. They were fed
Purina Chow 5001 (Ralston Purina Co., St Louis, MO) and tap water ad
libitum for 1 week before the initiation of the experiment. Rats weighing
134 £ 7g were randomly assigned to six groups, exposed to welding fumes
for 2 hr in the exposure chamber, and sacrificed either immediately, or 15,
30, 60, or 90 days after exposure. Each group consisted of 4 unexposed
and 4 exposed rats. The TWA concentration of the exposure ranged
105-118 mg/m3 per 2hr.
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2.5. Histopathology

After exposure, rats were anesthetized with diethyl ether, and blood
was collected from the abdominal aorta. The lungs, trachea, and other
organs including the adrenals, testes, heart, kidneys, spleen, liver and brain,
were removed and fixed in a 10% formalin solution containing neutral
phosphate buffered saline. Histological specimens from nasal pathways were
prepared by the method described in Yu et al. (2000). Nasal pathways were
gently flushed via the nasopharyngeal duct with a 1096 neutral phosphate
buffered formalin (NPBF). The samples were fixed in 10% NPBF for 7
days and delipidized by incubation with 70% methanol for 1 hour,
methanol-chloroform (1:1) for one hour and 70% methanol for one hour.
Samples were decalcified with 5% formic acid for at least 7 days and
stored in NPBF until processing. Three histological sections were made
from the proximal nasal pathway to the distal nasal pathway; incisor teeth,
incisive papilla and molar teeth region. Specimens were embedded in
paraffin, stained with hematoxylin and eosin (H&E), and examined by light
microscopy. Some specimens were stained with Massons trichrome to
visualize fibrosis (Carson, 1990).
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III. Results

3.1. MMA-SS welding fume characterization

The aerodynamic diameters of welding fume particles are shown in
Table 1. More than 90 % of fume particles had diameters less than 1 im.
Fifty percent of them were distributed between 0.65 and 0.43 im. The
MMA-SS welding fume consisted of mainly Fe, Mn, Cr, and Ni. The
concentrations of metals and gaseous fractions of welding fumes are shown
in Table 2.

3.2. Body weight development and animal observation

The rats exposed to welding fumes showed no statistically significant
changes in body weight during the 90-day experiment. The welding
fume—-exposed animal did not show any distinct behavior changes.

3.3 Organ weight

As shown in Figure 1, total lung weight of the welding fume
exposed rats showed significant weight increases (P<0.05) compared to the
lung weight of the control during the 90-day exposure period. The lung
weight Increase was evident from 15 of exposure and continuously
increased until day 90. Comparing to the control, the lung weight increase
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of the exposure group showed an initial sharp increase phase until 30 days,
followed by a stable period between 30 and 60 days. Another sharp
increase phase was noted between 60 and 90 days of exposure. Other
organ weights, including adrenals, testis, kidneys, heart, spleen, liver and
brain did not show significant increases in any of necropsy points (Zhours,
and at 15, 30, 60 and 90 days).

3.4. Gross and Histopathological Examination

The pleural surfaces of exposed rats showed white to grayish, and
round elevated foci appeared on lung surfaces, with atrophy. Initially, this
phenomenon is minor, and a tendency toward confluence can be observed.
Types of fibrosis observed after 90 days of welding fume exposure are
summarized in Table 3. Histopathological examination on the lung samples
from 2-hour welding fume exposure showed particle-laden macrophages in
the small bronchioles (Figure 2A, filled triangles) and no distinct fibrosis in
the bronchioles or lung parenchyma (Figure 2C,). The 15 days, welding
fume exposed lung, however, showed perivasculitis (Figure 2B, filled
square) and delicate early fibrosis around peribronchioles and perivascular
regions (Figure 2D, arrows) with trichrome staining to visualize fibrosis.
The 30-day, welding fume exposed lungs showed particle laden
macrophages in the alveolar spaces (Figure 3A, filled triangles) and early
fibrosis around perivascular areas (Figure 3C, arrows). The particle- laden
macrophages in the bronchioles appeared as alveolar lipoproteinosis or
multifocal histiocytosis (see Weller, 1996). After 60 days of welding fume
exposure, the lungs showed granulomatous regions and distinct fibrosis
around perivascular and peribronchiole areas (Figure 3B, stars) and some
interstitial fibrosis (Figure 3D, arrows). After 90 days of welding fume
exposure, the welding fume particle-loaded macrophages filled in the
alveolar spaces, and some macrophages accumulated many particles and
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formed macules (Figure 4A, triangles). In addition, many granulomatous
regions were observed (Figure 4B, stars) and interstitial fibrosis and
peri-pleural  fibrosis noted (Figure 4C, arrows). Histopathological
examination on the nasal pathway, including squamous, transitional,
respiratory and olfactory epithelium did not show any significant damage to
the cells in the nasal pathway regions. Neither the trachea nor large
bronchi showed any significant histopathological changes or adsorption of
fume particles.

