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— Abstract -
Study on the Pulmonary Function in Welding Fume Exposed
Workers

Young Seoub Hong - Byoung Gwon Kim - Sung Ryul Kim - Do Won Dam
Jung Man Kim - Kap Yull Jung - Joon Youn Kim

Department of Preventive Medicine and Industrial Medicine Research Institute,
College of Medicine, Dong-A University ‘
Department of Health Care. Dong-A Medical Center

In order to study the effect of welding fume exposure upon the pulmonary function test,
we examined 131 shielded arc welding workers, and 152 CO, arc welding workers as cases
and 177 control workers for their general characteristics, and forced vital capacity (FVC),
forced expiratory volume in one second (FEV,), forced expiratory volume in one second as
a percent of FVC (FEV, %), and maximal mid-expiratory flow (MMF) were obtained from
the spirogram. In shielded arc welding group and CO; arc welding group, FVC, FEV,,, FEV;
0%, and MMF were significantly decreased than control group, especially marked in the
MMF finding. The distribution of workers below normal range was as follows: in the



shielded arc welding group, 2 workers(1.5%) for FVC, 17 workers(13.0%) for FEV,,, 5
workers(3.8%) for FEV, %, 28 workers(21.4%) for MMF, and in the CO, arc welding group,
3 workers(2.0%) for FVC, 25 workers(16.4%) for FEV,,, 8 workers(5.3%) for FEV, %, and
37 workers(24.3%) for MMF, and significant increase by exposure duration was found in
MMEF. The distribution of workers who had ventilation impairment was as follows: 5
workers(3.8%) for obstructive type, 2 workers(1.5%) for restrictive type in the shielded arc
welding group, and 7 workers(4.6%) for obstructive type, 2 workers(1.3%) for restrictive
type, and 1 worker(0.6%) was combined type of the CO, arc welding group. In the respect
of these results, the significant pulmonary function and ventilatory impairment were
observed in welding fume exposed workers who had not abnormal finding in chest X-ray,
and MMF considered as the most sensitive pulmonary function index by welding fume
exposure. Therefore even if it is hard to doing pulmonary function test in the first health
examination of workers according to the Industrial Safety Health Act in the welding fume
exposure workers, it is desirable to consider doing PFT. Also evaluating the ventilation
impairment, it is necessary. to observe the change of MMF that marker of effort-
independent portion.

Key words : welding fume exposed workers, pulmonary function test, pulmonary
function and ventilatory impairment :
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Table 1. General characteristics of subjects by age group

Variables

Shielded arc

CO, arc

Control group

No. of subjects
20~29yrs
30~39yrs
over 40yrs

Total

Mean age(yrs)

Height(cn)
20~29yrs
30~39yrs
over 40yrs

Total

Cigarettes(pack yrs)
20~29yrs
30~39yrs
over 40yrs

Total

Exposure duration(yrs)
20~29yrs
30~39yrs
over 40yrs
Total

34(26.0%)
82(62.5%)
15(11.4%)
131
35.0+5.2

170.1+4.6
168.5+4.9
169.1+3.9
169.1+4.7

5.8+3.0
10.7+5.6
13.8+5.4
9.5+5.6

4.8+2.4
8.9+3.6
12.3+4.4
8.0t4.1

41(27.0%)
94(61.8%)
17(11.2%)
152
34.2+4.4

170.4+4.2
169.1+4.6
168.5+6.4
169.4+4.8

6.1+3.4
9.0+3.9
16.5+6.8
9.1£5.1

6.0£3.3
9.6+3.8
13.1+3.9
9.0%4.3

43(24.3%) -
115(65.0%)

19(10.7%)
176

34.1£5.2

171.2+4.8
167.0+4.6
169.5£5.7
170.2+4.8

6.8+3.3
10.0£4.5
14.56.5
9.7+£5.1

Table 2. Welding fume and metal concentration of subjects by type of welding

Shielded arc CO, arc
Fume & metal GM (Range) GM (Range)
Fume 6.48 (0.27~364.91) 5.83 (0.48~138.46)
Fe 2.14 (0.08~ 76.25) 1.81 {0.13~ 47.98)
Mn 0.16 (0.01~ 16.02) 0.18 (0.01~ 8.66)
Zn 0.01 0.01~ 0.28) 0.01 0.01~ 0.14)

*GM : Geometric mean(mg/m’)
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Table 3. Forced vital capacity by age group

Zz3 gA £HFANA 9 Zo] AUz & Aol &
vehiAct.
3. #7)% A5 AAMA

1) 3N g
w24 HeEe] AEA PFe H3oAMY 2ol
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gao] AZAE Z23H hzEtl fold Aol
£ YERIATHp €0.05). &3] tigh 25X
o] WEgL ¥EolI LT 101.0+12.4%, CO
LFLEA T 100.2+12.4% 24 229 107.7+
10.1%01] |3l frof & Aste Jehiglou 25
A9l oluiATt. SR o) TR A=) 7t
*’é’ T NE-SL 20~2047e 7A$ HEola g
HTE 102.4+13.4%, COLIAEHTE 101.0+
10.0% 24 h2F9 107.6+9.9%0 Hlakd £
g 2o)7h ARNeH 30~394T FA 3ol 8y
T 100.7£10.0% COLIZERAT 100.5+12.7%
24 279 107.4+10.4%9°) vlale] o) 2}
ol HJth 404 ol3TdME IEola AT

S rlo FU

Ace(yrs) FVC Shielded arc CO, arc Control group
BELVTS Mean + S.D. Mean + S.D. Mean + S.D.
1 20~29 { 43+ 0.7 43+ 04b 46+ 05
% pred. 102.4 +13.4° 101.0 £ 10.0 107.6 += 9.9
30~39 0 4.1+ 0.5 4.2+ 0.6b 45+ 04
% pred. - 100.7 £10.0° 100.5 £ 12.7 107.4 +£10.4
over 40 [ 41+ 0.8 4.0 £ 0.8b 45+ 0.3
% pred. 99.0 £ 19.5° 96.7 £ 15.5 108.0 + 8.5
Total 0 42+ 0.6 42+ O.6b 45+ 05
% pred. 101.0 £12.4° 100.2 £ 12.4 107.7£10.1

2p¢0.05: Shielded arc vs. control group, °p<0.05:CO, arc vs. control group



Table 4. Forced expiratory volume in one second by age group

Shielded arc CO; arc Control group
Age(yrs) FEV,,
Mean £ S.D. Mean * S.D. Mean + S.D.
20~29 ¢ 3.6 0.7 3.5+ 45b 4.0 £ 0.5
% pred. 93.3 + 13.9° 919+ 11.5 102.4 + 9.4
30~39 { 34+ 05 34t 0.6b 3.8+ 04
% pred. 93.8 £ 11.9° 93.0+ 13.4 105.1 £ 9.5
over 40 f 3.2+ 0.7 3.2+ 0.7b 3.8+ 0.3
% pred. 93.7 + 21.4° 94.8 +16.1 111.2 £ 8.9
Total 0 3.4+ 0.7 3.4 % O.6b 39+ 04
% pred. 93.6 + 13.8° 92.9 + 13.2 105.1 £ 9.7

2p<0.05 : Shielded arc vs. control group, °p0.05:CO, arc vs. control group
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Table 5. Forced expiratory volume in one second as a percent of FVC by age group

Shielded arc CO, arc Control group
Age(yrs) FEV, %
Mean + S.D. Mean £ S.D. Mean = S.D.
20~29 % 82.4+49 81.9 + 4.7 86.0 + 1.1
% pred. 9.5+ 55 94.1+55 98.8 £ 1.3
30~39 % 80.9 £ 4.6 80.7 £ 6.1 846+ 14
% pred. 94.7 + 5.5° 9.4 +17.1° 996 £ 1.8
over 40 % 77.5 £ 4.7 81.2+59 83.2 £ 0.8
% pred. 93.3 + 5.6 97.3 = 6.8 100.3 £ 3.9
Total % 80.9 + 4.8 81.1 £ 5.7 848 £ 1.5
% pred. 94.5 £ 5.4° 9.7 £ 6.7 294+16