IV. Discussion

Previously, we have demonstrated that the welding fume particles were
adsorbed mainly in the lower respiratory tracts, including bronchiols,
alveolar ducts, alveolar sacs and alveoli when rats were exposed in
short-term to our novel inhalation system (Yu et al, 2000). Taking
advantage of capability in long-term exposure of welding fumes using our
inhalation system, the present study demonstrated that a continuous
exposure to MMA-SS welding fume induced interstitial fibrosis 60 days
after the initial exposure. The exact causative agents for the lung fibrosis
are not clear in our experiment, but both particulate fraction and gaseous
fraction may contribute to the induction of fibrosis. Lung fibrosis, induced
by welding fume exposure in our model, appeared to have three phases of
particle accumulation process when the fume exposed lung weight was
compared to the control. The first phase, from start to 30 days after the
Initial exposure, is the initial overloading phase, characterized with a rapid
increase of lung weight. In this phase, perivasculitis with fibrosis began to
appear in the perivascular and peribronchiolar regions. The recruitment of
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macrophage to the alveolar airspace should have been the main event
during this phase; however, the clearance by the macrophage may not have
reached maximum capability to clear off the deposited fume particles. The
second from day 30 to day 60, is the steady phase and is characterized by
stagnancy of lung weight increase and equilibrium between overloading and
clearance of the welding fume particles in the lung. Granulomatous regions
and distinct fibrosis around perivascular and peribronchiole areas and some
interstitial fibrosis were evident in this period. The recruitment of
macrophage was 1in full force and the capability of clearance by the
macrophage was maximized in this phase. Some macrophages are bursting
after ingesting and accumulating fume particles in their cytoplasm, hence,
macular shapes of macrophage-accumulated fume particles 1in their
cytoplasm appear.

When the diameters were analyzed by an electron microscope, the
particles were log normally distributed with diameters ranging from 0.023
to 0.81 im, and had 0.1 im geometric mean diameter (Yu et al., 2000). The
5 to 6 times discrepancy compared to the Anderson sampler measurements
may be due to the density of fume particles. As seen in the short-term
exposure (Yu et al, 2000), the welding fume particles are too small to be
adsorbed in the nasal pathways and conducting airways in this 90-day
exposure experiment. The effect of particles and gases on the nasal
pathways and conducting airways are currently under investigation.

The gaseous fraction of the welding fume, Cr VI, ozone, nitrogen
dioxide and nitrous fumes could additively or synergistically contributed the
lung fibrosis. The exposure to 0.4 ppm ozone and 7 ppm nitrogen dioxide
has induced pulmonary fibrosis from days 60 to 90 of exposure period (Ishii
et al, 2000). Although the concentrations of ozone and nitrogen dioxide
were lower in our experiment (0.1 and 0.5 ppm, respectively), the exposure
to these gases could stimulate the particle exposure-induced lung fibrosis.

The activation of macrophages by ingesting fume particles or by
exposing to the gaseous fractions of welding fumes may produce fibrogenic
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cytokines without persistent inflammation of neutrophils (Ishii et al., 2000).
In our experiment histopathological evaluation in the lung sections of rats
in our experiment did not show any significant neutrophil response but
indicated macrophage mobilization and response from the initiation of the
exposure to day 90. Thus, the fibrosis caused by MMM-SS welding fume
in our experiment could be originated from the factors released from the
welding fume exposed macrophages.
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