2p(0.05 : Shielded arc vs. control group, *p¢0.05:CO, arc vs. control group

Table 6. Maximal mid-expiratory flow by age group

Shielded arc CO; arc Control group
Age(yrs) MMF
Mean + S.D. Mean = S.D. Mean £ S.D.
20~29 I/sec 41+ 0.9 41+ 0.9 48+ 0.6
% pred. 80.2 £ 18.0° 81.6 £ 16.5° 95.0 £ 10.1
30~39 U/sec 3.7+ 0.8 3.7+ 0.9 46+ 05
% pred. 78.8 + 16.6° 78.4 +17.3° 97.1+ 9.6
over 40 t/sec 33+ 0.9 33+ 0.9 45+ 0.4
_ % pred. 73.1 £19.0° 4.4 +£17.8° 100.3 = 8.1
Total t/sec 3.8+ 0.9 38+ 0.9 47+ 0.5
% pred. 78.5+17.2° 78.5 £ 17.1° 9.9+ 9.7

2 p{0.05 : Shielded arc vs. control group, °p¢0.05:CO; arc vs. control group
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Table 7. Number of subjects with ‘the substandard pulmonary function index values

Subjects No FEV, FEV % MMF
Shielded arc 131 2(1.5%) 17(13.0%) 5(3.8%) 28(21.4%)
CO, arc 152 3(2.0%) 25(16.4%) 8(5.3%) 37(24.3%)
Control group 177 0 0 0 0

Table 8. Distribution of shielded arc welding workers with substandard pulmonary function

index by exposure duration

E.D.*(yrs) (5 6-10 11 <
Workers 23 70 38
FVC 0 1 1.4%) 1( 2.6%)
FEV1, 3(13.0%) 10(14.2%) 4(10.5%)
FEV, % 0 3( 4.3%) 2(5.3%)
MMF 2( 8.7%) 16(22.9%) 10(26.3%)

* ‘Exposure duration

Table 9. Distribution of CO, arc welding workers with substandard pulmonary function index

by exposure duration

E.D.*(yrs) (5 6~10 11 ¢
Workers 26 78 48
FVC 0 1( 1.3%) 2( 4.2%)
FEV,, 3(11.5%) 15(19.2%) 7(14.6%)
FEV..:% 1( 3.8%) 5( 6.4%) 2( 4.2%)
MMF 4(15.3%) 19(24.4%) 14(29.2%)

* ‘Exposure duration



Table 10. Number of subjects by the type of ventilatory impairment

Subjects No Obstructive  Restrictive  Combined Total
Shielded arc 131 5(3.8%) 2(1.5%) 0 7(5.3%)
CO; arc 152 7(4.6%) 2(1.3%) 1(0.6%) 10(6.5%)
Control group 177 0 0 0 0

AH(p)0.05).
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njehe] 714 HIES 2A At E1000A4
9} o] B Hola LT WA 1319 5 A4
5 (3.8%), A3 28(1.5%) 02 % TH(5.3%)
o] &7l HFAL, COPMEHTAAE
A 1524 5 H98 TH(4.6%), AE 29
(1.3%) 2 38 179(0.6%) 22 % 10%(6.5%)
o | AE Vepd o gz e et
7 & B x gigie)

x &

SAFo|Y dugoz 87T 73} B &
7180] Behn Ao osle] A 7p2at BH
¢z02 A4 TAYARA, AholviAz &3
Ao} A S AYT AF P X2t Az, of2
Zolo} 84 A)zto] Am}, 84 297t AAHA @
o} FEAIYS] A7} ThFsie] Zau7] R 4]
7} olElg £4F ST B} B A7AF g4
o Aehd 19 8AIZH AY Fo $HF E2 ¥
L v Bola 8T 6.48mg/m’, COLITEHT
5.83ng/mo2AM BE LU} 84 FE(=EY,
1991)%) 5mg/mE Asjslgon AdzA, AYH



2 2ol w2 N Z2 ] Mo wlEo}
FE8AT 0.27~364.91mg/m’, COLIEEHT 0.
48~138.46ng/m 22X 2% zolE UERAY
o & o8] S EC e e T
T a5 Y& vHola g7 B¢ A 2.
14ng/ms, %2+ 0.16mg/me, o} 0.0lmg/m%,
COPEEHTS A 1.81ng/m, BZF 0.18mg/m’,
ofd 0.01lmg/mo2AM Ho| 7P Bskon} fehvt
Zhe] 318718 Bng/mETH= wgtow w7t ofd
o e 8% AEL nF EAsad. 13y
ol7f g A= A AYTA sHe] o]FoiA
BHEA o|ARE AYPS ALY £HTES EH
E& R dAS A eg 329 Bk opg)
MR whe} 423 AaHE Hole 2] HAE
s 2 979 Al A SR g
I2FS 71EoR BNk Ae 2 97t fle
Ao 2 Ay7hEr},

dtdoz L3F Z2Hy Qe T2AES)
A7AE e dgo 2 7MY F83 AeEE A
o T dom o|F A eRE FH XA
#q, #7715 A E2EAC b AAA 52
T Aok a3y £5 X-4d 270 4=
E738ta #7)%5d Bol7t 2ejevhe Bi(Zeng,
1988:Rom, 19921} the9l & thAd o 2 2824
N A7 8olskA grhke A& wejdtha
H7)%5 AL A B8N F-8490] =& Ao
2 A48,

#7152 A 87171% (ventilatory function),
#AF(perfusion) 2 7I2w&5E( gas
exchange capacity)d Al 72 EFH4Y
(Comroe &, 1962), Y¥Hd o2 Av]|=e] 8717
SN AV Bo] vEl] dEe H7lE Bl
B7W] 7157 P e ol 451 Sict. 7|29
HHE WA e dAVs AAERE
frequency dependent of compliance
(Woolcock %, 1969), volume of isoflow

(e}
2.
=
2.

I
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(Dosman %, .1975), closing volume
(McCarthy &. 1972) 59 #WHEo] o o]
S-S 7te] 43 A destn 23y
o] Batah gyto] oely] QA E4sle
Zsict, ¥ vl wd FHY o] st &%
7179 Ho] §o|d gpirometer7t HFZAL
(field survey)ut A7 AH(screening test)ol @
2] o] &¢5 1 St} spirometercl 213 87]7)%<]
e w384 AEgTHoREYH A2 34
HEF 42 42& 9 AN EE Sl
ol o|&=1 gt} olF JAdH oz WNNE
Adsle die =84 Ag3n dxdo 2Ry 4t
¢ Yxgo| SHWHI 4ol vlwA M
sl 7 Asite 4= o (Poirer,
1968), 2719 A% =84 AYF 2] 25~
30%9 327157 T2 AQAY 358 93}
o Qe Fu e =FHYFEA (effort
dependent) FHE WF}] HEe 557171
AHgE ol et SR =Y QAR Azl sl
A& Bol g 7HsAdol glek. a8y 1 ofst &
AolMe 5271Fe HAA 2E2=HEt: 9
o] 71414 g A eJst 2 o Bel #u gle
=8 7234 (effort independent) ¥-915 wads}
7] W&o HUF1Er|&Eert A8 AdA o]
o £& ZAez 424 SIckHyatt 5, 1958
Mead %, 1967; Lloyd 5, 1963 ). w2t & 4
FAME =3 NEF d2% 928 9d F
WFNB7ETE A5l o9 HEX9 H%
dZA] el g A YEES A& vla ¥
At '

2 479 75 d71% A AR J3e
Z 7 dv 7R AESHE a9l 9o gut
H EAx 2233 270 AE fARE BT
3t 3 Eola8d 9 COLE882Y #H75A
T 53R ot HE-go] HFA/} =FHA
HEFS 42 101.0+12.4%9 100.2+12.4%,



UEFE 93.6+13.8%F 92.2£13.2%, 4x&&
94.5+5.4%9} 94.7+6.7% 24 =79 107.7+
10.1%, 105.1+9.7% 2 99.4+1.5%%} 25t
Al AstE o] e, 53] AUFsriSEe 9
HolZ 44T 78.5+17.2% 2L COLHERT 78.
5+17.1%, WZET 96.9+9.7% 24 T #7]%A)
FEd Hjg) PR 2 Zog g o) Astd it
< Jehiglth. ol Hunnicutt $(1964)9]
10078 ¢] 842l gt Aol B38A g o
2% 2 HUFNE71EE0) o Fol3 AEE B
A AL £ A7Y 259 gAsR ey, Keimig
(1984)9] 91| 84 F-& uldog & AolA]

Hg#En dxge] ol Ak sldlx,
1571&E9] Adle ddou BAHCR
3 FEw o sl B a7 e 3}
Uepfih ol2ld Rfol= F2 A9, £
Z2849) ajo] £ BHFT L K5 59
A0 FEHAT ol2ig AFEME A
g} Zo] £ ekt #ANE Helsly] ¢
QA A7t ofd R&AQ F3 |
o vyl ey Aoz APz}

2 AN HIISAFEY A58 g
AEX BEgo A9 vty Hlee g2
JHE AL 3 HE gl o, HEola 8T
ore =¥ HALFE 28(1.5%).. 2F 174
(13.0%),

% ofN oXx

dx& 5%(3.8%), HUFUNLIEE
287(21.4%)°19.28 COLIE - FAME 22t
3%(2.0%). 257%(16.4%), 8%8(5.3%) 2 374
(24.3%) 224 COLIE8A oA Azt Ewekot
AR o2 {93 Aol oA}, 0|& E2Ed
et F7oPH SEolagy T 9 COLEEHT
25 w34 g Az 2 dx8o AU
ojEl 225 Z2F7 e 5 ol &
A=A sttt a8u F 223 2R HUFts
71&EAE £289) 7l net 3 E o]
U= 22AE 59 BEE fodA F1EE
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<+ Jepdtt. ol HUSar&erlt 4|5
A A= 47159 Al=g Brtsket oA
w84 37|39 ENAE F M delsiths o
?l d4E(McFadden &, 1972: Leuallen®
Fowler, 1955: FX7% 5. 1981)9] 423} 45
T Aoz A, 7178 Fepd vlmolA 7
Bolagrwel A% 1319 F T4(5.3%)°] ¥
715N Bet oF 57o] HAY, 29o] A
&y e By, COqtEEATAME
152% & 1098 (6.6%)°] 7171580 20
o|F THol HAY, 29e] ATy, 19| £33
713N E Yepligith. ol Hunnicutt 5(1964)
o] £RFol oigk Aol 5 HAK &7de] A
Bl E HAHG A NE F2 ke A7 TN
7} Jebrdtis d79) Peters $(1973)9) % X-
A 7ol Bl = H7 ] HaA FofEst of
Uel A Fel7pal faEdE B $(Zenz,
1988 Rom, 1992)3} 4514t}

B A7 AL dolMs x| H3 vig} o] AP
WS e Feet Zze) thge] sk
E8 FAAQ A FEo] opd dHAQ] At
AT wf ol £ AFoA A Ao 8HF
F2 2R H7lE A e R 8 F FR
of "Izt Aol AR disf Bt 8 22
He)7]ole w1 &% ol 91 ok 2 B A7
Axe] A2 Bl F5a Brhd AA| A3 3
ol ¥o] HAMEA g &4F 2 Z2xEY A
7] gde] 4o eM Hr|s AAe Bt A5
Ao g mEgofol & Fojn, FF B APdA
Aeel] tigh Heko] o] FolFTHH Tt % 99 9=
AEE AT F UL Aoz Yz}
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1

%
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7 98] S =ola8HZ 1314, COLIALHT
1524 2 g2+ 17742 3o =2 SpirometerE
ol gt Y ALY YxF dx& 2 HUF
A371&EE 23l Fedt AAe de 2o

1. B3 4479 COLIE LT w84
Hgg dxF d2& 2 oty
SEE g2TR Fo8HA AstERer,
53] HUFU1E&EdA BS A

2. DBl LHE Hel A KT 2

(1.5%). 9% 17%(13.0%), D%& 59
(3.8%), AWZE87)1&E 28%(21.4%)°]
ZF W7 A5 A3 il
COLIAEAT SolME x84 o8 39
(2.0%), D&% 259 (16.4%), Y& 89
(5.3%), ANF3714E 379(24.3%)°]
22} 379 vlsto|l ot dizTe] S
A9 uleke] 2k 195 A9l

3. JEol2 847 A% HA3 5%(3.8%).
A$Y 298(1.5%) 2.2 % TH(5.3%)°] 3]
ol & YeR L, COLIZ 2T E
A% 73(4.6%), ALY 2%(1.3%),
%8 19(0.6%) 2.2 % 10%(6.5%)°|
71N E eI

4. A7VeAF 7R AiF3 574 mro]
$443] 717t F71el whet AAPES) vkl
SRR 2EA o FAS S/t
#IA

o139 AAE Aok FRX-AY o)} 47do]
gt S8F 22 2ABN A715A59 49
@ Ast % FEAA WYelst BRI, &
A% 229713 3| B WIISASE HUF
AelsEoldeh. He g djeranawy
$9F B2 22489 55040 1480 o
7% Ak A e th olel o] YriTE nely
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